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Introduction and objective: Urinary tract infections can recur in children, and due to their potential long-term consequences, 
they require appropriate diagnosis and prompt treatment. Although Escherichia coli is the most common aetiology, an 
increase in infections with drug-resistant strains has been observed. The aim of this study was to develop current diagnostic 
and treatment recommendations in the era of increasing microbial resistance. Materials and methods: The recommendations 
are based on updated guidelines developed by the experts of the Polish Society of Paediatric Nephrology and a literature 
review. Results: Because the symptoms of urinary tract infection are often non-specific, urinalysis and urine culture should 
be performed in children presenting with fever without an identifiable cause. Correct method of urine collection and 
interpretation of the results are crucial for therapeutic decisions. Treatment should be continued for 7–14 days for upper and 
3–5 days for lower urinary tract infections; the choice of the narrowest-spectrum antimicrobial should be based on bacterial 
susceptibility. Antibiotic prophylaxis is limited and recommended in children with grade III–V vesicoureteral reflux. Non-
pharmacological management should include treatment of bladder and bowel dysfunction. Ultrasound is recommended for 
all children up to 24 months of age. Indications for voiding cystourethrography are limited to cases with ultrasound 
abnormalities, recurrent and septic infections. Conclusion: The paper provides up-to-date, practical recommendations for 
the diagnosis and management of urinary tract infections in children in the era of increasing microbial resistance and 
restricted indications for invasive radiological investigations.

Keywords: urinary tract infection, recommendations, antibiotic resistance, bacteriuria, urine culture

Wprowadzenie i cel: Zakażenia układu moczowego u dzieci mogą mieć charakter nawrotowy, a ze względu na potencjalne 
odległe konsekwencje wymagają właściwej diagnostyki i szybkiego leczenia. Najczęstszym czynnikiem etiologicznym 
zakażenia układu moczowego jest Escherichia coli, ale obserwuje się wzrost częstości zakażeń innymi bakteriami, wśród nich –  
szczepami lekoopornymi. Celem pracy było sformułowanie aktualnych zaleceń diagnostyczno-leczniczych wobec narastającej 
lekooporności patogenów wywołujących infekcje dróg moczowych. Materiał i metody: Rekomendacje są oparte 
na uaktualnionej wersji zaleceń opracowanych przez ekspertów Polskiego Towarzystwa Nefrologii Dziecięcej oraz 
na przeglądzie piśmiennictwa. Wyniki: Z uwagi na często niespecyficzne objawy zakażenia dróg moczowych dzieci 
gorączkujące bez uchwytnej przyczyny wymagają diagnostyki z uwzględnieniem badania moczu i posiewu moczu. Właściwa 
metoda pobrania moczu do badań i prawidłowa interpretacja wyników są kluczowe dla decyzji terapeutycznych. Leczenie 
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INTRODUCTION

Urinary tract infections (UTIs) are among the most 
common infections in childhood. They affect both 
children with and without urinary congenital de-

fects. In the first year of life, UTIs are more common in boys, 
while later on, they are more likely to be diagnosed in girls(1). 
Since younger children with UTIs usually present with non-
specific symptoms, diagnosis can sometimes be challenging, 
with the risk of generalisation of the disease. Prompt diag-
nosis and treatment are therefore essential. Delayed diagno-
sis and treatment of UTI, or unnecessary antibiotic therapy 
may also result from incorrect urine collection for bacteri-
ological testing and misinterpretation of results, hence the 
importance of knowledge of the diagnostic and treatment 
algorithms for suspected UTI. UTIs tend to recur in some 
children. It is believed that renal scars develop as a result 
of recurrent febrile UTIs, leading to organ dysfunction and 
posing a risk of hypertension, although the relationship be-
tween renal scarring and UTI episodes is still under investi-
gation(2,3). Avoiding recurrent UTIs is addressed by identify-
ing and attempting to eliminate risk factors.
Although gram-negative bacteria, mainly Escherichia coli 
(E. coli), remain the most common aetiological agent of UTIs 
in children, the emergence of strains resistant to standard 
antibiotics has been increasingly observed in recent years. 
This has prompted updating of the current guidelines on the 
choice of antimicrobial, treatment duration, and indications 
for long-term prophylaxis of UTIs. The emergence of multi-
drug-resistant bacterial strains has significantly limited the 
indications for long-term antibiotic prophylaxis. It has also 
led to a modification of most treatment regimens for UTIs: 
reduced length of therapy and the use of antibiotics with the 
narrowest possible spectrum of action to reduce the selec-
tion of resistant strains. The indications for antibacterial pro-
phylaxis prior to urinary tract diagnostic workup involving 
bladder catheterisation have also been significantly reduced.

AIM OF THE STUDY

The aim of the study was to present current recommenda-
tions for the diagnosis and treatment of paediatric UTIs, 

including indications for long-term antimicrobial prophy-
laxis in view of the growing antimicrobial resistance.

MATERIALS AND METHODS

The recommendations presented here are based on an updat-
ed version of the guidelines for the management of paediat-
ric patients with UTIs developed by experts from the Polish 
Society of Paediatric Nephrology (Polskie Towarzystwo 
Nefrologii Dziecięcej, PTNFD), as well as on a literature re-
view of Medline, Embase and Cochrane Library databases.  
Updated recommendations of national scientific societies 
(e.g. North American and Italian), research institutes (in-
cluding the UK National Institute for Health and Clinical 
Excellence, NICE) and the European Society for Paediatric 
Urology (ESPU), were included in the study. Additionally, the 
position of microbiology experts included in the recommen-
dations of the Polish National Programme for the Protection 
of Antibiotics has been taken into account in the recommen-
dations on the treatment and prevention of UTIs. Based on 
studies with a high level of clinical credibility, the PTNFD 
expert panel developed recommendations categorised by the 
strength of recommendation and quality of evidence.

DIAGNOSIS OF URINARY  
TRACT INFECTIONS

UTIs develop as a result of an imbalance between the body’s 
defence capacity and pathogenic virulence. Symptoms of 
paediatric UTIs depend on the patient’s age and the site 
of infection. It is generally not possible to determine the 
site of infection in newborns and infants. In children aged 
≥2 years, medical history, physical examination and urine 
laboratory tests usually allow the infection to be classified 
into one of the following categories: lower urinary tract in-
fection (LUTI), upper urinary tract infection, and asymp-
tomatic bacteriuria (AB).

Medical history

In the youngest children, fever may be the only evident sign 
of urinary tract infection(1,4,5). Children with fever ≥39°C, 

zakażeń górnych dróg moczowych powinno trwać 7–14 dni, a dolnych – 3–5 dni; należy wybierać antybiotyki o jak 
najwęższym spektrum działania, bazując na wrażliwości bakterii. Zastosowanie przewlekłej profilaktyki antybiotykowej, 
z uwagi na ryzyko selekcji szczepów opornych i niejednoznaczny wpływ na odległe rokowanie, jest ograniczone i zalecane 
u dzieci z odpływem pęcherzowo-moczowodowym III–V stopnia. Postępowanie niefarmakologiczne powinno obejmować 
leczenie czynnościowych zaburzeń wydalania moczu i stolca. Zaleca się wykonanie badania ultrasonograficznego 
u wszystkich dzieci z zakażeniem układu moczowego w wieku do 24 miesięcy. Wskazania do cystouretrografii mikcyjnej są 
ograniczone do przypadków, w których stwierdzono nieprawidłowości w ultrasonografii, zakażenia nawrotowe i zakażenia 
o przebiegu septycznym. Wnioski: Praca zawiera aktualne praktyczne rekomendacje dotyczące diagnostyki i leczenia zakażeń 
układu moczowego u dzieci w dobie narastającej antybiotykooporności bakterii i ograniczania wskazań do inwazyjnych 
badań radiologicznych.

Słowa kluczowe: zakażenie układu moczowego, zalecenia, antybiotykooporność, bakteriuria, posiew moczu
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especially one persisting for 24–48 hours, are more likely 
to be diagnosed with UTI than children with lower body 
temperatures(1,6–8). Therefore, it is recommended to consid-
er the diagnosis of UTI and to collect urine for testing in fe-
brile children under 5 years of age without other identified 
causes of fever. Regardless of age, UTI should be suspect-
ed in children with fever and identified risk factors for UTI 
(Tab. 1). Since normal urinary outflow is one of the key de-
fence mechanisms of the urinary tract, congenital urinary 
defects, such as obstructive and reflux uropathy, as well as 
bladder and bowel dysfunction are the main risk factors for 
UTIs(9–13). A history of micturition including bladder reten-
tion, urine stream, urine dripping and constipation is im-
portant (Tab. 1). Attention should be also paid to previous 
antimicrobial treatment. Symptoms of UTI by age are sum-
marised in Tab. 2.

Physical examination

Physical examination of a child with suspected UTI is es-
sential for reaching a correct diagnosis, assessing risk fac-
tors for infection and interpreting diagnostic findings.  
A thorough external genitourinary, sacral and abdominal 
assessment, including potential enlargement of the kidneys 
and bladder, retention of faecal masses and pain on palpa-
tion, are necessary.

Urinalysis

Urine tests (strip tests, microscopic and microbiological ex-
amination) are recommended before initiating antimicro-
bial treatment (Tab. 3). Urine culture is not necessary in 
adolescents with symptoms of LUTI without a history of 
recurrent UTI. Although manual assessment of centrifuged 
urine sediment remains the gold standard, the widely used 
flow cytometry and automated microscopy show compara-
ble sensitivity and specificity. Due to their sensitivity and 
specificity for both leukocyte esterase and nitrite, urine strip 

tests are employed as a preliminary screening tool(14). If the 
result is positive, doubtful or inconsistent with the child’s 
clinical condition, microscopic verification is required.
Leukocyturia indicates inflammation of the urinary tract; 
however, the absence of leukocytes in urine sediment does 
not exclude UTI. No leukocyturia is found in approxi-
mately 10% of patients with UTI caused by pathogens 
other than E. coli, such as Klebsiella spp., Pseudomonas 
aeruginosa (P. aeruginosa), Enterococcus spp.(15).The urine 
nitrite test has a high specificity (98%), but low sensitivi-
ty (50%) in UTI(15). False negative result may be obtained 
in the case of infection with bacteria that do not reduce 
nitrate to nitrite, such as P. aeruginosa, Enterococcus spp., 

Risk factors for UTIs
Medical history of UTI
Congenital urinary defect impeding the free flow of urine or vesicoureteral 
reflux (obstructive or outflow uropathy)
Abnormal ultrasound image indicating the presence of an reflux  
or obstructive urinary tract defect
Positive family history of congenital urinary defects
Positive family history of UTI
Bladder catheterisation
Micturition disorders (urinary incontinence, frequent or infrequent micturition, urgency)
Constipation, faecal incontinence
Urolithiasis and conditions predisposing to urolithiasis (e.g. hypercalciuria)
Sexual activity in girls
Improper hygiene of perineum
UTI – urinary tract infection.

Tab. 1. �Risk factors for UTIs according to PTNFD recommendations

2–12 months >12 months

Acute 
pyelonephritis

Fever
Poor feeding
Vomiting
No weight gain
Irritability and crying 
during micturition
Excessive drowsiness
Change in urinary color, 
transparency and odor 

Fever
Nausea and vomiting
Abdominal pain
Pain in the lumbar region
Malaise

Cystitis

Non-specific symptoms
Poor feeding
Irritability and crying 
during micturition
Change in urinary color, 
transparency and odor

Dysuria
Urination disorders
Change in urinary color, 
transparency and odor

Tab. 2. �Symptoms of UTI depending on the patient’s age and the 
site of infection

UTI diagnosis in children Strength of 
recommendation

UTI should be suspected and urine tests should be 
performed in all children ≤5 years who present with 
fever without an identifiable cause and in children with 
symptoms suggestive of UTI or with risk factors for UTI

AI

Physical examination of a child with suspected UTI should 
include an assessment of the external urogenital organs AI

The following urine tests are recommended for children 
with suspected UTI:
• strip tests
• microscopic examination
• microbiological examination

BII

The following methods of urine collection are 
recommended in children:
• For urinalysis – any method
• For microbiology (directly into a sterile container):

– midstream
– bladder catheterisation
– suprapubic aspiration

Urine should be collected after thorough cleansing  
of the urethral opening area

BI

Urine collected for testing may be stored for no longer 
than 4 hours CII

Significant bacteriuria is defined as:
• 104 CFU/mL in catheterisation sample
• 103 CFU/mL in suprapubic aspiration sample
• ≥105 CFU/mL in a midstream urine sample

BII

CFU – colony-forming unit; UTI – urinary tract infection.

Tab. 3. �Diagnosis of UTIs – PTNFD recommendations
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or Staphylococcus saprophyticus, frequent bladder empty-
ing (e.g. in the youngest children), or low dietary nitrate 
intake(14,16).
PTNFD recommends obtaining urine sample for bacteri-
ological testing from spontaneous midstream urine col-
lection. When this is not possible, collection of a urine 
sample by bladder catheterisation is suggested. Suprapubic 
bladder puncture is performed in exceptional cases due to 
greater trauma for the child. Depending on urine collec-
tion method, the risk of contamination of the urine sam-
ple is 1% with suprapubic puncture, 10% with catheteri-
sation and 26% with midstream collection(17). Thorough 
cleansing of the external genitourinary area is important 
to avoid sample contamination and to obtain a reliable re-
sult; it reduces the risk of false positives and, consequent-
ly, unnecessary treatment. The urine sample for bacteri-
ological testing should be submitted immediately to the 
laboratory. Urine can be stored at 4°C for no longer than 
4 hours prior to testing(18,19) (longer storage is only possi-
ble if transport medium is used).
A positive urine culture should be interpreted with refer-
ence to urinalysis and the overall clinical picture. According 
to PTNFD, the following findings should be considered as 
significant bacteriuria:
•	 104 CFU/mL in catheterisation sample;
•	 103 CFU/mL in suprapubic aspiration sample;
•	 ≥105 CFU/mL in a midstream urine sample.

Upper urinary tract infection  
(acute pyelonephritis, AP)

AP is an acute inflammatory process involving the renal 
pelvis and interstitium. Infants and younger children pres-
ent with fever, usually >39°C, restlessness or apathy, poor 
feeding, anorexia and vomiting. Fever, chills, abdominal 
and back pain or tenderness in the lumbar region are typical 
symptoms in older children (Tab. 2). Blood tests, including 
leukocytosis, C-reactive protein (CRP) and procalcitonin 
(PCT), can be helpful in determining the site of infection, 
although they have relatively low sensitivity and/or speci-
ficity(20–24). A meta-analysis of clinical trials found PCT to 
be the most sensitive marker of renal parenchymal involve-
ment, although neutrocyte count >60% and serum CRP 
>40 mg/L were risk factors for renal scarring(25–27). Renal 
parenchymal involvement may be confirmed by Doppler 
ultrasound (US) or DMSA scan (dimercaptosuccinic acid 
scintigraphy); however, scintigraphy is not used for this 
purpose in clinical practice(2,28).

Lower urinary tract infection (cystitis)

Cystitis is an inflammation of the urinary bladder charac-
terised by the presence of typical symptoms, such as uri-
nary frequency, urgency, pain during micturition, low mic-
turition volume, enuresis, urinary leakage, suprapubic pain, 
malodorous urine, and sometimes haematuria(28,29). Infants 

and children aged <24 months with lower urinary tract in-
fection present with non-specific symptoms, such as irrita-
bility, poor feeding or discomfort with urination (Tab. 2). 
Lower urinary tract infections are usually not accompanied 
by fever.

Asymptomatic bacteriuria

AB is defined as the presence of high urine bacterial titres 
not accompanied by a urinary inflammatory response(28,30). 
It can be either transient or persist for a prolonged period of 
time. The prevalence of AB is estimated to be 0.37% in boys 
and 0.47% in girls(31). AB is more common in uncircum-
cised boys in the first year of life, in girls with urinary and 
bowel disorders, and in children with neurogenic bladder. 
According to some studies, AB may have a defensive role 
and protect against symptomatic UTI, with microbes caus-
ing AB becoming non-virulent over time(5,32). According 
to current research, small amounts of bacteria of the nat-
ural urinary microbiome, referred to as urobiome, whose 
composition depends on age and sex, are isolated from 
the urinary tract in healthy individuals. These typically in-
clude strains of Lactobacillus, Prevotella, Corynebacterium, 
Gardnerella and Shigella(33). The composition of urobiome 
changes in patients undergoing immunosuppressive treat-
ment and urinary tract catheterisation, those with uri-
nary stasis, diabetes mellitus, and after antibiotic therapy. 
Attempts to eradicate AB adversely affect the composition 
of urobiome, compromising protection against symptom-
atic UTI(33). Therefore, PTNFD does not recommend urine 
screening or treatment for AB. In catheterised patients,  
the risk of AB increases with the length of time the cathe-
ter remains in the bladder; however, if the catheter is main-
tained for no more than 30 days, most patients do not de-
velop symptomatic UTI(34).

TREATMENT OF URINARY  
TRACT INFECTIONS

The choice of treatment for a child with UTI depends on the 
age of the patient, the severity of the symptoms, as well as 
physical examination and laboratory findings.

Empirical treatment

The youngest children (≤3 months) should be treated in  
a hospital setting due to the high risk of generalised infec-
tion. Additionally, infants with UTI often present with gas-
trointestinal symptoms, which generates difficulties with 
oral antibiotic therapy and makes it necessary to adminis-
ter the antibiotic parenterally. In infants >3 months of age 
and older children, the choice of treatment for AP depends 
on the clinical condition, with an option of oral, intrave-
nous or sequential (i.e. initially by the intravenous route and 
then by the oral route) therapy. Oral therapy can be consid-
ered when the risk of generalised infection is low.
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Treatment begins with empirical antibiotic therapy.  
The choice of drug and route of administration should take 
into account the child’s age and clinical condition, the sever-
ity of the inflammatory lesions and previous medical history, 
including congenital urinary tract defects. Recent antimicro-
bial use and local resistance of pathogens to antibiotics are 
also important. The spectrum of empirical antibiotic thera-
py should cover the most likely culprit pathogen, taking into 
account Gram-negative bacilli (including E. coli) and typi-
cal strains of Gram-positive cocci. The chosen antimicrobial 
should reach high levels in the urine with the least possible 
impact on renal function. The PTNFD recommendations for 
age-adjusted antibiotic therapy in paediatric UTI are listed 
in Tab. 4. The inclusion of amoxicillin/clavulanic acid as em-
pirical therapy in UTI requires confirmation of local suscep-
tibility of cultured pathogens due to the reported increasing 
bacterial resistance resulting from the frequent use of these 
drugs in respiratory tract infections(35). The proportion of 
isolated drug-resistant strains is increasing in children with 
recurrent UTI and in children with a history of urological 
treatment(36–39). Empirical therapy should be individualised 
in such cases; importantly, the inclusion of higher-genera-
tion antimicrobials is acceptable here.
Once the result of the urine culture taken before treatment 
onset has been obtained, antibiotic therapy should be re-
viewed, selecting an antimicrobial with the narrowest spec-
trum of action. Targeted treatment includes de-escalation 
therapy, i.e. the use of a broad-spectrum antibiotic during 
the empirical phase, which, after obtaining bacteriological 
findings, is switched to an agent with good activity against 
the isolated microorganism, but with the narrowest possi-
ble spectrum of action.

Targeted treatment

PTNFD recommends that oral, intravenous or sequential 
treatment of upper urinary tract infections be continued 
for 7–14 days. Antibiotic therapy should be initiated within 
48 hours of the onset of fever, as delayed treatment increas-
es the risk of renal scarring(40,41).
In children aged >3  months, oral antimicrobial thera-
py is preferred if clinically possible. Oral antibiotics have 
been shown to be as effective in UTIs as parenteral thera-
py, which requires hospitalisation(42,43). In a justified clinical 
situation, e.g. when a generalised infection is suspected or 
when the child’s age or vomiting makes oral administration 
impossible, parenteral therapy is recommended according 
to PTNFD guidelines (Tab. 4). No sooner than 48 hours af-
ter the onset of therapy, if the child’s condition allows it, the 
parenteral route can be switched to oral (sequential therapy).  
Sequential therapy is psychologically and pharmacoeco-
nomically beneficial as it reduces the length of the patient’s 
hospital stay and minimises the number of invasive medi-
cal procedures.
PTNFD suggests 7–10 days of antibiotic therapy for un-
complicated AP. Complications of AP in the form of renal 

abscesses or xanthogranulomatous pyelonephritis require 
prolonged antibiotic therapy and surgical treatment in 
some cases. Microbiological analyses of pathogens causing 
UTI in children still indicate broad susceptibility to sec-
ond- and third-generation cephalosporins, carbapenems, 
amikacin, gentamicin and ciprofloxacin, although in re-
cent years there has been rapidly growing resistance to flu-
oroquinolones and a higher incidence of bacteria resistant 
to amoxicillin/clavulanic acid and β-lactamase-producing 
bacteria (extended spectrum beta-lactamases, ESBLs)(13). 
The choice of antibiotic should therefore be based on lo-
cal susceptibility profiles of bacterial flora(36,37,44,45). Children 

Treatment of UTIs Strength of 
recommendation

Hospital admission and parenteral antibiotic therapy  
are suggested in all children with UTI who are under  
3 months of age
In children with AP aged ≥3 months, the treatment 
method depends on the patient’s general condition and 
it should include oral, intravenous or sequential therapy
It is suggested to consider outpatient treatment and 
oral therapy in patients with a low risk of severe disease 
(sepsis)

BII

If AP is suspected, it is recommended to collect urine  
for urinalysis and culture, and then administer  
an empirically selected antibiotic
After obtaining a urine culture, it is recommended  
to review the treatment and switch to an agent  
with the narrowest spectrum

AI

The following agents are recommended for empirical 
treatment of AP in children up to 3 months of age:
• �third generation cephalosporin  

or
• ampicillin-aminoglycoside

AI

First-line antimicrobials in the empirical treatment  
of AP in children aged ≥3 months include:
• 2nd or 3rd generation cephalosporin
• amoxicillin/clavulanic acid (with confirmed sensitivity)
• �ciprofloxacin (in accordance with the restrictions set 

out in SmPC)

AI

Parenteral treatment is recommended for children aged 
≥3 months when clinically justified, depending on the 
local resistance of strains:
• �2nd or 3rd generation cephalosporin
• �amoxicillin/clavulanic acid (with confirmed sensitivity)
• �ciprofloxacin (in accordance with the restrictions set 

out in SmPC)
• �aminoglycoside (amikacin, gentamicin)
It is recommended to switch to an oral antibiotic 
no earlier than 48 hours after treatment initiation 
(sequential treatment).

AI

It is recommended that treatment of upper urinary tract 
infections, either oral, intravenous or sequential,  
be continued for 7–14 days

AI

The following agents are recommended as first choice 
in the empirical treatment of lower urinary tract 
infections:
• furazidine
• nitrofurantoin
• co-trimoxazole, trimethoprim
• fosfomycin (girls >12 years of age)

BI

Treatment of lower urinary tract infections should  
be continued for 3–5 days CI

AP – acute pyelonephritis; UTI – urinary tract infection.

Tab. 4. �Treatment of UTIs – PTNFD recommendations
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diagnosed with congenital urinary tract defects, who are 
frequently hospitalised, and children who have under-
gone urinary tract instrumentation are at significant-
ly higher risk of developing infections caused by bacteria 
other than E. coli (Enterococcus spp., Pseudomonas spp., 
Klebsiella spp., Staphylococcus spp.) or infections with 
ESBL-producing strains(36–39). Third-generation cephalo-
sporins and carbapenems or amikacin are used in these pa-
tients(46). According to the recommendations of the Polish 
National Programme for the Protection of Antibiotics, an-
tibiotics with the narrowest possible spectrum of action 
should be used in targeted treatment(47).
The drugs recommended by PTNFD for the targeted treat-
ment of lower urinary tract infection in children (see Tab. 4) 
should be used for 3–5 days.

DIAGNOSIS AND TREATMENT  
OF URINARY TRACT INFECTIONS  

IN SPECIAL CLINICAL SITUATIONS

Recurrent urinary tract infections

Recurrent UTI is defined as ≥2 episodes of upper UTI, or 
1 episode of upper and ≥1 episode of lower UTI, or ≥3 ep-
isodes of lower UTI(28). Risk factors for recurrent UTI in-
clude congenital defects of the urinary tract, such as vesico-
ureteral reflux (VUR), as well as urinary stasis and urinary 
and faecal dysfunctions. Recurrent UTIs affect 8–30% of 
children, more often those with a history of UTI in the first 
year of life(48). The risk of recurrence due to drug-resistant 
bacteria is higher in children put on chronic antibiotic pro-
phylaxis and in those hospitalised within three months pri-
or to recurrent UTI(3,49,50). Pathogens other than E. coli, in-
cluding ESBL and P. aeruginosa, are significantly more likely 
to cause recurrent UTIs(51).
As set out in PTNFD recommendations, the choice of an-
tibiotic for recurrent UTI should be dictated by the local 
resistance of pathogens. All children with recurrent UTI 
should be assessed for risk factors for recurrence and, if 
possible, attempts should be made to eliminate these risk 
factors. Chronic antimicrobial prophylaxis should be con-
sidered in selected cases.

Bacteriuria in patients prior to a potentially 
traumatic urinary tract intervention

Asymptomatic bacteriuria is more common in children 
with urogenital abnormalities or neurogenic bladder. 
Patients with AB who undergo endoscopic urological pro-
cedures are at risk of damage to the urinary tract mucosa 
during the procedure and secondary infectious complica-
tions. Therefore, PTNFD recommends urine bacteriolog-
ical examination before a potentially traumatising urinary 
tract instrumentation and, if AB is confirmed, administer-
ing two doses of a targeted antibiotic: 30–60 minutes before 
and immediately after the procedure.

Asymptomatic urinary tract infections 
caused by Pseudomonas aeruginosa

P. aeruginosa is a Gram-negative bacterium intrinsically re-
sistant to the most commonly used antimicrobials, which is 
characterised by biofilm formation and acquisition of anti-
biotic resistance. Asymptomatic P. aeruginosa bacteriuria is 
more common in patients with congenital urinary defects 
and neurogenic bladder and in children with a history of 
multiple hospital admissions. Due to its natural characteris-
tics, complete eradication is generally not possible. AB treat-
ment may therefore contribute to the resistance of P. aeru-
ginosa strains rather than its eradication(52–54). PTNFD does 
not recommend antibiotic therapy in patients with asymp-
tomatic bacteriuria or asymptomatic UTIs caused by P. ae-
ruginosa. Clinical symptoms of UTI are an indication for 
initiating antibiotic therapy. Treatment should also be ini-
tiated in patients scheduled for urinary tract instrumenta-
tion or surgery.

Asymptomatic urinary tract infections  
in chronically catheterised patients

Patients with neurogenic bladder treated with clean in-
termittent catheterisation often present with leukocytu-
ria, which is generally not caused by clinically significant 
UTI(53,55,56). Also, AB or asymptomatic infection, affecting 
up to 70% of children in this group, are not risk factors for 
renal damage(57,58). A catheter-associated urinary tract in-
fection (CAUTI) should be suspected and targeted treat-
ment is needed only in symptomatic patients (fever ≥38°C 
and pain in the lumbar or pelvic region) with abnormal 
urinalysis and positive urine culture(52–54). It is also indicat-
ed in the case of planned urinary instrumentation or sur-
gery. PTNFD does not recommend routine antimicrobial 
prophylaxis to prevent CAUTI, whether it is a one-time or 
long-term bladder catheterisation.

PREVENTION OF URINARY TRACT 
INFECTIONS IN CHILDREN

Functional urinary and bowel disorders

Functional urinary and bowel disorders are now considered 
an important risk factor for recurrent UTIs. They are esti-
mated to occur in up to 30-50% of children with first UTI 
episode(59). They are characterised by urinary and/or fae-
cal incontinence/retention in previously fully toilet trained 
children and who have no anatomical or neurological ab-
normalities. Functional disorders are diagnosed based on  
a thorough history of constipation and symptoms of void-
ing dysfunction, such as urgency, urinary frequency or in-
continence, following a seven-day assessment of bowel 
rhythm using the Bristol Stool Chart and a 48-hour blad-
der diary, as well as an ultrasound assessment of post-mic-
turition urinary retention(60,61). An extended diagnosis, 
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including uroflowmetry, urodynamic testing or specific di-
agnostic imaging, is indicated in selected cases. Behavioural 
and pharmacological treatment of functional urinary and 
bowel disorders is an essential element of UTI prevention 
in children.

Indications for antibiotic prophylaxis

Chronic antibiotic prophylaxis was a common practice in 
children with recurrent UTIs or confirmed congenital uri-
nary defects for many years as it was believed to protect 
against renal scarring. Nowadays, in view of the increas-
ing resistance of pathogens and the results of new ran-
domised trials, the purposefulness and efficacy of UTI pro-
phylaxis are debatable. A Swedish reflux trial showed that 
among children with grade III–IV VUR, only girls aged 
>12 months benefited from antibiotic prophylaxis, with no 
benefit observed in the boy group(62). The PRIVENT tri-
al showed a 6% reduction in the risk of UTI during pro-
phylaxis in children with VUR, but no effect of this treat-
ment on renal scarring was demonstrated(63). The RIVUR 
study showed 11.9% reduction in the risk of recurrent UTI, 
but the intention-to-treat analysis concluded that 8 patients 
should receive prophylaxis for 2 years to avoid 1 episode 
of UTI(64). In the PREDICT study, a small but statistically 
significant benefit of antibiotic prophylaxis in the preven-
tion of UTI was observed in a group of infants with grade 
III–V VUR without previous episodes of UTI, with an in-
tention-to-treat analysis indicating that preventing 1 epi-
sode required 2-year prophylaxis in 7 patients(3). There was 
no effect of prophylactic treatment on renal scar forma-
tion during the 2-year follow-up. At the same time, 64% 
of children not receiving prophylaxis did not experience 
any episode of UTI. It seems that it is mainly female in-
fants with high-grade VUR that benefit from prophylactic 
treatment(3,62).
Importantly, all studies found growing pathogen resistance 
to the antibiotics used in the prevention of UTI and a higher 
incidence of infections caused by bacteria other than E. coli, 
such as P. aeruginosa. Therefore, according to PTNFD, the 
decision to initiate antibiotic prophylaxis for UTI should be 
made by a nephrologist after careful evaluation of the po-
tential benefits and risks, and implementation of all non-
pharmacological methods. The decision to continue pro-
phylactic treatment should be reviewed every 6 months.  
In view of the cited studies, PTNFD recommends pharma-
cological prophylaxis of UTI in children with grade III–V 
VUR. Despite the 6–10% risk of UTI in children with a pre-
natally suspected urinary tract malformation, these patients 
have not been shown to benefit from prophylactic antibi-
otic therapy(65–69). Although PTNFD does not recommend 
pharmacological prophylaxis of UTI in children with a pre-
natally suspected urinary tract defect, such patients should 
be monitored for urinary tract infections until the diagnos-
tic process of the defect is completed. Children diagnosed 
with megaureter are at higher risk of UTI(70). A prospective 

study in children with prenatally diagnosed hydronephro-
sis showed that ureteral dilatation ≥7 mm was associated 
with a threefold higher risk of UTI. In such cases, there was 
a statistically significant benefit of antibiotic prophylaxis to 
prevent UTI(71).
The choice of drug for the prevention of UTI should be 
based on the local susceptibility profiles of E. coli strains. 
Typically, nitrofurantoin or furasidine, trimethoprim/sul-
famethoxazole, amoxicillin or cefuroxime axetil, given as 
a single dose, are first-line treatment. A slower build-up of 
bacterial resistance has been observed during prophylactic 
use of nitrofurantoin(72).

DIAGNOSTIC IMAGING

Ultrasonography

Despite its low sensitivity in diagnosing VUR and renal 
scarring, ultrasound helps detect serious urinary tract ab-
normalities that require intervention and UTI complica-
tions in the form of renal and perirenal abscesses. PTNFD 
recommends urinary ultrasound in all children under 
24 months of age diagnosed with the first episode of UTI, 
and in children >24 months of age diagnosed with AP or 
atypical UTI, with risk factors for recurrence, and in the 
event of recurrence. According to some published recom-
mendations, ultrasound should be performed after the 
acute symptoms of UTI have resolved to minimise the im-
pact of urinary inflammation on ultrasound imaging, as 
well as in the case of fever persisting beyond 72 hours after 
the onset of antibiotic therapy(42).

Micturition cystourethrography

Voiding cystourethrography (VCUG), as the method of 
choice in the diagnosis of VUR, a risk factor for renal scar-
ring, has been widely used in the diagnosis of children with 
a history of VUR for years. VCUG requires bladder cath-
eterisation and involves patient irradiation with a dose of 
0.03 to 0.3 mSv. In addition to VUR, it can detect obstruc-
tive uropathies, as well as abnormalities of the urethra (such 
as posterior urethral valves), bladder and ureter. Renal scar-
ring is now also thought to occur in children without VUR, 
which has limited the indications for VCUG. The trend to-
wards less frequent use of chronic antibiotic prophylaxis, 
especially in children with low-grade VUR, and the restric-
tion of indications for surgical treatment of VUR have also 
contributed to the change in indications for VCUG (62).
The likelihood of VUR in children who have undergone 
UTI is higher in the case of an abnormal urinary ultra-
sound, UTI caused by pathogens other than E. coli and UTI 
with fever >39°C. VUR should be excluded in patients with 
recurrent febrile UTI, irrespective of the child’s age. PTNFD 
therefore recommends that VCUG be performed in any 
child with a history of UTI in whom urinary ultrasound 
scan may suggest VUR or other urinary tract abnormalities, 
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as well as in children with recurrent UTI and those with  
a history of septic UTI (Tab. 5).

DMSA renal scintigraphy

DMSA renal scintigraphy can be used to diagnose acute in-
flammation of the renal interstitium during AP or to de-
tect renal scarring. As already mentioned, due to its inva-
siveness, the associated exposure to irradiation doses of 
0.3 to 1 mSv and the availability of a less invasive ultra-
sound technique, also with Doppler option, DMSA scan-
ning is not recommended in acute UTI. This diagnostic 
modality is currently mainly used to assess renal scarring. 
It has been shown that 15% of children with renal lesions on 
DMSA scan during an acute episode of UTI present with re-
nal scarring 4 months after the infection(73). Ultrasound and 
DMSA renal scintigraphy should be considered as comple-
mentary imaging modalities in children with suspected re-
nal parenchymal injury(74). In particular, DMSA renal scin-
tigraphy is indicated to confirm the diagnosis in cases of 
scarring visible on ultrasound and in children with clinical 
signs of renal damage in the form of albuminuria/protein-
uria and hypertension.
PTNFD recommendations on the indications for a DMSA 
scan in children are summarised in Tab. 5. Renal scintigra-
phy should be performed 4–6 months after an AP episode.

CONCLUSIONS

The growing resistance to antimicrobials used in recent 
years and the latest research findings on the long-term fol-
low-up of children with UTIs prompted some changes in 
the diagnostic and therapeutic strategies. Although the 
choice of an antimicrobial to treat UTI should be based on 
established treatment regimens, local bacterial resistance 
should be also considered in children with recurrent infec-
tions, as well as a history of multiple admissions and uro-
logical procedures. Current treatment algorithms suggest 
the use of agents with the narrowest possible spectrum and 
shorter antibiotic therapy. Due to both the lack of proven 
benefits of chronic antibiotic prophylaxis in terms of renal 
scarring and the risk of selection of drug-resistant strains, 
PTNFD recommends limiting chronic pharmacological 

prophylaxis of UTI only to selected cases. Treatment of 
functional urinary and bowel disorders is a recognised pre-
ventive measure. Treatment of asymptomatic bacteriuria is 
not recommended due to its potentially protective effects 
against infection with more virulent pathogens and due to 
the risk of developing drug resistance. The recommenda-
tions on diagnostic imaging in children with UTI allow for 
ultrasound in all patients up to 24 months of age, but lim-
it the indications for VCUG, which should be used in the 
event of urinary tract abnormalities detected on ultrasound 
and in children with recurrent or septic infections.
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Indications for diagnostic imaging Strength of 
recommendation

US

• First UTI in a child aged ≤24 months
• AP in a child aged >24 months
• Atypical UTI in a child aged >24 months
• �First UTI in a child >24 months with 

risk factors for recurrent UTI
• Recurrent UTIs

C1

VCUG

• �Urinary tract US image suggesting 
VUR or other urinary tract 
abnormalities

• Recurrent UTIs
• Septic UTI

B1

DMSA 
scan

• Recurrent AP
• Grade III–V VUR
• �US or clinical findings suggestive  

of renal scarring

C1

AP – acute pyelonephritis; DMSA – dimercaptosuccinic acid;  
VCUG – voiding cystourethrography; VUR – vesicoureteral reflux;  
US – ultrasound.

Tab. 5. �Diagnostic imaging in children with urinary tract infections –  
PTNFD recommendations



Urinary tract infections in children in the era of growing antimicrobial resistance – recommendations of the Polish Society of Paediatric Nephrology

271

DOI: 10.15557/PiMR.2023.0046PEDIATR MED RODZ Vol. 19 No. 4, p. 263–272

References

1.	 Shaikh N, Morone NE, Bost JE et al.: Prevalence of urinary tract 
infection in childhood: a meta-analysis. Pediatr Infect Dis J 2008; 
27: 302–308.

2.	 Practice parameter: the diagnosis, treatment, and evaluation of 
the initial urinary tract infection in febrile infants and young 
children. American Academy of Pediatrics. Committee on Qual-
ity Improvement. Subcommittee on Urinary Tract Infection. 
Pediatrics 1999; 103: 843–852.

3.	 Morello W, Baskin E, Jankauskiene A et al.; PREDICT Study 
Group: Antibiotic prophylaxis in infants with grade III, IV, or V 
vesicoureteral reflux. N Engl J Med 2023; 389: 987–997.

4.	 Hoberman A, Chao HP, Keller DM et al.: Prevalence of urinary 
tract infection in febrile infants. J Pediatr 1993; 123: 17–23.

5.	 Tullus K, Shaikh N: Urinary tract infections in children. Lancet 
2020; 395: 1659–1668.

6.	 Shaw KN, Gorelick M, McGowan KL et al.: Prevalence of urinary 
tract infection in febrile young children in the emergency 
department. Pediatrics 1998; 102: e16.

7.	 Shaikh N, Hoberman A, Hum SW et al.: Development and vali-
dation of a calculator for estimating the probability of urinary 
tract infection in young febrile children. JAMA Pediatr 2018; 
172: 550–556.

8.	 Shaikh N, Morone NE, Lopez J et al.: Does this child have a uri-
nary tract infection? JAMA 2007; 298: 2895–2904.

9.	 Shaikh N, Hoberman A, Wise B et al.: Dysfunctional elimination 
syndrome: is it related to urinary tract infection or vesicoureteral 
reflux diagnosed early in life? Pediatrics 2003; 112: 1134–1137.

10.	 Bulum B, Özçakar ZB, Kavaz A et al.: Lower urinary tract dys-
function is frequently seen in urinary tract infections in children 
and is often associated with reduced quality of life. Acta Paediatr 
2014; 103: e454–e458.

11.	 Carpenter MA, Hoberman A, Mattoo TK et al.; RIVUR Trial 
Investigators: The RIVUR trial: profile and baseline clinical asso-
ciations of children with vesicoureteral reflux. Pediatrics 2013; 
132: e34–e45.

12.	 Shaikh NH, Hoberman A: Urinary tract infections in children: epi-
demiology and risk factors. UpToDate [cited: 27 December 2023].

13.	 Shaikh N, Hoberman A: Urinary tract infections in infants and 
children older than one month: clinical features and diagnosis. 
UpToDate [cited: 27 December 2023].

14.	 Williams GJ, Macaskill P, Chan SF et al.: Absolute and relative 
accuracy of rapid urine tests for urinary tract infection in chil-
dren: a meta-analysis. Lancet Infect Dis 2010; 10: 240–250.

15.	 Shaikh N, Shope TR, Hoberman A et al.: Association between 
uropathogen and pyuria. Pediatrics 2016; 138: e20160087.

16.	 Doern CD, Richardson SE: Diagnosis of urinary tract infections 
in children. J Clin Microbiol 2016; 54: 2233–2242.

17.	 Tosif S, Baker A, Oakley E et al.: Contamination rates of differ-
ent urine collection methods for the diagnosis of urinary tract 
infections in young children: an observational cohort study.  
J Paediatr Child Health 2012; 48: 659–664.

18.	 Schlager TA: Urinary tract infections in infants and children. 
Microbiol Spectr 2016; 4.

19.	 Jackson EC: Urinary tract infections in children: knowledge 
updates and a salute to the future. Pediatr Rev 2015; 36: 153–164; 
quiz 165–166.

20.	 Finnell SME, Carroll AE, Downs SM; Subcommittee on Urinary 
Tract Infection: Technical report – Diagnosis and management 
of an initial UTI in febrile infants and young children. Pediatrics 
2011; 128: e749–e770.

21.	 Morello W, La Scola C, Alberici I et al.: Acute pyelonephritis in 
children. Pediatr Nephrol 2016; 31: 1253–1265.

22.	 Biggi A, Dardanelli L, Pomero G et al.: Acute renal cortical scin-
tigraphy in children with a first urinary tract infection. Pediatr 
Nephrol 2001; 16: 733–738.

23.	 Ghasemi K, Montazeri S, Pashazadeh AM et al.: Correlation of 
99mTc-DMSA scan with radiological and laboratory examina-

tions in childhood acute pyelonephritis: a time-series study.  
Int Urol Nephrol 2013; 45: 925–932.

24.	 Bush NC, Keays M, Adams C et al.: Renal damage detected by 
DMSA, despite normal renal ultrasound, in children with febrile 
UTI. J Pediatr Urol 2015; 11: 126.e1–126.e7.

25.	 Mantadakis E, Plessa E, Vouloumanou EK et al.: Serum procal-
citonin for prediction of renal parenchymal involvement in chil-
dren with urinary tract infections: a meta-analysis of prospective 
clinical studies. J Pediatr 2009; 155: 875–881.e1.

26.	 Kotoula A, Gardikis S, Tsalkidis A et al.: Comparative efficacies 
of procalcitonin and conventional inflammatory markers for 
prediction of renal parenchymal inflammation in pediatric first 
urinary tract infection. Urology 2009; 73: 782–786.

27.	 Olbing H, Smellie JM, Jodal U et al.: New renal scars in children 
with severe VUR: a 10-year study of randomized treatment. 
Pediatr Nephrol 2003; 18: 1128–1131.

28.	 National Institute for Health and Care Excellence: Urinary tract 
infection in under 16s: diagnosis and management. NICE guide-
line [NG224]. National Institute for Health and Care Excellence, 
London 2022.

29.	 Stein R, Dogan HS, Hoebeke P et al.; European Association of 
Urology; European Society for Pediatric Urology: Urinary tract 
infections in children: EAU/ESPU guidelines. Eur Urol 2015; 67: 
546–558.

30.	 ‘t Hoen LA, Bogaert G, Radmayr C et al.: Update of the EAU/
ESPU guidelines on urinary tract infections in children. J Pedi-
atr Urol 2021; 17: 200–207.

31.	 Shaikh N, Osio VA, Wessel CB et al.: Prevalence of asymptomat-
ic bacteriuria in children: a meta-analysis. J Pediatr 2020; 217: 
110–117.e4.

32.	 Hansson S, Jodal U, Norén L et al.: Untreated bacteriuria in asymp-
tomatic girls with renal scarring. Pediatrics 1989; 84: 964–968.

33.	 Kenneally C, Murphy CP, Sleator RD et al.: The urinary micro-
biome and biological therapeutics: novel therapies for urinary 
tract infections. Microbiol Res 2022; 259: 127010.

34.	 Nicolle LE, Gupta K, Bradley SF et al.: Clinical practice guideline 
for the management of asymptomatic bacteriuria: 2019 update 
by the Infectious Diseases Society of America. Clin Infect Dis 
2019; 68: 1611–1615.

35.	 Justyńska E, Powarzyńska A, Długaszewska J: [Antimicrobial 
susceptibility of microorganisms isolated from urine of pediatric 
ward patients]. Med Dosw Mikrobiol 2010; 62: 231–236.

36.	 Bryce A, Costelloe C, Wootton M et al.: Comparison of risk fac-
tors for, and prevalence of, antibiotic resistance in contaminat-
ing and pathogenic urinary Escherichia coli in children in prima-
ry care: prospective cohort study. J Antimicrob Chemother 2018; 
73: 1359–1367.

37.	 Sorlózano-Puerto A, Gómez-Luque JM, Luna-Del-Castillo JD  
et al.: Etiological and resistance profile of bacteria involved in 
urinary tract infections in young children. Biomed Res Int 2017; 
2017: 4909452.

38.	 Wang J, He L, Sha J et al.: Etiology and antimicrobial resistance 
patterns in pediatric urinary tract infection. Pediatr Int 2018; 60: 
418–422.

39.	 Kalaitzidou I, Ladomenou F, Athanasopoulos E et al.: Suscepti-
bility patterns of uropathogens identified in hospitalized chil-
dren. Pediatr Int 2019; 61: 246–251.

40.	 Karavanaki KA, Soldatou A, Koufadaki AM et al.: Delayed treat-
ment of the first febrile urinary tract infection in early childhood 
increased the risk of renal scarring. Acta Paediatr 2017; 106: 
149–154.

41.	 Shaikh N, Mattoo TK, Keren R et al.: Early antibiotic treatment 
for pediatric febrile urinary tract infection and renal scarring. 
JAMA Pediatr 2016; 170: 848–854.

42.	 Subcommittee on Urinary Tract Infection, Steering Committee 
on Quality Improvement and Management; Roberts KB: Urinary 
tract infection: clinical practice guideline for the diagnosis and 
management of the initial UTI in febrile infants and children  
2 to 24 months. Pediatrics 2011; 128: 595–610.



Ilona Zagożdżon, Anna Jung, Katarzyna Kiliś-Pstrusińska, Przemysław Sikora, Piotr Skrzypczyk, Marcin Tkaczyk, Aleksandra Żurowska, Anna Maria Wasilewska

272

DOI: 10.15557/PiMR.2023.0046 PEDIATR MED RODZ Vol. 19 No. 4, p. 263–272

43.	 Strohmeier Y, Hodson EM, Willis NS et al.: Antibiotics for acute 
pyelonephritis in children. Cochrane Database Syst Rev 2014; 
2014: CD003772.

44.	 Rodríguez-Lozano J, de Malet A, Cano ME et al.: Antimicrobial 
susceptibility of microorganisms that cause urinary tract infec-
tions in pediatric patients. Enferm Infecc Microbiol Clin (Engl 
Ed) 2018; 36: 417–422.

45.	 Delbet JD, Lorrot M, Ulinski T: An update on new antibiotic pro-
phylaxis and treatment for urinary tract infections in children. 
Expert Opin Pharmacother 2017; 18: 1619–1625.

46.	 Madhi F, Jung C, Timsit S et al.; Urinary-tract Infection due to 
Extended-Spectrum Beta-lactamase–producing Enterobacteria-
ceae in Children Group: Febrile urinary-tract infection due to 
extended-spectrum beta-lactamase-producing Enterobacteria-
ceae in children: a French prospective multicenter study. PLoS 
One 2018; 13: e0190910.

47.	 https://antybiotyki.edu.pl.
48.	 Merrick MV, Notghi A, Chalmers N et al.: Long-term follow up 

to determine the prognostic value of imaging after urinary tract 
infections. Part 2: Scarring. Arch Dis Child 1995; 72: 393–396.

49.	 Hoberman A, Chesney RW; RIVUR Trial Investigators: Antimi-
crobial prophylaxis for children with vesicoureteral reflux.  
N Engl J Med 2014; 371: 1072–1073.

50.	 Albaramki JH, Abdelghani T, Dalaeen A et al.: Urinary tract 
infection caused by extended-spectrum β-lactamase-producing 
bacteria: risk factors and antibiotic resistance. Pediatr Int 2019; 
61: 1127–1132.

51.	 Sakran W, Smolkin V, Odetalla A et al.: Community-acquired 
urinary tract infection in hospitalized children: etiology and 
antimicrobial resistance. A comparison between first episode 
and recurrent infection. Clin Pediatr (Phila) 2015; 54: 479–483.

52.	 Stein R, Bogaert G, Dogan HS et al.: EAU/ESPU guidelines on 
the management of neurogenic bladder in children and adoles-
cent part I diagnostics and conservative treatment. Neurourol 
Urodyn 2020; 39: 45–57.

53.	 Hooton TM, Bradley SF, Cardenas DD et al.; Infectious Diseases 
Society of America: Diagnosis, prevention, and treatment of 
catheter-associated urinary tract infection in adults: 2009 Inter-
national Clinical Practice Guidelines from the Infectious Diseas-
es Society of America. Clin Infect Dis 2010; 50: 625–663.

54.	 Joseph DB, Baum MA, Tanaka ST et al.: Urologic guidelines for 
the care and management of people with spina bifida. J Pediatr 
Rehabil Med 2020; 13: 479–489.

55.	 Forster CS, Haslam DB, Jackson E et al.: Utility of a routine uri-
nalysis in children who require clean intermittent catheteriza-
tion. J Pediatr Urol 2017; 13: 488.e1–488.e5.

56.	 Forster CS, Shaikh N, Hoberman A et al.: Uropathogens and 
pyuria in children with neurogenic bladders. Pediatrics 2018; 
141: e20173006.

57.	 Schlager TA, Hendley JO, Wilson RA et al.: Correlation of peri-
urethral bacterial flora with bacteriuria and urinary tract infec-
tion in children with neurogenic bladder receiving intermittent 
catheterization. Clin Infect Dis 1999; 28: 346–350.

58.	 Ottolini MC, Shaer CM, Rushton HG et al.: Relationship of 
asymptomatic bacteriuria and renal scarring in children with 
neuropathic bladders who are practicing clean intermittent cath-
eterization. J Pediatr 1995; 127: 368–372.

59.	 Shaikh N, Hoberman A, Keren R et al.: Recurrent urinary tract 
infections in children with bladder and bowel dysfunction. Pedi-
atrics 2016; 137: e20152982.

60.	 Yang S, Chua ME, Bauer S et al.: Diagnosis and management of 
bladder bowel dysfunction in children with urinary tract infec-
tions: a position statement from the International Children’s 
Continence Society. Pediatr Nephrol 2018; 33: 2207–2219.

61.	 Chang SJ, Hsieh CH, Yang SS: Constipation is associated with 
incomplete bladder emptying in healthy children. Neurourol 
Urodyn 2012; 31: 105–108.

62.	 Brandström P, Esbjörner E, Herthelius M et al.: The Swedish 
reflux trial in children: III. Urinary tract infection pattern. J Urol 
2010; 184: 286–291.

63.	 Craig JC, Simpson JM, Williams GJ et al.; Prevention of Recur-
rent Urinary Tract Infection in Children with Vesicoureteric 
Reflux and Normal Renal Tracts (PRIVENT) Investigators: Anti-
biotic prophylaxis and recurrent urinary tract infection in chil-
dren. N Engl J Med 2009; 361: 1748–1759.

64.	 RIVUR Trial Investigators; Hoberman A, Greenfield SP, Mattoo 
TK et al.: Antimicrobial prophylaxis for children with vesicoure-
teral reflux. N Engl J Med 2014; 370: 2367–2376.

65.	 Pennesi M, Amoroso S, Bassanese G et al.: Frequency of urinary 
tract infection in children with antenatal diagnosis of urinary 
tract dilatation. Arch Dis Child 2020; 105: 260–263.

66.	 Braga LH, McGrath M, Farrokhyar F et al.: Associations of ini-
tial society for fetal urology grades and urinary tract dilatation 
risk groups with clinical outcomes in patients with isolated pre-
natal hydronephrosis. J Urol 2017; 197: 831–837.

67.	 Zee RS, Herbst KW, Kim C et al.: Urinary tract infections in chil-
dren with prenatal hydronephrosis: a risk assessment from the 
Society for Fetal Urology Hydronephrosis Registry. J Pediatr 
Urol 2016; 12: 261.e1–261.e7.

68.	 DiRenzo D, Persico A, DiNicola M et al.: Conservative manage-
ment of primary non-refluxing megaureter during the first year 
of life: a longitudinal observational study. J Pediatr Urol 2015; 11: 
226.e1–226.e6.

69.	 Varda BK, Finkelstein JB, Wang HH et al.: The association between 
continuous antibiotic prophylaxis and UTI from birth until initial 
postnatal imaging evaluation among newborns with antenatal 
hydronephrosis. J Pediatr Urol 2018; 14: 539.e1–539.e6.

70.	 Braga LH, Farrokhyar F, D’Cruz J et al.: Risk factors for febrile 
urinary tract infection in children with prenatal hydronephrosis: 
a prospective study. J Urol 2015; 193 (Suppl): 1766–1771.

71.	 Holzman SA, Braga LH, Zee RS et al.: Risk of urinary tract infec-
tion in patients with hydroureter: an analysis from the Society of 
Fetal Urology Prenatal Hydronephrosis Registry. J Pediatr Urol 
2021; 17: 775–781.

72.	 Williams G, Craig JC: Long-term antibiotics for preventing 
recurrent urinary tract infection in children. Cochrane Database 
Syst Rev 2019; 4: CD001534.

73.	 Shaikh N, Ewing AL, Bhatnagar S et al.: Risk of renal scarring in 
children with a first urinary tract infection: a systematic review. 
Pediatrics 2010; 126: 1084–1091.

74.	 Marceau-Grimard M, Marion A, Côté C et al.: Dimercaptosuc-
cinic acid scintigraphy vs. ultrasound for renal parenchymal 
defects in children. Can Urol Assoc J 2017; 11: 260–264.


	Button 53: 
	Button 87: 
	Button 78: 
	Button 88: 
	Button 80: 
	Button 90: 
	Button 89: 
	Button 91: 


