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ABSTRACT

Background: Urinary tract infection (UTI) is a prevalent bacterial infection
in children. The diagnosis is based on growth of bacteria in urine specimen
and treatment is chosen out of knowledge of the present antimicrobial
resistance situation. Vesicoureteral reflux (VUR) is a well-known risk factor
for UTI in children. Besides acute discomfort of UTI, long-term
consequences associated with renal damage may occur.

Research questions: What is the relation between UTI, VUR and renal
damage? How has bacterial resistance to oral antimicrobials changed over
time? What is the significance of a low bacterial count? How does renal
damage develop over time?

Methods: The study was retrospective, population-based and included
children below 2 years of age with first time symptomatic UTI. The data files
were analyzed. Recorded were clinical and laboratory parameters at index
UTI including symptoms, duration of fever, highest measured temperature,
highest C-reactive protein, sampling method, bacterial count, bacterial
findings, antibacterial resistance, treatment and occurrence of recurrent UTI.
All radiological and scintigraphic investigations were reexamined. The grade
of VUR and renal damage was classified.

Results: A significant relationship between renal damage and severity of
VUR was found. During a 10-year period the E.coli resistance to
trimethoprim increased from 5 to 17%, while it remained unchanged low to
nitrofurantoin and cefadroxil. Bacterial count below the significant level of
100,000 CFU/mL was found in 19% of the children and these children had
similar rate of high grade VUR and renal damage as those with higher
bacterial number. In children with renal damage 19% had regressed and 19%
progressed at a median follow-up time of 8 years. Those who progressed had
more severe renal damage at the index DMSA scan, a higher rate of VUR
grade 111-V and more often recurrent UTI.

Conclusions: Children with high grade VUR are risk subjects for permanent
renal damage. The E.coli resistance to trimethoprim has increased
significantly and trimethoprim is no longer appropriate as a first-line drug for
empirical treatment. The possibility of UTI should be considered also with
low bacterial count. This information should also be considered in the
development of new guidelines. Children with severe renal damage, high
grade VUR and recurrent UTI are at risk for progression of renal damage.
Keywords: Children, Urinary tract infection, Vesicoureteral reflux, Renal
damage, Bacterial count, Recurrence, Antibiotic resistance, Urine sampling
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SAMMANFATTNING PA SVENSKA

Bakgrund: Urinvdgsinfektion (UVI) ar en av de vanligaste bakteriella
infektionerna under de forsta levnadsaren. UVI med njurengagemang kan
leda till permanent njurskada med risk for framtida men i form av nedsatt
njurfunktion och hogt blodtryck. Diagnosen UVI faststélls genom fynd av
bakterier i urinprov. Njurskada diagnostiseras med gammakamera-
undersbkning av njurar, DMSA scintigrafi. En kénd riskfaktor for
njurinfektion ar forekomst av backflode av urin fran urinblasa till njurar,
vesikoureteral reflux (VUR).

Vetenskapliga fragestéallningar: Vilka samband féreligger mellan UVI,
VUR och njurskada? Hur har bakteriell resistens mot de vanligaste per orala
antibiotika utvecklats over tid? Vilken betydelse har laga bakterietal? Hur
utvecklas njurskada éver tid?

Metod: Studien inkluderade alla barn under 2 & med forstagangs-UVI som
sokt pa akutmottagningen pa Drottning Silvias barn- och ungdomssjukhus
1994-2003. Vid journalgenomgang registrerades symtom, feberduration,
hogsta temperatur, hogsta CRP, metod for urinprovtagning, bakterietal,
bakterieart, resistensmonster, behandling och férekomst av recidivinfektion.
Alla rontgen och gammakameraundersokningar eftergranskades. Graden av
VUR och njurskada klassificerades.

Resultat: Man fann signifikant samband mellan graden av VUR och
forekomst av njurskada. E.coli’s resistens mot trimetoprim Okade mellan
1994 och 2003 fran 5% till 17%, medan resistensen mot nitrofurantoin och
cefadroxil kvarstod oforandrat lag, under 1%. Bakterietal under
signifikansgransen 100.000 bakterier/ml férkom hos 19% av barnen. Dessa
barn hade likartad férekomst av héggradig VUR och njurskada som de med
hogre bakterietal. Hos barn med njurskadan, med en medianuppf6ljningstid
av 8 ar, forbattrades njurskadan hos 19% medan man hos 19% sag en
forsamring. Hos de som forsdmrades var det vanligare med hdggradig VUR,
recidiverande UVI och mer uttalad njurskada vid den initiala
undersoékningen.

Konklusion: Barn med hdggradig VUR &r riskpatienter avseende permanent
njurskada. E.coli-resistensen mot trimetoprim har 0Okat kraftigt varfor
trimetoprim inte l&ngre kan betraktas som forstahandsval vid UVI hos barn.
UVI med laga bakterietal ar relativt vanligt och dessa patienter missas om
man tillampar hdga signifikansgranser. Detta bor beaktas vid utformning av
framtida riktlinjer for UVI hos barn. Barn med hoggradig VUR,
recidiverande UVI och uttalad njurskada har ¢kad risk for forsamring av
njurskadan dver tid.
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1 INTRODUCTION

Urinary tract infection (UTI) is a common disease affecting especially infants
and young children. The clinical presentations are diverse, from an
unaffected infant with asymptomatic bacteriuria to a severely septic child.
Historically the disease was associated with significant mortality and long-
term morbidity.

This thesis is dealing with aspects of diagnosis, treatment, investigation and
prognosis of urinary tract infection in small children.

1.1 Historical perspective

Of the Hippocratic aphorisms, circa 400 BC, several relates to nephrology.
”When in fevers the urine is turbid like that of a beast of burden, in such a
case there either is or will be headache. This could be a description of
pyelonephritis as could the following aphorism. ”When there is a farinaceous
sediment in the urine during fever, it indicates a protracted illness”. Calculus
in the urinary tract are quite clearly described and for children with bladder
stones states “Children get stone from milk if it is not healthy, but is too hot
and bilious . . . and | say that it is better to give children wine, much diluted,
for it has a less heating and drying effect. . .. *

For a long time the tools for diagnosing kidney disorders were mainly
clinical symptoms and visual analysis of urine (uroscopy). Treatment
consisted of different diets, laxatives and venesectio, but performed were also
surgical procedures like drainage of pus, catheterization and removing
obstructive stones.” In the 16™ century several texts on pediatric diseases
were published but most of them only briefly were dealing with kidney
disorders. This was also true for the following centuries, e.g. in the text of
von Rosenstein (1764), considered to be the first modern text on pediatrics,
urinary tract diseases are not mentioned at all.®* No major progression
concerning the causes and treatments of kidney diseases was made until the
middle of 19" century. Even if bacteria were described already in the 17"
century by Leeuwenhoeks it was not until 1860°s and Pasteur’s discovery of
microorganisms as the origin of fermentation and Koch’s development of
technics to isolate bacteria in pure culture, that the science of bacteriology
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really started.? Several bacteria were discovered and were connected to
specific infections. In 1886 Theodor Escherich published his work about
bacteria in the gastrointestinal tract of children, “Die Darmbakterien des
Sauglings und ihre Beziehungen zur Physiologie der Verdauung”, where he
also described Bacterium coli commune, later named Escherichia coli.*

With the introduction of the “germ theory of disease” the interest of
antiseptic technics increased. In 1867 Joseph Lister published his works on
aseptic use of Phenol, carbolic acid, in surgery. During the coming years
several aseptic substances for internal use were tested. Paul Ehrlich,
honoured by the nobel price, was one of the pioneers of chemotherapy. In
1909 he prepared Salvarsan, the first effective cure against syphilis. With the
introduction of Sulfanilamid in 1937 the first effective treatment of urinary
tract infections was established. This was followed by nitrofurantoin in 1953
and ampicillin in 1962, both then effective antibiotics against the most
common uropathogens.®

In descriptions of small children with febrile urinary tract infection from
the pre-antibiotic era mortality rates around 20% were reported. An equal
portion had incomplete recovery and 60% healed spontaneously, often after
weeks of severe illness.® This scenario was dramatically changed with the
access of efficient antimicrobials.

1.2 Epidemiology

The first Swedish study on the epidemiology of UTI in children was intiated
by Jan Winberg.” The aggregated morbidity risk of UTI was calculated from
all children up to 11 years admitted to the Children’s Hospital in Gdteborg
with the diagnose of UTI between 1960 and 1966. This study showed a
minimal incidence of 1.1% for boys and 3% for girls. A study of children 7
years of age found a cumulative UTI incidence of 1.7% in boys and 7.8% in
girls.? In a Swedish quality assurance project, covering 65% of the Swedish
population under 2 year of age, the minimal incidence of symptomatic UTI
was 2.2% for boys and 2.1% for girls.’

In both boys and girls UTI is most prevalent during the first years of life,
after that it is still common in girls but rare in boys (figure 1)."*°
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Figure 1. Age distribution at first symptomatic urinary tract infection in girls (left)
and boys (right). (Wennerstrém. Arch Pediatr Adolesc Med. 1998; 152:879-883).
With permission.

1.3 Diagnostic

The ideal means for diagnosing UTI should be easy to handle, inexpensive,
comfortable for the children, have high sensitivity and specificity, and well
discriminate between kidney involvement and low UTI.

1.3.1 Clinical symptoms

The symptoms of UTI are often unspecific. Most infants with UTI presents
with fever and irritability, but also vomiting, feeding problems and lethargy
are frequent symptoms.™ Furthermore, bacteremia is not uncommon; 4-9% of
children with UTI are reported to have a positive blood culture.***3

1.3.2 Urinetests

The nitrite test detects nitrite producing bacteria. Most Gram-negative
bacteria produce nitrite reductase which reduces nitrate to nitrite, while
Gram-positive bacteria such as enterococci do not produce this enzyme.
Accordingly, the nitrite test identifies mainly Gram-negative bacteria.
Furthermore, to detect nitrite there must be sufficient amount of bacteria in
the specimen. Short bladder incubation time with low bacterial number
reduces the rate of positive tests. In summary the nitrite test has a high
specificity for UTI, but poor sensitivity. Meta-analyses of conducted studies
have shown specificity from 76% to 100% and sensitivity from 16% to
88%.14'15



Leukocyte esterase is an enzyme present in granulocytes. The detection of
esterase indicates pyuria, but the leukocyte esterase test is non-specific for
UTI as leukocytes in urine may be present as a result of other infections.
Conversely, with a short bladder incubation, true bacteriuria may give a
negative test result. In meta-analysis specificity ranged from 69% to 98% and
sensitivity from 38% to 100%.*°

1.3.3 Inflammatory markers

Besides the presence of fever as a clinical marker of inflammation, laboratory
biomarkers have been used for discriminating UTI localized to the lower
urinary tract from UTI with kidney involvement. Most used serum
biomarkers have been C-reactive protein (CRP) and procalcitonin. They have
shown significant association with both acute kidney involvement and late
renal scarring.'®*

1.3.4 Urine sampling

A urine culture with growth of microbes is a prequisite of UTI diagnosis in
children. Therefor it is crucial to obtain representative urine specimen
without contamination of microbes from localizations outside the urinary
tract. Suprapubic aspiration (SPA) was introduced 1959 as a safe and reliable
method for urine collection and this method has become the “gold standard”
for urine sampling.” In studies comparing midstream sampling with SPA the
correspondence between the methods was good with specificity from 75% to
100% and sensitivity 75% to 100%.2>?* Only a few studies have compared
bag samples with catheter specimen and the results were diverse with
contamination rates from 7.5% to 63%.?° Urine collection by catheter is
regarded as a reliable sampling method with low risk of contamination, but
there are no studies comparing this method with SPA.

1.3.5 Definition of bacteriuria

In the 1950s Kass studied bacteriuria in women.?” He found 2 population
groups, those with bacterial number below 10,000 colony-forming units
(CFU)/mL, regarded as contamination, and those with bacterial counts more
than 100,000 CFU/mL representing true UTI. The 2 groups overlapped at
about 10,000 CFU/mL. From these results he recommended 100,000
CFU/mL as a dividing line which since then has been the commonly used
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cut-off level. However, the accuracy of this cut-off level has been questioned
as more recent studies have found lower bacterial counts in patients with
symptomatic UT1.%% In a study of children less than 2 years of age with
urine specimen obtained by bladder catheterization a cut-off level of 50,000
CFU/mL was found to well discriminate among true UTI and
contamination.®

In recently published national guidelines on the management of UTI in
children the recommended sampling methods and definition of bacteriuria are
varying (table 1).>**" However, there are some studies indicating that with the
proposed definitions of bacteriuria a substantial number of children with true
UTI will be missed.***

Table 1. Recommended cut-off levels for bacterial count related to sampling
method in published urinary tract infection guidelines.

T SPA Catheter Clean catch
SulaeEline CFU/mL CFU/mL CFU/mL
ESPU 2015% any growth >10%5x 10 >10%-10°
Canada 2014" any growth >5x 10 >10°
AAP 2011% >5x 10°* >5x 10°* not defined
Italy 2011% not defined >10* >10°
NICE 2007* not defined not defined not defined
France 2007*" >10° >10° >10°
Germany 2007% any growth 10°->10* 10%->10°

1.4 Bacteriology

The organisms causing UTI in children are almost exclusively inhabitants of
the large intestine. Organisms are ingested during delivery and some of these
will be established in the intestinal microbiota of the neonate. Other
organisms colonizing the neonate are derived from the environment such as
from family members and hospital staff. The colonization pattern is
influenced by delivery mode, feeding modes, family structure and other
environmental factors. As the gut environment of the neonate includes
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oxygen, facultative bacteria dominate the first flora, while anaerobes are
prevented from growing. Consequently, common in the neonates flora are
E.coli, enterococci, Klebsiella and Enterobacter. With the expansion of
facultative bacteria the oxygen in the gut will be consumed and the
environment gets more suitable for anaerobic organisms. As a result the
anaerobs will finally outnumber the facultative bacteria. As a consequence
the gut microbiota gets more stabilized which makes it harder for new
bacteria to establish and proliferate. This phenomenon is termed colonization
resistance. Consequently, this colonization resistance is weak in neonates and
young children but develops during childhood.***

1.4.1 Enterobacteriaceae

This family includes the most prevalent uropathogens such as Escherichia
coli (E.coli), Klebsiella, Enterobacter and Proteus. All are Gram-negative
rods and facultative anaerobes. Furthermore, all ferment glucose and can also
generate energy by reducing nitrates to nitrites. Enterobacteriaceae are part of
the normal gut flora. They possess strong virulence factors such as an outer
cell membrane, adhesion molecules, pili or fimbriae, biofilm production,
immune evasion mechanisms and production of different toxins.
Uropathogenic E. coli also express pyelonephritis-associated pili, which are
required for colonization of the kidney.*

1.4.2 Enterococci

Enterococci are Gram-positive cocci and facultative anaerobes belonging to
the normal intestinal flora. They produce adhesion factors and biofilm, which
make them easily attach to urinary catheters. Enterococci are resistant to
cefalosporins as they produce a penicillin-binding protein with low affinity to
these agents.*

1.4.3 Other microbes

Other infrequent pathogens such as fungi, Pseudomonas, Staphylococci,
Hemophilus Influenzae and Stenotrophomonas maltophilia mostly indicate a
compromised urinary tract such as posterior urethral valves, other obstruction
or high-grade vesicoureteral reflux (VUR).**



1.5 Oral antibiotics

Antimicrobial drugs may have different mechanism of action. Most oral
drugs used in the treatment of UTI in children belong to 3 categories of
action: interference with cell wall synthesis, protein synthesis inhibition and
inhibition of metabolic pathway.*®

15.1 pB-lactam agents

This group includes penicillins, cephalosporins and carbapenems. The drugs
have different ability to penetrate the various layer of the cell wall, which is
one explanation for intrinsic resistance of Gram-negative bacteria to some of
the B-lactam agents. Drugs penetrating into the membrane become strongly
bound by penicillin-binding proteins, enzymes necessary for cell wall
synthesis, and thus disrupting integrity, shape and cell division.*’

1.5.2 Trimethoprim

Trimethoprim inhibits dihydrofolate reductase that converts dihydrofolic acid
to tetrahydrofolic acid, an essential stage in bacterial purine, and ultimately,
DNA synthesis. Sulfonamid may have a synergistic effect by inhibiting
another enzyme, dihydropteroate synthetase, which is involved in the same
pathway.*3*®

1.5.3 Nitrofurantoin

The mechanisms of antibacterial activity of nitrofurantoin are not well-
understood, but it appears to have multiple ways of action. It inhibits
bacterial enzymes involved in energy production and cell wall synthesis and
it binds to ribosomal proteins which causes inhibition of bacterial protein
synthesis.”**

1.6 Antibiotic resistance

Microorganisms produce antibiotic substances and many antibiotics in
clinical use are of environmental origin. In the microbial communities these
natural antibiotics may have different functions; inhibit growth of other
microorganisms, modulate interaction within microbial communities and
delivering signals for intermicrobial communication. Bacteria may also



possess resistance determinants. Thus, also resistance to antibiotics has the
origin in the natural environment.*

1.6.1 Mechanisms of antibiotic resistance

The microbes may use different mechanisms to avoid the effects of
antibiotics: inactivation of the active molecule, modification of the target of
action and reduction of the concentration of the drug.>*

In resistance to B-lactam antibiotics the resistant bacteria produce f-
lactamase that inactivates B-lactam. The separate drugs in the group of B-
lactam agents differ in sensitivity to B-lactamase. With the combination of
clavulanic acid, a p-lactamase inhibitor, most types of p-lactamase can be
inactivated. However, multidrug-resistant microbes producing extended-
spectrum B-lactamase (ESBL) are resistant to most B-lactam agents and some
ESBLs are also resistant to clavulanic acid. ESBLs are plasmid-encoded and
the plasmids are transferable between microbes. The plasmids may also carry
other resistant genes with activity against other groups of antibiotic such as
aminoglycosides and sulphonamides.**** Enterococci have natural resistance
to B-lactam antibiotics as they express penicillin-binding proteins that bind
weakly to B-lactam drugs.*

Acquired resistance to trimethoprim is mainly mediated by plasmid
transferred genes, encoding dihydrofolate reductase resistant to trimethoprim.
Other possible mechanisms are through efflux pumps reducing cellular drug
concentration and porins regulating the influx of drugs.*®®

Even though nitrofurantoin has been on the market since more than 50 years
there is no significant development of resistance to E.coli. However,
Klebsiella and Enterobacter are often and Proteus always resistant to
nitrofurantoin. The mechanisms behind this resistance are unclear.
Nitrofurantoin is often effective against ESBL-producing E.coli.>®

1.6.2 E.coliresistance to antibiotics

The bacterial resistance pattern in Sweden has since 1996 been reported by
the Swedish Annual Resistance Surveillance and Quality Control. Between
1996 and 2014 urine samples, from mainly adult patients, showed an
increasing resistance for E.coli isolates to trimethoprim from around 10% to
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20% and to ampicillin from around 20% to 35%, while to nitrofurantoin the
resistance has remained at an unchanged low level. At the same time E.coli
resistance to cefadroxil has increased from almost no resistance to around
5%, which reflects the spread of ESBL-producing Enterobacteriaceae (figure
2). Since the first reported ESBL-positive E.coli in Sweden 2007 the number
has increased each year by 9 to 33%.>%%

Internationally the ratio of trimethoprim resistant E.coli varies with figures
around 20-40% in Europe and United states and over 50% resistance in
Turkey.®* Reports on the global carriage rates of ESBL-producing bacteria
show a steady increase in all regions with carriage rates of over 50% in
Southeast Asia.®”

35
30
25

20

0 -_— - i
2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
ag= Ampicillin == Mecillinam =g Ceofadroxil
Nitrofurantoin ap= Nalidixic acid Ciprofloxacin

Trimethoprim

Figure 2. Proportion ,%, of resistant E.coli isolates from urine in adults and children
in Sweden, 2002-2014. (Swedres-Svarm 2014. Consumption of antibiotics and
occurrence of antibiotic resistance in Sweden 2014)

The evolving antimicrobial resistance are driven by both appropriate and
inappropriate use of ant-infective medicines for human and animal health and
food production. In an international perspective the situation regarding
antimicrobial resistance is favourable in Sweden. The main reason to this is a
comparable modest prescription of antibiotics. Since 1992 the total sales of



antibiotics on prescription has decreased by 40%, with the most pronounced
decrease in the age group of children 0 to 4 years (figure 3).
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Figure 3. The sales of antibiotics for systemic use in out-patient care 1987-2014,
prescriptions/1000 inhabitants and year in different age groups.(Swedres-Svarm
2014. Consumption of antibiotics and occurrence of antibiotic resistance in Sweden)

1.7 Vesicoureteral reflux

VUR is the pathological retrograde flow of urine from the bladder into one or
both ureters and the renal pelvis. There are different techniques for
diagnosing VUR of which voiding cystourethrography (VCUG) is the most
established. The VUR is graded according to the extent of retrograde flow
and dilatation of ureter, renal pelvis and calyces. The most used classification
was introduced by the International Reflux Study in Children and defines
VUR as grade | if reflux of urine to ureters only; grade Il if reflux to ureter,
pelvis and calyces without dilatation; grade Il if mild or moderate dilatation
of ureter and renal pelvis; grade IV if mild or moderate dilatation of ureter
and renal pelvis with obliteration of the sharp angel of the fornices but
maintained papillary impressions; grade V gross dilatation with papillary
impressions not visible in the majority of the calyces (figure 4).%

The terms low-grade or non-dilated VUR is used for VUR grade I-1l and
high-grade or dilated-VUR for grade I11-1V.
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Figure 4. Classification of vesicoureteral reflux according to the International Reflux
Study in Children.%®

Studies from the 1950s and 1960s of normal children indicated incidence of
VUR of less than 1% and around 30% in children with UTIL.%"®® However,
more recent studies have shown that VUR is common also in children with
several different disorders, such as anorectal malformation and
hypospadias.®” Furthermore, studies comparing children with verified and
improbable UTI showed similar frequency of VUR in both groups.®®™
Therefor the low incidence of VUR in normal children has been question and
also the association between VUR and UTI.5"™

VUR has a high tendency to spontaneous resolution as shown in several
studies, with resolution rate around 50% after 6 months in VUR grade 111 and
up to 40% in grade IV-V at 1 year."®”> However, some studies have shown
considerable lower resolution rate in high grade VUR especially in girls.”"

1.8 Renal damage

Microbes invading the urinary tract normally attach to the mucosa and initiate
a host response with release of chemotactic substances leading to neutrophil
influx and eventually elimination of the bacteria. In contrast, depending on
bacterial virulence and host factors, the response may be exaggerated with
severe infection with pronounced inflammation. As a consequence focal
ischemia with release of cytokines and toxic metabolites may lead to
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irreversible renal damage. Involved in this process may be both anatomical
and genetically determined inflammatory factors.””’

Traditionally renal scarring was diagnosed through urography identifying
kidney parenchyma thinning and contour defects. Today the most widespread
method of revealing renal damage is by isotope technic, especially *™Tc-
dimercatosuccinic acid (DMSA) scintigraphy. The isotope is accumulated in
the tubular cells and the renal parenchyma is visualized by using a gamma
camera (collimator). Renal damage is visualized as one or more up-take
defects. The method estimates also the percentage differential renal function
(DRF) of the separate kidney. The lowest normal value for DRF is 45%, thus
a normal DRF range is 45% to 55%."® Up-take defects may be seen at the
acute-phase of a UTI as a consequence of local inflammation. These defects
may be reversible and regress during a time period of up to 6 months.”*®
Permanent renal damage is defined as an up-take defect remaining after the
acute-phase.

Renal damage may be acquired as a sequel after acute UTI or of congenital
origin established already in utero. Previous studies found the acquired form
more prevalent among girls, while the congenital damage seems to be
associated with high-grade VUR and more often found in boys."%"®%2

DMSA scan cannot distinctly differentiate between acquired and congenital
renal damage. Acquired damage can only be diagnosed if a DMSA scan has
been performed both before and after a UTI, which rarely is the case.®
Therefor there are controversies regarding the impact of permanent renal
damage and its association to VUR and UTL®* However, a review of
published articles on the risk of renal scarring in children with a first UTI
showed that 57% (95% CI: 50-64) had changes on acute-phase DMSA scan
and 15% (95% CI: 11-18) had evidence of renal scarring on follow-up
DMSA scan. Children with VUR were significantly more likely to develop
pyelonephritis and renal scarring compared with children without VUR.*

1.8.1 Evolution of renal damage

In the North American Pediatric Renal Trials and Collaboration Studies
(NAPRTCS) 2008, renal scarring associated with VUR, reflux nephropathy,
was seen in 5% of kidney transplanted and 3.5% of dialysis treated children.®
In contrast, a national study of Swedish children with glomerular filtration
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rate (GFR) below 30 mL/min/1.73 m? did not reveal any children with renal
damage associated with VUR or UTI.*’

In a recent review of long-term consequences of UTI the prevalence of
impaired renal function at long-term follow-up varied between 0 and 56%.%
Of 1029 children included in prospective studies chronic kidney disease
(CKD) was present in 55 and in 43 of these impaired GFR was already found
at the beginning of follow-up. One study found no deterioration of GFR after
16-26 years if unilateral scarring, but a mean decrease of GFR from 94 to 84
mL/min/1.73 m?in 7 patients with bilateral scarring.® In a recent study of 86
women with 35 years follow-up after UTI in childhood a significant decrease
in GFR was found only in presence of bilateral damage, while in patients
with unilateral damage renal function remained unchanged.*

Only a few studies have analyzed the development of renal damage over time
by serial DMSA scans. In the International reflux study 287 children with
VUR grade Il and IV were followed during five years by repeated DMSA
scans.” In 31 (11%) children a decrease in differential renal function (DRF)
of >3% occurred, while in 8 (3%) renal lesions improved. Deterioration was
more prevalent if bilateral VUR grade IV, occurrence of recurrent UTI and
age < 2 years.

In a recent study of 108 children with VUR grade 111-V followed for 5 years
serial DMSA scans revealed a decrease in DFR of more than 6% in 18% of
the children and recovery of focal lesions in 5%.% Risk factors for
deterioration were prenatal diagnosis, reduced GFR at start, recurrent UTI
and VUR grade IV-V. Finally, in the Swedish reflux trial of 203 children
with VUR grade I11-1V followed for 2 years new scars or >3% decrease of
DRF was seen 24 (12%) of whom 15 had recurrent UTI.%

Contrasting to these studies, all including children with high grade reflux,
Parvex et al followed 50 children with an abnormal DMSA scan 6 months
after acute pyelonephritis.** At follow-up DMSA scan after 3 years 8 (9%)
kidneys of initially 88 scarred renal units showed complete and 56 (63%)
partial resolution.
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2 AM

The aim of this study was to analyze:

— What is the relation between urinary tract infection,
vesicoureteral reflux and renal damage?

— How has bacterial resistance changed over time?
— What is the significance of a low bacterial count?

— How does renal damage develop over time?
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3 PATIENTS

The Queen Silvia Children’s Hospital has a long tradition of special interest
in children with UTI and a UTI clinic was created already in the 1960s. The
children’s hospital is the only hospital for children in the Goteborg region.
During the period of the study the total population of the region was around
800,000, including 20,000 children below 2 year of age. The majority of
small children with UTI in the city is handled at the emergency room of the
children’s hospital and then followed at the UTI clinic according to a
standardized protocol.”*®

Paper |

Eligible were children below 2 years of age diagnosed with a first time
symptomatic, culture-verified UTI at the Queen Silvia Children’s Hospital
from January 1989 through December 1993. By search of files of the UTI
clinic children were selected who within 3 months from the UTI were
investigated by ultrasound, VCUG and DMSA, and with a second DMSA
scan at 1 to 2 years. Excluded were children with urogenital or anorectal
malformations, neurological disease and if obstruction was suspected on
ultrasonography.

Paper II-IV
Included were children below 2 years of age, consecutively diagnosed at the

emergency room of the Queen Silvia Children’s Hospital from January 1994
through December 2003 with a first-time symptomatic, culture-verified UTI.
The selected children were identified through search of the data files of the
Clinical Bacteriological laboratory at Sahlgrenska University Hospital of all
urine specimens with positive urine cultures taken at the emergency
department of the children’s hospital during the study period. For children
with significant growth of bacteria the clinical data from the documents at the
UTI clinic were analyzed. Only children with symptomatic UTI were
included. Excluded were children with asymptomatic UTI, urinary tract
obstruction, other urogenital malformation, neurogenic bladder or severe
neurological or systemic disease.

In all 2287 children with a positive urine culture were identified. Of those
1037 were considered as contamination because of growth of mixed
organisms, a second negative specimen before antibiotics were given or
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insignificant bacterial count. Asymptomatic bacteriuria was found in 99
children and 148 children fulfilled the exclusion criteria. Thus, 1003 children
were included in the study (figure 5). All boys were uncircumcised.

Paper |l
All 1003 patients were included. In addition 2 children with Wilms tumor

and one with neurogenic bladder were incorrectly entered in this paper.

Paper Il
Included were children below 1 year of age with UTI diagnosed by urine

collection through suprapubic aspiration. In the original population 449
children were diagnosed by SPA. Of those 3 children were above 1 year of
age and information about bacterial count was missing in 16 (figure 6).

Of the included 430 children 385 were investigated by DMSA scan. Of those
43 children were excluded in the analysis of permanent renal damage; 8
children had an early abnormal scintigraphy but no follow-up DMSA scan,
35 had recurrent UTI before follow-up investigation.

Paper IV
This paper comprises children with an abnormal DMSA scan performed at

least 90 days after the index UTI and with a follow-up DMSA scan after
more than 2 years. Of the background material of 1003 children, 869 had a
DMSA scan performed, while in 134 children DMSA scan was not done; 20
children had moved to other residence, 32 declined examination, in the
remaining 82 children median CRP was 20 mg/L and median of highest
measured temperature was 38.5°C. In 92 children with abnormal index
DMSA scan a follow-up DMSA scan after 2 years was missing; in 74 (68
minor, 6 moderate damage) the doctor or parent decided not to perform
another DMSA scan, 16 are followed by other care-giver and in 2 children
information about drop out is missing. Because of difficulties in evaluating
changes of renal status 2 children with horseshoe kidney, 6
heminephrectomized and 2 nephectomized children were excluded (figure 7).
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Table 2. Summary of included patients in paper I-1V.

Paper | | Paper Il | Paper Il | Paper IV
Number of patients 303 1006 430 103
Boys, n (%) 163 (54) | 494 (49) | 275 (64) | 46 (45)
Sampling method, n
Suprapubic aspiration 449 430 52
Catheter 9
Midstream 247 28
Bag 197 10
Unspecified 104 13
VCUG ,n 303 908 407 100
DMSA scan, n 303 n.s. 342 103
Duplex 42 22 10
VUR surgery
Deflux injection 1
Neoimplantation 4
Other surgery
Nephrectomy

Heminefrectomy
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Figure 5. Flow-chart over included children in paper II-IV.
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Figure 6. Flow chart od included infants in paper Il
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Figure 7. Flow chart of included children in paper IV.
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4 METHODS

4.1 Data collection

For the eligible children the data files of the UTI clinic were analyzed and for
those included in the study clinical and laboratory parameters at index UTI
were recorded including symptoms, duration of fever, highest measured
temperature, highest measured CRP, serum creatinine, method of urine
collection, bacterial count, bacterial findings, antibacterial resistance, results
of urinalysis, antibiotic treatment and occurrence of recurrent febrile UTI.
Febrile UTI was defined as temperature >38.5 C°.

4.2 Urine culture and susceptibility testing

All urine cultures were analyzed at the Clinical Bacteriological Laboratory at
Sahlgrenska University Hospital. Bacterial typing was performed according
to standard bacteriological methods. Susceptibility testing using disc
diffusion was done in accordance with the recommendations of the Swedish
Reference Group of Antibiotics.*

Significant bacteriuria was defined as growth of a single species of at least
100,000 CFU/mL in two midstream or bag samples, 10,000 CFU /mL in one
catheter sample, or any bacterial growth in urine from suprapubic aspiration
sample.

For trimethoprim and nitrofurantoin, isolates reported as intermediate
sensitive were grouped as resistant, whereas for cefadroxil intermediate
sensitive isolates were grouped as sensitive.

4.3 Imaging

The objective of performing voiding cystourethrography (VCUG) is to
diagnose VUR. The VCUG was done in accordance with the standard
procedures at the pediatric radiology department. All investigations were
reevaluated by the same radiologist and VUR grade was classified according
to the definitions proposed by the International Reflux Study in Children.®
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The purpose of DMSA scintigraphy is to detect renal damage. DMSA scan
was performed in agreement with the guidelines of the Pediatric Committee
of the European Association of Nuclear Medicine.”® Static renal scintigraphy
was performed 3 to 4 hours after injection of DMSA in a dose of 1 MBg/kg
body weight (minimum 15 MBq). Three images were obtained: posterior and
oblique left and right posterior. All examinations were reevaluated by the
same nuclear medicine specialist. A kidney without up-take defects and with
a differential renal function (DRF) of 45% or more was classified as normal.
Renal damage was classified as minor if one or more up-take defects and
DRF of 45% or more, moderate if DRF 40-44% and as pronounced if DRF
less than 40% (figure 8). In cases with bilateral defects or renal duplication,
an arbitrary classification was done to the same categories. Furthermore,
renal abnormalities were also classified as focal or generalized.

Minor damage Moderate damage Pronounced damage

45-55% 40- 44% <40 %

Figure 8. Classification of renal damage used in the study.

In separating permanent renal damage from transient up-take defects the time
interval between acute UTI and DMSA scan is of importance. Conducted
studies have shown variable time for acute defects to resolve and the
recommended minimal time after an acute UTI to perform a DMSA scan
varies from 3 to 6 months.”” In paper 111 a minimal time interval of 6 months
was chosen as it was of importance to include only those lesions that could be
considered as permanent. In paper IV, where change in renal status between

22



the first DMSA scan after the acute phase of UTI and a follow-up DMSA
scan was the objective, a shorter minimal interval of 3 months was chosen. In
this paper there was no difference in renal outcome in the group with time
interval of 3 to 6 months compared those with an interval of more than 6
months.

Children with normal early DMSA scan, within 3 months of UTI, without
recurrent febrile UTI were considered to have normal kidneys as endpoint.
This was based on a previous study showing that a normal DMSA scan in the
acute phase of UTI did not deteriorate if there was no recurrence.*

The evolution of renal damage in paper IV was assessed by evaluating the
changes of up-take defects and DRF. A decrease in DRF of more than 3%
was regarded as progression of renal damage. The motive for choosing this
cut-off level is the study by Piepsz et al. showing that 2-3% difference in
DRF corresponds to one standard deviation.” The evolution of renal damage
was classified into three groups: regression if up-take defects on index
DMSA scan had partially or completely resolved at follow-up, progression if
more than 3% decline of DFR between index and follow-up DMSA scan and
unchanged in the remaining cases.

4.4 Statistical methods

The distribution of continuous variables is given as median, minimum and
maximum and categorical variables as number and percentage. All
significance tests were two-sided and conducted at the 5% significance level
except for interaction analysis in the logistic regression model in paper Il
where p<0.1 was used for statistical significance. The statistical analyses
were performed using SAS® software version 9.3.

Paper | For comparisons between groups Wilcoxon’s two-sample test was
used. The Mantel-Haenszel chi-square test was used to analyse the trend in a
contingency table. Spearman’s rank correlation coefficient was used for
correlational analyses. Relative risks with 95% confidence intervals were
calculated in order to detect differences between VUR grades. Stepwise
logistic regression was used for multivariable purposes.
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Paper Il The Fisher’s exact test was used for comparisons between 2 groups
with dichotomous values. The Mantel-Haenszel chi-square test was used for
ordered categorical variables. Group comparisons were performed using the
Wilcoxon sign rank test. To select independent predictors for change of
trimethoprim resistance over calendar years, variables were entered into a
stepwise logistic regression model.

Paper 111 For comparison between two groups Mann-Whitney U-test was
used for continuous variables, Fisher’s exact test for dichotomous values and
Mantel-Haenszel chi-square test for ordered categorical variables. In order to
select independent associated factors to low bacterial count all significant
univariable variables were entered into a multivariable stepwise logistic
analysis.

Paper 1V For comparison between the three groups of evolution of kidney
damage the Mantel-Haenszel chi-square test was used for dichotomous
variables and the Spearman correlation test for ordered categorical and for
continuous variables. In the assessment of factors associated to progression
of kidney damage univariable analysis was done by logistic regression and all
significant univariable variables were entered into a multivariable stepwise
logistic analysis.
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5 RESULTS

5.1 Therelation between VUR, UTI and renal
damage - paper |
Included in this paper were 303 children. The characteristics at the index UTI

are shown in table 3.

Table 3. Characteristics of 303 children with first-time symptomatic UTI.

Boys Girls

Number 163 140
Age at index UTI, months, 3.1 8.5

median (range) (0.1-19.9) (0.1-22.6)
Temperature >38.5°C, n (%) 118 (73) 128 (91)
CRP, mg/L, 49 65

median (range) (5-290) (5-290)
VUR, n (%)

No VUR 127 (78) 96 (68)

VUR I-II 14 (9) 30 (21)

VUR IlI-V 22 (13) 14 (10)

5.1.1 Vesicoureteral reflux

VUR was found in 22% of the boys and 31% of the girls. Boys had a higher
proportion of dilated VUR, 22 of 36 (61%), while in girls non-dilated VUR
was more prevalent, found in 30 of 44 (68%). This gender difference was
significant (p<0.01).

There was a significant relation between VUR grade and recurrent febrile
UTlIs. Febrile recurrence occurred in 21 of 223 (9%) children without VUR,
in 7 of 44 (16%) with VUR grade I-1l and in 8 of 36 (22%) with VUR grade
11-V (p=0.02).
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There was also a significant relation between VUR grade and the level of
maximum CRP at index UTI (p<0.05 in boys, p<0.01 in girls) (figure 9).

CRP mg/L

160 -

o, T [ I
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No reflux I Il 111 IV-V

Figure 9. Level of C-reactive protein in relation to VUR grade. Results presented as
box plots indicating medians with lower and upper quartiles. Whiskers show 10" and
90" and percentiles. With permission.

5.1.2 Renal damage
At follow-up 1 to 2 years after index UTI 80 of 303 children (26%) had

abnormal DMSA scan. The proportion of renal damage was similar in boys
and girls, 38 of 163 (23%) and 42 of 140 (30%), respectively (p=0.2).

There was a significant association between DMSA defects and grade of
VUR; abnormal DMSA scan was fund in 43 of 223 (19%) children without
VUR, in 3 of 13 (23%) in VUR grade I, in 13 of 31 (42%) in VUR grade I,
in 13 of 27 (48%) in VUR grade Ill and in 8 of 9 (89%) in VUR grade IV-V
(p<0.001). The relative risk of abnormal DMSA scan in relation to VUR
grade is shown in figure 10. However, 15 of 26 children with dilating VUR,
14 with grade 11l and 1 with bilateral grade 1V, had normal DSMA scan at
follow-up.
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Children with renal damage had increased frequency of recurrent febrile UTI,
found in 16 of 80 children (20%) with renal damage compared to 20 of 223
(9%) with normal kidneys (p<0.01).

There was a correlation with both maximum temperature and maximum CRP
at the index UTI and the occurrence of renal damage at follow-up (p<0.05
and p<0.001, respectively).
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Figure 10. Relative risk and 95% CI of abnormality on follow-up DMSA scintigraphy
in infants with different grades of VUR (I to V) compared to infants without
demonstrable VUR. With permission.

5.1.3 The relation between VUR, UTI and renal
damage

VUR grade, temperature and CRP level at index UTI, and recurrent febrile
UTI were all significantly associated to renal damage at DMSA scan
performed after 1 to 2 years. When analyzing these factors in a stepwise
logistic regression model, VUR was the only independent factor for renal
damage in boys (p<0.0001) and both VUR and CRP in girls (p<0.05 and
p<0.001, respectively).
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5.2 Bacterial resistance - paper II

The material in this paper included 1006 children. The characteristics are
shown in figure. Temperature below 38.5°C together with CRP <20 mg/L
was found in 148 children, 95 boys and 53 girls with median age of 2.7 and

10.4 months, respectively.

Table 4. Characteristics of 1006 children at first-time symptomatic UTI.

Boys Girls
Number 494 512
Age at UTI, months, 3.4 9.3
median (range) (0.2-23.6) (0.2-23.9)
Temperature >38.5°C, n (%) 346 (70) 424 (83)
CRP, mg/L, 50 73
median (range) (5-430) (5-380)
CRP >20 mg/L, n (%) 349 (71) 413 (81)
Urine sampling method
Suprapubic aspiration 282 167
Catheter 4 5
Midstream 119 128
Bag 53 144
Not documented 36 68
Vesicoureteral reflux
No VUR 387 345
Grades I-11 27 64
Grades I11-V 46 39

5.2.1 Bacteriology

Bacterial findings are shown in table 5. E.coli was more prevalent in girls
(p<0.0001). Non-E.coli infection was associated with severity of VUR; in
children without VUR non-E.coli was found in 38 of 732 (5%), in VUR



grades I to Il in 2 of 91 (2%) and in VUR grades I1I-V in 25 of 85 (29%)

(p<0.0001).

Table 5. Bacterial species at first-time UTI according to gender.

Boys Girls
n (%) n (%)
Gram-negative bacteria
Escherichia coli 439 (89) | 489 (96)
Klebsiella species 26 (5) 11 (2)
Proteus species 9(2) 6 (1)
Enterobacter species 7(2) 1
Pseudomonas species 0 1
Hemophilus influenzae 0 1
Gram-positive bacteria
Enterococci 8(2)
Staphylococcus aureus 3
Coagulase negative staphylococci 2

5.2.2 Bacterial resistance

The resistance to most used antibacterial oral drugs in children is shown in
table 6. The resistance to trimethoprim was 14% for E.coli but low for other
common uropathogens. In contrast the E.coli had a high sensitivity to
nitrofurantoin and cefadroxil, but there was total resistance to cefadroxil for
enterococci and to nitrofurantoin for Klebsiella, Proteus and Enterobacter.

5.2.3 E.coli resistance to antibiotics

Between 1994 and 1996 the E.coli resistance to trimethoprim increased from
5 to 17% (p<0.05). From 1996 to 2003 the resistance to trimethoprim
stabilized around 15%, whereas the resistance to cefadroxil and
nitrofurantoin has remained at a low level under 1% (figure 12).

When analyzing the relation between age and resistance it was found that
E.coli resistance to trimethoprim increased around 9 months of age, from a
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resistance rate of 11 % below 9 months to 19% over 9 months (p<0.01)

(Figure 11).

The influence of age and calendar year on trimethoprim resistance was
analyzed in a logistic regression model. Both variables were found to be
significantly related to trimethoprim resistance (p<0.05). However, when
analyzing  boys separately no relation was found, while in girls both
calendar year and age was significantly associated with trimethoprim
resistance (p<0.01 and p<0.05, respectively) (Figure 13).

Table 6. Number of isolates resistant to oral antibacterial agents at first-time

UTL.
Trimethoprim | Cefadroxil | Nitrofurantoin
Escherichia coli, n=928 131 2 3
Klebsiella species, n=37 2 1 37
Proteus species, n=15 1 3 14,
Enterobacter species, n=8 0 5 8
Enterococci, n=11 0 11 0

2 One missing
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Figure 11. Trimethoprim resistance in E.coli related to age at first-time UTI. With

permission.
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Figure 12. E.coli resistance to trimethoprim, cefadroxil and nitrofurantoin related to
calendar year of isolation. With permission.
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Figure 13. Probability of trimethoprim resistance for E.coli in relation to gender,
age and calendar year at diagnosis. With permission.
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5.3 The significance of low bacterial count —
paper lll

Included were 430 infants under 1 year of age, all diagnosed by urine
samples obtained through suprapubic aspiration. The bacterial count is shown
in table 7. The children were divided in two groups, a low bacterial group
with bacterial count <100,000 CFU/mL and a high bacterial group with
bacterial count >100,000 CFU/mL.

Low bacterial count was found in 83 (19%) of the infants.

Table 7. Number of colony-forming units per milliliter in urine obtained by
suprapubic aspiration. 1n 430 infants with symptomatic urinary tract
infection.

Bacterial count nli?% rfillré% :f;gé
<1000 CFU/mL 4 2 6
1000 - <10,000 CFU/mL 11 5 16
10,000 - <50,000 CFU/mL 34 18 52
50,000 — <100,000 CFU/mL 5 4 9
>100,000 CFU/mL 221 126 347

Characteristics of the two groups are shown in table 8. There was no
difference between the groups concerning gender, age or duration of fever.
Infants in the low bacterial group had significantly lower temperature and
CRP than in the high bacterial group. Similarly, CRP <20 mg/ml was found
in 42 (52%) of 83 infants in the low bacterial group. Totally 22 infants, 19
boys and 3 girls, had both temperature <37.5°C and CRP <10 mg/mL. Of
those, 10 infants had urine cultured because of poor weight gain.

Urinalysis revealed lower proportion of pyuria and positive nitrite test in the
low bacteria group. The nitrite test showed a strong relation to bacterial
count. The test was negative in all samples with bacterial count < 10,000
CFU/mL, positive in 10% with 10,000-<100,000 CFU/mL and in 45% with >
100,000 CFU/mL.
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UTI caused by non-E.coli species were more prevalent in the low bacteria
group (p<0.001).

The frequency and severity of VUR were similar in the groups, as was the
frequency of renal damage. The prevalence of recurrent febrile UTI within 24
months of the index UTI was higher in the high bacterial count group, but not
at a significant level (p=0.17). However, the samples were small.

Probable factors associated with low bacterial count were analyzed in a
stepwise logistic regression model. The significant factors related to a low
bacterial count were CRP <20 mg/L, odds ratio 3.06 (95% CI 1.78-5.35;
p<0.0001), absence of pyuria, odds ratio 2.49 (95% CI 1.22-5.08; p=0.008)
and non-E.coli infection, odds ratio 2.50 (95% CI 1.13-5.52; p=0.021).
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Table 8. Clinical data according to bacterial count.

< 100,000 >100,000
CFU/mL CFU/mL p-value
n=83 n=347

Gender, boys, n (%) 54 (65) 221 (64) 0.9
Age, months, 4.1 3.8 0.83

median (range) (0.3-12) (0.2-12) '
Duration of fever, days, 2.7 25 0.76

mean (range) (0-14) (0-14) '
Highest temperature , °C, 38.7 39.2 0.0025

median (range) (37.0-40.7) (36.6-41.3) '
CRP, mg/L, 17 65

median (range) (5-260) (5-320) <0.0001
CRP <20 mg/L, n (%) 42 (52) 76 (22)

Pyuria, n (%) 62 (78) 314 (92) 0.0005
Positive Nitrite test,

n (%) 6 (8) 154 (45) <0.0001
E.coli, n (%) 67 (81) 326 (94) 0.0006
Vesicoureteral reflux,

n (%)

No VUR 60 (81) 269 (81) 1.00

Grades I-11 7 (10) 27 (8)

Grades I1-V 7 (10) 37 (11)

DSMA scan abnormality,

n (%) 12 (17) 62 (23) 0.33

Minor 5(7) 39 (14)

Moderate 3(4) 11 (4)

Pronounced 4 (6) 12 (4)

Recurrent febrile UTI, 5 (6) 1 (12) 0.17

n (%)
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5.4 Evolution of renal damage — paper IV

The material comprises 103 children, 46 boys and 57 girls, with abnormal
DMSA scan performed at least 90 days after the index UTI and who had a
follow-up DMSA scan after more than 2 years.

The children were divided in 3 groups according to evolution of renal
damage: regression, unchanged or progression. The characteristics at the
index UTI is shown in table. There were no significant differences between
the groups regarding gender, age or highest CRP. Non-E.coli infections were
more prevalent in the progression group.

Table 9. Clinical data related to evolution of kidney damage in 103 children
with abnormal DMSA scan performed >90 days and with a follow-up scan
>2 years after the index UTI .

Regression | Unchanged | Progression
n=20 n=63 n=20 | Pvalue
Gender, Boys, n (%) 9 (45) 27 (43) 10 (50) 0.75
Age, months, 4.6 6.5 55 0.70
median (range) (0.5-22.0) | (0.3-21.4) (1.3-16.0) '
CRP highest, mg/L, 110 120 135 0.32
median (range) (5-210) (5-300) (23-430) '
E.coli, n (%) 18 (90) 55 (87) 12 (60) 0.013

There was a significant relation between VUR grade and evolution of renal
damage. In children without reflux or with VUR grade I-1l1 16 of 52 (31%)
improved and 4 (8%) progressed, while in children with VUR grade 11I-V 3
of 48 (6%) improved and 16 (33%) progressed (p<0.001) (table 10, figure
14).

Renal damage at the index DMSA scan was minor in 53 children, moderate
in 27 and pronounced in 23. There was a significant gender difference where
minor damage was found in 20 of 46 (44%) boys, moderate in 10 (22%) and
pronounced in 16 (35%), while for girls corresponding number were 33 of 57
(58%), 17 (30%) and 7 (12%), respectively (p=0.02).
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In the 53 children with minor damage at index DMSA scan the damage
improved in 11 (21%) and progressed in 5 (9%). Comparable numbers for the
50 children with moderate to pronounced damage were 9 (18%) and 15
(30%). This difference was not significant (p=0.06).

The proportion of focal damage was similar in boys and girls, 22 of 46 (48%)
and 35 of 57 (61%), respectively (p=0.17). There was comparable ratio of
focal to general damage in the three groups of damage evolution (p=0.21)
(table 10)

Table 10. Results of index DMSA scan performed >90 days after index UTI
and VUR grade related to evolution of renal damage at follow-up DMSA
scan at > 2 years.

Regression | Unchanged | Progression
n=20 =63 n=0 | Pvalue
Abnormal index
DMSA scan, n (%)
minor 11 (55) 37 (59) 5(25) 0.048
moderate 7 (35) 11 (17) 9 (39)
pronounced 2 (10) 15 (24) 6 (30)
focal 12 (60) 37 (59) 8 (40) 0.21
general 8 (40) 26 (41) 12 (60)
VUR, n (%)
no VUR 14 (70) 23 (37) 1(5) <0.001
VUR I-11 2 (10) 9(14) 3(15)
VUR -V 3(15) 29 (46) 16 (80)
VCUG not done 1 2

Recurrent UTI occurred in 13 (28%) boys and 21 (37%) girls (p=0.4).
Recurrence was significantly associated with evolution of renal damage;
recurrence occurred in 2 of 20 (10%) in the regression group, in 19 of 63
(30%) in the unchanged group and in 13 of 20 (65%) in the progression
group (p<0.001) (figure 15). In 7 children, 4 boys and 3 girls, the renal
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damage progressed without documented recurrent UTI. Of those 1 did not
have VUR, 2 had VUR grade Ill, 3 grade IV and 1 grade V. The damage at
the index DMSA scan was mild in 3, moderate in 1 and pronounced in 3.

In univariable analysis comparing the progression group with the pooled
regression and unchanged groups, progression was significantly associated
with non-E.coli infection, moderate and pronounced renal damage at the
index DMSA, VUR grade I11-V and recurrent UTI (table 11).

In multivariable logistic regression analysis only VUR grade IlI-V and
recurrent UTI remained significantly associated with progression of renal
damage.

Table 11. Univariable logistic and multivariable stepwise logistic regression
analysis of probable explaining factors for progression of kidney damage. In
the analyses the progression group was compared with the pooled regression
and unchanged groups.

Univariable analysis | Multivariable analysis
Odds ratio value Odds ratio _value
@%ch | P @wch | P
Bacteriology at index UTI
E.coli (reference) 1.0
. 4.9
Non-E.coli (1.6-14.8) 0.005
Abnormality at index DMSA scan
Minor (reference) 1.0
Moderate/pronounced 4.11 0.012
P (14-12.4) |
VUR
Grade 0-11 (reference) 1.0
6.0 4.5
Grade I11-V (1.8-19.6) 0.003 (1.3-15.3) 0.011
Recurrent UTI
No (reference) 1.0
55 3.8
Yes 1.9-156) | %% | (13115) 0.00
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Figure 14. Grade of vesicoureteral reflux related to evolution of renal damage.
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Figure 15. Survival chart of recurrent UTI related to evolution of renal damage.
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6 DISCUSSION

6.1 Relation between UTI, VUR and renal
damage

UTI is one of the most prevalent bacterial infections in infants and small
children, found in 5-10% of children examined because of fever without
apparent localizing signs.***® Furthermore, among infants with bacteremia
UTI has been reported in rates of up to 50%."" Besides the risk of a severe
course of the acute infection, febrile UTI may lead to permanent renal
damage. Proposed main risk factors for development of renal damage has
been young age, vesicoureteral reflux, delay of treatment and recurrent
UTL.2%1% However, several studies could not confirm association between
age and development of renal damage; on the contrary, some studies have
reported renal damage to be more prevalent in children above 1 year than in
infants.!"1%1% Also, delayed treatment as a risk factor for renal damage has
been questioned.'"*%

An association between VUR and renal damage has been indicated in most
studies. However, it is unclear to what extent VUR has a causative role or if it
mainly is part of congenital dysplasia syndrome.'® Still, children with VUR
has an increased risk of pyelonephritis and renal scarring as do children with
high grade (111-V) compared to low grade VUR (I-11).2° Conversely, VUR is
only found in around 50% of children with confirmed renal damage."®*

Studies of the relation between recurrent UTI and renal damage have reported
inconsistent results. While most have found renal damage to be associated
with recurrent UTI, others could not confirm this association.’*®9110-114
However, the evolution of new scars in previously normal kidneys has been
related to breakthrough UTI.%1%4511% Moreover, it is unlikely that a normal
kidney develop new scars in the absence of recurrent UTI.*

In paper | permanent renal damage was associated with VUR grade 11-V,
recurrent febrile UTI, and temperature and CRP level at the first UTI.
Furthermore, there were relationships between presence of VUR and
recurrent febrile UTI and between grade of VUR and CRP at the first UTI.

DMSA scan 1 to 2 years after UTI was abnormal in 19% of the children

without VUR. Compared to children without VUR, grade Il and grade Il
had a modest but significant increased risk, odds ratio 2.2 and 2.5
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respectively, while grade 1V-V showed a high risk of renal damage, odds
ratio 4.6. In logistic multivariable analysis of risk factors for renal damage,
VVUR was the only independent factor for boys, whereas both VUR and CRP
were significant for girls.

The diagnosis of acquired renal damage by DMSA scan can only be made in
the presence of serial DMSA scans. Accordingly, the causes of the observed
relation between grade of VUR and renal damage cannot be stated.
Speculatively, VUR involving the kidney, that is grade 1l or more, may imply
a greater exposure of microbes to the renal parenchyma resulting in increased
inflammatory response and risk of renal damage. Other explanations could be
that high grade VUR may be part of a more general urinary tract
malformation, including renal dysplasia, or that the reflux of urine has a
direct effect on the growing kidney intrauterinaly. The genetic and
embryological correlation between renal dysplasia and VUR is well
established. Several human genetic syndromes are associated with VUR and
renal dysplasia. Furthermore, mice models with knock-out of genes
regulating urinary tract embryology have resulted in different malformations
including the kidney and the distal ureter. In addition, animal studies have
shown that urinary flow impairment can generate renal dysplasia."****° The
gender difference found may imply that the microbial exposure perhaps has
greater impact in girls, explaining the relation between damage and CRP
level at first UTI, whereas for boys VUR associated renal damage is mainly
related to congenital dysplasia.

Reported risk factors for recurrent UTI have been female gender, age <6
months, bladder and bowel dysfunction, severe grade of VUR and renal
damage.”***** In our study totally 47 episodes of recurrent febrile UTI
was observed in 36 (12%) children, 15 (9%) boys and 21 (15%) girls. This
gender difference was not significant (p=0.15). As all children were younger
than 2 years at inclusion we do not have information about bladder function.
Recurrent febrile UTI was related to the presence and severity of VUR,
occurring in 22% of children with VUR grade I11-V. This numbers is similar
to other reports of febrile recurrences in children with VUR grade I11-V.*?*%%
In contrast, the total frequency of recurrences in children with high-grade

VUR, also including non-febrile UTI, often is reported as high as
40%.121,124,125
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6.2 Bacterial resistance

UTI, as other infections, is the result of microbes overcoming the defense
mechanisms of the host. The microbes have numerous survival techniques to
invade the host and overcome the defense, such as adherence by pili and
flagella, toxin production, immune evasion by morphological changes and
capsule, iron scavenging and biofilm formation.* In addition to these
survival strategies, microbes have a great ability to develop resistance against
the effects of antimicrobials. Since introduction of the first antimicrobial
agents emerging resistance has been reported.'?® Drugs such as ampicillin and
trimethoprim that used to be the first choice of treatment for UTI are no
longer appropriate for empirical use. Furthermore, the increasing spread of
multidrug-resistant organisms is an expanding threat against public health.**

In paper Il the progression of E.coli resistance to oral antibiotics over a 10-
year period, 1994 to 2003, was studied. An increased resistance to
trimethoprim from 5% to 17% was observed, while the resistance to
cefadroxil and nitrofurantoin remained at a low level below 1%. Furthermore,
there was a correlation between E.coli resistance to trimethoprim and age,
with an increase of resistance around 9 months of age. However, in
multivariable analyses the relation between increased resistance, age and
calendar year was only found in girls.

The increase of E.coli resistance to trimethoprim followed the trend of the
general population in Sweden during the period, even though the rise of
resistance appeared to occur earlier in the studied cohort. The resistance to
trimethoprim increased significantly despite an impressive reduction in the
prescription of antibiotics in Sweden, especially concerning young children.

The relation between antibacterial resistance and age has been addressed in a
few studies. In a study of risk factors for trimethoprim resistant E.coli,
antibiotic therapy within 4 weeks, age 2 to 6 years, urogenital abnormality
and recent hospital admission were significantly associated with resistance.'?®
In studies of ESBL-producing bacteria in children, age under 1 year has been
shown to be one of the risk factors.****® In a study of community fecal
carriage of ESBL-producing Enterobacteriaceae in children 6-24 months of
age, a higher carriage frequency was found in children above 12 months
compared to younger children.”® The reason for the increasing frequency of
trimethoprim resistant E.coli found in children above 9 months is probably
multifactorial. With growth infants have higher risk of picking up new
bacteria from the surrounding as they get more mobile investigating the
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environment and having more human contacts outside the closest family.
During the end of the first year they also have a high frequency of upper
respiratory tract infection with increased risk of antibiotic exposure, which is
a recognized cause of colonization by resistant microbes."**%

From published studies there is no clear gender difference in susceptibility of
infections by resistant uropathogens. While some report infections by ESBL-
producing Enterobacteriaceae to be more prevalent in boys others do not
find such gender difference.'?*%

Except for the relation between female gender and the frequency of
trimethoprim resistant E.coli some other gender differences were found in our
study. Boys were younger at the first UTI and had significantly more of non-
E-coli infections, which could not be explained by a higher proportion of
high grade VUR. This could be interpreted as the urinary tract in the infant
boy in some way is compromised. On the other hand girls were older and had
a more pronounced inflammation response.

It is well documented that there are gender differences in the immune
response to different agents. Males have higher incidence of more severe
infections, while females have a more pronounced immune response to both
infections and autoantigens. These differences are partially attributed to
different immune effects of sex hormones, but there is also evidence of the X
chromosome having a genetic role in regulation of the immune system,
among others concerning toll like receptors.’****

6.3 The significance of low bacterial count

The diagnosis of UTI in children is based on growth of uropathogens in an
adequately obtained urine specimen. As mentioned in the introduction
recommendations of urine sampling methods as well cut-off levels for
bacterial number varies in published guidelines. The cut-off levels are set to
distinguish between true bacteriuria and contamination. The ideal sampling
method is one with good discrimination, while in less appropriate methods
there is varying degrees of overlap between bacteriuria and contamination.
Urine sampling through suprapubic aspiration of the bladder is regarded as
the method with the lowest risk of contamination,*42>26:136137

In paper I11 the significance of bacterial counts below 100,000 CFU/mL was

analyzed in a population of 430 children below 1 years of age, where all
samples were obtained by suprapubic aspiration.
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Low bacterial count was found in 19% of the children. There was similar
frequency of permanent renal damage at DMSA scan in the low and high
bacterial group. Also the rate and severity of VUR was comparable in the
groups. Recurrent UTI was more prevalent in the high bacterial group but the
samples were small and the difference was not significant. On the other hand,
the low bacterial group showed less inflammation response, measured as
temperature, CRP and pyuria. Furthermore, non-E.coli infection was related
to low bacterial count.

This portion of low bacterial count in UTI is coherent with several other
studies and indicates a risk of misdiagnosing up to one fifth of children with
UTI if adhering strictly to some of the guidelines.?>**3*“° Reasonably the
results from urine collection by suprapubic aspiration should be relevant also
for catheter or clean catch specimen.™® Even if the incubation time may be
shorter in urine collection by catheter or bladder aspiration, to be successful
both methods demands a substantial urine volume of the bladder.

The similarities concerning the frequency of renal damage and VUR
irrespectively of bacterial count implies that low bacterial UTI should be
treated with the same caution as infection with higher bacterial number.

The finding of less intensive inflammation reaction related to low bacterial
count was surprising and contrasting to the results of Kanellopoulos et al.*®
Therefor, as comparison, the material from the Swedish assurance project
was reevaluated.” In all 808 children below 1 year of age, 474 boys and 334
girls, all with urine collection by suprapubic aspiration, were included. The
results were similar to our study. Thus, 23% had bacterial count <100,000
CFU/mL. Comparing the high and low bacteria groups mean CRP was 69
mg/L and 43 mg/L, respectively (p<0.0001), and mean temperature 39.1 and
38.8 (p=0.0035).

Kunin et al studied low bacterial UTI in young women. They found an
association between the magnitude of pyuria and bacterial count, but they
could not explain low counts by dilution of urine or failure of bacteria to
grow well in the patients” urine. However, the frequency of voiding or the
presence of residual urine was not analyzed. They concluded that UTI with
low bacterial count may be an infection that had not become fully
established.?

The lower inflammatory response may indicate that children with low
bacterial count have some protective properties. In our study there were no
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significant differences concerning gender, age, duration of fever before
treatment or anatomy of the urinary tract. Unfortunately, information about
bladder function is lacking. Speculatively, frequent emptying the bladder
could have protective capacity resulting in lower bacterial number. Also, the
efficiency of the immune system in protecting the urinary tract may be one of
the factors involved.

6.4 Evolution of renal damage

The main goal in the handling of UTI in children, besides treating the acute
disease, is to preserve renal function and prevent the evolution of renal
damage. Probably the growing kidney is more vulnerable to infections than
the adult kidney."* Therefore, it is important particularly during childhood to
protect the kidneys from impairment. Several studies have shown that long-
term antibiotic prophylaxis may significantly reduce the rate of recurrent
UTI, but just one study -the Swedish reflux trial- has revealed prophylaxis to
have an impact on the evolution of renal damage and this effect was only
seen in girls 140142

In paper IV the evolution of renal damage over time was analyzed.
Progression of the renal damage was found in 19% of the children and an
equal part showed regression. Progression was associated with VUR grade
I11-V, febrile recurrences, non-E.coli infection and severity of abnormality at
index DMSA scan. In multivariable logistic regression analysis VUR grade
I11-V and febrile recurrences were the only significant factors. However,
there was a gender difference, where VUR grade III-V was the single
significant risk factor for progression in boys, while both recurrent febrile
UTI and severity of initial renal damage was significant for girls.

The risk of progression was similar to the results from other studies, showing
progression rates of 11% to 18%.”** However, the studies are not directly
comparable as they differ in included patient material. The cited studies were
conducted on children with high-grade VUR, while our study comprised a
cohort of children with renal damage.

The high resolution rate of 72% reported in the study by Parvex et al could
not be confirmed.* Still, the regression frequency of 19% shown in our study
is, except from the study by Parvex et al, higher than has been reported in
previous studies.

In the study risk groups for deterioration of renal damage were found. Among
23 children with VUR grade IlI-IV and recurrent febrile UTI the renal
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damage progressed in 10 children (43%). In boys with VUR grade I1I-V the
renal damage deteriorated in 9 of 25 (36%) compared to only 1 of 20 (5%)
without VUR or with VUR grade I-11. This means that 9 out of 10 boys with
progression had VUR grade 111-V. Similarly, in girls with recurrent febrile
UTI 8 of 21 (38%) deteriorated compared to 2 of 36 (6%) without febrile
recurrence, that is 8 of 10 girls with progression of renal damage had
recurrent febrile UTI.

Even if recurrent UTI was a strong predictor for progression 7 children in the
progression group did not have a documented febrile recurrence. Of those 6
had VUR grade I11-V and 5 were boys. In the Swedish reflux trial 24 children
showed deterioration of renal status, of which 9 did not have febrile
recurrence.” Similarly, in the study by Sjostrém et al 6 out of 19 children
with renal deterioration did not show any breakthrough UT1.%

Progression was defined as a decrease in DRF of more than 3% in the injured
kidney. However, it is not possible to determine if this decrease in DRF is
actually a drop of function of the injured kidney or a compensatory growth of
the contralateral kidney. It may be that for girls, where recurrent UTI seems
more important, it actually is deterioration of the injured kidney that is
important, while in boys the injured kidney more often has congenital origin
with impaired capacity of growth. Nevertheless, it has not been recognized
that the impact on long-term prognosis should be different in acquired and
congenital forms of renal damage.

The long-term effect of a modest decrease in DRF over time is difficult to
predict. Several studies of children with renal damage have shown excellent
long-term results, with minor impact on kidney function, blood pressure or
pregnancy.®®* Still, it is of importance to preserve as good renal status as
possible during childhood. Historical data shows that kidney damage in
childhood may have major influence on the health in adulthood.®® Therefor it
is of importance to continue to handle children with UTI with great care.
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/ CONCLUSION

Significant relations were found between permanent renal damage, grade of
VUR and recurrent UTI.

Between 1994 and 2003 the E.coli resistant rate to trimethoprim increased 3
fold, from 5% to 17%, while the resistance to cefadroxil and nitrofurantoin
remained low.

One fifth of children with symptomatic UTI had bacterial count below
100,000 CFU/mL. UTI with low bacterial count was associated with similar
frequency of renal damage and high-grade VUR as UTI with high bacterial
number.

Renal damage remained unchanged over time in the majority of children. In
one fifth of the children the renal damage progressed. Risk factors for
progression were high grade VUR and recurrent UTI.

VUR and recurrent UTI were the main factors associated with the presence
and progression of renal damage. Thus, imaging of the bladder still has its
place in the work-up of children with UTI, especially in the situation of
febrile recurrent infection. Furthermore, children with renal damage
associated with high-grade reflux and recurrent febrile UTI have an increased
risk of deterioration and in those long-term follow-up should be considered,
whereas renal damage without high-grade reflux or recurrence has low risk of
progression.

The substantial portion of UTIs with low bacterial count emphasizes that the
UTI diagnosis in small children is not just a matter of a cut-off level for
bacterial number. The entire clinical situation must be considered and the
choice of method for obtaining urine specimen is of crucial importance. The
most reliable methods in infants are through bladder aspiration or catheter.

The increasing antimicrobial resistance is a serious threat to many areas of
modern medicine. Described is the emerging E.coli resistance to
trimethoprim, most pronounced in children above 9 months of age and in
females. This pattern may be similar in other forms of antimicrobial
resistance appearing in the future. Thus, it is important to explore ways of
protecting children from colonization by resistant microbes, especially during
the first years of life. This is not just a task for the medical system but also
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demands participation of other parts of the society. The most important issue
is to reduce the world wide antimicrobial pressure from food processing,
medical care and environment.

In the study gender differences were found concerning epidemiology,
bacteriology, antibacterial resistance pattern, inflammation response,
recurrences and prognosis. The reasons for these differences are only
partially revealed and include variations in bladder function, bacterial
colonization and regulation of the immune system. Further knowledge of
these factors as well as of biomarkers for renal involvement could probably
result in a more individualized and effective treatment of children with UTI.

47



ACKNOWLEDGEMENTS

I would like to express my sincere gratitude to all that have been involved in
this project, and especially to:

Sverker Hasson, my supervisor, tutor and dear friend. During the journey of
this thesis you have generously shared your knowledge on all aspects of
science and always been full of ideas and enthusiasm concerning both the
everyday clinical practice as well as the scientific work. Besides that, you
have been a most stimulating companion during all of our travels. We have
had a great time.

UIf Jodal, my co-supervisor. It has been a privilege to have one of the most
prominent scientists in the field of UTI as a tutor. The systematic way in
which you have enhanced the knowledge on UTI is impressive. As a co-
supervisor you have always been supportive and generous with your time.

Rune Sixt, my co-author, for discussions and interpretation of the sometimes
obscure field of nuclear medicine.

Eira Stokland, my co-author, for the extensive work of re-evaluating all of
the x-ray investigations.

Christina Ahrén, my co-author, for constructive discussions about the
bacteriological aspects of the material which definitively improved the
outcome of paper Il and Il1.

Tinna Linnér, for coordinating, collecting and entering the data in the files.
Your work has been invaluable for the completion of the thesis.

Ann-Charlotte Andreasson, Eva Olofsson and Alice Andersson, for your
assistance in collecting data for the study.

Aldina Pilovic, Gunnar Ekeroth and Nils-Gunnar Persson at Statistiska
konsultgruppen, for helpful assistance with the statistics.

Collegues in the pediatric nephrologic team at the Queen Silvia Children’s
Hospital, Tobias Axelsson, Per Brandstrém, Sverker Hanson, Diana
Swolin-Eide, Martin Wennerstrém and Susanne Westphal. A team that |
am proud to be part of.

48



All the collegues and friends at the Department of Pediatrics, Skaraborgs
Hospital, together with whom | have spent a considerable part of my life
sharing joyful as well as difficult moments in the art of pediatrics. A special
thanks to Carl-Johan Toérnhage for facilitating the completion of the thesis
by relieving me from some clinical work.

Yvonne, my wife, and my family, from whom, | must admit, the clinical and
scientific work at times has drawn attention, but you have always been with
me.

The studies were supported by the Swedish Government under the
agreement between the Government and the County councils
concerning economic support of medical research and education (the
ALF agreement), the Queen Silvia Children’s Hospital Research
Foundation and the Freemason Foundation.

49



REFERENCES

1.

10.

11.

12.

13.

14.

Diamandopoulos A, Goudas P, Oreopoulos D. Thirty-six Hippocratic
aphorisms of nephrologic interest. American journal of kidney
diseases : the official journal of the National Kidney Foundation. Jul
2009;54(1):143-153.

Nickel JC. Management of urinary tract infections: historical
perspective and current strategies: Part 1--Before antibiotics. The
Journal of urology. Jan 2005;173(1):21-26.

Sereni F. Pediatric nephrology in Europe from the 16th to the 19th
century. American journal of nephrology. Jul 2002;22(2-3):207-212.
Escherich T. Die Darmbakerien des Séuglings und ihre Beziehungen
zur Physiologie der Verdauung. Verlag von Ferdinand Enke. 1886.
Nickel JC. Management of urinary tract infections: historical
perspective and current strategies: Part 2--Modern management. The
Journal of urology. Jan 2005;173(1):27-32.

Jodal U, Winberg J. Management of children with unobstructed
urinary tract infection. Pediatr Nephrol. Oct 1987;1(4):647-656.
Winberg J, Andersen HJ, Bergstrom T, Jacobsson B, Larson H,
Lincoln K. Epidemiology of symptomatic urinary tract infection in
childhood. Acta paediatrica Scandinavica. Supplement. 1974(252):1-
20.

Hellstrom A, Hanson E, Hansson S, Hjalmas K, Jodal U. Association
between urinary symptoms at 7 years old and previous urinary tract
infection. Archives of disease in childhood. Feb 1991;66(2):232-234.
Jakobsson B, Esbjorner E, Hansson S. Minimum incidence and
diagnostic rate of first urinary tract infection. Pediatrics. Aug
1999;104(2 Pt 1):222-226.

Wennerstrom M, Hansson S, Jodal U, Stokland E. Disappearance of
vesicoureteral reflux in children. Archives of pediatrics & adolescent
medicine. Sep 1998;152(9):879-883.

Honkinen O, Jahnukainen T, Mertsola J, Eskola J, Ruuskanen O.
Bacteremic urinary tract infection in children. The Pediatric
infectious disease journal. Jul 2000;19(7):630-634.

Hoberman A, Wald ER, Hickey RW, et al. Oral versus initial
intravenous therapy for urinary tract infections in young febrile
children. Pediatrics. Jul 1999;104(1 Pt 1):79-86.

Bachur R, Caputo GL. Bacteremia and meningitis among infants
with urinary tract infections. Pediatric emergency care. Oct
1995;11(5):280-284.

Whiting P, Westwood M, Bojke L, et al. Clinical effectiveness and
cost-effectiveness of tests for the diagnosis and investigation of
urinary tract infection in children: a systematic review and economic

50



15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

model. Health technology assessment. Oct 2006;10(36):iii-iv, xi-xiii,
1-154.

Mori R, Yonemoto N, Fitzgerald A, Tullus K, Verrier-Jones K,
Lakhanpaul M. Diagnostic performance of urine dipstick testing in
children with suspected UT]I: a systematic review of relationship with
age and comparison with microscopy. Acta Paediatr. Apr
2010;99(4):581-584.

Shaikh N, Borrell JL, Evron J, Leeflang MM. Procalcitonin, C-
reactive protein, and erythrocyte sedimentation rate for the diagnosis
of acute pyelonephritis in children. The Cochrane database of
systematic reviews. 2015;1:CD009185.

Stokland E, Hellstrom M, Jacobsson B, Jodal U, Sixt R. Renal
damage one year after first urinary tract infection: role of
dimercaptosuccinic acid scintigraphy. The Journal of pediatrics. Dec
1996;129(6):815-820.

Leroy S, Fernandez-Lopez A, Nikfar R, et al. Association of
procalcitonin with acute pyelonephritis and renal scars in pediatric
UT]I. Pediatrics. May 2013;131(5):870-879.

Pryles CV, Atkin MD, Morse TS, Welch KJ. Comparative
bacteriologic study of urine obtained from children by percutaneous
suprapubic aspiration of the bladder and by catheter. Pediatrics. Dec
1959;24:983-991.

Aronson AS, Gustafson B, Svenningsen NW. Combined suprapubic
aspiration and clean-voided urine examination in infants and
children. Acta paediatrica Scandinavica. Jul 1973;62(4):396-400.
Hardy JD, Furnell PM, Brumfitt W. Comparison of sterile bag, clean
catch and suprapubic aspiration in the diagnosis of urinary infection
in early childhood. British journal of urology. Aug 1976;48(4):279-
283.

Morton RE, Lawande R. The diagnosis of urinary tract infection:
comparison of urine culture from suprapubic aspiration and
midstream collection in a children’s out-patient department in
Nigeria. Annals of tropical paediatrics. Sep 1982;2(3):109-112.
Pylkkanen J, Vilska J, Koskimies O. Diagnostic value of symptoms
and clean-voided urine specimen in childhood urinary tract infection.
Acta paediatrica Scandinavica. May 1979;68(3):341-344.

Ramage 1J, Chapman JP, Hollman AS, Elabassi M, McColl JH,
Beattie TJ. Accuracy of clean-catch urine collection in infancy. The
Journal of pediatrics. Dec 1999;135(6):765-767.

Etoubleau C, Reveret M, Brouet D, et al. Moving from bag to
catheter for urine collection in non-toilet-trained children suspected
of having urinary tract infection: a paired comparison of urine
cultures. The Journal of pediatrics. Jun 2009;154(6):803-806.

51



26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Al-Orifi F, McGillivray D, Tange S, Kramer MS. Urine culture from
bag specimens in young children: are the risks too high? The Journal
of pediatrics. Aug 2000;137(2):221-226.

Kass EH. Asymptomatic infections of the urinary tract. Transactions
of the Association of American Physicians. 1956;69:56-64.

Stamm WE, Counts GW, Running KR, Fihn S, Turck M, Holmes
KK. Diagnosis of coliform infection in acutely dysuric women. The
New England journal of medicine. Aug 19 1982;307(8):463-468.
Kunin CM, White LV, Hua TH. A reassessment of the importance of
"low-count™ bacteriuria in young women with acute urinary
symptoms. Annals of internal medicine. Sep 15 1993;119(6):454-
460.

Hoberman A, Wald ER, Reynolds EA, Penchansky L, Charron M.
Pyuria and bacteriuria in urine specimens obtained by catheter from
young children with fever. The Journal of pediatrics. Apr
1994;124(4):513-519.

AFSSAPS. Diagnostic et antibiothérapie des infections urinaires
bactériennes communautaires du nourrisson et de I'enfant.
http://www.infectiologie.com/UserFiles/File/medias/Recos/2014-
infections-urinaires-pediatrie.pdf. 2007.

(NICE). NIfHaCE. Urinary tract infection in children: diagnosis,
treatment and long-term management. Issue date: August 2007.
http://www.nice.org.uk/guidance/cg54. 2007.

Subcommittee on Urinary Tract Infection SCoQI, Management,
Roberts KB. Urinary tract infection: clinical practice guideline for
the diagnosis and management of the initial UT1 in febrile infants and
children 2 to 24 months. Pediatrics. Sep 2011;128(3):595-610.
Ammenti A, Cataldi L, Chimenz R, et al. Febrile urinary tract
infections in young children: recommendations for the diagnosis,
treatment and follow-up. Acta Paediatr. May 2012;101(5):451-457.
Stein R, Dogan HS, Hoebeke P, et al. Urinary tract infections in
children: EAU/ESPU guidelines. European urology. Mar
2015;67(3):546-558.

Beetz R, Bachmann H, Gatermann S, et al. [Urinary tract infections
in infants and children -- a consensus on diagnostic, therapy and
prophylaxis]. Der Urologe. Ausg. A. Feb 2007;46(2):112, 114-118,
120-113.

Robinson JL, Finlay JC, Lang ME, Bortolussi R, Canadian Paediatric
Society ID, Immunization Committee CPC. Urinary tract infections
in infants and children: Diagnosis and management. Paediatrics &
child health. Jun 2014;19(6):315-325.

Hansson S, Brandstrom P, Jodal U, Larsson P. Low bacterial counts
in infants with urinary tract infection. The Journal of pediatrics. Jan
1998;132(1):180-182.

52


http://www.infectiologie.com/UserFiles/File/medias/Recos/2014-infections-urinaires-pediatrie.pdf
http://www.infectiologie.com/UserFiles/File/medias/Recos/2014-infections-urinaires-pediatrie.pdf
http://www.nice.org.uk/guidance/cg54

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

Kanellopoulos TA, Vassilakos PJ, Kantzis M, Ellina A, Kolonitsiou
F, Papanastasiou DA. Low bacterial count urinary tract infections in
infants and young children. European journal of pediatrics. Jun
2005;164(6):355-361.

Koskimies O. Diagnostic accuracy of urinary tract infection and
subsequent development of renal scars. The Journal of pediatrics. Jan
1995;126(1):157-159.

Backhed F, Roswall J, Peng Y, et al. Dynamics and Stabilization of
the Human Gut Microbiome during the First Year of Life. Cell host
& microbe. Jun 10 2015;17(6):852.

Adlerberth I, Wold AE. Establishment of the gut microbiota in
Western infants. Acta Paediatr. Feb 2009;98(2):229-238.
Flores-Mireles AL, Walker JN, Caparon M, Hultgren SJ. Urinary
tract infections: epidemiology, mechanisms of infection and
treatment options. Nature reviews. Microbiology. May
2015;13(5):269-284.

Hollenbeck BL, Rice LB. Intrinsic and acquired resistance
mechanisms in enterococcus. Virulence. Aug 15 2012;3(5):421-433.
Friedman S, Reif S, Assia A, Mishaal R, Levy I. Clinical and
laboratory characteristics of non-E. coli urinary tract infections.
Archives of disease in childhood. Oct 2006;91(10):845-846.
Tenover FC. Mechanisms of antimicrobial resistance in bacteria. The
American journal of medicine. Jun 2006;119(6 Suppl 1):S3-10;
discussion S62-70.

Geddes AMG, I.M-. Penicillins and related drugs. Kucers’ The use of
antibiotics. 6th ed. Lindsay-Grayson, M. (ed.) CRC Press, Hoboken.
2010:5-58.

Turnidge J. Trimethoprim, Co-trimoxazole (Co-T) and related
agents. Kucers’ The use of antibiotics. 6th ed. Lindsay-Grayson, M.
(ed.) CRC Press, Hoboken. 2010:1077-1149.

Huovinen P. Resistance to trimethoprim-sulfamethoxazole. Clinical
infectious diseases : an official publication of the Infectious Diseases
Society of America. Jun 1 2001;32(11):1608-1614.

Garau J. Other antimicrobials of interest in the era of extended-
spectrum beta-lactamases: fosfomycin, nitrofurantoin and
tigecycline. Clinical microbiology and infection : the official
publication of the European Society of Clinical Microbiology and
Infectious Diseases. Jan 2008;14 Suppl 1:198-202.

McOsker CC, Fitzpatrick PM. Nitrofurantoin: mechanism of action
and implications for resistance development in common
uropathogens. The Journal of antimicrobial chemotherapy. May
1994;33 Suppl A:23-30.

Lindsay-Grayson MW, Michael. Nitrofurans: Nitrofurazone,
Furazolidone and Nitrofurantoin. Kucers’ The use of antibiotics. 6th

53



53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

ed. Lindsay-Grayson, M. (ed.) CRC Press, Hoboken. 2010:1196-
1204.

Martinez JL. Antibiotics and antibiotic resistance genes in natural
environments. Science. Jul 18 2008;321(5887):365-367.

Hogan D, Kolter R. Why are bacteria refractory to antimicrobials?
Current opinion in microbiology. Oct 2002;5(5):472-477.

Paterson DL. Resistance in gram-negative bacteria:
enterobacteriaceae. The American journal of medicine. Jun
2006;119(6 Suppl 1):S20-28; discussion S62-70.

Piddock LJ. Multidrug-resistance efflux pumps - not just for
resistance. Nature reviews. Microbiology. Aug 2006;4(8):629-636.
Sandegren L, Lindqvist A, Kahlmeter G, Andersson DI.
Nitrofurantoin resistance mechanism and fitness cost in Escherichia
coli. The Journal of antimicrobial chemotherapy. Sep
2008;62(3):495-503.

Pages JM, James CE, Winterhalter M. The porin and the permeating
antibiotic: a selective diffusion barrier in Gram-negative bacteria.
Nature reviews. Microbiology. Dec 2008;6(12):893-903.
Solna/Uppsala SCoaaooariS.
http://www.folkhalsomyndigheten.se/publicerat-
material/publikationer/SWEDRES-2001/.

Solna/Uppsala S-SCoaaooariS.
https://www.folkhalsomyndigheten.se/pagefiles/20281/Swedres-
Svarm-2014-14027.pdf.

Sorlozano A, Jimenez-Pacheco A, de Dios Luna Del Castillo J, et al.
Evolution of the resistance to antibiotics of bacteria involved in
urinary tract infections: a 7-year surveillance study. American
journal of infection control. Oct 2014;42(10):1033-1038.

Cullen IM, Manecksha RP, McCullagh E, et al. An 11-year analysis
of the prevalent uropathogens and the changing pattern of
Escherichia coli antibiotic resistance in 38,530 community urinary
tract infections, Dublin 1999-2009. Irish journal of medical science.
Mar 2013;182(1):81-89.

Edlin RS, Shapiro DJ, Hersh AL, Copp HL. Antibiotic resistance
patterns of outpatient pediatric urinary tract infections. The Journal
of urology. Jul 2013;190(1):222-227.

Yuksel S, Ozturk B, Kavaz A, et al. Antibiotic resistance of urinary
tract pathogens and evaluation of empirical treatment in Turkish
children with urinary tract infections. International journal of
antimicrobial agents. Nov 2006;28(5):413-416.

Woerther PL, Burdet C, Chachaty E, Andremont A. Trends in human
fecal carriage of extended-spectrum beta-lactamases in the
community: toward the globalization of CTX-M. Clinical
microbiology reviews. Oct 2013;26(4):744-758.

54


http://www.folkhalsomyndigheten.se/publicerat-material/publikationer/SWEDRES-2001/
http://www.folkhalsomyndigheten.se/publicerat-material/publikationer/SWEDRES-2001/
http://www.folkhalsomyndigheten.se/pagefiles/20281/Swedres-Svarm-2014-14027.pdf
http://www.folkhalsomyndigheten.se/pagefiles/20281/Swedres-Svarm-2014-14027.pdf

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

Lebowitz RL, Olbing H, Parkkulainen KV, Smellie JM, Tamminen-
Mobius TE. International system of radiographic grading of
vesicoureteric reflux. International Reflux Study in Children.
Pediatric radiology. 1985;15(2):105-1009.

Sargent MA. What is the normal prevalence of vesicoureteral reflux?
Pediatric radiology. Sep 2000;30(9):587-593.

Ransley PG. Vesicoureteric reflux: continuing surgical dilemma.
Urology. Sep 1978;12(3):246-255.

Hannula A, Venhola M, Renko M, Pokka T, Huttunen NP, Uhari M.
Vesicoureteral reflux in children with suspected and proven urinary
tract infection. Pediatr Nephrol. Aug 2010;25(8):1463-14609.
Venhola M, Hannula A, Huttunen NP, Renko M, Pokka T, Uhari M.
Occurrence of vesicoureteral reflux in children. Acta Paediatr. Dec
2010;99(12):1875-1878.

Tullus K. Vesicoureteric reflux in children. Lancet. Jan 24
2015;385(9965):371-379.

Yeung CK, Godley ML, Dhillon HK, Gordon I, Duffy PG, Ransley
PG. The characteristics of primary vesico-ureteric reflux in male and
female infants with pre-natal hydronephrosis. British journal of
urology. Aug 1997;80(2):319-327.

Sjostrom S, Sillen U, Bachelard M, Hansson S, Stokland E.
Spontaneous resolution of high grade infantile vesicoureteral reflux.
The Journal of urology. Aug 2004;172(2):694-698; discussion 699.
Silva JM, Santos Diniz JS, Marino VS, et al. Clinical course of 735
children and adolescents with primary vesicoureteral reflux. Pediatr
Nephrol. Jul 2006;21(7):981-988.

Ragnarsdottir B, Svanborg C. Susceptibility to acute pyelonephritis
or asymptomatic bacteriuria: host-pathogen interaction in urinary
tract infections. Pediatr Nephrol. Nov 2012;27(11):2017-2029.
Peters C, Rushton HG. Vesicoureteral reflux associated renal
damage: congenital reflux nephropathy and acquired renal scarring.
The Journal of urology. Jul 2010;184(1):265-273.

Jahnukainen T, Chen M, Celsi G. Mechanisms of renal damage
owing to infection. Pediatr Nephrol. Aug 2005;20(8):1043-1053.
Piepsz A, Tondeur M, Ham H. Relative 99mTc-MAGS3 renal uptake:
reproducibility and accuracy. Journal of nuclear medicine : official
publication, Society of Nuclear Medicine. Jun 1999;40(6):972-976.
Jakobsson B, Svensson L. Transient pyelonephritic changes on
99mTechnetium-dimercaptosuccinic acid scan for at least five
months after infection. Acta Paediatr. Aug 1997;86(8):803-807.
Ditchfield MR, Summerville D, Grimwood K, et al. Time course of
transient cortical scintigraphic defects associated with acute
pyelonephritis. Pediatric radiology. Dec 2002;32(12):849-852.

55



81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

Goldraich NP, Goldraich IH. Update on dimercaptosuccinic acid
renal scanning in children with urinary tract infection. Pediatr
Nephrol. Apr 1995;9(2):221-226; discussion 227.

Wennerstrom M, Hansson S, Jodal U, Stokland E. Primary and
acquired renal scarring in boys and girls with urinary tract infection.
The Journal of pediatrics. Jan 2000;136(1):30-34.

Stefanidis CJ, Siomou E. Imaging strategies for vesicoureteral reflux
diagnosis. Pediatr Nephrol. Jul 2007;22(7):937-947.

Moorthy I, Easty M, McHugh K, Ridout D, Biassoni L, Gordon 1.
The presence of vesicoureteric reflux does not identify a population
at risk for renal scarring following a first urinary tract infection.
Archives of disease in childhood. Jul 2005;90(7):733-736.

Shaikh N, Ewing AL, Bhatnagar S, Hoberman A. Risk of renal
scarring in children with a first urinary tract infection: a systematic
review. Pediatrics. Dec 2010;126(6):1084-1091.

Mattoo TK. Vesicoureteral reflux and reflux nephropathy. Advances
in chronic kidney disease. Sep 2011;18(5):348-354.

Esbjorner E, Berg U, Hansson S. Epidemiology of chronic renal
failure in children: a report from Sweden 1986-1994. Swedish
Pediatric Nephrology Association. Pediatr Nephrol. Aug
1997;11(4):438-442.

Toffolo A, Ammenti A, Montini G. Long-term clinical consequences
of urinary tract infections during childhood: a review. Acta Paediatr.
Oct 2012;101(10):1018-1031.

Wennerstrom M, Hansson S, Jodal U, Sixt R, Stokland E. Renal
function 16 to 26 years after the first urinary tract infection in
childhood. Archives of pediatrics & adolescent medicine. Apr
2000;154(4):339-345.

Geback C, Hansson S, Martinell J, Sandberg T, Sixt R, Jodal U.
Renal function in adult women with urinary tract infection in
childhood. Pediatr Nephrol. Sep 2015;30(9):1493-14909.

Piepsz A, Tamminen-Mobius T, Reiners C, et al. Five-year study of
medical or surgical treatment in children with severe vesico-ureteral
reflux dimercaptosuccinic acid findings. International Reflux Study
Group in Europe. European journal of pediatrics. Sep
1998;157(9):753-758.

Sjostrom S, Jodal U, Sixt R, Bachelard M, Sillen U. Longitudinal
development of renal damage and renal function in infants with high
grade vesicoureteral reflux. The Journal of urology. May
2009;181(5):2277-2283.

Brandstrom P, Neveus T, Sixt R, Stokland E, Jodal U, Hansson S.
The Swedish reflux trial in children: 1VV. Renal damage. The Journal
of urology. Jul 2010;184(1):292-297.

Parvex P, Willi JP, Kossovsky MP, Girardin E. Longitudinal
analyses of renal lesions due to acute pyelonephritis in children and

56



95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

their impact on renal growth. The Journal of urology. Dec
2008;180(6):2602-2606; discussion 2606.

Marild S, Jodal U. Incidence rate of first-time symptomatic urinary
tract infection in children under 6 years of age. Acta Paediatr. May
1998;87(5):549-552.

Piepsz A, Colarinha P, Gordon I, et al. Guidelines for 99mTc-DMSA
scintigraphy in children. European journal of nuclear medicine. Mar
2001;28(3):BP37-41.

Piepsz A, Blaufox MD, Gordon I, et al. Consensus on renal cortical
scintigraphy in children with urinary tract infection. Scientific
Committee of Radionuclides in Nephrourology. Seminars in nuclear
medicine. Apr 1999;29(2):160-174.

Zorc JJ, Levine DA, Platt SL, et al. Clinical and demographic factors
associated with urinary tract infection in young febrile infants.
Pediatrics. Sep 2005;116(3):644-648.

Shaw KN, Gorelick M, McGowan KL, Yakscoe NM, Schwartz JS.
Prevalence of urinary tract infection in febrile young children in the
emergency department. Pediatrics. Aug 1998;102(2):e16.

Hoberman A, Chao HP, Keller DM, Hickey R, Davis HW, Ellis D.
Prevalence of urinary tract infection in febrile infants. The Journal of
pediatrics. Jul 1993;123(1):17-23.

Greenhow TL, Hung Y'Y, Herz AM, Losada E, Pantell RH. The
changing epidemiology of serious bacterial infections in young
infants. The Pediatric infectious disease journal. Jun 2014;33(6):595-
599.

Smellie JM, Poulton A, Prescod NP. Retrospective study of children
with renal scarring associated with reflux and urinary infection. Bmj.
May 7 1994;308(6938):1193-1196.

Gleeson FV, Gordon I. Imaging in urinary tract infection. Archives of
disease in childhood. Nov 1991;66(11):1282-1283.

Orellana P, Baquedano P, Rangarajan V, et al. Relationship between
acute pyelonephritis, renal scarring, and vesicoureteral reflux.
Results of a coordinated research project. Pediatr Nephrol. Oct
2004,;19(10):1122-1126.

Jakobsson B, Berg U, Svensson L. Renal scarring after acute
pyelonephritis. Archives of disease in childhood. Feb
1994;70(2):111-115.

Benador D, Benador N, Slosman D, Mermillod B, Girardin E. Are
younger children at highest risk of renal sequelae after
pyelonephritis? Lancet. Jan 4 1997;349(9044):17-19.

Doganis D, Siafas K, Mavrikou M, et al. Does early treatment of
urinary tract infection prevent renal damage? Pediatrics. Oct
2007;120(4):e922-928.

Hewitt IK, Zucchetta P, Rigon L, et al. Early treatment of acute
pyelonephritis in children fails to reduce renal scarring: data from the

57



109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

Italian Renal Infection Study Trials. Pediatrics. Sep
2008;122(3):486-490.

Patterson LT, Strife CF. Acquired versus congenital renal scarring
after childhood urinary tract infection. The Journal of pediatrics. Jan
2000;136(1):2-4.

Ditchfield MR, Grimwood K, Cook DJ, et al. Persistent renal cortical
scintigram defects in children 2 years after urinary tract infection.
Pediatric radiology. Jun 2004;34(6):465-471.

Martinell J, Claesson I, Lidin-Janson G, Jodal U. Urinary infection,
reflux and renal scarring in females continuously followed for 13-38
years. Pediatr Nephrol. Apr 1995;9(2):131-136.

Jodal U. The natural history of bacteriuria in childhood. Infectious
disease clinics of North America. Dec 1987;1(4):713-729.

Clarke SE, Smellie JM, Prescod N, Gurney S, West DJ. Technetium-
99m-DMSA studies in pediatric urinary infection. Journal of nuclear
medicine : official publication, Society of Nuclear Medicine. May
1996;37(5):823-828.

Panaretto K, Craig J, Knight J, Howman-Giles R, Sureshkumar P,
Roy L. Risk factors for recurrent urinary tract infection in preschool
children. Journal of paediatrics and child health. Oct
1999;35(5):454-459.

Goldraich NP, Goldraich IH. Followup of conservatively treated
children with high and low grade vesicoureteral reflux: a prospective
study. The Journal of urology. Nov 1992;148(5 Pt 2):1688-1692.
Chen JJ, Pugach J, West D, Naseer S, Steinhardt GF. Infant
vesicoureteral reflux: a comparison between patients presenting with
a prenatal diagnosis and those presenting with a urinary tract
infection. Urology. Feb 2003;61(2):442-446; discussion 446-447.
Hoberman A, Charron M, Hickey RW, Baskin M, Kearney DH,
Wald ER. Imaging studies after a first febrile urinary tract infection
in young children. The New England journal of medicine. Jan 16
2003;348(3):195-202.

Woolf AS, Price KL, Scambler PJ, Winyard PJ. Evolving concepts in
human renal dysplasia. Journal of the American Society of
Nephrology : JASN. Apr 2004;15(4):998-1007.

Murer L, Benetti E, Artifoni L. Embryology and genetics of primary
vesico-ureteric reflux and associated renal dysplasia. Pediatr
Nephrol. Jun 2007;22(6):788-797.

Caruana G, Bertram JF. Congenital anomalies of the kidney and
urinary tract genetics in mice and men. Nephrology. May
2015;20(5):309-311.

Dias CS, Silva JM, Diniz JS, et al. Risk factors for recurrent urinary
tract infections in a cohort of patients with primary vesicoureteral
reflux. The Pediatric infectious disease journal. Feb 2010;29(2):139-
144,

58



122.

123.

124,

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

Hidas G, Billimek J, Nam A, et al. Predicting the Risk of
Breakthrough Urinary Tract Infections: Primary Vesicoureteral
Reflux. The Journal of urology. Nov 2015;194(5):1396-1401.

Keren R, Shaikh N, Pohl H, et al. Risk Factors for Recurrent Urinary
Tract Infection and Renal Scarring. Pediatrics. Jul 2015;136(1):e13-
21.

Jodal U, Smellie JM, Lax H, Hoyer PF. Ten-year results of
randomized treatment of children with severe vesicoureteral reflux.
Final report of the International Reflux Study in Children. Pediatr
Nephrol. Jun 2006;21(6):785-792.

Nuutinen M, Uhari M. Recurrence and follow-up after urinary tract
infection under the age of 1 year. Pediatr Nephrol. Jan
2001;16(1):69-72.

Davies J, Davies D. Origins and evolution of antibiotic resistance.
Microbiology and molecular biology reviews : MMBR. Sep
2010;74(3):417-433.

Lukac PJ, Bonomo RA, Logan LK. Extended-spectrum beta-
lactamase-producing Enterobacteriaceae in children: old foe,
emerging threat. Clinical infectious diseases : an official publication
of the Infectious Diseases Society of America. May 1
2015;60(9):1389-1397.

Allen UD, MacDonald N, Fuite L, Chan F, Stephens D. Risk factors
for resistance to "first-line" antimicrobials among urinary tract
isolates of Escherichia coli in children. CMAJ : Canadian Medical
Association journal = journal de I'Association medicale canadienne.
May 18 1999;160(10):1436-1440.

Kizilca O, Siraneci R, Yilmaz A, et al. Risk factors for community-
acquired urinary tract infection caused by ESBL-producing bacteria
in children. Pediatrics international : official journal of the Japan
Pediatric Society. Dec 2012;54(6):858-862.

Yilmaz S, Ozcakar ZB, Kurt Sukur ED, et al. Vesicoureteral Reflux
and Renal Scarring Risk in Children after the First Febrile Urinary
Tract Infection. Nephron. Feb 23 2016.

Birgy A, Cohen R, Levy C, et al. Community faecal carriage of
extended-spectrum beta-lactamase-producing Enterobacteriaceae in
French children. BMC infectious diseases. 2012;12:315.

Bitsori M, Maraki S, Kalmanti M, Galanakis E. Resistance against
broad-spectrum beta-lactams among uropathogens in children.
Pediatr Nephrol. Dec 2009;24(12):2381-2386.

Rubtsova K, Marrack P, Rubtsov AV. TLR7, IFNgamma, and T-bet:
their roles in the development of ABCs in female-biased
autoimmunity. Cellular immunology. Apr 2015;294(2):80-83.
Casimir GJ, Lefevre N, Corazza F, Duchateau J. Sex and
inflammation in respiratory diseases: a clinical viewpoint. Biology of
sex differences. 2013;4:16.

59



135.

136.

137.

138.

139.

140.

141.

142.

143.

Oertelt-Prigione S. The influence of sex and gender on the immune
response. Autoimmunity reviews. May 2012;11(6-7):A479-485.
Tosif S, Baker A, Oakley E, Donath S, Babl FE. Contamination rates
of different urine collection methods for the diagnosis of urinary tract
infections in young children: an observational cohort study. Journal
of paediatrics and child health. Aug 2012;48(8):659-664.

Long E, Vince J. Evidence behind the WHO guidelines: Hospital
Care for Children: what are appropriate methods of urine collection
in UTI1? Journal of tropical pediatrics. Aug 2007;53(4):221-224.
Hansson S, Bollgren I, Esbjorner E, Jakobsson B, Marild S. Urinary
tract infections in children below two years of age: a quality
assurance project in Sweden. The Swedish Pediatric Nephrology
Association. Acta Paediatr. Mar 1999;88(3):270-274.

Kohler J, Thysell H, Tencer J, Forsberg L, Hellstrom M. Long-term
follow-up of reflux nephropathy in adults with vesicoureteral reflux--
radiological and pathoanatomical analysis. Acta radiologica. Jul
2001;42(4):355-364.

Craig JC, Simpson JM, Williams GJ, et al. Antibiotic prophylaxis
and recurrent urinary tract infection in children. The New England
journal of medicine. Oct 29 2009;361(18):1748-1759.

Mattoo TK, Carpenter MA, Moxey-Mims M, Chesney RW,
Investigators RT. The RIVUR trial: a factual interpretation of our
data. Pediatr Nephrol. May 2015;30(5):707-712.

Brandstrom P, Esbjorner E, Herthelius M, Swerkersson S, Jodal U,
Hansson S. The Swedish reflux trial in children: I1l. Urinary tract
infection pattern. The Journal of urology. Jul 2010;184(1):286-291.
Geback C, Hansson S, Himmelmann A, Sandberg T, Sixt R, Jodal U.
Twenty-four-hour ambulatory blood pressure in adult women with
urinary tract infection in childhood. Journal of hypertension. Aug
2014;32(8):1658-1664; discussion 1664.

60



ERRATA

Paper I: Page 649, line 7.
“A new discrete focal scar was detected in a previously unscarred kidney in
one child, and in another child there was progression of a preexisting scar.”

This sentence should be: “Among the patients with febrile recurrence during
follow-up, a new discrete focal scar was detected in a previously unscarred
kidney in one child, and in another child there was progression of a
preexisting scar.”
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