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Abstract

Introduction: Urinary tract infections (UTI) caused by Escherichia coli (E. coli) are common
in patients with idiopathic hypercalciuria. As both UTI and hypercalciuria (prelithiasis) have a
genetic basis, we wanted to know whether the family history of urolithiasis is more common
in children with UTIs caused by E. coli. Secondarily, we wondered if the renal scars are more
common in children with prelithiasis.

Material and methods: Ambispective study with collected data from 104 patients (40 male, 64
female) followed after having been diagnosed of UTI by E. coli at least once. These patients
were asked about the existence of urolithiasis in relatives. The calcium and citrate urinary
elimination was quantified in 80 children.

Results: In the total sample, family history was positive for urolithiasis in a significantly higher
frequency in those children (n=71; 68.3%) than in the control population in our area (29.7%;
previously published data). Prelithiasis frequency in children with UTI was 47.5% (38/80).
An association was observed between the diagnosis of prelithiasis both with family history
of urolithiasis (p=0.030) and the diagnosis of vesicoureteral reflux (p=0.034). Children who
developed renal scarring had an increased risk of prelithiasis (OR 5.3; p=0.033).

Conclusions: The frequency of family history of urolithiasis in children with UTI caused by E. coli
is very high. Based on our results we hypothesize that the predisposition to lithiasis can involve
a constitutively altered defense to E. coli and, therefore, a greater possibility for renal scars.
© 2017 Asociacion Espaiola de Pediatria. Published by Elsevier Espafa, S.L.U. All rights
reserved.
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Historia familiar de litiasis renal en pacientes diagnosticados de infeccion del tracto
urinario por Escherichia coli

Resumen

Introduccion: Las infecciones de la via urinaria (IVU) causadas por Escherichia coli (E. coli)
son frecuentes en pacientes con hipercalciuria idiopatica. Al ser tanto IVU como hipercalciuria
(prelitiasis) de origen genético, planteamos si la historia familiar de urolitiasis es mas frecuente
en ninos con IVU causada por E. coli. Secundariamente, planteamos si las cicatrices renales son
mas frecuentes en nifios con prelitiasis.

Material y métodos: Estudio ambispectivo con datos de 104 pacientes (40 masculinos y 64
femeninos) seguidos tras haber sido diagnosticados, al menos una vez, de IVU por E. coli. Se
pregunto por la existencia de urolitiasis en familiares (primer y segundo grado). En 80 pacientes
se determin¢ la eliminacion urinaria de calcio y citrato.

Resultados: En toda la muestra, la historia familiar de urolitiasis fue positiva en una frecuencia
significativamente mayor de estos nifios (n=71; 68,3%) que en la poblacion de control del mismo
area (el 29,7% segln datos previos publicados). La frecuencia de prelitiasis en nifios con IVU
fue del 47,5% (38/80). Se observo asociacion entre prelitiasis tanto con la historia familiar de
urolitiasis (p=0,030) como con el reflujo vesicoureteral (p=0,034). Ademas, los pacientes que
desarrollaron cicatrices renales tenian mas prelitiasis (OR 5,3; p=0,033).

Conclusiones: La frecuencia de historia familiar de urolitiasis en nifios con IVU causada por
E. coli es muy alta. Basandonos en nuestros resultados, sugerimos la hipotesis de que la pre-
disposicion a litiasis involucra una defensa alterada contra E. coli y, consecuentemente, una
mayor posibilidad de cicatrices renales.

© 2017 Asociacion Espafola de Pediatria. Publicado por Elsevier Espana, S.L.U. Todos los dere-

chos reservados.

Introduction

Urinary tract infection (UTI) is one of the most common
causes of bacterial infection in children. Various agents are
involved in its cause," although predisposing genetic factor
play each time a larger role. In certain families are UTls,
especially those caused by Escherichia coli (E. coli), more
frequent in members of successive generations.?

Moreover, idiopathic hypercalciuria (IH) and hypocitra-
turia, are the most common cause of kidney stones in both
adult and pediatric patients.® For the same reason, they
are also the most common metabolic anomalies observed in
children who, without having eliminated kidney stones yet,
have genetic predisposition to develop them.*> This situa-
tion, though not specific to the pediatric age, is known as
prelithiasis.® One of the earliest forms of clinical manifes-
tation in children with prelithiasis is in the form of UTI.”8

As both conditions, UTls and prelithiasis, have a genetic
basis, we wanted to know whether the family history of
urolithiasis in relatives is more common in children diag-
nosed with UTIs caused by E. coli. Furthermore, a secondary
objective was to look whether this condition is related with
renal scar and vesicoureteral reflux (VUR). This paper is
unprecedented in the medical literature.

Methods
Participants
Ambispective study with data collected from 104 patients

(40 male, 64 female) from Pediatric Nephrology Outpatients
followed in our hospital after being diagnosed of UTI or

asymptomatic bacteriuria (ABU) by E. coli. UTI was defined
by a positive urine culture with compatible clinical and
complementary tests. The recruitment period was between
November 2014 and February 2015. As control group was
used a cohort publishes before from the same population.®

Procedure

All patients underwent renal and urinary tract ultrasound
after the first UTI. Other complementary studies were per-
formed depending on the individual characteristics of each
patient.

During the clinical interview, every patient was asked
about family history of urolithiasis in first and second degree
relatives.

Vesicoureteral reflux was diagnosed by cistosonography.
Renal scars were detected in renal scintigraphy by dimer-
captosuccinic acid (DMSA). Both test were done following
both hospital and national guidelines.'® "

Calcium, citrate and creatinine concentrations were
determined in an isolated urine sample not fasting (usually
the second in the day). This was possible to perform in 80
patients and calcium/creatinine, citrate/creatinine and cal-
cium/citrate ratios were calculated. The urine sample was
collected at least one month after the last UTI.

Definitions and analytical procedures

Hypercalciuria was defined as the ratio urinary cal-
cium/creatinine was elevated (>0.8mg/mg in under six
months,’> >0.6mg/mg between six and 12 months,"
>0.47 mg/mg between one and two years,"> >0.28 mg/mg
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from two to four years'# and >0.20mg/mg in over four
years'>16),

It was considered hypocitraturia when citrate/creatinine
ratio was less than 180mg/g."” Lithogenic risk was deemed
when calcium/citrate ratio was above 0.33 mg/mg."”

Based on these data it was considered that a child has
prelithiasis when there is hypercalciuria and/or hypocitra-
turia and/or lithogenic risk.

Calcium was measured by photometric assay, creatinine
was determined by the creatininase method (Roche/Hitachi
Cobas ¢ 701/702) and urinary citrate was assessed by the
citrate lyase method (917 Roche/Hitachi; Roche Diagnos-
tics).

Data analysis

Basic statistics and chi-square test with Yates correction
was conducted, when necessary. Parsimonious multivariate
logistic regression models were fitted to identify variables
associated with prelithiasis. p-Values were two-tailed; sta-
tistical significance was considered attained when p <0.05.
Statistical analysis was performed with the SPSS for Windows
version 24 software package.

Ethical aspects

The study was conducted according to the principles of the
Declaration of Helsinki. All of the procedures and protocols
followed during this study meet the ethical, administra-
tive, and data protection requirements imposed by the
Paediatrics Service of our hospital, which are established in
accordance with the law of Spain. All parents gave informed
consent.

Results

The age at diagnosis of the first UTI or ABU was 20.8 + 31.4
months (range 0.1-132.4 months). 54.8% (n=57) of patients
suffered a single pyelonephritis and a further 2.9% (n=3),
several pyelonephritis. A single episode of acute cystitis was
diagnosed in 4.8% (n=5) of patients and 16.3% (n=17) suf-
fered several episodes. 6.7% (n=7) of patients had been
diagnosed with ABU. Lastly, two patients (1.9%) suffered
sepsis of urologic origin and in 13 cases (12.5%) the loca-
tion of the infection in the urine tract could not be properly
determined.

Vesicoureteral reflux (VUR) was diagnosed in 21/53 chil-
dren who underwent a cistosonography. Renal scars were
observed in 26/66 patients who underwent a DMSA.

Hypercalciuria was detected in 10/80 cases (12.5%),
hypocitraturia in 4/80 (5%) and high calcium/citrate ratio
in 28/80 (35%). In total, prelithiasis was found in 38/80
patients (47.5%).

Family history of urolithiasis was established in a total
of 71/104 families (68.3%) [22 of first degree (21.2%), 41 of
second degree (39.4%) and eight in both degrees (7.7%)].

A relationship was observed with prelithiasis in children
with UTI history with a family history of urolithiasis (Table 1)
(Odds ratio: 2.93; 95% Cl: 1.12-7.67; p=0.03). Table 2 shows

Table 1 Association between diagnosis of prelithiasis in
patients with UTI and a family history of urolithiasis (n=380)
(p=0.03).

Family history of Absence of family

urolithiasis history of urolithiasis
Prelithiasis 29 9
Abscence of 22 20

prelithiasis

the risk of prelithiasis in the cases with renal scar that was
5.3 (p=0.033) and 5.2 in the cases with VUR (p=0.034).

Discussion

To confirm the connection between the two entities, we
studied in this paper the frequency of family history of
urolithiasis in a large group of children diagnosed with UTI
caused by E. coli. To avoid difficulties of interpretation, we
discarded children that were diagnosed with UTI caused by
Proteus or other urease-carrying bacteria. In addition, only
children with UTI caused by E. coli were selected because
of the susceptibility factors that have been recently verified
with molecular biology techniques which have been studied
in this type of bacteria.'®'® Patients with ABU were consid-
ered too because it have been described a connection with
UTI either before or after this diagnosis.?*?'

The frequency of family history of urolithiasis in our
series (68.3%) is much higher than previously described by
us in our control population average (28.1%).° In this regard,
as seems reasonable, an association between the presence
of prelithiasis in children with UTI and family history of
urolithiasis was observed (Table 1). Although the use of a
historical cohort can be considered as a methodological lim-
itation, the population in this group is relative homogen due
to insularity.

Two different pathogenic sequences for the relationship
between UTI and nephrolithiasis have been classically recog-
nized. The first is that in which the UTI would be primary and
the stone formation a secondary consequence (infection-
induced stones). In the other is the formation of stones and
UTI two separate entities (infection-associated stones).

Regarding the first option, Hagar and McGrath suggested
in 1925 that urease was involved in the biochemical basis
of the formation of kidney stones in cases of UTI, especially
in those caused by Proteus.”” A year later, James B. Sum-
ner purified and isolated urease. This author demonstrated
that urease was a protein that catalyzes the hydrolysis of
urea.?® His discovery led to being awarded the Nobel Prize
in Chemistry in 1946. Urea lysis induced by urease increases
urinary levels of ammonia, bicarbonate and pH. These chem-
ical changes induce urinary supersaturation and promote
crystallization of struvite and carbonate apatite, resulting
in crystalline genesis. It indicated also that bacteria can
remain within the crystals themselves, which could protect
the organisms from being dragged by the urine and be more
effective in the production of crystals.

Regarding the second option, it has been described that
microcrystals of calcium oxalate monohydrate could dam-
age the epithelial cells of urinary tract, altering their
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Table 2 Variables associated with diagnosis of prelithiasis through in patients with UTI. Binary logistic multivariate regression

models.

Coeff Wald OR 95% Cl p-Value
Renal scarring (presence vs absence) 1.665 4.551 5.286 1.145-24.403 0,033
Vesicoureteral reflux (presence vs absence) 1.567 4.470 5.246 1.129-24.380 0,034
Sex (boy vs girl) —1.416 3.138 76 0.051-1.163 0,076
Intercept —-991 658 2.267 - 132

Note: The category of every dichotomous variable that has been considered as reference is underlined.

protective role in the urinary tract. Thus, these microcrys-
tals could influence the cellular defense mechanisms as they
are attached to urothelial cells and could also be able to
activate processes of crystal growth and retention in the
renal parenchyma, promoting inflammatory processes and
interstitial fibrosis.?* This action would be mediated by gly-
coproteins and cytokines, which influence the resilience of
the urothelial cells® and therefore favor bacterial inva-
sion.

In recent years, there has been a big step in under-
standing a narrower association. This time is not between
UTls and stones but between UTIs and prelithiasis, sug-
gesting the existence of common genetic factors. In the
1960s, Antonio Valverde, Spanish urologist located in Cor-
doba, noted that some children with hypercalciuria had
suffered of UTIs.?>%” In 1987, Cervera et al. reported that
the frequency of UTI in patients with idiopathic hypercalci-
uria was 48.9%.” This association was confirmed in several
subsequent series,®?8-3" which contrasts with the frequency
of UTI in the control population without hypercalciuria, in
which a prevalence was estimated at about 1-2% of boys and
3.5% in girls.*? Similarly and inversely, the frequency series
of hypercalciuria in children with UTIs has been described
between 20%** and 44%.3*

The rate of increase in the urinary excretion of calcium
in our series is not very high. Perhaps it is because many
children were studied at a young age; in many cases, idio-
pathic hypercalciuria is detected after three or four years
of age. In recent times, great importance has been given to
the calcium/citrate ratio; a value of this ratio above 0.33
indicates that the urine is potentially lithogenic, irrespec-
tive of age and the time of collection.'”:3%3¢ The frequency
of prelithiasis rises to almost half of the sample (47.5%) if,
in addition, we include children with high calcium/citrate
and/or hypocitraturia. In our experience we have found
that many children with idiopathic hypercalciuria can nor-
malize the urinary calcium excretion in adolescence and
at the same time reduce the urinary citrate excretion. We
have also observed in the families of some children with
idiopathic hypercalciuria, that parents with urolithiasis pre-
sented hypocitraturia but with a normal urinary excretion of
calcium. It seems as if they were two sides of the same pro-
cess. Also it described that idiopathic hypercalciuria may be
associated with hypocitraturia in the absence of distal renal
tubular acidosis.*’

The relationship between prelithiasis and renal scarring
(Table 2) has not been previously described in the liter-
ature as a serious impact with what is mentioned above.
The explanation for this association is unknown. As stated
before, in recent years there has been a breakthrough in
understanding the cause of UTI from the point of view of

the host, mostly thanks to molecular biology. In regard to
this, mutations and polymorphisms which benefits UTIs have
been described in some genes that encode proteins involved
in innate immunity.2318.1°

These changes would therefore indicate a lower heri-
table and defensive ability against certain Gram negative
bacteria, especially E. coli. It is likely, therefore, that chil-
dren with prelithiasis are somehow carriers of some of these
genetic characteristics which would carry a reduced defense
capability against these bacteria”®2°! and thus a greater
chance of developing renal scars. Further studies to confirm
or deny our findings are necessary.

Still to discuss is the relationship between the diagno-
sis of prelithiasis and the existence of vesicoureteral reflux
(Table 2). In 2003, one of us reported that the prevalence
of hypercalciuria was higher in pediatric patients with vesi-
coureteral reflux than in the general population and that
urolithiasis in these patients with this malformation prob-
ably have a metabolic origin.*® We also described that
hypercalciuria appeared to be inherited as an autosomal
dominant trait, although it seemed to be more likely to
be inherited from the mother.3® Recent publications have
confirmed that the frequency of hypercalciuria is higher in
pediatric patients with vesicoureteral reflux compared to
healthy children, although their families were not studied.?’
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