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Abstract

Urinary tract infections (UTI) are among the most common
infections in children. UTI related morbidity remains high despite the
use of numerous effective antibacterial agents . The sample of this
study was conducted in the pediatric surgery unit at the Maternity and
Children Teaching Hospital , Al-Diwaniya ( Iraq) and from the 1* of
August 2005 to the end of July 2008. All the patients presenting with
UTI to the outpatient clinic or to the surgical ward were investigated
prospectively . The aim of this study was to determine how many
patients had underlying urological abnormalities, the specific type of
abnormality, and the microorganism causing the UTI in the patients
with or without urological anomalies.There were 78 (70.9%) girls and
32 (29%) boys , 19 (17.2%) were between 0-1 year, 68 (61.8%) were at
an age between 1-5 years, and 23 (20.9%) were more than 5 years of
age. Forty seven (42.7%) of these patients had abnormal urological
findings. Of 78 girls, 31 (39.7%) had urological abnormalities.
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Sixteen children had VUR as an only abnormality. The distribution
of abnormalities showed some changes by age and sex. Bacteriuria
(>105 bacteria per milliliter of urine) was found in 44 (40%) of
patients. The most common bacterial agent of urinary infections was
E. coli (61.3%) of total isolates in both sexes, it was the most common
pathogen among all patients (those with urological abnormalities and
those without). There was no difference in the distribution of
microorganisms in patients with and without urological anomalies. The
diagnosis of UTI in young children is important as it is a marker for
urinary tract abnormalities. A child with a suspected UTI should have
a urine culture and colony count performed in order to identify
organisms for confirmation of diagnosis and recommend prompt
treatment to reduce UTI related morbidity and mortality in children.

Introduction

Urinary tract infections (UTI) are among the most common
infections in children. UTI related morbidity remains high despite the
use of numerous effective antibacterial agents [1]. It is important to
follow UTI closely because it may be an indicator of a serious,
underlying urological abnormality requiring early medical
intervention or it may lead to chronic pyelonephritis, which is one of
the major causes of end—stage renal failure in children [1,2]. Studies in
Western countries suggested that it accounted for 5% of febrile
illnesses in young children[3]. It is especially common in infants, female
and the white race[4]. Imaging studies following UTI revealed a high
incidence of abnormalities in the renal tract, with vesicoureteric reflux
(VUR) in 30-50%1 and obstructive uropathies in 1-4%.3 Evidence of
renal parenchymal damage was present in 1.6-15% as seen on
intravenous urography [S] and 59% as seen on 99m
technetiumdimercaptosuccinic acids (DMSA) scans [6] The risk of
renal scarring was positively associated with the severity of VUR and
number of recurrent febrile UTI. Infection may occur at many places
along the genitourinary tract: urethra, bladder, ureter, renal pelvis, or
renal parenchymal3,7] It is assumed that the short urethra in girls
predisposes them to ascending infection, because, for example
Escherichia coli serotypes from bowel flora are the same as those that
infect the urinary tract. However, factors other than the proximity of
gut flora to the short urethra are likely because the female to male
ratio in urinary tract infection varies directly with age [3,8]. Most
infections are due to colonic bacteria and are due to invasion up the
urethra. Of these, E.coli is by far the most commonly isolated
organism, being responsible for approximately 80% of UTIs[9].
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E.coli has recognized virulence factors which aid in the persistence of

bacteria in the urinary tract and induce inflammation. Such factors
include the presence of pili or fimbriae, K antigen in bacterial capsule,
haemolysin and colicin production and the ability to acquire iron
etc[9].Microbiologically, urinary tract infection exists when pathogenic
microorganisms are detected in the urinary tract[10.11]. The infection
is considered significant and requires treatment when more than 105
microorganisms per milliliter of urine are present in a properly
collected specimen[10,11]. Gram-negative bacteria such as E. coli,
Proteus spp., Klebsiella spp., Enterobacter spp., Serratia spp. and
Pseudomonas spp. are usually detected in recurrent infections,
especially in association with stones, obstruction, urologic manipulation
and nosocomial catheter-associated infections[10,12,13] .
The aim of this study was to determine how many patients had
underlying urological abnormalities, the specific type of abnormality,
and the microorganism causing the UTI in the patients with or without
urological anomalies .

Patients and Methods

The sample of this study was conducted in the pediatric surgery unit
at the maternity and Children Teaching Hospital , Al-Qadisiya - Al-
Diwaniya , (Iraq) and from the 1% of August 2005 to the end of July
2008, all the patients presenting with UTI to the outpatient clinic or to
the surgical ward were investigated prospectively . This is a study of
110 children with urinary tract infection (UTI) evaluated for the
prevalence of wurological abnormalities, the specific type of
abnormality, and the microorganism causing the UTI in the patients
with or without urological anomalies. The study enrolled children aged
one day to 15 years, who presented with first proven UTI , inclusion
criteria were dysuria, frequency, urgency, and abdominal flank pain
with or without fever. Patients receiving antibiotic therapy were
excluded from the study. Ultraosonography (US) were performed in
all patients , voiding cystourthrography (VCUG) were performed in 58
pateins ( four weeks after the documentation of negative urine culture
and only if there were abnormal ultrasound findings ) , and
intravenous pylography (IVP) were performed in 76 patients (in case of
abnormal ultrasound findings and because some of the patients had
two or more abnormalities, the findings combined both the upper and
lower abnormalities ) and 8 had computed tomography scans (CT
scan) . There were 78 (70.9%) girls and 32 (29%) boys , 19 (17.2%)
were between 0-1 year, 68 (61.8%) were at an age between 1-5 years,
and 23 (20.9%) were more than 5 years of age. All patients had
complete blood count, renal function tests, erythrocyte sedimentation
rate (ESR), C-reactive protein (CRP), urinalysis, urine culture and
sensitivity .
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Urine samples were taken either by midstream clean catch
technique, catheterization or sticking of a sterile bag according to age
and 4 patients were obtained from nephrostomy specimens . One
hundred and ten urine samples were obtained from patients and
transmitted to microbiology laboratory in about half an hour.

Urine samples were inoculated into the MacConkey and blood agar .

The diagnosis of UTI was based on signs and symptoms of UTI such as
sepsis in the newborn, fever, abdominal flank pain, dysuria, and
urinating frequency and a colony of at least 10° organisms/milliter in a
midstream, clean—voided specimen, 10° or more organisms/milliter in a
catheterized urine or any growth in a nephrostomy aspirated urine
specimen [1].
Patients with nosocomial UTI were excluded. UTI were considered
nosocomial if symptoms occurred and the documenting urine culture
was obtained at least 48 hours after hospital admission or previously
collected urine specimens revealed no evidence of infection. The
medical charts were recorded prospectively, and information regarding
the patient’s age, sex, and race , results of routine urinalyses and
imaging studies , causative microorganisms , frequency of infection ,
and presence of underlying urological abnormalities was obtained and
analyzed . The data were analyzed by Chi-square test or Fisher's exact
test where appropriate. A P value <0.05 was considered significant.

Results
Of the 110 patients, there were 78 (70.9%) girls and 32 (29%) boys ,
19 (17.2%) were between 0-1 year, 68 (61.8%) were at an age between
1-5 years, and 23 (20.9%) were more than 5 years of age (Table-1). All
110 patients had ultrasonographic examinations, 58 also had voiding
cystourethrography (VCUG), and intravenous pylography (IVP) were
performed in 76 patients and 8 had computed tomography scans (CT
scan) . Forty seven (42.7%) of these patients had abnormal urological
findings. Of 78 girls, 31 (39.7%) had urological abnormalities. Of 32
boys, 16 (50%) had urological abnormalities. Because some of the
patients had two or more abnormalities, we categorized the findings as
upper ( kidney and ureter), lower ( bladder and urethra ), combined
abnormalities, and vesicoureteric reflex VUR without other
abnormalities (Table- 2). Urinary tract abnormalities other than VUR
were observed in 21 (44.6%) patients with urological anomalies (Table-
3). These included upper ( 10 of patients had combined abnormalities )
; urolithiasis in 11 (23.4%) (included in others combined anomalies),
pelviureteric-junction obstruction in 6 (12.7%) , duplication 2 (4.2%)
,cystic Kkidney\dysplastic\agenesis 4 (8.5%), horseshoe Kkidney 1
(2.1%), ureterovesical junction obstruction (UVJO) 1 (2.1%) and
ureterocele in 1 (2.1%) .
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The lower anomalies ( 4 of patients had combined anomalies ) ;
neurogenic bladder 3 ( 6.3%) , urolithiasis 4 ( 8.5%) , posterior
urethral valve in 2 (4.2%) , bladder diverticulum 1 (2.1%), and
urethrocele in 1 patient ( 2.1%). Sixteen children had VUR as an only
abnormality. VUR also occurred in 5 children with upper urological
abnormalities, in 3 children with lower urological abnormalities, and in
2 children with multiple abnormalities. Ten girls and 6 boys were
found to have VUR . VUR was bilateral in 4 and unilateral in 12. The
grading of reflux was grade I in 2 , grade Il in 2, grade III in 5, grade
IV in S and grade V in 2 respectively. The distribution of abnormalities
showed some changes by age and sex (Tables- 3 and Table-4).
Regarding the microbiological results ,of the 110 urine cultures taken,
65 were midstream, clean—voided specimens; 32 were catheter
specimens; 7 sticking of a sterile bag and 4 were nephrostomy
specimens. Many types of organisms were isolated , The bacteria
isolates were identified based on colony morphology characteristics,
Gram stain reaction . Bacteriuria (>105 bacteria per milliliter of urine)
was found in 44 (40%) of patients. Of the 78 females examined , 32
(41%) had positive urine culture while 12 (37.5%) of the 32 males had
significant bacteriuria. Ten had infections derived from two organisms.
The most common bacterial agent of urinary infections was E. coli
(61.3%) of total isolates in both sexes , it was the most common
pathogen among all patients (those with urological abnormalities and
those without). Proteus spp. as identified as the causative organism in
21.4% of isolates in boys against 2.2% in girls, which was statistically
significant (P < 0.001). Other etiologic bacteria among all isolates, in
order of frequency were: Klebsiella spp. (8%), Enterobacter spp.
(2.8%), Pseudomonas aeruginosa (2.3%), Staphylococcus suprophyticus
spp. (1.7%) and Salmonella typhi (0.3%)(Table-5). There was no
difference in the distribution of microorganisms in patients with and
without urological anomalies (Table -6, P>0.05).

Table -1: Age and sex distribution of UTI.

Age in year Male Female

0-1 19 (17.2%) 7 (36.8%) 12 (63.1%)
1-5 68 (61.8%) 21 (30.8%) 47 (69.1%)
>5 23 (20.9%) 4 (17.3%) 19 (82.6%)
Total 110 32 (29%) 78 (70.9%)
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Table- 2:Findings as upper, lower, combined abnormalities, and
vesicoureteric reflex VUR without other abnormalities .

Types of urological anomalies * Male Female
Upper - urolithiasis (included in others combined
anomalies) 11 (23.4%) 7 4
-Pelvireteric -junction obstruction 6 (12.7%) 3
- Duplication 2 (4.2%) 2 3
- cystic kidney\dysplastic\agenesis 4 (8.5%) 1 3
- horseshoe kidney 1 (2.1%) 1
- UV junction obstruction 1 (2.1%) 1
- ureterocele I (2.1%) 1
Lower (4of patients had combined anomalies)

- neurogenic bladder 3 (6.3%) 1 2

- urolithiasis 4 (8.5%) 2 1

- posterior urethral valve 2 (4.2%) 2

- bladder diverticulum 1 (2.1%)

- urethrocele 1 (2.1%) 1

1

Total ** 21 (44.6%) P9 (28.1%) of the |12 (15.3%) of the
of the patients with urological anomalies *** | male patients [female patients

*  Some of the patients had two or more abnormalities .

** 10 of patients had combined abnormalities 1 male and 9 female.

**%* YVUR also occurred in 5 children with upper urological abnormalities, in 3
children with lower urological abnormalities, and in 2 children with multiple
abnormalities.

Tables- 3: The distribution of abnormalities ( VUR).

Grade of VUR (N=16)* Boys (N=6) Girls (N=10)

I 2 1 1

11 2 0 2

11 5 2 3

v 5 2 3

\Y 2 1 1

Unilateral 12 5 7

Bilateral 4 1 3

Total 16 (34%) of 6 (18.7%) of the male | 10 (12.8%) of female
urological anomalies patients patients

* VUR also occurred in 5 children with upper urological

abnormalities, in 3 children with lower urological abnormalities, and in
2 children with multiple abnormalities.
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Table-4: Age and sex distribution of UTI and the findings as upper,
lower, combined abnormalities, and vesicoureteric reflex VUR without
other abnormalities.

Age in | No.of Upper Lower VUR | Combined | Total No.& % from

year patients & | anomalies | anomalies anomalies the patients in this
% with VUR age

0-1 19(17.2%) | 5 3 4 5 17 (89.4%)

1-5 68(61.8%) | 4 4 8 4 20 (29.4%)

>5 23(20.9%) | 2 3 4 1 10 (43.4%)

Total 110 11 10 16 10 47 (42.7%) from the

total patients

Table-5:The microorganisms among all isolates, in order of frequency,
percentage and sex distribution .

Bacterial isolate Female & % from | Male & % from | Total & % of total
the total isolate the total isolate | isolate in both sex

E. coli 19 (43.1%) 8 (66.6%) 27 (61.3%)

Proteus spp. 2 (2.2%) 3 (21.4%) 5 (23.6%)

Klebsiella spp. 3 1 4 (8%)

Enterobacter spp. 2 - 2 (2.8%)

Pseudomonas 1 - 1 (2.3%)

aeruginosa

Staphylococcus 1 - 1 (1.7%)

suprophyticus spp.

Salmonella typhi 1 - 1 (0.3%)

Others* - 3 (6.8%)

Total ** 32 (41%) 12 (37.5%)

* QOthers were Shiegella, Trichomonas,and Chlamydia.
** Ten had infections derived from two organisms.

Table -6: The distribution of microorganism between the patients weth
and without urological anomalies.

Types of microorganisms

Patients with urological
anomalies & % from
total isolate

Patients without
urological anomalies &
% from total isolate

E. coli 13 (29.5%) 14 (31.8%)
Proteus spp. 2 (4.5%) 3 (6.8%)
Klebsiella spp. 1 (2.2%) 3 (6.8%)
Enterobacter spp. 1 (2.2%) 1 (2.2%)
Pseudomonas aeruginosa | 1 (2.2%) -
Staphylococcus - 1 (2.2%)
suprophyticus spp.

Salmonella typhi - 1 (2.2%)
Others 1 (2.2%) 2 (4.5%)
Total 19 (43.1%) 25 (56.8%)
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Discussion

Although most children with UTI have an excellent prognosis, there
is a risk of serious sequeale, which should be considered by physicians,
parents and patients. In our study, 89% of our patients were less than S
years of age and females prevailed among the patients with UTI even in
the neonatal period, a finding similar to what was reported in other
studies . Our data showed that children with UTI commonly first
presented in infancy (79% of our cases). This was in agreement with So
and Davies[7] (86% of boys and 60% of girls presenting in the first
year), but differed from the report by Chow et al[14] (only 45.5% in
the first year). Since the inclusion criteria were similar, the difference
may reflect genuine decrease in incidence of UTI in older children
because they have been picked up at an earlier age or because of
improvement in other risk factors such as constipation and poor toilet
habits. In contrast, Hoberman et al reported a female predominance
(276 girls versus 33 boys) in their cohort of children in the USA who
had UTI below 2 years of age[15]. Similar female predominance were
also noted in the metaanalysis by Downs, which showed a prevalence of
3% and 2% in febrile boys below and above 1 year old respectively
while the prevalence was 7% and 8% for febrile girls below and above
1 year old respectively[3]. The results of this study show that about
43% of infants and children with symptomatic UTI had associated
urological anomalies. Associated VUR were also seen in 14% of
patients. These support the idea that nearly all the patients with UTI
need a complete imaging work up. We recommend that ultrasound,
VCUG and scan should be routinely performed on all patients after the
first UTI. DMSA scan unfortunately not available in our hospital . The
percentage of the urological abnormalities in boys is higher than girls
in our study(p>0.05). However, most of the studies in literature
revealed high rates of urological abnormalities in boys than girls
[16,17,18]. Kieley et al [16] evaluated 82 boys and 226 girls with UTI
and found that radiological abnormalities are slightly more common
among in boys (41.5% vs 36.7%) and more severe than in girls. In the
study by Bahna et al [17], 50% of 8 boys and 43.3% of 116 girls with
UTI had urological abnormalities. In the series by Burbige et al [18],
the incidence of anatomical abnormalities was 75% in 83 boys
presenting with first—time UTI.
The prevalence of VUR in children with UTI varies among different
racial groups, being highest in white children with symptomatic UTI.
Studies from the United States, United Kingdom, and Italy show the
highest prevalence of VUR (41%—-63%)[19,20,21] . In our study VUR
was the most common associated abnormality detected in 16 (34%)
patients with urological anomalies of these 10 (12.8%) of the girls and 6
(18.7%) boys.



QMJ. Vol.5 No.7 July 2009

VUR also occurred in 5 children with upper urological
abnormalities, in 3 children with lower urological abnormalities, and in
2 children with multiple abnormalities which form in total 26 (23.6%)
of patients . This was similar to findings reported by Howard et al[22],
which reported the presence of VUR in 39% of symptomatic Chinese
children with UTI. In this study, male patients had a higher frequency
of reflux than females (18.7% vs. 12.8%)(P>0.05). VUR which leads to
stasis and recurrent infection in children, was the most common
abnormality in children with UTI, which is consistent with other
reports from other studies[23,24]. Ureteropelvic junction obstruction is
the most common congenital renal anomaly and ultrasound is the most
sensitive imaging modality for detection of hydronephrosis and
hydroureter[25]. In our series associated abnormality other than VUR
was detected in 21 (44.6%) cases, renal stone 11 (23.4), obstructive
hydronephrosis 6 (12.7%), neurogenic bladder 3 (6.3%), PUV 2 (4.2%)
and ureterocele 1(2.1%) of patients with wurological anomalies
respectively. Ahmadzadeh reported in his series the associated
abnormality other than VUR was detected in 26 (21%) cases, renal
stone (8%), obstructive hydronephrosis (6.3%), neurogenic bladder 3
(2.3%), PUV 3 (2.3%) and ureterocele 1(0.79%) of his 185 patients
managed in this study [26]. Approximately 10% of children are born
with congenital abnormalities of the urinary tract. In addition to VUR,
which is the most common abnormality, these abnormalities include
duplex ureters, uretheral and ureteric obstructions, vesical diverticula,
and calculi. The possibility of urological abnormality should always be
considered in children presenting with UTI. Duplication of the upper
urinary tract is the other most common abnormality in children, and
VUR is the abnormality most commonly associated with duplication.
The possibility of ureteric duplication should always be considered in
children presenting with urinary infection [27,28]. Of 47 children in
our series with urological anomalies, 1 had renal duplication, 1 had
ureteric duplication, and both of the duplications occuring with VUR.
In Williams’ series [29], the incidence of UTI with uretero—pelvic
junction (UPJ) obsturction was 45.8% and was most common in
children younger than 2 years of age. Of 6 children with UPJ
obstruction, 3 were males and 3 were female in our study. Bauer et al
[30] demonstrated that the most common presentation in children with
bladder diverticula was UTI. One of our patients with bladder
diverticula presented with UTI. Prenatal diagnosis may be of benefit to
affected individuals in reducing the morbidity associated with UTI and
renal scarring. Dilatation of the fetal urinary tract is being detected
with increasing frequency on ultrasound imaging in pregnancy. This
dilatation is most often caused by obstructive uropathy or VUR [31]. In
our study, 3 (15.7%) of the 19 of patients less than one year with UTI
had urological anomalies diagnosed by prenatal ultrasonography and
confirmed after birth.
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The organisms infecting the urinary tract in this study were E.coli
(61.3%), Proteus species (23.6%),Klebsiella pneumoniae (8%),
Pseudomonas (2.2%), Staphylococcus (1.7%) in their descending order
of percentages. These results are similar to many latest published
articles[32,33,34]. However, a few studies have indicated a lower
percentage of E.coli infections and a higher infection with Proteus and
Klebsiella species[35-38] On the other hand some have given a higher
percentage of E.coli infection as compared to other organisms[39,40].
This could be explained on the basis of sampling technique and the
gender difference in different studies. There is little dispute that E. coli
is the most common pathogen found in children, In addition to its
prevalence in this study, other studies have shown E. coli to be the most
common infective organism[1]. In our study E. coli was the most
common pathogen among children with or without urological
anomalies. There were no differences in the microorganism patterns in
patients with or without abnormalities(p<0.001). Lomberg et al [41]
suggest that the presence of VUR may predispose children to UTI with
non-E. coli bacteria, and that non—E. coli infections are more common
in children with anatomic or functional defects. In our study, E. coli
was also the most common pathogen in patients with urological
anomalies included VUR .Regarding these results we concluded that
we must propose algorithm that includes non-invasive clinical and
paraclinical Methods of investigation which we think it is optimal for
prevention, early detection of urinary tract infection and the urological
anomalies in children for establishment of the correct and early
diagnosis. We were not surprised to find that the prevalence of
urological anomalies were more common in study group, as many of
our patients had histories of recurrent UTI. Proper investigations
might have not been carried out at the time of their first episode of
UTI. We believe that any child, male or female, in the first decade of
life should have imaging studies with the first urinary tract infection.
This is so important in the child under S years of age . these supports
the idea that nearly all the patients with UTI need a complete imaging
work up. We recommend that ultrasound and VCUG should be
routinely performed on all patients after the first UTI. The diagnosis of
UTI in young children is important as it is a marker for urinary tract
abnormalities. A child with a suspected UTI should have a urine
culture and colony count performed in order to identify organisms for
confirmation of diagnosis and recommend prompt treatment to reduce
UTI related morbidity and mortality in children.
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