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Prevalence of Urinary Tract Infections in Children and Changes
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Urinary tract infections (UTIs) are the most common bacterial pathologies in children, but they are difficult
to spot. The diagnosis relies on urine culture in order to measure the prevalence of the infection, to identify
the etiology and the sensitivity of the germs to different antibiotics. Escherichia coli (E. coli) strains are the
most common uro-pathogen germs. The change in sensitivity to antibiotic of these uro-pathogen bacteria
should be closely monitored because the physicians should be informed about the evolution of the antibiotic
resistance of E coli, for a more effective treatment in their fight against diseases. The study aimed to
determine the prevalence of UTIs and the evolution of antimicrobial sensitivity for E. coli. This retrospective
study was performed over a period of 4 years, 2013-2016, and included all the patients admitted in the
Children‘s Hospital, aged 0-18 years, with the suspicion of UTIs; also, the standard culture techniques for
urine samples, the modified Kirby-Bauer disk diffusion method for the antibiotic sensitivity testing, and the
disk diffusion method to confirm the ESBL production by the clinical isolates of E. coli in urine were used. The
statistical analysis was performed using the proportions of sensitive, resistant and intermediates. Descriptive
statistics like the total, mean and percentage were performed using the Statistical Package for the Social
Sciences (SPSS), version 15.0 and Microsoft Excel. From 15389 urine cultures processed in 4 years, 1530
were positive (9.9 %). Among these positive urine cultures, 1056 (69 %) were positive for E. coli. Testing the
E. coli to a range of antibiotics, according to CLSI standard, a high resistance to Ampicillin (69-96%),
Amoxicillin/Clavulanic acid (32-70%), Trimethoprim/Sulfamethoxazole (36-42%) was observed and low
levels of resistance to Ceftazidime, Cefuroxime, Cefpodoxime, Gentamycin, Nalidixic acid. Among E. Coli
strains, 9-9.6 % were ESBL positive. Despite the low number of positive urine cultures in a paediatric population,
it is very important to perform the urine culture in order to correctly identify the etiology of UTIs, recommend
the right antibiotic, and avoid the wrong use of the antibiotics in children.
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Urinary tract infection (UTI) is among the most
commonly encountered diseases [1] at all ages;
anatomical changes in the urinary tract may be one of the
causes [2]. In children they are one of the most common
bacterial infections [3-5]. Up to 3-5% of the girls and 1% of
the boys will get at least one urinary infection by the age of
5 [6,7], whereas the recurrence probability of the UTIs in
children with urinary malformations is 40% [6-9].
Sometimes the symptoms of these infections can be difficult
to spot in kids. In infants and young children fever is
sometimes the only symptom. In older children, low urinary
symptoms (dysuria) may be the main symptom of UTI, or
may be associated with cloudy, odorous urine [10,11].

In order to determine the probability of an infection in a
population with a high pre-test probability of infection, urine
culture testing is required [9,12]. To identify the etiology of
infection, first-line diagnosis is based on microbiological
tests together with biochemical parameters, useful in
exploring renal function for the diagnosis of acute, severe
infections [13].

Urine culture is the gold standard for diagnosing UTI:
greater than 50000 CFU (colony forming unit) on a
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catheterized specimen or suprapubic aspiration indicate
presence of a UTI; greater than 100000 CFU on a voided
specimen is considered a positive culture. This laboratory
exam is a very important tool for the correct management
of UTI because the percentage of positive urine cultures
will measure the prevalence of the infection in paediatric
population and will identify the etiology and the sensitivity
of the germs to different antibiotics.

Accurate and timely diagnosis of these infections is
important for determining appropriate treatment and
preventing long-term complications such as renal injury,
hypertension, and end-stage renal disease [14]. Proper and
complete treatment helps complete recovery in most cases
of urinary infections. Children who have had urinary
incontinence are more likely to have recurrent infections
[6]. In order to have a proper diagnosis, we have to take
care of the quality of urine sampling, the correct culturing,
a proper identification of the germs involved and the correct
interpretation of the results, respecting the reference limits,
to obtain valuable information regarding the interpretation
of the results [15-17]. Biochemical parameters are
determined by modern procedures that ensure precise
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Fig.1. Resistance/susceptibility of antibiotics tested on E. coli
in 2013 Fig.2. Resistance/susceptibility of antibiotics tested on E. coli in 2014

dosing/determination method in different pathologies, as
well as in the urinary infectious cases [18-20].

The majority of cases of urinary tract infections are
caused by Gram-negative bacteria [1]. E. Coli has the
highest prevalence, followed by Klebsiella, Proteus,
Enterobacter, Citrobacter, Staphylococcus saprophyticus
and Enterococcus spp. [21].

The clinician needs a quick and accurate result, but the
urine culture result with the identification of the uro-
pathogen and its antibiotic sensitivity comes only after 48
hours, so he has to treat the patient in an empiric way,
according to the statistics. As a consequence of the
incorrect treatment, as well as of antibiotic abuse in
children suspected of having urinary tract infection [22,23],
the antimicrobial resistance became a major public health
problem at global level with very significant consequences
[24-26]. The fight against diseases also includes clinician’s
information on the most common aetiologies and the main
risk factors involved in the disease, in the areas where they
operate, for a more effective therapy [12].

The first objective of the study was to determine the
prevalence of UTIs in the paediatric population, using the
gold standard method, the positive urine culture and also
to acknowledge the variation in time of the sensitivity to
antibiotic for the most common uro-pathogen, the E. coli
strains. Widespread use of antibiotics has led to the
appearance of resistant microorganisms. As the sensitivity
to antibiotic patterns of the microorganisms are frequently
changing, this retrospective analysis was designed to
assess the recent sensitivity to antibiotic pattern of E. coli
in urinary tract infection and to determine the percentage
of multi-resistance E. coli strains in the paediatric
population.

Experimental part
Material and method

This study is a retrospective one on all the patients with
ages between 0-18 years, admitted in the Children‘s
Hospital from Sibiu, Romania, for a period of 4 years (2013-
2016) with the clinical suspicion of UTI, where the
paediatrician asked for a urine culture. The data set
contains information on 15389 clinical data collected in
this period. The laboratory used the standard culture
techniques for urine samples and evaluated the results of
positive urine cultures.

Positive culture in infants and children is defined as a
single pathogen growth in cultures in an amount >105 CFU/
mL. All the urine cultures with two or more uro-pathogenic
growth were excluded from the analysis and reported as
contaminated samples due to incorrect collection
(commonly found in infants and young children). For
quantitative urine cultivation (to confirm the UTI diagnosis)

the urine sample was seeded with 1 µL strain, on a culture
medium (chromogenic medium), incubated at 37oC, for
18-24 h.

Antibiograms were performed in all isolates to determine
the antibiotic sensitivity, using the modified Kirby-Bauer
disk diffusion method, on Mueller-Hinton medium.
Following an incubation at 37oC, for 18-24 h, the diameters
of inhibition zones (IZ) were determined in millimetres.
The antibiotics tested for sensitivity were Ampicillin 10 µg,
Amoxicillin/Clavulanic acid 30 µg, Ceftazidime 10 µg,
Cefuroxime 30 µg, Cefpodoxime 10 µg, Gentamycin 10
µg, Sulfamethoxazole/Trimethoprim 25 µg, and Nalidixic
acid 30 µg.

The CLSI 2017 guide was used to interpret the results
(sensitivity/resistance/intermediates). The diffusion disc
method was used to detect ESBL-producing strains, to
highlight the synergism between amoxicillin/clavulanic
acid/ceftazidime. E. coli being the most common germ in
the UTIs, our research studied its sensitivity/resistance to
antibiotics, depending on the year of testing (2013-2016).

Statistics
Descriptive statistics like the total, mean and percentage

were done by using the Statistical Package for the Social
Sciences (SPSS), version 15.0. For arranging the data,
Microsoft Excel was used.

Results and discussions
From the 15389 urine cultures processed, 1530 positive

cultures (9.9%) were found. Analysing the type of bacteria
identified in the positive urine cultures, E. coli strains were
found in 1056 urine cultures (69%), so most of the
etiological agents of UTIs were E. coli strains. In these
circumstances, E. coli was found to be the most common
bacterial uro-pathogen that caused UTIs in infants and
children, a conclusion revealed by other studies as well
[16]. The rest of positive urine cultures were tested to
determine the sensitivity/resistance to a series of
antibiotics, being positive with other germs.

In 2013, in terms of antibiotic sensitivity/resistance, E.
coli cultures showed (Fig. 1) very high resistance to
Ampicillin (73%), Sulfamethoxazole/ Trimethoprim (42%)
and Amoxicillin/Clavulanic acid (36%), and high levels of
sensitivity to cephalosporins (Ceftazidime 92%,
Cefpodoxime 84%, Cefuroxime 80%), Gentamycin 90% and
Nalidixic acid 85%.

Analysing the antibiotic resistance/ susceptibility in 2014
(Figure 2), we observed a significant increase in Ampicillin
resistance (96%), with a small decrease in Sulfa-
methoxazole/ Trimethoprim (39%) and Amoxicillin/
Clavulanic Acid resistance (32%). The susceptibility for
cephalosporins was about the same: (Ceftazidime 87%,
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Fig.3. Resistance/susceptibility of
antibiotics tested on E. coli in 2015

Fig.4. Resistance/susceptibility of antibiotics tested on E. coli in
2016

Fig.5. E. coli strains, ESBL positive

Cefuroxime 85%, Cefpodoxime 91%), Gentamycin 92% and
Nalidixic Acid 87%.

Analysing the antibiotic resistance/sensitivity in 2015 we
observed a significant decrease in ampicillin resistance
(71%), with a significant increase in Amoxicillin/Clavulanic
Acid resistance (70%) and a small decrease in
Sulfamethoxazole /Trimethoprim resistance (36%). The
sensitivity for cephalosporins was about the same:
Ceftazidime 87%, Cefuroxime 87%, Cefpodoxime 93%
Gentamycin 86% and Nalidixic acid 85% (Figure 3).

In 2016, in terms of antibiotic resistance/sensitivity, E.
coli cultures showed a decrease in Ampicillin resistance
(69%), in Amoxicillin/Clavulanic acid resistance (36%) and
a small increase in Sulfamethoxazole/Trimethoprim
resistance (41%). The sensitivity for cephalosporins
(Ceftazidime 85%, Cefuroxime 87%, Cefpodoxime 92%),
Gentamycin 92% and Nalidixic acid 87% did not change
significantly (Figure 4).

According to our antibiogram results, 9% of E. coli strains
are ESBL positive in 2013, with an increased number in
2014 to 9.6%, with a small decrease (to 9.4%) in 2015, and
with another increase to 9.6% in 2016 (Figure 5), so there
are not considerable changes in the percentages of multi-
resistant E. coli strains during these 4 years.

The data analysis revealed that E. coli strains (ESBL
positive) were sensitive to Gentamycin and Nalidixic acid.
The resistance/sensibility of E. coli strains during these 4
years was analysed (Table 1) and the very high sensitivity
(above 80%) for cephalosporins, Gentamycin, and Nalidixic
acid was noticed.

The lowest susceptibility was observed for Ampicillin
(between 25% and 31%), with a very low value in 2014
(4%). For Amoxicillin/ Clavulanic acid, the susceptibility
varies between 54% and 64%, so about half of the E. coli
are susceptible/resistant to this antibiotic. For
Sulfamethoxazole /Trimethoprim more than half of E. coli
strains are sensitive (between 58% and 64%) (Figure 6).

Usually, urinary infections should be targeted treated by
administering an antibiotic to which the infectious germ is
sensitive, as evidenced by urocultures and antibiograms.
In the case of general condition being altered - fever, chills,
etc. (urinary sepsis), broad-spectrum antibiotic treatment
is started, until uroculture results are obtained, after which
the antibiotic is changed according to the antibiogram.
During this period, patients receive hydro-electrolytic and
haemodynamic rebalancing treatment. After treatment and
restoration of the patient’s well-being, if the infection recurs
(after its apparent cure), with the alteration of the general
condition, a favourable cause of the urinary tract infection
should be considered. In such situations, the doctor
recommends an investigational protocol specific to the
type of symptomatology. For example, in the case of
vesical-ureteral reflux, retrograde and micturition
cystography (exploration of choice for the diagnosis of
vesical-ureteral reflux); urinal echography (in the case of a
possible congenital megaureter); urography (in the
diagnosis of a possible pyelo-ureteral junction syndrome
or congenital ureteral valves); renal scintigraphy (shows
renal function and should be done in case of an allergy to
iodinated contrast substance or to support the indication
of nephrectomy, where urography does not indicate this)
etc. may be performed (Figures 7-9).

Some studies have shown that the antibiotics used in
UTIs treatment have as side effects the destruction of
normal flora and the increase of micro-organisms
resistance to certain antibiotics, these effects becoming a
global problem [27,28]. In order to restore the intestinal
flora [29-31] and to increase the resistance of the organism
to UTIs, it is necessary to administer probiotics and
antioxidants (as ascorbic acid) during or after the antibiotic
treatment [32-34], this being proved a beneficial and
effective solution in the prophylaxis and treatment of UTI
[27,28]. The literature mentions that probiotics,
administered as monotherapy during the UTIs, without an
antibiotic, did not have significant benefits on prevention
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Table 1
ANTIBIOTIC RESISTANCE PROFILES OF CLINICAL ISOLATES BETWEEN YEARS 2013-2016

Fig.6. Resistance/susceptibility/
intermediate of tested E. coli

strains to antibiotics (R:
Resistance; S: Susceptibility;

I: Intermediate)

Fig. 9. Ultrasound of the urinary system
(a.transverse and b.sagittal)

Fig.7. Retrograde
and/or micturition

cystography
Fig.8. Kidney scintigraphy

or recurrence of UTIs [27,28]. Numerous experimental
studies have also shown the nephrotoxicity of some of the
antibiotics chosen in UTIs treatment, as well as the
protective effects of vitamins (E, C) in combination with
certain substances (ceftriaxone, allicin, etc.) [35-37].

Conclusions
UTIs are not very common diseases among children

(only 9.9% of the tested urines were positive). The large
number of negative uro-cultures is explained by the fact
that paediatricians are asking for uro-culture to evaluate
febrile syndrome, a frequent entity in paediatric pathology.
Similar to other studies in the literature, our results obtained
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on the aetiology of UTI revealed that E. coli was the most
frequently isolated bacterium. The isolated strains had good
sensitivity to Nalidixic acid and Gentamicin. As well, E. coli
has been shown to have high resistance against commonly
used antibiotics such as Ampicillin, Amoxicillin and
Trimethoprim/Sulfamethoxazole. Therefore, it is essential
to determine the etiologic pathogens that cause UTI and
subsequently determine their sensitivity to antibiotics to
help physicians determine the most appropriate choice of
antibiotic treatment.
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