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Infecciones del tracto urinario: etiología y susceptibilidades antimicrobianas

Introducción: la infección del tracto urinario (ITU) es una de las enfermedades más prevalentes en la 
práctica clínica. Con el fin de mejorar el tratamiento empírico, se ha estudiado la etiología de las infec-
ciones urinarias en Pediatría y el perfil de sensibilidad antibiótica de los microorganismos responsables.
Material y métodos: estudio transversal, descriptivo y retrospectivo (2020-2021), en el que se incluye-
ron los microorganismos aislados con recuento significativo en muestras de orina de pacientes con ITU. 
Se analizó la etiología global y en función de la edad y el sexo. Se consideró únicamente una muestra 
de orina por paciente y episodio de ITU.
Resultados: Escherichia coli fue el microorganismo más aislado tanto en el conjunto de la población 
(62%) como en cada uno de los grupos analizados según edad y sexo. Su aislamiento en mujeres fue 
significativamente superior que en hombres (χ², p = 0,043). Su sensibilidad fue: 94% a fosfomicina y 
86% a amoxicilina-ácido clavulánico. 
Conclusiones: Escherichia coli continúa siendo el microorganismo más frecuentemente aislado en ITU. 
Por ello, para las ITU bajas, la amoxicilina-clavulánico y la nitrofurantoína podrían ser opciones adecua-
das. Nuestro medio debería recomendar fosfomicina, ya que muestra varias ventajas para su uso, como 
la dosificación una vez al día, bajos efectos secundarios, resultados clínicos y microbiológicos adecua-
dos y poco efecto sobre la microbiota intestinal.

Introduction: urinary tract infection (UTI) is one of the most prevalent diseases in clinical practice. In 
order to improve empirical treatment, the etiology of pediatric urinary tract infections and the antibi-
otic sensitivity profile of the responsible microorganisms have been studied.
Material and methods: cross-sectional, descriptive and retrospective study (2020-2021) in which iso-
lated microorganisms with significant counts in urine samples from patients with UTI were included. 
The global etiology and according to age and sex were analyzed. Only one urine sample per patient and 
UTI episode was considered.
Results: Escherichia coli was the most isolated microorganism both in the population as a whole (62%) 
and in each of the groups analyzed according to age and sex. It was isolated in women significantly 
higher than in men (χ², p=0.043). Their sensitivity was: 94% fosfomycin and 86% amoxicillin-clavulanic 
acid.
Conclusions: Escherichia coli continues to be the most frequently isolated microorganism in UTI. There-
fore, for lower UTIs, amoxicillin-clavulanic acid and nitrofurantoin could be suitable options. Our envi-
ronment should recommend fosfomycin, since it shows several advantages for its use, such as once-
daily dosing, low side effects, adequate clinical and microbiological results, and little effect on the 
intestinal microbiota.
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INTRODUCTION

Urinary tract infections (UTI) are among the most 
frequent bacterial infections in paediatrics, as 
8-10% of girls and 2-3% of boys will have a symp-
tomatic UTI by age 7 years.1 The overall prevalence 
of UTI in children under 2 years is approximately 
5%.2-4 The frequency of recurrence before age 1 
year is nearly 75% in boys, and after the first year 
of life, 40% of girls and 30% of boys have recurrent 
UTIs.5

In most cases, the causative agent is one of the 
bacteria that commonly colonise the perineal re-
gion in girls and the subpreputial space in boys. In 
children aged less than 2 years with UTI, fever is in-
dicative of involvement of the renal parenchyma, 
so the risk of impaired renal function is greater in 
this age group.6,7

The most frequent causative agent of UTI is Es-
cherichia coli, responsible for more than 75% of to-
tal cases and nearly 90% of uncomplicated cases. 
Some reviews show that the proportion of cases 
has decreased to 54-67% as the incidence of other 
causative microorganisms, such as Klebsiella, Pro-
teus, Enterobacter, Citrobacter or Pseudomonas, 
has increased, especially in patients previously 
exposed to antibiotherapy or with genitourinary 
anomalies.8

Timely diagnosis and appropriate treatment of a 
UTI can prevent short-term complications, such as 
severe pyelonephritis or urosepsis, which develop in 
up to 30% of neonates and 20% of infants aged less 
than 3 months.9 In infants and young children, the 
signs and symptoms of UTI are nonspecific. Fever 
without source is usually the sole manifestation at 
onset of renal infection, which poses a challenge to 
early diagnosis and may prompt unnecessary treat-
ment in children who are not at risk.10,11 

The aim of our study was to describe the aetiol-
ogy of UTIs in paediatrics and the antimicrobial 
susceptibility profile of the causative bacteria in 
Department of Health 21, which corresponds to a 
rural area in the southern Mediterranean coast of 
Spain. 

MATERIAL AND METHODS

Study design and setting

We conducted a retrospective cross-sectional and 
descriptive study from January 1, 2020 to Decem-
ber 31, 2021 in which we included all microor-
ganisms isolated with a significant colony count 
from the urine of patients with UTI. The analysis 
included only one urine sample per patient and 
UTI episode. Department of Health 21 offers pae-
diatric care to 27 000 inhabitants. We analysed the 
causative agents of UTI overall, by age group (< 3 
months, 3-6 months, 6-12 months, 12-18 months 
and 18-24 months) and by sex. 

Protocol

Cultures were done by seeding urine in chromoge-
nic medium. Microorganisms were identified based 
on the macroscopic appearance of the colonies 
in chromogenic medium and mass spectrometry. 
Antimicrobial susceptibility was assessed with the 
Kirby-Bauer diffusion method in Mueller-Hinton 
agar. The inclusion of antibiotics, phenotypic tests 
for detection of mechanisms of resistance and the 
interpretation of susceptibility test results adhered 
to the recommendations of the Clinical and Labo-
ratory Standards Institute.12

Data were retrieved from the electronic health re-
cords system (Abucasis, Orion clinic, Gestlab) and 
collected in an electronic form that only the princi-
pal investigator could access, and all personal data 
were omitted. At all times, participants were iden-
tified through codes assigned specifically for the 
study, all of which started with “ITUP” followed by 
3 digits (ITUP 001, ITUP 002…).

Statistical analysis

We conducted a descriptive analysis of all the vari-
ables, calculating absolute frequencies and percent-
ages. We used the chi-square test for categorical var-
iables. The software applications used in the study 
were Excel for the database and the SPSS statistical 
package (version 25.0; IBM Corp., Armonk, NY), and 
results were considered significant if p <0,05.
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Ethical considerations

We sought the approval to perform the study of 
the Ethics and Research Committee of Depart-
ment of Health 21 (file no. PI-2022-015).

The study adhered to the ethical principles for 
medical research in humans established in the 
Declaration of Helsinki at the 18th World Health 
Assembly of June 1964 as the guide to participa-
tion in the study. We also safeguarded confidenti-
ality and the use of patient data adhered to Organ-
ic Law 3/2018, of December 5, on the protection of 
personal data and guarantee of digital rights. The 
study was exempt from informed consent from 
patients, as it was a retrospective epidemiological 
study that used secondary sources of information. 
The data were protected from unwarranted access 
by individuals not involved in the research project 
and therefore were treated as strictly confidential. 
The confidentiality of patients was safeguarded 
throughout the data processing and analysis.

RESULTS

In the period under study, 388 uropathogens were 
isolated. Of this total, 275 (71%) were isolated in 

girls. Figure 1 shows the aetiology of UTIs in the 
study sample.

Table 1 presents the frequency of isolation of the 
most common microorganisms by age and sex. 
The frequency of UTI was higher in girls and de-
creased with age.

E. coli (62%) was the most frequently isolated mi-
croorganism in the total sample, in both sexes 
and in each age group under consideration (Figure 
1 and Table 1). We found significant differences in 
the frequency of isolation based on age and sex, 
ranging from 75% (girls aged less than 3 months) 
and 33.3% (boys aged less than 3 months). Com-
paring the frequency of E. coli isolation based on 
sex and age, we found that the percentage of iso-
lation was significantly higher in girls compared to 
boys (χ², p = 0.043) and that it decreased with age. 
Klebsiella pneumoniae and Proteus mirabilis were 
next in frequency.

In the group aged 0 to 6 months, Enterococcus 
faecalis and Pseudomonas aeruginosa were isolat-
ed more frequently compared to other age groups 
(Table 1). 

Of the total isolates, 1.5% corresponded to Staphy-
lococcus saprophyticus, with a higher proportion in 

Figura 1. Aetiology of urinary tract infection (study period 2020-2021)
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girls (5.8%). Morganella morganii and Citrobacter 
koseri were isolated less frequently in both sexes 
and all age groups.

As regards the antimicrobial susceptibility of the 
most frequently isolated uropathogens, we found 
a broad range in susceptibility in E. coli, from 86% 
of isolates susceptible to amoxicillin-clavulanic 
acid to 94% susceptible to fosfomycin.

Table 2 shows the overall susceptibility rate for 
each antibiotic in 2021, calculated based on the 

frequency of isolation of each microorganism, 
patient age and sex. We found a higher rate of 
susceptibility in isolates from girls compared to 
boys. When it came to the susceptibility of  anti-
biotics chiefly used to treat UTIs, more than 95% 
of isolates in girls were susceptible to fosfomycin 
compared to 92% in boys, while more than 89% of 
isolates in girls and more than 86% in boys were 
susceptible to nitrofurantoin.

Table 1. Urinary tract infections: aetiology and antimicrobial susceptibility. Distribution of uropathogens by 
patient sex and age (study period: 2020-2021)
Boys
Microorganism <3 months

n = 51
Microorganism 3-6 months

n = 20
Microorganism 6-12 months

n = 20
Microorganism 12-18 

months
n = 15

Microorganism 18-24 
months
n = 7

n % n % n % n % n %
Escherichia coli 17 33.3 Escherichia coli 8 40 Escherichia coli 13 65 Escherichia coli 7 46.6 Escherichia coli 3 43
Proteus mirabilis 12 23.5 Klebsiella 

pneumoniae
3 15 Klebsiella 

pneumoniae
2 10 Proteus mirabilis 3 20 Proteus mirabilis 2 28.5

Klebsiella 
pneumoniae

8 15.6 Klebsiella oxytoca 2 10 Proteus mirabilis 1 5 Enterococcus faecalis 2 13.3 Pseudomonas 
aeruginosa

1 14.3

Enterococcus faecalis 4 7.8 Enterococcus faecalis 1 5 Enterococcus faecalis 1 5 Morganella morganii 1 6.6 Klebsiella 
pneumoniae

1 14.3

Pseudomonas 
aeruginosa

2 4 Pseudomonas 
aeruginosa

1 5 Klebsiella oxytoca 1 5

Klebsiella oxytoca 1 2 Proteus mirabilis 1 5 Enterobacter cloacae 1 5
Enterobacter cloacae 1 2 Enterobacter cloacae 1 5
Citrobacter Koseri 1 2 Citrobacter Koseri 1 5
Staphylococcus 
saprophyticus

1 2

Other 
microorganisms**

4 7.8 Other 
microorganisms**

2 10 Other 
microorganisms**

1 5 Other 
microorganisms**

2 13.3

Girls
Microorganism <3 months

n = 196
Microorganism 3-6 months

n = 30
Microorganism 6-12 months

n = 15
Microorganism 12-18 

months
n = 16

Microorganism 18-24 
months
n = 18

n % n % n % n % n %
Escherichia coli 147 75 Escherichia coli 18 60 Escherichia coli 9 60 Escherichia coli 12 75 Escherichia coli 10 55.5
Klebsiella 
pneumoniae

13 6.6 Klebsiella 
pneumoniae

3 10 Klebsiella 
pneumoniae

1 6.6 Proteus mirabilis 2 12.5 Proteus mirabilis 6 33.3

Klebsiella oxytoca 13 6.6 Enterococcus faecalis 3 10 Citrobacter Koseri 1 6.6 Klebsiella 
pneumoniae

1 6.2 Klebsiella 
pneumoniae

2 11.1

Enterococcus faecalis 7 3.4 Pseudomonas 
aeruginosa

1 3.3 Enterococcus faecalis 1 6.6 Morganella morganii 1 6.2

Staphylococcus 
saprophyticus

5 2.5 Proteus mirabilis 1 3.3

Proteus mirabilis 4 2 Staphylococcus 
saprophyticus

1 3.3

Morganella morganii 3 1.4
Enterobacter cloacae 2 1
Pseudomonas 
aeruginosa

1 0.5

Streptococcus 
agalactiae

1 0.5

Other 
microorganisms*

1 0.5 Other 
microorganisms*

3 10 Other 
microorganisms*

3 20

*Other Enterobacteriaceae, other non-fermenting gram-negative bacteria, S. aureus, other gram-positive bacteria, yeasts, etc.
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DISCUSSION 

Our study contributes information on the aetiol-
ogy of paediatric urinary tract infections and the 
antimicrobial susceptibility profile of the causa-
tive pathogens identified in Department of Health 
21, which covers a rural area in the southern Medi-
terranean.

In our area, in agreement with studies conducted 
outside Spain, 13, we found that the most fre-
quent causative agent was  E. coli  (62%), with a 
higher prevalence in female patients, as reported 
by other authors.14 Following E. coli, the second 
leading group of UTI causative bacteria in terms 
of frequency of isolation were other Enterobacte-
riaceae (38%). Other studies have found that the 
frequency of isolation of each species of Entero-
bacteriaceae depends on the study period, popula-
tion, geographic location, patient age, recurrence 
of infection, presence of urinary system pathology 
and/or previous antibiotherapy.12,15 

In agreement with previous studies,16 Proteus mi-
rabilis  was more common in boys than girls. The 
second most frequently isolated pathogen was 

Klebsiella pneumoniae (9%), with a relatively uni-
form distribution both by sex and age group. Ente-
rococcus faecalis was also isolated frequently (4%), 
as reported in the previous literature,17 which 
mentions risk factors associated with the host and 
the use of antibiotherapy.18

Isolation of Staphylococcus saprophyticus (2%) is 
more frequent in girls and varies between series, 
depending on the population under study. Our 
findings were consistent with previous studies 
in that Staphylococcus saprophyticus was a more 
frequent uropathogen in girls.19,20 Therefore, it 
is essential to be aware of Staphylococcus sapro-
phyticus as a possible aetiological agent in girls to 
guide the appropriate selection of empiric antibio-
therapy, as resistance patterns may be different in 
this bacterium.21

The results of our study show that, overall, the pro-
portion of pathogens causing UTI susceptible to 
amoxicillin-clavulanic acid was 86%, a percentage 
that allows its use for empiric treatment. Quinolo-
nes are widely used in patients with acute infec-
tions, complicated or uncomplicated. Despite that 
there are studies confirming that Spain is among 

Table 2. Urinary tract infections: aetiology and antimicrobial susceptibility. Antimicrobial susceptibility (%) 
calculated based on the frequency of isolates by sex and age group (year 2021)
Boys
Antibiotic agent <3 months

n = 51
3-6 months

n = 20
6-12 months

n = 20
12-18 months

n = 15
18-24 months

n = 7
Amoxicillin-clavulanic acid 82.3 75 95 80 71.4
Cefuroxime 76.4 70 90 73.3 71.4
Cefixime 59 60 85 40 57.1
Norfloxacin 51 35 45 40 57.1
Ciprofloxacin 43 35 45 40 51.4
Fosfomycin 94.1 85 100 100 85.7
Nitrofurantoin 88.2 80 100 100 71.4
Girls
Antibiotic agent <3 months

n = 196
3-6 months

n = 30
6-12 months

n = 15
12-18 months

n = 16
18-24 months

n = 18
Amoxicillin-clavulanic acid 90.8 83.3 93.3 100 88.8
Cefuroxime 88.2 76.6 66.6 100 77.7
Cefixime 59.6 66.6 60 62.5 66.6
Norfloxacin 60.2 56.6 53.3 56.2 66.6
Ciprofloxacin 51 70 73.3 25 61.1
Fosfomycin 94.3 96.6 100 100 88.8
Nitrofurantoin 88.2 96.6 86.6 100 83.3
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the European countries with the highest percent-
ages of quinolone-resistant E. coli,22 quinolones 
appear to be at least as effective as cotrimoxazole 
and more effective that some beta-lactam antibi-
otics.23 In our study, the overall percentage of iso-
lates of UTI-causing microorganisms susceptible 
to quinolones was 52%, with evidence of a higher 
activity of second-generation quinolones (norflox-
acin) against gram-negative bacteria, as observed 
in previous studies.24 

The Infectious Diseases Society of America (IDSA) 
guidelines published in 2022 state that empiric 
treatment decisions should be guided by local 
data for the most probable pathogens, the severity 
of illness, the likely source of infection and other 
specific individual factors. It is also important to 
differentiate between bacterial colonization and 
infection, as unnecessary antibiotherapy will only 
promote the development of drug resistance and 
may also cause avoidable harm to the patient as-
sociated with its use.25

When it comes to antibiotic prophylaxis, local an-
timicrobial resistance patterns should be taken 
into account, and the selected agent should be 
the one with the narrowest possible spectrum to 
prevent the development of drug resistance.26 Our 
findings, as do those of other studies, support the 
recommendation of nitrofurantoin as an effective 
treatment for uncomplicated UTIs.27

In contrast with the previously discussed anti-
biotic agents, more than 90% of E. coli isolates 
continued to be susceptible to fosfomycin and ni-
trofurantoin. In agreement with previous studies, 
we consider that these drugs could be very useful 
for empiric treatment of uncomplicated UTI.28 An-
other multicentre study conducted in Spain found 
that the percentage of E. coli isolates susceptible 
to fosfomycin varied from 95.6 to 99.4% in the dif-
ferent autonomous communities of Spain includ-
ed in the study.29 

One possible limitation of the study is its design 
and the recruitment of the sample from a single 
Department of Health. Performance of prospec-
tive studies would be useful. One of the strengths 

of the study is that it includes the annual data on 
community-acquired UTI in a whole Department 
of Health, which are indispensable for delivery of 
up-to-date empiric antibiotherapy, reviewing and 
updating clinical practice guidelines for UTI and as 
the foundation of any antimicrobial stewardship 
programme (ASP). This information is essential 
for adequate treatment of infections and also to 
prevent treatment failure and the development 
of antimicrobial resistance. Local epidemiological 
studies must be carried out at regular intervals to 
update these data and analyse temporal trends in 
the development of antimicrobial resistance.

CONCLUSION

Antimicrobial susceptibility profiles have been 
changing over time, between health care areas 
and even between community settings, so treat-
ment recommendations cannot be universal, but 
must be based on local susceptibility data for the 
most common pathogens. Additional aspects 
should also be considered, such as the efficacy and 
safety of the drug, the cost and duration of treat-
ment, the ease of administration and its potential 
for selection of resistant microorganisms.

In conclusion, E. coli continues to be the organ-
ism isolated most frequently in UTIs, with 90% of 
isolates found susceptible to fosfomycin and 86% 
susceptible to amoxicillin-clavulanic acid. There-
fore, in amoxicillin-clavulanic acid and nitrofuran-
toin could be suitable options for treatment of 
lower tract UTIs. In our region, fosfomycin should 
be recommended, as it offers certain advantages, 
such as a single dose a day, few side effects, ad-
equate clinical and microbiological outcomes and 
a limited impact on the intestinal microbiota.
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