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Purpose: Urinary tract infection (UTI) is a frequent disorder of childhood, caused mainly by 
Gram negative Enterobacterales. The aim of this study is to evaluate etiology and anti-
microbial susceptibility patterns of bacterial isolates in urine cultures of children under the 
age of 6 and to analyze the relationship between previous hospitalization or antibiotic 
prescriptions and antimicrobial resistance rates.
Patients and Methods: A retrospective study on positive urine cultures from 13 public 
laboratories in Tuscany, Italy was conducted. Data were obtained by reviewing records of the 
“Microbiological and Antibiotic-Resistance Surveillance System” (SMART) in Tuscany, 
Italy. A total of 2944 positive urine cultures were collected from 2445 children.
Results: Escherichia coli represented the majority of isolates (54,2%), followed by 
Enterococcus faecalis (12,3%), Proteus mirabilis (10,3%) and Klebsiella pneumoniae 
(6,6%). Isolated uropathogens showed high resistance rates to amoxicillin-clavulanate 
(>25%), particularly in children under one year of age or hospitalized within the 12 months 
before the sample collection. High susceptibility rates were reported of aminoglycosides, 
cephalosporins and quinolones (>90%). Previous antibiotic prescriptions by general pedia-
tricians did not increase resistance rates.
Conclusion: Our results show a rate of amoxicillin-clavulanate resistance of 25%. Higher 
resistance rates were reported in children under one year of age and with previous hospita-
lization. Hence, amoxicillin-clavulanate should be used carefully in young children and those 
with severe symptoms.
Keywords: urinary tract infections, infant, antimicrobial resistance, antibiotic therapy

Introduction
Urinary tract infections (UTIs) are one of the most common infections in children, 
caused in the majority of cases by Gram negative bacteria with Escherichia coli as the 
most common isolated pathogen.1,2 The gold standard for diagnosis is represented by 
urinary culture, which, however, presents several difficulties especially in young 
children and takes time to obtain results.3 In case of clinical suspicion and with the 
help of rapid urinary tests (urine dipstick) and urine microscopy, it is recommended to 
start, as quickly as possible, an empirical antibiotic therapy based on the age of the 
child, the clinical presentation and local epidemiology.3–5 It is therefore pivotal to 
establish local patterns of antibiotic resistance to guide the choice of the empirical 
antibiotic therapy.3,6,7 In fact, a strong correlation between the use of antibiotics and 
the development of antibiotic resistance has been clearly demonstrated.8–10 In 
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addition, the need to modify empirical treatment as quickly 
as possible has been recognized as one of the key elements 
of antimicrobial stewardship programs.11

The main aim of the present study was to evaluate the 
epidemiology of isolated pathogens from urine culture in 
children aged 0 to 6 years both in hospital and in commu-
nity settings in Tuscany, Italy. The role of risk factors, 
such as previous hospitalization or previous antibiotic 
prescriptions (six months beforehand) on antibiotic- 
sensitivity patterns was also evaluated.

Patients and Methods
Urine cultures from outpatients and hospitalized children 
aged 0 to 6 years collected in the years 2017 and 2018 in 
Tuscany were evaluated retrospectively.

Data were obtained by reviewing records of the 
“Microbiological and Antibiotic-Resistance Surveillance 
System” (SMART) in Tuscany, Italy. The system contains 
information regarding isolated pathogens and sensitivity 
tests from blood, liquor and urine culture from 13 public 
laboratories in Tuscany.

Urine cultures replicated within 28 days were 
excluded.

The following data were collected according to the 
European Antimicrobial Resistance Surveillance Network 
(EARS-net) criteria: demographic characteristics (age, 
sex), isolated pathogens, antimicrobial susceptibility 
tests, data regarding hospital admissions (at the time of 
sample collection, four days before or after sample collec-
tion, one year before sample collection), antimicrobial 
prescriptions by the general pediatrician six months before 
the sample collection.12

Data on hospitalization and antibiotic use were 
obtained from Hospital Discharge Abstract.

To define children treated with antibiotics, the 
Anatomical Therapeutic Chemical classification system 
was used (J01, antibacterials for systemic use). Data 
regarding antibiotic consumption in Tuscany included: 
drugs supplied by both private and public pharmacies, 
molecules dispensed under medical prescription and phar-
maceutical services provided directly by public structures. 
At least one prescription of these drugs in the period 
between 0 and 180 days prior to the urine culture collec-
tion was included in the analysis.

This study was conducted in accordance with the 
Helsinki Declaration.

According to Italian legislation (legislative decree 211/ 
2003) and regional procedures, the study does not need 

ethics approval as it is a purely observational study on 
routine collected anonymous data. Moreover, informed 
consent to participate in the study is not required since 
data were obtained by an anonymous regional surveillance 
system. Furthermore, because this was an observational 
retrospective study, patients had already been treated 
when the study protocol was written; therefore, it could 
not have modified their life-trajectories or care pathways 
in any way.

Antimicrobial prescriptions by the general pediatrician 
in the last six months (in non-hospitalized children) before 
the sample collection and hospital admissions in the year 
before were considered as risk factors for the development 
of UTIs caused by a resistant pathogen.

Children were classified in three categories:
- Those hospitalized during the last year before urine 

culture collection (difference between data of collection of 
the urine sample and data of hospital discharge between 0 
and 365 days)

- Those with antibiotic prescriptions in the six months 
before urine culture collection

- Those without hospitalization history or antibiotic 
prescriptions

Statistical analysis was performed using STATA (ver-
sion 14.0). The χ-square test and Fisher test were per-
formed when appropriate.

Results
Overall, 2944 positive urine cultures were evaluated in 
2445 children. One thousand three hundred and sixteen 
(54%) were female. The median age of enrolled children 
was 13 months (Interquartile range [IQR]: 4–34 months). 
Children under one year of age accounted for the highest 
proportion of positive urine cultures (1184 patients, 48%).

A statistically significant difference in sex distribution 
regarding positive urine cultures was observed (p <0.001). 
In particular, regarding children under one year of age, 
positive urine cultures were detected more frequently in 
males (658, 55%), whereas the highest proportion was 
observed in females (790/1261, 62.5%) in older children.

About 10% of children (258/2445) were hospitalized in 
the year before the urine sample collection, with 39% of 
patients under one year of age. In 34.3% of non- 
hospitalized children (751/2187) at least one course of 
antibiotic therapy in the 6 months before the collection 
of the urinary sample was prescribed.

Age and sex distribution in children with/without risk 
factors for UTIs is reported in Table 1.
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Hospitalized children at the time of urine culture, four days 
before or four days after the sample collection, were most 
commonly under one year of age (340/1184 vs 121/1261, 
p<0.001).

Urine Culture results
During the study period, 3247 microorganisms were isolated in 
2944 urine cultures. Of those, 498 (15.3%) were isolated in 
children with a history of hospitalization in the previous year. 
Regarding patients who had never been hospitalized, 1017 
microorganisms (31.3%) were isolated in children who 
received antibiotic therapy in the previous 6 months and 
1732 (53.3%) in patients with no history of previous antibiotic 
prescriptions.

Isolated Pathogens
The most frequently isolated microorganism was E. coli with 
1759/3247 total cases (54.2%), followed by Enterococcus 

faecalis (400/3247,12.3%), Proteus mirabilis (336/3247, 
10.3%) and Klebsiella pneumoniae (214/3247, 6.6%)

Pathogen distribution according to age groups was 
reported and risk factors were reported in Tables 2 and 3.

P. mirabilis and P. aeruginosa were isolated more fre-
quently in children with previous hospitalization in the 
last year or an antibiotic prescription in the last 6 months 
(p <0.001 and p = 0, 006, respectively). On the contrary, 
isolation of K. pneumoniae was more frequent in children 
without risk factors (p<0.001).

Antibiotic Resistance Patterns and 
Antimicrobial Susceptibility Tests
Resistance patterns of isolated pathogens in urine cultures 
to the main classes of antibiotics are reported in Table 3. 
Isolated microorganisms in urine cultures of children 
under one year of age were more resistant (p <0.001 for 
aminoglycosides, cephalosporins and quinolones, p = 
0.002 for amoxicillin-clavulanic acid) (Table 4).

Resistance patterns of isolated microorganisms in rela-
tion to previous hospitalization in the year preceding urine 
culture are reported in Table 4. In previously hospitalized 
children, a higher percentage of resistant strains to cepha-
losporins (p = 0.009), amoxicillin-clavulanic acid (p = 
0.02) and quinolones (p = 0.005) was reported.

Table 1 Age and Sex Distribution of Enrolled Children 
According to Different Categories (Hospitalized Children and 
Outpatients) and Risk Factors

Age Groups Sex

< 1 
Year 
n= 

1184

≥ 1 
Year 

n=1261

Female 
n=1316

Male 
n=1129

Hospital admission in the 

previous year 

n (%)

100 

(8.4)

158 

(12.5)

145 

(11.0)

113 

(10.0)

Antibiotic prescription in 

the previous six months 
n (%)

173 

(14.6)

578 

(45.8)

312 

(23.7)

439 

(38.8)

No previous hospital 
admission or antibiotic 

prescription 

n (%)

911 
(76.9)

525 
(41.6)

672 
(51.0)

764 
(67.7)

Outpatients 

(n, %)

844 

(71.3)

1140 

(90.4)

891 

(67.7)

1093 

(96.8)

Hospitalized 

(n, %)

267 

(22.5)

103 

(8.2)

185 

(14.0)

185 

(16.4)

Hospitalized in the four 

previous days 
(n, %)

66 

(5.6)

17 

(1.3)

47 

(3.6)

36 

(3.2)

Hospitalized in the 
following four days 

(n, %)

7 
(0.6)

1 
(0.08)

6 
(0.4)

2 
(0.2)

Abbreviation: UTI, urinary tract infection. Table 2 Isolated Pathogens According to Age Groups

< 1 Year 
n=1585 
(n, %)

≥1 Year 
n=1662 
(n, %)

P

Escherichia coli 872 (55.0) 887 (53.4) 0.3
Proteus mirabilis 45 (2.8) 291 (17.5) < 0.001
Klebsliella pneumoniae 149 (9.4) 64 (3.8) < 0.001
Other Enterobacteriaceae* 199 (12.5) 96 (5.8) < 0.001
Pseudomonas aeruginosa 31 (1.9) 57 (3.4) 0.009
Enterococcus faecalis 213 (13.4) 187 (11.2) 0.06

Enterococcus faecium 24 (1.5) 6 (0.4) < 0.001
CONS 14 (0.9) 29 (1.7) 0.04
Staphylococcus aureus 12 (0.8) 6 (0.4) 0.13

Streptococcus agalactiae 6 (0.4) 3 (0.2) 0.46
Acinetobacter spp. 1 (0.1) 2 (0.1) >0.99

Candida spp. 1 (0.1) 0 (0.0) >0.99

Other§ 18 (1.1) 34 (2.1) 0.04

Notes: *Klebsiella oxytoca, Enterobacter cloacae, Morganella morganii, Citrobacter 
koseri, Citrobacter freundii, Enterobacter aerogenes, Pantoea agglomerans, Serratia mar-
cescens, Serratia liquefaciens, Raoultella ornithinolytica; §Streptococcus salivarius, 
Streptococcus sanguinis, Streptococcus mitis, Aeromonas sobria, Micrococcus luteus, 
Pseudomonas putida; Bold, significant (< 0.05). 
Abbreviation: CONS, coagulase negative staphylococci.
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Higher resistance rates were detected in children with 
no history of hospitalization in the previous year or with 
an antibiotic prescription in the previous 6 months for 
aminoglycosides (p = 0.003), cephalosporins (p <0.001) 
and quinolones (p = 0.05). On the contrary, no statistically 
significant differences were reported for amoxicillin- 
clavulanic acid (Table 4).

E. coli showed a good susceptibility profile to cepha-
losporins and aminoglycosides (>90%). On the other hand, 
the percentages of resistance rates to ampicillin and amox-
icillin-clavulanic acid were high (above 40 and 20% 
respectively) (Figure 1).

E. faecalis, the second most frequently isolated microor-
ganism, was largely sensitive to antibiotics for which its 
resistance profile was evaluated, with percentages >95% 
(Figure 1).

P. mirabilis showed sensitivity to amoxicillin-clavulanic 
acid, cephalosporins and to aminoglycosides in more than 
90% of cases but higher resistance rates were reported for 
ampicillin and co-trimoxazole (>20%) (Figure 1).

K. pneumoniae exhibited resistance rates >20% against 
amoxicillin-clavulanic acid, piperacillin-tazobactam, gen-
tamicin and levofloxacin. Sensitivity to cephalosporins 
was >90% (Figure 1).

Discussion
Although the diagnosis of UTI is based on the microbio-
logical confirmation obtained through urine culture, the 

recommendation to start early empirical antibiotic treat-
ment in suspected cases is widely accepted, in order to 
avoid potential complications, especially in younger 
children.3,6,7 Therefore, the knowledge of local epidemiol-
ogy and susceptibility patterns of pathogens as a guide for 
empirical antibiotic choice is pivotal for correct manage-
ment of UTIs in children.

Recently published Italian guidelines suggested as first- 
line oral treatment amoxicillin-clavulanic acid followed by 
III generation cephalosporins (cefixime and ceftibuten).7 

The American Academy of Pediatrics (AAP) guidelines 
also reported the use of amoxicillin-clavulanic acid, cepha-
losporins of I (cefalexin), II (cefprozil and cefuroxime 
axetil) and III generation (cefixime and cefpodoxime) 
and of cotrimoxazole as first-line suggested treatments.3 

In addition, the English National Institute for Health and 
Care Excellence guidelines suggested the use of oral 
cefalexin as first treatment option. The use of amoxicillin- 
clavulanic acid was reserved to situations in which sensi-
tivity was demonstrated by urine culture.6

In case of intravenous treatment, both Italian and 
English guidelines, suggested the use of amoxicillin- 
clavulanic acid or ampicillin-sulbactam and, as alternative 
treatment, third-generation cephalosporins (cefotaxime or 
ceftriaxone) or aminoglycosides.6,7 The AAP recom-
mended the use of piperacillin, third-generation cephalos-
porins (ceftriaxone, cefotaxime or ceftazidime) or 
aminoglycosides.3 The use of fluoroquinolones remains 

Table 3 Pathogen Distribution in Children with and without Risk Factors

Risk Factors No Risk Factors Total (n, %)

Hospital 
Admission (n, %)

Antibiotic 
Prescription (n, %)

No Hospital Admission, No Antibiotic 
Prescription (n, %)

E. coli 243 (48.8%) 563 (55.4%) 953 (55.0%) 1759 (54.2%)
E. faecalis 65 (13.1%) 124 (12.2%) 211 (12.2%) 400 (12.3%)

P. mirabilis 46 (9.2%) 158 (15.5%) 132 (7.6%) 336 (10.3%)

Other Enterobacteriaceae 58(11.6%) 72 (7.1%) 165 (9.5%) 295 (9.1%)
K.pneumoniae 35 (7.0%) 40 (3.9%) 138 (8.0%) 213 (6.6%)

P.aeruginosa 27 (5.4%) 27 (2.7%) 34 (2.0%) 88 (2.7%)

Other 8 (1.6%) 12 (1.2%) 32 (1.8%) 52 (1.6%)
CONS 5 (1.0%) 11 (1.1%) 27 (1.6%) 43 (1.3%)

E.faecium 8 (1.6%) 2 (0.2%) 4 (1.2%) 30 (0.9%)

S.aureus 0 (0.0%) 4 (0.4%) 14 (0.8%) 18 (0.6%)
S. agalactiae 3 (0.6%) 3 (0.3%) 3 (0.2%) 9 (0.3%)

Acinetobacter spp. 0 (0.0%) 1 (0.1%) 2 (0.1%) 3 (0.1%)

Candida spp. 0 (0.0%) 0 (0.0%) 1 (0.1%) 1 (0.0%)

Total 498 (100%) 1017 (100%) 1732 (100%) 3247 (100%)

Abbreviation: CONS, coagulase negative staphylococci.

https://doi.org/10.2147/IDR.S293279                                                                                                                                                                                                                                   

DovePress                                                                                                                                                      

Infection and Drug Resistance 2021:14 2344

Montagnani et al                                                                                                                                                     Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


controversial and should be reserved to selected cases 
based on pathogen resistance patterns.7

Our retrospective study describes the susceptibility 
patterns of microorganisms isolated from urine cultures 
obtained from children in Tuscany in the years 2017– 
2018. Eighty-five percent of the enrolled children were 
not hospitalized at the time of sample collection. The 
most frequently isolated pathogens were E. coli (54.2%), 
followed by E. faecalis (12.3%) and P. mirabilis (10.3%). 
Resistance rates to amoxicillin-clavulanic acid in our set-
ting was high (>25%), particularly in children under 
one year of age compared to the older ones (27,9% vs 
23.4%, p=0.002) and with a history of hospitalization in 
the previous year (29,7% vs 25%, p=0.02).

These results were in line with a study published in 
2016 by Calzi et al, in which the percentages of resistance 
rates for E. coli and other Enterobacterales to amoxicillin- 
clavulanic acid were over 30% (35.6 and 39.3% 
respectively).13 A greater susceptibility to amoxicillin- 
clavulanic acid however was found in children under 
one year (26.1% of resistance compared to 32.4% in 
patients aged ≥1 year).13

Based on antibiotic resistance patterns reported by 
Calzi et al and confirmed by our study, the choice of use 
of amoxicillin-clavulanic acid or ampicillin-sulbactam as 
empirical first-line treatment should be carefully evalu-
ated, above all in children under one year of age, and 
limited to patients in good clinical conditions.13

Cephalosporins showed acceptable values of suscept-
ibility rates (91%), representing a valid therapeutic option. 
A similar sensitivity pattern was reported in the study 
conducted by Calzi et al, with a resistance of E. coli to 
cefuroxime of about 11%. Aminoglycosides also showed 
a good susceptibility profile (93%).13 However, based on 
the nephrotoxicity of this category of drugs, they should be 
used with caution.14–17 A retrospective study conducted in 
2011 showed that a percentage ranging from 20 to 30% of 
children receiving an aminoglycoside (amikacin, netilmi-
cin and streptomycin) for more than 5 days developed 
acute kidney injury.15,16 Furthermore, in case of UTIs 
caused by P. aeruginosa, monotherapy with aminoglyco-
sides was associated with an increased risk of resistance.17

In addition, in our study the highest percentages of 
resistance rates were reported in children under one year 
of age. This may be associated with peripartum exposure 
to maternal antibiotics, which increases the risk of resis-
tant rods in the newborn.18,19 In fact, a significant increase 
in E. coli’s resistance rates to amoxicillin in newborns with Ta
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a history of maternal antibiotic treatment was reported 
(81.8% compared to 35.5%, respectively).18,19 

Furthermore, the increased resistance rates in children 
under one year of age could be related to the acquisition 
of nosocomial microorganisms at the time of birth.18,19

Moreover, high resistance rates to amoxicillin- 
clavulanic acid found in our study could also be related 
to the wide use of amoxicillin-clavulanic acid compared to 
other Italian regions (amoxicillin/amoxicillin clavulanic 
acid ratio of 0.2, compared to the national average of 
0.3), particularly in central and northern Italy (ratio 
0.5).20,21 A more rational use of amoxicillin-clavulanic 
acid for respiratory infections (pharyngotonsillitis, otitis 
and pneumonia) could lead to a decrease in resistance 
rates of Enterobacterales, as already reported for 
Streptococcus pyogenes to macrolides.22–24

Notably, isolated pathogens in children with a history 
of hospitalization in the previous year had a greater 

resistance to amoxicillin-clavulanic acid, cephalosporins 
and fluoroquinolones compared to non-hospitalized chil-
dren (0.002, 0.009 and 0.005, respectively). Several stu-
dies showed a relationship between recent hospitalizations 
and the selection of multidrug resistant (MDR) 
microorganisms.25 Recent hospitalizations (1–3 months 
beforehand) were reported to be independent risk factors 
for the development of UTIs caused by strains producing 
extended-spectrum beta-lactamase.26–28 In a French study 
published in 2016, an association between hospitalization 
in the previous 6 months and selection of strains of E. coli 
ST131, a group of MDR clones resistant to cephalosporins 
and fluoroquinolones, was reported.29

An evaluation of antibiotic resistance profiles was also 
performed in relation to the presence of risk factors (hos-
pitalization in the previous 12 months or previous antibio-
tic prescriptions by the general pediatrician in the 6 
months beforehand). In children without risk factors, 

Figure 1 Antimicrobial susceptibility patterns of the most common isolated pathogens. 
Abbreviations: S, susceptible; I, intermediate; R, resistant.
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resistance rates were significantly higher for aminoglyco-
sides, cephalosporins and quinolones. On the other hand, 
no statistically significant differences were reported for 
amoxicillin-clavulanic acid. A recent antibiotic prescrip-
tion therefore was not associated with an increased risk of 
resistance rates.

This finding is in contrast to what emerged from pre-
vious published studies, in which a correlation between 
recent exposure to antibiotics and an increase in resistance 
rates of uropathogens was reported.9,26,30

Our study presents several limitations. Only antibiotics 
prescribed by general pediatricians were evaluated, whereas 
prescriptions in hospital settings and self-administered drugs 
by parents were not included in the analysis. Data regarding 
the real prescribed antibiotic consumption was unknown. In 
addition, only urine culture results were available without 
clinical correlation (ie urine analysis, symptoms), without 
information regarding sample collection (and possible con-
taminations) and regarding bacterial load. A crude analysis 
of positive urine cultures and antibiotic resistance patterns 
was carried out without clinical correlations.

Further studies on this topic are needed to evaluate the 
correlation between recent exposure to antibiotics and 
antibiotic resistance patterns in the pediatric population. 
However, in the light of rational use of antibiotics, the use 
of broad-spectrum antibiotics should be avoided if not 
indicated by clinical presentation and local epidemiology.

Conclusion
A high rate of resistance to amoxicillin-clavulanic acid in 
microorganisms isolated from urine cultures in children, 
especially in the first year of life and with a history of 
hospitalization in the previous year emerged from our 
study. On the contrary, cephalosporins showed an accep-
table susceptibility profile. This data is fundamental for the 
choice of an empirical therapy of UTIs, especially in 
critically ill patients and infants.

An accurate knowledge of local epidemiology should 
be the basis for empirical therapy choices. A more judi-
cious use of antibiotics, especially regarding the use of 
broad-spectrum molecules in infection typically caused by 
sensitive pathogens, is pivotal in order to reduce the spread 
of MDR microorganisms.

Abbreviations
AAP, American Academy of Pediatrics; IQR, interquartile 
range; MDR, multidrug resistant; UTIs, urinary tract 
infections.
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