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Abstract

Background: To improve the management of childhood urinary tract infections, it is essential to understand the
incidence rates, testing and treatment strategy.

Methods: A retrospective study using data from 45 to 104 general practices (2000 to 2020) in Flanders (Belgium).
We calculated the incidence rates (per 1000 person-years) of cystitis, pyelonephritis, and lab-based urine tests per age
(<2,2-4,5-9 and 10-18years)) and gender in children and performed an autoregressive time-series analysis and sea-
sonality analysis. In children with UTI, we calculated the number of lab-based urine tests and antibiotic prescriptions
per person-year and performed an autoregressive time-series analysis.

Results: There was a statistically significant increase in the number of UTI episodes from 2000 to 2020 in each age
group (p <0.05), except in boys 2-4years. Overall, the change in incidence rate was low. In 2020, the incidence rates
of cystitis were highest in girls 2-4 years old (40.3 /1000 person-years 95%Cl 34.5-46.7) and lowest in boys 10-18 (2.6
/1000 person-years 95%Cl 1.8-3.6) The incidence rates of pyelonephritis were highest in girls 2-4 years (5.5, 95%Cl
3.5-8.1 /1000 person-years) and children <2 years of age (boys: 5.4, 95%Cl 3.1-8.8 and girls: 4.9, 95%Cl| 2.7-8.8 /1000
person-years). In children 2-10years, there was an increase in number of lab-based urine tests per cystitis episode per
year and a decrease in total number of electronic antibiotic prescriptions per cystitis episode per year, from 2000 to
2020. In children with cystitis < 10years in 2020, 51% (95%Cl 47-56%) received an electronic antibiotic prescription, of
which the majority were broad-spectrum agents.

Conclusions: Over the last 21 years, there was a slight increase in the number of UTI episodes diagnosed in chil-
dren in Flemish general practices, although the overall change was low. More targeted antibiotic therapy for cystitis
in accordance with clinical guidelines is necessary to reduce the use of broad-spectrum agents in children below
10vyears.
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Urinalysis, Anti-bacterial agents

Introduction
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assessment of the risk of UTI and prompt antibiotic
treatment is recommended in several guidelines [2, 3].
Early diagnosis is challenging in primary care, because
clinical signs and symptoms of UTI are nonspecific in
children [4]. The urine dipstick test can help to assess the
risk of UTT at the point-of-care. However, to confirm the
presence of UTI in children, laboratory-based urine cul-
ture is generally required [2, 3].

There is limited data on the primary care-based diag-
nostic approach for UTI in children. Available numbers
on the incidence rates of UTIs in children are based
on either hospital data [5-9], or datasets of more than
20years old [10-13]. More recent information on the
number and time-trends of UTIs and urine testing is nec-
essary to understand how often UTIs are diagnosed in
children in general practice and whether the number of
UTI diagnoses in primary care has changed.

Due to clinical diagnostic uncertainty, a long turna-
round time of urine culture and a high contamination
rate; early targeted antibiotic therapy for UTI is chal-
lenging. For cystitis in children, nitrofurantoin is rec-
ommended as first choice treatment in Belgian primary
care guidelines since 2003, whereas for other infections,
broad-spectrum antibiotics such as amoxicillin or amoxi-
cillin clavulanic acid are commonly used in children
[14]. When pyelonephritis is suspected, children should
be referred to secondary care in Belgium [14]. Previous
studies reported that clinical guidelines are often not
followed for UTI in children [10]. However, antibiotic
therapy should be targeted as much as possible, because
infections with resistant pathogens are associated with
significant morbidity [15]. Insight into the prescrib-
ing patterns is important to understand whether man-
agement of UTIs in Flemish general practice could be
improved.

Therefore, the aim of this study was three-fold: to
investigate the incidence rates and time-trends of UTIs
and laboratory urine testing in children per age and gen-
der and to investigate the number of laboratory urine
tests and antibiotic prescriptions in children with UTI
per age from 2000 to 2020 in primary care.

Methods
Study design and setting
This was a retrospective, registry-based study using data
provided by the Intego project, which is a registration
network as part of the Academic Centre of General Prac-
tice of the KU Leuven [16]. This study has been reported
according to the EQUATOR guideline of Reporting of
studies Conducted using Observational Routinely-col-
lected health Data (RECORD) [17].

Intego collects health data in 45-104 general prac-
tices that are well spread across Flanders (Belgium).
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Information is routinely collected from the electronic
health record and includes coded diagnoses, any labora-
tory tests such as urine culture and blood tests and drug
prescriptions. Information from consultations in regular
GP practice as well as during home visits are included.
For this study, we used data per year starting from the
first year of registration (2000) until the last full year
available (2020). Starting from 2017 to 2018, more gen-
eral practices could enter the registration network and
additionally, the software for data registration changed
from Medidoc to Careconnect. Therefore, the number of
patients increased in 2018 and decreased in 2020 (Addi-
tional file 1).

Population
To investigate UTI diagnosis and treatment in primary
care, we selected two populations:

1. All children consulting a general practitioner (GP),
to investigate the incidence rates of UTIs and labora-
tory urine testing. In Belgium, a large proportion of
children are registered in a general practice. Per year,
we included all children up to 18 years of age that vis-
ited the general practice at least once in that year, i.e.
the yearly contact group. Children who did not visit
the GP over the course of one full year and children
turning older than 18years, were not included for
that corresponding year.

2. Children with UTI, to investigate the type and num-
ber of antibiotic prescriptions and number of labora-
tory urine tests. Per year, we included children up to
18years visiting the general practice at least one, with
a diagnosis of cystitis or pyelonephritis.

Outcome measures

GPs register diagnoses in the patient file, using the Inter-
national Classification of Primary Care codes (ICPC-2).
In this study, UTI was defined as either cystitis (code
U71) or pyelonephritis (ICPC-2 code U70), as registered
by the GP. When two such codes were registered for the
same patient, these were considered as two separate epi-
sodes if they were at least 8 weeks apart, whereas entries
less than 8 weeks apart were considered as belonging to
the same illness episode assuming an 8weeks’ time-to-
recovery per patient [18].

A urine test was defined as one or more of the follow-
ing lab-based tests: urine dipstick test, urine micros-
copy, urine culture, antibiotic susceptibility pattern,
taking into account 2weeks’ time overlap as correction
for multiple testing during the same illness episode. In
children with UTI, tests had to be registered within
2weeks before or after UTI diagnosis. Only lab-based
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tests were included, tests performed at the general
practice were not included as these were not available
in the database. To select eligible urine tests, we used
both coded labels and free text labels.

Antibiotic therapy for UTI was defined as an elec-
tronic antibiotic prescription, based on any of the
Anatomical Therapeutic Chemical Classification
(ATC) codes for systematic use (JO1), registered within
2weeks before or after UTI diagnosis (ICPC-2 code
U70, U71). Compound prescriptions, i.e. manual non-
electronic prescriptions, were not available and there-
fore not included.

Statistical analyses

The statistical analyses were performed using SAS Statis-
tical Software version 9.4 (SAS Institute Inc., Cary, NC)
and R Statistical Software version 4.1.1 (R Foundation,
Austria).

The incidence rates per 1000 person-years in children
visiting the general practice and 95% confidence intervals
(95%CI) of cystitis, pyelonephritis, and urine testing were
calculated per age group (<2years, 2-5years, 5-9years
and 10-18years) and gender; by dividing the number
of new infections or tests over the total person-time at
risk (package ‘epiR’ in R). An overview of the incidence
rates was plotted in R using package ‘ggplot2’ Differences
in incidence rates between subgroups were evaluated
descriptively, by assessing the 95% CI.

Time-trends of cystitis and pyelonephritis were calcu-
lated using an autoregressive moving average time-series
analysis per age group and gender from 2000 to 2020,
taking into account data correlation over subsequent
years [19]. Stable and moving seasonality of cystitis and
pyelonephritis (2000-2020) was calculated using the
‘PROC X12 procedure’ in SAS, when at least one episode
per month was available [20].

The number of laboratory urine tests per episode per
year were calculated per age group; by dividing the num-
ber of tests over the total person-time at risk (package
‘epiR’ in R).

The number of antibiotic prescriptions per episode per
year was calculated based on the absolute number of pre-
scriptions per antibiotic type over the total number of
cystitis or pyelonephritis episodes. The number and type
of antibiotic prescriptions were plotted per age group.
We grouped the type of antibiotic prescriptions into cat-
egories, as relevant for clinical care. An autoregressive
moving average time-series analysis (2000-2020) per age
group was performed for the total number of prescrip-
tions and subtypes of antibiotic prescriptions when a
time-trend was suspected based on visual inspection of
the plot.

Page 3 of 10

Results

Population

The yearly number of participating general practices
and the difference in the yearly contact group (children
visiting the general practice) and the practice popula-
tion (including children not visiting the general prac-
tice) is shown in Additional file 1. The average number
of GPs in 2019 was 4.86. The yearly contact group of
children <18years of age increased from 16,330 (2000)
to 56,651 (2020).

From 2000 to 2020, there were 6970 children with
cystitis and 707 children with pyelonephritis episodes
in total. Of those, a minority of children had repeated
UTI episodes: 5.8% (n=404/6970) of children had two
or more cystitis episodes and 4.0% (n=28/707) of chil-
dren had two or more pyelonephritis episodes.

Incidence rates, seasonality and time-trends of UTI

in children (2000-2020)

Incidence rates UTI

In 2020, urine testing rate was highest in children
between 2 and 4years old (Fig. 1, Additional file 2).
In 2020, the incidence rates of cystitis were highest in
2-4years old girls (40.3 per 1000 person-years 95%CI
35.54-46.7) and 5-9years old girls (32.8 per 1000 per-
son-years 95%CI 28.8-37.2) (Fig. 1, Additional file 2).
The incidence rates of cystitis were lowest in boys
>10years of age (2.6 per 1000 person-years 95%CI
1.8-3.6). At all ages, the incidence rates of cystitis
were significantly higher in girls than in boys (3 to 11
times higher). For pyelonephritis, the incidence rates
were highest in young children <2years old, and girls
2-4years (Additional file 2).

Seasonality

Independent of age and gender, cystitis rates followed
a seasonal pattern (p<0.001), with a slight decrease
in incidence rate during June to August (Additional
file 3). There was no moving seasonality for cystitis
(p=0.2140), meaning the stable seasonality pattern
did not change significantly over the years. For pyelo-
nephritis, stable and moving seasonality could not be
assessed, because the number of episodes per month
was too low.

Time-trends UTI

From 2000 to 2020, there was a statistically significant
increase of cystitis episodes for all children >5years
old and girls <2years old (Table 1, Fig. 2). The high-
est increase in cystitis episodes was observed for
girls 5-9years, where it changed from 19.4 per 1000
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Fig. 1 Incidence rates of cystitis, pyelonephritis, and urine testing in children per age and gender (2020). Incidence rates (per 1000 person-years) of
cystitis (red), pyelonephritis (green) and urine testing (blue) in children < 18years per age and gender (2020); Urine testing was defined as any of the
following laboratory-based tests: urine dipstick, urine microscopy, urine culture or antibiotic susceptibility pattern

person-years (95%CI 16.2-23.0) (2000-2002) to 33.4 per
1000 person-years (95%CI 31.0-35.9) (2018-2020).

For pyelonephritis, there was a statistically significant
increase in number of episodes for children <2years old,
5-9years old and girls 2-4years old from 2000 to 2020
(Table 1). The highest increase in pyelonephritis episodes
was found for boys <2years, where it changed from 0.9
per 1000 person-years (95%CI 0.1-3.3) (2000-2003) to 3.4
per 1000 person-years (95%CI 2.5-5.0) (2017-2020).

Incidence rates and time-trends of lab-based urine

tests and antibiotic prescriptions in children with UTI
(2000-2020)

Urine testing rates

In children with cystitis <10years, the number of lab-
oratory-based urine tests per episode increased from
2000 to 2020 (p <0.05, Additional files 4 and 5). In 2020,
the number of lab-based tests per cystitis episode was
0.62 (95%CI 0.56 to 0.70 per person-years) in children
<10years; whereas in 2000, the number of lab-based

tests per cystitis episode was 0.11 (95%CI 0.06-0.21 per
person-years) in children <10years. In children above
10years of age, the number of lab-based tests per episode
did not change significantly (»=0.085), and remained at
0.53 per person-years (95%CI 0.46-0.62) in 2020.

Antibiotic prescribing rates
In children with cystitis above 2years, there was a
decrease in total number of electronic antibiotic pre-
scriptions per episode per year from 2000 to 2020 (Addi-
tional file 5). In 2020, the number of prescriptions per
cystitis episode was 0.54 (95%CI 0.37-0.69), 0.50 (95%CI
0.43-0.57), 0.52 (95%CI 0.46-0.58), and 0.85 (95%CI 0.81-
0.89%) for children <2years, 2-5years, 5-9years and
10-18years respectively. In children that did not receive
antibiotic therapy, 59% (95%CI 54-65%) had a lab-based
urine test performed.

The type of antibiotic prescriptions varied per age
group (Fig. 3). In young children with cystitis (2-4 years
and 5-9years) the number of sulfa-trimethoprim
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Table 1 Autoregressive moving average time series analysis of trends of cystitis and pyelonephritis in children (2000-2020)

Infection Age group (Years) Gender Annual change in incidence rate’ (/1000 P-value
person-years (95%Cl))
Cystitis 0-1 Girls +0.1481 (0.0721 to 0.2241) 0.0010
Boys —0.0135 (—0.0537 to 0.0807) 0.6873
2-4 Girls +0.6453 (—0.0319 to 1.3225) 0.0690
Boys —0.0312 (= 0.1509 to 0.0886) 0.6028
5-9 Girls +0.5901 (0.2321 to 0.9481) 0.0037
Boys +0.1049 (0.0214 to 0.1884) 0.0204
10-18 Girls +0.4956 (0.1755 to 0.8157) 0.0058
Boys +0.0360 (0.0092 to 0.0628) 0.0139
Pyelonephritis 0-1 Girls +0.1521 (0.0395 to 0.2648) 0.0136
Boys +0.1466 (0.0238 to 0.2695) 0.0264
2-4 Girls +0.1977 (0.0251 to 0.3704) 0.0322
Boys —0.0000 (—0.0284 to 0.0284) 0.9987
5-9 Girls +0.0496 (0.0111 to 0.0881) 0.0177
Boys +0.0222 (0.0058 to 0.0387) 0.0135
10-18 Girls +0.0217 (—0.0190 to 0.0624) 0.2934
Boys —0.0007 (= 0.0197 t0 0.0184) 0.9419

95%Cl 95% confidence intervals

" Mean annual change in incidence rate as estimated by the model; Statistically significant changes are indicated in bold (p < 0.05)

prescriptions decreased from 2000 to 2020 (Additional
file 5). In 2020, children below 10years with cystitis were
most often treated with amoxicillin (37.8 95%CI 32.0-
43.9%), sulfa-trimethoprim (17.2 95%CI 12.9-22.3%),
and amoxicillin clavulanic acid (15.4 95%CI 11.3-20.2%);
while 13.9% (95%CI 10.0-18.6%) of prescriptions were
nitrofurantoin, as recommended in the Belgian clinical
guidelines. In children with cystitis >10years, the num-
ber of nitrofurantoin prescriptions increased (p <0.0001)
and the use of fluoroquinolone prescriptions decreased
(p<0.0001) from 2000 to 2020. In 2020, in this age group
60.8% (95%CI 54.9-66.4%) of prescriptions were nitro-
furantoin. Therefore, it appeared that older children with
cystitis were more often treated in accordance with the
clinical guidelines. In 2020, for pyelonephritis, the most
commonly prescribed antibiotics were amoxicillin clavu-
lanic acid (n=19/48), fluoroquinolones (#=11/48) and
amoxicillin (9/48).

Discussion

Summary

Although there was an increase in the number of UTI
episodes in almost all age groups, it is uncertain whether
this reflects a true increase of UTI episodes, improved
detection or improved data registration. The overall
change in incidence rate was low, e.g. the highest increase
in cystitis episodes was observed in girls 5-9years old,
where it changed from 19.4 (2000-2002) to 33.4 (2018-
2020) episodes per 1000 person-years. The highest

increase in pyelonephritis episodes was observed for
boys <2years, where it changed from 0.9 per 1000 per-
son-years (95%CI 0.1-3.3) (2000-2003) to 3.4 per 1000
person-years (95%CI 2.5-5.0) (2017-2020).

There was an increase in use of laboratory urine tests
in children <10years and a decrease in number of elec-
tronic antibiotic prescriptions in children >2years. This
may indicate a change in clinical practice: GPs diagnosing
UTI now more based on laboratory tests, a decrease in
treatment of contaminated samples, an overall decrease
in antibiotic use in children [21], an increase in use of
compound (non-electronic) prescriptions (such as nitro-
furantoin syrup), or GPs referring more children with
UTI to secondary care instead of initiating antibiotics.

In children with cystitis <10years, the use of broad-
spectrum agents was high, and most prescriptions were
not in accordance with the Belgian guidelines. This may
reflect diagnostic uncertainty in children, for example
challenges in differentiating UTI from other acute infec-
tions; or cystitis from pyelonephritis.

Strengths and limitations
A strength of this study was the large sample size and
long period of time that data was obtained. Additionally,
the population of the Intego database is representative
for the Flemish population concerning age and gender
[16], which minimizes the risk of selection bias.

A limitation of registry-based studies is that UTI diag-
nosis depends on the quality of registration by GPs. The
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Age Year
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incidence rates in this study could have been underesti-
mated because diagnosing UTI is challenging in children
and the sensitivity of clinical suspicion is low. In children
with a registered diagnosis of cystitis, around 57% had a
lab-based urine test available, indicating that UTI diag-
nosis might have been a working hypothesis based on
clinical suspicion or the dipstick test, or that urine collec-
tion was often unsuccessful.

Additionally, there was an increase in number of par-
ticipating practices in 2018, and therefore, differences
in registration habits between practices could have
influenced our results. In February 2020, the nSARS-
CoV2 pandemic started in Belgium. Therefore, the
population of children included in 2020 might have
consisted of a more severely ill spectrum of children,
which could have resulted in an overestimation of the
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incidence rates of UTI in 2020, and an overestimation
of the change in incidence rates of UTIs, from 2000 to
2020.

Only urine test results obtained through the laboratory
were available for analysis: meaning that urine dipstick
tests and urine microscopy performed at the practice
were not included. Therefore, the overall use of urine
tests in acutely ill children (boys: 91-224 and girls: 168-
383 per 1000 children visiting the general practice) might
have been underestimated. However, this seems unlikely
as our numbers where higher when compared to data
from general practices in the UK (30-40 urine samples
per 1000 children) [22].

It remains uncertain why we found a low antibi-
otic prescribing rate and decrease in use of antibiotic
therapy in children with UTI. The overall prescrib-
ing rate in children with UTI was comparable to
other primary care studies (43-77%) [10, 23-25], and
a decrease in antibiotic use in children has also been
described previously, based on pharmacy dispens-
ing data in Belgium [21]. One possible explanation
could be a high referral rate to secondary care, how-
ever in this study, data on other management actions
than medication were not available. Two other pri-
mary care studies reported referral rates of 8% [10]
and 14% [23] in children with UTI, increasing with
recurrent UTIs and younger age. These findings sug-
gests that referral to secondary care might partially
explain the limited use of antibiotics in our study,
especially in young children. Another reason for the
low prescribing rate could be a higher use of com-
pound prescriptions, which were not captured in the
database. The number of nitrofurantoin prescriptions
for cystitis could have been underestimated, because
nitrofurantoin syrup is not available as pre-packaged
medication in Belgium.

Comparison with existing literature

The incidence rates of cystitis were comparable with
data obtained from general practices in the Netherlands
(2001 and 2017), describing incidence rates of 19 and
42 episodes per 1000 person-years [10, 24]. in children
<18years and 3-5years old respectively. The variation
per age in incidence rates of cystitis was also compara-
ble with other data; showing a peak in cystitis episodes
in children between 2 to 10vyears, especially in girls [6,
10, 24].

Compared to the incidence rates of cystitis in older
registry based-studies in children <15year in general
practice (1970-1974; 7.7 (girls) and 3.8 (boys) per 1000
person-years) [13], (1979; 1.7 (boys) and 3.1 (girls) per
1000 person-years) [12]; the incidence rates in this
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study appeared to be higher; indicating that UTI detec-
tion might have increased in primary care compared to
50years ago.

The increase in use of laboratory urine tests found in
this study shows similarities with data obtained in the
UK, demonstrating an increase in use of urine culture
and urine microscopy from 2000 to 2007 followed by a
plateau 2008-2015 [26]. In our study, the increase in use
was highest starting from 2010. In their study, the use of
the urine dipstick test decreased from 2007 to 2015 [26],
which could reflect a change in performing urine tests
at the practice to performing urine tests at the central
laboratory.

The use of broad spectrum antibiotic prescrip-
tions in our study was high, and most prescriptions
for cystitis were not in accordance with the Belgian
clinical guidelines. These findings are comparable to
data obtained in other primary care studies, show-
ing 26-34% inadequate use of antibiotic treatment in
children with UTI [10, 24, 25, 27]. Data from Scien-
sano, the Belgian Scientific Institute of Public Health,
show very high resistance of urinary Escherichia Coli
to amoxicillin (52%) in 2020 [2017: 51%, 2018: 53%,
2019: 50%]; and to amoxicillin clavulanic acid (43%) in
2020 [2017: 16%, 2018: 45%, 2019: 44%], in outpatient
children <5years old. Resistance to nitrofurantoin,
the first choice treatment in Belgium, remains low in
children (0%, 2017-2020) [28], but was only used in
a minority of children in our study. Decreasing diag-
nostic uncertainty and improving detection of UTIs
in primary care in order to allow targeted therapy is
therefore urgently needed.

Implications for practice and research

Over the last 21years, there was a slight increase
in detection of UTIs in children in primary care,
although the overall change in diagnosis was low.
There was an increase in use of laboratory urine tests
and the use of broad-spectrum agents for lower UTI
was high. Therefore, more efforts should be made to
improve detection and management of UTI in chil-
dren. Better adherence to the guidelines is neces-
sary to improve the quality of antibiotic prescribing.
Novel point-of-care tests might be useful to improve
targeted therapy, by providing the antibiotic suscepti-
bility patterns of urinary pathogens more rapidly than
urine culture.
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