
&p.1:Abstract In order to evaluate the effect of the introduc-
tion of recent similar guidelines on the treatment of acute
urinary tract infection (UTI) in children, and possible
changes in its epidemiology, we analyzed the records of
hospital discharge for acute UTI under the age of 15
years in England and Wales between 1979 and 1993 and
in Finland between 1978 and 1994. Cases were defined
by the ICD9 diagnostic codes 590.1 (acute pyelonephri-
tis) and 599.0 (UTI, site not specified) for males and fe-
males according to three age groups (0–4, 5–9, and
10–14 years). We also compared the registry data on kid-
ney transplants due to end-stage renal disease caused by
recurrent pyelonephritis in the United Kingdom and Fin-
land. In England the rate of attack of symptomatic UTI
per 1,000 girls under 15 years increased from 0.74 (95%
confidence interval 0.71–0.76) in 1987 to 1.32
(1.29–1.35) in 1993 (P<0.001, test for trend). The re-
spective figures for Finnish girls were 1.74 (1.62–1.86)
in 1987 and 1.62 (1.51–1.74) in 1993 (P=0.72). In En-
glish boys, the increase in the attack rate was from 0.38
(0.36–0.40) in 1987 to 0.70 (0.68–0.73) in 1993
(P<0.001). In Finnish boys the respective figures were
0.74 (0.66–0.82) in 1987 and 0.88 (0.80–0.97) in 1993
(P<0.02). The observed increases in the attack rates of
UTI most probably relate to increased referral of acute
UTI patients to hospitals for the recommended imaging
studies rather than changing occurrence. Publication of
guidelines for treatment of UTI in children, consolidat-
ing more-general awareness, may have contributed to
this. The mean annual numbers of kidney transplants in
the United Kingdom and Finland during 1989–1995 due
to end-stage renal disease caused by pyelonephritis were

of similar magnitude, i.e., 1.9 (1.6–2.3) transplants per
million inhabitants in the United Kingdom and 2.8
(1.5–4.7) transplants per million inhabitants in Finland.
The decreasing trend in these figures in both countries,
although statistically significant only in the United King-
dom (P<0.05, test for trend), suggests improved long-
term outcome of these patients induced by better diagno-
sis and treatment of pyelonephritis and the diseases relat-
ed to it, such as congenital malformations. According to
our data, valid clinical guidelines are effective in chang-
ing clinical practice.
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Introduction

Renal scarring, hypertension, and even renal failure can
develop after recurrent pyelonephritis [1–3], which is the
most-common preventable cause of end-stage renal dis-
ease (ESRD). Recent guidelines in England and Wales
(1991) [4] and Finland (1992) [5] recommend that all
children, regardless of age and gender, should have renal
tract imaging after the first episode of confirmed acute
urinary tract infection (UTI). Failure to diagnose UTI
could be reflected in subsequent increased occurrence of
ESRD and a large number of kidney transplants due to
recurrent pyelonephritis. Overdiagnosis of UTI, on the
other hand, causes considerable extra cost for the health-
care system, mainly due to unnecessary imaging examin-
ations and follow-up. A knowledge of the changing oc-
currence of acute UTI in children will help us to monitor
awareness and treatment of acute UTI and may give
valuable clues to possible etiological factors. Earlier data
from Finland showed that occurrence of acute UTI in
children decreased significantly during 1978–1984,
which was ascribed to changes in the care of infants[6].

The most-recent guidelines on treatment of acute UTI
in children are remarkably similar in England and Wales
(1991) [4] and Finland (1992) [5]. In order to evaluate
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the effect of these guidelines on treatment and possible
changes in the epidemiology of acute UTI in children,
we decided to reanalyze the hospital record data on the
treatment of acute UTI in Finland and England and
Wales. In order to evaluate long-term outcome amongst
these types of patients, we also compared the registry da-
ta on kidney transplants due to recurrent pyelonephritis
in the United Kingdom and Finland.

Patients and methods

Both the English and Finnish hospital discharge data are based on
the two ICD9 diagnostic codes 590.1 (acute pyelonephritis) and
599.0 (UTI, site not specified), which have been identified sepa-
rately for males and females according to three age groups (0–4,
5–9, and 10–14 years). In Finland the coding system for diagnoses
changed in 1987 and thereafter the respective codes (5901A,
5990B) were included in the analyses. The hospital discharge sta-
tistics are based on the nationwide collection of diagnoses deter-
mined by physicians on patients treated and discharged from all
hospitals.

England and Wales data

The data for years 1979–1985 were obtained from the Hospital In-
patient Enquiry based on a 10% sample of hospital discharges and
deaths in England and Wales (1979–1981) and England only from
1982 to 1985. English data for the years 1987–1993 were also ob-
tained from the Office for National Statistics (ONS), which was
responsible at the time for the processing of hospital episode sta-
tistics, covering financial (April to March) years in England only
as a complete 100% count of hospital inpatient activity. These data
are collected as “finished consultant episodes (FCEs)”, but were
converted to “discharges and deaths” (DDs) by ONS before they
were supplied to us to minimize any discontinuity in the trends.
The conversion factor for FCEs to DDs (for all hospital activity, at
all ages) leads to about a 10% reduction in numbers of calculated

“admissions” [7]. Statistics for renal transplants were provided by
the United Kingdom Transplant Support Service Authority cover-
ing the United Kingdom and Republic of Ireland also for the years
1989–1995.

Finnish data

As in our earlier study [6], the source of Finnish data for the attack
rate of acute UTI was the hospital discharge registry of The Finn-
ish Board of Health. In addition we obtained the number of chil-
dren receiving free medication for prophylactic treatment of recur-
rent UTI from the registry of the Finnish Social Insurance Institu-
tion. Data on kidney transplants due to pyelonephritis were ob-
tained from the Finnish Registry of Kidney Diseases.

Statistical methods

The numbers of children at risk were determined from the census-
es and annual population estimates. The discharge figures repres-
ent the annual rate of attack of UTI, since first and recurrent infec-
tions cannot be differentiated. The numbers of children receiving
preventive treatment for recurrent UTI in Finland represent the pe-
riod prevalence. All rates were assumed to follow a Poisson distri-
bution, and the 95% confidence intervals were calculated on this
assumption [8]. Changes in the attack rates were assessed by re-
gression analysis.

Results

In England from 1979 to 1985, the attack rates for both
boys and girls at ages other than 0–4 years were broadly
stable. But from 1987 the trend in the attack rate of acute
UTIs per 1,000 children at risk increased in each age
group studied, especially after the publication of the
most-recent guidelines on treatment of acute UTI (1991)
[4]. A statistically significant increase in the attack rate
occurred in each age group, both in girls and boys, in
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Table 1 Rate of attacks (num-
ber having infection/ 1,000 at
risk/ year; 95% confidence in-
tervals in parentheses) of symp-
tomatic urinary tract infections
in children under 15 years of
age discharged from hospitals
in England (UK) 1979–1993
and in Finland (FIN)
1978–1994&/tbl.c:&tbl.b:

Year Girls 0–14 years Boys 0–14 years

UKa FINb UKa FINb

1978 – 2.67 (2.52–2.82) – 0.85 (0.77–0.93)
1979 0.65 (0.58–0.72) 2.60 (2.46–2.75) 0.27 (0.23–0.32) 0.82 (0.75–0.91)
1980 0.68 (0.61–0.75) 2.48 (2.34–2.63) 0.31 (0.27–0.36) 0.78 (0.70–0.86)
1981 0.70 (0.63–0.78) 2.27 (2.14–2.41) 0.33 (0.28–0.38) 0.70 (0.72–0.88)
1982 0.65 (0.57–0.72) 2.26 (2.12–2.40) 0.37 (0.31–0.37) 0.68 (0.61–0.75)
1983 0.83 (0.74–0.91) 1.87 (1.75–2.00) 0.31 (0.26–0.37) 0.72 (0.64–0.80)
1984 0.72 (0.64–0.80) 1.88 (1.76–2.01) 0.32 (0.27–0.37) 0.59 (0.52–0.66)
1985 0.72 (0.64–0.80) 1.90 (1.78–2.03) 0.35 (0.30–0.41) 0.58 (0.43–0.65)
1986 – 1.71 (1.59–1.83) – 0.62 (0.55–0.69)
1987 0.74 (0.71–0.76) 1.74 (1.62–1.86) 0.38 (0.36–0.40) 0.74 (0.66–0.82)
1988 0.74 (0.71–0.76) 1.75 (1.63–1.87) 0.40 (0.38–0.42) 0.77 (0.70–0.85)
1989 0.90 (0.87–0.92) 1.74 (1.62–1.86) 0.48 (0.46–0.50) 0.87 (0.79–1.04)
1990 0.95 (0.92–0.98) 1.79 (1.67–1.91) 0.52 (0.50–0.55) 0.80 (0.73–0.88)
1991 1.07 (1.04–1.10) 1.83 (1.71–1.96) 0.58 (0.56–0.60) 0.87 (0.79–0.95)
1992 1.18 (1.15–1.21) 1.81 (1.69–1.93) 0.63 (0.61–0.65) 0.90 (0.82–0.99)
1993 1.32 (1.29–1.35) 1.62 (1.51–1.74) 0.70 (0.68–0.73) 0.88 (0.80–0.97)
1994 – 1.69 (1.57–1.81) – 0.94 (0.86–1.03)

a Data sources in UK: Hospital Inpatient Enquiry 1979–1985, a 10% sample of hospital discharges
and deaths in England and Wales (1979–1981) and England only from 1982 to 1985. Hospital epi-
sode statistics covering financial (April to March) years in England only from 1987 onwards as a
complete 100% count
b Data source in Finland: the hospital discharge statistics kept by the Finnish National Board of
Health. ICD classification changed from 1987 onwards for Finnish data. Figures for Finland for years
1978–1984 published earlier [6]&/tbl.b:



England between the years 1987 and 1993 (Figs. 1 and 2,
numerical data available upon request to authors). The
greatest increase in the attack rate of symptomatic UTI
per 1,000 occurred in girls in the age group 0–4 years,
where the rate almost doubled from 1.24 (1.18–1.30) to
2.44 (2.37–2.52) between 1987 and 1993 (P<0.001, test
for trend). The respective increase in boys was from 0.83
(0.79–0.88) to 1.62 (1.56–1.68) (P<0.001). In England
the rate of attack of symptomatic UTI per 1,000 girls un-
der 15 years (Table 1) increased from 0.74 (0.71–0.76) in
1987 to 1.32 (1.29–1.35) in 1993 (P<0.001). In boys the

increase in the attack rate was from 0.38 (0.36–0.40) in
1987 to 0.70 (0.68–0.73) in 1993 (P<0.001).

The general trend in the attack rate of UTI in Finland
decreased from 1978 to 1984 (Figs. 1 and 2) [6]. There-
after, during the following 10 years the attack rate gener-
ally remained relatively stable or declined, except for
boys in the youngest age group (0–4 years) where the at-
tack rate per 1,000 increased from 2.05 (1.84–2.27) in
1987 to 2.58 (2.34–2.84) in 1994 (P=0.02, test for trend).
This increasing trend is reflected also as a statistically
significant increase (P<0.02) in the combined attack rate
figures of 0- to 14-year-old Finnish boys (Table 1). In
Finnish girls the attack rate of UTI continued the earlier
decreasing trend in 5- to 9-year-olds, being 1.45/1,000
(1.37–1.77) in 1984 and 0.99/1,000 (0.84–1.16) in 1994
(P=0.005).

In Finland the same trend is also seen in the period
prevalence of free medication (Fig. 3) and also in the
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Fig. 1 Annual rate of attacks (number having infection/1,000 at
risk per year) of symptomatic urinary tract infections (UTI) in
0- to 4-year-old and 5- to 9-year-old girls and boys in England
(UK) 1979–1993 and in Finland (FIN) 1978–1994. Vertical bars
represent 95% confidence intervals. Data sources in UK: Hospital
Inpatient Enquiry 1979–1985, a 10% sample of hospital discharg-
es and deaths in England and Wales (1979–1981) and England on-
ly from 1982 to 1985. Hospital episode statistics covering finan-
cial (April to March) years in England only from 1987 onwards as
a complete 100% count. Data source in Finland: the hospital dis-
charge statistics kept by The Finnish National Board of Health.
ICD classification changed from 1987 onwards for Finnish data.
Figures for Finland for years 1978–1984 published earlier [6]&/fig.c:
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Fig. 2 Annual rate of attacks (number having infection/1,000 at
risk per year) of symptomatic UTI in 10- to 14-year-old girls and
boys in England (UK) 1979–1993 and in Finland (FIN)
1978–1994. Vertical barsrepresent 95% confidence intervals. Da-
ta sources as in Fig. 1&/fig.c:



number of new awards of free medication, which de-
creased in girls (aged 0–14 years) from 1.63/1,000 at risk
(1.52–1.75) in 1986 to 1.25 (1.15–1.35) in 1991 (P=0.02,
test for trend), and remained constant in boys being 0.27
(0.23–0.32) in 1986 and 0.31 (0.26–0.36) in 1991
(P=0.23).

Even though the attack rates of UTI in English and
Finnish children have become closer during the last few
years, differences are still found. In 1993 in the youngest
age group (0–4 years), Finnish attack rate figures were
1.5 times greater than those in England, i.e., 3.67
(3.38–3.98) versus 2.44 (2.37–2.52) in girls and 2.44
(2.21–2.69) versus 1.62 (1.56–1.68) in boys. Opposite
trends in the attack rate in 5- to 9-year-old girls in En-
gland and Finland during the last few years have led to
similar attack rates in 1993. In 5- to 9-year-old English
boys the attack rates are consistently higher than in Finn-

ish boys during the entire time period studied. Also, in
the age group 10–14 years, the English figures are sever-
al times higher in both girls and boys (Fig. 2). The com-
bined attack rates of UTI in children under 15 years have
remained consistently higher in Finland than in England,
although they have become closer to each other during
the last few years (Table 1).

The mean annual number of kidney transplants per-
formed in the United Kingdom and the Republic of
Ireland (not just England and/or Wales) and Finland dur-
ing 1989–1995 was similar, i.e., 31.2 and 31.4 trans-
plants per million inhabitants, respectively (Table 2). The
transplant rate due to ESRD caused by pyelonephritis
was 1.9 (1.6–2.3) per million inhabitants in the United
Kingdom and 2.8 (1.5–4.7) per million in Finland, repre-
senting 6.0% and 8.8% of all transplants, respectively
(Table 2). The rate of transplants due to pyelonephritis
was decreasing in both countries during 1989–1995, al-
though statistically significant only in the United King-
dom (P<0.05, test for trend).

Discussion

In England the most-recent guidelines for the manage-
ment of acute UTI in childhood were published in 1991
[4]. It was recommended that all children, regardless of
gender, should have renal tract imaging after the first ep-
isode of confirmed acute UTI [4]. According to the pres-
ent results, superimposed upon slower prior increases,
after this recommendation there occurred a greater than
20% increase in the attack rate of UTI in 0- to 4-year-old
and (consequently) 0- to 14-year-old girls and boys dur-
ing 1991–1993. Since the imaging studies are performed
in hospitals, the steadily increasing attack rates of UTI in
children calculated from hospital statistics for England
most probably reflect improved detection through the
better awareness and diagnosis of the disease and, espe-
cially, increased referral rate to hospital for the recom-
mended imaging examinations.

The problems concerning investigations and manage-
ment of UTI in children have been repeatedly discussed
in the United Kingdom [9–12]. Two recent reports from
England suggest that UTI is underdiagnosed [9, 10]. Our
data suggest that the discussion of the topic [9–12] as
well as the recent guidelines [4] have helped to improve
diagnosis of UTI in England. This is in accordance with
the data showing valid guidelines to be effective in
changing clinical practice [13].

In 1987 an important article was published in Finland
on the management and treatment of UTI in children,
stressing the importance of imaging of the urinary tracts
of children under 5 years of age, and especially in boys
[14]. Thereafter, there was a significant increase in the
attack rate of acute UTI in 0- to 4-year-old Finnish boys
(but not in girls or other age groups). This suggests that
diagnosis of UTI and the necessary imaging studies in
young boys may have been previously neglected in Fin-
land. This interpretation of the trends may also be sup-
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Fig. 3 Period prevalence of free medication (number of children
receiving continuous treatment/1,000 at risk per year) in 0- to 14-
year-old girls and boys in Finland 1978–1994. Vertical bars re-
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Table 2 Number of all new renal transplants and those due to py-
elonephritis (% of all transplants given in parentheses) in England,
Wales, Scotland, Northern Ireland and the Republic of Ireland
(UK) and Finland (FIN) per million inhabitants during
1989–1995. All ages included&/tbl.c:&tbl.b:

Year Kidney transplants

All new transplants/ Transplants due to pyelonephritis/
million inhabitants million inhabitants (%)

UK FIN UK FIN

1989 32.2 33.5 2.4 (7.4) 3.3 (9.8)
1990 32.4 25.0 2.0 (6.2) 1.6 (6.4)
1991 30.4 27.2 2.0 (6.6) 3.6 (13.2)
1992 30.1 31.8 1.8 (6.1) 2.8 (8.8)
1993 29.8 34.6 1.6 (5.3) 3.0 (8.7)
1994 31.3 35.1 1.9 (5.9) 2.7 (7.8)
1995 31.9 32.5 1.7 (5.3) 2.4 (7.2)

Mean 31.2 31.4 1.9 (6.0) 2.8 (8.8)

&/tbl.b:



ported by the fact that the prevalence of free medication
and the number of new awards of free medication have
been steadily decreasing in girls but have slightly in-
creased in boys. In the most-recent Finnish guidelines
(1992), urinary tract imaging is now recommended for
all children with UTI [5].

In the youngest age group, Finnish attack rates are
still higher in both girls and boys than in England. How-
ever, the figures are similar in the 5- to 9-year age-group,
and English figures are clearly higher in the pubertal age
group (10–14 years). Older children may more often be
treated on an outpatient basis, and therefore the attack
rates calculated from hospital discharges in these age
groups may underestimate the true occurrence. In the
oldest age group, the recommended imaging studies may
have been more easily neglected, which may also de-
crease the figures. However how much of these differ-
ences is due to the ways in which national statistical sys-
tems differ in their data collection and coding practices
is difficult to define.

In 1988 we reported a significant decrease in the at-
tack rate of acute UTI in Finland between 1978 and 1984
and suggested that changes in nursing habits of children
could explain this decrease rather than guideline dissem-
ination or the lack of it leading to underdiagnosis [6]. We
found in a recent case-control study a change from dis-
posable and cotton nappies to superabsorbent nappies
during 1987–1994 in Finland, but the type of nappy was
not shown to be a risk factor for UTI [15]. So although
environmental factors may affect occurrence of UTI, we
are inclined to believe that present trends are due to diag-
nosis/ascertainment rather than changing incidence [6,
15].

The aim of the clinical guidelines on management of
acute UTI in childhood is to improve diagnosis and treat-
ment of pyelonephritis and the diseases increasing the
risk of acute UTI, such as congenital malformations. The
total kidney transplant rate as well as the proportion of
renal transplants due to ESRD caused by pyelonephritis
was of the same magnitude in the United Kingdom and
in Finland, suggesting that the final outcome in pyelone-
phritis patients does not differ. The transplants due to
ESRD caused by pyelonephritis seemed to slightly de-
crease during 1989–1995 in both the United Kingdom
and Finland. This decrease cannot be due to the latest
guidelines, since a follow-up period of some 25 years or
more would be required in order to show a change in the
incidence of ESRD due to improved diagnosis and man-
agement of acute UTI in early childhood pyelonephritis
[1, 2]. Therefore, the most-significant possible beneficial
effects of the guidelines for the management of acute
UTI in childhood in Finland and the United Kingdom on
the occurrence of ESRD should be evaluated after sever-
al decades.
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