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Antimicrobial treatment for urinary tract infections

K Verrier Jones

The aims of treatment
One of the aims of treatment of urinary tract
infection is to relieve distressing symptoms as
quickly as possible. Another is to prevent recur-
rent infections in those children who experience
frequently recurring symptomatic urinary tract
infection. A third objective is to prevent infec-
tions in children who are deemed to be at
greatest risk of developing reflux nephropathy
or other forms of renal damage-that is, the
very young child with vesicoureteric reflux. The
management of urinary tract infection in child-
hood has been reviewed extensively by Jodal
and Winberg,' McCracken,2 and White.3

Before the start of treatment it is essential
that the urine is examined microscopically and
sent to the laboratory for culture, sensitivity,
and colony counting. In infants suprapubic
aspiration of urine under ultrasound control is
the method of choice and where bag collection is
used there will inevitably be a significant con-
tamination rate with an appreciable number of
false negative and false positive results leading
in some cases to a delay in the onset of treatment
and in others to unnecessary investigation. The
risk of diagnostic error can be reduced by
collecting two bag or clean catch samples and by
the use of microscopy at the bedside. It is
unacceptable to wait 48 hours for the results of
culture and sensitivity before starting treatment
in an infant or acutely symptomatic child.
Paediatricians should become accustomed to
making the diagnosis on the presence of white
cells and organisms on direct microscopy of the
unspun urine. As urinary tract infection in
infancy rarely presents with symptoms localised
to the urinary tract,4 and delay in treatment may
result in permanent renal damage5 6 especially
in the youngest children,7 every sick infant
needs urgent urine examination.
While management of the acute or presenting

urinary tract infection is relatively straightfor-
ward, the long term management of recurrent
urinary tract infections, mainly in girls, and the
use of prophylactic antibiotics for the preven-
tion of reflux nephropathy is both complex and
controversial. It is intimately connected with
other aspects of long term management and
investigation, and by the natural history and
epidemiology of urinary tract infection.

Swedish data suggest that the commonest age
for the first urinary tract infection is the first
year of life8 and that the risk in childhood
decreases thereafter. Although the incidence is
higher in boys in the first month, by six months

urinary tract infections are more prominent in
girls. Recurrent urinary tract infections occur in
more than half the girls affected, but are
uncommon in boys. Common host factors that
predispose to renal damage are young age,9 vesi-
couretric reflux,4 and delay in onset of treat-
ment, although the presence of obstruction,
neurogenic bladder, and stones are less common
but equally important and potentially treatable.
Bacterial virulence factors are also likely to
influence the development of symptoms and
reflux nephropathy.

Treatment of the acute infection
Treatment should be preceeded by a thorough
history and physical examination and special
note made of urinary symptoms and recent anti-
biotic treatment. Examination should include
an assessment of the child's general well being,
degree of toxicity, and dehydration, if the child
is acutely unwell, as well as the presence of a
palpable bladder or kidneys and neurological
signs in the lower limbs. In the acutely sick
infant or child it is important to start to correct
shock, dehydration, and electrolyte imbalance
as soon as possible and antipyretics should be
given to febrile children. In this acute situation
the use of intravenous aminoglycosides is indi-
cated and can be expected to result in a brisk cli-
nical response, although the standard dose will
need to be modified in those with acute or chro-
nic impairment of renal function and levels
monitored. Alternative, but less satisfactory,
broad spectrum intravenous antibiotics are
amoxycillin, the cephalosporins, amoxycillin
and clavulanic acid in combinations (Augmen-
tin, Beecham), azlocillin, and the aminoquino-
lones. The aminoquinolones are not generally
recommended for children, however, and
should be reserved for those cases where the
more well tried antibiotics are ineffective, such
as multiply resistant pseudomonas infections.'0
In very severe and complicated infections intra-
venous treatment may be continued for five to
10 days, but more often the child is consider-
ably better by 48 hours and a suitable oral anti-
biotic can be chosen according to the sensitivity
reported by the laboratory. A one week course
of oral treatment is usually sufficient and can be
completed at home before changing to long
term, low dose prophylaxis, which should be
continued until investigation of the urinary tract
has been completed, all the risk factors for
development of reflux nephropathy have been
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assessed and long term management plans have
been made.2
Most children, including some infants and

children with systemic upset, will be only
mildly unwell and able to tolerate oral fluids and
oral antibiotics. Trimethoprim, amoxycillin,
and clavulanic acid in combination are potent,
effective broad spectrum antibiotics that give
good results in most cases. Amoxycillin alone is
likely to be effective against only 60-70% of
Escherichia coli and cephalosporins are expen-
sive and have not been as effective as other
drugs in clinical trials. If the organism is sensi-
tive to amoxycillin, however, this is an excellent
and safe drug, which should be used in prefer-
ence to the combination with clavulanic acid to
reduce the risk of bacterial resistance to the
newer drug. Five to seven days' treatment is
effective in most cases and prolonged courses
increase the risk of diarrhoea and thrush.

If there is no clinical improvement within 48
hours either the organism is not sensitive to the
antibiotic chosen, or there is an underlying uro-
logical problem, such as obstruction. The anti-
biotic sensitivity should be reviewed, urgent
ultrasound of the kidneys and urinary tract
arranged and intravenous treatment considered
if only oral treatment has been used so far. If
obstruction is present a surgical opinion should
be sought and drainage by a nephrostomy, or a
suprapubic or bladder catheter, arranged as
soon as possible.

In many children the symptoms of urinary
tract infection are fairly trivial with symptoms
largely confined to the lower urinary tract and
little systemic upset. Even in this situation
when the child is unlikely to require hospital
admission there is no justification for a delay in
treatment. Symptomatic lower urinary tract
infections are generally associated with a signifi-
cant increase in urinary white cells and can be
easily diagnosed microscopically and subse-
quently confirmed on culture. In addition to the
oral antimicrobial drugs already mentioned nali-
dixic acid and nitrofurantoin are excellent urin-
ary antiseptics with a broad range of activity
against Gram negative organisms. Good tissue
concentrations are not achieved, however, and
they should not be used in systemically ill child-
ren or in those in whom acute pyelonephritis is
suspected or in children with renal failure.

Prophylaxis
Prophylactic treatment is the use of a drug in a
high risk situation to reduce the chance of sub-
sequent infection. It is the duty of the paediatri-
cian to anticipate those situations where this
may be of value and ensure that appropriate
treatment is given. Catheterisation of the urin-
ary tract for any reason carries a high risk of
introducing bacteria at the time of the pro-
cedure." In paediatric wards this occurs most
commonly at the time of a micturating cysto-
gram and unless prophylaxis is given routinely
in this situation, the children who are most
at risk of acquired renal damage will be put at
increased risk by this procedure. Our policy is
to give trimethoprim in full dosage for 48 hours
from the time of catheterisation. Children who

are undergoing urological instrumentation of
the urinary tract receive a single intravenous
injection of an aminoglycoside in full dosage,
whatever their level of renal function. Before
and during elective surgery on the infected
urinary tract a full course of an appropriate anti-
biotic, usually an aminoglycoside or azlocillin or
ciprofloxacin, is used to reduce the risk ofGram
negative septicaemia. This is because a child
with an abnormal urinary tract who has had
several courses of treatment previously is likely
to have multiply resistant organisms including
proteus and pseudomonas, and close coopera-
tion with a microbiologist is essential.

It is now clear that approximately 50% of
infants born into families where a first degree
relative has vesicoureteric reflux or reflux
nephropathy also have vesicoureteric reflux
themselves, although in most it is grade I or II
(Medical Research Council grading).'2 In this
group of infants, neither the natural history nor
the benefits and risks of prophylaxis or other
modes of intervention have been evaluated.
Clearly this group of infants poses new ques-
tions on the role of prophylactic treatment in
relation to sterile vesicoureteric reflux and the
prevention of reflux nephropathy as do those
children with vesicoureteric reflux detected as a
result of antenatal ultrasound examination.'3
Most often prophylaxis is used to prevent

reinfection after the first, presenting infection,
because there is deemed to be an appreciable
risk of progressive renal damage, which occurs
mainly in children under 5 years of age with
vesicoureteric reflux. The development of
reflux nephropathy after the age of 5 is rela-
tively uncommon, although some cases have
been reported, mainly when severe vesicoure-
teric reflux has been present and there has been
a delay in the onset of treatment.'4 In some
groups of children with established reflux
nephropathy who have been followed for pro-
longed periods new scars have developed in a
minority whether or not long term low lose
prophylaxis has been used.'5 16 The value of
prolonged treatment in teenage girls is in doubt,
unless they have frequently recurring symptoms
which cannot be managed by other means. The
risk of pregnancy increases significantly after 16
and it is theoretically undesirable for these girls
to conceive while taking medication of doubtful
value, particularly folate antagonists such as tri-
methoprim. In reality teenage girls are poorly
motivated to take prophylaxis unless they have
had very troublesome symptoms and prefer
short courses of treatment when their symptoms
flare up.
The drugs that have been shown to be ef-

fective in preventing reinfection are nitro-
furantoin'7 and trimethoprim.'8 They are both
used in doses of 1-2 mg/kg/day given usually as
a nightly bolus; this is well below the normal
therapeutic dose. Side effects have been rela-
tively uncommon with both these drugs, but
recently there has been some anxiety about the
small risk of pulmonary and hepatic fibrosis in
children taking nitrofurantoin for prolonged
periods.'9 Amoxycillin, cephalosporins, and
nalidixic acid are relatively ineffective as pro-
phylactic agents probably because the bowel
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soon becomes colonised with E coli resistant to
the drug taken.20 Reinfection of the urinary
tract, when it occurs, is likely to be with a resis-
tant organism. Co-trimoxazole is also effective
as a prophylactic agent but the greater risk of
side effects and complications from the sulpha-
methoxasole component of this trimethoprim
combination have lead to a reduction in the use
of this drug in the long term management of
urinary tract infection in childhood.2'

Single dose and short course treatment
Single dose treatment and very short course
treatment is attractive because it is associated
with improved compliance and reduced side
effects and cost, and it was used successfully in
adolescent girls by Fine and Jacobson.22 There
is evidence to suggest that those who have an
early recurrence of infection may have upper
tract infection or underlying abnormality. It has
been suggested in adults that single dose treat-
ment could be used as a method of screening for
those who need further investigation.

In a randomised controlled study in children
and adults Bailey and Abbott showed that the
cure rate after a single dose of amoxycillin was
as effective as a one week course.23 Others,
however, have found that early recurrence after
10 days was more likely to occur after single
dose treatment than a one week course,
although most recurrences were asympto-
matic. It would be prudent therefore to use
single dose treatment in girls over 5 years of age
with grossly normal urinary tracts in whom the
risk of progressive damage is minimal, but to
treat younger children and those with abnormal
urinary tracts, systemic, or upper tract symp-
toms with longer courses.

When not to treat
There are now a number of long term follow
up studies in schoolgirls with asymptomatic
bacteriuria that show that this is a benign condi-
tion in girls with radiologically normal kidneys
over 4 years of age even if vesicoureteric reflux
is present.'5 16 Reflux nephropathy once estab-
lished progresses very slowly in a small propor-
tion of cases and usually when vesicoureteric
reflux is present and reinfection occurs. There
is no clear evidence that long term low dose
prophylaxis is superior to no treatment in
asymptomatic children, however, as reinfection
with new organisms may be more damaging to
the kidney than continuous infection with an
organism of low pathogenicity.25 In girls the
natural history is for reinfection to occur in a
high proportion after treatment has been dis-
continued. Conventional courses of treatment
are doomed to failure in a large proportion of
girls, therefore, and long term low dose prophy-
laxis is less successful in asymptomatic infection
because of poor compliance and lack of motiva-
tion. In boys conventional courses may be used
effectively as reinfection is rarely a problem
except in the grossly abnormal urinary tract.

The grossly abnormal urinary tract
Recurrent asymptomatic infection is relatively

common in children with neurogenic bladders
or where there is gross dilatation or stasis of
the urinary tract, a ureterostomy, after bladder
reconstruction, or renal calculi, and in those
children using self intermittent catheterisation.
It is usual to treat the infection when it first
comes to medical attention, particularly in chil-
dren under 2 years, but infections that recur
after three or four courses of appropriate anti-
biotic treatment in the absence of appreciable
symptoms are likely to continue to recur after
further courses. The organisms may become
increasingly difficult to treat, however, be-
cause of acquired antibiotic resistance. It is
important to ensure that proper surgical man-
agement has been carried out-for example,
removal of all urinary calculi, relief of obstruc-
tion, and proper management of the neurogenic
bladder. Although prophylaxis is helpful in
some cases, repeated breakthrough infections
often become a problem in these children. In
this situation it is best to leave the infection
untreated unless symptoms become trouble-
some or surgery is planned. The child can then
be given a five to 10 day course of appropriate
treatment, until there is clinical improvement,
or surgery has been completed. The choice of
antibiotic may be difficult and these children
with multiply resistant organisms such as
proteus, pseudomonas, and E coli usually
require treatment with expensive newer intrave-
nous antibiotics rather than first line drugs.
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