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Aims: To assess the safety and efficacy of ambulatory oral cefuroxime-axetil treatment

in children presenting with first febrile urinary tract infection (UTI) in terms of resolution of

fever, antibiotics tolerance, bacterial resistance, and loss to ambulatory follow-up.

Methods: Two-year prospective single-center evaluation of the local protocol of oral

ambulatory treatment of children presenting first febrile urinary tract infection (UTI).

Results: FromOctober 2013 to October 2015, 82 children were treated ambulatory with

oral cefuroxime-axetil. The median age was 8 months. When analyzing those 82 children

treated orally, 51 (62%) completed oral treatment, 14 (17%) missed their scheduled

follow-up visits (3 patients at day 2 and 11 patients at week 2), and 17 (21%) were

switched to IV therapy for the following reasons: vomiting in 9, persistent fever in 5,

antibiotic resistance in 2 and bacteremia in 1. Six children (8%) presented recurrent UTI

after a median of 5 months of follow-up.

Conclusions: This 2-year evaluation suggests that oral treatment with cefuroxime-axetil

in febrile UTI is feasible but should be implemented with caution. Home-treated children

require reevaluation during treatment since 21% of our cohort had to be temporarily

switched to parenteral therapy and 17% did not attend scheduled follow-up visits during

oral treatment.

Keywords: urinary tract infection, oral treatment, children, uropathogens, Escherichia coli, antibiotic resistance,

urine culture

INTRODUCTION

Urinary tract infection (UTI) is one of the most common infections diagnosed in pediatric patients
(1). Early treatment with appropriate antibiotics is essential to reduce the risk of renal scarring
which can lead to the development of long term renal damage (2). In almost all cases of UTI,
empirical antimicrobial treatment is initiated before the laboratory results of urine culture become
available. Nonetheless, there is no consensus on the most effective empirical antibiotic regimen
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or route of administration (3). In the past, most authorities
recommended initiating antibiotic therapy by parenteral route
(4). However, in the last decade American and European
guidelines started to suggest initial treatment with oral antibiotics
for children older than two or three months of age (5–7). Oral
treatment has potential advantages, such as the relative ease of
administration which does not require hospital admission. Yet,
these guidelines might be inappropriate in certain settings. First,
febrile children unable to retain oral fluids and medications need
to be hospitalized and treated by parenteral route. The same is
true for families at risk of noncompliance. Second, the sensitivity
patterns to antibiotics may show significant geographical
variation (8). Therefore, appropriateness of treatment guidelines
has to be evaluated at the local level. Finally, in four prospective
and randomized studies which documented the efficacy of oral
antibiotics in UTI children, oral treatment therapy was either
administrated at the emergency department (9–11) or during
hospitalization (12), so that their results need to be confirmed in
cohorts of children treated as outpatients.

In spite of these limitations, we started to implement the
guidelines on oral treatment for children with febrile UTI from
October 2013. The aim of this study was to evaluate the efficacy
and safety of the ambulatory oral treatment with cefuroxime-
axetil during a two-year period in terms of resolution of fever,
ability to retain oral antibiotics, the adequacy of initial empirical
antibiotic therapy based on antibiotic sensitivity testing, and loss
to follow-up.

PATIENTS AND METHODS

Patients
UTI was suspected and urine tests requested in febrile children
(≥38◦C), with at least two of the following criteria: leukocytosis
≥15,000/mm3; CRP ≥ 40 mg/L; known uropathy; signs of
systemic infection; vomiting and poor feeding in infants; and
back pain and chills in older children (13).

For every child screened for UTI, a fresh urine sample was
sent to the local laboratory for dipstick and automated flow
cytometer analyses as well as quantitative urine culture. For
children younger than 24 months, urine samples were obtained
by supra-pubic aspiration or bladder catheterization. For older
children, samples were obtained by clean catch (mid-stream
urine) or bladder catheterization.

Definition
Diagnosis of UTI Required a Positive Urinalysis and

Urine Culture
A positive urinalysis was defined as a trace or greater result
for leukocyte esterase and/or nitrite on dipstick (Medi-test
Combi 11; Macherey-Nagel, Düren, Germany), and/or the
presence of ≥35 leukocytes/µL of uncentrifuged urine using
the automated flow cytometer Sysmex UF-100 (Merck-Eurolab,
Leuven, Belgium) (14). The laboratory staff was blinded to

Abbreviations: E. coli, Escherichia coli; ESBL, Extended-spectrum beta-lactamase;

IQR, Interquartile range; UTI, urinary tract infection.

clinical information. In case of a positive urinalysis urine culture
was done and antibiotic treatment started.

UTI was confirmed in those children having growth of
≥50,000 colony-forming units/ml of a single pathogen. In urine
samples obtained by supra-pubic aspiration, any growth of
enteric Gram-negative pathogens was considered significant (5).
Characterization of the pathogens and antibiotic susceptibility
testing was performed according to standardized procedures
in the laboratory of the Department of Microbiology of our
institution.

Parenteral vs. Oral Treatment
All febrile patients with suspected UTI were treated according
to our new local antibiotic protocol (Figure 1). A parenteral
therapy was administered in children younger than 3 months,
those with signs of systemic infection, vomiting or poor feeding,
and in children with a history of previous febrile UTI or
known uropathy. The antibiotic therapy by the parenteral route
was as follows: cefotaxime and amikacin in young infants (0–
3 months of age), amikacin alone when aged > 3 months,
and ampicillin and amikacin in children with previous febrile
UTI or known uropathy. Treatment was adapted to results
of antibiotic sensitivity testing and switched to oral route
after 48 h of apyrexia. The total duration of treatment was of
14 days.

Oral treatment was prescribed to children>3months, in good
health condition, without clinical or biological signs of sepsis, and
with no history of febrile UTI or known uropathy. Cefuroxime-
axetil 50 mg/kg/day was given in three divided doses for 14
days. According to our protocol, children treated orally were not
hospitalized, but had to be reevaluated in our outpatient clinic
48 h later, in order to verify the resolution of fever (<38◦C),
antibiotic oral intake tolerance, and the adequacy of treatment
based on antibiotic sensitivity testing results. If the outpatient
clinic was unavailable (weekends and holidays), the children were
seen in the emergency department. A final visit at the nephrology
consultation was planned at the end of oral treatment in order to
assess health condition, fever, tolerance and compliance during
the whole period of antibiotic intake.

Ethics
The study protocol was reviewed and approved by the Ethics
Committee of our institution (Document number: CEH47/13).
The study was designed as a quality control of treatments used in
routine clinical practice in patients admitted with a suspicion of
UTI in our institution. Written informed consent was therefore
not required from the parents of children who contributed data
to the present study but parents were informed that the data
of children might be used for a clinical study in case UTI
was confirmed. To guarantee data confidentiality, data were
anonymized, birthdates deleted after the age had been calculated
and the data file conserved on a password protected laptop
computer.

Statistics
Categorical data are shown as proportions and expressed
as percentage. Continuous data are shown as medians with
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FIGURE 1 | Flow diagram of inclusion criteria for oral treatment in febrile children with UTI.

interquartile range (IQR). For categorical data, comparisons were
made using the Fisher’s exact test or Pearson’s chi-square test,
as appropriate. Mann-Whitney U test was used for continuous
variables without normal distribution.

RESULTS

Patient Characteristics
During this two-year study period, 196 consecutive febrile
children (208 episodes) were treated for proven UTI (positive
cultures) in our hospital in Brussels. All children <3 months
of age (N = 44) were treated by parenteral antibiotics.
Among the remaining 152 children, 82 patients (54%)
were treated as outpatients with oral cefuroxime-axetil
and 70 (46%) were hospitalized for parenteral treatment
(Figure 1).

The clinical characteristics and outcomes of the 82 patients
treated orally are shown in Table 1. The median age of these
patients was 8 months (IQR: 3–33). Sixty-five patients (79%)
were girls. The median temperature at entry was 39.0◦C (IQR:
38.6–39.7) and the median level of CRP was 50 mg/L (IQR:
17–92).

Uropathogens and Antibiotic Resistance
In children treated orally, the most common pathogens isolated
were gram-negative bacteria, which grew in 81 (99%) of all

TABLE 1 | Characteristics of children with febrile UTI treated with oral antibiotics.

Total

N = 82

Gender

Girls 65 (79%)

Boys 17 (21%)

Age (months) (Median, IQR) 8 (3–33)

Temperature◦C (Median, IQR) 39.0 (38.6–39.7)

CRP mg/L (Median, IQR) 50 (17–92)

Uropathogens

E. coli 73 (89%)

Proteus mirabilis 7 (9%)

Enterococcus faecalis 1 (1%)

Klebsiella pneumoniae 1 (1%)

ESBL 1 (1%)

Follow up (months) (median, IQR) 14 (6–23)

Recurrence of febrile UTI 6 (7%)

positive cultures. The frequencies of the pathogens were as
follows: E. coli in 73 children (89%), Proteus mirabilis in 7
(9%), and Enterococcus faecalis and Klebsiella pneumoniae
in 1 child each (1%) (Table 1). All these pathogens were
sensitive to cefuroxime-axetil, except for two: a gram-positive
strain (Enterococcus faecalis), and an extended-spectrum
beta-lactamases (ESBL) producing Enterobacteriaceae.
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FIGURE 2 | Evolution of children treated orally seen on day 2.

Clinical Evolution (Figure 2)
At the first visit after two days of treatment, three patients (4%)
were lost to follow-up. The remaining 79 children (96%) have
been reevaluated in the outpatient clinic. Sixty-two (75%) of
children continued oral treatment, while 17 patients (21%) were
subsequently hospitalized and switched to intravenous treatment
for the following reasons: vomiting in 9, persistent fever in 5,
antibiotic resistance in 2 and bacteremia in 1. The last three
children also had persistent fever.

A final visit at the nephrology consultation was planned 2
weeks after the start of oral treatment (Figure 3). Among the
62 children who continued oral treatment, 11 (18%) children
were lost to follow-up, while 51 (82%) were assessed for health
condition, antibiotic tolerance and compliance to treatment. All
patients were afebrile. Antibiotic intake was correctly completed
in all of them.

When analyzing the whole cohort of the 82 children
treated initially with oral antibiotics, 51 (62%) completed oral
treatment, 17 (21%) children were switched to IV therapy and
14 (17%) children were lost to follow-up during the two-week
treatment duration (3 patients at day 2 and 11 patients at
week 2).

Follow-Up
The median duration of the follow-up was 14 months (IQR:
6–23). Six children had recurrence of UTI during follow-up,
with a median time of first recurrence of 4.5 months (IQR: 2–
16 months). E. coli was isolated in 5 children and Klebsiella
pneumoniae in one child.

DISCUSSION

In Belgium, routine use of parenteral antimicrobial treatment in
children with UTI has been recommended for decades because
it was supposed to ensure optimal antimicrobial levels in these
high-risk patients (13, 15). In the last two decades, at least
four studies (9–12) showed that administration of oral and
parenteral antibiotics in children with UTI had comparable
efficacy in terms of duration of fever, disease recurrence and
incidence of scars 6–12 months after infection. Accordingly,
American (5), English (6), and Italian (7) national guidelines
now provide similar recommendations to restrict hospitalization
and parenteral antibiotic treatment to “complicated” UTI (e.g.,
febrile child appearing toxic, dehydrated, and/or unable to
retain oral fluids and medication) and in cases where non-
compliance is expected. The local patterns of susceptibility of
coliforms to antimicrobial agents are clearly essential for the
implementation of these guidelines in local operating procedures
(8, 13). Substantial geographic variation in antibiotic resistance
needs to be taken into account for the choice of the first-
line empirical antimicrobial agents. Worldwide prevalence of
antimicrobial resistance is increasing at a startling rate. A high
rate of antibiotic resistance for E. coli strains, in particular,
has been identified in Europe and North America (8, 16, 17).
Urinary E. coli expressing ESBLs in Asia has already reached
about 60% (18, 19), but remains fortunately low in Europe
(13, 20).

In light of data in Belgium showing only a 2% resistance of
E. coli strains to second and third generation cephalosporins
(13), cefuroxime-axetil has been chosen as first line oral
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FIGURE 3 | Evolution of children treated orally seen on week 2.

treatment in this study. Our results confirm the same low
rate of resistance. However, 11% of children presented
digestive symptoms and needed an antibiotic shift to the
parenteral route. Surprisingly, these digestive side effects
of cefuroxime-axetil in tablet form have only seldom been
reported in adult literature (21). However, in pediatric
populations the relatively bitter taste of cefuroxime-axetil
suspension may reduce compliance by interfering with children’s
acceptance of oral therapy (22). Tolerance to cefuroxime-
axetil in particular and to other antibiotics in general is
however of crucial importance and must be taken into
account as long as ambulatory oral treatment is concerned
(22).

In this respect, it is interesting that in all four prospective
and randomized trials which documented the efficacy of oral
antibiotics in UTI children were treated as inpatients with
treatment either administrated at the emergency department
(9–11) or during hospitalization (12). Therefore, the efficacy
of oral antibiotics as treatment for UTI in children clearly
required validation in the context of outpatient therapy.
Our single-center cohort suggests in a real life setting
that ambulatory treatment of febrile UTI in children is
possible when the prevalence of multi-resistant organisms
is relatively low. Nevertheless, 21% of patients have been
shifted from oral to intravenous treatment underlining
the need for high compliance and close medical follow
up for successful implementation of ambulatory treatment
strategies.

Our pediatric hospital, located in the north of Brussels, acts
as a first-line medical facility for socially and economically

fragile patients, for whom adhesion to oral therapy and
medical follow-up can be difficult to ascertain. The
success of oral antibiotic treatment in this setting is clearly
dependent on a public health system which reduces barriers
to compliance and adequate follow-up. The situation in
Belgium in this respect is relatively favorable (high level
of general medical care with limited financial contribution
by patients). Even so, 17% of children escaped medical
controls during follow-up. The findings of the present
study can therefore not be automatically transposed to other
settings/countries.

The present study has several limitations. The overall cohort
is of moderate size and the design of the study is not an
intervention trial with a control group. In addition, children had
no control urine culture after completion of antibiotic therapy
for bacteriological confirmation of cure. Cefuroxime-axetil was
used as the first-line antibiotic treatment. The palatability of the
suspension, the dosing intervals (3 times per day) and duration
of therapy (14 days) might have increased oral treatment failures.
Oral third generation antibiotics are likely to be more effective
but are unfortunately not commercially available in Belgium.
Therefore, our results can only be interpreted for cefuroxime-
axetil. An additional limitation of our study is the fact that
conversion from oral to intravenous therapy is a subjective
outcome which depends on clinical judgment of the treating
pediatrician. We cannot exclude that some of the children with
difficulties in taking oral antibiotics due to vomiting and/or
persistent fever at the day 2 visit in spite of bacterial sensitivity
might have been ultimately successfully treated by the oral route,
mainly because these situations were considered at risk for
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treatment failure and potential renal damage. In a recent study
Chaudhary et al. showed that substantial variation in admission
rates exists for children with UTI in the United States (23).
In addition, although hospitals with lower admission rates had
higher revisit rates, those hospitals did not have an increase
in revisits with subsequent admission, which differs from our
results.

CONCLUSION

This 2-year evaluation suggests that the implementation of
international guidelines on oral treatment in febrile UTI is
possible but requires caution. Home-treated children with
cefuroxime-axetil need reevaluation during the scheduled
treatment period since in our cohort more than one out of
five of them were switched to parenteral therapy. In addition,
a significant proportion of children can be lost to follow-up
and local procedures are necessary to monitor and manage
children who do not attend follow up visits during oral
treatment.
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