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Abstract:

Background: Urinary tract infections (UTIs) are common in paediatric environment. The microbial ecology is
often modified by over-prescription of antibiotics. The aim of this study was to determine the prevalence and
etiological agents responsible for paediatric UTIs, with a view to improving care for children in Bouaké, Cote
d'Ivoire.

Methodology: The study was carried out in the Paediatrics Department and the Microbiology Laboratory of
Bouaké University Hospital Center over a 30-month period from June 2020 to December 2022. A total of 219
children were included and urine samples were collected. Bacterial strains were identified using conventional
bacteriology techniques. Antibiotic susceptibility testing was carried out using the disk diffusion method, and
interpretation was made according to CASFM/EUCAST recommendations for the current year.

Results: Among the 219 children included, 28 (12.8%) cases of UTIs were diagnosed and urinary tract anomalies
in 21.4% of the UTI cases (6/28). The median age of the UTI cases was 96 months, females accounted for 60.7%
(17/28) with a M/F of 0.65. Fever and urinary symptoms were reported by 47.0% and 17.3% respectively.
Community acquired UTIs occurred in 25.0% (7/28), while hospital acquired UTIs occurred in 75.0% (21/28).
Escherichia coli (60.7%) and Klebsiella pneumoniae (17.9%) were the most frequent bacteria isolated. Resistance
rates to standard beta-lactam antibiotics ranged from 56.3% to 62.3%.

Conclusion: The epidemiology of paediatric urinary tract infections was dominated by E. coli, with high rates of
resistance to standard antibiotics at Bouaké University Hospital Center.
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Résumeé:

Contexte: Les infections urinaires (IU) sont fréquentes en milieu pédiatrique. L'écologie microbienne est souvent
modifiée par la prescription abusive des antibiotiques. L'objectif de cette étude était de déterminer la prévalence
et les agents étiologiques responsables d'IU pédiatrique pour une meilleure prise en charge des enfants a Bouaké.
Méthodologie: L'étude a été réalisée dans les services de Pédiatrie et le Laboratoire de Microbiologie du CHU de
Bouaké durant une période 30 mois allant de Juin 2020 a Décembre 2022. Un total de 219 enfants a été inclus
et des échantillons d’urines ont été prélevés. Les souches bactériennes ont été identifiées selon les techniques de
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bactériologie conventionnelle. Le test de sensibilité des bactéries aux antibiotiques a été réalisé par la méthode
de diffusion en milieu gélosé Mueller-Hinton et I'interprétation a été faite selon les recommandations CASFM/
EUCAST de I'année en cours.

Résultats: Parmi les 219 enfants inclus, 28 cas d'infections urinaires ont été diagnostiqués (12,8%) et les
anomalies de I'appareil urinaire 21,4% (6/28). L'age médian=96 mois. Les femmes représentaient 60,7% (17/28)
avec une sex-ratio H/F=0,65. La fievre et les signes d’appel urinaire étaient évoqués respectivement 47% et
17,3%. Par ailleurs, le taux d’infection urinaire d’origine communautaire était de 25,0% (7/28) contre 75,0%
(21/28) en milieu hospitalier. Escherichia coli (60,7%), Klebsiella pneumoniae (17,9%) étaient les principales
bactéries isolées. Les taux de résistance aux béta lactamines usuels étaient variables de 56,3 a 62,3%.
Conclusion: |'épidémiologie des infections urinaires pédiatrique était dominé par E. coli avec des taux de
résistances élevés vis-a-vis des antibiotiques usuels au CHU de Bouaké.

Mots-clés: Infections urinaires, Pédiatrie, Résistance aux antibiotiques, Cote d'Ivoire

Introduction: Materials and method:

After respiratory tract infections (RTI), Study setting, design and duration:
urinary tract infections (UTIs) are the second This was a descriptive cross-sectional
most common clinical conditions for consulta- study conducted in the Paediatrics Depart-
tions and antibiotic prescriptions (1). They can ment and the Microbiology Laboratory of the
affect the urinary tract at any age, but are a University Hospital of Bouaké over a period of
frequent source of infection in infants and 30 months (June 2020 to December 2022).
young children in particular (2,3). There are The study population was represented by chil-
around 150 million cases of UTIs every year dren aged 0 to 15 years, regardless of sex,
worldwide, including almost 2 million in Fran- presenting with fever with or without urinary
ce, making it a major public health concern symptoms, or in whom urine cytobacteriolo-
(4). In developed countries, it accounts for gical examination (ECBU) had been prescri-
around 5% of hospital admissions in general bed. Patients who had received antibiotic the-
paediatric wards (5). In Morocco, Zahir (6) re- rapy for more than 48 hours prior to the ECBU
ported a frequency of UTI of 30.2%. were excluded.

In Burkina Faso, the frequency of UTI . . .
was 18.7% at the Centre Hospitalier Universi- Ethical considerations:

The Scientific Medical Department
(DMS) of the University Hospital Centre (CHU)
of Bouaké, acting as the Ethics Committee,
approved the study. Informed consent was
obtained from the children's parents or legal
guardians.

taire pédiatrique de Ouagadougou in 2012 (7).
At the Paediatrics Department of Yopougon
University Hospital, Cote d'Ivoire in 2014, the
frequency of UTI was estimated to be 25%,
and at Cocody University Hospital, UTI accoun-
ted for 18.9% of neonatal infections (8).
Urinary tract infection in children is
responsible for serious complications such as
arterial hypertension and chronic kidney dise-
ase (9) and therefore requires rapid and effec-
tive treatment. However, the urine cytobacte-
riological examination (ECBU), which confirms
the presence of a UTI and identifies the bacte-
ria responsible, is rarely carried out as part of
the management of the infection due to the
low socio-economic status of most patients
(8). In this context, treatment is generally em-
pirical, leading to frequent therapeutic failures

Clinical sample collection:

Fresh urine was collected in a sterile
container. In neonates and infants, samples
were taken after rigorous asepsis of the peri-
neal area using Urinicols. These devices were
left in place for a maximum of 30 minutes until
urination. In young and older children, urine
was collected in sterile urine jars using the jet
medium technique (11). The urine samples
were transported to the laboratory immedia-
tely for bacteriological analysis

with antibiotics prescribed as first-line treat- Bacteriological analysis:
ment. The urine collected was analysed using
The increasing antibiotic resistance of conventional bacteriological techniques inclu-
bacteria involved in UTIs also limits the choice ding macroscopic examination to assess the
of antibiotics, hence the importance of bacte- clarity of the urine and macroscopic haematu-
riological documentation of UTIs and the ria, and direct microscopic examination after
choice of appropriate antibiotic therapy (10). Gram staining. Cytological analysis (qualitative
The aim of this study was to determine the and quantitative) was performed to assess
prevalence and aetiological agents responsible leukocyturia.
for paediatric UTIs in order to improve mana- Urine samples were cultured on Eosin
gement of children in Bouaké. Methylene Blue (EMB) and Bromocresol Purple
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(BCP) media and samples meeting the Kass
positivity criteria (leucocyturia of > 10* leuco-
cytes/ml and bacteriuria of >105CFU/ml) were
identified for further processing.

Enterobacteriaceae were identified using
conventional morphological and biochemical
test scheme. Gram-positive cocci were tested
for catalase and sub-cultured on Chapman and
Bile Esculin Azoture (BEA) media, enabling
staphylococci strains to be distinguished from
enterococci. Pastorex Staph-Plus kits were
used to distinguish Staphylococcus aureus
from other staphylococci. The Novobiocin disc
was used to identify Staphylococcus saprophy-
ticus.

Antibiotic susceptibility testing and resistance
detection:

Antibiotic susceptibility of each isolate
was determined using the disk diffusion met-
hod on Mueller-Hinton agar. Inhibition diame-
ters were interpreted as sensitive, interme-
diate or resistant according to CASFM/EUCAST
criteria for the current year.

Enterobacteriaceae were tested for ex
tended-spectrum beta-lactamase (ESBL) pro-
duction using the double disk synergy test
with a central disc of amoxicillin + clavulanic
acid 30 mm from the cefotaxime, ceftriaxone
and aztreonam discs. The presence of ESBL
was noted in the presence of a ‘champagne
cork’ appearance.

Statistical analysis of the data:

The variables studied were epidemio-
logical (sex, age, patient origin), clinical and
bacteriological data, and the rate of bacterial
resistance to antibiotics. The data were ana-
lysed using EPI-INFO 7.2.2.6 software, and
the Chi2 test was used to compare qualitative
variables with significance level set at p<
0.05.

Results:

Prevalence of UTI:

During the study, urine samples were
collected from 219 patients, who were hospi-
talized in paediatric department in 75.3%
(165/219) and from the community (paedia-
tric consultation) in 24.7% (54/219). The
median age of the patients was 6 years, with
a range of 1 day to 15 years. The 6-15 years
age group was the most represented (50.7%),
followed by the 2-5 years age group (28.8%)
(Table 1).

The most frequent symptom for reqg-
uesting ECBU was fever (47.0%), followed by
urinary burning (17.3%) and dysuria (8.2%)
(Table I). Antibiotic therapy had been initiated
in 29.6% of patients and for at least 24 hours
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in 78.5% of them (Table 1). The antibiotics
most frequently prescribed were ceftriaxone
(41.5%) and amoxicillin-clavulanic acid (24.6%).

Table 1: Clinical and demographic characteristics
of the study participants

Variable Number (%)

Age group (years)

0-2 45 (20.5)

2-5 63 (28.8)

6-15 111 (50.7)
Sex

Male 134 (61.2)

Female 85 (38.8)
Clinical symptoms

Fever 103 (47.0)

Urinary burning 38 (17.3)

Dysuria 18 (8.2)
Antibiotic therapy

Yes 65 (29.7)

No 154 (70.3)

Bacteriological data:

Urine cytology revealed leukocyturia
(> 10* WBC/mm?3) in 24.2% (53/219). Gram
staining revealed the presence of bacteria in
17.8% (39/219) of cases. These were Gram-
negative bacilli in 89.7% (35/39) and Gram-
positive cocci in 10.3% (4/39) of cases. The
bacterial culture positivity rate was 16.34%
(36/219).

According to the Kass criteria, 28
voided urine samples met the criteria for UTI
i. e. 12.8% (28/219). These infections were
community-acquired in 25.0% (7/28), and
hospital-acquired in 75.0% (21/28) of cases
(Table 2). The infections also occurred more
frequently in patients who have not been on
antibiotic treatment but no significant statis-
tical relationship (p=0.3).

The prevalence of UTI was significantly
higher in the females (19.5%, 17/85) than the
males (8.2%, 11/134) (OR 2.8, p=0.01)
(Table 2). Urinary tract abnormalities were
observed in 21.4% (6/28). The median age of
patients presenting with a UTI was 96 months
with range from 2 to 168 months.

The bacterial groups isolated were
Enterobacteriaceae (89.3%, n=25) followed
by enterococci (7.1%, n=2) and staphylococci
(3.6%, n=1). Escherichia coli (60.7%, n=17)
was the most frequent isolate, followed by
Klebsiella pneumoniae (17.9%, n=5) and
Enterobacter spp (7.1%, n=2). Among the
Gram-positive cocci, Enterococcus faecalis
(7.1%, n=2) and Staphylococcus saprophy-
ticus (3.6%, n=1) were isolated (Table 3).
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Table 2: Epidemiological and clinical characteristics of children with urinary tract infections

Variable Number (%) x2 OR (95% CI) p value
Kass criteria

Yes 28 (12.8)

No 191 (87.2)

Origin

Hospital (n=165) 21 (12.7) 0.002 1.0 (0.4-2.5) 1.00
Community (n=54) 7 (12.9)

Sex

Male (n=134) 11 (8.2) 5.47 2.8 (1.3-6.3) 0.01%
Female (n=85) 17 (19.5)

Age group (years)

0-2 (n=45) 7 (15.6) 1.9 0.39
2-5 (n=63) 5(7.9)

6-15 (n=111) 16 (14.4)

x2 = Chi square; OR = Odd ratio; CI = Confidence interval; * = statistically significant

Table 3: Bacterial isolates of urinary tract infections

Uropathogens Number (%)
Enterobacteriaceae 25 (89.3)
Escherichia coli 17 (60.7)
Klebsiella pneumoniae 5(17.9)
Enterobacter spp 2(7.1)
Salmonella spp 1(3.6)
Gram-positive cocci 3 (10.7)
Enterococcus faecalis 2(7.1)
Staphylococcus saprophyticus 1(3.6)
Total 28 (100.0)

Antibiotic sensitivity of isolated bacteria:

The rate of resistance of Enterobacte-
riaceae to beta-lactam antibiotics was over
50%. The rates for ampicillin and amoxicillin-
clavulanic acid were 88.0% and 48% respec-
tively. Susceptibility to 3™ generation cephalo-
sporins was also affected, with resistance
levels rising to 64.0% for ceftriaxone and cefo-
taxime respectively (Table 4).

Resistance to fluoroquinolones (cipro-
floxacin) and aminoglycosides (gentamycin
and amikacin) were 52.0%, 52.0% and 32.0%
respectively. Resistance of Enterobacteriaceae
to imipenem (16.0%) and meropenem (12%)
remained low.

Escherichia coli, the most frequent En-
terobacteriaceae isolated, expressed high levels
of resistance to amino-penicillins (93.8%), amo-
xicillin-clavulanic acid (56.3%) and cotrimoxa-
zole (87.5%). Resistance to cefotaxime and
ceftriaxone were 75.0% and 62.3% respecti-
vely (Table 5).

Thirty-two percent (8/25) of the Ente-
robacteriaceae were extended-spectrum beta-
lactamase (ESBL) producers. These were E.
coli (62.5%; n=5/8), Klebsiella pneumoniae
(25.0%, n= 2/8), Enterobacter spp (12.5%,
n=1/8).

Enterococcus faecalis strains were all
sensitive to ampicillin, but 50.0% were resis-
tant to norfloxacin, chloramphenicol and gen-
tamicin (high level of resistance to aminogly-
cosides). Resistance to cyclins (minocycline,
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tetracycline) was 100.0%. Staphylococcus sa-
prophyticus strain was resistant to penicillin G
(100.0%), sulfamethoxazole-trimethoprim
(100.0%) and cyclins (100.0%). All Gram-
positive cocci were sensitive to vancomycin
(Table 4).

Discussion:

Antibiotic resistance is a growing pub-
lic health problem, which has an impact on the
choice of first-line treatments for the most
common infections, such as paediatric urinary
tract infections (12). As a result, international
organizations and associations such as the
European Centre for Disease Prevention and
Control (ECDC), the Infectious Diseases Soci-
ety of America (IDSA) and the American
Association of Pediatrics (AAP) consider it
essential to disseminate local information on
antimicrobial resistance in order to develop
our own treatment guidelines (12,13).

The results of our study show that
data were obtained from 219 patients, 75.4%
of whom were hospitalised and 24.6% ambu-
latory. The most frequent symptoms for ECBU
request in children was fever (47%), followed
by wurinary burning (17.3%) and dysuria
(8.2%). Similar data had been reported by
Cissé et al (14) who, in a study carried out in
2014 on 202 patients, reported the following
as the main presenting symptom; fever in
100% of cases, digestive problems in 80.7%
of patients and no urinary symptoms (7.05%).

Antibiotic therapy has been initiated in
29.7% of the patients in our study. The
compliance and appropriateness of these anti-
biotic prescriptions had not been studied. Our
rate is lower than that of Mabiala et al., (15)
in the Congo, who in 2009 found a hospital
prevalence of antibiotic prescribing in paedia-
trics of 61.5%, with beta-lactam antibiotics
accounting for 79.0% of prescriptions (15).

Twenty-eight of 219 (12.8%) children
in our study met the criteria for UTI, with



Aetiology of childhood urinary tract infections

Afr. J. Clin. Exper. Microbiol. 2025; 26 (2): 144-150

Table 4: Resistance rates of the bacterial isolates against the antibiotics tested

Bacteria isolates

Antibiotic
Enterobacteriaceae

n=25 (%)
Chloramphenicol 3(12.0)
Minocycline 12 (48,0)
Ampicillin 22 (88.0)
Amoxicillin-clavulanic acid 12 (48.0)
Cefotaxime 16 (64.0)
Ceftriaxone 16 (64.0)
Imipenem 4 (16.0)
Norfloxacin
Ciprofloxacin 13 (52.0)
Gentamicin 13 (52.0)
Amikacin 8 (32.0)
Vancomycin -
Cotrimoxazole 20 (80.0)
Penicillin G -
Cefoxitin -
Fusidic acid -

Enterococcus faecalis

Staphylococcus saprophyticus

n=2 (%) n=1 (%)
1 (50.0) -
2 (100.0) 1 (100.0)
0 -
0 -
1 (50.0) -
1 (50.0)
1 (50.0)
- 0
0 0
2 (100.0) 1 (100.0)
- 1 (100.0)
- 0
- 1 (100.0)

Table 5: Resistance rates of Escherichia coli and Klebsiella pneumoniae isolates to the antibiotics tested

Klebsiella pneumoniae [n=5 (%)]

Antibiotic Escherichia coli [n=16 (%)]
Chloramphenicol 1(6.3)
Minocycline 9 (56.3)
Ampicillin 15 (93.8)
Amoxicillin-clavulanic acid 9 (56.3)
Cefotaxime 12 (75.0)
Ceftriaxone 10 (62.3)
Imipenem 3(18.8)
Ciprofloxacin 8 (50.0)
Gentamicin 7 (43.8)
Amikacin 5(31.2)
Cotrimoxazole 14 (87.5)

1 (20.0)
3(60.0)
*RN
2 (40.0)
2 (40.0)
3(60.0)
0
4 (80.0)
3(60.0)
3(60.0)
4 (80.0)

60.7% of them being females. The prevalence
of UTI in the females (19.5%) was significantly
higher than that in the males (8.2%) (OR 2.8,
p=0.01). The prevalence of UTI was also
higher among infants (1 month to 2 years)
(15.6%) and children 6-15 years (14.4%)
compared to children in the age group 2-5
years (7.9%) but the difference was not sta-
tistically significant (p=0.39).

Our findings are similar to those of
Ouedraogo et al., (7) in Burkina Faso, who
reported a frequency of paediatric UTI of
18.7%, with a predominance of females.
Bouskraoui et al., in Morocco (16) reported a
low frequency of paediatric UTIs of 1.33%,
with a clear predominance of females at
65.7% (16). The female predominance is in
line with data in the literature according to
which 8% of females compared with 2% of
males are likely to contract a UTI before the
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age of 7 years (17).

Furthermore, the higher susceptibility
of females to UTIs could be explained by the
relatively shorter length of the female urethra
and the regular colonisation of the perineum
by enteric organisms (18). In addition, UTIs
occurred more frequently in hospitalised child-
ren (75%), which corroborates a previous
study that reported UTIs accounting for 40%
of all nosocomial infections (19).

The bacteriological profile of UTI in this
study was dominated by Enterobacteriaceae in
89.3% of cases, with E. coli (60.7%) being the
most frequent bacterium, followed by Klebsi-
ella pneumoniae (17.9%). Several studies
throughout the world confirm this trend.
Bouskraoui (16) and Ferjani (20), from Moro-
cco and Tunisia respectively, reported Escheri-
chia coli in 72-80.4% of cases, followed by
Klebsiella spp (9.8-14%) and Proteus mirabilis
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(5.9%). Similarly in Saudi Arabia, Tahir et al.,
(21) reported E. coli to be the main uropatho-
gen (75.7%), followed by Klebsiella pneumo-
niae (9.4%) and Pseudomonas aeruginosa
(5.9%).

Enterococcus spp (3.5%) was the
main Gram-positive cocci, which agrees with
studies in the literature (22,23), which repor-
ted that E. coli accounts for 80-90% of urinary
tract infections in children. In fact, majority of
UTIs result from bacteria ascending from the
periurethral zone, migrating retrograde via the
urethra to reach the bladder and potentially
the upper urinary tract.

With regard to the sensitivity of the
bacteria to antibiotics, the Enterobacteriaceae
were resistant to aminopenicillins (88.0%),
penicillin+inhibitor combination (48.0%) and
37 generation cephalosporins such as cefo-
taxime and ceftriaxone (64.0%), and 52.0%
expressed resistance to quinolones. Similar
data was reported by Boni (5) in Cote d'Ivoire,
with high rates of resistance to the amoxicillin-
clavulanic acid combination (51-85%) and to
ciprofloxacin (64-75%).

Carbapenems remained the most act-
ive antibiotics against Enterobacteriaceae. E.
coli, the main Enterobacteriaceae isolated,
expressed high levels of resistance to amino-
penicillins (93.8%), amoxicillin-clavulanic acid
(56.3%) and cotrimoxazole (87.5%). Resis-
tance of the isolates to cefotaxime, ceftriaxone
and cefepime remained high.

Conclusion:

Paediatric UTIs are frequent and parti-
cularly affect infants and children at Bouaké
University Hospital. Antibiotics such as ampi-
cillin, amoxicillin, amoxicillin-clavulanic acid
and ceftriaxone are no longer effective as first-
line empirical treatment of paediatric UTIs in
Bouaké. There is need to set up a multi-
disciplinary antibiotic stewardship team in
Bouaké University Hospital to promote appro-
priate use of antimicrobials.
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