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Abstract 
 
Background: Urinary tract infections (UTI) are one of the most common bacterial infections in 
childhood, with the potential to cause  acute and long-term complications. Diagnosing UTI in 
children is often challenging due to non-specific symptoms, difficulty in collecting sterile 
specimens, and culture results only becoming available after 24-48 hours, necessitating initiation 
of empiric antibiotic therapy. Recent data on the epidemiology and antibiotic susceptibility 
profile of community-acquired bacterial UTI in children in Cape Town is lacking.  
Objectives: To describe the clinical profile and organisms including antibiotic susceptibility 
testing (AST) results in children <10 years of age with community-acquired, culture-confirmed 
bacterial UTI attending Victoria Hospital, Cape Town. To compare the AST findings with the 
current South African (SA) Hospital Level Paediatric Standard Treatment Guidelines (STG) which 
recommend oral or parenteral amoxicillin/clavulanic acid as first-line empiric treatment for 
children with UTI, with ceftriaxone included as an alternative for neonates or acutely ill infants.  
Methods: A retrospective review of medical records and laboratory results of children <10 years 
of age who had a urine specimen submitted for culture and AST to the National Health Laboratory 
Service from Victoria Hospital between 1 February 2016 – 31 July 2019 was performed. The study 
definition of a culture-confirmed bacterial UTI is modified from the SA STG guidelines: (1) any 
culture from a suprapubic aspirate, (2) culture of >104 colony forming units (CFU)/mL of a single 
organism from a catheter urine specimen, (3) culture of >105 CFU/mL of a single organism from 
a mid-stream clean catch specimen or if the urine sampling technique was not indicated in the 
laboratory or medical records. Descriptive statistics were used to analyse the data. 
Results: From 528 urine specimens submitted, 89 specimens met the study definition of bacterial 
UTI and were included in the microbiological analysis. Seventy-eight children with available 
medical records were included in the demographic and clinical analysis. Median (interquartile 
range) age was 25 (0;117) months and 58% were female. One or more non-specific features of 
systemic illness were reported in 65% of children, and 51% had at least one symptom specific to 
the urinary system. Enterobacterales accounted for 99% of the organisms cultured (85% were 
Escherichia coli) and their susceptibility was amoxicillin/clavulanic acid (58%), cefuroxime 
(84%), third and fourth generation cephalosporins (88%), ciprofloxacin (94%), gentamicin (86%) 
and nitrofurantoin (90%). Eleven (12%) isolates were extended spectrum beta lactamase-
producing organisms but no carbapenem-resistant organisms were isolated.  
Conclusion: Although this study did not evaluate clinical outcomes of children, the AST finding 
that only 58% of Enterobacterales isolates were susceptible to the recommended empiric treatment 
with amoxicillin/clavulanic acid raises the concern that children may not be receiving appropriate 
treatment for UTI. Further research is needed on the antibiotic susceptibility profile and clinical 
outcome of children treated for UTI in order to inform appropriate empiric antibiotic treatment 
recommendations.  
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Urinary tract infections (UTI) are common bacterial infections in childhood, affecting 8% of girls 
and 2% of boys under 7 years of age [1-4], with the potential to cause severe acute and  long-term 
complications including sepsis, renal scarring and chronic kidney disease.[2] For this reason, early 
diagnosis and prompt and effective therapy is needed.[4] Diagnosing UTI in young children is 
challenging due to non-specific symptoms and signs, and difficulty in collecting sterile specimens 
particularly in non-toilet trained children, of which the most reliable method remains 
controversial.[2] Urine culture is the standard method of confirming the diagnosis, however it takes 
24–72 hours to detect bacterial growth and determine antibiotic susceptibility testing (AST) 
results; consequently antibiotic treatment is frequently started without a confirmed diagnosis or 
AST results.[2] The choice of an empirical antibiotic is based on the likely antibiotic susceptibility 
of common bacteria causing UTI in children. If urine culture and AST is performed and yields a 
positive and clinically compatible result, antibiotics must be adjusted to target the specific bacteria 
causing the UTI and de-escalated to the narrowest spectrum antibiotic available where appropriate. 
The Standard Treatment Guidelines and Essential Medicines List (STG/EML) for South Africa 
(SA) Primary Healthcare (PHC) Level 2020 Edition, and Hospital Level Paediatrics (HLP) 
guidelines (2017 Edition, Chapter 6 Nephrological/Urological Disorders 2021 update), provide 
recommendations on diagnosis and empirical antibiotic treatment for UTI in children.[5,6]  
 
The PHC guideline recommends empirical antibiotic treatment for UTI in children when a dipstix 
test (urine test strip) on a fresh bag specimen is positive for leucocytes and remains positive on a 
second specimen, or is positive for leucocytes or nitrites with symptoms of UTI, or is positive for 
both leucocytes and nitrites. The guideline recommends that all children <3 months with any UTI 
and children >3 months who appear ill should receive intramuscular ceftriaxone and be transferred 
to hospital.[5] Both PHC and HLP guidelines recommend oral amoxicillin/clavulanic acid (co-
amoxiclav) for children >3 months who are unwell but not acutely ill and who are not vomiting. 
Parenteral treatment is recommended for all neonates and acutely ill infants with either intravenous 
(IV) co-amoxiclav or cefotaxime. If there is no improvement after 24 hours of treatment, infection 
with a resistant organism should be suspected and treatment should be according to culture and 
AST results and a specialist consulted. If there is good clinical response, treatment may be changed 
to oral co-amoxiclav. Recommended duration of therapy is 3- 7 days but extended to 10-14 days 
in infants with acute pyelonephritis or septicaemia.[5,6] The HLP guidelines use urine culture based 
diagnostic criteria, on aseptically collected specimens, if the screening urine dipstix test of a bag 
specimen reveals the presence of leucocytes, nitrites, or haematuria. Criteria include: any positive 
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culture from a suprapubic urine specimen; a catheter specimen with >104 colony forming units 
(CFU)/milliliter (mL) of a single organism; a mid-stream clean catch specimen with >105 CFU/mL 
of a single organism or persistent culture of a single organism with counts as low as 104 CFU/mL.[6] 
Differentiating uncomplicated versus complicated and lower versus upper UTI is controversial and 
challenging, particularly in infants and young children who present with non-specific symptoms 
and signs. Treatment recommendations are therefore based on age, severity of presentation, ability 
to tolerate oral antibiotics and response to initial treatment.[5,6]  
 
Significant and increasing rates of resistance to commonly used first-line antibiotics for treatment 
of UTI have been described globally and in South Africa.[7-12] A systematic review and meta-
analysis of the global prevalence of antibiotic resistance in paediatric UTI caused by Escherichia 
coli (E. coli) in primary care was published in 2016.[8] The data were stratified by whether the 
country was included in the Organisation for Economic Co-operation and Development (OECD). 
Thirty-three studies done in OECD countries showed a pooled prevalence of resistance was: 8.2% 
(95% confidence interval (CI) 7.9-9.6%) for co-amoxiclav, 2.1% (0.8-4.4%) for ciprofloxacin, and 
1.3% (0.8-1.7%) for nitrofurantoin. Twenty-five studies done in countries outside the OECD, 
including lower-income countries, showed resistance was significantly higher: 60.3% (40.9-
79.0%) for co-amoxiclav, 26.8% (11.1-43.0%) for ciprofloxacin and 17.0% (9.8-24.2%) for 
nitrofurantoin. There was evidence that resistant isolates were more common in those with 
previous exposure to over-the-counter antibiotics available in some lower-income countries[8].  
 
A laboratory-based surveillance study reporting antimicrobial susceptibility patterns of E. coli 
from urine samples from 19 public and private sector laboratories across South Africa between 
2007 and 2011 showed decreasing susceptibility to β-lactam and fluoroquinolone antibiotics.[10] 
Susceptibility to co-amoxiclav declined from 84-81% in private and from 78-75% in public 
sectors, for cefuroxime from 94-88% in private and 92-88% in public, and ciprofloxacin from 86-
81% in private and 80-73% in the public sector. This study did not stratify data by age nor did the 
study design allow differentiation between community- and hospital-acquired infections. A study 
conducted at Tygerberg Hospital (tertiary level) in the Western Cape published in 2021 described 
urine culture and AST results in children  <14 years  (median age 12.1 months, interquartile range 
(IQR) 2.9-42.3 months) with suspected UTI admitted between January 2012 and December 
2013.[11] Among 282 urine samples that met the study definition of UTI (>105 CFU/mL growth of 
a single organism and >103 leucocytes/mL regardless of urine sample collection methods), 170 
(60%) were community-acquired (defined as infection identified on presentation to the paediatric 
emergency unit in the absence of any prior admission in the preceding 30 days). E. coli accounted 
for 67% of community-acquired infections with Klebsiella pneumoniae (K. pneumoniae), Proteus 
mirabilis and Enterococcus species accounting for 10%, 5% and 5% respectively. Analysis of AST 
showed that among 129/143 (90%) of the E. coli isolates tested, 80 (62%) were susceptible to co-
amoxiclav, but among 62/64 (97%) of K. pneumoniae isolates tested, only 7/62 (11%) were 
susceptible to co-amoxiclav. In addition, E. coli and K. pneumoniae accounted for 69/75 (92%) of 
the total number of ESBL-producing organisms causing UTI, of which 19/75 (25%) were 
community-acquired infections.  
 
Changing epidemiology should be considered in the development of empirical antibiotic treatment 
recommendations and antibiotic stewardship programmes. This is especially important among 
patients with underlying risk factors for severe infections or poor outcomes, and in areas with a 
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high prevalence of antibiotic resistance in order to minimise treatment failure due to discordant 
empirical therapy (cultured isolate is non-susceptible to empirical antibiotic selected). This must 
be balanced with the imperative of preserving antibiotic options for directed therapy of UTIs due 
to resistant bacterial infections.[13] Recent data on the epidemiology and antibiotic susceptibility 
profile of community-acquired bacterial UTI in children in Cape Town is lacking. 
 
Aims 
 
The study aims to describe the demographic and clinical profile of patients with community-
acquired, culture-confirmed UTI in children at Victoria Hospital, a district hospital in Cape Town, 
and the aetiology and AST profile of bacteria causing these infections. The study also aims to 
evaluate the appropriateness of the empirical antibiotic treatment recommendations for UTIs in 
children in the SA STG/EML in the context of the study results 
   
Methods  
 
This study is a retrospective review of medical records and laboratory results. Urine specimens 
sent from all children <10 years for routine microscopy, culture and AST to the National Health 
Laboratory Service (NHLS) microbiology laboratory at Groote Schuur Hospital from Victoria 
Hospital between 1 February 2016 and 31 July 2019 and who met study criteria for a culture 
confirmed bacterial UTI were included. This was a convenience sample.  
 
Inclusion criteria 
Specimens were included if they met the study definition of a culture-confirmed bacterial UTI, 
modified from the SA STG/EML HLP guidelines (2017 Edition, Chapter 6 
Nephrological/Urological Disorders 2021 update).[6] (1) any culture from a suprapubic aspirate, 
(2) culture of >104 CFU/mL of a single organism from a catheter urine specimen, (3) culture of 
>105 CFU/mL of a single organism from a mid-stream clean catch specimen or if the urine 
sampling technique was not indicated in the laboratory or medical records.[6] Community-acquired 
UTI were included and accepted to be an infection of the urinary tract at presentation or within 48 
hours of hospital admission.  
 
Exclusion criteria 
Specimens were excluded if they met the study definition of a contaminant which was (1) a urine 
specimen from a catheter specimen, mid-stream clean catch specimen or if the urine sampling 
technique was not indicated and the specimen had growth of two or more organisms, or (2) growth 
of non-uropathogens including Lactobacillus species and coagulase-negative staphylococci. If 
more than one urine specimen from the same participant cultured the same organism within 30 
days and met criteria for inclusion into the study, the second specimen was excluded. 
 
Culture and susceptibility testing 
After inoculation with calibrated loops on chromogenic media for uropathogens, urine plates were 
incubated aerobically for 18 - 24 hours at ~35◦C. Growth of a single organism (or up to two 
organisms for suprapubic or in/out catheter urine) was semi-quantified and identified using the 
VITEK 2 automated system (bioMérieux, Marcy-l'Étoile, France), biochemical or antigen-
detection methods. Susceptibility testing was performed using VITEK 2, or disc or gradient 
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diffusion antibiotic susceptibility testing methods where relevant. Results of antibiotic 
susceptibility tests were interpreted according to Clinical Laboratory and Standards Institute M100 
guidelines for that current year. In this study, antibiotic susceptibility was classified as either 
susceptible or non-susceptible, with the non-susceptible category including both the ‘intermediate’ 
and ‘resistant’ categories. 
 
Data collection and analysis 
Urine microscopy and culture results of children <10 years of age were extracted from the NHLS 
laboratory information system.  Culture and AST results meeting study criteria were entered into 
a study database. Medical records, where available, were reviewed, and demographic, clinical and 
antibiotic management data were captured in the database.  
  
Descriptive analyses were performed using Stata v 14.2 (Stata Corp, College Station, TX) and 
Microsoft Excel. Categorical variables were described using absolute values and percentages; 
continuous variables were described using mean and standard deviation for normally distributed 
data, and median and interquartile range for non-normally distributed data.  
 
Ethical approval was obtained from Human Research Ethics Committee of the University of Cape 
Town (HREC ref: 413/2019). The study was conducted according to the principles of the 
Declaration of Helsinki. As this was a retrospective review of medical records and laboratory 
results, the study received a waiver to obtain informed consent from study participants’ parents or 
legal guardians. 
 
Results 
 
Between 1 February 2016 and 31 July 2019, 528 urine specimens from children <10 years of age 
who attended Victoria Hospital were submitted to the NHLS for microscopy, culture and AST. 
Eighty-nine of these specimens met criteria for inclusion into the study (Figure 1). Medical records 
were available for 78/89 (88%) participants.  
.  
Demographic and clinical characteristics 
The median age of participants was 25 months (IQR 0-117 months) and 72% (56/78) were <5 
years of age, and 58% (45/78) were female. The weight-for-age Z score was between -2 and +2 
standard deviations in 81% (63/78) participants. One participant had known chronic renal disease. 
There were 2 participants living with HIV, 1 was on antiretroviral therapy (ART) with a suppressed 
viral load and the other one was not on ART. A previous UTI was documented in 5% (4/76) but 
clinical and laboratory details regarding the previous UTI episodes, including organisms cultured, 
AST results and antibiotics received, were unavailable. 
 
One or more non-specific systemic features of UTI listed in the STG/ EML SA HLP guidelines 
were documented in 65% (51/78) participants with the most common features being temperature 
instability in 76% (39/51), poor feeding in 47 % (24//51) and diarrhoea in 31% (16/51). At least 
one urinary symptom was documented in 51% (40/78) participants with the most common being 
dysuria in 58% (23/40), abdominal pain in 45% (18/40) and frequency in 23% (9/40). Admission 
to hospital was required in 42% (33/78) participants. 
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Sixty -eight percent (53/78) urine specimens were collected in the hospital emergency centre, none 
were collected after 48 hours of admission to hospital and none of the participants were residents 
of a long-term healthcare facility. Only 33% (26/78) participants had documentation of the urine 
sampling technique, 69% (18/26) were collected via in/out catheterisation and 15% (4/26) each 
from a urine bag or as a clean-catch specimen, and none were recorded as being collected from an 
indwelling urinary catheter or suprapubic aspirate. Fifteen participants of 78 (19%) had blood 
cultures taken of which 27% (4/15) yielded a positive culture result, all E. coli. Serum urea and 
creatinine was tested in 40% (31/78) participants with evidence of renal impairment in 16% (5/31) 
of those tested. Ultrasound of the kidneys, ureters, and bladder was done in 67% (51/76) 
participants, results were available for  90% (46/51)) and were abnormal in 12% (6/51) but the 
specific urinary tract abnormality was not documented in the medical records. 
 
Laboratory results 
The majority of participants had leucocytes on urine microscopy (90% (80/89)), with 71% (63/89) 
having >10 leucocytes/mm3. Erythrocytes were less frequently seen on microscopy (29% (26/89)). 
Six participants had either epithelial cells or excess debris seen on microscopy suggesting potential 
contamination during specimen collection. 
 
There were 89 isolates from 89 samples. Enterobacterales accounted for 88 (99%) of the organisms 
cultured: 85% were E. coli, 4% K. pneumoniae, 3% K. oxytoca, 3% Proteus mirabilis and 2% 
Enterobacter cloacae. Table 1 shows AST data for the Enterobacterales. Enterococcus species 
was isolated from a single specimen and AST results were not available 
 
Eleven isolates (4 E. coli, 5 Klebsiella and 2 Enterobacter cloacae) were ESBL producers. Medical 
records were available for 10 participants with ESBL-producing organisms and were reviewed for 
specific risk factors for ESBL infection. Six were <1 year of age, 2 were born prematurely, and 
none were residents of long-term healthcare facilities. Previous antibiotic exposure was not clearly 
documented in this group although 2 had been exposed to antibiotics prior to the urine specimen 
being taken during the current episode of illness. None had recent surgery, 3 were documented as 
having an underlying neurological condition and 1 had chronic haematological disease. None had 
an indwelling urinary catheter or medical device in-situ, documented previous UTI or chronic renal 
disease. Information on prior hospital admission was unavailable. In terms of disease severity, 
50% of this group were admitted to hospital, 1 cultured E. coli on blood culture and 1 had an 
abnormal renal function test. None of those who had an ultrasound of the kidneys, ureters, and 
bladder performed had any anatomical abnormalities detected. Seven (64%) of these ESBL 
producers had a piperacillin/tazobactam minimum inhibitory concentration (MIC) ≤ 16 ug/mL. 
Susceptibility to amikacin was present in 6 (55%) isolates, gentamicin in 3 (27%), ciprofloxacin 
in 8 (73%), nitrofurantoin in 7 (64%) and trimethoprim/sulfamethoxazole in 2 (18%). 
 
Seventy-four participants (95%) were started on empirical antibiotics, with an oral antibiotic 
prescribed in 54 (73%) and an intravenous antibiotic in the remainder (Table 2). Ciprofloxacin and 
ceftriaxone were respectively the commonest oral and parenteral antibiotics prescribed. The initial 
empirical antibiotic selected aligned with SA STG/EML recommendations in 32 (43%) 
participants and in 48 (65%) participants the cultured isolate was susceptible to the empirical 
antibiotic regimen selected. 
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Table 1. Antibiotic susceptibility of Enterobacterales isolated 

E. coli, Escherichia coli; K. pneumoniae, Klebsiella pneumoniae; K. oxytoca, Klebsiella oxytoca; P. mirabilis, Proteus 
mirabilis; E. cloacae complex, Enterobacter cloacae complex 
 
Table 2. Initial empirical antibiotic treatment of study participants (N=78). 

SA STG/EML, South African Standard Treatment Guidelines / Essential Medicines List   

 Enterobacterales 
(N= 88) 
n (%) 

E. coli  
N= 76 
n (%) 

K. pneumoniae 
N= 4 
n (%)  

K. oxytoca 
N= 3 
n (%) 

P. mirabilis 
N= 3 
n (%) 

E. cloacae 
complex 
N= 2 
n (%) 

Ampicillin/ 
Amoxicillin 

 
13 (15) 

 
11 (14) 

 
0 (0) 

 
0 (0) 

 
2 (67) 

 
Not tested 

Amoxicillin/ 
clavulanic acid 

 
51 (58) 

  
46 (61) 

      
1 (25) 

 
1 (33) 

 
3 (100) 

 
0 (0) 

Cefuroxime 
(oral) 

74 (84) 69 (91) 1 (25) 1 (33) 3 (100) 0 (0) 

Ceftriaxone/ 
Cefotaxime 

 
77 (88) 

 
72 (95) 

 
1 (25) 

 
1 (33) 

 
3 (100) 

 
0 (0) 

Ceftazidime 77 (88) 72 (95) 1 (25) 1 (33) 3 (100) 0 (0) 
Cefepime 77 (88) 72 (95) 1 (25) 1 (33) 3 (100) 0 (0) 
Piperacillin/ 
tazobactam 

 
70 (80) 

 
61 (80) 

 
3 (75) 

 
2 (67) 

 
3 (100) 

 
1 (50) 

Ertapenem  88 (100) 76 (100) 4 (100) 3 (100) 3 (100) 2 (100) 
Imipenem 85 (97) 76 (100) 4 (100) 3 (100) 0 (0) 2 (100) 
Meropenem 88 (100) 76 (100) 4 (100) 3 (100) 3 (100) 2 (100) 
Ciprofloxacin 83 (94) 74 (97) 3 (75) 3 (100) 3 (100) 0 (0) 
Gentamicin 76 (86) 71 (93) 1 (25) 1 (33) 3 (100) 0 (0) 
Amikacin 86 (98) 76 (100) 4 (100) 2 (67) 3 (100) 1 (50) 
Nitrofurantoin 79 (90) 74 (97) 1 (25) 3 (100) Not tested 1 (50) 
Trimethoprim/ 
sulfamethoxazole 

 
33 (38) 

 
28 (37) 

 
1 (25) 

 
1 (33) 

 
2 (67) 

 
1 (50) 

Empirical antibiotic n (%) 
Oral  
Ciprofloxacin 24 (31) 
Amoxicillin/clavulanic acid 21 (27) 
Amoxicillin 2 (3) 
Trimethoprim/sulfamethoxazole 2 (3) 
Azithromycin 2 (3) 
Penicillin VK 2 (3) 
Cefalexin 1 (1) 
Parenteral   
Ceftriaxone 12 (15) 
Ceftriaxone + ampicillin 2 (3) 
Cefotaxime + ampicillin 2 (3) 
Gentamicin 2 (3) 
Ampicillin + gentamicin 1 (1) 
Meropenem 1 (1) 
No antibiotic started prior to urine culture result 4 (5) 
Initial empiric antibiotic selected aligns with SA STG/EML recommendations, (N=73) 32 (43) 
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Discussion  
 
This study described children with culture-confirmed UTI presenting to a district hospital in Cape 
Town between 1 February 2016 and 31 July 2019. Enterobacterales accounted for the majority 
(99%) of cultured isolates with a predominance of E. coli (86%). Only 58% of Enterobacterales 
and specifically 61% of E. coli isolates were susceptible to co-amoxiclav, the first-line empirical 
antibiotic for UTI treatment recommended in the SA STG/EML; however, 88% of 
Enterobacterales and 95% of E. coli isolates were susceptible to cefotaxime/ceftriaxone, the 
alternative first-line empirical antibiotic recommended for neonates and acutely ill infants. The 
number of Klebsiella species (7), Proteus mirabilis (3) and Enterobacter cloacae (2) isolated was 
too small to draw any significant interpretation regarding AST for these organisms. Extended 
spectrum β-lactamase-producing organisms accounted for 12% of the isolates cultured in these 
children with community-acquired UTI and there were no carbapenem-resistant isolates. The 
single non-Enterobacterales organism was identified as Enterococcus species, but AST was not 
performed as per the laboratory’s standard operating procedure. Although not directly comparable 
to our study in design or population, recent studies support our findings that only approximately 
55-65% of E. coli isolates, the commonest uropathogen causing community-acquired UTI in 
children, are susceptible to co-amoxiclav.[10-12]  
 
Other oral antibiotics to which the Enterobacterales isolated in our study showed relatively high 
rates of susceptibility include ciprofloxacin (94%), nitrofurantoin (90%) and cefuroxime (84%) 
and could therefore be considered for empirical therapy for children with UTI. Nitrofurantoin is 
currently only available as 50 mg or 100 mg tablets in SA and the recommended dose for children 
is approximately 1.5 mg/kg/dose 6 hourly making dosing impractical for many young children. 
Nitrofurantoin was used in a prospective study of 50 children (mean age 7.5 years) with acute 
cystitis due to ESBL-producing E. coli susceptible to nitrofurantoin who were treated for 10 days. 
Urine culture was sterile in 98% of patients after treatment and renal scintigraphy performed during 
the UTI episode and 1-3 months later demonstrated non-scarring in 96% of patients.[14]. Notably, 
nitrofurantoin is not recommended for the treatment of pyelonephritis.[15] Ciprofloxacin has the 
advantages of more practical twice daily dosing and availability of an oral suspension. However, 
longer-term complications including arthropathy and cardiovascular effects are concerning, and it 
should be used with caution and when suitable alternatives are unavailable.[16] Cefuroxime is also 
dosed twice daily and available in an oral suspension formulation. Although ESBL-producing 
Enterobacterales are resistant to cefuroxime and other cephalosporins, these organisms only 
accounted for 12% of the isolates in this study and cefuroxime could be considered as a first-line 
empiric antibiotic option for community-acquired UTI in children. 
 
Ninety-five percent of children in this study were started on empirical antibiotic treatment, the 
majority (73%) oral, with only 27% starting oral co-amoxiclav. Ciprofloxacin and ceftriaxone 
respectively were the commonest oral and parenteral antibiotics prescribed. A wide array of 
antibiotics was selected for initial therapy, suggesting participants may have had concurrent 
infections. The high rate of hospital admission (42%) suggests that participants were systemically 
unwell. Intravenous co-amoxiclav, recommended in the SA STG/EML as an option for neonates 
and acutely ill infants with UTI, was not prescribed. This may reflect the need to provide systemic 
antibiotics for suspected or confirmed meningitis with ceftriaxone or cefotaxime, or lack of 
availability of IV co-amoxiclav during the study period. From the medical record review, it was 
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not possible to differentiate those who had antibiotics started to specifically target UTI versus those 
starting antibiotics for a suspected infection other than or in addition to a UTI. As a result, 
compliance with the SA STG/EML guidelines on recommended empirical antibiotic treatment for 
UTI was low (43%) but in 65% of participants started on empirical treatment the organism 
subsequently isolated from urine was susceptible. Although the selection of empirical antibiotics 
may not always have been directed at a UTI, our data suggest a prescriber tendency to use 
alternatives to co-amoxiclav, particularly oral ciprofloxacin. This could reflect prescriber concerns 
regarding the side-effect profile (particularly antibiotic-associated diarrhoea[17]) and dosing 
complexity of  oral liquid formulations of co-amoxiclav for young children, the low level of 
prescriber adherence to the SA STG/EML treatment recommendations could reflect a lack of 
familiarity with these guidelines, or a perception that the recommendations are inappropriate in 
relation to current antibiotic susceptibility profile of organisms causing UTI. A 2018 study 
investigating antibiotic prescribing practice and adherence to guidelines in primary care in Cape 
Town showed that despite the availability of published national guidelines, adherence to these was 
low with an overall adherence rate of 4.5% and the system with the poorest adherence to guidelines 
was the urological system.[17] Similar poor adherence to guidelines has been shown in international 
studies with low levels of adherence (14-29%) to antibiotic selection and therapy duration in the 
treatment of UTI.[18]  
 
One of the strengths of this study is that it incorporated the definition of a culture-confirmed UTI 
according to the SA HLP STG/EML[6] modified to include culture criteria for urine specimens for 
which the sampling technique was unknown. The stringent microbiological criteria with semi-
quantitative CFU cut-off values reduce the likelihood of including culture results that reflect 
contamination due to poor urine sampling techniques rather than true infection. The American 
Academy of Pediatrics reports that up to 88% of positive culture results obtained by using a urine 
bag specimen can be false positive [19] and in comparison with suprapubic aspirates, the sensitivity 
of clean-catch urine specimens for diagnosis has been calculated to range from 75-100% and the 
specificity from 57-100%.[2,20] In our study, only 33% of participants had documentation of the 
urine sampling technique in the medical records. In 69% of these, in/out catheterisation was 
performed, and in 15% each it was obtained from a urine bag or a clean-catch specimen. None 
were recorded as being from an indwelling urinary catheter or suprapubic aspirate.  
 
The SA HLP STG/EML UTI definition includes a urine dipstix result showing positive leucocyte 
esterase activity, nitrites and haematuria as a clinical diagnostic criterion, however urine 
microscopy results are not included in the SA HLP STG/EML as diagnostic criteria.[6] The absence 
of leucocytes or presence of epithelial cells from a positive culture may signify contamination of 
the urine specimen by skin or gastrointestinal flora because of poor urine sampling technique. In 
our study, urine dipstix results were poorly documented in the medical records and could not be 
included but urine microscopy showed that 90% of specimens had leucocytes of which 79% had 
>10 leucocytes/mm3 (numerous) seen supporting that these were potentially true UTIs. There were 
6/89 (7%) specimens that had either epithelial cells or excess debris seen on microscopy suggesting 
potential contamination during specimen collection in only a few participants.   
 
This study has several limitations. It was based at a district level public sector hospital in Cape 
Town and the results may not be generalisable to children in other settings. In particular, the 
participants in this study had what were assessed as community-acquired infections. The study 
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design was a retrospective review of medical and laboratory records, and there was limited data 
on prior UTI episodes or antibiotic exposures at other healthcare facilities. The specific clinical 
indication for submitting a urine specimen to the laboratory could not be easily determined, and 
the urine sampling technique and indication for empirical antibiotics was poorly documented. The 
stringent study definition of a UTI and the poor documentation of urine sampling technique in the 
medical records resulted in the exclusion of many specimens with pure growth of a uropathogen 
but with a semi-quantitative count that did not fulfill the study definition of a UTI. Data pertaining 
to adjustments made to antibiotic treatment and clinical and microbiological outcomes were not 
collected in this study. Some participants may have shown a favourable clinical response despite 
treatment with antibiotics to which the organism isolated was non-susceptible, others may have 
required the use of an alternative antibiotic, some may have developed persistent or recurrent UTI. 
Future research is required to compare antibiotic susceptibility patterns among children with 
community and healthcare-associated UTI, especially those with resistant uropathogens, and to 
describe the outcome of treatment with different antibiotic regimens.     
 
Conclusions 
 
Community-acquired UTI in children under 10 years of age at this district level hospital was almost 
entirely caused by Enterobacterales with a predominance of E. coli. The study showed a low rate 
of susceptibility to co-amoxiclav, the currently recommended oral antibiotic in South African 
treatment guidelines. This data should be taken into consideration in updating clinical guidelines 
on empirical antibiotic therapy in children with UTI.    
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CFU, colony forming units; UTI, urinary tract infection 
 
Figure 1. Selection of urinary tract infection episodes for analysis 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

528 urine specimens were submitted to the National Health Laboratory Service from children 
<10 years of age attending Victoria Hospital 01/02/2016 – 31/07/2019 
 
    No growth: N=279 
    Mixed growth from non-suprapubic aspirates: N=118 
 
Pure growth of any organism: N=131 and mixed growth from suprapubic aspirates: N=0 
 
    Pure growth of a contaminant: N=6 
    Candida species: n= 4  
    Coagulase negative staphylococcus: n=2  
 
Pure growth of a uropathogen: N=125 
 
    Enterobacterales 104-105 CFU unspecified sampling: N=26 
    Enterobacterales <104 CFU: N=4 
    Enterococcus 104-105 CFU unspecified sampling: N=3 
    Group B Streptococcus 104-105 CFU unspecified sampling: N=1 
    Non-fermenters <104 CFU: N=1 
 
Pure growth of a study-defined uropathogen meeting study criteria for a confirmed bacterial 
UTI: N=90 
               Duplicate isolate: N=1 
 
Specimens included in laboratory data analysis: N=89 
  
               Medical records missing or unavailable: N=11 
 
Study participants included in medical record review: N=78 
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