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Abstract 

Background: The prevalences of extended-spectrum beta-lactamase (ESBL) Escherichia coli (E. coli) and 

Klebsiella pneumoniae (K. pneumoniae) urinary tract infections (UTI) in children are increasing worldwide. We 

aimed to investigate the prevalence, clinical findings, impact and risk factors of ESBL E. coli / K. pneumoniae 

UTI. 

Methods: The medical records of children with UTI aged <15 years admitted to Prince of Songkla University 

Hospital were reviewed.  

Results: Theirty-seven boys and 46 girls had ESBL in 102 UTI episodes; 85 boys and 103 girls had non-ESBL 

in all of their 222 UTI episodes. The median age at presentation was 1.5 (0.7 - 4.8) years for the ESBL group 

and 1.3 (0.6 - 3.9) for the non-ESBL group (p=0.2). Age and gender were not significantly different between the 

two groups. The prevalence of ESBL rose between 2004 and 2008 before plateauing at around 30-40% per year. 

The prevalences in first and recurrent UTI were 27.3% and 46.5%, respectively (p=0.003). Fever prior to UTI 

diagnosis was found in 78.4% of episodes in the non-ESBL group and 61.8% of episodes in the ESBL group 

(p=0.003). Multivariate analysis, children without fever (OR=2.14, 95% CI: 1.23-3.74) and those with recurrent 

UTI (OR=2.67, 95% CI: 1.37 – 5.19) were more likely to have ESBL UTI. The presence of CAKUT had no 

effect on ESBL UTI. 

Conclusions: ESBL was found in one-third of E. coli/K. pneumoniae UTI episodes. No clinical condition nor 

imaging study could predict ESBL. Recurrent UTI was the only independent risk factor. 

 

 

KEYWORDS: congenital anomalies of the kidney and urinary tract; extended-spectrum beta-lactamase 

Escherichia coli; extended-spectrum beta-lactamase Klebsiella pneumoniae, recurrent; urinary tract 

infection 
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Background 

Escherichia coli (E. coli) and Klebsiella pneumoniae (K. pneumoniae) are the two most common 

causative organisms in childhood urinary tract infection (UTI) [1-5]. Both E. coli and K. pneumoniae are also 

the most common organisms that produce plasmid-mediated enzymes, also known as extended-spectrum beta-

lactamase (ESBL), which results in beta-lactam antibiotic resistance including expanded spectrum 

cephalosporins and monobactams [5-10]. 

The increasing proportions of ESBL E. coli and K. Pneumoniae strains causing UTI in children is a 

concern worldwide due to empirical therapy failure which may result in more complicated consequences, such 

as sepsis, prolonged hospitalization and renal scarring, compared to their non-ESBL strains [5-13]. 

ESBL is commonly defined as ESBL infection is antibiotic resistance resulting in limited antibiotic 

options. Infections caused by ESBL E. coli and K. pneumoniae strains require parenteral antibiotic therapy. 

Ideally, sensitive antibiotics should be prescribed immediately when UTI is suspected; however, results of urine 

culture and antibiotic sensitivity take about 2-3 days to process so in practice, empirical antibiotics are 

prescribed without waiting for the sensitivity results. Empirical antibiotics are usually not sensitive to ESBL 

UTI but are still prescribed because ESBL-sensitive antibiotics are too broad to be prescribed initially in order to 

avoid drug resistance. The antibiotic may be changed 2-3 days later when the results of the urine culture are 

known. Thus the majority of ESBL UTI diagnoses and treatments are usually delayed. 

In the modern world, with the increasing rates of antibiotic resistance, it is of the highest necessity to 

evaluate the characteristics and consequences of these infections in order to obtain early diagnosis and treatment 

to minimize the potential consequences. Additionally, the impact of ESBL UTI on antibiotic therapy needs to be 

determined as well as its association with congenital anomalies of the kidney and urinary tract (CAKUT). 

Knowing the differences in clinical conditions, urine findings and kidney and urinary tract imaging results 

between children with ESBL and non-ESBL UTI will be beneficial for antibiotic selection before the results of 

the urine culture are known. 

Objective 

To determine the prevalence of childhood ESBL E. coli and K. pneumoniae UTI and explore its impact 

and associated risk factors. 

Methods 

We retrospectively reviewed the medical records of children diagnosed with both nosocomial and 

community-acquired UTI aged less than 15 years admitted to Prince of Songkla University Hospital in southern 

Thailand from January 2004 to December 2013. Only children with single organism E. coli or K. pneumoniae 

strains were included in the study. UTI was confirmed by urine culture as follows: 1) 50,000 colonies/mm3 or 

more on catheterized urine; 2) 100,000 colonies/mm3 or more on clean catch midstream urine. Urine culture and 

antimicrobial susceptibility testing were performed by the hospital laboratory following standard guidelines.  

Pyuria was defined as white blood cells >10 neutrophils per high-power field in urinalysis. Proteinuria 

was defined by a positive urine protein strip or quantitative urine protein to creatinine ratio > 0.2 mg/mg. An 

abnormally high creatinine level was defined as any level above the upper normal range for age [14]. 
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The results of renal ultrasound (RUS), voiding cystourethrogram (VCUG) and 99mTc dimercaptosuccinic 

acid (DMSA) renal scans were obtained from routine reports. Hydronephrosis was determined by measuring the 

anteroposterior mid-renal pelvic diameter (APD) and graded as mild, moderate or severe according to the 

system used by the Society for Fetal Urology [15]. VCUG was performed in order to determine the anatomy of 

the lower urinary tract system, including the urinary bladder and urethra, particularly for diagnosis of 

vesicoureteral reflux, ureterocele, and/or posterior urethral valve. DMSA renal scans were performed according 

to standard clinical procedure and at least five months after confirmed UTI was evaluated. A normal DMSA 

scan is defined as no focal defect uptake of the tracer with an uptake difference between left and right kidneys of 

less than 10%. An abnormal DMSA scan includes either renal scarring or dysplasia. Renal scarring is defined as 

a diffuse or sharp indentation in the kidney contour with thinning of the cortex. Dysplasia is defined as a 

differential renal function less than 35% [16]. 

The prevalence of ESBL-causing UTI, clinical findings, laboratory results and imaging studies were 

compared between the ESBL and non-ESBL UTI children. 

Statistical analysis 

The prevalences of UTI caused by ESBL and non-ESBL E. coli and K. pneumoniae bacteria strains were 

compared using the chi-squared test. Descriptive statistics are presented using medians and interquartile ranges 

for continuous variables and frequency and percentage for categorical variables. Comparisons of the proportions 

of ESBL vs non-ESBL UTI episodes across demographic and clinical factors were done using the rank-sum test 

or chi-squared test as appropriate. Independent risk factors of ESBL UTI were determined using multivariate 

logistic regression models. Statistical significance was considered as a p-value < 0.05. R version 3.6.0 was used 

for all analyses [17]. 

Results 

Demographic characteristics 

Of 336 children diagnosed with 429 UTI episodes during the study period, E. coli and K. pneumoniae 

were causative in 271 children (80.7%) and 324 episodes (75.5%). The median (interquartile) age of the children 

at these episodes was 1.4 (0.6 - 4.1) years. Among the 271 children, 83 (37 boys, 46 girls) had 102 episodes in 

which at least one of their urine cultures was confirmed as an ESBL strain, and 188 children (85 boys, 103 girls) 

had 222 episodes in which all of the urine cultures were non-ESBL. Table 1 shows a comparison of the 

demographic and clinical factors between the ESBL and non-ESBL UTI episodes. The median (interquartile 

range) ages at presentation were 1.5 (0.7 - 4.8) years for the ESBL group and 1.3 (0.6 - 3.9) years for the non-

ESBL group (p=0.2). The proportions of ESBL infections among boys and girls were 30.3% and 32.6%, 

respectively (p=0.7). 

Clinical findings and laboratory results 

The prevalence of ESBL in first UTI episodes was 27.3% compared to 46.5% in recurrent episodes 

(p=0.003) and among those with fever prior to UTI diagnosis was 26.6% compared to 44.8% among those 

without fever (p=0.003). Fever was more common in younger (age <2 years) children (79.5%) compared to 

older (age >2 years) children (64.7%) (p = 0.003). The prevalences of ESBL among children with pyuria and 

proteinuria were 48.3% and 39.2%, respectively, compared to 29.8% and 28.3% among those without these 
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conditions (both p=0.07). The prevalence of ESBL among children with abnormally high creatinine was 23.8% 

compared to 35.8% among those with normal creatinine (p= 0.2). 

Changes in ESBL prevalence over time 

Figure 1 shows the prevalences and proportions of ESBL and non ESBL UTI for each year of the 

study. The proportion of ESBL was 0% in 2004 but increased to over 30% in 2008, thereafter it remained stable 

at around 30-40% per year. ESBL E. coli was more common than ESBL K. pneumoniae but the prevalence of 

ESBL among E. coli strains (70/265 = 26.4%) was lower than among K. pneumoniae strains (32/59 = 54.2%, 

p<0.001). 

Antibiotics 

Figure 2 shows the rates of resistance to various antibiotics among the 15 drugs tested, stratified by 

ESBL and non-ESBL. Children with ESBL UTI had a 100% rate of resistance to cefuroxime, ceftazidime, and 

cefotaxime and a 99% resistance rate to ampicillin and ceftriaxone. The resistance rates of children with non-

ESBL UTI to these antibiotics were lower (83% for ampicillin and 58% for co-trimoxazole but <13% for the 

others). Multi-drug resistance was seen in all children with ESBL UTI and in 59% with non-ESBL UTI. Only 

three drugs, namely meropenem, imipenem and colistin, had 0% resistance rates for all children. 

Ceftriaxone was the most common antibiotic prescribed (69.8%) in this study, followed by ertapenem 

(7.4%) and ceftazidime (6.8%). 

Imaging study results 

Table 2 shows a comparison of imaging study results and kidney abnormality findings between 

children with ESBL and non-ESBL UTI. The prevalences of ESBL UTI among those with abnormal RUS, 

VCUG and DMSA renal scan studies were 36.1%, 46.8% and 42.2%, respectively, compared to 20.8%, 19.2% 

and 17.6% among those with normal imaging studies (p=0.018, p<0.001, p=0.016, respectively).  

Of the 271 children, 233 had at least one imaging study performed to diagnose CAKUT. The 38 

children with no imaging study were significantly older (median age=5.1 years) compared to children with 

CAKUT (median age=1.3 years) and those with no CAKUT (median age=11 months).  

CAKUTs were detected in 129 (47.6%) children, of which 34.9% had ESBL UTI, while the prevalence 

of ESBL UTI among those without CAKUT was 26.8% (p=0.19). The most common congenital anomaly was 

primary vesicoureteral reflux (VUR) (n=52), followed by isolated hydronephrosis (n=43) and neurogenic 

bladder (n=18). Six children were found to have isolated renal damage without other kidney or bladder 

anomalies and all had non-ESBL UTI.  

Table 3 shows the results of the multivariate analysis predicting ESBL E. coli/K. pneumoniae-caused 

UTI. The significant predictors were afebrility and recurrent UTI. Children with unknown CAKUT status were 

4 times more likely have ESBL UTI than those with no CAKUT based on imaging studies. However, there was 

no difference in ESBL UTI between children with CAKUT compared to those without CAKUT. Afebrile UTI 

children (OR=2.14) and those with a recurrent UTI (OR=2.67) were significantly more likely to have ESBL as a 

causative agent. 
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Discussion 

Childhood UTI in this group of Thai children shows that the prevalence of ESBL E. coli/K. pneumonia 

UTI increased in the decade between 2004 and 2013 but remained steady at around 30-40% in the following 6 

years. The proportion of K. pneumoniae ESBL was double that of E. coli ESBL. Neither age, gender, pyuria, 

proteinuria, abnormally high creatinine, or the presence of CAKUT could predict ESBL as a cause of UTI. 

However, a previous history of UTI and pre-diagnosis afebrility were significantly more common in the ESBL 

group. Older children had a significantly lower prevalence of fever (p=0.003) and although those with pre-

diagnosis fever had a significantly lower prevalence of ESBL, age was not associated with ESBL. 

The country-specific prevalence of ESBL E. coli/K. pneumoniae-caused UTI varies but has tended to 

increase over time [5-13]. 

A study from Egypt reported prevalences of ESBL in E. coli and K. pneumoniae of 41.9% and 48.8%, 

respectively, and overall 43.5% [4], a result similar to a study from Cambodia [5]. In a study conducted in 142 

hospitalized Turkish children, the prevalence of ESBL was found to be as high as 49.3%, 49.1% of E. coli and 

63.6% of K. Pneumonia [13]. The prevalence of ESBL in India among 1-month - 18-year-old patients ranged 

from 21.7% - 33.2%, with a higher prevalence in females [12] and in another study also from India the 

prevalence was 37.5%, both results being similar to our study [18]. In two studies in recent years, one from 

Bangkok, Thailand and one from Korea, ESBL was found in around 20% of childhood UTI patients [11, 19]. 

In one study in infants, age less than 1 year was reported to be an independent risk factor for ESBL 

UTI (OR=1.73, 95% CI 1.08-2.78), however the 95% CI was very close to 1 [20]. 

Fever, a non-specific symptom, is an important sign of UTI in infants, and together with pyuria leads to 

a urine culture being performed. However, somewhat surprisingly, pre-diagnosis fever was more prevalent in 

non-ESBL UTI children in our study. For afebrile children, a delayed diagnosis of UTI is unavoidable. In our 

study, the proportion of children aged >2 years was 43.2%, and as noted, UTI in older children had a lower 

prevalence of fever than in infants <2 years. Overall 87 (26.9%) UTI episodes had no fever. Even though ESBL 

was more common in afebrile children, being afebrile has limited application in clinical practice because there is 

no rationale for expecting or considering a diagnosis of UTI. 

Recurrent UTI episodes were more likely to be ESBL-caused UTI than first UTI episodes (OR=2.7), a 

result consistent with two other studies, one from Turkey and one from Korea [11]. However, in the Korean 

study, CAKUT was also an independent risk factor for ESBL-caused UTI, a result in contrast to our study. In 

our study, a separate multivariate analysis (not shown) found that previous ESBL UTI increased the risk of 

ESBL UTI three-fold. 

Serum creatinine levels were available in only 268 (83%) of the episodes, but there was no significant 

difference in the prevalence of abnormally high levels between the ESBL and non-ESBL groups. 

Any detected CAKUT had similar proportions for the ESBL and non-ESBL groups. Although our 

previous study found CAKUT to be a risk factor for recurrent UTI [21], in this current study recurrent UTI was 

a risk factor for ESBL UTI, but CAKUT was not an independent risk factor for ESBL UTI.  
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Almost half of our UTI patients were aged more than 2 years, which, in our setting, may be due to the 

fact that parents of children with symptoms of UTI tend to delay seeking medical care for their children. 
Another possibility is that these parents may seek care for their child at another health facility prior to referral to 

our tertiary care center. Children who did not have an imaging study performed were older, possibly because 

their parents delayed seeking care or the original doctors followed the UTI investigation guidelines from 

developed countries which state that imaging studies are recommended as first-line investigations only in 

infants. And a final possibility is that the parents of older children may be less inclined to return for imaging 

investigations after their children have been discharged from hospital. 

ESBL-caused UTI is serious in terms of antibiotic resistance since patients require parenteral antibiotic 

therapy and therefore admission to hospital, and diagnosis of ESBL UTI and treatment with appropriate 

antibiotics are usually delayed until the results of a urine culture are known. However, the results of our study 

indicate that the consequences of ESBL UTI such as urosepsis, CAKUT association and renal damage may not 

be as big a concern as originally thought. Recurrent UTI and being afebrile were the only factors associated with 

ESBL UTI, however, empirical antibiotics which are not sensitive to ESBL should still be considered even in 

recurrent UTI episodes until a urine culture positively indicates ESBL. A very important rule for reducing drug 

resistance is rational use of antibiotics and a strict antibiotic prescription policy.  

Regarding ESBL infection, choice of antibiotic is an important issue, and careful prescription of 

antibiotics should therefore be made regarding local susceptibility patterns [22]. Apart from choice of 

antibiotics, the duration of treatment is also an issue, with the need to balance maximum effectiveness of therapy 

while minimizing the opportunity for the organisms to develop drug resistance. Our study found, 100% of ESBL 

organisms were sensitive to meropenem, imipenem and colistin while the sensitivity of ESBL organisms to 

amikacin and cefoxitin was >80%. Cefoxitin seems to be a promising antibiotic due to the low resistance rate, 

but it is not yet recommended for treatment of childhood UTI. In addition, its use is complicated because 

minimum inhibitory concentrations need to be monitored continually and doses adjusted accordingly [23], 

therefore the other four drugs are preferred. For non-ESBL-infected children, there are more choices as ESBL 

organisms were, in this study, found to have <50% susceptibility to only two drugs (ampicillin and co-

trimoxazole). 

A study from Turkey in 53 children aged 3-12 years with amikacin-sensitive ESBL UTI [24] had a 

96% response rate with once daily intramuscular amikacin for 6 days (range 3-7 days). Overall, 30% of the 

children had recurrent UTI, 30% had antibiotic prophylaxis, and 90% were given antibiotics in the last 3 

months. 

Our study was a retrospective study, thus histories of previous antibiotic and prophylactic therapy were 

not available; however, histories of antibiotic therapy are often unreliable because prescription of antibiotics in 

Thailand is not required by law and many parents obtain antibiotics from a drug store and they may not know 

the type of drug they receive. Whether the child completes the course of antibiotics is also not known. In our 

study, some children with VUR may have had antibiotic prophylaxis but there was no association between 

ESBL and VUR, thus we presume that antibiotic prophylaxis (co-trimoxazole) was unlikely to be related to 

ESBL UTI. The sample size was also too small to perform sub-group analyses. 
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Amikacin can be a second-line drug but is highly limited to patients with amikacin-sensitive UTI and 

who are not able to be admitted for intravenous antibiotics since it can be injected intramuscularly once daily. 
However, it should be prescribed with caution since all aminoglycosides are ototoxic and nephrotoxic, 

particularly in patients with compromised renal function. 

Administration of the appropriate antibiotic for ESBL is usually delayed due to the fact that empirical 

antibiotics for UTI are not sensitive to ESBL strains. Additionally, it takes 2-3 days for urine culture and 

sensitivity results reporting ESBL as a cause of UTI to become available. This is a serious concern because 

delayed diagnosis and/or treatment of UTI in children can cause significant morbidity including long-term renal 

consequences such as renal scarring, hypertension, and renal impairment in the worst cases [25, 26]. In this 

study, immediate consequences of ESBL UTI were not found, consistent with a report from Greece [8]. 

Conclusions 

In our childhood UTI study, the prevalence of E. coli/K. pneumoniae ESBL dramatically increased 

from 2003-2008, and then plateaued for the next 6 years. Overall, ESBL was found in one-third of E. coli/K. 

pneumoniae UTI episodes. All ESBL strains were susceptible to carbapenem and colistin. Fortunately, ESBL 

UTI was not any more complicated than non-ESBL UTI and did not cause any immediate consequences. There 

was no clinical condition nor imaging study that could significantly predict ESBL. Previous UTI and being 

afebrile were the only two independent risk factors for ESBL UTI, and previous ESBL UTI was associated with 

increased risk of subsequent ESBL-caused UTI. No diagnostic factor could be identified for predicting ESBL 

UTI. 

 

Abbreviations:  
APD: anteroposterior mid-renal pelvic diameter 

CAKUT: congenital anomalies of the kidney and urinary tract 

DMSA: 99mTc dimercaptosuccinic acid 

E. coli: Escherichia coli  

ESBL: extended-spectrum beta-lactamase 

K. pneumoniae: K. pneumonia 

RUS: renal ultrasound 

UTI: urinary tract infection 

VCUG: voiding cystourethrogram 
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Figure legends 

Figure 1. Number of children with E. coli/K. pneumoniae ESBL- and non-ESBL-caused urinary tract 

infections per year. The line represents the percentage of ESBL-caused urinary tract infections each 

year. (ESBL: extended-spectrum beta-lactamase). 

Figure 2. Antibiotic resistance of bacterial isolates stratified by ESBL and non-ESBL urinary tract infections. 



Figures

Figure 1

Number of children with E. coli/K. pneumoniae ESBL- and non-ESBL-caused urinary tract infections per
year. The line represents the percentage of ESBL-caused urinary tract infections each year. (ESBL:
extended-spectrum beta-lactamase).



Figure 2

Antibiotic resistance of bacterial isolates strati�ed by ESBL and non-ESBL urinary tract infections.
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