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Antibiotic susceptibility and imaging findings of 
the causative microorganisms responsible for acute 
urinary tract infection in children: a five-year single 
center study

Purpose: We studied the differences in the antibiotic susceptibilities 
of the microorganisms that causeing urinary tract infections (UTI) in 
children to obtain useful information on appropriate drug selection for 
childhood UTI. 
Methods: We retrospectively analyzed the antibiotic susceptibilities of 
429 microorganisms isolated from 900 patients diagnosed with UTI in 
the Department of Pediatrics, Chungbuk National University Hospital, 
from 2003 to 2008. 
Results: The most common causative microorganisms for UTI were 
Escherichia coli (81.4%), Klebsiella pneumoniae (8.4%), Enterobacter 
spp. (1.7%), and Proteus spp. (0.4%). E. coli showed relatively high 
susceptibility as compared to imipenem (100%), amikacin (97.7%), 
aztreonam (97.9%), cefepime (97.7%), and ceftriaxone (97.1%), 
while it showed relatively low susceptibility to gentamicin (GM) 
(79.0%), trimethoprim/sulfamethoxazole (TMP/SMX) (68.7%), 
ampicillin/sulbactam (33.0%), and ampicillin (AMP) (28.6%). There 
were no significant differences in the image findings for causative 
microorganisms. 
Conclusion: Gram-negative organisms showed high susceptibility to 
amikacin and third-generation cephalosporins, and low susceptibility 
to AMP, GM, and TMP/SMX. Therefore, the use of AMP or TMP/SMX 
as the first choice in empirical and prophylactic treatment of childhood 
UTI in Korea should be reconsidered and investigated further. 
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Introduction

Urinary tract infection (UTI) is the second most common 
infectious disease in toddlers1), and the most common disease in 
infants1-3). UTI recurs easily if it is accompanied with anatomical 
anomalies of the urinary system. And, if it is not treated adequately 
or occurs recurrently, UTI may develop into chronic pyelonephritis, 
therefore, result in hypertension and loss of renal function, a condition 
normally seen in 15–20% of the cases of chronic renal failure1-4).

In children, UTI frequency, clinical symptoms, and the causative 
pathogens, vary according to sex and age5, 6). Moreover, because of 
a wide variety of non-specific and systemic symptoms, it is difficult 
to perform tests for early diagnosis, and the resultant inaccurate 
diagnosis may lead to antibiotic abuse. Thus, in many cases, a severe 
renal injury occurs even before the UTI is diagnosed. For this reason, 
an early and accurate diagnosis through careful examination and 
tests can help in preventing severe renal injuries through adequate 
treatment and careful follow-up. Several studies on UTI pathogens 
and antibiotics have been conducted to determine the ideal 
approach for prompt treatment. However, the recent development 
of new antibiotics and the appearance and increase of antibiotic-
resistant strains, which are created because of antibiotic abuse and 
inappropriate choice of antibiotics, have lead to changes in the 
antibiotic susceptibilities of the pathogens. This, in turn, influences 
the early choice of antibiotics7-9). 

Therefore, in the present study, we analyzed the findings for 900 
pediatric patients diagnosed with childhood UTI at a university 
hospital and aimed to obtain information that could facilitate early 
selection of suitable antibiotics for childhood UTI.

Materials and methods

1. Subjects 
We included 900 young inpatients and outpatients who presented 

to the Chungbuk National University Hospital between May 
2003 and December 2008 with fever, urinary frequency, dysuria, 
vomiting, flank pain, and lower abdominal or suprapubic pain and 
were diagnosed with acute UTI. We performed urine culture tests 
and selected 429 samples in which urinary tract pathogens formed 
more than 1.0×105 CFU/mL; we identified the causative pathogens 
from these 429 samples and determined the pathogen susceptibilities. 

2. Methods
We performed urine tests on the basis of symptoms suggesting 

acute UTI, such as fever, urinary symptoms such as abnormal urinary 
frequency, abnormal urinary urgency, and dysuria, and abdominal 

symptoms such as flank, lower abdominal pain, and suprapubic pain. 
We identified 900 inpatients and outpatients who showed a white 
blood cell count of 6 or more per high-power field in urine samples 
under high-magnification microscopy and classified these patients 
into 2 groups: the acute pyelonephritis patient group and the acute 
cystitis patient group. For urine collection in boys, we turned up the 
foreskin and cleansed the urethral opening with a sponge dipped 
in 2% boric acid and then collected midstream urine in a sterilized 
plastic cup with a cap; for girls, we cleansed the genital region and 
the urethral opening with a sponge dipped in 2% boric acid and 
collected urine during urination. The collected urine samples were 
cultured, and for the 429 samples in which more than 1.0×105 CFU/
mL were formed, the UTI-causing pathogens were identified and 
antibiotic susceptibility was tested9). In urine culture, we inoculated 
0.001 mL of the collected urine into 5% sheep blood agar plate and 
MacConkey agar plate; the plates were cultured for a day at 35–36℃ 
in an incubator, and the formed colonies were then identified using 
biochemical analysis and the Vitek system (bioMérienx, Durham, 
NC, USA). The antibiotic susceptibility test was performed using 
the Vitek GNS and GPS susceptibility card. The antibiotics used 
in the antibiotic susceptibility test were commonly used drugs in 
clinics. For gram-negative rods, we assessed the drug susceptibility 
to ampicillin, piperacillin, amikacin, gentamicin, tobramycin, 
cefazolin, cephalothin, sulperazone, ciprofloxacin, imipenem, and 
trimethoprim/sulfamethoxazole (TMP/SMX), etc., and for gram-
positive cocci, we assessed the drug susceptibility to penicillin, 
erythromycin, clindamycin, tetracyclin, ceftriaxone, cephalothin, 
ciprofloxacin, imipenem, and vancomycin, etc. Extended-spectrum 
β-lactamase (ESBL) production in Escherichia coli (E. coli) and 
Klebsiella pneumoniae (K. pneumoniae) was tested using the Vitek 
system or a double disk synergy test. In the double disk synergy 
test, an amoxicillin/clavulanic acid (AMC) disk was placed in the 
middle of Mueller-Hinton (MH) medium, and disks of aztreonam, 
cefotaxime, ceftazidime, and cefepime were placed around it at a 
distance of 25 mm from each other. A new inhibition zone between 
AMC and each disk or an increase in the size of the existing inhibition 
zones indicated the presence of ESBL-producing bacteria. For the 
429 UTI patients, the distribution of pathogens according to the 
sex and age of the patient was investigated, the detection frequency 
of pathogens in each group was determined, and the pathogens’ 
antibiotic susceptibility was retrospectively analyzed.

In this study, to examine urinary disorders that may accompany 
UTI, renal ultrasonography was performed first, and voiding 
cystourethrography (VCUG) was performed after the urine became 
aseptic. In addition, we performed 99mTc-dimercaptosuccinic acid 
(DMSA) renal scanning to find renal defects.
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3. Statistical analysis
Statistical analysis was performed using SPSS 12.0 (SPSS, Chicago, 

IL, USA). Frequency analysis and Chi-square test were performed 
and statistical significance was considered if P<0.05. 

Results

1. Frequency of UTI according to the sex and age of the 
patients  

With regard to the frequency of UTI according to sex and age, 
257 (59.9%) of the 429 young patients were male and 172 (40.1%) 
were female; thus, the male-female ratio was 1.49:1. In addition, 301 
patients (70.1%) were aged less than 1 year, 57 (13.3%) were aged 1–2 
years, and 71 (16.6%) were aged more than 2 years; thus, 358 (83.4%) 
patients were aged 2 years or less. 

With regard to the symptoms of UTI in the patients, 416 patients 
(96.9%) had fever; 4 (0.9%), flank pain; 3 (0.7%), frequent urination; 
2 (0.5%), vomiting; 2 (0.5%), dysuria; and 2 (0.5%), lower abdominal 
pain (Table 1). 

2. Frequency of pathogens
Only those strains that had a single colony count of over 1.0×105 

CFU/mL were cultured, and among these, 413 (96.2%) samples were 
of the following gram-negative strains: E.coli (349 samples; 81.4%), 
Klebsiella spp. (36 samples; 8.4%), Enterobacter spp. (7 samples; 
1.7%), Proteus spp. (4 samples; 0.9%), Morganelle spp. (4 samples; 
0.9%), Pseudomonas spp. (3 samples; 0.7%), Enterococcus spp.
(9 samples; 2.1%), and methicillin-resistant Staphylococcus aureus 
(MRSA) (3 samples; 0.7%)  (Table 2).  

3. Distribution of pathogens according to the sex and age of 
the patients

Among the 349 patients with E. coli infection, 218 (62.5%) 
were boys and 131 (37.5%) were girls; among the 26 patients with 
Klebsiella spp. infection, 14 were boys and 22 were girls. Proteus spp. 
was isolated only from boys.

The distribution of pathogens according to the age was as follows: 

E. coli was seen in both infants and toddlers, Klebsiella in infants, 
and Proteus and Morganelle in toddlers. In all the age groups, E. coli 
was the most frequently observed pathogen.

4. Antibiotic susceptibilities of different pathogens 
Among the strains cultured in the urine culture test, the antibiotic 

susceptibilities of Enterobacteriaceae were as follows: imipenem, 
100%; amikacin, 97.5%; cefepime, 97.45%; aztreonam, 96.27%; 
ceftriaxone, 95.61%; cefoxitin, 93.67%; and ciprofloxacin, 93.02% . 

 E. coli showed its highest susceptibility to imipenem (100%), and 
the bacterium showed lower susceptibility to aztreonam (97.9%), 
amikacin (97.7%), cefepime (97.7%), and ceftriaxone (97.1%). In 
contrast, it showed low susceptibility to gentamicin (79%), TMP/
SMX (68.7%), ampicillin (23.6%), and ampicillin/sulbactam 
(33.0%) (Table 3).

5. Change in the antibiotic susceptibility rates during 2 
periods (2003–2005 and 2006–2008)

For the strains cultured in the urine culture test, we compared the 
results of the antibiotic susceptibility tests in the 2 periods, namely, 
2003–2005 and 2006–2008. We found that imipenem, amikacin, 
aztreonam, cefepime, ceftriaxone, and ciprofloxacin maintained a 
high antibiotic susceptibility of over 80% without significant change 

Table 1. Age and Sex Distribution of 429 Children with Acute Urinary 
Tract Infections

Age (yr)
Sex (No., %)

Total (No., %)
Male Female

<1 211 (49.1) 90 (21.1) 301 (72.1)

1 26 (6.0) 31 (7.2) 57 (13.3)

>2 20 (4.7) 51 (11.9) 71 (16.6)

Total 257 (59.9) 172 (40.1) 429 (100)

Table 2. Microorganisms Isolated from 429 Episodes of Urinary Tract 
Infection 

Microoganisms No. of isolated (%)

Gram negative organisms  

Escherichia coli   349 (81.4)

Klebsiella pneumoniae 33 (7.7)

Klebsiella oxytoca   3 (0.7)

Enterobacter aerogenes   3 (0.7)

Enterobacter asburiae   2 (0.5)

Enterobacter cloacae   2 (0.5)

Proteus mirabilis   3 (0.7)

Proteus penneri   1 (0.2)

Morganella morganii   4 (0.9)

Serratia marcescens   1 (0.2)

Citrobacter braakii  1 (0.2)

Citrobacter freundii complex   5 (1.2)

Pseudomonas aeruginosa   3 (0.7)

Gram positive organisms  

Staphylococcus aureus   3 (0.7)

Enterococcus avium - (Group D)   5 (1.2)

Enterococcus faecium - (Group D)   4 (0.9)

Total 429 (100)
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in both the periods (P>0.05). In contrast, gentamicin, TMP/SMX, 
ampicillin/sulbactam, and ampicillin showed consistently low 
susceptibilities of 50–80% without significant differences between 
the 2 periods (P>0.05, data not shown as a table).

6. ESBL isolation rate 
Among the 429 strains cultured in the urine culture test, 17 (4.0 

%) were ESBL-positive; this isolation rate was much lower than 
that reported among adult patients (over 10%, unpublished data). 
According to a recent investigation by our hospital, ESBL was isolated 
in 16% of K. pneumoniae infections and 10% of E. coli infections 
reported in 2003 and 24.7% and 10%, respectively, of the cases 
reported in 2005.

7. Radiological examination 
Among the 429 young patients diagnosed with UTI, 334 (77.9%) 

underwent renal ultrasonography and 315 (73.4%) underwent 
VCUG. Hydronephrosis was detected in 108 cases (32.3%), and 
renal agenesis, double ureter, etc. were detected in 25 cases (7.5%). 
Vesicoureteral reflux observed through VCUG was Grade I in 
5 patients (1.6%), Grade II in 10 patients (3.1%), Grade III in 17 

patients (5.4%), and Grade IV–V in 21 patients (6.7%). Overall, 
vesicoureteral reflux was detected in 53 (16.8%) out of the 315 patients 
who underwent VCUG. The results of radiological examinations of 
the UTIs caused by E. coli and K. pneumoniae were compared, but 
no significant differences were observed (P>0.05) (Table 4, 5).

8. 99mTc-DMSA renal scanning  
Among the 429 young patients diagnosed with UTI, 340 (79.3%) 

underwent 99mTc-DMSA renal scanning; among these, 167 patients 
(49.1%) had a renal scar on 1 side and 40 (11.8%) had renal scars on 
both sides. Renal defects were found in 207 (60.9%) out of the 340 
patients that had undergone 99mTc-DMSA renal scan. The results 
of 99mTc-DMSA renal scans of patients with E. coli UTI and K. 

Table 3. Antibiotic Susceptibility of Isolated Microorganisms 

Microorganism (N)
Antibiotic susceptibility%

IPM AN ATM CZ FEP FOX TZP TOB AM GM CIP SXT SAM CRO

E. coli  (349) 100 97.7 97.9 86.5 97.7 97.4 94.2 82.7 28.6 79.0 91.9 68.7 33.0 97.1

K. pneumoniae  (33) 100 93.9 90.9 69.6 93.9 78.7 84.8 87.8 3 87.8 100 93.9 52 92

K. oxytoca  (3) 100 100 100 0 100 100 100 100 0 100 100 100 50 100

E. aerogenes (3) 100 100 100 28.5 100 0 85.7 100 0 100 100 85.7 20 100

E. cloacae  (2) 100 100 25 0 87.5 0 25 87.5 0 87.5 100 87.5 0 25

P. penneri  (1) 100 100 100 0 100 100 100 100 0 100 100 0 100 100

P. mirabilis (3) 100 100 100 66.6 100 100 100 100 100 100 100 100 66.6 100

M. morganii  (4) 100 100 75 0 100 75 100 100 0 100 100 100 50 75

C. braakii (1) 100 100 0 0 100 100 0 100 0 0 0 100 0 0

C. freundii  complex (5) 100 100 80 20 100 40 100 100 40 100 100 100 80 80

S. marcescens  (1) 100 100 50 0 100 50 100 50 0 50 50 100 50 50

Total (405) 100 97.5 96.2 81.16 97.45 93.67 93.02 83.91 25.6 93.02 80.4 71.8 35.4 95.61

Abbreviations: IPM, imipenem; AN, amikacin; ATM, aztreonam; CZ, cefazolin; FEP, cefepime; FOX, cefoxitin; TZP, peperacillin/tazobactam; TOB, tobramycin; 
AM,  ampicillin; CIP, ciprofloxacin; GM, gentamicin; SXT, trimethoprim/sulfomethoxazol; SAM , ampicillin/sulbactam; CRO, ceftriaxone

Table 4. Comparison of Etiologic Organisms according to the Voiding Cystourethrography Findings 

Microorganisms
VCUG Findings (No., %)

Normal  G I  G II  G III G IV G V Total

E. coli 234 (84.5)  4 (1.4)  8 (2.9)  16 (5.8)  6 (2.2) 9 (3.2) 277 (100)

K. pneumoniae 11 (61.1)  1 (5.6)  1 (5.6)  1 (5.6)   2 (11.1)  2 (11.1)  18 (100)

Abbreviation: G, Grade ; VCUG, Voiding cystourethrography

Table 5. Comparison of Etiologic Organisms according to the Kidney 
Ultrasonography Findings 

Microorganisms
Kidney Ultrasonography (No., %)

Normal Hydronephrosis Others Total

E. coli 171 (59.8) 93 (32.5) 22 (7.7)  286 (100)

K. pneumonia    12 (52.2)   8 (34.8)    3 (13.0)    23 (100)
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pneumoniae UTI were compared, but no significant difference was 
observed (P>0.05) (Table 6). 

Discussion

UTI is one of the most common bacterial diseases in infants and 
children; however, 1–3% of the cases are asymptomatic, and infants 
and toddlers usually show non-specific symptoms such as fever. 
Therefore, early detection of this disease is difficult without a proper 
understanding of the characteristics of UTI; if the infection is not 
diagnosed early and treated with a suitable antibiotic, it may result 
in serious renal damage1-3). For example, if UTI is misdiagnosed as 
simple fever, upper respiratory tract infection, or enteritis, then its 
symptoms may temporarily ease through short-term administration 
of an antipyretic or antibiotic, but improper treatment and inability to 
recognize an accompanying anomaly of the urine system may cause 
the recurrence of UTI. This may eventually cause a severe renal injury 
and renal insufficiency and result in serious sequelae such as renal 
hypertension and chronic renal failure4-7, 10). 

The frequency of UTI in children varies according to age and 
sex. According to reports11-14), in foreign countries, symptomatic 
bacteriuria is observed in 2.3–3.6% of male neonates, 0.3–0.9% of 
female neonates, 0.2–0.4% of male infants and toddlers, 0.7–2.6% 
of female infants and toddlers, 0.04–0.2% of school-age boys, and 
1.2–1.9% of school-age girls. In addition, UTI is observed in 3–5% 
of female children and around 1% of male children11-14). In our study, 
among the 429 patients hospitalized for UTIs, 257 patients (59.9%) 
were boys and 172 (40.1%) were girls (male-female ratio, 1.49:1), and 
the percentage of patients younger than 1 year was somewhat higher 
than those in previous Korean reports15-17). 

Although radiological examinations are usually performed to 
detect structural abnormalities in the urinary system of children with 
UTI1, 2), in principle, renal ultrasonography should be performed for 
every case of childhood UTI regardless of its stage. In this study, 334 
(77.9%) out of the 429 patients diagnosed with UTI underwent renal 
ultrasonography and 133 (39.8%) of these patients had normal results 
in renal ultrasonography. This rate is somewhat higher than the values 
in Korean reports, such as the 30.7% (42/137) reported by Kwon et 
al.18) and the 10.3% (7/68) reported by Lee et al.19). The difference in 

the rate of detection of anomalies may be attributed to the advances 
in imaging machines and anomaly classification. 

In this study, VCUG was performed for 315 cases (73.4%) and 
vesicoureteral reflux was observed in 53 cases (16.8%). This frequency 
of vesicoureteral reflux is lower than that seen in other Korean reports 
(18–50%)18-21), but this difference may be because we included fewer 
cases of UTIs such as urethritis and cystitis. Among the 340 cases 
that underwent 99mTc-DMSA renal scanning, 207 cases (60.9%) 
showed renal scars, which is somewhat higher than the number in 
previous Korean reports18, 22). 

Most of the pathogens causing UTI in children were E. coli, and 
10–15% of the infections were caused by Klebsiella spp., Enterobacter 
spp., Proteus spp., Pseudomonas, etc13-15, 23-29). According to Cohen 
et al.25), UTI caused by E. coli was most frequently seen among boys, 
but the frequency of UTI caused by E. coli was significantly different 
between boys and girls, that is, it was 88% in girls but 62% in boys. E. 
coli infections accounted for 81.4% of the UTIs included in this study, 
and this value was similar to the values in other reports13-15, 23-28). 

The antibiotic susceptibility of E. coli, which was the most com-
mon causative pathogen of UTI in children during the period of 
this study, was highest to imipenem (100%) followed by aztreonam 
(97.9%), amikacin (97.7%), cefepime (97.7%), and ceftriaxone 
(97.1%). Thus, E.coli still showed susceptibility to old-generation 
cephalosporins and some aminoglycosides, but it showed low 
susceptiblity to ampicillin (23.6%), ampicillin/sulbactam (33.0%), 
etc., which raises a question on the effectiveness of these drugs for 
treating UTI in children. According to other previous Korean studies 
on susceptibility, Yang et al.27) reported that the susceptibility of 
E.coli was the highest to moxalactam (100%) followed by amikacin 
(96.9%), tobramycin (94.3%), gentamicin (89.6%), cefamandole 
(62.5%), and TMP-SMX (41.7%), and the pathogen showed very 
low susceptibility to ampicillin (9.0%). In the report by Cha et al. 
28), E.coli showed susceptibility to cefotaxime (91.4%), cefamandole 
(88.1%), amikacin (84.0%), ampicillin/sulbactam (66.7%), and 
gentamicin (61.7%), and in the report by Kang et al.29) it showed 
susceptibility to ceftriaxone (95.9%), amikacin (95.8%), ceftazidime 
(91.8%), cefazolin (85.7%), tobramycin (62.7%), gentamicin (58.7%), 
TMP-SMX (42.3%), ampicillin/sulbactam (42.2%), and ampicillin 
(16.9%). These results show a similar tendency as that observed in our 
report.

In our study, Enterobacteriaceae showed high susceptibility to 
imipenem (100%), amikacin (97.5%), cefepime (97.45%), aztreonam 
(96.27%), ceftriaxone (95.61%), cefoxitin (93.67%), ciprofloxacin 
(93.02%), tobramycin (83.91%), cefazolin (81.16%), gentamicin 
(80.4%), etc., and low susceptibility to ampicillin/sulbactam (35.4%), 
ampicillin (25.6%), etc. This finding suggests that Enterobacteriaceae 

Table 6. Comparison of Etiologic Organisms According to the 99mTc-
DMSA Renal Scan Findings 

Microorganisms
99mTc-DMSA renal scan (No., %)

Normal  Unilateral   Bilateral Total

E. coli 126 (40.5) 152 (48.1)  33 (10.6)  311 (100)

K. pneumoniae  7 (33.3)  11 (52.4)   3 (14.3)   21 (100)
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have natural resistance to ampicillin in Korean population.
Infection with ESBL-producing strains is usually a hospital-ac quired 

infection occurring in intensive care units (ICU), and its frequency has 
been increasing rapidly during the last 10 years, although the frequency 
of this infection varies across regions. In the U.S., 1–8% of E. coli and 
7–34% of K. pneumoniae strains isolated from patients with hospital-
acquired infection were ESBL-positive29). Further, in Korea, ESBL 
production was reported in 4.8–13.9% of E. coli and 22.5–25.6% of 
K. pneumoniae infections. Among young children, ESBL-positive 
infections were mainly seen in neonates who were under intensive 
care and had weak immune function, while some previous studies in 
Korea reported sepsis and UTI in pediatric and neonatal ICU patients. 
However, community-acquired infection has been reported rarely, with 
some reports of occurrence in nursing home residents with a history 
of antibiotic medication and hospitalization30, 31). ESBLs are enzymes 
that hydrolyze oxyimino-β-lactam antibiotics by a plasmid-mediated 
mechanism and induce resistance to oxyimino-cephalosporins and 
aztreonam; these enzymes are inhibited by a β-lactamase inhibitor, 
clavulanic acid32, 33). 

In this study, most of the patients from whom ESBL-producing E. 
coli were isolated had presented to the hospital with fever of unknown 
origin and were diagnosed with the first febrile UTI. Therefore, their 
infection was obviously community-acquired rather than hospital-
acquired. Among the 429 strains cultured in the urine culture test, 17 
(4.0%) were ESBL-positive, and the isolation rate of ESBL-positive 
strains was much lower than that among adult patients investigated 
in this hospital (data not shown). 

In conclusion, according to the antibiotic-susceptibility data re-
ported by Korean studies including this study, pathogens causing 
UTIs show susceptibility to antibiotics such as amikacin and 
cephalosporins; however, they show low susceptibility to ampicillin/
amoxicillin and most of the aminoglycosides. Ampicillin and 
gentamicin are used as early empirical remedies, and TMP-SMX 
is recommended as a prophylactic antibiotic for the treatment of 
UTIs in children. However, according to the results of our study, 
the resistance rates for these antibiotics are relatively high; therefore, 
clinicians should re-evaluate the use of these antibiotics as early 
empirical and prophylactic antibiotics for UTI cases in children in 
Korea.
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