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Clinical Study of Prevalence of Antibiotic Resistance of 
Escherichia coli in Urinary Tract Infection in Children: A 
9-year Retrospective, Single Center Experience

Purpose: The aim of this study was to determine the prevalence of antibiotic 
susceptibility and resistance of Escherichia coli in urinary tract infections (UTIs) in 
children. 
Methods: We retrospectively reviewed the clinical records of 212 inpatients aged 
18 years or younger with UTIs treated at the Pediatric Department of Dongguk 
University Gyeongju Hospital between January 2008 and December 2016. For 
comparison, patients were divided into three groups according to age as follows: 
group 1, ≤1 month; group 2, >1 month to ≤12 months; and group 3, ≥13 months. 
The antibiotic resistance rates from January 2008 to December 2012 (study period 
1) and from January 2013 to December 2016 (study period 2)  were analyzed stati-
stically by group. 
Results: As the patient age increased, the antibiotic resistance rate to ampicillin 
(P=0.013), levofloxacin (P=0.050), piperacillin/tazobactam (TZP) (P<0.001), and 
trimethoprim/sulfamethoxazole (P=0.002) increased. The frequency of extended 
spectrum beta-lactamase producing E. coli showed a significant difference from 5 
cases (4.6%) in study period 1 and 16 cases (15.8%) in study period 2 (P=0.007). The 
antibiotic resistance rate of E. coli was compared between the two time periods 
and we found that the antibiotic resistance rate to cefotaxime was significantly 
increased from 5.4% to 16.8% (P=0.008) and that to TZP was significantly de-
creased from 40.5% to 7.9% (P<0.001). 
Conclusion: Over the past 9 years, the resistance rate to cefotaxime has increased 
but the resistance rate to TZP has decreased. Thus, it is important to continue to 
investigate the antibiotic resistance rates of bacteria in the community.
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 Introduction

Although urinary tract infections (UTIs) are one of the most common 
childhood bacterial infectious diseases, in many cases its diagnosis is delayed 
due to non-specific symptoms. Failure of timely treatment can result in se-
quela related to kidney injury, including renal scarring, hypertension, and 
chronic kidney disease1). Thus, it is important to choose appropriate antibio-
tics, depending on pathogen susceptibility testing results. However, it is often 
difficult to isolate pathogens in children due to false positive and false nega-
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tive results, depending on the urine collection method. Ad-
ditionally, it takes a substantial amount of time to obtain the 
results of antibiotic susceptibility testing, so that selection 
of initial antibiotics is dependent on empirical antibiotics.

Recently, extended antibiotic use brought about changes 
in causative strains of UTIs and rates of antibiotic suscep-
tibility2,3). In particular, an increasing number of strains 
produce extended spectrum β-lactamase (ESBL)4,5). The 
present study was aimed to propose a direction for future 
UTI treatment by identifying UTI pathogens in children, 
inve stigating the changing trends in antibiotic resistance, 
and incidence of the most common pathogen: ESBL-produ-
cing E. coli. 

Materials and methods 

1. Subjects
We identified pediatric patients, 18 years or younger, who 

were admitted to the Pediatrics Clinic of Dongguk Uni-
versity Gyeongju Hospital from January 2008 to December 
2016, and then diagnosed with UTI. Of these, 212 patients 
who exhibited E. coli were selected as subjects. 

2. Methods
Inclusion criteria were pediatric patients who had fever 

38.0℃ or higher and pyuria, with at least five white blood 
cells in urine/high-power field (HPF), leading to clinical 
suspicion of UTI, or patients whose urine culture test pro-
duced E. coli  in at least 105 colony-forming units (CFU)/
mL. Based on these findings, we determined these patients 
had UTIs caused by E. coli . Patients with two or more 
strains on culture were excluded. 

For urine collection, the urethrae externum was cleaned 
with boric acid and distilled water. Thereafter, a clean catch 
midstream urine sample was collected from children who 
were potty-trained, while the sterile urine collection bag 
method or catheterization method was used to collect 
urine from infants who were not potty-trained. For urine 
culture, 0.001 mL of collected urine was inoculated on a 
5% sheep blood agar plate and MacConkey agar plate, fol-
lowed by incubation at 36℃ within a 5% CO2 incubator for 
48 hrs. We then analyzed all formed colonies. 

We examined the gender distribution and age in pediatric 

patients with E. coli  UTIs, and then retrospectively ana-
lyzed antibiotic susceptibility of the E. coli, depending on 
ESBL production. For comparative analysis by age, we 
divided patients into three groups aged: younger than 1 
month; 1-12 months, and 13 months or older. To balance 
the sample number between periods, we compared 111 
cases from January 2008 to December 2012 (study period 
1) and 101 cases from January 2013 to December to 2016 
(study period 2).

Antibiotic susceptibility test was performed using the 
VITEKⓇ-2 Antimicrobial Susceptibility Test (AST) card 
(Bio-Mérieux, Marcy l’Etoile, France), an automatic device 
for bacterial identification and measurement of antibiotic 
susceptibility. As a result, antibiotic susceptibility was di-
vided into resistance, intermediate resistance and suscep-
tibility, with intermediate resistance regarded as resistance 
for the purposes of statistical analysis. 

For the ESBL test, we used the VITEKⓇ-2 ESBL test using 
VITEKⓇ-2 Antimicrobial Susceptibility Test card. The 
panel consisted of six containers, where three containers 
contained 0.5 mg/L ceftazidime, 0.5 mg/L cefotaxime, and 
1.0 mg/L cefepime, respectively, and the remaining three 
containers held either 4 mg/L, 4 mg/L or 10 mg/L of clavu-
lanic acid in addition to 0.5 mg/L ceftazidime, 0.5 mg/L 
cefotaxime and 1.0 mg/L cefepime, respectively. Unlike the 
containers that only contained cephalosporins, if bacterial 
cultures were inhibited only in the containers with both 
cephalosporins and clavulanic acid, the strain was con-
sidered as an ESBL-producing strain. In cases where there 
was at least one positive result, out of the three containers, 
the strain was confirmed as an ESBL-producing strain. 

3. Statistical analysis
We used the Korean version of SPSS 18.0 for windows 

program, and applied analytical methods for each item 
including the Pearson chi-square, chi-square test for trend, 
and Fisher's exact test. The significance level was set as P 
value<0.05. 

Results 

1. Characteristics of subjects 
There were 212 pediatric patients, consisting of 146 boys 
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(68.9%) and 66 girls (31.1%), showing a 2.2:1 gender ratio. 
Gender ratios by age group were 2.2:1 for patients younger 
than 1 month of age, 3.3:1 for patients who were 1-12 months 
of age, and 1:1.3 for the group who were 13 months old or 
older. For gender-based differences in antibiotic resistance, 
boys were significantly more resistant to ampicillin (P= 
0.030), gentamicin (P=0.016), and TMP/SMX (P<0.001) 
than girls (Table 1). 

We further divided the patients into three groups by age 
as follows: younger than 1 month (n=29), 1-12 months (n= 
138), and 13 months or older (n=45). Antibiotics which 
resistance rate increased with age included: amoxicillin/
clavulanate (P<0.001), ampicillin (P=0.013), levofloxacin 
(P=0.050), TZP (P<0.001), and TMP/SMX (P=0.002) (Table 
2). 

 

2. Changes in antibiotic resistance rate of E. coli in 
     2008-2012 and in 2013-2016
We investigated changes in rates of antibiotic resistance 

for E. coli isolated 111 cases in 2008-2012 (study period 1)
and 101 cases in 2013-2016 (study period 2). The male to 
female ratio of the two periods was 2:1 in study period 1 and 
2.48:1 in study period 2. And the distri bution in number 
of age groups was 1Mo:1-12Mo:≥13Mo 1:6.2:2.1 in study 
period 1, and 1:3.8:1.2 in study period 2 respec tively. We 
found that resistance to cefotaxime increased from 5.4% 
to 16.8% (P=0.008), whereas resistance to TZP decreased 
from 40.5% to 7.9% (P<0.001). Although they were not 
statistically significant, resistance to aztreonam and cefe-
pime increased from 5.4% to 15.8% (P=0.13), to levofloxacin 
increased from 8.9% to 17.8% (P=0.13), and to ceftazidime 
increased from 6.3% to 15.8% (P=0.26) (Table 3).

3. Incidence of ESBL producing E. coli 
As age increased, frequencies of ESBL-producing E. coli 

were 10.3% for patients younger than 1 month, 8.8% for 
patients aged 1-12 months, and 13.6% for patients 13 months 
old or older (in which there was no statistically significant 

Table 1. Demographic Findings of Study Population
 Male 

(N=146)
Female 
(N=66)

P-
value

Number 146 66

Age

  Mean±S.D. 8.13±17.06 23.10±33.40

Underlying urogenital tract anomaly 6 3

Catheter related infection 0 0

Episode

  First 126 62

  Recurrence 20 4

Kidney sono

  Normal 92 36

  Abnormal 37 12

Overall ESBL(+) E.coli  prevalence 12 9

Antibiotics resistance rate

Amikacin 2 (1.4%) 1 (1.5%) 1.000 

Amoxicillin/Clavulanate 36 (24.7%) 17 (25.8%) 0.864 

Ampicillin 81 (55.5%) 47 (71.2%) 0.030 

Aztreonam 13 (8.9%) 9 (13.6%) 0.295 

Cefepime 13 (8.9%) 9 (13.6%) 0.295 

Cefotaxime 14 (9.6%) 9 (13.6%) 0.380 

Cefoxitin 4 (2.7%) 3 (4.5%) 0.680 

Ceftazidime 14 (9.6%) 9 (13.6%) 0.380 

Gentamicin 12 (8.2%) 13 (19.7%) 0.016 

Imipenem 0% 0%

Levofloxacin 15 (14.2%) 8 (15.7%) 0.199 

Meropenem 0% 0%

Piperacillin/tazobactam 34 (23.3%) 19 (28.8%) 0.392 

Trimethoprim/Sulfamethoxazole 20 (13.7%) 25 (37.9%) 0.000 

Table 2. Antibiotic Resistance Rate and Emergence Frequency 
of ESBL-producing E. coli  according to Age Group

≤1
month
(n=29)

>1 month to
≤12 months 

(n=138)

≥13
months 
(n=45)

P-
value

Antibiotic resistance rate

  Amikacin 0 (0%) 1 ((0.7%) 2 (4.4%) 0.079 

  Amoxicillin/Clavulanate 3 (10.3%) 28 (20.3%) 22 (48.9%) 0.000 

  Ampicillin 13 (44.8%) 82 (59.4%) 33 (73.3%) 0.013 

  Aztreonam 3 (10.3%) 13 (9.4%) 6 (13.3%) 0.608 

  Cefepime 3 (10.3%) 13 (9.4%) 6 (13.3%) 0.608 

  Cefotaxime 3 (10.3%) 13 (9.4%) 7 (15.6%) 0.395 

  Cefoxitin 0 (0%) 4 (2.9%) 3 (6.7%) 0.106 

  Ceftazidime 3 (10.3%) 14 (10.1%) 6 (13.3%) 0.635 

  Gentamicin 5 (17.2%) 12 (8.7%) 8 (17.8%) 0.687 

  Imipenem 0% 0% 0%

  Levofloxacin 1 (4.8%) 14 (13.7%) 8 (23.5%) 0.050 

  Meropenem 0% 0% 0%

  Piperacillin/tazobactam 2 (6.9%) 32 (23.2%) 19 (42.2%) 0.000 

  Trimethoprim/
   Sulfamethoxazole

5 (17.2%) 21 (15.2%) 19 (42.2%) 0.002 

Frequency of ESBL(+) E. coli
  ESBL (+) E. coli 3(10.3%) 12 (8.8%) 6 (13.6%) 0.556

Abbreviation: ESBL, extended spectrum beta-lactamase.
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difference) (Table 2).
Incidences of ESBL-producing E. coli  included 5 cases 

(4.6%) in study period 1 and 16 cases (15.9%) in study pe-
riod 2, showing a significant increase (P= 0.007) (Table 3).

4. Antibiotic susceptibility depending on ESBL 
     production
Within the study period, there were 189 cases of ESBL 

non-producing E. coli . There was no measured resistance 
to aztreonam, cefepime, imipenem, and meropenem, while 
resistance to TMP/SMX (18.0%), amoxicillin/clavulanate 
(21.2%) and ampicillin (55.6%) was high. There were 21 
cases of ESBL-producing E. coli that were 100% susceptible 
to imipenem and meropenem, and 100% resistant to am-

picillin, aztreonam, cefepime, cefotaxime and ceftazidime 
(Table 4).

5. Difference in antibiotic susceptibility between 
     patients with first UTI and those with recurrent UTIs 
Pediatric patients were divided according to UTI onset, 

including 188 cases of first UTI and 24 cases of recurrent 
UTIs. Comparing antibiotic resistance rates, we found that 
the recurrent UTI group showed significantly higher resis-
tance against amikacin (P=0.034), amoxicillin/clavulanate 

Table 3. Antibiotic Resistance Rate Changes and Emergence 
Frequency of ESBL-producing E. coli  Compared with 2008-2012 
and 2013-2016

Study period 1
2008-2012 

(N=111)

Study period 2
2013-2016

(N=101)

P-
value

Sex

  Male 74 72

  Female 37 29

Age          

  ≤1month                             12 17

  ≥1 month to ≤12 months 74 64

  ≥13months 25 20

Antibiotic resistance rate          

  Amikacin 2 (1.8%) 1 (1.0%) 1.000 

  Amoxicillin/Clavulanate 26 (23.4%) 27 (26.7%) 0.578 

  Ampicillin 71 (64.0%) 57 (56.4%) 0.263 

  Aztreonam 6 (5.4%) 16 (15.8%) 0.130 

  Cefepime 6 (5.4%) 16 (15.8%) 0.130 

  Cefotaxime 6 (5.4%) 17 (16.8%) 0.008 

  Cefoxitin 2 (1.8%) 5 (5.0%) 0.262 

  Ceftazidime 7 (6.3%) 16 (15.8%) 0.260 

  Gentamicin 11 (9.9%) 14 (13.9%) 0.373 

  Imipenem 0% 0%

  Levofloxacin 5 (8.9%) 18 (17.8%) 0.131 

  Meropenem 0% 0%

  Piperacillin/tazobactam 45 (40.5%) 8 (7.9%) 0.000 

  Trimethoprim/Sulfamethoxazole 23 (20.7%) 22 (21.8%) 0.850 

Frequency of ESBL(+) E.coli
  ESBL (-) E.coli 104 (95.4%) 85 (84.2%)

  ESBL (+) E.coli 5 (4.6%) 16 (15.8%) 0.007

Abbreviation: ESBL, extended spectrum beta-lactamase.

Table 4. Comparison of Antibiotic Resistance Rates between 
ESBL (-) E. coli and ESBL (+) E. coli

ESBL (-) 
E.coli  (N=189)

ESBL (+)
E.coli  (N=21)

P-
value

Amikacin 2 (1.1%) 1 (4.8%) 0.272 

Amoxicillin/Clavulanate 40 (21.2%) 12 (57.1%) 0.000 

Ampicillin 105 (55.6%) 21 (100%) 0.000 

Aztreonam 0 (0%) 21 (100%) 0.000 

Cefepime 0 (0%) 21 (100%) 0.000 

Cefotaxime 1 (0.5%) 21 (100%) 0.000 

Cefoxitin 5 (2.6%) 2 (9.5%) 0.147 

Ceftazidime 1 (0.5%) 21 (100%) 0.000 

Gentamicin 17 (9.0%) 7 (33.3%) 0.004 

Imipenem 0% 0%

Levofloxacin 16 (11.7%) 7 (35.0%) 0.013 

Meropenem 0% 0%

Piperacillin/tazobactam 43 (22..8%) 8 (38.1%) 0.120 

Trimethoprim/Sulfamethoxazole 34 (18.0%) 10 (47.6%) 0.004 

Abbreviation: ESBL, extended spectrum beta-lactamase.

Table 5. Antibiotic Resistance Rates in First-onset and Recurrent 
Cases of Urinary Tract Infection

First-onset 
(N=188)

Recurrent 
(N=24)

P-
value

Amikacin 1 (0.5%) 2 (8.3%) 0.034 

Amoxicillin/Clavulanate 42 (22.3%) 11 (45.8%) 0.012 

Ampicillin 111 (59.0%) 17 (70.8%) 0.266 

Aztreonam 20 (10.6%) 2 (8.3%) 1.000 

Cefepime 20 (10.6%) 2 (8.3%) 1.000 

Cefotaxime 21 (11.2%) 2 (8.3%) 1.000 

Cefoxitin 6 (3.2%) 1 (4.2%) 0.574 

Ceftazidime 21 (11.2%) 2 (8.3%) 1.000 

Gentamicin 21 (11.2%) 4 (16.7%) 0.497 

Imipenem 0% 0%

Levofloxacin 17 (12.2%) 6 (33.3%) 0.029 

Meropenem 0% 0%

Piperacillin/tazobactam 43 (22.9%) 10 (41.7%) 0.045 

Trimethoprim/Sulfamethoxazole 38 (20.2%) 7 (29.2%) 0.312 
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(P=0.012), levofloxacin (P=0.029), and TZP (P=0.045) 
(Table 5).

6. Antibiotic susceptibility depending on presence 
     or absence of abnormality in renal ultrasonography 
Of the 212 pediatric patients, 177 underwent renal ultra-

sonography. Of these, 128 had normal findings and 49 had 
abnormal findings. Among those with abnormal findings, 
there were 41 cases of hydronephrosis (left, n=33; right, n= 
1; both, n=7), 4 cases of calyceal dilatation, 1 case of pelvis 
dilatation, 1 case of renal cyst, 1 case of renal abscess, and 
1 case of complete duplication of the left kidney. Compa-
ring rates of antibiotic resistance between patients with 
normal and abnormal findings on renal ultrasonography, 
we found no antibiotics associated with significant diffe-
rences in resistance (Table 6).

Discussion 

UTI is a common childhood infectious disease, affecting 
approximately 3-5% of girls and 1% of boys6). Failed early 
diagnosis and timely initiation of appropriate antibiotic 
treatment may induce renal parenchymal injury, leading 
to complications such as renal scarring, hypertension, and 
chronic kidney disease. Children often exhibit non-specific, 
systemic symptoms, including fever, diarrhea, vomiting, 

difficulty in breast feeding tantrum, and abdominal dis-
tention. These symptoms can result in incorrect diagnosis 
with simple febrile disease or enteritis. Children who have 
fever with unknown cause should undergo differential 
diagnosis for UTI. 

Recently, rates of antibiotic resistance have increased, 
along with increased extended antibiotic use. These factors 
result in the emergence of multidrug-resistant organisms. 
The Infectious Diseases Society of America (IDSA) recom-
mended that doctors should continuously inspect and 
monitor distribution of local UTI strains, as well antibiotic 
susceptibility changes in these strains7⁾. 

In children, incidence of UTI varies depending on age 
and gender. The gender ratio between boys and girls under 
1 year of age was 2.8-5.4:1, showing that boys had a higher 
incidence. The ratio became 1:10 among children 1-2 years 
of age, showing that the incidence in girls exceeded that in 
boys6). According to another study in South Korea, the ratio 
between boys and girls under 1 year of age was 2.55-3.4:1, 
changing to 1:0.6-1.05 in children age 1 year or older8,9). In 
the present study, ratios between boys and girls by age were 
2.21:1 in children younger than 1 month, 3.31:1 in children 
1-12 months old, and 1:1.25 in children 13 months or older, 
showing that UTI incidence was higher in infants and boys 
aged 1 year or younger, and girls aged 1 year or older. 

When we compared all pediatric patients by age, after 
dividing them into categories including those younger than 
1 month (n=29), 1-12 months (n=138), and 13 months or 
older (n=45),  E. coli showed increasing resistance with age 
to amoxicillin/clavulanate (P<0.001), ampicillin (P=0.013), 
levofloxacin (P=0.050), TZP (P<0.001), and TMP/SMX 
(P=0.002). This may be due to more frequent exposure to 
antibiotics with age; however, these relationships warrant 
further investigation.

In a 2001 study on antibiotic susceptibility of E. coli, Ko 
et al.,10) reported a 7.9% rate of resistance to E. coli for cefo-
taxime, whereas the present study found this rate to be 5.4 
% in 2008-2012 and 16.8% in 2013-2016, showing a signifi-
cant increasing trend (P=0.008). On the other hand, resis-
tance to TZP significantly decreased over these periods from 
40.5% to 7.9% (P<0.001). These are suspected to be related 
with frequency of antibiotic used in the local community, 
which requires further study.

In a 1999 study on community-acquired UTI infections 

Table 6. Comparison of Antibiotic Resistance Rates between 
Normal and Abnormal Kidney Ultrasound

Normal 
(N=128)

Abnormal 
(N=49)

P-
value

Amikacin 0 (0%) 1 (2.0%) 0.277 

Amoxicillin/Clavulanate 27 (21.1%) 11 (22.4%) 0.844 

Ampicillin 73 (57.0%) 28 (57.1%) 0.989 

Aztreonam 12 (9.4%) 4 (8.2%) 1.000 

Cefepime 12 (9.4%) 4 (8.2%) 1.000 

Cefotaxime 13 (10.2%) 4 (8.2%) 0.783 

Cefoxitin 3 (2.3%) 1 (2.0%) 1.000 

Ceftazidime 12 (9.4%) 4 (8.2%) 1.000 

Gentamicin 13 (10.2%) 7 (14.3%) 0.437 

Imipenem 0% 0%

Levofloxacin 11 (11.5%) 5 (13.5%) 0.770 

Meropenem 0% 0%

Piperacillin/tazobactam 25 (19.5%) 11 (22.4%) 0.666 

Trimethoprim/Sulfamethoxazole 23 (18.0%) 10 (20.4%) 0.709 
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in Spain, Daza et al.,11) reported a 0.4% incidence of ESBL-
producing E. coli, while Khurana et al.,12) reported a 24.7% 
incidence of UTIs caused by ESBL-producing E. coli  in 
India in 2002. In the present study, the frequency of ESBL-
producing E. coli during the total study period was 10.0%, 
within the range (3.3-10.8%) of previous reports 5,13,14). When 
we investigated the frequency of ESBL-producing E. coli 
by period in 2008-2012 and in 2013-2016, we observed a 
significant increasing trend, from 4.6% to 15.9%.

In addition, the antibiotic susceptibility test of the ESBL 
(+) strain of  21 cases showed 100% resistance to cefotaxime. 
Of these, 19 cases were clinically improved without anti-
biotic change, and antibiotics were changed in 2 cases due 
to no clinical improvement. Therefore, the treatment out-
come should be considered the basis of actual clinical im-
provement as well as antibiotic susceptibility results13).

Procop et al.,15) reported that ESBL-producing Klebsiella 
pneumonia also had a lower susceptibility to non-β-lactam 
antibiotics including gentamicin (P<0.001), amikacin (P< 
0.005), TMP/SMX (P<0.01), and nitrofurantoin (P<0.001) 
than ESBL non-producing Klebsiella pneumonia. The pre-
sent study found a lower susceptibility to gentamicin (P= 
0.004), levofloxacin (P=0.013), and TMP/SMX (P=0.004). 
Therefore, it is necessary to consider antibiotic susceptibi-
lity results when choosing antibiotics for treatment. 

Compared to the first UTI onset group, the recurrent 
UTI group had significantly higher resistance to amikacin 
(P=0.034), amoxicillin/clavulanate (P=0.012), levofloxacin 
(P=0.029), and TZP (P=0.045), likely because the recurr-
ence group had higher rates of urogenital anomalies and 
exposure to antibiotics. In the present study, 27 patients 
underwent a voiding cystourethrogram (VCUG), in which 
18 patients had normal findings, and 9 patients showed 
findings consistent with vesicoureteral reflux. Of the 9 
cases with vesicoureteral reflux, 3 patients were in the initial 
UTI group, and 6 patients were in the recurrent UTI group, 
indicating that patients with recurrent UTIs had more ve-
sicoureteral reflux findings. To confirm the relationship, 
further investigation of urinary tract anomalies, with 
more samples through VCUG and 99mTc-dimercaptosuc-
cinic Acid (DMSA) Scans are needed.

Since a higher proportion of patients with abnormal 
findings on renal ultrasonography had recurrent UTIs, due 
to issues such as structural urinary tract deformities, com-

pared to the normal group, we expected this group would 
also have a higher rate of antibiotic resistance. However, 
there were 17 patients (13.28%) with recurrent UTIs among 
the 128 patients within the normal group, and 6 patients 
(6.66%) among the 49 patients in the abnormal group on 
renal ultrasonography. Thus, the normal group had a 
higher proportion of individuals with recurrent UTIs. No 
antibiotics showed significant differences in resistance when 
we compared the two groups. Therefore, renal ultrasono-
graphy alone was not helpful for determining the rate of 
antibiotic resistance.

The present study investigated antibiotic susceptibility 
in pediatric patients with UTI caused by E. coli  over a 9- 
year sampling period. Urine samples were obtained in 186 
cases using the sterile urine collection bag method, 19 cases 
using a clean catch midstream urine sample, and 7 cases 
using the catheterization method. The sterile urine collection 
bag method was the most commonly used urine sample 
method. However, there were limitations in analyzing the 
data of antibiotic resistance according to each urine collec-
tion methods. 

We found increases in the incidence of ESBL-producing 
E. coli  and resistance to cefotaxime. The cause of the in-
crease in the antibiotic resistance rate should be studied in 
a multifaceted way. These findings warrant further inve-
stigation into the frequency of antibiotic use, and its cumu-
lative use, to study changes in antibiotic susceptibility. In 
addition to total frequency of antibiotic use in the local 
community, to determine the relationships between these 
factors and rates of antibiotic resistance, investigation of 
exposure history and the frequency of antibiotic exposure 
in individuals are needed. 
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