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Introduction. In individuals with urinary tract infections, Escherichia coli (E. coli) is an ubiquitous causative agent and antibiotic
resistance is on the rise throughout the world. Therefore, early diagnosis and appropriate choice of antimicrobials are essential.
The purpose of our study is to describe some of the clinical and epidemiological characteristics and the laboratory test results of
children treated in our hospital for urinary tract infections caused by E. coli. Methods. The study included 128 patients from 2
months to 15 years of age with urinary tract infections caused by E. coli and treated at the Haiphong Children’s Hospital during the
periods of 2011-2013 and 2018-2020. Results. During the two study periods, 57 and 71 cases, respectively, were included. The most
common clinical symptom was fever in 40 and 46 cases, respectively. The proportion of E. coli’s resistance to ampicillin increased
from 85.3% in 2011-2013 to 97.1% in 2018-2020. In 2011-2013, 70.5% of E. coli isolates were resistant to cotrimoxazole, which
increased to 81.4% during 2018-2020. During both periods, E. coli was highly sensitive to amikacin, at 87% and 95.5%, re-
spectively. In 2018-2020, carbapenems (meropenem and imipenem) and piperacillin were also effective against E. coli. Conclusion.
Our study revealed that high fever was the most prevalent clinical characteristic in urinary tract infections caused by E. coli in
children and E. coli was mostly resistant to ampicillin, nalidixic acid, and cotrimoxazole but was highly sensitive to ciprofloxacin,

amikacin, piperacillin, meropenem, and imipenem.

1. Introduction

Urinary tract infections are common in children [1-3]. Early
diagnosis and treatment are necessary for the prevention of
complications [4]. Escherichia coli (E. coli) is a common
causative pathogen [5-8], and antibiotics including cotri-
moxazole (trimethoprim/sulfamethoxazole), nitrofurantoin,
ciprofloxacin, and ampicillin are routinely used for
treatment.

Antibiotic resistance is on the rise all around the world,
and it remains one of the most pressing issues in the
treatment of infectious diseases [9-11]. Similarly, antibiotic
resistance is also a critical component in the management
of urinary tract infections, particularly those caused by
E. coli [12, 13]. Authors from several countries have

reported an increase in the resistance rate of E. coli strains
to numerous antibiotics. The capacity of E. coli to generate
extended beta-lactamase (ESBL) enzyme, which can hy-
drolyze third-generation cephalosporins and aztreonam
but is blocked by clavulanic acid, is partly responsible for its
antibiotic resistance [14, 15]. Furthermore, ESBL-pro-
ducing organisms reveal coresistance to a wide range of
antibiotics, limiting therapeutic options [16, 17]. Thus,
antimicrobial resistance surveillance is critical for deter-
mining its pattern and guiding the selection of empirical
therapy.

This study aims to describe some of the clinical char-
acteristics and laboratory test results in children aged from 2
months to 15 years who were diagnosed with the first urinary
tract infection caused by E. coli in our hospital.
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2. Materials and Methods

A descriptive cross-sectional study was carried out for two
periods (from May 1% 2011 to May 1* 2013 and from December
1™ 2018 to December 1% 2020) in the pediatric population in
Haiphong City, located in Northern Vietnam, covering about 2
million citizens. All study patients were treated at the Haiphong
Children’s Hospital, Haiphong, Vietnam.

2.1. Inclusion Criteria. A retrospective study was conducted.
We chose patients who met the following criteria: patients
aged from 2 months to 15 years and diagnosed with first
urinary tract infections caused by E. coli were included in the
study.

Urine specimens were collected from the first UTT and by
transurethral catheterization or clean-catch midstream speci-
men (CCM). A positive culture was defined by the presence of a
single organism with the following colony counts: catheteri-
zation, >10,000 CFU/mL; CCM, >100,000 CFU/mL [18].

2.2. Exclusion Criteria. Patients with age less than two
months or those with urinary tract infections not caused by
E. coli or caused by the combination of E. coli and other
bacteria or suffering from recurrent UTIs were excluded.

2.3. Antibiotic Sensitivity Testing. In 2011-2013, we assessed
the sensitivity and resistance of the E. coli isolate against 10
antimicrobial agents, including ampicillin, Augmentin, cefo-
taxime, ceftriaxone, nalidixic acid, gentamicin, amikacin,
chloramphenicol, cotrimoxazole, and ciprofloxacin. In
2018-2020, we assessed the sensitivity and resistance of the
E. coli isolate against 10 antimicrobial agents, including am-
picillin, cefotaxime, ciprofloxacin, gentamicin, amikacin,
piperacillin, ceftazidime, cefepime, imipenem, and meropenem.

All assessments were determined using the VITEK test
method (BioMérieux Vitek2 Compact), which calculates
minimum inhibitory concentration (MIC). Susceptibility
results are interpreted according to the Clinical Laboratory
Standards Institute (CLSI) guidelines [19].

All tests were carried out by the Laboratory Department
of Haiphong Children’s Hospital.

Multidrug-resistant E. coli was defined as nonsusceptible
to one agent in at least three antimicrobial categories [20].

2.4. Data Analysis. The data were analyzed by Statistical
Package for Social Sciences (SPSS) software version 22. To
analyze the association between categorical variables,
Pearson’s chi-square test was used. For a particular drug and
organism, antimicrobial susceptibility or resistance rates
were estimated as the number of susceptible or resistant
organisms divided by the total number of tested organisms.

2.5. Ethical Approval. Approval for the study was obtained
from the Medical Ethics Council of Haiphong University of
Medicine and Pharmacy, and an informed consent was
obtained according to the Declaration of Helsinki.
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3. Results

Our study showed that there was a significant increase in the
number of patients diagnosed with first UTIs from 57 cases
(in 2011-2013) to 71 cases (in 2018-2020). Table 1 sum-
marizes the demographic and clinical data of the patients.
The number of males was higher than that of females in both
periods.

Midstream urine collection and urethral catheteri-
zation were the most prevalent techniques for collecting
urine samples in both periods (Table 1). Patients with a
high fever (>38.5C) at the time of admission in
2011-2013 accounted for 50.9%, with 29 cases, while
those in the period 2018-2020 accounted only for 26.8%,
with 19 cases. Moreover, cloudy urine (36.8% in
2011-2013 and 53.5% in 2018-2020)) is the most prev-
alent reported abnormality. Phimosis was seen in 31.6%
of all cases (excluding females and reported as “50% of
male cases” rather than all cases).

Table 2 shows that almost all patients had an increase in
the white blood cell count and neutrophil count. Both pe-
riods witnessed an increase of serum C-reactive protein
(>10mg/l) in the majority of patients. Leukocyte esterase
was detected in almost every patient’s urine, with just two
children testing negative for the test from 2011 to 2013
(Table 2). In addition, only 10.5% of the children tested
positive for nitrite in their urine in 2011-2013, whereas the
percentage was 59.2% in the period 2018-2020.

Table 3 illustrates the antibiotics susceptibility study
results of E. coli strains in 2 study periods. In both research
periods, the proportion of ampicillin resistance was the
highest, at 85.3% and 97.1% in 2011-2013 and
2018-2020,respectively. Compared between 2011-2013 and
2018-2020, the resistance rates of ampicillin and cotri-
moxazole experienced a significant increase to 97.1% and
81.4, respectively, and the same tendency was true for
cefotaxime. Our findings also indicated that amikacin,
piperacillin, imipenem, and meropenem were still suscep-
tible to E. coli isolates, with sensitivity rates of 95.5%, 85.3%,
92.9%, and 91.4%, respectively. There were 8 (14.04%) cases
in 2011-2013 and 20 (28.17%) cases in 2018-2020 suffering
from multidrug-resistant E. coli.

In our study, all patients recovered well after treatment.
The average duration of treatment was 11.26 +2.33 days.

4. Discussion

Urinary tract infections are common in young children, and
if not managed appropriately, they can cause permanent
renal damage [21, 22]. E. coli is the most frequent bacterium
that causes UTIs in children [23-25].

According to the findings of this study, urinary tract
infection is more frequent among children under the age of 5
years, while the number of patients above 5 years of age was
only 3 (5.3%) in 2011-2013 and 13 (18.3%) in 2018-2020.
Several authors throughout the world have made similar
observations [26, 27]. According to Ismaili [26], the most
prevalent age group was children in Belgium under the age
of two, which accounted for 75% of the total.



International Journal of Nephrology 3
TaBLE 1: Demographic and clinical data of the studied children with urinary tract infection caused by E. coli (N=128).
2011-2013 2018-2020
Variables N=57 N=71
n (%) n (%)
Age
2 months-under 1 year 41 (71.9) 24 (33.8)
1-under 5 years 13 (22.8) 34 (47.9)
5-15 years 3 (5.3) 13 (18.3)
Gender
Male 36 (63.2) 36 (63.2)
Female 21 (36.8) 21 (36.8)
Urine collection
Urethral catheterization 25 (43.9) 28 (39.4)
Midstream urine collection 32 (56.1) 43 (60.6)
Suprapubic aspiration 0 (0) 0 (0)
Temperature at hospitalization
<375C 17 (29.8) 25 (35.2)
37.5-38C 8 (14) 20 (28.2)
>38-38.5C 3 (5.3) 7 (9.8)
>38.5C 29 (50.9) 19 (26.8)
Urination disorders
Cloudy urine 21 (36.8) 38 (53.5)
Hematuria 11 (19.3) 17 (23.9)
Leaky urination 11 (19.3) 24 (33.8)
Painful urination 12 (21.1) 22 (30.9)
Vomiting and diarrhea
Yes 6 (10.5) 3(4.2)
No 51 (89.5) 68 (95.8)
Abdominal pain
Yes 2 (3.5) 5 (7.0)
No 55 (96.5) 66 (93.0)
Urological anomalies 24 (42.1) 15 (21.1)
Phimosis (in males) 18 (31.6) 10 (14.1)
Ureteropelvic junction obstruction 1 (1.75) 2 (2.8)
Kidney stones 4 (7) 4 (5.6)
A duplex kidney 1 (1.75) 0 (0)
TasLE 2: Investigation results of included children (N=128).
2011-2013 2018-2020
Investigation N=57 N=71
n (%) n (%)
White blood cell count
>12x10%1 36 (63.2) 43 (60.6)
<12x10°/1 2 (3.5) 28 (39.4)
Neutrophils
Increase 42 (73.7) 48 (67.6)
Normal 2 (3.5) 10 (14.1)
Serum C-reactive protein (CRP)
>10 mg/l 47 (82.5) 56 (78.9)
<10 mg/1 10 (17.5) 15 (21.1)
Leukocyte esterase
Positive 55 (96.5) 71 (100)
Urine nitrite
Positive 6 (10.5) 42 (59.2)

In terms of gender, UTIs usually occur in males more than
in females. In addition, in the period from 2011 to 2013, we
noted that males outnumber females in the age period from 2
months to under 1 year. Similarly, research of Wu, Chang, and
Ismaili also found that males under the age of one had a greater
chance of developing urinary tract infections than girls. The

results can be explained on the basis of phimosis in males and
possibly underlying congenital anomalies, which were exam-
ined by ultrasound. Regarding children above the age of one
year, girls have more risk of having a urinary tract infection than
boys due to factors such as urethral opening close to the anus,
short urethra, and high humidity in the perineal environment.
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TaBLE 3: Antibiotic sensitivity test results of E. coli isolates (N=128).
2011-2013 2018-2020

Antibiotics Sensitive Intermediate Resistance Sensitive Intermediate Resistance

" n (%) n (%) n (%) n (%) n (%) n (%)
Ampicillin 34 4(11.8) 1(2.9) 29 (85.3) 70 2 (2.9) 68 (97.1)
Augmentin 39 11 (28.2) 15 (38.5) 13 (33.3)
Cefotaxime 49 23 (46.9) 7 (14.3) 19 (38.8) 66 21 (31.8) 1(1.5) 44 (66.7)
Ceftriaxone 44 21 (47.7) 5(11.4) 18 (40.9)
Nalidixic acid 48 22 (45.8) 3 (6.3) 23 (47.9)
Ciprofloxacin 45 29 (64.4) 11 (24.4) 5 (11.1) 70 46 (65.7) 3 (4.3) 21 (30)
Gentamicin 49 29 (59.2) 20 (40.8) 70 47 (67.1) 23 (32.9)
Amikacin 46 40 (87) 2 (4.3) 4(87) 67 64 (95.5) 3 (4.5)
Cotrimoxazole 44 12 (27.3) 1(2.3) 31 (70.5) 70 13 (18.6) 57 (81.4)
Chloramphenicol 44 18 (40.9) 9 (20.5) 17 (38.6)
Piperacillin 68 58 (85.3) 4 (5.9) 6 (8.8)
Ceftazidime 66 23 (31.8) 43 (65.2)
Cefepime 62 25 (40.3) 37 (59.7)
Imipenem 70 65 (92.9) 5(7.1)
Meropenem 70 64 (91.4) 1(1.4) 5(7.1)

Our study showed that midstream urine collection was
the most common urine collection method, followed by
urethral catheterization. This distribution was strongly
connected to the patient’s age because transurethral cath-
eterization was commonly used in patients less than 2 years,
while children above 2 years of age used the midstream urine
collection method.

In our study, febrile UTI was the most frequent clinical
characteristic, accounting for 70.9% of patients, with 50.9%
of patients having a high fever at the time of admission.
Besides, 96.5% of patients with positive leukocyte esterase in
2011-2013 and 100% of patients with positive leukocyte
esterase in 2018-2020 had a positive culture, demonstrating
the importance of leukocyte esterase in urinalysis.

Antibiotic resistance in E. coli, which causes UTIs, is on
the rise all over the world [12, 15]. We noted that there was a
remarkable increase in ampicillin resistance to 97.1% from
2011 to 2020. When comparing the current study and the
study carried out by Shaki [28] in Southern Israel, ampicillin
and cotrimoxazole had the highest rate of E. coli resistance.
Similarly, in numerous studies throughout the world, such as
Guzman’s (96.1%), Alanazi’s (82.76%), and others, the pro-
portion of E. coli resistant to ampicillin is high [10, 12, 28].
Our results also indicate that the resistance rate to E. coli of
cefotaxime increased from 38.8% in 2011-2013 to 66.7% in
2018-2020. The rise in cephalosporin resistance is a significant
limitation for treating children with UTIs [29, 30].

When comparing the current study and the study carried
out by Guzman [10] in Venezuela, the combination of
amoxicillin and clavulanic acid (Augmentin) had similar
results with approximately 25% sensitivity. Our findings
indicated that amikacin was still effective for E. coli in both
periods. We noted that the carbapenem type of antibiotics
such as meropenem and imipenem ranked the second
highest for E. coli sensitivity. Our study showed high sen-
sitivity rates (above 95%) to amikacin, meropenem, and
imipenem, which were similar to those reported previously
[15]. In terms of multidrug-resistant E. coli, our findings
revealed a two-fold increase in the number of cases between

the two periods, indicating a critical condition of E. coli
multidrug resistance in UTIs, making it challenging for
clinicians to implement a good treatment strategy. In our
current practice, we used ciprofloxacin only for systemically
unstable adolescents (>13 years old) when E. coli is resistant
to ampicillin and ceftriaxone, which is consistent with the
guidelines of BM]J Best Practice [31].

The main limitation of this research is that the ESBL
enzyme of E. coli was not determined by polymerase chain
reaction (PCR). Other limitations are a smaller sample size, a
wide age group, and a single-center study that limits our
conclusions’ generalizability.

5. Conclusions

In summary, high fever was the most prevalent clinical
characteristic in urinary tract infections caused by E. coli in
children. In terms of urinalysis findings, the preponderance
of samples revealed the presence of leukocytes in the urine.
Amikacin and ciprofloxacin were most effective against
E. coli and may therefore be used in E. coli urinary tract
infections. Due to a high prevalence of resistance, ampicillin
and cotrimoxazole should be avoided as empirical therapy.

Data Availability

Data and materials used and/or analyzed during the current
study are available from the corresponding author on rea-
sonable request.
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