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Purpose: The aim of this study was to analyze the incidence and microbiological
characteristics of urinary tract infection in infants aged younger three months and
to compare with other infection with positive urine culture.
Methods: We retrospectively reviewed the medical records of 425 infants with
a tympanic temperature >37.6℃, aged younger than three months, who were
admitted to Cheil General Hospital in Seoul, Korea, from January 2013 to December
2016. Demographic and clinical features, laboratory findings, respiratory virus PCR
and the pathogens of a urine culture were analyzed.
Results: A total of 88 infants (63 males, 25 females) had urinary pathogens de
tected in the urine culture test. The incidence of UTI in febrile infants aged younger
3 months was 11%. The most common pathogen which causes UTI was E. coli as
same as in previous studies. They were divided into a UTI group (n=48) and a nonUTI group (n=40). In comparison of both group, leukocytosis, C-reactive protein
level, Absolute neutrophil count level, peak temperature is statistically significant.
In both group, there were co-infections with viral pathogens in some cases, and the
odd ratio of non-UTI group with viral infection was 3.28.
Conclusion: The study determined the incidence and pathogen of UTI in febrile
infants, aged younger three months. E. coli was responsible for the majority UTI.
There were some viral co-infections in febrile infants with bacteriuria and incidence
was higher in non-UTI group. WBC count, ANC count and CRP level were the diffe
rentiating factors of UTI from non-UTI group.
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Fever is the most common major symptom in infants aged younger than 3
months who visit the emergency department or outpatient clinic. Causes of
fever in these infants range from mild viral infections (which are usually selflimiting) to serious bacterial infections , such as urinary tract infections
(UTIs), bacteremia, and bacterial meningitis, which are progressive and lead
to permanent neurological sequelae or death without proper antibiotic treat
ment1-3). UTIs, in particular, are among the most common bacterial infec
tions in children. The incidence of UTI is 3% to 4.6% in neonates, 0.7% to 5.9%
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in infants aged up to 1 year, 1% to 3% in children aged 1 to
5 years, and 0.71% to 2.3% in children of school age4,5). Ap
proximately 7% to 8% of girls and 2% of boys will develop
a UTI during the first 8 years of life6). The most common
pathogen is Escherichia coli, which causes up to 70% to 90
% of all UTIs7,8).
In infants with UTI who are younger than 3 months of
age, symptoms such as fever, vomiting, and a refusal to eat
are nonspecific, and may result in delayed diagnosis and
major complications, such as renal scarring. Therefore,
accurate diagnosis and early appropriate treatment in this
age group are important9,10). The purpose of this study was
to analyze the incidence and microbiological characteri
stics of UTIs in infants aged younger than 3 months, and to
compare these findings with a non-UTI group, for example,
a group with viral infection and bacteriuria.

Materials and methods
We retrospectively reviewed the medical records of 425
infants aged younger than 3 months (< 90 days), with a
tympanic temperature >37.6℃, who were admitted to Cheil
General Hospital & Women's Healthcare Center at Dan
kook University College of Medicine in Seoul, Korea, from
January 2013 to December 2016. Demographic and clinical
features, laboratory findings, respiratory virus polymerase
chain reaction (PCR), rapid stool antigen test results, and
the pathogens found on urine culture were analyzed. This
study was approved by the Institutional Review Board and
Research Ethics Committee of the Cheil General Hospital
and Women's Healthcare Center (IRB No.CGH-IRB-201738).
Urine samples were collected using a bag after sterilizing
the genital area with chlorhexidine gluconate solution 0.25
mL/mL. Following sterilization, a sterile urine bag was
gently attached to the area using adhesive strips, and urin
alysis was completed as soon as possible after voiding. A
UTI was diagnosed if the urinalysis result was positive, the
patient was symptomatic, and a single organism was cul
tured with >50,000 colony forming units (CFU)/mL11). Ad
ditionally, if the count in the urine culture was more than
50,000 CFU/mL without a positive urina lysis, and if the
renal ultrasound or 99m-technetium dimercaptosuccinic

acid (99mTc-DMSA) scan showed positive signs of infec
tion such as scarring, we also diagnosed a UTI. In contrast,
if the renal ultrasound and 99m Tc-DMSA scan were nor
mal, we diagnosed an infection with associated bacteriuria,
defined as a pseudo-UTI. We defined pyuria in the urine as
a white blood cell count >5 per high power field on urine
microscopic examination. Positive signs of infection on
renal ultrasound included increased echogenicity or swel
ling in the renal parenchyma. Furthermore, an abnormal
DMSA renal scan was indicated by decreased uptake in
single or multiple lesions or by diffuse uptake, and by a
change in renal size.
Fever was defined as an ear (tympanic membrane) tem
perature above 37.6℃. Age at diagnosis, sex, white blood
cell (WBC) count, absolute neutrophil count (ANC), lym
phocytes, platelet count, C-reactive protein (CRP) level,
serum electrolytes (sodium, potassium, and chloride, total
carbon dioxide [tCO2], renal function tests (blood urea
nitrogen and creatinine), and peak degree of fever were
compared between infants with and without UTI (Fig. 1).
Multiplex reverse transcription-PCR analysis of naso
pharyngeal aspirates for respiratory viruses was performed.
The kit enabled simultaneous detection of influenza A
virus, influenza B virus, human respiratory syncytial virus
A, human respiratory syncytial virus B, human adenovirus,
human
Fig.1. Flowmetapneumovirus,
diagram to classify the UTIhuman
Group andcoronavirus,
Non-UTI Group human
A total number of
infants of under 3month
age during 4 years
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Fig.1. Flow diagram to classify the UTI group and Non-UTI group.
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parainfluenza virus, human rhinovirus, and human bo
cavirus.
Statistical analysis was performed using IBMⓇ SPSSⓇ
Statistics ver. 22.0 (IBM Corp., Armonk, NY, USA) and a P
value of less than 0.05 was considered statistically significant.
Continuous variables were expressed as mean±standard
deviation (SD) and were compared between the groups
using bivariate logistic regression analysis.

Results
A total of 425 infants (229 male, 196 female) were included
in this study. A total of 88 infants (63 male, 25 female) had
urinary pathogens detected in the urine culture test. E. coli
was the most frequent pathogen and was detected in 45
cases, followed by Enterobacter (in 18 cases) and Klebsiella
(in 10 cases) (Table 1).
The 88 cases positive for a urine pathogen were classified
into either a UTI or non-UTI group, based on our study
criteria. A total of 36 patients had a UTI with a single pa
thogen and more than 100,000 CFU/mL, 2 had a single
pathogen and more than 50,000 CFU/mL and a positive
urinalysis, and 1 had a single pathogen and more than
50,000 CFU/mL and a positive imaging study. In the latter
case, both the renal ultrasound and DMSA renal scan
showed positive signs of infection. Nine patients had a single
pathogen and more than 50,000 CFU/mL and a positive
urinalysis and imaging study (Table 2).
Table 1. Types of Pathogens detected in Urine Cultures
Pathogens
n
Escherichia coli
45
Enterobacter
18
Klebsiella
10
Enterococcus
7
Staphylococcus aureus (MRSA)
2
Streptococcus anginosus
1
Pseudomonas aeruginosa
1
Streptococcus agalactiae (GBS)
1
Kocuria kristinae
1
Citrobacter koseri
1
Staphylococcus epidermidis
1
Total
88
Abbreviations: GBS, Group B-Streptococcus; MRSA, methicillin-resistant
Staphylococcus aureus .
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The UTI group included 48 infants (41 male, 7 female).
Ages ranged from 11 to 99 days, with a mean age of 54.9±
23.1 days. Ten were less than 28 days old (20.8%). Most pa
tients in the UTI group visited the hospital with a fever of
38.5℃ or higher. Pyuria at admission was found in 37 pati
ents (77.1%), but only 14 (29.2%) were nitrazine-positive.
We performed a tap for cerebrospinal fluid in 14 severely
ill infants aged less than 28 days (29.2% of the UTI group)
(Table 3). E. coli was the most common cause of UTI (35
cases), followed by Enterobacter cloacae and Klebsiella
pneumoniae , in that order (Table 4).
Table 2. Classification UTI with non-UTI Group with Positive
Urine Culture
Features
UTI non-UTI
More than 100,000 pathogens
36
0
50,000-100,000 pathogens with positive urinalysis
2
0
50,000-100,000 pathogens with positive image study
1
0
50,000-100,000 pathogens with both above features
9
0
50,000-100,000 pathogens without both above features 0
9
Under 50,000 pathogens with positive urinalysis
0
4
Under 50,000 pathogens with positive image study
0
0
Under 50,000 pathogens with negative urinalysis
0
27
Total
48
40
Abbreviations: UTI, urinary tract infection.

Table 3. Characteristics of UTI Patients
Variables
Age (days)
≤28d old
Sex (M:F )
Gestational age (Wks)
Birth weight (gm)
Having Siblings
Highest body temperature (℃)
Hospital days (days)
WBC (×103/uL)
Seg. Neutrophil (%)
CRP (mg/dL)
TCO2 (mmol/L)
Respiratory Virus PCR performed
Pyuria
Nitrazine
Lumbar puncture done
Imaging studies

Data
54.9±23.1
n=10 (20.8%)
41:7
38.0±6.0
3,204.0±633.0
16 (33.3%)
38.5±0.6
4.0±1.0
13.62±5.21
45.75±16.95
3.52±4.43
21.3±2.3
43 (89.5%)
37 (77.1%)
14 (29.2%)
14 (29.2%)
45 (93.8%)

Range
(11-90)

(31+6-41+5)
(1,025-4,225)
(37.6-40.2)
(3-6)
(3.85-28.63)
(6-75)
(0.1-23.6)
(14.5-27.0)

Data was shown as mean±standard deviation.
Abbreviations: UTI, urinary tract infection; WBC, white blood cell count;
CRP, C-reactive protein concentration; TCO2, total carbon dioxide.
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Most febrile infants aged less than 3 months undergo
respiratory virus PCR and rapid stool antigen testing, if ap
proved by the parents. Of 48 UTI patients, 43 underwent a
viral study. Of these, 14 were found to have an associated
viral infection. Rhinovirus was most common, followed
by respiratory syncytial virus and influenza virus. Some
cases were infected with more than 2 viruses. Of the 40
non-UTI cases, 38 underwent testing. Viruses were de
tected in 23 cases, with the most common being rotavirus.
The odds ratio (OR) for a non-UTI in a viral infection sub
group was 3.28 (Table 5).
Laboratory test results were compared between the UTI
and non-UTI groups. Among various factors, WBC count
(mean value: 13,620±5,210/µL vs. 10,280±4,630/µL; P<0.002),
ANC count (mean value: 6,406±4,047 vs 4,042±3,007; P <
0.002), CRP (mean value: 3.52±4.43 mg/dL vs 0.76±1.38
mg/dL; P <0.001), and peak temperature (mean value: 38.5±
0.6℃ vs. 38.2±0.3℃; P <0.005) were significantly different
between the 2 groups (Table 6). There were no significant
differences in other factors.
Table 4. Types of Pathogens of UTI Group
Pathogens
Escherichia coli
Enterobacter
Klebsiella
Enterococcus
Total
Abbreviations: UTI, urinary tract infection.

n
35
7
5
1
48

Table 5. Virus Infection with Positive Urine Culture
Pathogen
Rhinovirus
Influenza A
Influenza B
RSV
Parainfluenza
RSV+Rhinovirus
Bocavirus
Bocavirus+Rhinovirus
Adenovirus
Bocavirus+Adenovirus
Metapneumovirus
Rotavirus
Total

UTI
4
2
1
2
1
1
1
1
1
0
0
0
14

non-UTI
2
4
1
4
4
0
0
0
0
1
1
6
23

Sum
6
6
2
6
5
1
1
1
1
1
1
6
37

Abbreviations: UTI, urinary tract infection; RSV, Respiratory syncytial virus.

Discussion
UTI is the most common bacterial infection in febrile
infants aged younger than 3 months, with a reported pre
valence of about 7%12). Accurate diagnosis is important to
ensure timely treatment of UTI, while avoiding the use of
unnecessary antibiotics in cases in which UTI is unlikely.
Traditionally, urine culture has been the reference standard
for the diagnosis of UTI. In general, urine analysis using
bags is useful and easy for screening, but the false-positive
rates associated with this method are unacceptably high.
Furthermore, the presence of infection is difficult to deter
mine when microscopic examination reports are equivocal
with respect to the number of WBCs13). Therefore, a variety
of criteria and tests have been proposed to predict UTI and
complications14).
Concomitant bacteremia is associated with UTI in young
infants, and many studies have focused on the early iden
tification of predictors of severe bacterial infection in this
age group15). During the late 1980s and early 1990s, new
criteria were developed to distinguish low-risk and highrisk infants, and recommended close observation without
antibiotic treatment for the management of UTI in this age
group. Various low-risk criteria were proposed and their
utility has been validated16). There are few data regarding
UTIs in infants younger than 3 months of age. Thus, the
major purpose of our retrospective study was to analyze
the incidence and microbiological aspects of the first epi
sodes of UTI in infants younger than 3 months of age, and
to compare them with uninfected infants with positive
urine cultures.
Anbar et al. reported that severe bacterial infections af
fected 10% of febrile infants younger than 3 months of age
17)
. In this study, the UTI incidence was 11% among febrile
Table 6. Comparison UTI Group with non-UTI Group with
Positive Urine Culture
WBC
ANC
(×103/uL)
UTI group
13.62±5.21 6,406±4,047
non-UTI group 10.28±4.63 4,042±3,007
P -value
0.002*
0.002*

CRP
(mg/dL)
3.52±4.43
0.76±1.38
0.001*

Peak-BT
(℃)
38.5±0.6
38.2±0.3
0.005*

Data was shown as mean±standard deviation. *P <0.05.
Abbreviations: UTI, urinary tract infection; WBC, white blood cell count;
ANC, absolute neutrophil count; CRP, C-reactive protein concentration;
BT, body temperature.
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infants under 3 months of age. E. coli was responsible for
the majority of UTIs. Our data are similar to those pre
viously published showing E. coli involvement in 60% to
89% of first UTI episodes18). The current guidelines for the
treatment of neonatal UTI take these findings into conside
ration, but may often be inappropriate for evaluating hos
pitalized infants with non-E. coli UTI, which is generally
caused by pathogens resistant to antibiotics and is therefore
more difficult to treat19).
Some studies have suggested that there is a significantly
lower prevalence of UTI in infants with viral infections or
bronchiolitis20,21). In this study, 29% of infants with UTI
showed positive findings for respiratory virus. This is a re
latively high percentage in comparison with that in previous
studies. It can be assumed that the high coinfection rate
with respiratory virus is due to decreased immunity, and
that infants younger than 3 months of age with a UTI
should be evaluated for a viral infection accompanying the
UTI if fever does not subside in response to appropriate
antibiotic treatment.
There were 23 viral infections in the non-UTI group with
bacteriuria in this study (OR: 3.28). This suggests that the
viral infection incidence could be higher in febrile infants
with bacteriuria who were not diagnosed with UTI. Almost
all of the febrile infants in this study underwent viral tes
ting. Notably, the results of urine cultures obtained using
bag samples has a high false-positive rate, and pathogen
growth requires time. Therefore, if the clinical course of an
infant with a UTI is unusual, a viral study can be helpful
in predicting the clinical course and outcome.
Finally, the definition of UTI is a common limitation in
studies assessing the performance of urinalysis. We used a
colony count definition, with a bacterial concentration of
≥50,000 CFU/mL in a voided urine bag to indicate UTI. In
the 2011 updated American Academy of Pediatrics guide
lines, the definition of UTI was updated to include both a
positive urine culture with ≥50,000 CFU/mL of a single
urinary pathogen, and a positive urinalysis with pyuria
and/or bacteriuria from a specimen obtained by catheteri
zation22). However, in practice, catheterization in young
infants is not easy and the use of a sterile urine bag is be
lieved to be the most noninvasive method. Therefore, ob
taining a colony count is important in the diagnosis of UTI
with sterile urine bag urinalysis, and supporting evidence,
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such as the presence of positive imaging findings, is also
important. And comparing the laboratory results such as
WBC, ANC and CRP can be helpful to distinguish falsepositive results from UTIs.
Nevertheless, a major limitation in our study is that urine
was collected with a sterile urine bag. Lee reported a 50%
to 57% false-positive rate with the urine bag method in
Korea23). Bladder puncture or catheterization shows more
accurate results, but both are too invasive to perform in in
fants. Thus, clinicians must develop a new method to collect
urine samples from infants. The development of a better
method may also simplify the diagnosis of UTI in infants.
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