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Abstract: Nosocomial infections are a major
cause of morbidity and mortality in
hospitalized children, and the urinary tract is
one of the most common sites of these
infections. We retrospectively reviewed the
charts of 1,221 children discharged with a
diagnosis of urinary tract infection (UTI)
from July 1, 1991 to June 30, 1994. Of the
1,221 UTIs, there were 137 (11.2%) cases
of nosocomial UTI (NUTI) in 136 patients.
NUTI accounted for 0.28% of all discharges
(48, 382 patients) at a single institution over
the 3-year period studied. There were 75
girls and 61 boys. The mean age was 4.4
years old. The peak occurrence of NUTI was
in patients younger than 1 year old and in
girls more than 3 years to 11 years old and

more than 11 years to 18 years (P<0.05).
Fever was the most common symptom
(82.5%). Ninety-three (67.9%) of the 137
NUTIs identified occurred in catheterized
patients. Fifty (30.3%) of the 165 causative
organisms isolated were Escherichia coli. Of
the patients with NUTI, 22.6% had
cardiologic diseases, 19.7% had neurological
diseases, and 13.9% had malignant diseases.
The rate of bacteremia was 8.8%. 

NUTI appeared to be associated with some
predisposing factors such as younger age,
urinary tract catheterization, and the severity
of disease.
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Introduction

Nosocomial infections are a major cause of morbidity
and mortality in hospitalized children (1–3). Data from
the National Nosocomial Infections Surveillance of 79
hospitals indicated a 9.2% rate of infection from October
1986 to December 1990 (4). The overall mortality rate
attributable to nosocomial infections is approximately
11% for pediatric and neonatal nosocomial infections
(5–7). The urinary tract is one of the most common sites
of nosocomial infections. In children, nosocomial urinary
tract infections (NUTIs) account for between 6 and 18%
of nosocomial infections on pediatric services in small and
large teaching hospitals (8, 9). Although the epidemiology
of nosocomial urinary tract infection is well described in
adults, more information is needed about NUTIs in
children. We retrospectively reviewed the charts of 1221
children with the discharge diagnosis of urinary tract
infections and from this group selected the patients with
NUTI to evaluate age, sex, presenting signs and
symptoms, underlying diagnoses, probable risk factors,

microorganism profile, and complications of NUTI in
children.

Patients and Methods

Patients: All patients discharged with the diagnosis of
UTI from Texas Children’s Hospital between July, 1,
1991, and June 30, 1994, were included in the study. All
charts were analyzed for information regarding age, sex,
race, presenting symptoms and signs, routine urinalysis,
all cultures taken during hospitalization, exposure to
urinary–tract catheterization during hospitalization, other
discharge diagnoses, and secondary bacteremia.

Urinalysis: The diagnosis of UTI was based on: 1) a
colony count of least 105 organisms/ml in a midstream,
clean–voided specimen, 2) a colony count of ≥ 103

organisms/ml in a catheter specimen, and 3) any growth
of bacteria on suprapubic aspiration in symptomatic
children (10). Asymptomatic infections were detected by
urine cultures ordered by the patients’ physicians. In
some cases, these cultures were ordered because of the
presence of a urinary catheter; the reasons for the other
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cultures were ordered could not be determined. UTIs
were considered nosocomial if symptoms occurred and
the documenting urine culture was obtained at least 48
hours after hospital admission or previously collected
urine specimens revealed no evidence of infection (11).
Hospitalized patients who were known to have persistent
bacteriuria were not entered into the study. Secondary
bacteremia was defined as a blood stream infection with
the same organism that was isolated from the urinary
tract (8).

Statistical analysis: Chi–Square and Fisher’s exact tests
were used to compare the groups. A p value of<0.05 was
considered significant.

Results

Patients: A total of 1,221 discharges with the
diagnosis of UTI were found. These records were
retrospectively reviewed. There were 137 cases of NUTI
in 136 patients (75 girls, 61 boys) comprising 11.2% of
the total study population. The boy to girl ratio was 0.8.
The mean age was 4.4 years old (range; 14 days to 18
years). The age and sex distribution of children with NUTI
is shown in Table 1. Peak occurrences of NUTI were seen
in patients age 0 to 1 year old for both sexes and >3
years to 11 years and >11 years to 18 years old for girls
(P<0.05). Fifty–three of the patients were white, 31
were black, 51 were Hispanic, and one was Asian.

Catheter use and duration of hospitalization: It was
not possible in our retrospective chart review to verify
complete details concerning the duration and type of
catheter used. But none of the patients were catheterized
at the time of admission. Forty–four (32.1%) of the 137
infections occured without catheter exposure, whereas
93 (67.8%) occurred in catheterized patients. Catheter

use and duration of hospitalization in different age
groups are shown in Table 2. There were no differences
in catheter use and duration of hospitalization among age
groups or between sexes (P>0.05).

Table 1. Age and sex distribution in patients with NUTI.

Age groups (year) Female Male Total

0–1 28 34 62*

> 1–3 11 14 25

> 3–11 21* 8 29

> 11–18 16* 5 21

Total 76 61 137

* P < 0.05

Patient signs and symptoms: One hundred and thirty
(94.9%) of the 137 NUTIs were symptomatic. Of the 93
catheter–related infections, 87 (93.5%) were
symptomatic. Of the 44 infections that were not
catheter–related, 43 (97.7%) were symptomatic. Fever
was the most common symptom for all age groups and
the only symptom in 45 (32.8%) patients. The other
signs and symptoms were nausea/vomiting (13.9%),
irritability (9.5%), decreased appetite (8.8%), lethargy
(6.6%), diarrhea (4.4%), and abdominal pain (2.2%)
(Table 3). There were no differences in the signs and
symptoms found in catheterized patients and
noncatheterized patients (P>0.05).

Urinalysis: All patients had urinalysis performed on
the same day of infection documentation. At least one of
these tests (positivity for the presence of nitrite,
leukocyte esterase, more than 5 white blood cells
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Table 2. Catheter use and duration of
hospitalization in patients with
NUTI.

Age groups (year)

> 0–1             > 1–3            > 3–11         > 11–18

Sex ⇒ F M F M F M F M

⇓ Duration of hospitalization (day)

≤ 30 15 13 5 12 15 6 10 3

> 30 13 21 6 2 6 2 6 2

Total 28 34 11 14 21 8 16 5

Catheterization+ 19 24 8 11 14 5 11 1

Catheterization– 9 10 3 3 7 3 5 4

Total 28 34 11 14 21 8 16 5

* P > 0.05 (There were no differences in catheter use and duration of hospitalization among age
groups or between sexes), F: Female, M: Male.
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microscopically and microscopic bacteriuria) was positive
in 124 (90.5%) of the 137 urinalyses performed. More
than 5 white blood cells per high power field were
positive in only 48.2% of the urinalysis.

Table 3. Signs and symptoms in patients with NUTIs.

Signs and symptoms n= 137 %

Fever 113 82.5

Nausea/Vomiting 19 13.9

Irritability 13 9.5

Decreased appetite 12 8.8

Lethargy 9 6.6

Diarrhea 6 4.4

Abdominal pain 3 2.2

Dysuria 2 1.5

Costo–vertebral tendemess 1 0.7

Abdominal distention 1 0.7

Asymptomatic 7 5.1

Microbiology (Table 4): Of 137 urine cultures, 97
were catheter specimens, 32 were mid–stream,
clean–voided specimens, 6 were suprapubic aspirate, and
2 were nephrostomy specimens. A total of 165

organisms wer isolated. Fifty (30.3%) of the 165
causative organisms were Escherichia coli, 17 (10.3%)
were Enterococcus, 16 (9.7%) were Klebsiella, 16
(9.7%) were Pseudomonas, 16 (9.7%) were
Staphylococcus (2 S. aureus, 14 S. epidermidis), 14
(8.5%) were Enterobacter, and 13 (7.8%) were
Candida. Thirty–seven (74%) of the E. coli infections, 15
(88.2%) of Enterococcus infections, 11 (84.6%) of the
Candida infections, 10 (62.5%) of the Enterobacter
infections, 5 (68.8%) of the Staphylococcus infections,
10 (62.5%) of the Pseudomonas infections, 5 (62.5%)
of the Proteus infections, and all of the Serratia,
Morganella morganii, Acinetobacter, and Providencia
rettgeri infections occurred in patients subjected to
urinary tract catheterization.

E. coli was the most common pathogen for all age
groups except newborns. The second and third common
pathogens differed by age group (Table 4).
Staphylococcus was seen in equal percentage with E. coli
in the newborns (18.2%).

Principal diagnoses: The principal discharge diagnoses
of patients are shown in Table 5. Cardiologic diseases
accounted for 22.6% of the diagnoses. Thirty of them
had congenital heart diseases. One had cardiomyopathy.
Of these 31 patients, 15 (48.3%) had developed UTI
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Table 4. Microorganisms in patients with NUTIs.

Agegroups (year)                                                                    Catheter use

0–1 month         1 month–1             > 1–3                  > 3–11             > 11–18              0–18                  cath+               cath–

Microorganism *n=18 % n=44 % n=25 % n=29 % n=21 % n=137 % n=93 !% n=44 !%

Ecoli 4 182 12 21.4 11 34.4 16 53.3 7 28 50 30.3 37 74 13 26

Enterococcus 2 9.1 9 16.1 3 9.4 2 6.6 1 4 17 10.3 15 88.2 2 11.7

Klebsiela 3 13.6 8 14.3 2 6.3 – – 3 12 16 9.7 7 43.8 9 56.3

Pseudomonas 2 9.1 4 7.1 2 6.3 5 16.6 3 12 16 9.7 10 62.5 6 37.5

Saphylococcus 4 18.2 6 10.7 3 9.4 2 6.6 1 4 16 9.7 11 68.8 5 31.3

Enterobacter 1 4.5 7 12.5 2 6.3 3 10 1 4 14 8.5 11 68.8 3 21.4

Candida 3 13.6 3 5.4 2 6.3 – – 5 20 13 7.8 11 68.8 2 15.4

Proteus 1 4.5 2 3.6 2 6.3 1 3.3 2 8 8 48 5 62.5 3 37.5

Streptococcus 1 4.5 2 3.6 1 3.1 – – – – 4 2.4 2 50 2 50

Citrobacter – – 1 1.8 3 9.4 – – – – 4 2.4 2 50 2 50

Serretia 1 4.5 1 1.8 1 3.1 – – – – 3 1.8 3 100 – –

Salmonella – – – – – – 1 3.3 – – 1 0.6 – – 1 100

M. morganii – – – – – – – – 1 4 1 0.6 1 100 – –

Acinetobacter – – – – – – – – 1 4 1 0.6 1 100 – –

P. rettgeri – – 1 1.8 – – – – – – 1 0.6 1 100 – –

** Total 22 100 56 100 32 100 30 100 25 100 165 100 117 48

* Number of the patients,  ** Number of times microorganism isolated,  ! Percentage for each microorganism.
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following corrective cardiac surgery, one (3.2%) had
after heart transplantation. Neurologic disorders
accounted for 19.7% of the diagnoses. Seven (25.8%) of
them had central nervous system trauma, seven (25.8)
with myelomeningoceles and 13 (48.1%) with cerebral
palsies. Nineteen (13.9%) of 137 had malignancy: 4
(21.1%) with brain tumors, three (15.8%) with
rhabdomyosarcoma, four (21.1%) with leukemia, three
(15.8%) with neuroblastoma, two (10.5%) with
Hodgkin’s lymphoma, one (5.3%) with hepatoblastoma,
one (5.3%) with stomach adenocarcinoma, and one
(5.3%) with Wilm’s tumor. Seven patients had developed
UTI after chemotherapy and one after bone marrow
transplantation.

Seventeen (12.4%) of 137 children had urinary tract
abnormalities. Of these 17 patients, 7 (41.2%) had
uretero–pelvic junction obstruction, five (29.4%) had
vesico–ureteral reflux, two (11.8%) had calculi, two
(11.8%) had kidney transplantation, one (5.9%) had
uretero–vesical junction obsturction.

Eight (5.2%) patients were premature but also had
another major diagnosis thought to be more directly
related to the subsequent development of UTI. Three
(16.6%) of the 18 newborn patients had uretero–pelvic
junction obstruction diagnosed by prenatal
ultrasonography and confirmed after birth.

Cardiologic and urologic diagnoses were common in
patients 0 to 1 years old. Cardiologic and oncologic

diagnoses were common in patients >1 year to 3 years
old. The percentage of neurologic diseases was higher in
>3 years to 11 years old and >11 years to 18 years old
age groups than the other age groups (9.7%, and 8% in
0–1 and >1–3 age groups, 27.5%, and 52.4% in >3–11,
and >11–18 age groups, respectively). The percentage of
oncologic diseases was high in patients older than 1
year–old (1.6% in 0–1 age group, 24% in >1–3, 27.5%
in >3–11, 19.04% in >11.18 age groups). Of 16
patients with neurologic or oncologic diseases in age
group >3 years to 11 years old, 10 (62.5%) were girls,
and 6 (37.5%) were boys (P<0.05). Of 15 patients in
age group >11 years to 18 years old with the same
diagnosis, 9 (60%) were girls, and 6 (40%) were boys
(P<0.05).

Complications: One girl (0.7%) had a recurrence with
a different organism occurred within the first week of the
discontinuation of antibiotic therapy. Urine and blood
cultures obtained on the same day were positive with the
same organisms in 12 (8.8%) of the 137 infections.
There were four isolates of S. epidermidis, three isolates
of E. coli, one isolate of Klebsiella, one S. aureus, one
Enterobacter, one Candida, and one Enterococcus. Seven
patients died of causes unrelated to their UTI.

Discussion

NUTI accounted for 0.28% infections per 100
discharges and 11.2% of UTI cases in our institution
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Table 5. Principal diagnosis in patients with NUTIs.

Agegroups (year)

0–1                           > 1–3                         > 3–11                       > 11–18                  Total (0–18)

⇓ Principal diagnosis No % No % No % No % No %

Cardiologic 16 25.8 6 24 5 17.2 4 19.04 31 22.6

Neurologic 6 9.7 2 8 8 27.5 11 52.4 27 19.7

Oncologic 1 1.6 6 24 8 27.5 4 19.04 19 13.9

Urologic 11 17.7 3 12 3 10.3 – – 17 12.4

Gastrointestinal 4 6.4 2 8 2 6.9 1 4.8 9 6.6

Prematurity 8 12.5 – – – – – – 8 5.8

Pulmonary 7 11.2 1 4 – – – – 8 5.8

Immunologic 1 1.6 2 8 – – 1 4.8 4 2.9

Endocrinologic 1 1.6 1 4 – – – – 2 1.5

Hematologic 1 1.6 1 4 – – – – 2 1.5

Orthopedic – – 1 4 – – – – 1 0.7

Multiple major diagnosis 2 3.2 – – 3 10.3 – – 5 3.6

Other 4 6.4 – – – – – – 4 2.9

Total 62 100 25 100 29 100 21 100 137 100
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during the study period. This rate is less than figures
equated in a previous study of NUTI in children, which
reported 1.4 infections per 100 admissions and 0.8
infection/100 admissions (12, 13), but it is similar to the
results of the Ford–Jones study (8) that they found the
ratio of NUTI 0.56% in children ages ≤23 months old,
0.20 in ages 2 to 4 years, 0.28 in ≥5 years of age.

Pediatric nosocomial infection rates are inversely
proportional to age and much higher in children younger
than 1 year of age than in those aged 10 years old or
more (2, 9, 14–17, 18). Our results were similar, except
the peak at the >3 to 11 and the >11–18 age group of
girls. The reasons for the higher incidence in children up
to 1 year of age included their immunologic status,
susceptibility to infections, and procedures required
because of their underlying conditions. In our study, the
distribution of girls showed an increase in the >3 to
11–year and the >11 to 18–year age groups, which was
different from the boys. The duration of hospitalization
and catheterization ratio was similar for both sexes and
all age groups (P>0.05). The percentage of girls with
neurologic or oncologic diseases was higher than boys in
these age groups (P<0.05); so, severity of disease may be
a predisposing factor for these patients. The second peak
at these age groups may also parallel the age distribution
of asymptomatic and symptomatic bacteriuria in girls
(10, 19, 20).

Fever was the most common symptom and was
documented in 94.8% of our patients. It was the only
symptom in 45 (32.8%) of the patients. For this reason,
UTI should always be considered in children who complain
of fever. Urinary tract catheterization is a risk factor for
NUTI. Wenzel et al (21) defined a 9% risk for UTI among
pediatric patients who were catheterized. Our overall
percentage of patients with NUTI–associated with
catheter usage was 68.9% (48% in Davies study (12),
92% in the Lohr study (9). In the Lohr study (9),
between 10% to 30% of short term (<30 days)
catheterized patients in acute–care hospitals developed
bacteriuria. As we do not have enough information about
the duration of catheterization in our study, we can not
compare our results with theirs.

As shown by the Lohr study (9), more than five white
blood cells per high–power field were identified in only
48.2% of the urinalysis in our study. So, lack of pyuria do
not rule out the presence of a NUTI.

The frequency of isolation of more common
organisms seen in our study was similar to the previously
published pediatric data, with E. coli, Enterococcus,
Pseudomonas, Klebsiella, Staphylococcus, Enterobacter,

and Candida accounting for the 85.9% of all isolates in
our study compared with 78% of all isolates in the Lohr
study (9), 81% in the Davies study (12), 95% in the
Maguire study (3), and 74% in the Welliver study (16).
Similar bacteriologic results between different centers,
especially E. coli as a most common causative organism,
may support the hypothesis that NUTIs also arise from
endogenous flora as well as the patient’s environment. E.
coli was the most common pathogen for all age groups.
The second and third most common pathogens were
different in different age groups. Staphylococcus was the
other important pathogen seen with E. coli in patients
younger than 1 year of age. The importance of coagulase
negative Staphylococcus and Candida, as a casue of NUTI
in the newborn period is not surprising given the skin
colonization of critically ill neonates, the multiple
interventions they undergo, the increasing use of steroids
and the relative immaturity of their immune system (22,
23).

Thirty–one (22.6%) of our patients with NUTI had
cardiologic diseases, and most of them had developed UTI
after cardiac surgery. Congenital heart disease which
indirectly modifies host resistance by requiring prolonged
invasive devices results in increased manipulation,
colonization and in some cases infection (1, 24). The risk
of infection in patients undergoing cardiac surgery is high
due to a number of factors, including the long operation
time, the presence of indwelling catheters and cannulae,
the deleterious effect of extracorporeal circulation on the
host immune system, poor tissue perfusion, and the
insertion of foreign materials. The incidence of NUTI after
cardiac surgery was 1.2% in Orita’s study (25) as a third
common nosocomial infection.

The second most affected group was neurologic
patients (19.7%). Seven of them had head injury. Severe
head injury is more closely associated with nosocomial
infection than other nonpenetrating trauma. UTI is one of
the most common nosocomial infections in association
with trauma (26). Reid et al (27) has shown the high
incidence of urodynamic abnormalities and UTI (48.14%)
in children with cerebral palsy.

Nineteen of our patients (13.9%) had oncologic
diseases. Patients who are immunosuppressed because of
malignancy or treatment for malignancy are frequently
neutropenic, or severely deppressed bone marrow and
are at risk for nosocomial infection (18, 28). In our study,
of 19 patients with malignancies, seven had developed
UTI after chemotherapy, one had after bone marrow
transplantation.

55



Nosocomial Urinary Tract Infections in Children

Patients born with underlying urogenital abnormality
are under increased risk of developing UTI (10,29). The
incidence of UTI in patients with UPJ obstruction is
61.5% for l month–2 years of age (29). In our series, 17
(12.4%) of 137 patients had urinary tract abnormalities,
and 7 (41.2%) of 17 had UPJ obstruction.

Hospital–and community acquired Gram–negative
bacteremia is a significant cause of mortality and
morbidity in pediatric medical centers (11, 30). The rate
of bacteremia in our study was 8.8%. But it was not
possible to determine the site of primary infection in
these patients that the same organisms was isolated on
the same day from the blood and urinary tract.

Seven patients died. They had an already resolved UTI
at death, and other disorders were considered as a cause

of death. There was no mortality that was attributable to
the NUTIs during the study period in contrast to the high
mortality noted in adults (31).

In conclusion, NUTI appeared to be associated with
some predisposing factors such as younger age, urinary
tract catheterization, and the severity of disease (such as
patients with cardiologic, neurologic, oncologic, and
urologic abnormalities). Complications are infrequent and
not life threatining.
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