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Short title: Clean catch urine attempt outcomes in young children
Abbreviations:
CCU clean catch urine
SPA suprapubic aspiration
CSU catheter specimen urine
CFU colony forming unit
UTI urinary tract infection
AAP American Academy of Pediatrics
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What’s Known on This Subject
•

Clean catch urine (CCU) is often the preferred method of urine specimen
collection in pre-continent children, despite higher contamination rates than
invasive methods.

•

The time taken waiting for CCU sample collection is unclear

•

Little is known about the relationship between CCU collection time and
contamination

What This Study Adds
•

CCU attempts are time consuming

•

CCU attempts have only a moderate success rate of obtaining a definitive sample

•

Limitations of CCU are failure to void, missed catches and a high contamination
rate
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ABSTRACT
BACKGROUND: Clean Catch Urine (CCU) collection is commonly used in precontinent children. CCU can be time-consuming and specimens may be contaminated.
Our aim was to determine the time taken for CCU attempts and to describe the success of
this method in diagnosing or excluding urinary tract infection.
METHODS: Prospective observational study of CCU in pre-continent children aged 2 –
48 months in the Emergency Department. Time taken until urine collection was
“successful” (voided and caught), “missed” (voided not caught) or the procedure
“stopped” was recorded and urine culture results analysed.
RESULTS: 217 children (131 [60%] male) were enrolled. There were a total of 247
attempts at CCU. For the first attempt, the median collecting time was 30.5 minutes (IQR
11-66). Outcome was “successful” in 64% (95% CI 58 – 70%), “missed” in 16% (95%
CI 11 – 20%) and “stopped” in 20% (95% CI 15 – 26%). Median time if “successful”
was 25 minutes (IQR 7 - 46.5), “missed” 27 minutes (IQR 11.6 - 59) and 71 minutes
(IQR 42.5 - 93) when “stopped”. 160 children had successful CCU collection, 129 were
sent for culture. 50 of 129 (39%) were contaminated. If all urine caught were sent for
culture, the estimated yield of an uncontaminated urine specimen was 45%.
Contamination was not related to time taken for CCU.
CONCLUSIONS: CCU is time-consuming, frequently unsuccessful and contaminated,
resulting in a low overall diagnostic yield. Clinicians could expect a 45% chance of
obtaining a definitive urine sample from this method overall.
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INTRODUCTION
Urinary tract infections are common in children under 2 years of age, and affect between
5% and 7% of febrile children without a focus in this age group1-3. Obtaining a urine
specimen is frequently required to diagnose or exclude urinary tract infection (UTI), and
is recommended for the young child who looks unwell4,5, particularly infants under the
age of 6 months6.

A diagnosis of UTI requires a urine culture result of a sufficient bacterial colony count
without evidence of contamination, and carries implications for treatment, follow-up, and
long-term morbidity7,8. The National Institute for Health and Clinical Excellence (NICE)
guidelines from the United Kingdom list clean catch urine (CCU) as the preferred method
of urine collection for all children, unless a specimen is unobtainable by the CCU
method6. In contrast, American Academy of Pediatrics (AAP) guidelines state convenient
methods can be used to obtain a specimen for urinalysis, but for patients where
antibiotics for potential or suspected UTI are to be commenced, a urinary catheter or
suprapubic aspirate (SPA) specimen should be obtained for reliable diagnosis5. In
younger children, both NICE and AAP guidelines recommend all urine samples should
be sent for culture for definitive diagnosis of UTI.

CCU is often favored for being less invasive and requiring less technical expertise than
SPA and catheter methods, in both hospital and community based settings9. However,
contamination rates in CCU are higher than by SPA or catheter collection10, ranging from
16-38%10-14. There is significant heterogeneity in how CCU is obtained in clinical
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practice15: techniques, cleaning solutions, role of collector and cleaning method vary
broadly14,16. Parents report that obtaining a CCU is time consuming and messy17. One
study describes simple measures to improve contamination rates with parents collecting
CCU15, otherwise there is a paucity of studies analyzing technique standardization for the
person collecting the specimen.

Prolonged time spent collecting CCU has potential impacts for both the clinician and
patient. Waiting for CCU may tie up valuable resources in clinical settings due to its
time-consuming nature, increasing patient length of stay in the emergency department
(ED). As time passes, the likelihood of contamination may increase due to difficulty
preventing accidental contamination of the peri-genital area or collection jar, or CCU
being abandoned by the parent or clinician. There is a lack of evidence to describing how
long it takes to collect CCU in pre-continent children in the clinical environment, or
whether increased time to obtaining CCU correlates with increased contamination rates.
A number of novel techniques have been suggested to speed urine collection in an
attempt to address these concerns18-22.

The aim of this study was to evaluate the success and time taken for urine collection by
CCU, and to investigate if there is a relationship between the time taken to collection and
contamination rates. We plan to characterize the diagnostic yield of CCU in diagnosing
or excluding UTI by culture in the paediatric ED setting.

METHODS
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Study design, participants and setting
This prospective observational study was performed at the Royal Children’s Hospital
(RCH) Melbourne ED. RCH is a large tertiary paediatric hospital in Australia with
82,000 ED presentations per year. Recruitment was conducted between July and
November 2014. The RCH Hospital Ethics committee approved the study (HREC
34085D).

Pre-continent children aged between 2-48 months, where the treating clinician
determined a urine specimen was required, were prospectively recruited following
informed verbal consent in a convenience sample. Standardized packs were available at
the two main ED staff bases, containing sterile water, gauze, urine jar, timer, consent and
data collection forms. ED clinicians were provided with education about the study at staff
meetings, clinical handovers and via posters in the ED. A total of 93 nurses and doctors
recruited participants for the study. CCU was performed as per RCH clinical guidelines23,
with initial cleaning of the peri-genital area with sterile water and the parent or carer
provided with a sterile container to catch a urine sample. Children able to void on request,
or who required an immediate urine sample via another method, were excluded. Data was
collected on demographic information, related clinical parameters, clinical indication (see
Table 1), outcome of collection attempts and the time taken for collection attempts and
voiding. If data recording was incomplete, investigators approached the treating
clinicians for clarification or searched medical records for relevant clinical details where
possible.
[table 1]
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Urine culture outcomes were determined from hospital laboratory data once results were
available. Data from the case record form were entered into Excel (Microsoft 2011) and
verified by a second investigator before analyses using STATA 14.0 (StataCorp.
2015. Stata Statistical Software: Release 14. College Station, TX: StataCorp LP). The
study followed the STROBE reporting guidelines for observational studies24.

Definitions
The doctor or nurse started the timer when they removed the nappy at the bedside, before
commencing cleaning of the peri-genital area. The timer was stopped with any of the
following outcomes: 1) “successful catch” = child voided and urine collected in specimen
jar. 2) “missed catch” = child voided but urine was not collected in specimen jar. 3)
“stopped” = the CCU collection attempt was ceased for any other reason (e.g. change in
clinician preference for collection method, urine sample no longer required or attempt
was abandoned for other reasons).. The time taken for CCU and outcome was recorded
for each attempt per child, if more than one attempt occurred in the ED.

Urine culture results were defined according to hospital laboratory microbiology
guidelines for clean catch urine using a 10µL loop on Horse Blood Agar. Contamination
was defined by a urine culture reported as ‘mixed growth’, if there were e 2 colony types
with Colony Forming Units (CFU) e 10,000/ml, or e 3 colony types with CFU e
1,000/ml, or where the predominant organism was a known contaminant (e.g skin or
vaginal flora). UTI was diagnosed when a single uropathogen with CFU e 100,000/ml
was present, a level comparable to other guidelines6. Urine culture with intermediate

This article is protected by copyright. All rights reserved.

7

CFU growth less than these cutoffs were designated ‘no significant growth’, with repeat
collection recommended if clinically indicated.

Analysis
The sample size was based on the estimated proportion of children voiding within 5
minutes of initiation of the CCU attempt. This was regarded as the most important value
to determine, as it would be the basis for future interventional studies21,22,25. We wanted
to determine the voiding rate within +/- 5% of the actual value, which was estimated at
around 10%; this required the enrolment of approximately 200 patients.

Comparative analysis was conducted for results of the proportion of voids within 5
minutes, and first attempt of CCU collection for each child (time spent collecting,
outcome and contamination status). Time spent collecting was summarised by median,
and interquartile range (IQR) as its distribution was skewed. Outcome and contamination
status were summarised by percentages with 95% confidence intervals. Chi-square test
was used to compare proportions between groups.

RESULTS
During the study period 245 participants were enrolled. Twenty-seven were subsequently
excluded (17 did not record primary outcome, 7 were outside of age limits, 3 had no
identifying information on study form, 1 outlier with collection duration of 540 minutes)
leaving 217 eligible for study inclusion and analysis (see Figure 1). Eighty-six
participants (40%) were female, median age was 10 months (IQR 6 – 18 months).
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Specimens were obtained mainly for work-up of fever without focus or other clinical
findings predominantly attributable to UTI (Table 1). Twelve per cent of participants had
a past history of UTI.

In total there were 247 CCU collection attempts from 217 children, 28 children had two
separate collection attempts and 2 children had three attempts during their ED
presentation. Of the 217 children, 160 (74%) ultimately had successful CCU collection,
22 (10%) had urine subsequently collected by an invasive method, and 31 (14%) had
urine collection abandoned. From the 160 CCU specimens obtained, 129 had urine
culture performed of which 50 were contaminated (39%). Ten children (8%) had a
positive urine culture result of a single pathogen suggesting a diagnosis of UTI.

For the first CCU attempt, the median time spent collecting urine was 30.5 minutes (IQR
11-66). The median time taken when CCU was “stopped” was 71 minutes (IQR 42.5-93),
compared with when “successful” 25 minutes (IQR 7-46.5) or “missed” 27 minutes
(IQR11.6 - 59). The outcome of the first CCU attempt was “successful” in 64% (95% CI:
58 – 70%), “missed” in 16% (95% CI: 11 – 20%) and “stopped” in 20% (95% CI: 15 –
26%). The likelihood of obtaining successful urine collection decreased after one hour of
attempted CCU (see Figure 2). Twenty-seven of 217 children (12%, 95% CI 8 - 18%)
passed urine within 5 minutes at first CCU attempt. In the younger age group, our study
found 16 of 114 infants 2-12 months (14%, 95% CI 8 – 22%) passed urine within 5
minutes.
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There was no difference in contamination by time to successful urine collection. Figure 3
shows that the proportion of contamination by interval of time to successful urine
collection does not vary, and confidence intervals of proportions overlap.

Females had a higher proportion of contaminated CCU than males, 53% vs 32%
(p=0.02) (Table 2). Contamination was highest in the youngest age group (2-6 months).
Further analyses of time of last feed and combined collecting time where there were
multiple attempts were not statistically significant for contamination.
[table 2]
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DISCUSSION
This study prospectively assessed the time taken and success of attempted CCU
collection in pre-continent children. The indication for the majority of specimens was
investigation of fever without focus, symptoms attributable to UTI, or clinical suspicion
of UTI. Our findings indicate that CCU attempts can be time consuming, and only 12%
voided within 5 minutes. 64% of first CCU attempts were successful, and as time passes
beyond an hour the likelihood of successfully obtaining CCU plateaued. Three-quarters
of patients who voided for successful CCU did so within 46 minutes, and the median time
was similar for “successful” (25 minutes) and “missed” (27 minutes) CCU attempts.

Clinicians will need to consider these results when they plan to collect a CCU sample.
They challenge the role of CCU as the collection method of choice for the investigation
of suspected UTI in young children due to the time required, and the proportion of missed
and unsuccessful attempts requiring re-collection. These findings suggest that in practice,
CCU attempts should be time limited and alternate collection methods considered beyond
one hour. The rate of spontaneous void at 5 minutes will provide an important baseline
value and starting point for sample size calculation for studies attempting to speed CCU
in young children.

When culture was performed, a high proportion (39%) were contaminated. There was a
significantly higher contamination rate in females, and a trend towards higher
contamination in younger infants (2-6 months). In this cohort of patients, the overall
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proportion of successfully collected, uncontaminated urine culture obtained from a CCU
was 79/217 (36%), although not all specimens collected were cultured.

When embarking on a CCU attempt, we estimate that if all urine specimens successfully
collected were sent for culture (160 of 217, 74%), with a contamination rate of 39%
(uncontaminated specimen rate of 61%), a clinician could expect a 45% chance of
obtaining an uncontaminated specimen from this method (74% × 61% = 45%).

This study found no clear relationship between the time taken for collection and CCU
contamination. Our hypothesis that contamination is related to time taken for collection
arose from clinical observations that accidental contact of the specimen jar with the
perigenital area after cleaning was common. Furthermore, we hypothesized that such
contact was more likely to occur with the passage of time. An explanation for these
findings may be that the contamination occurs from commensal organisms present at the
distal urethra, with the contact of urine passing the vulva, vagina or labia in girls; or
prepuce in boys. This explanation is supported by the ballooning of the prepuce and
vaginal reflux seen in a proportion of children (38% boys and 14.3% of girls) during
voiding on fluoroscopic micturating cystourethrograms26. The recommended collection
approach in adults, is that the first void is discarded before obtaining a “mid-stream”
collection. Considering the difficulties obtaining CCU in young children, a definite “midstream” specimen is generally difficult to achieve. Studies on reducing contamination
rates in CCU by cleaning are mixed, with some showing external cleaning does not have
a significant impact on contamination rates27,28 whilst a recent systematic review suggests
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that if non-invasive urine collection is being considered for young children, midstream
collection with cleansing is recommended29.

There is no consensus definition of contamination for clean catch urine culture in
children. In published studies where a definition is outlined, numbers of organisms and
CFU cut-offs vary12,14,19,29-31. The definition used in this study was determined by the
hospital microbiology laboratory, which stratifies interpretation of culture growth and
contamination depending on method of collection, number of organisms and CFU,
similar to recommended UK standards for microbiology investigations32. The
contamination rate found in this study is comparable with rates reported in other studies
of CCU10-14. Interpretation of microbiological culture results with growth at lower CFU
should be interpreted in the clinical context, the presence or absence of pyuria, and
squamous epithelial cells on microscopy, and may represent early UTI, contamination or
asymptomatic bacteriuria. .

This study has some limitations. It relied on opportunistic recruiting by ED clinicians
rather than consecutive recruitment, and was conducted in a single tertiary paediatric ED
setting. A proportion (19%) of successfully caught urine specimens collected were not
sent for laboratory culture and therefore contamination of these specimens could not be
determined. This may be due to the urine dipstick results being deemed sufficient for
clinical decision-making, despite urine culture being the recommended test for
diagnosing UTI in young children4-6. We did not measure the preparation time taken prior
to commencement of attempt (e.g. whilst encouraging oral intake), or time between
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attempts when more than one attempt was required. As the clinician was responsible for
starting the timer as well as commencing cleaning, a small degree of uncertainty of the
measurement is possible. Whilst the majority of specimens were obtained to investigate
for UTI, the clinical course may have changed due to interventions (e.g. fluids, treatment,
other investigations, observation), changing the clinician’s ongoing decision regarding
urine collection. Clinicians were aware contamination outcomes were being recorded
and this may have influenced cleaning behavior, however contamination rates are similar
to previous reports from this ED10.

An ideal method of reducing contamination rates and obtaining CCU in a timely manner
remains elusive. There is promising evidence for stimulation methods that hasten CCU
collection, defining successful collection as a sample obtained within 5
minutes19,20,33. However two of these studies are limited to the Neonatal Intensive Care
setting, samples were mostly obtained for reasons other than fever or suspected UTI, and
patients with poor feeding and dehydration were excluded, limiting the generalizability of
these findings19,20.

Excessive time waiting for CCU may have a negative impact on families and clinical
resources, particularly where CCU collection is ultimately unsuccessful and subsequent
progression to invasive collection methods is required. Fourteen percent of urine
collection attempts were abandoned entirely, presumably due to identification of an
alternate focus or improved clinical state in the period of time waiting for CCU. The
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clinician should be aware of the expected contamination rate of CCU, and consider this
when selecting the method of urine collection.

CONCLUSION
This study provides an important perspective for clinicians to consider when considering
how to collect a urine specimen from young children, and highlights several limitations
of the CCU method. CCU attempts are time consuming, and have a low rate of diagnostic
success for the investigation of UTI with high rates of missed catches and contamination.
Our data would suggest that waiting for a CCU beyond an hour is unlikely to be
successful: at this time point the ED clinician might well choose to change collection
strategy.
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Indication

N (%)

Fever without focus

127 (59%)

Vomiting

31 (14%)

Clinically suspected UTI

28 (13%)

Other

9 (4%)

Failure to thrive

6 (3%)

Irritability

6 (3%)

Oedema/Proteinuria

3 (1%)

Reduced oral intake

3 (1%)

Not specified

3 (1%)

Jaundice

1 (0.5%)

Table 1: Clinician indication for obtaining Clean Catch Urine
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n

Contaminated %
(n)

Female

47

53% (25)

39%

67%

Male

63

32% (20)

20%

43%

21%

3%

40%

Variable

95% Confidence
interval

p

Sex

Difference

0.02

Age group
(months)
2-6

37

57% (21)

41%

73%

6-12

39

36% (14)

21%

51%

12-24

22

27% (6)

9%

46%

>24

0.10

7%
12
33% (4)
60%
Table 2: Proportion of total CCU contaminated, by sex and age group
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