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infections.

o Midstream clean-catch urine (MS-CCU) collection can be done safely, quickly, and effectively in the
newborns using bladder stimulation and paravertebral lumbar massage.

o MS-CCU can be used as an alternative to other noninvasive urine collection methods.

o Because of its high contamination rate, it cannot replace the catheter for the diagnosis of urinary tract
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Abstract

Objective: The group of Herreros Fernandez developed a
new, safe, quick, and successful technique for collecting
midstream clean-catch urine (MS-CCU) in newborns based
on bladder stimulation and lumbar paravertebral massage
maneuvers. The purpose of this study was to compare the
contamination rates of catheter specimen urine (CSU) and
MS-CCU by a lumbar/sacral stimulation technique in new-
borns. Materials and Methods: Full-term newborns ranging
in age from 2 to 28 days who needed an investigation for a
presumed urinary tract infection (UTI) were included in the
study. Two samples, MS-CCU by lumbar/sacral stimulation

technique and CSU, were collected consecutively for each
patient. Suitable samples were obtained from 90 patients.
Results: The contamination rate in MS-CCU cultures (n =
24/90, 26.66%) was higher than in CSU cultures (n = 9/90,
10%), and the difference was statistically significant (p =
0.039). Thirteen patients had UTl according to both samples
(14.14%). In urine analysis, while there was no statistically
significant difference in bacteriuria (p = 0.61) and nitrite pos-
itivity (p = 0.14) between patients with and without UTI, py-
uria (p = 0.01) and leukocyte esterase positivity (p = 0.01)
were higher in patients with UTI, and the difference was sta-
tistically significant. Conclusion: The contamination rate in
MS-CCU cultures was two and a half times greater than in the
CSU culture samples. Thus, MS-CCU cannot replace the cath-

eter for the diagnosis of UTI. ©2019 The Author(s)
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Introduction

Because of nonspecific clinical signs of urinary tract
infection (UTI) and suboptimal sensitivity (75-85%) [1-
6] of the urinalysis (UA) for the diagnosis of UTI, urine
culture is considered to be the gold standard tool in the
diagnosis of UTT in children. Nevertheless, occasionally
inappropriate urine samples cause contamination and
confusion over results, and repeating the same procedure
leads to loss of time and delay of appropriate treatment.
Therefore, the method of urine collection used should
have a minimum risk of contamination. The American
Academy of Pediatrics (AAP) UTI guideline, developed
for babies over 2 months, suggests that the diagnosis of
UTI should require an abnormal UA (pyuria and/or bac-
teriuria) in addition to a positive urine culture (at least
5,0000 colony-forming units [cfu] per milliliter of a uro-
pathogen cultured from suprapubic aspiration [SPA] and
catheter specimens) [5]. However, there is no guide dem-
onstrating the safety of urine analysis for neonates and
which urine collection method should be used.

SPA and catheter specimens have the least contamina-
tion rates; however, these methods are painful for the
baby, stressful for the practitioner, and require an experi-
enced team. Therefore, usually for nonseptic children,
noninvasive methods of urine collection are preferred.
The bagged urine collection method is simple and nonin-
vasive but has a high contamination rate and a high false
positive rate of 85-99% [7]; hence, it is not suitable for use
as a diagnostic tool for UTI. Therefore, noninvasive and
reliable methods for precontinent children continue to be
investigated. The National Institute for Health and Clini-
cal Excellence recommend that urine be obtained by the
clean-catch urine (CCU) technique from all young chil-
dren in cases of suspected UTTI. It is the preferred method
for urine collection because CCU is noninvasive, requires
less technical expertise, and has a lower contamination
rate than urine collection bags [8]. Some studies demon-
strate that CCU collection could be considered as a reli-
able noninvasive technique when compared to the gold
standard SPA [9, 10]. Nevertheless, there are reports stat-
ing that the parents find the CCU time-consuming and
messy [7]. Therefore, novel methods to obtain more rap-
id CCU in precontinent children were examined in previ-
ous studies.

Herreros Ferndndez et al. [11] developed a new, safe,
quick, and successful technique based on bladder stimu-
lation and lumbar paravertebral massage maneuvers to
collect midstream clean-catch urine (MS-CCU) in new-
borns. In a previous study, we have shown that this meth-
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od is effective in neonates [12]. We also examined the
contamination rate in a previous study but did not com-
pare MS-CCU with a gold standard method.

The purpose of the present study was to compare the
contamination rates of catheter specimen urine (CSU)
and MS-CCU cultures in newborns. Our secondary aim
was to investigate whether UA, white blood cell (WBC),
C-reactive protein (CRP), and fever were significant for
UTIin newborns. To our knowledge, this is the first study
to compare the CSU and MS-CCU obtained by bladder
stimulation and lumbar paravertebral massage maneu-
vers in newborn.

Materials and Methods

This prospective study was carried out in a tertiary Neonatal
Intensive Care Unit from September 2016 to September 2018. Af-
ter the local ethics committee approved the study, informed con-
sent was obtained from the legal guardian of each child. Full-term
newborns ranging in age from 2 to 28 days who needed an inves-
tigation for a presumed UTI were assessed for eligibility to par-
ticipate in the study. Neonates who were fully fed orally were in-
cluded in the study. Exclusion criteria from the study were nutri-
tional problems, oliguria or anuria, serious illnesses affecting the
mobility of the baby, antibiotic treatment or UTI during the previ-
ous 30 days, congenital urinary tract abnormalities, and infection
of the external genitalia. Urine samples obtained using the MS-
CCU by the lumbar/sacral stimulation method and using the CSU
method, were collected consecutively for each patient 3 h apart.

Firstly, bladder stimulation and lumbar paravertebral massage
maneuvers were applied to the babies as described by Herreros
Ferndndez et al. [11]. When the bladder was full again after the
next feeding, urine was obtained using a catheter from the same
babies. After the perineum was cleaned with povidone iodine, a
5-Fr feeding tube was inserted into the urethra for the catheteriza-
tion. None of the male infants in our study were circumcised. The
foreskin was gently retracted before catheterization in patients
whose foreskin retraction status was classified as complete until
urethral meatus was seen. In both methods (clean catch and cath-
eterization), the first few drops were routinely discarded to prevent
contamination from the distal urethra. Urine samples were sent to
the laboratory immediately in sterile containers for prompt UA
and culture.

Analysis of uncentrifuged urine was done in the BT Uricell-2
analyzer, and data (WBC count, bacteriuria, nitrites, and leukocyte
esterase [LE] positivity) were obtained for each patient. Pyuria was
defined as a WBC count of >10/mm? [5]. Any bacterium in the
urine was considered as positive bacteriuria because to the best of
our knowledge there is no quantitative recommendation for bac-
teriuria.

Growth of a single pathogenic organism at a concentration of
210,000 cfu/mL was defined as positive urine culture. UTT was di-
agnosed as growth of a single and same pathogenic organism at a
concentration of 210,000 cfu/mL in both urine samples. Urine cul-
ture was considered to be contaminated if it had mixed bacterial
growth, growth of even one nonpathogenic bacterium (Lactobacil-
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Table 1. Demographic characteristics of the study population

Gestational week 38 (37-41)
Birth weight, g 3,304.66+452.95
Gender
Male 54 (40)
Female 36 (60)
Postnatal age, days 7 (2-28)
UTI 13 (14.14)

Table 2. Contamination rates of CSU and MS-CCU cultures (n =
90) according to gender

CSU MS-CCU p value
Contamination 9 (10) 24 (26.7) 0.039
Girls 3(8.33)  8(22.22) 033
Boys 6(11.11) 16 (29.62) 0.007
p value 0.66 0.43

Data are presented as medians (minimum-maximum), mean
+ standard deviation, or n (%). UTI, urinary tract infection.

lus species, coagulase-negative Staphylococcus and Corynebacteri-
um species), had colony counts <10,000 cfu/mL or any bacterial
growth while urine culture result is negative by the other method.
Sterile samples (i.e., negative cultures) were identified as undevel-
oped. Urine cultures of infants with inadequate reproduction in
both urine cultures (<10* cfu/mL) were repeated by taking anoth-
er urine sample using a catheter. The babies were monitored for
complications during the procedure. Blood culture, WBC, and
CRP were analyzed in all patients.

Statistical Analysis

The normality of data was analyzed using the Kolmogorov-
Smirnov test. The normally distributed variables were expressed as
means (standard deviations), and the nonnormally distributed
variables were expressed as medians (minimum-maximum). The
X? test was used for categorical variables and expressed as observa-
tion counts (in percentages). Differences in the rates of contamina-
tion for MS-CCU and CSU were calculated using the ¥? test or
Fisher’s exact test where appropriate. The Mann-Whitney U test
was used to compare of numerical variables distributed nonnor-
mally. A two-sided p value <0.05 was considered as statistically
significant. We calculated the sensitivity and specificity of UA re-
sults (LE test and pyuria) for the prediction of UTIs. All analyses
were performed with a commercially available software program
(Statistical Package for the Social Sciences, version 16; SPSS Inc.,
Chicago, IL, USA).

Results

One hundred and ten neonates hospitalized for inves-
tigating fever of unknown origin (n = 5), hyperbilirubine-
mia (n = 50), vomiting (n = 7), respiratory distress (n =
13), and those who required UA for various reasons (n =
35) between September 2016 and October 2018 were in-
cluded in this study. Ten neonates were excluded due to
dehydration (n = 5) or low oral intake (1 = 5). Urine could
not be obtained by massage from 10 babies. The success
rate in collecting urine samples by massage was 90%. The
median time (IQR) for sample collection by massage was
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Data are presented as #n (%). MS-CCU, midstream clean catch
urine; CSU, catheter-specimen urine. p value by x* test with Yates
correction or Fisher’s exact test where appropriate.

39 s. Urine samples were successfully collected from 90
babies by using the two methods. Demographic charac-
teristics of babies are given in Table 1.

Thirteen patients were diagnosed with UTI. Both urine
cultures of these patients were positive. Ten patients in
the MS-CCU group and 3 patients in the CSU group had
false positive culture. The culture results of MS-CCU and
CSU were consistent in 61 patients. The contamination
rate was 10% in CSU samples and 26.66% in MS-CCU
samples when the cutoff value for positive urine culture
was defined as >10* cfu/mL and the difference was statis-
tically significant. There was no significant difference in
urine contamination rates between girls and boys in both
CSU and MS-CCU samples (Table 2).

There was no significant difference between the pa-
tients with or without UTT in terms of WBC count, CRP
count, and fever.

In UA, while there was no statistically significant dif-
ference in bacteriuria and nitrite positivity between pa-
tients with and without UTI, pyuria and LE positivity
were higher in patients with UTI, and the difference was
statistically significant (Table 3). On the other hand, py-
uria and LE positivity had low sensitivity and high speci-
ficity in terms of UTI, respectively.

Discussion

Bacterial contamination during urine collection makes
diagnosis difficult in non-toilet-trained children. Recom-
mended collection methods for small children are SPA and
urethral catheterization [5]. Contamination rates for SPA
are slightly lower than those for urethral catheterization
[13], but it requires a more advanced skill set and has low-
er parental acceptance rate. Moreover, it is considered by
most providers to be more invasive than catheterization
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Table 3. Characteristics of patients with (n =

13) and without UTI (n = 77)

Patients with UTI Patients without UTI p value

WBC, cells/pL 9,000 (7,500-17,000) 10,000 (5,400-29,200) 0.96
Fever+ 2 (15.38) 11 (14.28) 0.59
CRP, mg/dL 0.16 (0.01-0.62) 0.14 (0-4.12) 0.89
Urinalysis

Nitrite+ 1(7.69) 0(0) 0.14

Pyuria 5 (38.46) 8 (10.38) 0.01

Bacteriuria+ 2 (15.38) 7(9.1) 0.61

LE+ 4 (30.76) 4(5.19) 0.01

Data are presented as medians (minimum-maximum) or # (%). UTIL, urinary tract infections; WBC, white
blood cells; CRP, C-reactive protein; LE, leukocyte esterase; pyuria, a urine WBC count of 210/mm?. p value by
x? test with Yates correction or Fisher’s exact test where appropriate.

and is not preferred. After Herreros Fernandez et al. [11]
developed a new, safe, quick, and successful technique
based on bladder stimulation and lumbar paravertebral
massage maneuvers for collecting MS-CCU in newborns,
MS-CCU became an alternative to noninvasive urine col-
lection methods in newborns. In our previous study, we
showed that this new technique for obtaining urine sam-
ples was effective in newborns [12]. In the same study, we
found the rate of contamination to be 24% in the experi-
mental group when the cutoff value was defined as 10° cfu/
mL, and 18.4% when the cutoff value was defined as 10*
cfu/mL, but we did not compare this method with an inva-
sive one. In the present study, we compared the contami-
nation rates of CSU culture and MS-CCU culture in new-
borns. We used >10* cfu/mL as the cutoff value and found
that the contamination rate was 10% in CSU cultures and
26.7% in MS-CCU cultures. Studies show that the rates of
contamination in the CCU vary between 4.5 and 51%.
While our catheter contamination rate was consistent with
the literature [8, 13-15], our MS-CCU contamination rate
was consistent with some studies [8, 16, 17], but higher
than the results of other studies [9, 10, 14, 18-22]. We sug-
gest that these variations were caused by differences in
study design, study population, and different cutoff values.
Other studies were performed in the pediatric age group
with small infants. A recent study by Herreros et al. [14]
was similar to our study design, but the study population
and cutoff value were different from our study. They com-
pared MS-CCU obtained by a technique based on bladder
stimulation and lumbar paravertebral massage maneuvers
and CSU in 60 patients less than 3 months of age (70% were
boys); surprisingly the CCU contamination rate (5%) was
lower than in CSU (8%) [14]. While the catheter results
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were consistent with our results, the MS-CCU samples
were much lower than ours. The difference is not likely to
be due to the gender difference in the populations, because
MS-CCU contamination rates of boys in our study group
are higher than in girls, although the difference is not sta-
tistically significant. It is likely that the difference in age of
the study populations is important. Furthermore, in the
study by Herreros et al. [14], urine cultures were consid-
ered negative if <1,000 cfu/mL in samples using catheter-
ization or <10,000 cfu/mL in samples using the clean-catch
technique [14]. However, in our study, sterile or negative
cultures were defined as those with no growth. Any growth
with colony counts less than 10,000 cfu/mL or any bacte-
rial growth when the urine culture result is negative by the
other method was considered contamination. Thus, some
urine cultures that we considered as contaminated were
actually negative according to their criteria. The rate in the
present study was slightly higher than that in our previous
study (26.7 vs. 18.4%). We believe that this is mainly due
to the difference in study design. In the current study, each
child enrolled for the examination had two samples of
urine collected consecutively using the CSU and MS-CCU
methods. Sixteen patients in the CSU samples and 23 pa-
tients in the MS-CCU samples had positive culture with a
growth rate of 210* cfu/mL. The same bacteria in both cul-
tures grew (210* cfu/mL) in only 13 patients, and these
patients were diagnosed with UTIL. As a result, 10 patients
with the MS-CCU samples and 3 patients with the CSU
samples had false positive cultures. The contamination
rate may have decreased if urine samples were not obtained
with both methods for each patient, but the frequency of
false UTI diagnosis could have increased. The rate of agree-
ment between two urine collection methods was 74.44%.
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We have been using MS-CCU obtained by bladder
stimulation and lumbar paravertebral massage maneu-
vers as an alternative to sterile bag urine samples for selec-
tive catheterization in newborns with suspected UTL. In
our previous study, we showed that this new technique in
obtaining urine samples was safe, quick, and effective in
newborns [12]. However, in order to make unequivocal
conclusions, well-designed studies comparing these two
noninvasive methods in terms of time, contamination
rate, and success are needed.

Our secondary aim in the present study was to inves-
tigate whether UA, WBC, CRP, fever, and renal USG were
significant for UTI in newborns. Thirteen patients
(14.14%) were diagnosed with UTIL. In accordance with
the literature, laboratory values such as WBC count, and
CRP were not significantly different among infants with
and without UTI [2, 23].

Enhanced UA is a rapid screening test for the presump-
tive diagnosis of UTI, but it cannot be a substitute for
urine culture and should be used in conjunction with
urine culture. While negative UA does not exclude UTI,
positive UA does not indicate a definitive diagnosis of
UTTL. Several studies showed that UA has a good specific-
ity and sensitivity in predicting UTI [15, 24]. A system-
atic review has shown that nitrites and LE have good sen-
sitivity and specificity in detecting UTT in older children
but are less reliable in infants [25]. We found that there
was no statistically significant difference between patients
with and without UTT in terms of nitrite positivity and
bacteriuria, whereas pyuria and LE positivity were statisti-
cally higher in patients with UTI. Pyuria and LE positivity
had low sensitivity, but high specificity for UTI detection.

UTI in newborns is frequently complicated by bacte-
remia. In a retrospective study, 12.4% of the blood cul-
tures in newborns who presented with UTI were positive
[26]. However, urosepsis was significantly less frequent in
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