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Abstract
Background: Biobanks are critical tools for advancing scientific knowledge. Barriers to col-
lecting biological samples exist for all clinical populations but remain especially understudied
in pediatric patients. Literature focused on the ability to biobank blood and urine specimens in
children is underexplored.

Objective: This retrospective study is an exploratory, secondary analysis of a longitudinal par-
ent study to evaluate the availability of serial blood and urine samples for biobanking, when
collected as part of standard of care.

Methods: Children admitted to a university-affiliated hospital for traumatic brain injury were
enrolled into a parent study (N = 60), which collected serial biologic samples. The analysis in-
cluded 37 children, of which 75.7% (n = 28) were Caucasian, the majority were male 59.5% (n
=22), and 94.6% (n = 35) were diagnosed with mild traumatic brain injury. Participant injury
characteristics and clinical data were abstracted from electronic health records, and statistics
were generated to explore differences in biospecimen availability by type.

Results: On day 1, urine samples were available 2.46 times more often than blood samples.
By day 5, 13.5% of participants were still providing urine when compared to only 2.7% for
blood. Over the five-day period 18.9% switched from providing both blood and urine samples
to providing urine only.

Conclusions: These findings demonstrate that urine is more readily available than blood as a
biospecimen when collected in children for biomarker analysis. Future studies should evaluate

the utility of urine biomarkers for diagnostic and prognostic purposes.
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26 Utility of Urine Samples for Biomarker Collection in Pediatric Studies

Background

Biological markers, better known as “biomarkers”, arc
proteins or other biomolecules that can be objectively
measured. Sources of biomarkers include blood, urine,
cerebrospinal fluid (CSF), saliva, hair, and other tissues.
Biomarkers are often evaluated as an indicator of normal
biologic functions, pathogenic processes, or pharmacologic
responses; these applications have become common in clini-
cal research and practice (Strimbu & Tavel, 2010). Medical
applications of well-vetted biomarkers are numerous and
include diagnosis, prognosis, and monitoring of therapeutic
response, including the use of Glial fibrillary acidic protein
(GFAP), Interleukin 6, (IL-6), Tumor Necrosis Factor alpha
(TNFa), Ubiquitin C-terminal hydrolase L1 (UCHL1), and
S100 calcium-binding protein B (S100B) in the diagnosis of
traumatic brain injury (TBI) (Chaban et al., 2020; Dadas et
al., 2018; Kulbe & Geddes, 2016; Vos, et al., 2010; Yang et
al., 2013). Urinary biomarkers are used for kidney disease
and beyond, such as in the study of Alzheimer’ disease, Par-
kinson’s disease, and other neurologically-based diseases
(An & Gao, 2015; Kurbatova et al., 2020; Lisowska-My-
jak, 2010; Seol, Kim, & Son, 2020). The majority of FDA-
approved biomarkers are for use in adults, while pediatric
biomarker research lags; leaving an important gap because
adult biomarker data cannot be presumed applicable to pedi-
atric patients. An example of this gap is found by Oris et al.
(2018) in that the child’s age is essential in the interpretation
of S100 calcium-binding protein B concentrations because
protein values vary physiologically during the first two years
of life. Promising biomarkers in adult populations should be
vetted in children to confirm their utility. This finding neces-
sitates additional pediatric research studies that include bio-
banking of biologic samples for future biomarker analysis.

There are many practical barriers to collecting biospeci-
mens in children, such as the desire to avoid painful blood
draws and limitations in amount of blood that can be drawn;
these challenges have been extensively discussed but have
not been empirically studied (Davit et al., 2011; Duff, 2003;
Howie, 2011). The quest for clinically predictive biomark-
ers of pediatric disease and/or injury must include consider-
ations for the practicality of sample collection in the context
of clinical care, as these can impact the ability to effectively
conduct biomarker research and ultimately clinical transla-
tion efforts.

Despite the known impact of clinical realities on biobank-
ing, no study has addressed longitudinal collection of bio-
specimens when it was feasible to dovetail research sample
collection as part of the standard of care. This line of inquiry
is relevant to promoting collection of future research speci-
mens, while avoiding the need for additional invasive and
painful sample collection procedures. The purpose of this
exploratory pilot study was to leverage data from a longitu-
dinal biobanking parent study which dovetailed collection
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of blood and urine with standard of care activities to assess
differences in availability of these biospecimens in children
hospitalized for TBI.

Methods

This exploratory study was a secondary, retrospective analy-
sis of previously collected data from an Institutional Review
Board-approved longitudinal parent study in a cohort of
children with TBI. The enrollment process followed three
main steps: Prescreening the census, screening the chart for
study eligibility, and obtaining consent; assent was obtained
whenever possible, based on the child’s age and cognitive
capacity. Children were considered eligible for enrollment
into the parent study if they were previously healthy, had
no history of TBI, were aged 5 days to 15 years at the time
of injury, and were admitted for a mild, moderate, or severe
TBI to the Pediatric Intensive Care Unit or Step-Down Unit
at a university-affiliated level 1 trauma hospital. The parent
study excluded children with prior diagnosed TBI, acquired
brain injury (such an aneurysm) and/or developmental de-
lay. The study team also did not enroll children who were
likely to be progressing to brain death within 24 hours of
hospital admission. Eligible individuals were enrolled if
their parent or legal guardian completed enrollment paper-
work, which included a blanket consent to provide multiple
specimens whenever possible based on standards of care,
over the course of their hospital stay (on days 1, 2, 3, and 5).
Blood samples were collected whenever there was an exist-
ing point of access (e.g., indwelling intravenous catheter) or
when/if a standard of care lab was being collected. No ve-
nipuncture outside of standard of care was obtained. Blood
was collected using standard 4 mL ethylenediaminetetraace-
tic acid prepared tubes. Urine was collected via nursing
personnel by access to a sterile indwelling urinary catheter,
by free catch sterile collection into a sterile urine container,
or, for young participants, into a diaper; the exact route for
sample collection is unavailable at the time of this report.
Urine and blood, when collected, were obtained at the same
time points. Samples were collected between days 1 and 5,
with differing frequency among participants, depending on
if/when there was a clinical indication for blood draw and
timing hospital discharge. All biospecimens were processed
according to the manufacturer’s instruction and stored in a
-80° Celsius freezer until future biomarker analysis. In ad-
dition to the inclusion criteria for enrollment into the parent
study, participants had to have blood and/or urine available
on day 1 to be included in this secondary analysis.

Participant injury characteristics and clinical data were ab-
stracted from electronic health record and data was stored in
a Research Electronic Data Capture database. SPSS version
25 was used for data analysis, management, and cleaning.
Descriptive statistics were generated to explore differences
in biospecimen donation by type.
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Results

Demographics

Of the 60 children en-
rolled in the parent study,
37 children had blood
and/or urine collected at
time-point 1 and were in-
cluded in this secondary
analysis. The majority of
participants identified as
white 75.7% (n = 28), non-
Hispanic 86.5% (n = 32),
and male 59.5% (n = 22).
TBIs were primarily due
to falls 56.8% (n=21) and
94.6% (n = 35) were diag-
nosed as mTBI, defined
as a Glasgow Coma Scale
(GSC) score of 13-15.
The most common struc-
tural alteration visible on
imaging was a skull frac-
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Table 1

Demographics and Injury Characteristics (n = 37) of Consented Individuals.

Variable Categories (If Applicable) (n) %
Sex Male (n=22)59.5%
Female (n=15)40.5%
Race White (n=128)75.7%
Black (n=28)21.6%
Other n=1)2.7%
Ethnicity Non-Hispanic (n=32)86.5%

Hispanic (n=15)13.5%

Glasgow Coma Scale
Severity

Mild (14-15) (n=35) 94.6%

Moderate (9-13) (n=2)5.4%

Severe (3-8) (n=0)0.0%

Age in Years, mean (range,

5.5 years (mean range= 0-15; SD =

ture (48.6%; n = 18), and | standard deviation [SD]) 5.45)

the second most common | fechanjsm Fall (n=21)56.8%

was a subdural hematoma

(35.1%; n = 13). See Table Motor Vehicle Collision n=3)8.1%

1 for. addiFiQnal demo- Abusive Head Trauma (n=16)16.2%

graphic and injury charac-

teristics of the participants. Other (n=7)18.9%
Injury Type Subdural Hemorrhage (n=13)35.1%

Sample Availability

Whenever possible, urine
and blood samples were
collected on days 1, 2, 3,
and 5. Notably, differences
in TBI severity, clinical
management, and dis-
charge led to major differ-
ences between the number
of blood and urine collec-
tions. On day 1, 2.46 times
more urine samples were
collected than blood sam-

Epidural Hematoma (n=10)27.0%

Intracerebral Hemorrhage (n=1)2.7%

Subarachnoid Hemorrhage (n=28)21.6%

Extra Axial Hematoma (n=06)16.2%

Skull Fracture (n=18) 48.6%
Cerebrospinal Fluid Leak n=1)2.7%
Contusion (n=3)8.1%

Concussion With No Acute
Intracranial Process

(n="7) 18.9%

ples (see Figure 1). By day
5, 13.5% of participants were still providing urine samples
when compared to only 2.7% of participants who provided
blood samples. Over the five-day period, 8.1% (n = 3) par-
ticipants switched from giving blood only to giving urine
only, and 18.9% (n = 7) switched from providing both blood
and urine samples to only providing urine. Patients provid-
ing only blood or both blood and urine samples fell from
35% to 3% over the course of the five days, while patients
providing only urine versus blood and urine fell from 86%
to 11% over the same time-period. Discontinuation of urine
collection was due to hospital discharge, whereas discon-
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tinuation of blood was based on IV removal or lack of need
for blood-based laboratory tests.

Discussion
The present study is novel in that it is the first to demonstrate
the availability of urine and blood samples when dovetail-
ing collection of biospecimens for research purposes with
clinical care. When feasible, researchers wishing to analyze
biomarkers should consider trying to collect samples as part
of standard of care to minimize risks to pediatric participants
and burden to clinicians. Blood collection poses risk for in-
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Figure 1

Breakdown of Participants Who Donated Blood, Urine, Both, or Neither on kach Day

of Biospecimen Collection in the Parent Study

Day 1

5%

59%
= Both Urine Only = Blood Only = None = Both
Day 3
3%

38%

59%

0%

m Both = Both

Urine Only

» Blood Only mNone

fection to participants and has the potential for specimen
contamination or coagulation, which could lead to a need
for repeat blood draws (Hall et al., 2013). Utilizing well-
trained phlebotomy teams has been found to reduce risk of
infection (Gander et al., 2009), but the resources necessary
to support such staff is not always available. Likewise, there
are risks associated with both urinary catheterization and
sterile catch; considerations for infection risk, invasiveness,
and time/resource utilization must be considered (Eckert et
al., 2020; Kaufman, Sanci, et al., 2020; May, 2018). More
importantly, understanding the availability of dovetailing
research sample collection with clinical care may inform fu-
ture study design to improve study enrollment, longitudinal
retention, maximize biobanking success and subsequent ex-
pansion of the pediatric biomarker knowledge base.

The primary finding of this study was that, for pediatric TBI
patients undergoing biomarker collection that dovetailed with
standard of care, urine was more readily available when com-
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pared to blood. Many chil-
dren who sustain a brain
injury, such as a mild TBL,
do not require IV access
or blood-based laboratory
tests. Likewise, as children
recover from injury over
the course of their hospi-
talization, IV lines are dis-
continued when no longer
clinically indicated and
the need for blood analy-
sis to measure physiologic
and homeostatic stability
decreases over time; these
clinical realities contrib-
uted to decreased rates of

Day 2

4

. blood biobanking over time
in the parent study. After

UrineOnly = Bood Only  ®None invasive catheters were
removed and blood test

Day 5 orders discontinued, par-

- ents and children were not

asked to continue to pro-
vide non-standard of care
blood samples. This deci-
sion considered a desire to
avoid continuing painful
procedures and to not over-
burden clinicians by asking
them to assist in additional
sample collection outside
of the standard of care.

86%

Urine Only = Blood Only = None

While this study utilized
blanket consent that pig-
gybacked biobanking with a standard of care, this approach
is not always possible. Many research studies collect bio-
logical specimens outside of standard of care, which relies
on individual consent to additional specimen collection pro-
cedures. In the parent study, urine was the most available for
collection; the pediatric TBI patients had limited and highly
variable use of 1V lines and venipuncture for blood analysis
as part of standard of care. Limited vascular access as part of
standard of care means that studies wishing to collect blood
in the pediatric TBI population may need to rely more on
informed consent for study-specific venipuncture. Investi-
gators wishing to prospectively collect blood for research
purposes should consider published evidence surrounding
factors that may impact blood draw success, study recruit-
ment and retention of participants longitudinally. Available
evidence suggests fear of needles is significant for pediatric
patients, which highly impacts willingness to provide blood
samples for biobanking purposes. This finding is evidenced
by McMurty and teams (2015) study, where 63% of chil-
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dren 6 to 17 years of age acknowledged a fear of proce-
dures involving needles. Whereas another study found the
self-reported fear of needles varied by age, with a rate of
68% in children aged 6 to 8, 65% in children aged 9 to 12,
and 51% in children aged 13 to 17 (Taddio et al., 2012).
Studies have also reported venipuncture and blood procure-
ment influences parental consent in pediatric studies; 42%
of participants whose parents did not consent to one study
listed blood procurement as a reason, due to the pain in-
volved during the procedure (Langley et al., 1998). Options
to minimize needle fear or repeated non-standardized blood
collections may include a detailed informed consent and as-
sent document that addresses these risks in understandable
terms and adoption of pain relief methods (e.g., numbing
spray), which may reduce the impact of fear on biobank-
ing success. Ultimately, blood collection can be a significant
barrier to pediatric study enrollment as it can impact consent
rates, increases risk to participants, and creates additional
costs for studies. Yet, a viable option exists in the collection
of non-invasive biologic samples, which are more likely to
be met with more successful enrollment, retention, and col-
lection (Gorodischer et al., 1994; Oerlemans et al., 2018;
Ritchie et al., 2019).

Urine was the most easily accessible biospecimen in all se-
verities and informal discussion with parents and children
suggested that they did not find this type of collection ob-
jectionable. In this study, patients provided significantly
more urine samples than blood samples. On the first day,
2.46 times as many urine samples were collected than blood
samples, whereas on the fifth day of data collection, there
were five times as many urine samples collected than blood
samples. This result echoes the findings of another study,
focusing on biomarkers in multiple sclerosis, which high-
lighted the use of urine in serial sampling because of its ease
of collection (Dobson, 2012). Whether dovetailing sample
collection with clinical care or collecting samples exclusive-
ly for research purposes, there are some practical advantages
to urine over blood. For example, blood collection requires
sample tubes containing anticoagulating compounds and li-
gand binding compounds to stabilize the blood components,
while urine collection simply involves a sterilized sample
(Lindsay & Costello, 2017). Urine collection methods have
been validated in young neonates to identify biomarkers that
promote care management (Ritchie et al., 2019) and in non-
toilet-trained children in biological monitoring studies (Oer-
lemans et al., 2018). Thereby indicating the use of urine
as an alternative to blood as a source of biomarkers could
reduce costs, resolve these fears and parental apprehension,
and lead to higher consent rates and ultimately enrollment
into biological banks that can be used to support diagnostic
and prognostic advances.

While dovetailing research specimen collection minimized
risk to participants and healthcare provider burden, it result-
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ed in limited biospecimens available for biomarker analysis
because blood was not available unless an existing blood-
based access was in place, or a venipuncture was performed
as a part of the standard of care for treatment. Moreover, this
secondary analysis is a single-site study with a small, ho-
mogeneous sample which included mostly white males; this
limits the generalizability of the present study. Replication
in larger, more diverse samples is needed. Due to the lack
of blood versus urine samples in the mTBI patients, direct
comparisons between serum and urinary biomarker levels
were not possible. Continued efforts to compare the type,
nature, and utility of biomarkers in blood versus urine are
warranted. Future studies on procurement and analysis of
urinary biomarkers would allow for potentially larger sample
populations with greater power, and diagnostic and/or prog-
nostic significance. Due to the practicality of using urine,
additional research addressing the sensitivity and specificity
for noninvasive diagnostic biomarkers is required. Addition-
ally, there is minimal evidence regarding the most efficient
methods to biobank pediatric samples when not collected as
part of standard of care, as well as the feasibility and limits
of collecting other biospecimens (e.g., cerebrospinal fluid;
other tissues). Finally, replication is limited by the nature of
retrospective secondary analyses. Larger prospective trials
would be directly aimed at addressing the limitations of the
present study.

Conclusions
Although there were limitations in this study, the study pro-
vides interesting early data that suggests collection of urine
for future biomarker discovery are more readily available
in pediatric TBI patients receiving standard of care. Con-
siderations for the nature of sample collection should be
considered, beyond what was included in this study. For ex-
ample, factors that affect availability of samples as part of
clinical care or willingness of children and their legal guard-
ians to participate should be considered. Factors including
the cost-effectiveness, infection risk, and acceptability to
children and families must be considered (Eckert, et al.,
2020; Kaufman, Knight, et al., 2020; Kaufman, Sanci, et al.,
2020). Likewise, consideration for timing of urine collection
and processing technique should be explored, as these have
been found to impact biomarker data; formal evaluations of
urine collection route are worth pursuing as the impact on
biomarker analysis remains unknown (Thomas et al., 2010).

Overall, compared to blood-based biomarkers, the state of
the science for urinary biomarkers is lagging and the need for
reproducible protocols has been identified; Likewise, less is
known about the normal human urinary proteome (Beretov,
et al., 2014; Harpole et al., 2016). Current applications for
urine are also more limited with the most common applica-
tions surrounding urinary health (Watson et al., 2016). Al-
though there is a growing body of literature exploring urinary
biomarkers of neurodegenerative disease (An & Gao, 2015).
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