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The Great North Neonatal Biobank:
using salvaged samples to facilitate

novel translational research in

preterm infants

GREAT 5
NORT
NEONATAL BIOBANK

Translational research in preterm infants is key to their future health but there are many
challenges associated with this type of research in this population. This article describes the
establishment of the Great North Neonatal Biobank (GNNB), along with the research facilitated
to date. The future opportunities that GNNB and other biobanks may offer are explored.

Janet Elizabeth Berrington

MB BS, MD,

Consultant Neonatal Paediatrician and
Honorary Senior Lecturer

Newcastle Neonatal Service, Newcastle
upon Tyne Hospitals NHS Foundation Trust
and Newcastle University
j.e.berrington@ncl.ac.uk

Amy Peasland

BSc (Hons), MSc, PhD
Biobank Manager, Newcastle University
amy.peasland@newcastle.ac.uk

neonate; biobank; translational research;
biological samples

Key points

Berrington J.E., Peasland A. The Great
North Neonatal Biobank: using salvaged
samples to facilitate novel translational
research in preterm infants. Infant 2019;
15(2): 69-72.

1. Research improves care and outcomes
for preterm infants but biological
sampling specifically for research
purposes is practically and ethically
challenging and limited by patient size.

2. A ‘salvage’ system was established for a
specific research study. To avoid disposal
of these valuable specimens, a biobank
was created for these and other
samples for use in future research.

. The aims and process, parental
perspectives, challenges and successes
are described to promote the use and
development of other similar
collections.

w

esearch improves care and outcomes

for trial participants by a variety of
mechanisms' but research in preterm
infants, especially that which requires
biological samples, is challenging both
ethically and practically and particularly
difficult in the tiniest and most immature
babies. These babies have the highest rates
of ‘preterm-associated diseases’ such as
necrotising enterocolitis (NEC) and late
onset sepsis (LOS), and biological
specimens are not easy to obtain, particu-
larly at or around the onset of disease. Yet
potentially they are the samples researchers
need most — samples that will allow them
to begin to unlock the mechanisms
associated with preterm specific diseases,
where animal models are limited and no

paediatric or adult equivalent disease exists.

Taking biological samples purely for
research is, quite rightly, restricted. A 500g
baby has a circulating blood volume of just
40mL. Although specifics of guidance
around sampling for research varies by
country and institute, we cannot take more
than 3-5% of the total blood volume (1.2-
2mL for a 500g baby) and not more than
1-5% on any single occasion (0.4-2mL),’
which severely restricts studying very
preterm infants either longitudinally
or frequently around a key event such
as NEC.

To address this, a study was designed to
improve mechanistic understanding of
NEC and LOS in preterm (<32 weeks’
gestation) infants based on a salvage
system where ‘waste’ specimens could be
utilised (with parental permission). This

FIGURE 1 Staff at the GNNB, Newcastle
University.

was the SERVIS study (supporting

enhanced research in vulnerable infants),

which was reported soon after it comm-
enced’ and included permissions to utilise
residual SERVIS samples in other ethically
approved work. These waste specimens
included:

m any residual blood left after routine test-
ing (including ‘one-spot’ dried blood
spots that were not needed)

B stool, urine, breast milk and other rou-
tinely suctioned fluids such as oral or
nasal secretions

m biopsy or surgically resected tissue in
excess of that needed for diagnostic
requirements, as well as access to
formalin-fixed paraffin embedded tissue
once reporting was complete.

These samples are particularly valuable
as they are linked to a large amount of
demographic, exposure and outcome data
collectively described by the term ‘deeply
phenotyped;, the most useful attribute that
biobank samples can hold.*

The SERVIS study permitted the specific
predetermined analyses included in the
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SERVIS protocol, which resulted in inc-
reased understanding of NEC and LOS.”"
This, along with the recent explosion in
‘omics’ capacities, the large number of
samples that were acquired and did not get
used quickly, and the potential to use these
with newer technologies (at Newcastle or
by other research groups), led to the
development of the GNNB (FIGURE 1).

Purpose and aims of GNNB

The GNNB set out to formalise the existing
collection of specimens into a sustainable
biobank with capacity to add to this from:
® infants already contributing as they age

m newly born infants.

The aims of GNNB are summarised in
FIGURE 2 with the overall objective being to
support research that promotes survival
without impairment and the long-term
health of babies born preterm, small
or sick.

Routes to biobanking specimens

Infants can contribute specimens through

one of two mechanisms:

1. separate biobank consent where the
intent is to deposit all samples into the
biobank

2.via a consented neonatal study that also
includes consent for residual samples to
move to the GNNB.

These other ethically approved studies
are generally in the preterm population,
and they may be intervention studies,
however no interventions are administered
to patients as part of the biobanking
process. Contributing studies include the
mechanistic study MAGPIE (mechanisms
affecting the preterm gut in enteral feeding
trials),” which is embedded into the large
UK trial of lactoferrin to prevent late onset
sepsis (ELFIN)."

Biobank specific consents are used for
infants >32 weeks’ gestation who therefore
are not eligible for SERVIS (but may, for
example, have a congenital anomaly
requiring gut surgery providing tissue
that can be banked).

Non-invasive samples from healthy term
infants can also be obtained under the
biobank consent processes (eg urine, stool,
breast milk and saliva) and these are used
for control experimental purposes.
Consents are obtained for each type of
biological specimen and these can be
selectively declined if desired. They include
consent for work outside the UK or by
commercial companies and animal work,
with appropriate constraints around

destruction upon SERVIS completion

1. Secure the safe medium-term storage of samples collected under study specific
permissions of the SERVIS study. These important samples would otherwise face

2. Allow local researchers ongoing access to deeply phenotyped biological specimens to use
with new/future technologies as they develop

non-biobank methodology

3. Allow rapid delivery of clinical research within timeframes that are not achievable using

4. Improve outcomes for babies born sick or preterm by allowing research studies that could
otherwise not be performed due to sampling restrictions or time constraints

5. Allow families to be an important part of research long into the future

samples available in the biobank

6. Allow additional samples from preterm and sick term infants to broaden the utility of the

FIGURE 2 Aims of the GNNB.

profit use and, again, each of these can be
selectively declined.

Existing collaborators of the Newcastle
neonatal team in the UK and abroad can
deposit samples in the GNNB, which are
collected and processed as previously
described, subject to local modifications
while maintaining ‘link anonymity’
Material transfer agreements exist for
transfer between sites. Researchers with
similar suitable samples but with whom no
existing collaboration exists can deposit
samples in GNNB upon application and
for an appropriate fee.

Samples

Samples stored in the GNNB are surplus to
diagnostic requirements and only collected
at the time of necessary clinical procedures
with the exception of urine and stool,
which are collected deliberately and non-
invasively from the nappy.

An established system is used, which
informs laboratory technicians of
permissions relating to blood samples from
infants on the ward and successfully
retrieves residual specimens where
permissions exist. Where tissue removal
occurs as part of clinical need (most
commonly bowel resection for NEC)
surplus specimens can be banked. Post-
mortem specimens (where parents give
consent on the standard post-mortem
consent form for use in research) are also
available to researchers through GNNB
mechanisms but are not physically
relocated until specific research is
undertaken on them.

Anonymisation procedures

All samples are stored link anonymised.
Immediately after collection and clinical
use (where relevant) all identifiable details
are removed. Samples are then identified

FIGURE 3 Sample labelling for the GNNB. All
samples are stored link anonymised and are
identified using a unique biobank number.

using a unique biobank number and dated
(FIGURE 3). Biobank records refer to these
numbers only.

Clinical data

Biobank codes are linked to detailed
clinical data held about each newborn
baby in a secure database, extracted from
patient records and existing electronic
databases. This includes demographic data,
clinical diagnoses, clinical management/
therapeutics and outcomes. Consent is
specifically sought on the consent form for
access to this data for research purposes.
Access to the clinical dataset is limited to
the chief investigator. Any data released

to investigators of specific approved
projects are released linked to the biobank
code only.

Permissions for translational
research

GNNB permissions allow for samples to
be analysed and used in a wide range of
translational techniques, dependent on
both the sample type and current local
projects. This includes, but is not limited
to those in FIGURE 4. The protocol also
acknowledges the rapid developments in
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this field and does not limit use to those
techniques currently listed.

Funding arrangements

Tiny Lives, a local neonatal charity, has
supported the initial projected costs,
estimated to cover the first three years of
the GNNB with a £15,000 grant. Ongoing
grant applications where GNNB samples
will be used, or where GNNB is a reposit-
ory for samples collected in new studies,
include in their funding bids an amount
designed to maintain biobank viability.

Ethical approval and governance

The GNNB holds full ethical and local
approvals; the designated individual is that
for Newcastle University Human Tissue
Authority (licence number 12534). The
approvals prevent the need for future local
studies using samples in the GNNB to seek
separate ethics approvals.

Non-Newecastle studies seeking to access
GNNB specimens do require separate
ethics approval when an application for
access to specimens is made, and must be
made using a specific form.

A GNNB access and governance
committee assesses these requests with
additional representation from Tiny Lives
and clinical neonatologists. This committee
ensures that any project requesting use of
the samples is scientifically sound, a worth-
while use of specimens, and has adequate
funding and appropriate ethical approval.

The principal investigator (PI) of the
approved project must submit a brief
report to the governance committee on
completion of the study and is encouraged
to acknowledge GNNB in any associated
publications. The PI must cooperate with
audit requests made by the tissue bank
governance committee (eg around sample
tracking).

Reporting

An annual report is submitted to the

Newcastle University ethics committee and

Newcastle Hospitals NHS Foundation

Trust Research and Development

including:

m number of each sample type collected

B summary information of all applications
made to the biobank along with the
protocols of successful applications

B reports from completed studies

® number of tissue samples released

m number of tissue samples returned for
replacement in the biobank

® summary of currently held samples.
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Microbiomic analyses with next generation sequencing

mass spectrometry

Metabolomic and proteomic assessments of cell, plasma or tissue analyses with nuclear
magnetic resonance, gas chromatography mass spectrometry and liquid chromatography

Biochemical analysis of urine, stool, whole blood or plasma markers

Immunohistochemistry of whole tissues

Whole cell assays including those of cells in culture

Gene expression analyses of cells, plasma or tissues

specific or acquired mutations

Assessment of genetic variation (including normal or inherited variations) as well as disease

Experiments involving the use of animal or human cell lines and those involving inoculating
cell lines or animal models with organisms grown from infant stool

Use of salvaged resected tissue for the generation of stem cell-derived mini-gut models
(enteroids), isolation of immune cells and direct tissue analyses

FIGURE 4 Current permissions relating to translational research capacity.

Feedback

Parents are key to the success of the GNNB
and were integral to its establishment.
Information about research studies that
have used GNNB samples is published
on our publicly accessible website
(www.neonatalresearch.net) and a link
to this is provided for parents in the
information leaflet. Feedback from parents
has been sought and this has been
universally positive. Comments through
website feedback and Facebook include:
B “Anything that speeds up research for
parents and babies has got to be good.”
m “It’sagreatidea... and gets my backing.”
Research findings are reported in the
scientific literature and presented at
national and international scientific
meetings. These will also be reported back
to families.

Research facilitated to date

In addition to the SERVIS studies, five
infants of >32 weeks’ gestation have been
recruited in the two years since the GNNB
received full permissions. This has
provided fresh gut samples for successful
development of mini-gut models
(enteroids) and facilitated research with
external groups using salvaged blood
samples for a study into genetic
susceptibility of NEC and infection, and
stool samples for exploration of preterm
gut health (publications for which will
follow).

Future opportunities

Using the GNNB for research has the
significant advantage that samples are
already collected from a group of
otherwise hard to sample patients where

disease occurrence (or health) is already
known. Samples from infants experiencing
rare events can be provided much faster
than if these infants and samples had to be
recruited and collected prospectively. This
is especially important where illnesses are
rare and sporadic, as in the case of NEC.
These processes can hasten study results
and make research much cheaper to
conduct. The authors wish to encourage
researchers who could use GNNB samples
to contact them by email.

Conclusions

Translational research is especially
challenging in the neonatal period. The
salvaging biobank facilitates rapid delivery
of neonatal research, particularly for
diseases that are specific to preterm infants
or neonates and where learning cannot be
transferred from older infants. Such
systems deserve financial and practical
support.

References

1. Clarke M, Loudon K. Effects on patients of their
healthcare practitioner’s or institution’s
participation in clinical trials: a systematic review.
Trials 2011;12:16.

2. Howie SRC. Blood sample volumes in child health
research: review of safe limits. Bull World Health
Organ 2011;89:46-53

3. Embleton ND, Turnbull E, Turner S, Berrington JE.
Successful blood salvaging from preterm infants:
maximizing opportunities, minimizing
interventions. Acta Paediatr 2013;102:
10.1111/apa.12373

4. Wei WQ, Denny JC. Extracting research-quality
phenotypes from electronic health records to
support precision medicine. Genome Med
2015;7:41.

5. Young GR, Smith DL, Embleton ND, et al. Reducing
viability bias in analysis of gut microbiota in
preterm infants at risk of NEC and sepsis. Front Cell
Infect Microbiol 2017;7:237.

infant VOLUME 15 ISSUE 2 2019

71



SERVICE DEVELOPMENT

6. Stewart CJ, Marrs ECL, Nelson A, et al. Development
of the preterm gut microbiome in twins at risk of
necrotising enterocolitis and sepsis. PLoS One
2013;8:€73465.

7. Stewart CJ, Embleton ND, Clements E, et al.
Cesarean or vaginal birth does not impact the
longitudinal development of the gut microbiome in
a cohort of exclusively preterm infants. Front
Microbiol 2017; 8:1008.

8. Stewart CJ, Embleton ND, Marrs EC, et al. Temporal
bacterial and metabolic development of the
preterm gut reveals specific signatures in health

and disease. Microbiome 2016;4:67.

9. Stewart CJ, Embleton ND, Marrs ECL, et al.
Longitudinal development of the gut microbiome
and metabolome in preterm neonates with late
onset sepsis and healthy controls. Microbiome
2017;5:75.

10. Stewart CJ, Nelson A, Scribbins D, et al. Bacterial
and fungal viability in the preterm gut: NEC and
sepsis. Arch Dis Child Fetal Neonatal Ed
2013;98:F298-303.

11. Abdulkadir B, Nelson A, Skeath T, et al. Stool

enterocolitis. Early Hum Dev 2016;95:1-2.

12. Abdulkadir B, Nelson A, Skeath T, et al. Routine use
of probiotics in preterm infants: longitudinal impact
on the microbiome and metabolome. Neonatology
2016;109:239-47.

13.Embleton ND, Berrington JE, Dorling J, et al.
Mechanisms affecting the gut of preterm infants in
enteral feeding trials. Front Nutr 2017;4:14.

14.ELFIN Trial Investigators Group. Enteral lactoferrin
supplementation for very preterm infants: a
randomised placebo-controlled trial. Lancet

bacterial load in preterm infants with necrotising 2019;393:423-33.

RESEARCH NEWS

Gently stroking babies can provide pain relief

Positive touch in neonatal care may
increase parental bonding, decrease
stress for the parents and the baby, and
reduce the length of hospital stay. Now a
study published in Current Biology
suggests that slow, gentle touch can also
help to alleviate pain in infants by
evoking changes in brain activity.
Researchers monitored the brain
activity of 32 babies while they received
an experimental noxious stimulus or
clinical heel lance for blood collection.
Half were stroked with a soft brush
beforehand and they were found to show
40% less pain activity in their brains. The

Single family rooms reduce sepsis in preterm infants

team found that the optimal pain-reducing
stroking speed was about 3cm per second.
Stroking at this speed activates a class of
sensory neurons in the skin called C-tactile
afferents, which have been previously
shown to reduce pain in adults.

Reducing a baby’s discomfort is a huge
step forward in this area of research. The
findings could explain the soothing power
of touch-based practices such as infant
massage and skin-to-skin care.

Reference
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Lactoferrin does not reduce the risk
of late-onset infection in
very preterm infants GLF i

Enteral supplementation with bovine lactoferrin does
not reduce the risk of late-onset infection in very
preterm infants, according to The ELFIN trial
investigators group in a study published in The Lancet.
The ELFIN investigators enrolled over 2,200 infants
of <32 weeks’ gestation and <72 hours of age from 37
neonatal units across the UK. The infants were
randomised to receive bovine lactoferrin (150mg/kg/day)
or placebo (sucrose). Twenty-nine per cent of infants in
the intervention group acquired a late-onset infection
versus 31% in the control group. Lactoferrin did not

A systematic review and meta-analysis published in The Lancet Child and
Adolescent Health suggests that single family rooms in neonatal units reduce
the risk of sepsis and improve exclusive breastfeeding rates at discharge.

Babies cared for in a single room were 37% less likely to get sepsis
compared with babies cared for in open bay neonatal units. They were also
31% more likely to be breast fed when leaving hospital.

The authors found no differences in length of hospital stay, growth,
bronchopulmonary dysplasia, intraventricular haemorrhage, retinopathy of
prematurity and mortality.

Reference

van Veenendaal NR, Heideman WH, Limpens J, et al. Hospitalising preterm infants in single
family rooms versus open bay units: a systematic review and meta-analysis. Lancet Child
Adolescent Health 2019;3:147-57.

significantly reduce the risk of late-onset infection,
mortality, length of hospital stay, or other complications
of prematurity (ie necrotising enterocolitis, broncho-
pulmonary dysplasia, retinopathy of prematurity).

The authors conclude that the ELFIN trial does not
support routine use of lactoferrin to prevent late-onset
infection and associated morbidity or mortality in very
preterm infants and that research efforts should look
beyond bovine lactoferrin supplementation.
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