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Considered to be in the best interests of the child, in the
US alone, 4 million undergo newborn screening each
year [1]. In 1994, the US Institute of Medicine (IOM)
[2] reiterated the classical WHO criteria [3] for
newborn screening programmes: benefit to the new-
born, high incidence, availability of effective treatment
and sensitivity/specificity of the test [4]. Screening
itself is largely mandatory [5]. In 2006, the American
College of Medical Genetics recommended the inclu-
sion of an additional 29 core conditions to the classical
screening panel, their analysis being made possible by
tandem mass spectrometry (multiplex testing) [6].

In newborn screening programmes, a sample of
blood is collected from the heel of each baby after
birth and then stored. Newborn blood spots (NBS) are
stored for variable periods of time to permit either con-
firmatory diagnosis and re-testing if needed, for test de-
velopment, or to ensure quality control of the newborn
screening programme. Storage and research for these
purposes is not particularly controversial since they are
related to the primary purpose of the initial collection.

In light of developments fuelled by the completion
of the Human Genome project and its accompanying
technologies, together with the need for large scale
biobanks for genomic research, the storage and use of
leftover newborn blood spots have however taken on a
new life [7]. At issue are the storage and research uses
of residual newborn bloodspots (NBS) for purposes
unrelated to the initial collection — finding the asymp-
tomatic at-risk newborn for immediate treatment.

NBS represent a valuable resource for biomedical
research, public health surveillance, and sometimes for
non-medical purposes, such as identifying disaster vic-
tims and for forensic uses. While these latter forensic
uses will not be discussed here, they have acquired a
certain notoriety and so attracted attention to the bank-
ing of NBS [8]. For example, the identification via NBS
of the assassin of the Swedish Minister of Foreign Af-
fairs, in Stockholm [9], and the use of NBS following
the 2009 Victorian Bushfires Disaster [10,11] (to name
but a few publicized cases), drew public attention to
the existence of such newborn “banks”.

Internationally, newborn screening policies are best
characterized as either lacking policies or as inconsis-
tent regarding the storage or research use of NBS and
the need to obtain consent or not [1,12]. In 2010, the
Institute of Medicine (IOM) specifically addressed the
issues surrounding the use of residual newborn scree-
ning samples for translational research [13]. Its report
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underscored concerns about current practices regard-
ing the storage and secondary research uses of newborn
bloodspots. It confirmed the need for public policies
addressing the management of residual NBS so as to
prevent harm either to the parent or child, as well as to
the future of this important life saving public health
programme.

Yet, the existence of newborn blood spots was
largely under the public radar, including that of the pa-
rents of newborns, until the first of a series of lawsuits
in 2009-2010 in the United States [14,15] and Canada
[16]. The underlying rationale for these lawsuits was
the fact that the leftover blood spots were stored un-
beknownst to parents. Similar arguments were raised
across the lawsuits: violation of privacy, failure to
obtain a fully informed consent and misrepresentation.
As a result, in Texas alone, 5 million dried blood spots
were destroyed [14]. Since then, laws and guidelines
on the storage and research uses of newborn blood
spots are changing in the USA [17-19], Canada [20]
and Europe [21-23]. The menace of litigation is one
example of how a controversy has policymakers grapp-
ling with the potential benefits promised by research
using NBS and the public outcry on how newborn
bloodspots storage may violate privacy, and forego
their right to agree to research.

At the same time, 'biobank' initiatives that collect
and store biological samples and various personal in-
formation are being created for a number of research
purposes (e.g. international consortia such as:
www.p3g.org; www.isber.org, and for FEurope:
www.bbmri.eu). Some biobanks are disease specific
such as a tumor repository (e.g. National Cancer Insti-
tute [24]), others are from biological material removed
during the course of diagnosis or treatment (e.g. Ame-
rican Association of Tissue Banks [25]), and others are
longitudinal and populational (e.g. Framingham Heart
Study [26]).

Moving forward, can the policies on storage and re-
search used to govern these biobanks be transposed as
an alternative solution or as guidance for these inad-
vertent “newborn biobanks”? We postulate that the on-
going storage and research use of blood spots (I) could
effectively place NBS in the situation parallel to those
biobanks using residual samples leftover from medical
care (II). If so, what recommended changes need to
take place in the newborn screening environment to
address concerns about informed consent, privacy and
misrepresentation?
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NBS: STORAGE AND RESEARCH

Identifying the issues concerning informed consent,
opting out, confidentiality, and ethical oversight as
they relate to storage and secondary research is key.
Secondary research involves research unrelated to the
original purpose of screening program. More specifi-
cally, a distinction should be made between the ratio-
nale for storing NBS for the benefit of confirming
screening results (e.g. false positives are higher in
screening), testing new screening methods and perfor-
ming quality assurance audits, with that of storage for
future unspecified research. This is important since, as
already mentioned, NBS have been collected under the
public health umbrella since the 1960’s. Screening an
asymptomatic newborn population to find the “at-risk”
newborn for treatment occurs in most industrialized
countries. Indeed, today such screening forms part of
the professional pediatric standard of care [2].

Most policies both at the national, regional and in-
ternational levels reveal that newborn blood spots are
more commonly stored than destroyed [20,23,27-31].
Several guidelines indicate a need to inform parents
and community regarding storage and the potential
uses of retained blood spots [20,28,29,31,32]. How-
ever, in practice, it seems that most parents are not
informed about the specific issues surrounding the
long term storage of newborn bloodspots [33]. In some
countries, newborn blood spots are not stored beyond
the period necessary to achieve the tests for which
samples were taken as well as for audit and quality
assurance [34,35]. Periods of retention vary tremen-
dously and run from five years [23,27] to indefinitely
[28]. Some countries however, determine storage ac-
cording to purpose (e.g. Ireland [36]), require that
children or adolescents exercise their rights (consent
for storage), as soon as they become competent (e.g.
Switzerland [37]), or propose retention of bloodspots
until children achieve the age of majority at which
time consent is sought for further storage (e.g. Sweden
[21]). Today, countries are beginning to change their
approach regarding storage and research.

Consent

The storage of residual newborn bloodspots raises con-
sent issues. Some NBS programmes are beginning to
treat NBS spots as other residual material collected
during medical care. Residual materials generally are
used in research without consent if anonymized and
subject to ethics review [21,38,39] (see infra, Part II)
or, in the case of NBS, if the research is on the scree-
ning programme itself [20,29]. However, a specific
consent for research is often required especially where
coded (i.e. linked samples) are to be used [19,27,30,40,
41]. Indeed, when obtaining consent, it is important to
state that residual newborn blood spots might be used
for disease research or for unspecified future research.
Another approach would be to require explicit parental
consent for any type of research beyond the confir-
matory diagnosis of an affected child [42]. Obviously,
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withdrawal from any future use of the newborn scree-
ning card [19,27,28,43] or to ask for the destruction
[20,29] or the return of the NBS card to the family
[20,31] are the corollary of consent.

Furthermore, while parents may legally consent on
behalf of their children for storage and subsequent
research use, some guidelines mention that minors
should be asked to reconsent to have their sample
stored or used for research when they have sufficient
maturity or understanding [21].

Opt-out

Screening programs exhibit differences regarding the
alternatives to an explicit consent for storage and
research use of NBS including: notification of research
with an opt-out [19,27,43], — a central opt-out register
[28], or, notification (before testing) about the storage
of bloodspots with presumed participation [32], in the
absence of dissent, the blood spot will be retained and
used for research [31].

We will see that a few jurisdictions have included
storage of bloodspots within the larger context of opt-
out guidelines covering the banking of all residual
samples removed during medical care [36] while others
have developed new professional guidance on storage
and research [31,40] (infra Part II).

Ethical oversight

Ethical oversight is a key component. Research using
NBS should be approved by a research ethics board
(REB) and it should be clear whether or not the
samples are to be anonymized or coded [20,28,32,43].
While the majority of countries still limit research to
anonymized samples with only REB approval re-
quired, others explicitly state that in addition to such
approval, the newborn screening program advisory
committee [31] or the scientific advisory board [44]
should also have authority over the use of residual
blood spots for research.

In summary, proposed reforms concerning research
using NBS now range from explicit consent for spe-
cific research projects to notification of anonymized
research with an opt-out to explicit consent or broad
consent for population research. It is interesting to note
that some guidelines support having NBS deposited in
a national repository that can contribute to health re-
search [40], or that residual blood spots become the
property of the State [45].

With these changes, newborn screening program-
mes have begun to resemble “medical care” biobanks.
We shall see that the range of choices offered in NBS
are also present in biobanks using residual samples
following medical care generally. Indeed, the Secre-
tary’s Advisory Committee on Heritable Disorders in
Newborns and Children of the USA has stated: “Poli-
cymakers should consider the value of the specimens
as a promising resource for research, the importance of
protecting the privacy and confidentiality of families
and the necessity of ensuring the public’s trust” [19].
This language echoes the very mission of biobanks.
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NBS AS “BIOBANKS”?

Before looking at the practices of residual sample
biobanks with respect to storage and research so as to
examine their parallel with NBS storage and research
practices, it would be well to briefly discuss the norms
governing biobanks generally. A biobank is: “An or-
ganized collection of human biological material and
associated information stored for one or more research
purposes” [46].

Population biobanks prospectively recruit citizens
(presumably asymptomatic) into longitudinal studies
and create a resource for future unspecified research
using a broad consent [47]. These prospective popula-
tion studies differ from those biobanks that systemati-
cally collect tissue or blood samples leftover (e.g. resi-
dual) after their use in medical care and diagnosis [48].
Some examples of residual samples biobanks include
Tubafrost [49] in Europe, BBMRI [50] that regroups
national residual biobanks in Europe and NCI-OBBR
[51] in the USA.

Today, stored NBS collected in newborn screening
programmes form part of standard modern pediatric
care. If they were to be considered a form of residual
sample biobanking, what are the norms governing resi-
dual sample biobanks generally and are they adequate
for “NBS biobanks”?

The storage and research use of leftover tissues in
the clinical setting attracted attention in the 1990°s
with the beginning of the human genome project. Once
considered medical waste and used for approved re-
search without explicit consent, two decades of policy
literature on residual samples for research “exceptiona-
lized” their genetic potential. Not only were the bio-
medical ethics norms governing consent to research
applied but genetic information itself was treated
differently from other sensitive medical information
[52]. This exceptionalist approach has only recently
been tempered due to the emergence of two factors:
the creation of population biobanks and changes in
legislation.

With the completion of the map of the human ge-
nome in 2003, attention focused on the meaning of the
map and more specifically on the effect of the environ-
ment on gene expression. Hence, the need for longi-
tudinal population studies with their emphasis on
genotype-phenotype interactions. They recruit asymp-
tomatic citizens who contribute socio-demographic,
lifestyle and medical data and biological samples over
time with no personal benefit. While the majority of
such longitudinal studies recruit randomly and pros-
pectively, certain countries such as Estonia [53], Neth-
erlands [54] and Japan [55] enrol participants during
medical care. Again, the objective of the consent to
biobanking is clear: to create a data and tissue resource
for future unspecified research (usually described as
understanding the role of genes in chronic diseases).

More recently however, the research use of residual
tissues leftover after medical care is being revisited. In
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the USA, if such samples are de-identified in such a
way that the researcher accessing the samples does not
have the key to link back to the code, it is considered
non-human subjects research [56] and the regulations
on obtaining explicit consent for research do not apply
[57]. Likewise, other countries are beginning to con-
sider the research use of residual samples provided for
medical care as not only necessary for quality assuran-
ce but under a broader public health mandate. Hence,
if there is ethics review and approval or proposed re-
search and in-coming patients are properly notified
and given the opportunity to opt-out, research use is
foreseen without a separate, explicit consent. Indeed,
Belgium [38] and the Netherlands [39] treat NBS as
other residual samples leftover from children’s medical
care. More specifically, they do not require specific
consent to store and use NBS for research if notifica-
tion and opt-out options are offered. Moreover, in the
Netherlands, a “neonatal heel prick screening steering
committee” approves such research [23]. This commit-
tee is composed of the various stakeholders including
patient organizations. Note that both countries store
the samples for a period of 5 years [23,27].

In short, newborn screening now being considered
the pediatric professional standard of care, some coun-
tries are beginning to apply the same norms that cover
the use of residual leftover medical samples for
biobanks and research generally, rather than set up a
separate regime for NBS. Provided that NBS screening
programmes remain centered on treatable or prevent-
able newborn conditions, this may well be a welcome
and logical route for NBS storage and research. Will
NBS however, follow the example of population bio-
banks and open up the possibility of moving beyond
either an explicit consent or a notification with opt-out
approach to the broad consent for future unspecified
research used in population biobanks?

CONCLUSION

The use of tissues such as newborn blood spots is con-
sidered critical for medical research advances inclu-
ding for example, identifying various biomarkers [58],
validating drug discoveries or, isolating the impact of
environmental contaminants [59]. Typically parents are
not aware that the NBS are being stored [60,61] and
the possibility of requesting to use dried blood spots
for research was not mentioned in the educational ma-
terials provided to the parents. In the past, the storage
and use of newborn blood spots for research received
minimal public attention [62]. For families, storage of
newborn blood spots and the general lack of informa-
tion about the exact future purposes of stored samples
raise concerns about confidentiality, privacy, and the
possible misuses of these samples resulting in psycho-
logical harm and discrimination. Research suggests
that parents need detailed information if they are to
make an informed choice about the use of newborn
blood spots [63]. For both NBS and biobanking, it is
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considered good practice to inform patients at the time
the samples are collected that the residual bloodspot
may be stored and used for research, and a statement
to these issues should be provided in a leaflet or on a
website. Creating a “Community Values Advisory
Committee” [44] or a “BioTrust” [44] is another way
to build public trust and foster further discussion be-
tween programs and the public.

A review of various policies and laws reveals that
there is no general consensus regarding the storage and
use of residual NBS for research [1,62,64]. Some ju-
risdictions such as Sweden have included NBS storage
requirements within their laws on biobanking [65].
Overall, the general trend in both NBS and biobanking
is towards greater transparency, greater awareness, and
a diversity of options from notification with an opt-out
for anonymized research, to an explicit consent for
specific research projects or broad consent for popula-
tion studies.

Today, if not undertaken for public health surveill-
ance, REB approval is required for research as this
would be considered human subjects research. In NBS,
research requests are still largely confined to pediatric
conditions. The conditions for NBS storage and re-
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search need urgent clarification as this new form of
“biobank” may soon become the locus of even greater
policy challenges when the cost of next generation
sequencing becomes affordable for public health pro-
grammes.

There is a need to come up with better ways of
respecting and balancing individual rights with the
common good of public health [66]. If NBS are to be
treated as biobanks, parents should at a minimum be
notified of storage and of research practices and given
the opportunity to opt-out. It is of utmost importance
however, that such notification does not affect the
participation of parents in the newborn screening pro-
gramme itself — a public health programme in the best
interest of the at-risk, asymptomatic newborn.
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