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Abstract

Neonatal screening using Dried Blood Spot (DBS) cards is an important and successful
public health facility in Europe, enabling early detection of congenital disorders for early
treatment and prevention of overt disease. Biobanks of stored DBS cards offer significant
potential for biomedical research. Biobanking and secondary use of DBS cards also raise
ethical and legal issues, particularly concerning the rights of parents and children. This
study provides a comprehensive overview of legislation and legal practices governing
DBS biobanking across 29 European countries, based on a survey conducted in collabora-
tion with the International Society for Neonatal Screening. Findings reveal a highly heter-
ogeneous landscape: 15 countries have national legislation, five have regional guidelines,
and nine lack formal regulations. Only four countries require explicit parental consent for
DBS storage, with considerable variation in approval processes for research use. A har-
monization of practices, with the European General Data Protection Regulation (GDPR)
as a basis for future regulation, supplemented by clearer guidance on “public interest” and
robust safeguards for individual rights may lead to more transparent and consistent gov-
ernance, which is essential to balance scientific progress with the protection of parental
and children’s rights in DBS-based research across Europe.

Keywords: dried blood spot cards biobanking; informed consent; sample storage;
European legislation; European general data protection regulation (GDPR); parental and
children’s rights

1. Introduction

Neonatal screening is one of the cornerstones of public preventive health, ensuring
that serious congenital disorders are identified within days of birth. This early detection
allows for timely treatment, preventing severe disability or even death. The method is
simple yet powerful: a few drops of blood from, usually collected from the heel of the
baby on filter paper (a dried blood spot (DBS) card) shortly after birth, which enables la-
boratory analysis of a panel of disorders for which early treatment is available. The im-
mediate intended use of the DBS cards is clinical, to ultimately diagnose and treat affected
infants. Yet additionally, these DBS cards, containing DNA, RNA, proteins, and metabo-
lites, hold great potential in secondary use for quality control, method development and
biomedical research, both disease-oriented and population-wide, when stored in bi-
obanks. For the purpose of this article, ‘biobank’ is the generic term for any storage of DBS
cards, although it is recognized that ‘biobank’ can be defined differently depending on
national legal and organizational regulations.

Denmark provides a striking example of the scientific value of such material. New-
born screening in Denmark is centralized at the Statens Serum Institute (SSI), where ap-
proximately 58,000 infants are screened each year for 25 congenital diseases [1]. Since
1981, all residual DBS cards have been stored systematically in the Danish National Bi-
obank. Today, more than 2.5 million cards are preserved. In essence, this means that
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nearly every Danish citizen under the age of 45 has a sample archived [2]. This archive
was initially intended primarily for quality assurance and retrospective diagnosis, but it
soon became a foundation for research. Early studies demonstrated that DNA could be
reliably extracted from filter paper and amplified, thereby opening the door to popula-
tion-scale genetic research [3]. Indeed, research including genotyping, epigenetic profil-
ing, next-generation sequencing, metabolomics, and RNA sequencing has meanwhile
proven that these samples can be used in genetic studies [4-7]. Between 1981 and 2017,
more than 50 projects have been approved, with over 180,000 DBS cards used for research
[2]. The most notable of these, the iPSYCH project, genotyped 140,000 samples to explore
the genetic and environmental basis of psychiatric disorders [8]. What makes this research
particularly powerful is the ability to link biological data to nationwide registers through
social security numbers. These registers encompass health records, demographics, educa-
tion, income, and even life-course trajectories [9]. When combined with molecular data
from the biobank, they enable studies on the interaction between genetics, environment,
and social factors at a scale rarely possible elsewhere.

Yet such potential also comes with challenges. The use of residual DBS samples raises
important ethical and legal questions and hence issues of consent, privacy, and the sec-
ondary use of material collected for clinical purposes are at the forefront of public debate
[10]. Ultimately, there is the (rare) possibility that DBS cards are used for juridical pur-
poses, demanding strict legal provisions. Although Danish law allows research use of DBS
samples without explicit consent, provided that approval is obtained from a medical eth-
ical review board, concerns have grown regarding transparency and data protection, par-
ticularly in light of the European General Data Protection Regulation (GDPR) [11]. The
GDPR lists strict rules for organizations in the European Union (EU) that use personal
data of individuals; it was established in 2016 and implemented in 2018.

These developments in Denmark trigger the research question of this study: How are
similar issues handled in other European countries? It is well known that the practice of
biobanking of DBS cards in Europe varies widely. A publication by the ISNS in 2021 indi-
cated that 44 countries in Europe store DBS cards and 12 countries reported doing so with
parental consent [12]. Another recent paper included a limited inventory of DBS card bi-
obanks in South Eastern and Central European countries [13]. To further explore this, we
evaluated in more detail how the biobanking and residual use of DBS samples is legally
and ethically embedded in European countries, to identify good and best practice. In this
study, we focus on two subjects: 1) the legal basis of biobanks and 2) the process of ap-
proval of an application for the secondary use of samples. We present an overview of the
approaches in Europe and assess the potential for developing shared practice across Eu-
rope.

2. Materials and Methods

To investigate the international landscape of DBS storage and research use, a survey
was conducted in collaboration with the International Society for Neonatal Screening
(ISNS) [14].

2.1. Survey Instrument

The survey instrument was designed in MSForms (Microsoft, Redmond, WA) online
version. The survey instrument consisted of 26 structured questions, designed to capture
key aspects of both biobank infrastructure and governance (see Supplementary Materi-
als).

Questions covered two main areas: storage practices and research use. Under storage,
participants were asked whether DBS cards were kept after laboratory analysis for screen-
ing, whether and when consent is required (no specific distinction was made between opt-
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in and opt-out), when their biobank was established, how many samples were currently
stored, and under what conditions (e.g., room temperature, —20 °C, etc.). They were also
asked to report the age of their oldest stored cards.

The residual use of DBS cards was further examined through questions regarding the
types of studies for which such use occurs. Additional questions addressed the ethical and
legal frameworks governing the residual use of DBS samples, as well as the processes
required for approval.

2.2. Study Population

The survey was distributed digitally on 11 December 2024 via an email link and was
shared with a selected group of 64 participants in all European countries that were con-
sidered to be aware of the particulars of their NBS program across 51 countries. This group
had previously been approached regularly to survey the current national and regional
state of neonatal screening, and the summarized outcomes of their responses have been
published previously [12]. Hence, this group was assumed to be able to also answer the
questions on the survey of the current study. Nevertheless, respondents were encouraged
to forward the survey within their professional networks to maximize the quality of re-
sponses. A reminder was sent to the non-respondents to motivate them to hand in their
answers on 1 February 2025. After that, no additional reminders were pursued.

2.3. Processing and Analysis of Results

Results were collected in an online Excel sheet (MSExcel, Microsoft, Redmond, WA).
Quantitative data (number of samples in biobank, oldest samples in biobank, storage time,
storage temperature) were summarized and combined.

The outcomes of two research questions were analyzed qualitatively, namely:

e  “What is the legal basis for residual use of DBS cards?” With the added instruction
to be at liberty to answer in 3-10 lines and add links to prevailing rules and legislation
if possible.

e  “Please describe the process for approval to use DBS” again with the added instruc-
tion to feel at liberty to answer in 3-10 lines and also to elaborate on different ap-
proval grounds for different uses.

After the data compilation, author Sophie ter Braak and Christian Munch Hagen per-
formed an initial narrative analysis and summary of the answers to the questions, espe-
cially to resolve small discrepancies in one instance in responses were received twice from
the same respondent and one instance in which where answers were received for the same
country from two different respondents. Then, this summary and narrative analysis were
reviewed by the authors Peter Schielen and Mette Nyegaard to determine whether the
summaries of the answers still reflected the original answers given by the respondents
and that no meaning was lost. Summary results were mapped per country on a map of
Europe.

When appropriate, information from respondents was used to find more elaborate
information from open sources on the internet.

For presentation purposes, some truncated and abbreviated answers were adapted
to make the text more readable (raw data is available upon request).

3. Results

After sending out the survey (December 2024) responses were received from re-
spondents of 25 countries and regions and after one reminder (February 2025) four addi-
tional responses were received, totaling 29 countries/regions with responses. For Belgium,
Germany, Hungary, Italy, Romania, and Spain, data from only some regions are available.
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NBS programs in these countries are organized regionally, and collecting data from all
provinces of these countries was not feasible within the timelines of this study.

Figure 1 shows an overview of European countries with biobanks and the age of the
oldest samples in the respective biobanks. DBS cards can be stored in separate facilities or
in the screening laboratory. These are all considered DBS card biobanks in the current
study.
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Figure 1. Overview of European countries with DBS card biobanks (sorted by year of establishment,

blue symbols) and the storage year of the oldest cards in storage (red symbols; reference year: 2025).

Screening organizations and laboratories in The United Kingdom, Iceland (56,000
samples from 1979-1991 stored in the biobank of Staten Serum Institut, Copenhagen, Den-
mark), and Sweden hold old samples, going back sometimes over 50 years, but in most
countries, samples are stored for 1-5 or 10 years. In the Netherlands, a small selection of
NBS cards of interesting (often: confirmed) cases are stored for 12 years (with parental
consent, to be renewed by the child at 12 years of age). The Norwegian biobank for DBS
cards was established in 2003 but legal changes in 2018 resulted in the destruction of all
cards prior to 2012, and DBS cards from 2012 onwards have since been stored henceforth
without a set end date.

Relative and absolute size of biobanks

Figure 2 gives an overview of the number of DBS cards stored in biobanks and stor-
age conditions per country.

A majority of 16 out of 29 respondents from countries/regions indicate that NBS cards
are stored at room temperature (RT), and another six at RT and/or 4 to 7 °C. Seven re-
spondents indicate they store samples frozen (either at -4 to =19 C or -20 to —-80 °C). No-
tably, many countries apply two (or even three; the Netherlands) storage conditions, e.g.,
a first period at RT or 4 to 9 °C, and a second period when samples are stored frozen, often
at —20 to —80 °C.

Four of 29 respondents indicated that samples were stored under dry conditions (less
than 30% humidity). Seventeen of 29 respondents indicated that retrieval data (name/ad-
dress, demographics of the baby, sample code, etc.) were digitized for ease of access to
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samples. In the UK it is mandatory to physically separate demographic data from the
uniquely coded stored cards.
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RT and
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Figure 2. Number of DBS cards in biobanks in storage and storage conditions per country. The sizes
of the biobank indicators (circles) are proportional to the total number of samples stored in each
biobank. The circles are sorted along the horizontal axis from ambient to frozen. The color of the
circles represents the storage conditions as presented by the matching color in the arrow. Note: Data

from Germany (Heidelberg) and Czech Republic were not available.

The data from Figure 2, taken together, represent a lower limit of the total number of
DBS cards stored in European countries and regions and provinces. Thus it can be calcu-
lated that a minimum of 20.6 million DBS cards are stored in Europe, of which 4.5 million
(21.6%) are stored frozen.

The handling and issuing of samples from biobanks that contain millions of DBS
cards will demand resources. To get an impression of the availability of such resources,
we asked whether sufficient funds and personnel are provided to handle applications for
samples. Fourteen of 29 respondents (48.3%) answered ‘No’ to that question. Nine of 29
(31%) indicated that they were properly funded and 6 indicated that the number of re-
quests was low or that costs were covered by research projects, implying that 51.2% of
respondents had no funding issues for managing the issuing of DBS cards.

Legislative and regulatory aspects of biobanking

Table 1 and Figure 3 give an overview of various legislative and regulatory aspects
of biobanking, where the color coding in both the table and Figure 3 is as follows: coun-
tries with national legislation: green; countries with regulations at a regional level: yellow;
countries with no legal regulation present: blue; and no data received: grey. Of represent-
atives of 19 of 51 countries, no reply was received.
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Data from Table 1 illustrate that among the 29 countries included, 20 have a defined
legal basis for residual DBS card use. Of these, 15 countries (in green in Table 1 and Figure
3) rely on nationally specified legislation, the Netherlands primarily also referring to the
EU General Data Protection Regulation (GDPR). European law is considered here the
highest order of law, as compared to national laws and regional regulation and guidelines.
Five countries (in yellow in Table 1 and Figure 3), Belgium (more specifically; Wallonia),
Bosnia and Herzegovina, Italy, Romania and Russia use guidelines of a lower order than
national law and with only local applicability to guide biobanking and use of residual
DBS cards. Legislation in Wallonia is again based on GDPR legislation. Sweden, France,
Czech Republic, Spain, Germany, Estonia, Austria, Latvia, Iceland, Romania, the UK and
Norway, follows national law specifically designed for biobanks and use of bodily tissues
as their legal basis for residual use of DBS cards. Finland has national legislation that reg-
ulates the secondary use of samples and health data; however, the legislation does not
contain any specific provisions regarding DBS cards. Respondents from Croatia, Cyprus,
Hungary, Kazakhstan, Luxembourg, Malta, Montenegro, Serbia, and Slovenia indicate
that they have no specific legal regulations for residual use.

Consent for storage

Three of 29 countries (Iceland, the Netherlands, and Spain) require explicit consent
for a sample to be stored. In the Netherlands and Spain individuals retain the right to
request removal of their DBS card (and associated data). In Norway and Sweden, consent
is deemed to exist if the parents participate in the NBS program. In Norway, parents are
recontacted when the child is two years old and the child at 16 years of age, informing
them about the stored DBS card and indicating they can request destruction of the sample.
In the Netherlands, for a small selection of samples stored for 12 years, consent needs to
be renewed by the child when the child reaches 12 years of age. In Iceland, consent is
irrevocable, but it is possible to request that samples are not used for research purposes.
In Finland, the laboratory may store samples for internal quality control and method val-
idation purposes. Under the Finnish Biobank Law, written consent is required for bi-
obanking but samples stored at the laboratory are not considered a biobank under Finnish
law. The Czech Republic constitutes a partial exception: DBS samples are mandatorily
stored for five years, after which they are all destroyed.

Formal procedures for re-use of stored DBS cards

Regarding the approval processes for DBS card use, 24 countries have established
formal procedures.

Four countries, Finland, Iceland, Latvia and Spain, require a high-order three-step
approval for re-use for scientific purposes of DBS cards, namely individual or parental
consent, ethics committee approval, and an additional form of authorization. Three coun-
tries (Czech Republic, Portugal and Italy) require at least parental consent and ethics com-
mittee approval. Five countries only require approval from an ethics committee, and three
require only parental or legal guardian consent. Many different organizations can be in-
volved in the authorization process, such as institutional approval in Latvia and Italy,
application to the PKU Biobank in Sweden, Denmark and Spain, national committee ap-
proval in the UK, newborn screening reference group approval in Norway and detailed
specified requests in Slovenia and the Netherlands. For medical purposes, retrospective
analyses are generally accepted with either parental consent or a physician referral, or
both (Sweden). It is of interest that most respondents indicate that stored DBS cards can
be made the subject of legal procedure, but only by court order and applying very strict
legal requirements.
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Table 1. Summarized answers of 29 European countries, representing national or regional responses to the survey questions: “What is the legal basis for residual

use of dried blood spot cards?” and “What is the process for approval to use dried blood spot samples?” Green represents the presence of national law, yellow

the presence of regional regulations, and blue the absence of any regulation. PKU = phenylketonuria; PKU Biobank stores the dried blood spot DBS cards. CMV =

cytomegalovirus.

Consent and Removal of DBS CardsProcess for Approval to Use DBS Cards

Count Legal Basis for Residual Use of Dried Blood Consent for Parental/Guardian Quality Assur-
Ty Spot (DBS) Cards? Storage Request for Removal Research ance/Method Devel- Juridical Purpose
Needed or Return Enabled opment
Existing national or regional law or legislation
. " . . Requires local Ethics Committee ap-
Austria The “Research Organization Law”. No Yes — No approval. No data.
Stored for 5 years (Decree No. 98/2012 Coll.). . . Ethics Commlt.tee approval requlred' for
. . Not within the five all research using DBS samples, addi-

Czech Republic Anonymized residual use allowed (Act No. ears of mandator tionally parental (legal guardian) con- No consent required. Requires court order
372/2011 Coll.). Genetic research requires guard- Ztora . y sent reyuire 4 when samoles are identifi- ’ |
ian consent (Act No. 373/2011 Coll.). & d mp

able (e.g., pseudonymized).
From 1993 regulated as part of The Public Regis- Application to the Danish National Bi- fii[;ureezjgzlﬁvilofrom
ter Act. Updated in 2002 with the “An account of obank and approval from the Danish Re- . aJudge and ofy *

Denmark . P . . Yes . . No consent required. identify victims, bi-
Biobanks” which included implementation of the search Ethical Committee, followed by obank cannot be used to
EU-directive 95/46/E [2,15]. application to the “‘PKU biobank [16]. . . .

identify criminals.

Estonia Estonian legislation . No Yes Requires ethics committee approval. No consent required. Requu‘es 'pa'r ent/guard-

ian permission.
French law requires NBS samples to be stored for

France at least one year for result confirmation, further No Yes Reuse only with parental consent on request.
analysis, or research with parental consent [17].

Finnish Law on the Medical Use of Human Or- No specific process for DBS cards, gen-
gans, Tissues, and Cells (paragraph 20 -Change eral national and local regulations appli-
in the Intended Use of the Samples) regulates the cable.

Finland secondary use. of samples collec'ted for diagnostic Yes Resgarc.h use generally reqtlnres consent. Nio o eguiisdl, Nodai
and therapeutic purposes (applicable to DBS Institutional approval required for re-
cards; no specific legislation for DBS cards only). search. Approval by the ethics commit-

Finnish Law on the Secondary Use of Social and tee needed depending on the research
Health Data. type.
Germany Kinder-Richtlinie [18]. No Yes Residual use only allowed with prior parental consent.
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The law allows secondary use of sam-

Not destroyed, but . .
e ples for patient benefit, assay develop-
Law on Biobanks and Health Information (through the homep- ;Een;;lt:alzlrol‘(f;'r;{:ej;?}]l Cci):r:;rll'dzegf Zd_ Nonclinical tise must
Iceland 2000/110. Law on Health Research 2014/44. Law Yes age of the Directorate g onyp . . ) P ) No data.
on the Rights of Patients 1997/74. of Health) that cards proval by hospital Ethical Review Board,be anonymized.
are not being used for (2) Data protection agency, (3) applica-
further reseagrch tion to the biobank and (4) application to
Director of the hospital.
Cabinet of Ministers Regulation No. 611 “Proce-
dure for providing obstetric support” [19]. Cabi-
Latvia net of Ministers Regulation No. 9 “Regulations of Yes Research needs Ethics Committee and No data No data
the Central Medical Ethics Committee” [20]. Cab- hospital approvals plus parental consent ' '
inet of Ministers Regulation No. 698 “Regulations
of the Genome Research Council” [21].
. With court order and
(1) GDPR(/AVG); article 9, paragraph 2, and arti- Ieez;z:tfgft fsi?brﬁizznsf(?cteziideetirf){sqﬁelzzss::ch very strict legal require-
Netherlands cle 89, (2) Dutch law; Population Screening Act ) . P . & No consent required. ments. Has never oc-
. quality assur- committee, following general terms and . .
and Medical Treatment Agreement Act. — conditions curred in the history of
) the Dutch biobank.
Regulations on Genetic Mass Screening of New-
borns, paragraph 3 Storage and use of blood sam-
ples. The blood samples from the mass screening
shall be stored in a diagnostic biobank, cf. the Bi- Requires ethics approval. participant Stored samples may be
Norwa obank Act § 2, first paragraph. Yes cor?sent and NB SI’) fe fereI;cI:e roup a used for healthcare, Case law may be appli-
y Biobank law for healthcare; paragraph 9a states roval § group ap quality control, and  cable.
reuse for healthcare, quality assurance, method P ’ method development.
development or health research only. Research
requests should be in accordance with the Health
Research Act.
DBS cards are kept for 5 years for lab quality aos In addition to consent, research use re-
Portugal trol; other uses need parental consent (no specific No Yes . . . No data. No data.
s it senidtoned) quires ethics committee approval.
DBS cards can be stored and used for at least five Law enforcement de
years for neonatal screening purposes without Yes (individuals/legal . . . o .
. . . Application to PKU Biobank and ethics mands judicial authori-
. written consent, based on Spanish laws (Law guardians) can request . . .
Spain Yes approval and consent (unless anony-  No consent required. zation, strict purpose

41/2002, Law 14/2007, RD 1716/2011) and data-
protection regulations. Use for other purposes,
like research, requires explicit written consent.

removal of sample and
associated data)

mized).

limitation, and over-
sight by legal counsel
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and the data-protection
officer.

The Swedish biobank law: “Biobankslag

Yes (removal only,

there is no legal frame- Approval from Swedish Ethical Review

Judicial purposes are

not a legal use of DBS
cards according to the
biobank law, except to

Sweden (2023:38)” [22,23)]. No work for return of the A.uthori’fy and a.pplication to t}}e ‘PKU  No consent required. Aty Gizeanead fudh
sample to the do- biobank’ (Swedish DBS-card biobank). . .
. viduals (which has a
nor/guardian) .
specific and separate
process).
Method devel t L f; t fol-
. . Compliance with the Human Tissue Act in the Research needs national committee ap- eriod cevelopment =aw enforcement 1o
United Kingdom UK No Yes roval needs national com- lows laboratory legal
] P ] mittee approval. guidance.
Regional regulations or guidelines
DBS card tored for 5 , used only f . . o N
Belgium (Wal- . cancls ate stored for > years, tse (')n y ot Residual use requires submission to the competent authority with detailed justification,
losie sson) defined follow-up purposes or compatible new No Yes obiectives. and methods
& studies if aligned with the GDPR. ) ’ )
Bosni Her- Th iversity Clinical Tuzla h it-
oshia and Her ¢ University Clinical Center Tuzla asa writ o No No formal guidelines. No data. No formal guidelines.
zegovina ten procedure for DBS storage and residual use.
Italy (Tuscany  In Tuscany, DBS are stored for 10 years for NBS . Yes Research requires consent and approval No data Law enforcement needs
Region) or legal use; secondary use needs family consent. from institution review board. ) court authorization.
R ia (Re-
omaria ( ¢ “National Guide for screening, diagnostic and -
gional screening L . No No No official process.
treatment of phenylketonuria” issued in 2016.
center Bucharest)
Russia (Moscow) Local guidelines define storage/reuse. No No Used for missed cases or new disease screening.
No legal regulations available
Secondary research requires ethics com-
Croatia No legal regulation. No Yes mittee approval; CMV testing only No data. No data.
needs medical staff approval.
No formal approval
necessary for any qual-
. ity assurance practices Release sample for ju-
. Secondary research requires approval 1 .
Cyprus No legal regulation. No Yes . . . . on the stored samples. ridical purposes subject
from the National Bioethics Committee. , ..
Method development to court’s decision.
is not within the scope
of card storage.
Hungary (North- . . . . . . .
No legal regulation. No Yes, by written request Written request from authorized medical staff required for CMV analysis.

west Region)
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Interlaboratory com-
parisons and confirm-

atory testing follow
y & Residual use occurs

Kazakhstan No legal regulation. No No oofrslig?itt: tl\}:[;r;zt_er I(.):li ;sli)on official court
public of Kazakhstan quest:
No. QR DSM-91 dated
25 August 2021.
Luxembourg No legal regulation. No Yes No official process
Malta No legal regulation. No No No official process
In t.he. Institute for Children’s diseases lbotiony e e
. (Clinical center of Montenegro) cards
Montenegro No legal regulations. No No . No data dles law-enforcement
may be used for other metabolic tests
. requests.
without approval
Serbia Draft regulation in progress. No No No official process
Slovenia Draft regulation in progress. No Yes Secondary use only with request and ethics approval
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Iceland
Finland
Norway  sweden
Estonia
Denmark Latvia
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ireland  United Kingdom Netherlands Belarus
Poland
Belgium Germany

|:| Existing national or Luxembourg il

regional law or legislation Slovakia Ukraine Kazakhstan
EI Regional regulations Austria iy ik

AN oldova
or guidelines France Switzerland Slovenia
. Croatia Romania

|:| No legal regulations 3

available Bosnia- " serbia Uzbekistan

Italy Herzegowina
eari
D No data Montenegro KosovoBu b Georgia
Albania  North Macedonia
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Figure 3. Legal basis for residual use of DBS cards in European countries. Green: countries with national legislation; yellow: countries with regulation at a regional

level; blue: countries with no legal regulations present; and grey: no data received.
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Details of procedures in various countries give a more granular view of the many
variations in approval procedures in Europe.

In Sweden, the approval process is dependent on the purpose. For instance, a physi-
cian’s referral, as well as patient or guardian oral consent, is needed for retrospective di-
agnosis for a patient while for research purposes it is mandatory to obtain approval from
the Swedish Ethical Approval Authority, an approval which may be (but is not always)
conditional on written informed consent. In Spain, for research purposes ethics approval,
application to the PKU Biobank and parental consent is needed. For research with anon-
ymized samples, however, such approval is not needed. In Estonia, the approval process
is also dependent on the purpose. Secondary use for medical purposes or law enforcement
requires parental permission, whereas use for laboratory quality improvements does not.
Research additionally requires ethics committee approval. The same rules apply in Aus-
tria, in which ethical approval is required in the case of data reuse for research, however
for quality assurance and cutoff studies no approval is needed. Residual use for research
in Latvia requires approval from the ethics committee, the hospital, and the parents. Clin-
ical tests require only oral parental permission.

4. Discussion

This study surveyed the legal basis for the residual use of DBS cards in Europe, and
the procedures required for approval of such usage.

We invited 64 respondents from 51 European countries to fill in the survey. With
representatives of 29 countries responding to the survey, we reached sufficient saturation
to illustrate similarities and differences in European practice but we caution to overgen-
eralize; data of this study cannot be seen as being fully representative for all European
countries and regions.

Data from Figures 1 and 2 indicate that many European countries have biobanks and
some have been founded decades ago. Roughly, biobanks mentioned in Figures 1 and 2
together contain a minimum of 20.6 million samples, of which 4.5 million are stored fro-
zen. From published literature [12,13] it can be derived that at least 18 other European
countries have established biobanks, storing samples varying from less than 0.5 years to
‘indefinitely’, so the total number of stored samples in Europe may be many millions
more.

This study shows that the vast majority of samples is stored at RT and only a minority
of samples is stored at conditioned low humidity. It is well known, however, that most
biomarkers measured in neonatal screening are vulnerable to high temperature and moist
conditions [24]. The utility of massive storage of cards at RT may therefore be reconsid-
ered, and replaced with a policy to store less DBS cards and matched controls but under
superior storage conditions (dry and at —20 to —80 °C).

The findings of this study provide insight into how European countries navigate the
balance between scientific opportunities, individual rights, and public trust. They also il-
lustrate a heterogeneous regulatory landscape across Europe, highlighting the variation
in legal frameworks and approval requirements for DBS card utilization, with possible
gaps in medical ethical standards for biobanking and re-use of DBS cards.

The diversity in approval requirements suggests different ethical priorities. Coun-
tries emphasizing parental consent appear to place autonomy and family control at the
center of decision-making. Others that allow access through ethics committee approval or
institutional authorization may prioritize collective benefit and the facilitation of research.
Systems requiring multiple levels of authorization, such as those in Finland, Iceland, Lat-
via and Spain, but also Norway, Sweden, Denmark and the Netherlands, reflect attempts
to combine safeguards, but they also introduce procedural complexity that may hinder
research efficiency.
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The heterogeneity of governance has significant practical implications. Inconsistent
standards make multinational research collaborations unmanageable, particularly for
large-scale studies of rare diseases where cross-border sample sharing is necessary. Re-
searchers may face additional administrative burdens, delays, or exclusions depending
on the country of origin of the DBS samples. Conversely, permissive frameworks that
minimize parental involvement risk generating mistrust, as illustrated by Denmark’s sus-
pension of new DBS research projects after public concern, despite following the legal
rules [10,25].

The findings underscore the pressing need for greater clarity and harmonization.
Fragmentation not only complicates the work of researchers but also threatens the trust
in neonatal screening programs themselves if parents perceive a lack of transparency re-
garding how residual samples are used. Effective governance must therefore strike a care-
ful balance between safeguarding individual rights and enabling collective scientific pro-
gress. The legal practice of storing DBS cards in biobanks inevitably implies the manage-
ment of personal data. Future regulation at the European level could build upon the
GDPR. Since 25 May 2018, all member states should follow the European Data Protection
Regulation with the goal to harmonize data privacy laws across Europe [11]. Both Belgium
and the Netherlands base the residual use of individual data on the GDPR (Table 1).

Under the GDPR processing of personal data (including genetic and biometric data
and health data) is generally prohibited, but there are several exceptions [26]. One of these
exceptions is that data may be used for preventive or occupational medicine; for public
health reasons, such as serious cross-border threats to health or ensuring safety of medic-
inal devices; and for archiving, scientific, historical, or statistical research purposes in the
public interest, provided it protects fundamental rights also included in the GDPR [27].

In the context of the results of this study, depending on what country is considered,
several of these exceptions may apply. The first pertains to situations in which explicit
consent is obtained from the data subject or, where relevant, their legal guardian. A sec-
ond exception arises where processing is justified on grounds of substantial public interest
or public health. Lastly, data derived from DBS cards may be processed for scientific or
statistical research purposes in the public interest, provided that such processing is con-
ducted in accordance with Article 89 of the GDPR. This article requires that the use of
identifiable data is limited to what is strictly necessary and demands the implementation
of appropriate safeguards. Such safeguards include the application of pseudonymization,
whereby identifiers are replaced with codes, or, where feasible, full anonymization. When
anonymized data makes the research impossible, an exception can be made [27]. Realizing
that many of the countries surveyed in this study are not European Union member states,
we incline here that the provisions of the GDPR could help to build national or even re-
gional frameworks for biobanking of DBS cards, respecting parents and child rights and
still facilitating collaborative research to improve screening programs for all European
countries. Building future regulation on the GDPR also presents certain challenges. Coun-
tries that rely mainly on GDPR face greater interpretative challenges, as GDPR was not
designed with biobanking specifically in mind [11]. Its ideas about sensitive personal data
and research exemptions are open to differing interpretations. Future initiatives should
therefore place particular emphasis on clarifying the concept of ‘public interest,” since this
determines whether personal data may be used without consent. Rather than creating new
laws, efforts should focus on providing clearer and more detailed guidance within the
framework of the GDPR.

One facility that may become important in the near future to standardize the personal
data underlying biobanking in European countries is the European Health Data Space
(EHDS) [28]. Combining the legislation of the GDPR, and the European Data Governance
Act, Data Act and Network and Information Systems Directive, the EHDS will facilitate
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the access of data and materials in European biobanks, guaranteeing the rights of Euro-
pean citizens, still enabling scientific research in a responsible way.

One other organization that may hold important information, expertise and support
to better organize biobanks of DBS cards in Europe is the Biobanking and BioMolecular
resources Research Infrastructure—European Research Infrastructure Consortium
(BBMRI-ERIC; https://www.bbmri-eric.eu accessed on 5 April 2026) [29,30]. BBMRI-ERIC
was established in 2013 under EU legislation and enables the development of innovative
technology and processes as a cross-domain network that facilitates responsible access to
high quality samples, data and biomolecular resources. Finally, the ISNS in 2025 has is-
sued updated guidelines for neonatal bloodspot screening, including guidelines for bi-
obanking [31].

The situation in Denmark regarding the storage and residual use of DBS cards was
the starting point of this research. Access to biological samples from the Danish National
Biobank (DNB) follows a structured approval process: researchers must first obtain per-
mission from both a Danish Research Ethics Committee and their research institution, af-
ter which the DNB Coordinating Centre grants final authorization based on a project de-
scription and a detailed specification of the requested samples. This framework aligns
with the requirements of the GDPR, which permits the processing of sensitive data when
research is considered to be in the public interest. Consequently, the iPSYCH project, as-
suming to be in the public interest, is regarded as GDPR-compliant, even though it gave
rise to public mistrust. The extent to which further safeguards were implemented to re-
duce the risk of re-identification remains difficult to conclude.

Limitations of this study are that data were gathered from twenty-nine countries, so
not including all European nations, and possibly missing intra-country variation, partic-
ularly in regionally governed systems. In addition, sometimes participants responded for
a region, province or even city within a country, so the data can be used only to a limited
extent as an approximation for the entire country. Second, the data were self-reported by
national representatives, which introduces the risk of bias, incomplete responses, or in-
consistencies. Third, legal frameworks are evolving; for example, draft laws in Slovenia
and Serbia are likely to reshape their governance landscapes.

5. Conclusions

In conclusion, this study reveals that while many European countries have taken
steps to establish governance mechanisms for DBS use, the overall landscape remains
fragmented. Without a clearer and more consistent framework, Europe may struggle to
fully realize the scientific potential of DBS collections. The way forward lies in developing
more clearly stated rules, based on the GDPR and using the groundwork already devel-
oped by BBMRI-ERIC and EHDS. Such a framework should integrate strong safeguards
for individual rights while facilitating collaborative biomedical research. Given that
screening disorders are rare disorders, European collaboration is necessary and ulti-
mately, DBS-based research can only proceed and succeed if governance across Europe is
transparent, trustworthy, and fair.

Supplementary Materials: The following supporting information can be downloaded at:
https://www.mdpi.com/article/10.3390/ijns12030064/s1, Survey: 20260505_ISNS_survey_biobank-
ing 2024-2025.
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