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The potential benefits of biobank research are well known. Also,

the ethical implications of genetic research on stored tissue

samples are well discussed in existing literature. The inclusion

of tissue samples from minors may have significant scientific

value. However, this inclusion raises specific ethical questions.

We have performed a systematic search of the literature and

found 21 theoretical and empirical articles dealing with the issue.

After review, we distilled five clusters of themes: consent, risks,

benefits, return of results, and ownership. We have described the

different components of these themes, as they occurred in the

literature and have provided a discourse on the topic.
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INTRODUCTION

Collections of human biological samples, often called ‘‘biobanks,’’

exist in a variety of forms. They can differ in the method of

collection, the source of the samples, the aim for which the collec-

tion was established, and the type of research. In present-day

medical research, genetics play an important role. Although the

idea of genetic determinism, which is the belief that genes are solely

responsible for physical and psychological traits, is somewhat

obsolete, there is a rising interest to know the genes that influence

these traits. Collections of stored ‘‘raw’’ tissue (such as blood or

bone marrow) or extracted DNA could form an excellent source for

genetic epidemiological research, especially if these collections are

linked with medical and environmental data.

There is substantial literature on the ethical implications of

genetic research using stored tissue samples. Most of this literature

focuses on topics such as informed consent, privacy and confi-

dentiality, commercialization and ownership, typically with adult

donors in mind [see e.g., Chadwick and Berg, 2001; Deschênes et al.,

2001; Godard et al., 2003; Clayton, 2005; Eriksson and Helgesson,

2005; Williams, 2005; Charo, 2006; Roche and Annas, 2006;

Petersen, 2007].

Children have long been seen as vulnerable subjects that should

be exempt from non-therapeutic research [Pinxten et al., 2008b].

But this exemption can lead to the situation that children become

‘‘therapeutic orphans’’: they miss out certain therapies that are only

tested on adults, or are prescribed drugs that are never tested in

children [Kodish, 2005; Pinxten et al., 2008b]. Nowadays, most

guidelines would formulate principles along the lines of those of the

Declaration of Helsinki [World Medical Association (WHA) 1964]

and allow research on children under certain conditions. In the

European Union, The European Directive 2001/20/EC of the

European Parliament and of the Council of 4 April 2001 and

the implementation by EMEA in its ‘‘Ethical considerations for

clinical trials on medicinal products conducted with the pediatric

population’’ formulate similar principles [European Medicines

Agency EMEA, 2008].

Many biobanks deliberately do not include tissue from children

in their collection. This may be due to the fact that storage and use of

human tissue in human biobanks has been largely framed in terms

of the research subject’s rights, with a stress on informed consent

[Williams, 2005] But not including children in biobank research

poses different challenges. As we have already stated above for

research in general, and as pointed out by Williams [2005] for

biobanks, this could lead to the situation that genetic research that

may result in treatment is not done. Although some argue where

genetic research could equally be conducted on adults as on
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children [Baumann, 2001], others claim that pediatric genetic

research is necessary [Williams, 2005]. For example, scientists

now acknowledge the influence of early childhood and prenatal

environmental factors on gene expression later in life. To study

these factors, it can be argued that data and sample collection for

research should start as early as possible. The proliferation of

diseases such as allergies, asthma, food intolerances, diabetes, and

obesity is attributed to a combination of genetic and environmental

factors. To thoroughly understand this interaction, and to

develop preventive measures, epidemiological research using ge-

netic databases coupled with environmental and medical data may

be appropriate. For more traditional purposes, such as the study of

genetic factors of certain childhood cancers, DNA samples from

children with that condition could be needed. It would stall research

to have to collect these samples and store them until the child has

reached the age to consent.

Various child-cohort studies are already being done in different

forms. For example, in Bristol the ‘‘Avon Longitudinal Study of

Parents and Children’’ (‘‘Children of the nineties’’) has collected

detailed phenotypic and environmental information from preg-

nancy onwards on approximately 14,000 babies born in 1991–1992

[Pembrey, 2004]. A similar study is ‘‘Generation R,’’ which

researches growth and health of 10,000 children from Rotterdam,

starting from early pregnancy till the children reach adulthood, and

‘‘Born in Bradford,’’ which will follow the lives of over 10,000

Bradford babies over the next 20 years. Rasmussen et al. [2002] have

described the incorporation of DNA sample collection into the

‘‘National Birth Defects Prevention Study’’ (NBDPS) in the United

States. The goal of the NBDPS is the identification of risk factors for

birth defects. The biobank of the ‘‘Norwegian Mother and Child

Cohort Study’’ (MoBa), holds more than 138,000 biological

samples from pregnant women, their parents and their children

in storage for over 100 years, thus providing samples for

future research studies [Rønningen et al., 2006]. An example of

disease-specific use of pediatric tissue is given by Jenkins et al.

[2008], who discuss a study to identify genetic and environmental

risk factors for certain birth defects. Existing collections of tissue of

children are also used. One example is the use of blood spot cards,

which are taken from the vast majority of newborns over the

Western world. Klotz et al. [2006] describe how these samples can

be used for DNA extraction, to study cancer susceptibility genes.

In this paper, we shall review the existing literature on ethical

aspects of genetic research using stored tissue from children. We

shall distill the main arguments from these papers and provide them

in the Results Section. In the Discussion Section, we shall point out

the gaps in the literature and provide a starting point for further

reflection. We have used the broadest meaning of the term biobank:

we have selected articles dealing with longitudinal biobank re-

search, as well as the use of existing archives such as stored blood

spot cards.

MATERIALS AND METHODS

We have searched the following databases: Pubmed, Embase,

Cochrane, Web of Science, CINAHL, Psychinfo, Sociological

Abstracts, Social Sciences Citation Index, and Philosopher’s Index.

The following search terms were used: DNA database, stored DNA,

archived DNA, DNA collection, biobank, biological sample collec-

tion, archived tissue, stored tissue, tissue sample, genetic database,

genetic research, child, pediatric, minor, infant, proxy, parental

consent, newborn, infant, embryo, preschool, ethics. We have left

out articles dealing solely with genetic screening and articles dis-

cussing umbilical cord blood banking for transfusion, as well as

articles that did not refer to ethical issues. Of the resulting set of

articles, the reference list was checked for further relevant informa-

tion, which resulted in the addition of three book chapters to our

corpus. We also checked whether articles that cited the papers

found yielded any additional information, which was not the case.

Papers up till June 2008 were included.

We did not systematically discuss biobank guidelines, as there are

no guidelines that deal with tissue from children alone. An overview

of international and national guidelines with regard to this topic can

be found in Hens et al. [2009] and Samu€el et al. [2008]. The article

by Therrell et al. [1996] was included as it appeared in a peer-

reviewed journal and its content surpasses that of mere guidelines.

Newborns in many countries have a sample of blood taken a few

days after birth, for newborn screening for treatable genetic,

endocrinologic, metabolic, and hematologic diseases, such as

phenylketonuria (PKU) and sickle cell anemia. This blood sample

is stored on the so-called ‘‘Guthrie cards,’’ filter paper cards

containing the blood and some extra information about the infant.

These cards are kept for various lengths of time, depending on

facility that stores them [McEwen, 1994]. It is possible to extract

DNA from these samples [Lysaught et al., 1998]. Hence, blood spot

card samples can be considered ‘‘inchoate DNA banks [McEwen,

1994].’’ They form a possibly huge potential resource for genetic

research, although they were originally gathered for diagnostic

purposes [Klotz et al., 2006]. As they contain de facto material

from children, we have included papers that deal with ethical issues

in the storage and use of blood spot cards for genetic research. Some

confusion may exist regarding the term ‘‘children.’’ We have

included documents that mention ‘‘children’’ or ‘‘minors’’ and

have covered the lifespan from birth till the age of majority. In the

text, ‘‘children’’ and ‘‘minors’’ will be used synonymously.

RESULTS

The result of our search was 20 articles. One is an editorial, 3 are

book chapters from edited volumes, and 16 are papers from peer-

reviewed journals. Of the latter 16, 7 came from medical journals,

6 from ethical and law journals, and 3 from journals dealing with

genetics. Four papers contain empirical data with regard to people’s

opinions on the participation of minors in biobank research, nine

papers deal with theoretical–ethical issues regarding this participa-

tion. Eight papers deal with ethical and legal issues of the storage and

use for further research of blood spot cards gathered for newborn

screening.

During our review of these papers, we have distilled five clusters

of themes that have special relevance for research on tissue from

minors. A theme that is prevalent in the general discussion on

research on archived tissue samples, that of commercialization, was

left out of the discussion as this was only marginally mentioned by

some authors, with no specific bearings on pediatric tissue. The

resulting five clusters are consent, risk, benefit, return of results, and
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ownership. We shall now discuss our findings with regard to each

cluster separately. We shall first provide theoretical discussions and

arguments on each topic, and then add empirical data, if any. In this

section, we cite the claims and arguments as they were found in the

literature. We shall elaborate on gaps and shortcomings in the

Discussion Section.

CONSENT

The topic most broadly discussed is the one on consent. With regard

to consent the following questions arose in the literature. Should

consent be sought for further storage or use of pediatric tissue

samples? Are parents allowed to consent to storage and use of

materials from their children? And if yes, should this consent be

supplemented by the assent of the minor? Are parents allowed to

consent to any research on the genetic material of their children?

Should minors be recontacted to obtain fully informed consent

when they reach the legal age of competency? And should they have

the right to withdraw from the study?

Consent Requirement
In literature about biobank research, the need for consent for

storage and further use is omnipresent. An issue that is especially

linked to blood spot cards, which were originally gathered for

newborn screening, is that for most of these cards, no consent for

storage or use for research purposes exists. In most countries, such

as Canada, USA, and UK, consent for newborn screening is

presumed: often no written or oral consent is sought and many

parents are unaware that they could refuse screening of their

newborn [Laberge et al., 2004]. The nine articles we have found

that discuss the storage and further use of blood spot cards agree

that newborn screening for treatable disorders without consent can

be defended because the benefits to the child are obvious. For

example, early detection of PKU and preventive measures can

substantially reduce neurological problems in affected babies.

However, all authors discussing blood spot cards make a strong

distinction between diagnostic use of the samples, for which

consent may not be needed as this is considered part of routine

care and use for further storage and non-therapeutic research for

which consent is needed [Therrell et al., 1996; Lysaught et al., 1998;

Elkin and Jones, 2000; Pelias and Markward, 2001; Avard and

Knoppers, 2002; Dhanda, 2003; Kharaboyan et al., 2004; Laberge

et al., 2004; Thomas, 2005].

Consent by Whom
The need for consent to storage and subsequent use in non-

therapeutic research is not questioned by any author. In the case

of tissue samples from legally incompetent minors, this means that

consent must be given by proxy. Who should consent for minors

who have not the legal capacity to do so? Most authors [Therrell

et al., 1996; Lysaught et al., 1998; Elkin and Jones, 2000; Pelias and

Markward, 2001; Knoppers et al., 2002; Kharaboyan et al., 2004;

Laberge et al., 2004; Helgesson, 2005; Holm, 2005; Thomas, 2005;

Burke and Diekema, 2006; Fisher, 2006] acknowledge the fact that

biobank storage and research on pediatric samples can be done

under a regime of parental consent, where one of the parents or a

legal guardian gives consent for the child. Holm [2005] justifies this

by stating that the enrollment of children in biobank research in

most cases does not have demonstrable negative effects on the

children. Only Baumann [2001] suggests that parents or other

individuals should not be allowed to consent to the inclusion of

their children in such databank, at least until there are sound

regulations about genetic discrimination. This author thinks the

risks for such discrimination are too high. Moreover, she claims that

if inclusion of pediatric samples in a biobank is done nonetheless,

both parents should consent. Baumann [2001] gives two argu-

ments: first, she considers DNA sampling to be more than minimal

risk, and second, each parent’s genetic material is present in the

child, so each parent faces equal risk of genetic discrimination.

Avard and Knoppers [2002] suggest that the whole family should be

involved in the information process, as genetic information affects

the family members. These authors do not specify whether this

means that all family members should give their explicit consent.

Empirical research by Goodenough et al. [2004] suggests that

children seem not to question their parents’ decision to enroll them

in a longitudinal genetic and environmental study, and most of the

children would join again if given the choice. In a study by Neidich

et al. [2008], almost half of the women interviewed would be willing

to enroll their children in a hypothetical pediatric biobank (47%)

and 28% were unsure. Williamson et al. [2004] found that when

parents did refuse to consent this was due to their own fears and

concerns, and not due to the parents’ questioning their right to

make such a decision on behalf of their child. Some focus group

participants in the study by Kaufman et al. [2008] regard a parent’s

consent to be sufficient for a minor to participate. On the other

hand, some did find pediatric enrollment problematic if consent of

participants cannot be obtained, because the child is too young to

consent.

Related to the issue of parental consent is the question whether

the opinions of the minors matter. These opinions can be expressed

through assent (give permission) or dissent (refuse to give

permission). Fisher [2006], Avard and Knoppers [2002], Knoppers

et al. [2002], Goodenough et al. [2004], Holm [2005], and Hel-

gesson [2005] indicate that older children and adolescents should

be asked to assent or dissent. Goodenough et al. [2004] mention the

age of 9–11 as the age where children are being used to being offered

choices and are gradually making more choices for themselves.

Helgesson [2005] states that parents help children to become such

autonomous persons by making decisions for them. But to develop

autonomy also means being given the capacity to exercise it to the

degree one is capable of. Hence information should be given to

children according to their age and assent should be sought in

addition to parental consent. McHale et al. [2007] describe how, in

a UK legal context, the age as of which a minor may autonomously

consent may vary depending on whether the consent is for

surgery or for storage or further use of the tissue removed. Whether

assent should always be sought, or starting from a fixed age, or

whether a test for maturity should be used was not discussed in these

papers.

Empirical data from Williamson et al. [2004] show that children

thought of consent as an ongoing process in relation between

themselves and their parents, and that they believed they would
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have more control when they grow older. Also, parents considered

the fact that their children were informed during the process as

positive. In practice, however, children sometimes felt that they did

not have an option to dissent or not to participate with certain

activities or assessments in longitudinal research [Goodenough

et al., 2004; Williamson et al., 2004].

Scope of Consent
Another issue is the scope of such proxy consent. First, should a

parent be allowed to consent to any study using the genetic material

of their child? Second, should the minor be recontacted to obtain

fully informed consent once he or she is of legal age to do so? And

third, should minors be given the option to withdraw from the

study.

A first question is what parents should be allowed to consent to

for their children. We found no theoretical discussion on this

subject. In the empirical study by Neidich et al. [2008] women

who were willing to enroll their child in a pediatric biobank put very

few restrictions on the type of research that can be done on samples,

with the exception of ‘‘cloning.’’

Secondly, an important question is whether children should be

recontacted to give consent when they reach the age where they can

legally do so. Burke and Diekema [2006], although admitting that it

is costly, are in favor of reconsent because this allows minors to

participate more as they grow older, and to gain full consent from

them when they reach adulthood. A second argument from Burke

and Diekema is that the initial consent was not obtained from the

participant him or herself. This second argument is acknowledged

by Helgesson [2005] and Fisher [2006] who state that proxy consent

and informed consent are fundamentally different: proxy consent

does not express the autonomy of the person involved. So, consent

should be obtained from participants when they reach the age that

they legally can do so. A similar stance is taken by Elkin and Jones

[2000] who mention the age of 16 years in a New Zealand context.

Also Kaufman’s empirical research [Kaufman et al., 2008] describes

that people thought children should be recontacted when they

became old enough to understand the impact of genetic research or

when they turn 18, hence referring to both maturity and a legal age

of majority.

The third aspect of scope of consent is the question to what extent

children should have the right to withdraw from the study. No

author claimed that children should not be given this right. Elkin

and Jones [2000], Pelias and Markward [2001], Kharaboyan et al.

[2004], Goodenough et al. [2004], Williamson et al. [2004],

Holm [2005], Helgesson [2005], Thomas [2005], and Fisher

[2006] stress the importance of the possibility to withdraw.

Holm [2005] provides as an argument for this stance: as children

have not been able to autonomously consent and give up the

right to withdraw at the moment of donation, the right to

withdraw for children is more important than the right to withdraw

for adult donors. In Kaufman’s focus group research [Kaufman

et al., 2008], participants also expressed the opinion that children

that reach the age of consent or a given level of understanding

or maturity should be recontacted and given the possibility to

withdraw. There was no further clarification on what this maturity

would entail.

RISK

Which kinds of risk can children encounter when they are enrolled

as participants in biobank research? Knoppers et al. [2002], Avard

and Knoppers [2002], Williamson et al. [2004], Holm [2005],

and Helgesson [2005] refer to the idea that non-therapeutic re-

search on tissue from minors can be performed if there is no more

than minimal risk. Empirical data from Neidich et al. [2008] have

shown that most women interviewed considered enrollment in a

biobank as entailing no more than minimal harm. Three types

of harm associated with storage and use of genetic research

databases are discussed: physical and emotional harm, breaches

of confidentiality, and group stigmatization.

Physical and Emotional Harm
A first type of risk is physical and emotional harm. With regard to

biobanks Kaufman et al. [2008] report that some participants

mention that children might experience fear, for example, of

needles and the clinical environment, which would erode the trust

between parents and child. Participants thought procedures should

be minimally invasive and possibly conducted by a physician who is

familiar with the child. Some participants thought that children

would be overburdened by participation, as they had already a long

list of activities. Also, Goodenough et al. [2004] showed that some

children said they would not enroll in the research again if they were

given the choice as they have already so much to do. Williamson

et al. [2004] point out that a parent’s view of what is personal

information varies from the view of children. They believe that

views of children should be respected: what is considered private

and vulnerable information changes as the children grow older.

Hence, children might feel uncomfortable about certain questions

and knowledge which would pose no problems if adults were asked

the same things.

Confidentiality
As the biobanks under discussion also contain genetic information,

the risks quoted first and foremost are confidentiality related, such

as access by third parties (e.g., insurance companies, employers, the

government). This could lead to discrimination of the participants

or to personal stigma [Therrell et al., 1996; Elkin and Jones, 2000;

Avard and Knoppers, 2002; Dhanda, 2003; Kharaboyan et al., 2004;

Holm, 2005; Burke and Diekema, 2006; Kaufman et al., 2008].

Burke and Diekema [2006] and Holm [2005] stress the need for

privacy protection. Participants have a right to know how this will

be protected. Because DNA-based identification procedures will

increase time, participants who enrolled as children have a right to

know about privacy protections and risks as adults. Baumann

[2001] suggests the risks of biobank research far outweigh the

benefits. She is of the opinion that a DNA sample can be used to

identify every physical and mental characteristics of an individual

and that the potential harm that can occur is genetic discrimination

by employers and insurers. In her opinion it is still unsure

what DNA will be able to reveal about the individual in the future.

Hence, there is a significant possible risk for genetic discrimination

associated with genetic biobank research.
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There is also some potential harm when data are accessed by the

parents. We shall discuss this when we discuss return of results.

Levels of Identifiability
Data and samples in biobanks can have different levels of identi-

fiability. Data can be kept completely anonymized, which means

there is no way to retrieve the donor’s identity with a reasonable

amount of effort. They can be kept coded, where the identifying

information can be retrieved using one or more keys. Or they can be

completely identifiable. Some authors suggest that anonymization

appears to remove the risks for privacy breaches [Therrell et al.,

1996; Kharaboyan et al., 2004; Laberge et al., 2004]. Others claim

that even if the risk for personal harm is minimal after anonymiza-

tion, the results of genetic research may lead to group stigma, and

hence, indirectly may affect the individual [Lysaught et al., 1998;

Avard and Knoppers, 2002; Holm, 2005; Thomas, 2005; Burke and

Diekema, 2006]. Avard and Knoppers [2002] also prefer anonym-

ization of the sample, but in any case the donor should be informed

about the use of anonymized samples. Hence, some suggest that

anonymization may be a solution for existing collections, but new

donors should be able to decide whether their sample should be kept

anonymous or not [Lysaught et al., 1998; Pelias and Markward,

2001; Knoppers et al., 2002; Fisher, 2006].

Williamson et al. [2004] describe how children perceive how

their samples are kept: they think their name is on the sample and

some children thought the samples would be returned to them after

the study. Strikingly, some also thought that these could be used for

other things such as police profiles. Parents, on the other hand, did

not consider it appropriate that information gathered for one

purpose would be used for another purpose.

PERSONAL AND GROUP BENEFIT

Who should benefit from research on stored tissue samples from

minors? Different levels of benefit can be distinguished. First,

research may directly benefit the participant. Second, it may benefit

others who suffer from the same condition. And third, there may

be a benefit to society as a whole. Avard and Knoppers [2002],

Knoppers et al. [2002], and Helgesson [2005] refer to general

principles of non-therapeutic research on children. They mention

that research on samples from minors can only be done if it is not

possible to obtain the same results with participants that can

consent, and that participants should either benefit directly, or

children of the same age, or with the same condition should benefit.

In this respect, Holm [2005] states three possible justifications for

restricting research to benefits to the same group. First, it acts as an

adequate protection, given the historical fact that vulnerable groups

have been used in not so ethical research. Secondly, this require-

ment guarantees that the group of persons with a specific interest

and the group of sufferers exist at the same time. However, if

research is prospective, or if the group to which a participant

belongs is transitory, such as ‘‘age,’’ there is a time lag: the sufferers

will not directly benefit from research. Thirdly, some people

consider all research on children unethical, but admit that

this may stall research. They accept the group restrictions out

of pragmatic reasons. Holm considers all three justifications as

insufficient, and states that it is much easier to justify a complete ban

on research on children because they cannot give informed consent

than to argument for this particular way of restricting research. This

is a route he does not want to take. The requirement that such

research should benefit participants directly is difficult to apply to

biobank research, as this is typically non-therapeutic. But empirical

research from Kaufman et al. [2008] points out that participants

believe that regular checkups might increase children’s health

and that research might lead to more insight in familial genes.

Participants of focus groups also recognized benefits to society as a

whole. Besides, Goodenough et al. [2004] and Williamson et al.

[2004] describe how many children said the purpose of the study

they participated in was to help other children. In the Neidich et al.

study [2008] however, many women (69%) believed that the main

goal of the research was helping their own child, but 88% also stated

that one of the goals of the research would be to improve scientific

knowledge for the benefit of future patients.

RETURN OF RESULTS

Genetic biobank research is primarily non-therapeutic and in most

of the cases there is no direct benefit to participants. But in principle,

when data is not kept in an anonymized way, some results could be

returned to participants [Kharaboyan et al., 2004; Laberge et al.,

2004]. Should results be returned and which ones should be

returned? Should only results which may have an immediate benefit

for the child be returned, or also results that might be useful at a later

time [Lysaught et al., 1998; Ross, 2008]? Avard and Knoppers

[2002] and Burke and Diekema [2006] state that the return of

results of genetic analysis to parents can trigger anxiety and change

the way in which parents treat their children. Burke and Diekema

quote the recommendations from the US National Bioethics

Committee (NBAC) that state that disclosure needs only occur if

results can be used to improve health outcome, hence if there is

direct beneficence. If genetic results without immediate medical

value are disclosed to parents this is a breach of the autonomy

principle, as this prevents the child from exercising the right not to

know, a choice a child might make as an adult. Kaufman’s empirical

data [Kaufman et al., 2008] show that many people thought results

should be provided to parents, especially if the child was facing

immediate risk. On the other hand, some thought that when

findings are inconclusive the return of these findings might do

more harm than good. Parents should be given the opportunity to

opt out of learning such information. Focus group participants also

thought that parents should have access to the data from their

children, at least until they reach maturity.

OWNERSHIP

Who is the owner of pediatric tissue residing in biobanks, and the

associated medical data? At least five options exist: the institution

where the collection is housed, the state, the researchers, the

parents, or the child. With regard to blood spot cards, Lysaught

et al. [1998] ask whether the owner is the state or the parents: if

we consider the state to be the owner, can parents still express

specifications about the disposition of the child’s sample? For

example, can they decide whether it should be destroyed rather
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than retained, which secondary uses are allowed, should it be

anonymized or identifiable? Pelias and Markward [2001] describe

three aspects of full ownership: possession (physical dominion),

enjoyment (having the benefit of what the thing may yield), and

dispensing of the property (the right to sell, donate, or destroy it).

The authors state that for historical collections, the full ownership

lies with the institutions where the collection is housed. For current

and future collections ownership is shared between the institution

and the donors: possession lies with the institution or hospital,

enjoyment with the donor who may have a right to the information

that is generated and with the researcher who can use it for research.

The donor also has the right to dispense: to request withdrawal of

his or her sample. Elkin and Jones [2000] and Thomas [2005] state

that in New Zealand, referring to New Zealand Code of Health and

Disability Services Consumers’ Rights, blood spot cards are the

property of the individual, with the parents acting as surrogate until

the child is competent. Williamson et al. [2004] ask whether

information about a child, given by the parent, belongs to the child

or the parent. She also asks whether there is a difference between

information in different ages: does ownership rights change if the

information is about a baby’s feeding habits or about puberty?

Williamson mentions genetic information from placental blood,

which can contain DNA information on mother and child. Holm

[2005] thinks that disputes with regard to such information should

be resolved in favor of the child, because its information is only there

through proxy consent. Empirical research from Williamson et al.

[2004] shows that children enrolled in the ALSPAC study perceive

the tissue belongs to them, although legally they are not the owners.

The authors mentioned did not explicitly make a distinction

between ownership of tissue and of derived or associated data and

information.

DISCUSSION

We have reviewed 20 papers consisting of legal and ethical literature

on stored tissue from minors and results from empirical studies. We

distilled five major clusters from these studies: consent, risk, benefit,

return of results, and ownership. We shall now provide our own

comments on the findings on consent, risk, benefit, and return of

result and conclude by pointing out some gaps. We have left out a

thorough discussion on ownership, as this is primarily a legal

concept and hence is outside of the scope of this article. As some

aspects of ownership are also ethically relevant, such as who has

decision capacity over the tissue and information stored, we have

included it in the analysis, but these aspects are discussed as part of

other topics.

Consent
The majority of issues discussed were related to the issue of consent.

All papers agreed that tissue should not be stored and used for

research without written consent. This was stressed especially in the

papers on blood spot cards: although taking and storing of blood

samples of newborns without explicit written consent by the

parents was considered acceptable in the context of diagnosis and

treatment, it was not deemed acceptable that these would be reused

for non-therapeutic genetic research. Minors and especially young

children are not deemed legally competent to give fully informed

consent. Who should then give consent for the inclusion of the

tissue sample of the child? The validity of parents giving such

consent is not questioned by most articles. This consent is then

proxy consent, rather than an autonomous consent, as the decision

was made on behalf of the child.

We can discern three approaches to proxy consent: the theory of

substituted judgment, that of best interest, and an approach that

stresses parental interest [Ross, 2006; Wrigley, 2007; Nagasawa,

2008]. First, the theory of substituted judgment states that a consent

given by proxy aims at best representing what the incompetent

patient would decide if he or she were competent. In the context of

pediatric consent, substituted judgment is problematic, especially

with babies and young children, as they have never been competent

and their wishes have not yet known [Nagasawa, 2008]. The theory

of best interest states that a decision is made on behalf of

the incompetent person in his or her best interest. This is also

problematic when applied to biobank research as most of this

research has no direct benefit to the participants. What is best

interest in non-therapeutic research? According to Ross [2006]

parental permission also serves to respect a legitimate parental

interest in making decisions for their child: respect for children

means respect for people they are becoming. Hence, to allow non-

therapeutic research may mean respecting the child’s development

and hope of the kind of person the parents want the child to become.

In this context, parents may be allowed to consent to the enrollment

of their children in biobank research, even if this type of consent

does not fit into the scheme of substituted judgment or best interest.

Should both parents consent to the enrolment of children in

biobank research? As for pediatric participants of non-therapeutic

research in general, Ross [2008] suggests that when this research

involves more than minimal risk, the consent of two parents may

ensure greater protection. On the other hand, she wonders whether

this is truly feasible: not only must both parents consider the risks

and benefits of the child’s participation, but they both must be able

and willing to sign for his or her participation. In a society where

many families do no longer consist of two parents with their

(genetic) children this may be difficult. Does the fact that the

research focuses on genetic information, which is shared with both

parents, make a difference? In our opinion, consent from both

parents should be seen as a best practice, rather than as an absolute

requirement. This would correspond to, for example, the imple-

mentation of the European Clinical Trial Directive (2001/20/EC) in

Belgian law. This law is applicable to clinical trials and states that in

principle, parental consent is granted by both parents. However, as

this may be difficult to achieve and in practice the consent of the

second parent is assumed [Pinxten et al., 2008a].

Most authors we reviewed considered it to be good practice to ask

for assent from the child, next to parental consent, when he or she is

able to give such assent. The literature did not specify whether this

should be done based on a fixed age or on maturity, and if the latter

is the case, how this maturity should be assessed. However, there

is no consensus or guideline as of which age children should

be allowed to assent to non-therapeutic research. For example,

Wendler and Shah [2003] suggest a fixed threshold for assent at

14 years of age, but think a dissent requirement should be adopted

for all children regardless of age in the context of non-beneficial
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research. On the other hand, Ashcroft et al. [2003] stress maturity

and argues that the capacity to assent is dependent on social context

and personal experience, and hence such fixed age is not useful.

Finally, Alderson [2008] suggests that also very young children can

express their opinions, and that these opinions are valuable in

themselves. It is unclear how this should be seen in context

of biobank research: should we disregard the fear of needles of a

5-year-old and take a sample of her blood anyway, as long as

the parents have consented? With regard to genetic research on

biobank samples, these decisions should be supported by empirical

research on children’s knowledge of the benefits and challenges of

such research specifically Moreover, there is agreement that a child

should be allowed to give consent for further research and storage

when he or she reaches the legal age to do so. An overview of legal

regulations regarding the position of minors in a health care setting

in the EU member states shows that this position varies from

country to country: the age and circumstances under which minors

are allowed to take health care decisions vary in the different

countries [Stulti€ens et al., 2007]. For example, in countries such

as Cyprus, Greece, and Slovakia, the age of medical majority is the

same as the legal age of majority (18 years in these cases). Some

countries distinguish between the age of medical majority and that

of legal majority: the age of medical majority is 15 years in Denmark

and Slovenia, 16 years in Lithuania and Spain, and 14 years in

Portugal. The Czech Republic and Estonia do not have a fixed age,

but consider this on a case-by-case basis, dependent on age and

maturity.

With regard to the scope of consent, most papers do not make a

distinction between consent for storage and consent for subsequent

genetic research. The nature of biobank research is such that

samples are stored for several years, and that the types of research

done may be unknown at the time of storage. Hence, people actually

consent to different things: storage and further research use

[Shickle, 2006]. This may also have legal implications which are

not always fully understood [Nys, 2008]. Furthermore, there is the

question of the type of research parents should be allowed to

consent to. Should they be allowed to consent for any study on

the genetic material of their children, or only for specific studies?

The former is called broad consent: a subject is asked to agree to any

future research that can be done with his or her DNA. In the case of

specific consent, this means that the donor is recontacted each time

a new type of research is done on his or her material [Artizzu, 2008].

In the case of pediatric biobanks this question becomes more

complicated: should the parents be allowed to give broad consent

for the use of genetic material of the children? Should they be

recontacted or should the children be recontacted? Some suggest

[Hansson et al., 2006; Wendler, 2006] that biobank participants

should be allowed to give broad informed consent for unknown

future research. For pediatric tissue sample storage, however the

consent is done by proxy: and the minor participants’ ideas of what

is good research might differ from what their parents consider so

[Holm, 2005]. A solution could be to allow parents to consent to

storage of the tissue, and for research on specific genes or conditions

that their child suffers from. This would correspond to the Helsinki

guidelines on non-therapeutic research on minors, that such

research would benefit other children of the same age or condition.

When the minor reaches maturity, broad consent for further

storage and research use could then be sought. On the other hand,

one could argue that biobank research is much less ‘‘risky’’ than, for

example, clinical trials, and that in that respect, parents should be

allowed to give broad consent for their children, for both storage

and research, at least until the child is able to assent or consent.

However, given the fact that DNA is stable throughout a lifetime, it

may seem unfair for parents to give consent to any genetic research

on their children’s DNA. Given the fact that such consent is given on

behalf of the child, it may be reasonable to postpone the choice for

‘‘broad’’ consent to any future genetic research until the minor

reaches the age of majority.

There was a consensus in all papers in our review that discuss

withdrawal that minors should be given the option to withdraw

from a study for which their parents consented. Again, no fixed age

or criterion of maturity was specified. An open question is also what

this withdrawal should entail. Does this mean that they do not

actively participate in activities surrounding the biobank, such as

filling in questionnaires or providing extra medical information?

Should the actual sample be destroyed or flagged ‘‘do not use?’’ Fact

is that in many cases some results that use the minor’s data will

already be published at the time of withdrawal. As such, a minor

never has the capability of completely undoing his or her parent’s

decisions.

With regard to biobanks, often the discussion is between

adherents of the doctrine of informed consent, who emphasize

autonomy, and those who emphasize the duty for solidarity for

the public good [Chadwick and Berg, 2001]. Some take the middle

ground that solidarity is not possible as long as there is not a feeling

of trust from the public [Williams and Schroeder, 2004]. Asking for

consent is in this respect not so much an action to stress the

participant’s autonomy, but a tool to generate trust [Deschênes

et al., 2001]. Although some papers reviewed mention the need for

trust between researchers, the children and their families, this view

on informed consent is not explored in depth with regard to

children. However, to ensure support of research, it is imperative

that such trust is gained also from the children participating in the

research. This has been already pointed out for clinical trials

involving children by Pinxten et al. [2008b], but it is also applicable

to longitudinal genetic research. A policy of ongoing information

provisioning and assent helps to gain the trust from children in

specific research and in science in general.

There is agreement amongst the authors studied that consent is

needed, and that in the case of minors, this consent can be given by a

parent. No author doubted that it is good practice to obtain assent

from the child as well. They also did not doubt that upon reaching

the age of majority, the donor should be recontacted for consent

and should be given the option to withdraw from the study. The

criteria of obtaining assent were not extensively discussed: should

assent be sought from a certain age or of a certain level of maturity?

And does this mean that children that fall below the chosen criterion

should be excluded from the study? Another topic that was not

explored was the content of the parental consent: should parents be

allowed to consent to general genetic research on the genetic data of

their children, or only to specific studies? The answer to these

questions is linked to the amount of risk that is associated with

genetic research, a factor which is in itself still uncertain as we shall

see in the next part of our discussion. Also, the relation between
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actively engaging children in decisions about genetic research and

the trust they will have in research now and as they grow older needs

further investigation.

Risk
The requirement that non-therapeutic research should pose no

more than minimal risk to pediatric participants is mentioned in

some of the papers reviewed. This is a great difference with research

on competent adults, who are deemed capable of choosing and

assessing the risks for themselves. The requirement is often used in

the context of clinical trials, where the risks are more tangible. In the

reviewed articles, although some types of risks are quoted, it is

not made clear to which extent these are minimal. Eriksson and

Helgesson [2005] think there is less risk involved in biobank

research than in human subject research, as there is no risk of

direct physical harm. They describe the following possible harms:

Non-physical harm is, for example, information being used to

the disadvantage of the person (e.g., by insurance companies, or

employers, or paternity information). They also mention group

harms, which can be external (the attitudes towards a group may

change based on knowledge resulting from biobank research) or

internal (loss of self-esteem of certain groups). They also pinpoint

moral wrongs: one may violate the autonomy, privacy or personal

integrity of participants by storing or using their samples. This

moral harm can occur if samples are used for research that the

participants would object to or if researchers draw conclusion

regarding paternity, or access other private data that individuals

wish to keep for themselves. This is also applicable to groups, if they

are, for example, systematically excluded from the benefits of

research. How do these different harms apply to children? First,

Eriksson and Helgesson think that physical risk is minimal. But one

could argue that physical harm and the anxiety that results from, for

example, taking blood or being put in a hospital environment is

greater for children who cannot yet understand the purpose. Also,

as is mentioned in some papers, the things that children consider

private or sensible information may be different from the view of

adults, and may change overtime and constitute a moral harm.

Hence, also in pediatric biobank research, it is important to discern

sensitive information per age group. Many papers also mention the

risks of confidentiality breaches by third parties such as insurers and

employers, which are probably equally high for minor participants

as they are for adults. But the assessment of what is acceptable risk

and what is not remains difficult. As Leikin [1996] points out for

epidemiological research in general, the criterion mostly used is

whether the risk are greater than those generally encountered by

children in everyday life. It is also highly dependent on the situation,

the particular child and the age of the child. Hence, it remains a

highly problematic criterion to allow inclusion of stored tissue

samples from children in biobanks. On the other hand, group

stigmatization that results from findings from biobank research

will also affect children that are part of this group, and this

regardless of whether they contributed to the research or not. In

this perspective, the risks originating from biobank research with

certain groups are more important than those arising from the

participation of specific children. This may act as a warning against

biobank research in general, but also as an indication that one

should not be overly protective of individual child participants in

such research.

There is agreement that non-therapeutic research on children

should pose no more than minimal risk. However, there is much

uncertainty as to what this would mean in the context of biobanks.

First, little knowledge exists about the fears and privacy issues as

perceived by children: some authors acknowledge that these issues

may be different from those experienced by adults, but it is still

unclear how access to their genetic information is felt by children. In

the context of biobanks in general, confidentiality breaches by third

parties such as insurers and companies are often quoted but it is

difficult to assess how real these dangers are. Also, although some

papers did discuss the issue of anonymization in general, we did

not find a thorough discussion whether samples from children

specifically would benefit from further protection through

anonymization or coding. We think further study is needed to

evaluate the amount of risk associated with biobanks, in general and

for children specifically and to assess what would be the correct

means to protect children against these risks.

Personal and Group Benefit
What benefit should arise from the use of pediatric tissue? Some

papers have stated that research on children should benefit other

children with the same age or condition. However, others, such as

Holm [2005] consider this to be too restrictive. Moreover,

this seems to make longitudinal cohort studies which study the

interaction between genes and environment by following children

throughout the process of growing up impossible. Some also

mention the requirement that research on children should benefit

the participants. This is in many cases not applicable to biobank

research, although participants might gain some benefits through

regular health checkups. However, some of the empirical research

we have studied shows that non-therapeutic research, also enroll-

ment in a biobank, is sometimes confused with clinical practice and/

or a personal health benefit, a phenomenon called ‘‘therapeutic

misconception.’’ de Vries and van Leeuwen [2008] state that up to

80% of research subjects makes this mistake. It is imperative that

during consent procedures parents, and if possible the children are

made aware of the fact that the primary aim of the research is benefit

to future generations.

Return of Results
Should any individual results be returned to participants and if so,

which results should be returned? General biobank literature has

mentioned that, although most biobanks have a policy of not

recontacting participants [Williams and Schroeder, 2004], re-

searchers often feel an obligation to disclose results that they believe

are clinically relevant [Clayton, 2005]. Some suggest that informa-

tion should be sent through a physician [Deschênes et al., 2001].

Bookman et al. [2006] state that genetic test results should be

reported to study participants when the associated risk for the

disease is significant. But at least the consent form should mention

opting out of receiving this information.

The question of return of results was not discussed in much

depth with regard to minors. However, some specific questions

arise in this context that would need further investigation. Should
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parents be allowed to decide not to receive vital information about

their children, or should, in case of a severe and preventable disease,

the principle of beneficence take precedence over parental autono-

my? And, the other way around, do parents have the right to know

details about their children’s genetic makeup that are not directly

clinically relevant? On the one hand, as genetic information is

mostly stable throughout a lifetime, this may put a limit on a

parent’s right to know. On the other hand, parents are allowed to

obtain other information about their children, such as IQ. The

major question here is whether genetic information is in any way

different from other information, and whether this affects the right

parents have to this information on their children. In the literature

studied there was no answer to this question.

We have reviewed 20 articles that discuss the ethical issues

surrounding the storage and use of pediatric tissue samples from

children. From that we have distilled five major themes: consent,

risk, benefit, return of results, and ownership. In each of these

themes, ethical issues, questions, and answers could be discovered

that are different from those involving tissue samples from adults.

The fact that we have used such a variety of sources (both theoretical

and empirical) could be a limitation of our study. However, some

issues were discussed in the empirical literature, where others only

came up in more theoretical papers. Another limitation is the fact

that we used a broad definition of child, starting from newborn to

the age when they reach majority and used all literature that dealt

with minors. Ethical issues might be different according to different

ages, but given the scarcity of the literature we have opted not

discuss these separately, also because in the reviewed literature there

was no systematic attention to the different stages of childhood. We

also took ‘‘biobank research’’ as broad as possible, and have also

included issues related to research surrounding genetic research

on tissue, such as phenotypical research using medical data or

questionnaires to gather additional information.

Our review of the existing literature on genetic research on stored

tissue samples from children has shown that still many questions

exist with regard to the conditions under which such storage and

research can take place. Indeed, the reviewed articles raise much

more questions than that they provide answers. Most of these

questions require a more fundamental reflection on the nature of

consent, the nature and risks of genetic information, and additional

data on the experience of children of such information. Moreover,

although both empirical as well as theoretical arguments were

found, both types of literature did not seem to inform each other.

A thorough examination of the issues at stake, empirical as well as

theoretical seems needed. Also, a consideration of the themes based

on different age levels is missing, and would be fruitful (Table I).
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