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 heel prick screening

Screening i.e

Inborn metabolic disorders, 



Screening in practice





Developments in the US and England 

In Phenylketonuria (PKU) the enzyme phenylalanine hydroxylase is absent or in 
insufficient efficacy. The amino acid phenylalanine that is released during the
breakdown of protein in the diet is not properly converted into tyrosine. The high levels 
of phenylalanine in the blood also leak into the spinal fluid and cause damage to the 
spinal nerve cells. This ultimately leads to brain damage and mental retardation. PKU 
patients grow slowly and also have behavioural problems such as aggression and 
tantrums and many suffer from skin conditions such as eczema that are difficult to treat.

Figure 1.1.



Introduction of Filter Paper 

Developments in the Netherlands 



However, the method still had to be set up. Voogd needed a thousand blood samples 
from healthy people and ended up at the military medical service. Every year, young 
men aged 18 had their health check for military service. The colonel on duty did not 
agree to take a separate blood sample but agreed to Voogd's suggestion to use the 
blood dripping from the needle to make spots on filter paper. Thus a female RIV 
laboratorian went along the young men in their underwear, much to the amusement of 
the people involved.



Figure 1.2.

Study Group

i.e



Pilot Screening 

et al

Start of Nationwide Programme 



post partum

primus inter pares, first 
among equals



Figure 1.3.



Figure 1.4.



International Developments  

CH is a heterogeneous disease. There may be defects in the thyroid, the pituitary gland 
or the hypothalamus resulting in an underproduction of the thyroid hormone (T4). If the 
problem resides in the thyroid the low T4 concentration will stimulate the pituitary 
gland to make more thyroid stimulating hormone (TSH). This is called primary or 
thyroidal CH, also known as CH-T, and is therefore characterized by a low T4 
concentration and a high TSH concentration. However, if the fault is located in the 
function of the pituitary gland or the hypothalamus, respectively there is little or no 
TSH production and also too little T4 produced by the thyroid gland. This is called 
secondary (resp. tertiary) or central CH, also known as CH-C, and is thus 
characterized by a (low) normal TSH concentration and a low T4 concentration. CH-C
is much less common than CH-T, but detection is of clinical value because usually other 
pituitary functions are disrupted. In clinical practice, it was revealed that only 11% of 
children with CH-based features was recognized in time. This screening would 
therefore be very useful.

Developments in the Netherlands  



Pilot Screening 

Figure 1.5.



i.e.



Position Health Council  

Start of Nationwide Programme  

i.e

et al



Evaluation and Programme of Adjustment  

CH-Screening: 'Prematures Adjustment' 



CH-Screening: Expansion with TBG  

The concentration of T4 may be reduced due to a low concentration of this TBG, a 
completely benign, genetically determined deviation. Only the unbound T4, the free T4, 
plays a role in the metabolism. Ideally, one would like to determine the free T4 in place 
of the total T4, but analytically this is complicated. To date, no one has succeeded in 
establishing a stable reliable method for large-scale use. Therefore, instead of 
measuring free T4, the attention was focused on the measuring of TBG.



Figure 1.6.

Referral and Diagnostics 

et al



Figure 1.7.

Scientific Research  

et al



et al

Leftover Blood Samples  

Discussions on Further Expansion  



Table 1.1. 

i.e

et al



In CAH the activity of one or more enzymes in the adrenal gland is so low that the 
conversion of cholesterol into aldosterone and cortisol is disrupted, with simultaneous 
accumulation of a metabolite 17α-hydroxyprogesterone and an over-production of male 
sex hormones. This situation can lead not only to a very severe salt loss, coma and 
death in the first week after birth, but also to developmental damage. In girls there is a 
chance that virilisation of the external genital organs that can lead to wrong gender 
determination, which, apart from physiological problems, of course, is traumatic for the 
child and the family.

Pilot Screening  



Figure 1.8.

i.e

versus

The NSCK was founded in 1992 by the NVK. The members of the NVK are asked to 
voluntarily notify the NSCK of cases of rare diseases and disorders in children of 0-18 
years. After an announcement, the paediatrician receives a questionnaire for providing 
more detailed information. In this way data on the prevalence and spread of such 
diseases are collected.



Start of the Nationwide Program  

i.e



Pilot Screening MCADD 

Medium-chain acyl CoA dehydrogenase is an enzyme involved in the metabolism of 
fatty acids from food, producing energy. Its deficiency (MCADD) causes a shortage of 
energy, which can lead to sudden coma or infant death when the child has an acute 
energy need. Such situations can be prevented by frequent feeding of smaller portions.
In Groningen, in 1994-1995 an anonymous prevalence study had been conducted (De 
Vries et al. 1996). The results indicated that in the Netherlands the prevalence was high 
enough to consider screening.

Pilot Screening Sickle Cell Disease 





New Techniques and Their Consequences 

Health Council Committee on Neonatal Screening 

The Health Council committee discerned three categories of disorders: disorders for 
which considerable, irreversible health damage could be prevented if detected in time 
(category 1), disorders for which that was less the case or for which insufficient 
evidence could be established (category 2), and disorders for which no health damage 
could be prevented by neonatal screening.

The Health Council committee also focused on carrier status and how to deal with 
information regarding carrier status. Finding an affected child automatically implies 
that both parents must be carriers for that disorder. The parents themselves are not 
affected but carry a mutation on one of the two alleles of the gene involved in that 
disorder. Another finding from the screening might be that the child is not affected but 
is a carrier him- or herself. In that case at least one of the parents must also be a 
carrier for that disorder. For the parents, carrier status information is important 
because subsequent children may also be affected if both parents are carriers. This 



aspect was not new, as already at the preparation of the screening programme in 1970 
the possibility to find carriers had been recognized (Study Group Phenylketonuria 
1970). The question arose how to deal with this information. The child cannot decide 
for him- or herself whether he or she would want to have this information on carrier 
status. The ‘right not to know’ of a child would be compromised. In the early years the 
available options were not having (any more) children or finding another partner; later 
technological developments made it possible for some disorders to opt for prenatal 
screening in a subsequent pregnancy, seeking donors for sperm or oocytes, or having 
pre implantation genetic diagnosis.

The Health Council committee discussed at length how to deal with screening for 
untreatable disorders (category 3, above); a subject that has been on the agenda for 
many years. Already in 1979 the Health Council indicated that though this was not 
within its remit, it was important to start public debate on this topic in a timely manner. 
Over the years arguments regarding pro and con screening for untreatable disorders 
were discussed. A relevant question in this respect is whether screening is primarily in 
the child’s best interest or also in the interest of the parents. The possibility to enable 
parents having reproductive choices is an important argument, especially in case of 
untreatable disorders. However, this might also be in the child’s best interest. If several 
affected children would be born in one family, the first affected child may receive less 
care and attention (De Wert 2005). A long diagnostic trajectory can be avoided in 
which parents are very concerned about health problems and the child is subjected to 
all kind of medical examinations. Parents may support their child better and from an 
early stage, extra attention and care may help keep the child in relatively good 
condition. Also scientific research is possible to study the effect of treatments and 
supportive measures. The notion of ‘treatment’ has evolved. Disorders might not be 
completely curable, but sometimes supportive measures may result in considerable 
improvement. Disadvantages are that parents may be deprived of the first happy period 
with their child, it is a heavy burden knowing the child is seriously ill or will fall ill 
without there being much that can be done. Problems in the attachment between parents 
and child may occur, and also the child him- or herself has been unable to decide 
regarding receiving relevant health information.



Table 1.2. 

In the case of cystic fibrosis (CF) it was evident that screening led to health gain: fewer 
hospital admissions would be needed and nutritional status would be better. However, 
there were doubts about the test, most notably its specificity, which might lead to a high 
number of false positive results. It was advised to integrate CF in the screening panel 
on the condition that a better test would become available. Also the indirect advantages 
for the child or the family were brought to attention. Neonatal screening would prevent 
a long diagnostic quest. Because of the hereditary nature of the disorder (as most 
disorders in the heel prick programme) parents would be informed in time on the risks 
related to a subsequent pregnancy, so they could make an informed reproductive 
choice.

Preparations on Many Domains 

Establishing the Centre for Population Screening 



Screening Laboratories  

Information Materials 

Diagnostics 

i.e



Starting up in 2007 

Medisch Contact
et al

Much discussion focused on sickle cell screening and especially on the sickle cell 
carriers. As indicated above, carriers have one gene variant that is related to the 
disorder in combination with one healthy gene variant. The latter one dominates and 
the person does not become ill. A screening programme is generally not focused on 
identifying carriers, on the contrary, in accordance with the aim of screening, one tries 
not to detect them. However, the screening method chosen for sickle cell disease also 
detected a large number of carriers. Unfortunately, no other suitable methods were 
available. The dilemma was how to deal with this information. The information flyer 
tried to explain the matter as well as possible. At the time of the heel prick, the parents 
were able to indicate whether they wanted to receive the carrier status information or 
not. In practice, only a few parents objected to receiving this information. From an 
evaluation study it appeared that parents often did not realise that the carrier status 
information was relevant for themselves in relation to a subsequent pregnancy (Van der 
Pal et al. 2010).

Besides sickle cell carriers also children with beta thalassemia major and alpha 
thalassemia were detected. In its 2005 Advice, the Health Council had treated 
thalassemia as a category 2 disease, a view that was not shared by all paediatric 
haematologists. Since it appeared now that the children in question could be identified 
without much difficulty, an agreement was reached on clinical relevance and
treatability of thalassemia, and after some months of discussion, thalassemia was also 
reported.



et al



Cystic Fibrosis, is a disorder in which several organs, e.g. the lungs and the 
gastrointestinal tract, the mucus is sticky. In the respiratory tract accumulation of 
mucus occurs that can lead to chronic infections and damage to the lungs. In the 
pancreas, clogging of the drainage channels leads to a reduction of digestive enzymes 
in the intestine. Impaired absorption of nutrients causes fatty diarrhea, malnutrition and 
growth retardation. The sweat of CF patients contains more salt, which can be 
demonstrated via the so-called sweat test.

Thus for CF, a four-tiered screening model resulted in which first the concentration of 
immunoreactive trypsinogen is determined (Step 1). If this is above the cut-off limit, 
then the concentration of pancreatitis-associated protein is determined (Step 2). If this 
marker is also above the threshold, a limited DNA mutation analysis is performed for 
which a panel of the 36 most common mutations is used (Step 3). If two mutations are 
detected, the child is referred further, and if only one mutation is found, then the DNA is 
sequenced (Step 4). If that leads to a second mutation, then the child is also referred
further. This extra step is important because the 36 mutations from the panel are mostly 
present in parents who originally come from northern Europe, whereas some migrant 
groups from, e.g. Turkey have other, partly unknown, CF-mutations. The result of this 
fairly complex procedure is that few carriers are found and only a small number of false 
positives occur, and that the changing composition of the population can be taken into 
account. 





et al

etc

Screening in the Dutch Caribbean 

etc



Figure 1.9.



National Consultations over the Years  

prenatal

i.e



et al

Figure 2.1.



Organisation of the Vaccination Registries over the Years  

Figure 2.2. a

b c

Establishment of the LVE  

i.e



From LVE to RIVM  

Organisation of the Screening Laboratories over the Years  

Network of Regional Laboratories for PKU screening  



vice versa

Figure 2.3. a
b

c

Network of Clinical Chemical Laboratories for CH Screening  



Bundling into Five Regions  

Figure 2.4. A
B

Merging the PKU- and CH-Laboratories  



et al

Role of the RIVM Laboratory  

i.e

Annual Evaluation of the Program; Privacy Issues  

TNO’s Evaluation Role  



et al

From Paper to Database  

Informing and Involvement of Professionals  



Informing Parents/Guardians  



Figure 2.5.

Heel Prick Carried out by Different Professional Groups  

i.e

The Process of Referral  



Information to Practitioners of the Heel Prick  

Figure 2.6.



News Item Published by the Centre for Population Screening, September 2013
E-learning on heel prick screening
Every year about 180,000 newborns get a heel prick within the neonatal heel prick 
screening programme. Screeners who perform the heel prick have an important role in
this screening programme.
From October 15, 2013, an e-learning module is available for screeners. In this 
e-learning module the whole process of the heel prick screening is addressed, such as
informing the parents, birth registration, assignment for heel prick screening, obtaining 
parental consent, performance of the heel prick test, filling out the heel prick card, what 
to do with possible outcomes and the follow-up of abnormal screening results. After 
attending the e-learning module students have knowledge of the background and the 
correct implementation of the heel prick screening.
The e-learning is aimed at both screeners who perform the heel prick at home, and at 
health professionals who carry out the heel prick in the hospital, such as nurses and
laboratory technicians.
Students need about 1.5 hours for the e-learning module. Students who pass the final 
test receive a certificate. The e-learning module is accredited by the professional 
associations of nurses and carers (V & VN) and midwives (KNOV).
More information is available at www.rivm.nl/hielprik/bijscholing.

Development Protocol  



Coping with Leftover Blood Samples  

Unclear Control  

Examples of anonymous prevalence survey: MTHFR folate; Smith Lemli Opitz 
syndrome; spinal muscle atrophy; the prevalence of congenital toxoplasmosis; the 
impact of dioxin on thyroid function; the spread of the swine flu virus. Examples of 
individual diagnostics: (1) When a child of a few years old had hearing impairment this 
could have been caused by a congenital cytomegalovirus infection; by going back to the 
blood of the heel prick card such connection could be confirmed. (2) When a second 
child in a family was found to have a disease (outside the screening program), and a 
previous child was deceased, sometimes such disease could still be diagnosed years 
later.



New Civil Code (Medical Treatment Contracts Act)  

Civil Code Article 467: 1. Human tissue and bodily secretions can be used for medical 
statistics or other medical research provided that the patient concerned has not
objected to such research, and the research is carried out with the required care. 2. The 
term research is defined such that the human tissue and bodily secretions and the 
resulting data cannot be traced back to the patient concerned. 

Enschede Firework Disaster  



Figure 2.7.



Figure 2.8.



Figure 2.9.

Requests for Destruction  



Figure 2.10.

et al

Automation 



Control by the LBCs  

Extending the Birth Registration Period  

Adjusting the Screening Model  



Analytical Perils  

New Filter Paper 

Feedback on Negative Follow-Up Study  

Dispatch of Heel Prick Cards by Mail  



Children Born Abroad and Already Screened  





Figure 3.1.

Information during and Immediately after Birth  



The Heel Prick in Daily Practice  

Filter Paper  

Figure 3.2.



Figure 3.3.

Puncture Device  

Figure 3.4. a
b c



Although the jenner has long since been abolished, for many years it was an 
indispensable part of the screening programme. In the 1990s, the RIVM has taken the 
initiative to honour people by awarding a Golden Jenner who for a long time had 
worked exceptionally for the success of the programme. Until 2014 this award has been 
given four times: to Rena Angulo-Laurent, Medical Advisor, Vaccination Registry,
Utrecht (2005); Cor Verhaaff, Director, Vaccination Registry, Gelderland (2005); 
Gerard Loeber and Bert Elvers, RIVM Reference Laboratory (both 2012).

Heel Prick Set  



Technique of Blood Collection  

The Course of Events in and around the Screening Laboratory  

Examples of Failures  



Three Real-Life Situations That Illustrate the Foregoing. (Names have been changed for 
privacy reasons).

1. A parent is going to make a book for her daughter who is already 14 months old.
There is a photo taken during the heel prick procedure in the hospital. In the picture 
you can see the girl lying in her bed. There is a visible hand holding the heel prick test 
kit. Because it is so nice to be able to read the data of the child in the picture, the 
mother zooms in on the clear data entered and finds that these belong to another baby, 
even a boy! Panic everywhere, mother contacts the hospital and the medical advisor 
DVP. Checking the database yields that a total of four children had a heel prick done 
on that day in the hospital. Fortunately, all the results of the four children prove to be 
normal. It is important that the parent, if possible, checks the demographic data entered 
on the heel prick form.

2. There is an abnormal result in a child ‘Marilyn Monroe’ located in the Radboud 
Hospital in Nijmegen, born on October 1, which according to data on the heel prick 
card is a resident of Arnhem. The screening laboratory reports its results to DVP-East
in Deventer. The employees look for a Marilyn Monroe, born on October 1. Such an 
unusual name must still be easily retrievable. Yes, this child turns out to live in 
Boxmeer, on the other side of Nijmegen, a region that is overseen by DVP-South. On the 
heel prick cards frequently the address where the infant (temporarily) stays is noted 
instead of its formal residential addresses. The young mother will stay (with child) for 
example a while with her parents. Given that this is such an ‘exclusive’ name, one 
assumes that it is one and the same child. A request for referral is put in motion by 
region DVP-South. Gradually it becomes clear that two children with this exclusive 
name were born on the same day, one of which (the child with the abnormal result) had 
not yet been registered in the software database Praeventis. DVP-employees must not 
only act on the (exclusive) name of the child but also check the other demographic 
information and always take into account that it could be another child.

3. The screening programme includes sickle cell disease (SCD), the method also 
identifies carriers. This condition is really only prevalent in children of parents with 
African, Mediterranean or Asian background. On a certain day, the screening 
laboratory reports results for two SCD carriers for two children named: Pietje Jansen 
and Elsje de Boer. The administrative assistant with years of experience in the 
screening programme has a hunch. Usually children who are SCD carriers have names 
with a non-indigenous sound. She brings this to the attention of the medical advisor who 



contacts the screening laboratory to discuss this. Could there be a mix-up in the 
laboratory? And yes, that turns out to be so. The real carriers indeed have a non-native 
name.

Check Measures  

This system with dummy samples has operated for many years. It went wrong once 
when, with it being on a weekend, the then South Holland Vaccination Registry had 
transferred its ‘service’ to the then Vaccination Registry Rotterdam, but had failed to 
warn them that the result of a dummy sample was underway. When the abnormal result 
was reported by the laboratory, the employees of the Vaccination Registry Rotterdam 
searched in vain for the fictitious child at the fictitious address and even the police were 
called in to help in the search.



Laboratory Analytical Methodology  

Bacterial Inhibition Assay 

Figure 3.5.



Figure 3.6.

Enzymatically-Colourimetric/Fluorometric Methods 



Figure 3.7.

i.e.,

Immunochemical Methods 



High Performance Liquid Chromatography (HPLC) 

Tandem Mass Spectrometry 

Whole Genome Sequencing (WGS) 



Quality Control  

et al
et al et al

Procedure in the DVP Offices  

Registration of Births 



Notification for Heel Prick to Youth Health Care  

Role of the Medical Advisor  



Diagnosis after Referral  



Results of 40 Years of Screening  

Table 3.1.

et al

The Opinions of Parents  



et al et al et al
et al







Figure 4.1.



Situation in the United States 

et al

i.e.

Situation in Europe 

etc

et al
et al et al



Figure 4.2.

Situation Elsewhere 

International Associations 





i.e

i.e

i.e



Finally 



Ministry and State Supervision (Ministerie en Staatstoezicht)  

National Institute for Public Health and the Environment (Rijksinsitituut voor 
Volksgezondheid en Milieu)  



Cross Associations (Kruisverenigingen), Vaccination Registries (Entadministraties).

NIPG, TNO-PG  

Insurance Council (Ziekenfondsraad), Health Care Insurance Board (College voor 
Zorgverzekeringen)  

Health Council (Gezondheidsraad)  







Supervisory Committee Members 

Interviews 



Others 









et 
al











et al.

et al.

et al.
et al.
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