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Abstract
Background: One objective of the Belgian Rare Diseases plan is to improve patients’ management using phenotypic tests
and, more speci�cally, the access to those tests by identifying the biochemical analyses used for rare diseases, developing
new �nancing conditions and establishing reference laboratories.

Methods: A feasibility study was performed from May 2015 until August 2016 in order to select the �nanceable
biochemical analyses, and, among them, those that should be performed by reference laboratories. This selection was
based on an inventory of analyses used for rare diseases and a survey addressed to the Belgian laboratories of clinical
pathology (investigating the annual analytical costs, volumes, turnaround times and the tests unavailable in Belgium and
outsourced abroad). A proposal of �nanceable analyses, �nancing modalities, reference laboratories’ scope and budget
estimation was developed and submitted to the Belgian healthcare authorities. After its approval in December 2016, the
implementation phase took place from January 2017 until December 2019.

Results: In 2019, new reimbursement conditions have been published for 46 analyses and eighteen reference laboratories
have been recognized. Collaborations have also been developed with 5 foreign laboratories in order to organize the
outsourcing and �nancing of 9 analyses unavailable in Belgium.

Conclusions: In the context of clinical pathology and rare diseases, this initiative enabled to identify unreimbursed analyses
and to meet the most crucial �nancial needs. It also contributed to improve patients’ management by establishing Belgian
reference laboratories and foreign referral laboratories for highly-speci�c analyses and a permanent surveillance, quality
and �nancing framework for those tests. 

Introduction
In Europe, rare diseases are de�ned as disorders affecting less than 1 patient in 2.000 individuals (1,2). To this date,
approximately 8.000 rare diseases have been identi�ed (2–5). Their diagnosis is often delayed because of the diversity,
complexity and rarity of these disorders and the lack of access to specialized diagnostic tools [2,4-6]. A recent survey of
patients with mitochondrial disorders, for example, showed that most of them consult �ve or more clinicians and received
at least one incorrect diagnosis before the establishment of the �nal diagnosis (7). In 2009, the Council of the European
Union published recommendations addressed to the Member States in order to encourage them to improve the access of
patients with rare diseases to high-quality diagnosis, care, treatment, social support and information [2,8,9]. 

One of the deliverables of the Belgian action plan for rare diseases, published in December 2013, is to improve the patients’
diagnosis and follow-up (10). Because most of rare diseases have a genetic origin, the Belgian centers of human genetics
were �rstly involved in the process, followed by a speci�c action focused on biochemical laboratory tests performed by
medical laboratories. Indeed, genetic and biochemical tests are highly complementary in order to investigate and follow rare
diseases’ mechanisms, the underlying biochemistry, cellular pathways and response to treatments (11). 

A critical analysis of the Belgian situation in 2015 identi�ed three factors limiting the patients’ access to specialized
biochemical laboratory tests: (i) lack of reimbursement for a number of specialized tests within the framework of the public
health system, (ii) absence of reference laboratories with scienti�c and technical expertise for complex tests, and (iii) need
for an o�cial referral framework for outsourcing tests unavailable in Belgium to foreign laboratories.

To address these shortcomings, the Belgian Institute for Health (Sciensano) was mandated by the Belgian National Institute
for Health and Disability Insurance (RIZIV-INAMI) to (i) review the reimbursement of biochemical tests prescribed in Belgium
in the context of rare diseases, and (ii) organize the selection, recognition and �nancing of Belgian reference laboratories
(RLs) and foreign referral laboratories for selected biochemical tests. A task force was established by Sciensano with
clinical pathologists and clinicians.
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This paper describes the approach used to identify and prioritize the biochemical analyses that should be covered by the
Belgium public health system, either through traditional reimbursement of clinical pathology tests or through the
development of a new system of RLs and foreign referral laboratories, as well as RLs’ selection procedure and duties.

Materials And Methods
Data collection

In May and June 2015, Sciensano performed a screening of the European expert centres and medical laboratories providing
diagnostic tests used in the context of rare diseases published on Orphanet (23), and of peer-reviewed scienti�c
publications describing the use and validation of biochemical tests used for rare diseases. 

The inventoried analyses were classi�ed based on their respective domains (clinical chemistry, endocrinology, haematology,
coagulation and hemostasis, immunology and non-infectious serology, toxicology, therapeutic monitoring) and, when
necessary, subclassi�ed according to biological matrices (blood, plasma, serum, dry blood spots, urine, urinary stones,
feces, cerebrospinal �uid, saliva, amniotic �uid) and/or chemical classes of metabolites/proteins (amino acids and
derivates, pterins, organic acids, steroid acids, purines/pyrimidines, sugars, lipids and acylcarnitines, porphyrins, vitamins,
different proteins classes [e.g. transcobalamines, chemokines, iron-binding blood plasma glycoproteins, lectins, (apo-)
lipoproteins, immunoglobulins, serum free light chains], cytoplasmic enzymes, lysosomal enzymes, mitochondrial enzymes,
inhibitors [e.g. Alfa-1-antitrypsin], regulators [e.g. 14-3-3 proteins], complement control proteins [e.g. Factor H], cofactors [e.g.
molybdenum cofactor], and other metabolites and components [e.g. α-aminoadipic semialdehyde, trimethylamine, sul�tes,
etc.]). Of note, one metabolite assessed in two different matrices, was inventoried as two different analyses. 

Subsequently, a survey was sent in July 2015 to the Belgian laboratories of clinical pathology performing those analyses. 

For each test, these laboratories had to provide the following information: 

a) The annual number of tests performed;

b) The rare disease(s) for which the test is performed;

c) For analyses not performed in-house, the name of the external laboratory to which the analysis is outsourced and
whether the laboratory wanted to develop it in-house by 2020;

d) The average turnaround time (TAT). The TAT was de�ned as the time between the reception of the sample by the
laboratory and the moment the result is reported (in-house or by a foreign laboratory) (24).

The survey was accompanied by a cover letter specifying the context and objectives of the study, and ensuring that
collected data would be stored and treated in complete con�dentiality and anonymity. Participants had over two months to
complete it and were free to add additional tests of clinical pathology if they were not yet included in the list. All answers
were then collected and put together by Sciensano.

Analyses prioritization

In November 2015, a “Rare Diseases Working Group (RDWG)”, composed of clinical pathologists with a particular expertise
in rare diseases and one Sciensano scienti�c moderator, was set-up by the Belgian Commission on Clinical Pathology.

Between December 2015 until June 2016, the RDWG met 2 to 5 times per month in order to discuss the usefulness, clinical
relevance, limitations and costs of the analyses for which information was collected during the survey. The goal was to
evaluate the feasibility of their �nancing and identify analyses which should be prioritized for reimbursement. Particular
attention was paid to tests for which there was disagreement about the clinical utility. The goal was to sort out whether
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discrepancies of opinions were due to evidence-based disagreements over the use of the analysis in clinical practice or to
differences in laboratories’ functioning. 

Funding modalities 

The INAMI-RIZIV proposed three possible �nancing modalities: [a] nomenclature reimbursement codes, [b] recognition and
�nancing of RLs, or [c] �nancing of the outsourcing of analyses unavailable in Belgium to foreign laboratories. At the
request of Sciensano, the RDWG de�ned for each test the �nancing modality and the total the annual budget that should be
allocated to each type of �nancing modality.

In August 2016, Sciensano submitted a proposal of priority analyses that should be funded and selection criteria for the
Belgian RLs to the RIZIV-INAMI. The description of each analysis was accompanied by an annual budget estimate based
on the analytical costs and type of �nancing modality proposed by the RDWG. The proposal of priority analyses and
required annual budget was approved by the INAMI-RIZIV in December 2016. 

Implementation phase

The approved proposal was implemented by Sciensano and the RDWG from January 2017 until August 2018. This
consisted of (i) writing the nomenclature reimbursement codes (including reimbursement modalities) and publishing them
in a Belgian royal decree (ii) selecting the Belgian RLs, and (iii) formalizing o�cial collaborations with some foreign
laboratories. The INAMI-RIZIV evaluated this proposal from October 2018 until December 2019. 

Statistical analyses

One-way analysis of variance (ANOVA) was made with GraphPad Prism 8.2.0 (GraphPad Software, San Diego, CA).

Results
Figure 1 illustrates the study outline.

Analyses inventory

Unreimbursed analyses of clinical pathology used in the context of rare diseases were identi�ed based on the literature
search and survey that was sent to the 17 Belgian laboratories of clinical pathology performing these analyses (8 university
laboratories and 9 non-university laboratories).

Survey results 

All laboratories completed the survey. When necessary, they added analyses that they perform and that were not included in
the initial survey. The survey enabled Sciensano to identify 483 analyses of clinical pathology used in the context of rare
diseases. Of these tests, 163 (34%) were unreimbursed in July 2015 and, therefore covered by the Belgian public healthcare
system. In this case, the patient’s personal share varied between 0 and 20 euros per laboratory test request.

Selection of priority analyses 

Among the unreimbursed analyses, the RDWG selected priority tests based on the survey answers and, more speci�cally, on
(i) the lack of existing reimbursed tests in the Belgian nomenclature for a rare disorder, (ii) the absence of existing proposals
for reimbursement already submitted to the Belgian healthcare authorities, (iii) the clinical utility of the test (showing higher
medical and/or analytical bene�ts compared to other existing techniques; some obsolete tests were replaced as part of the
exercise), (iv) the high speci�city of the analyses for rare diseases (analyses widely performed in other contexts than
the diagnosis or follow-up of rare diseases patients, were not included in the list of priority analyses).
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Using those criteria, 73 priority analyses were selected for coverage in the following �elds: clinical chemistry (46),
coagulation and hemostasis (11), immuno-haematology and non-infectious serology (9), hormonology (4), and
haematology (3) (cf. Figure 2). Among them, 64 analyses were performed in Belgium and 9 outsourced abroad. Moreover,
62 of the 64 analyses performed in Belgium (97%) were only performed in university hospital laboratories. A great disparity
was observed among the annual volumes (from 1 to more than 5000 tests per year), as well as TAT (ranging from 40 hours
up to 2 months). 

De�nition of �nancing modalities

Table 1 summarizes the characteristics of the three types of financing modalities.

E 1. FINANCING MODALITIES CHARACTERISTICS

cing modalities NOMENCLATURE
REIMBURSMENT
CODES

REFERENCE
LABORATORIES (RLs)

CONVENTIONS WITH
FOREIGN
LABORATORIES 

of medical analyses Analyses of clinical pathology

ses’ availability  Available in Belgium Not available in
Belgium

al volume High Moderate to low Low

atories who can
t from the financing 

All Belgian
laboratories of
clinical pathology

Only Belgian laboratories of
clinical pathology
recognized as RLs

Specific foreign
laboratories of clinical
pathology

atories’ selection
dure 

None 1. Belgian call for   application 

2. By Sciensano

3. Every 5 years 

1. By the RDWG of the
BCCP and Sciensano

2. Every year 

onents of the
ing

- Performance of
the   analysis
 
 

1. Analytical costs

2. Accreditation

3. Quality controls

4. Specific administrative costs

1. Analytical costs

2. Shipment costs

 

cing source INAMI-RIZIV (through a budget envelop specifically dedicated to the Action
1 of the Belgian plan for rare diseases)

w-up of laboratories’
ties and quality of the
ses 

By the RDWG of the BCCP and Sciensano

al evaluation of the
sary budget

By Sciensano and the INAMI-RIZIV Insurance Committee 

viations : BCCP : Belgian Commission on Clinical Pathology; INAMI-RIZIV : National Institute for
h and Disability Insurance; RDWG : Rare Diseases Working Group; RLs : Reference Laboratories.

For analyses performed in Belgium, the choice of developing a reimbursement nomenclature code versus selecting a
Belgian reference laboratory (RL) was based on the degree of centralization of the performance of the test (performed by a
limited versus larger number of laboratories) and the required level of medico-scienti�c expertise and/or specialized
infrastructure. 
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The development of nomenclature codes or modi�cation of existing codes was favored for analyses performed by at least
3 Belgian laboratories for clinical pathology. The selection of RLs on the other hand was preferred for analyses
characterized by a low annual volume, requiring speci�c infrastructure and/or scienti�c expertise, and performed by 1 to 3
Belgian laboratories (cf. Figure 3, panels A-B). Finally, the development of formal collaborations with foreign laboratories
was proposed to cover analytical and shipment costs for low volume analyses unavailable in Belgium and thereby
outsourced abroad. 

Development of reimbursement nomenclature codes

The Belgian reimbursement system for laboratory tests combines a fee for service per test and a �at rate which varies in
function of the tests requested. The INAMI-RIZIV is responsible for establishing the �at rates, reimbursement fee per test
and reimbursement rules for test   (e.g. maximum one per year, only reimbursed in patients with a speci�c disorder, etc.), as
well as for organizing, managing and supervising its correct application (12–14).

A reimbursement code for a clinical pathology test contains the (i) name of the test including possible additional technical
requirements, (ii) domain of clinical pathology to which the test belongs, (iii) biological matrix, (iv) theoretical
reimbursement tariff represented by a ‘B-value’, (v) maximal frequency of reimbursement (e.g. maximum 1 test/day) and, if
applicable, (vi) diagnostic and/or cumulation rules. Of note, the theoretical tariff is calculated by multiplying the analysis’ B-
value by the B-coe�cient which is regularly adapted by the INAMI-RIZIV (current value: B=0,032012 since 01/01/2020 (15)).
For instance, a B-value of 1000 corresponds to a theoretical tariff of approximately 32€ (including reagents/materials,
personnel, quality controls costs). The fee of service and �at rate are calculated based on the theoretical tariffs of the
requested tests. 

Diagnostic rules give an accurate description of the context in which the test can be reimbursed (e.g. speci�c patient
population, clinical symptoms) while cumulation rules de�ne which tests cannot be combined for reimbursement.

The costs of the medical services (including medical laboratory analyses) that are not included in the Belgian
reimbursement system are invoiced to the patients. By contrast, twenty-�ve percent of the costs of medical services with a
nomenclature code are reimbursed by the INAMI-RIZIV. The rest is mainly charged to the health insurance of the patient. In
some cases (not applicable to patients with chronic diseases), the patient pays a small amount that represents the
difference between the cost of the medical service and the interventions of the INAMI-RIZIV and health insurance.

Between March and July 2016, the RDWG proposed nomenclature codes for all the priority tests selected for a
reimbursement. Based on the B-values and number of tests performed reported in the survey, the total annual budget was
calculated and submitted in August 2016 to the INAMI-RIZIV. After the budget approval, diagnostic and cumulation rules
were developed by the RDWG between January and June 2017. The proposal for new reimbursement codes was approved
by the Belgian Commission on Clinical Pathology in September 2017 and submitted to the INAMI-RIZIV in October 2017.
 After evaluation and approval by different INAMI-RIZIV and external bodies (i.e. Technical Medical Council, Insurance
Committee, national medical-mutualistic commission), a royal decree project was prepared and submitted to the Belgian
Budget ministry and Healthcare and Social Affairs ministry. The royal decree formalizing the modi�cation of 4 existing
nomenclature reimbursement codes and the creation of 42 new codes was published on 3 February 2019 and came into
effect on 1 April 2019 (16). Table 2 contains the list of the 42 new nomenclature codes. 

Selection of the reference laboratories (RLs) 

The selection criteria for the Belgian RLs are summarized in Table 3. Special attention was paid to the laboratories’ quality
management system, its medico-scienti�c expertise (including the extent of its collaborations with external rare diseases
experts), the education program addressed to the laboratory staff and medical prescribers, and whether the laboratory will
be able to offer the test during at least 5 years.
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The call for application was prepared by Sciensano between January and June 2017 and included:

(i) an introductory letter explaining the call’s context and objectives;

(ii) an explanatory document describing the applicants’ pro�le, RLs missions, application documents, selection procedure,
and analyses for which applicants could apply for a recognition of expertise;

(iii) the application documents that must be completed in English (application form and agreement forms for the
submission of the application signed by the laboratory director and clinical pathologist responsible for the performance of
the test);

(iv) French and Dutch translations of the application documents provided to ensure an optimal comprehension of the
application documents written in English.

The call for application was o�cially opened on 1 July 2017. The laboratories had �ve months to apply for one or several
analyses. Moreover, the laboratories were free to apply together in the form of a consortium. In this case, the relevance of
the consortium had to be justi�ed in the application form.

The evaluation procedure took place between December 2017 and April 2018. All applications were reviewed by three
independent experts (not linked to the Belgian laboratories of clinical pathology). This was performed through
documentation audits of the application form, laboratory quality manual, accreditation certi�cate, validation �le and
standard operating procedure (SOP) for the performance of the analysis, peer-reviewed publications illustrating the
laboratory scienti�c expertise and collaborations, guidelines, decision algorithms for the diagnosis/follow-up of rare
diseases or education material developed by the laboratory). If necessary, additional on-sites visits were performed in
March and April 2018 by Sciensano in order to assess practical aspects of the analysis’ validation and SOP.

Reference laboratories recognition

Among the 18 analyses included in the call for application scope, RLs were recognized on 3 December 2019 for 16
analyses. The names of the institutions to which RLs belong, the names of the analyses for which they have been
recognized and the main clinical indications of these tests, as well as RLs localization are illustrated in Figure 4. All of them
were Belgian university hospital laboratories which participate to External Quality Assessment schemes [EQAs] for 6 of the
16 analyses considered, international ring tests for 9 analyses, and a combination of both for 1 analysis). No applications
were submitted for two analyses included in the call: assessment of the acid-labile subunit in serum and detection of the
14-3-3 protein in the cerebrospinal �uid.

RLs were set up in the form of a consortium of two laboratories for two analyses, namely for (i) the assessment of α-
aminoadipic semialdehyde in urine and δ1-piperideine-6-carboxylate in plasma and urine (mainly used in the case of
pyridoxine-dependent seizures), and (ii) the assessment of pterins in urine and of the 6,7-dihydropteridine reductase activity
in dry blood spots (used in the context of hyperphenylalaninemia). 

For two other analyses (spectro�uorimetric assessment of plasma porphyrins and assessment of free erythrocyte
protoporphyrins), two RLs have been recognized instead of one because of their similar quality, annual volume and long-
term expertise recognized at the international level (membership to the European Porphyria Network for more than 10
years). 

Prescription forms and criteria, as well as instructions for the sampling, storage and transport of the samples, have been
developed for each RL.

The call for application for the Belgian RLs should be renewed every �ve years in order to allow modi�cations of the Belgian
RLs scope based on adaptations of the activities of the Belgian laboratories of clinical pathology and tests’ availability in
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Belgium. 

Collaborations with foreign laboratories

After the evaluation of the quality, expertise and costs of different European laboratories performing the priority analyses
that are unavailable in Belgium, partnerships have been developed with 5 foreign partners for the outsourcing of 9 analyses
(cf. Figure 5). The e�ciency, and quality of analyses outsourced abroad, as well as the needs of collaborations’ renewal
based on the evolution of the tests availability in Belgium, will be annually reviewed by the RDWG.

Impact of the project on the management of the patients with rare diseases

The implementation of new reimbursement conditions for a large number of analyses has improved the patients’ access to
specialized diagnostic tests. Indeed, these analyses were previously performed for free by the Belgian medical laboratories
or charged to the patients. Since the entry into force of the 42 new reimbursement codes, the laboratories are paid for the
performance of these tests and the costs are no longer charged to the patients. Thus, between 1 April and 31 December,
2019, 8.599 tests could be reimbursed under the 42 new nomenclature codes. This represents a saving of €282.029,84 for
the patients with rare diseases and Belgian medical laboratories in a nine-months period. The related expenditures of the
INAMI-RIZIV had amounted to €70.507,46 (average: €7834,16 per month). The remainder (€211.522,38) had been charged
to the health insurances of the patients.

Besides, the selection of RLs has mainly helped to improve the management of the patients with rare diseases by
increasing the availability of some highly-specialized tests in Belgium and by establishing a control and follow-up
framework for the RLs activities. In that respect, some analyses that were not available in Belgium before this study (i.e. the
assessments of the dihydropteridine reductase activity in dried blood spots, B6 vitamers in plasma, pterins in urine, α-
aminoadipic semialdehyde and δ1-piperideine-6-carboxylate in urine) have been developed by some Belgian university
laboratories of clinical pathology after the presentation of the results of the feasibility study in 2016. 

Concerning the quality of the tests, this project also enabled to rationalize the outsourcing and performance of rare
analyses. Before 2016, some medical analyses covered by this project were heterogeneously outsourced to several Belgian
or foreign laboratories, even if available in Belgium. This happened without any harmonization of the outsourcing
procedure or possible control and follow-up of the volumes, quality, TAT, or costs of the tests by the Belgian healthcare
authorities. In that respect, the recognition of Belgian RLs in 2019 enabled to centralize the performance of some analyses
within one Belgian RL versus 5 (assessment of pterins in urine), 3 (assessment of 5-methyltetrahydrofolate in cerebrospinal
�uid) or 2 (assessments of plasmalogen levels in erythrocytes, and α-aminoadipic semialdehyde and δ1-piperideine-6-
carboxylate in urine) different medical laboratories in 2015. This has had a positive impact on patients’ management
through the possible reduction of the TAT, and a better tracing of the samples and follow-up of the quality of the analyses.

Finally, the project also helped to reduce patients’ costs for analyses that are not available in Belgium. Since 1 January
2019, the shipment and analytical costs of the outsourced analyses are reimbursed through a speci�c �nancial envelop
allocated by the INAMI-RIZIV.

Impact of the project on the Belgian RLs’ cost-effectiveness

This project also had a positive impact on the Belgian RLs cost-effectiveness. Indeed, before the o�cial RLs recognition on
3 December 2019, the costs of the medical analyses performed by these laboratories were not or only partially invoiced to
the patients. This situation induced insu�cient incomes for the laboratories that performed these tests. The RLs
recognition and funding by the Belgian healthcare authorities helped to deal with this problem. The RLs are receiving a
reimbursement for the analyses performed since the 1 January 2019. Moreover, since 2019, RLs’ costs related to their
annual participation to quality controls and accreditation of the analyses for which they have been recognized are totally
reimbursed. This is achieved through a speci�c annual envelop (€135.000 in 2019 and 2020) allocated by the INAMI-RIZIV. 
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The proposal of centralization of some analyses within one Belgian RL formulated after the feasibility study (2016) also
helped to increase the Belgian laboratories’ annual volumes of tests for those analyses, with a positive effect on the
amortization of their equipment purchase costs, analyses’ validation costs and staff training costs. Figure 6 illustrates the
comparison of the mean annual volumes collected for three different periods: before the presentation of the results of the
feasibility study (group A, data collected for 2014 and 2015), after the presentation of the results of the feasibility study
(group B, data collected for 2016 and 2017), and after the RLs’ recognition (group C, data collected for 2019 and 2020).
Results are expressed as mean volumes ± SD for 2 successive years (n=2). For the 6 analyses shown in this �gure, a
signi�cant increase (p<0.05) of the mean annual volumes of tests could be observed after the presentation of the results of
the feasibility study in 2016. This highlights the positive impact of this project on the development of new analyses in
Belgium (panels a-c) but also on the performance of some other analyses available in Belgium since many years (panels d-
f). For the other analyses performed by RLs, no statistically signi�cant modi�cation of the annual volumes could be
observed between 2014 and 2020 (see supplementary Figure S1). This may be explained by the very low prevalence of the
diseases for which these analyses are prescribed and therefore the limited number of tests that makes the inter-groups
differences less important.   

Follow-up of costs and expertise recognition

An annual activity and �nancial report describing the activities, �nancing and renewal of the Belgian RLs of clinical
pathology and the outsourcing of analyses to foreign laboratories will be annually sent to the INAMI-RIZIV.

Discussion
This study is the �rst Belgian initiative for the improvement of the management of patients with rare diseases through the
promotion and �nancing of analyses of clinical pathology. 

Its approach derives from the “RAND/UCLA appropriateness method”, which aims to measure and validate the necessity
and usefulness of clinical procedures based on the consensus of experts’ opinions [18,19].

Several inputs of this project are worth mentioning. First of all, this study enabled to create a permanent working group
composed of Belgian experts in rare diseases management within the Belgian Commission on Clinical Pathology. This will
help to perform a continuous follow-up of rare diseases diagnosis and epidemiology in Belgium and of the e�ciency and
quality of medical analyses performed in these particular contexts. Moreover, the collaboration between this working group
and Sciensano enabled the (i) identi�cation of unmet �nancing needs for speci�c analyses of clinical pathology used for
rare diseases’ diagnosis/follow-up, (ii) set-up of coverage of these tests by the Belgian Healthcare system, under the
surveillance of Sciensano and INAMI-RIZIV, and (iii) establishment of reference laboratories (RLs) for the most speci�c
tests. 

The establishment by the Belgian healthcare authorities of a speci�c budgetary envelop dedicated to analyses of clinical
pathology supports the usefulness of these tests in the context of rare diseases diagnosis and follow-up in parallel with
genetic tests.

Nowadays, RLs have been recognized for a few types of medical analyses and in a limited number of countries. Most of
them are focused on human genetics and microbiology tests [20-22]. The establishment of Belgian RLs for some analyses
used in the context of rare diseases performed during this study echoes the previous recognition of Belgian National
Reference Centers for human microbiology in 2011 (20) and is to our knowledge the �rst RL initiative in the context of rare
diseases and for analyses of clinical chemistry, haematology and immunology.

The RLs recognition offers several advantages in terms of healthcare quality. First, it took place after a harmonized
selection procedure for all tests considered. Second, a�liations of RLs to university hospitals improves the clinical
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management of the patients with rare diseases due to the close link between clinical and laboratory activities and reduced
TAT. Third, RLs possess a highly-specialized equipment and perform the analyses using validated methods based on peer-
reviewed publications and international guidelines. Fourth, RLs annually participate to external quality controls for the
test(s) for which their expertise has been recognized. Fifth, the centralization of highly-speci�c tests to one or two RL(s) is
cost-effective regarding the amortization of laboratory costs related to the performance of small tests’ annual volumes, as
it is the case for rare diseases, and helps the prescribers to rapidly identify the RLs to which clinical samples have to be
sent. Finally, RLs recognition and �nancing will also encourage the Belgian laboratories to develop and validate new tests
that remain unavailable in Belgium.

In addition, the selection of RLs will have a positive impact on public health by offering useful expertise in rare diseases
management to the medical authorities, healthcare professionals and patients and by helping to collect information about
rare diseases in Belgium through national databases and registries. 

Lastly, it is important to mention that recognition of RLs by the Belgian healthcare authorities gives the laboratory a
particular visibility and notoriety at the national and international levels, and a responsibility in terms of healthcare
excellence and scienti�c expertise. This helps RLs to expand their collaborations and to position themselves within the Rare
Diseases European Reference Networks (22).

Conclusions
This initiative of the Belgian plan for rare diseases (i) promotes healthcare quality and the expertise recognition and
collaborations of Belgian rare diseases experts at the national and international levels, (ii) offers a better �nancing to the
laboratories of clinical pathology performing highly-speci�c analyses in the context of rare diseases, and (iii) enables to
reduces patients’ costs.
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Figures

Figure 1

Illustration of the different steps of the study. Legend: Abbreviations: BCCP: Belgian Commission on Clinical Pathology;
INAMI-RIZIV: National Institute for Health and Disability Insurance; RD: Royal Decree; RDWG: Rare Diseases Working Group;
RLs: Reference laboratories
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Figure 2

Repartition of the selected �nanceable priority analyses among their respective domains of clinical pathology.
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Figure 3

Volumes reported in 2016 for the 73 priority analyses categorized according to their �nancing modality.
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Figure 4

Representation of the new Belgian reference laboratories. Legend: Abbreviations: AADC: aromatic L-amino acid
decarboxylase; BH4: tetrahydrobiopterin; CSF: cerebrospinal �uid; DHFR: dihydrofolate réductase; DHPR: dihydropteridine
reductase; FOLR1: folate receptor 1; MTHFR: methylene tetrahydrofolate reductase; PA: pyridoxic acid; PL: pyridoxal; PLP:
pyridoxal-phosphate; PM: pyridoxamine; PN: pyridoxine; RCDP: rhizomelic chondrodysplasia punctata; SCID: severe
combined immunode�ciency; SDS-PAGE: sodium dodecyl sulfate polyacrylamide gel electrophoresis.
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Figure 5

Foreign laboratories with whom collaborations were established for the outsourcing of analyses unavailable in Belgium.
Legend: Abbreviations: CSF: cerebrospinal �uid
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Figure 6

Signi�cant impact of the feasibility study results on the annual volumes of six analyses. Legend: Comparison of the
volumes of tests reported by the Belgian laboratories of clinical pathology for 6 different years: group A (light grey bars,
period before the presentation of the results of the feasibility study [data collected for 2014 and 2015]) versus group B (dark
grey bars, period after the presentation of the results of the feasibility study [data collected for 2016 and 2017]) versus
group C (black bars, period from RLs’ recognition [data collected for 2019 and 2020]). Values were calculated as mean
volumes ± SD, n=2 for the 3 groups (A,B,C) of two successive years. Statistical analyses were performed by one-way ANOVA
with Tukey's posttest for multiple comparisons between the 3 groups. Asterisks indicate values that are statistically
signi�cantly different from each other (*: p<0.05). Analyses presented in each panel: a: assessment of α-aminoadipic
semialdehyde and δ1-piperideine-6-carboxylate in urine; b: assessment of B6 vitamers in plasma; c: assessment of pterins
in urine; d: assessment of Complement component Factor B; e: assessment of Complement component Factor Bb; f:
assessment of intra-leukocyte cystine. Abbreviations: RLs: Reference laboratories
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