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2018: 15 EQA schemes, 1788 scheme registrations
2023: 17 EQA schemes, 2165 scheme registrations (+21%)

Quantitative schemes

Amino acids (serum)

Acylcarnitines (serum)

Organic acids (urine)

Purines-Pyrimidines (urine)

Special Assays Serum

Special Assays Urine

Special Assays DBS

Qualitative schemes

Amino Acids Interpretation

Diagnostic Proficiency Testing (urine)

Organic acids (urine)

Acylcarnitines (DBS)

Mucopolysaccharides (urine)

CDG (serum)

Hybrid schemes Interpretation scoring

Lysosomal enzymes (Fib) Yes

Cystine (WBC) Yes

Pterins (urine) Yes

Neurotransmitters (CSF) Yes

EQA schemes ERNDIM



Website reporting

Analytical results

Diagnostic interpretation



GAG-analysis (urine)

Quantitative test:
• 1,9-dimethylmethylene blue (DMB)
• Alcian Blue
• Carbazole
• Cetylpyridinium chloride (CPC) turbidity
• Harmine testing
• HPLC
• Mass-spectrometry
• …

GAG-subtyping:
• 1D-electrophoresis (discontinuous)
• 2D-electrophoresis
• Capillary Zone Electrophoresis
• HPLC
• TLC
• Mass-spectrometry
• …
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Most labs use DMB-method for quantitative GAG-analysis (65 %) and
1D-electrophoresis for GAG-subtyping (48%)

Certain consumables are no longer available
(DMB, cellulose-acetate membranes)



GAG-analysis by mass-spectrometry

 Chemical degradation (methanolysis) 
- Zhang et al., Clinical Chemistry, 57, 1005-1012, 2011
- Zhang et al., Molecular Genetics and Metabolism, 114: 123-128, 2015
- Auray-Blais et al., Analytica Chimica Acta, 936, 139-148, 2016

 Enzymatic degradation
- Langereis et al., Plos One 10, e0138622, 2015
- Kubashi et al., Molecular Genetics and Metabolism, 120, 247-254, 2017

 Chemical and Enzymatic degradation (combined)
- Mathis et al., JIMD Reports, 65:116-123, 2024

 GAG-substrate analysis
- Lawrence et al., Nature Chemical Biology, 8:197-204, 2012
- Saville et al. Genetics in Medicine, 21:753-757, 2019

Complex GAGs

Mono/disaccharides



Participants that use MS-technology for GAG-analysis

(n=16, 16/83)(n=11, 11/100)

Labs that use MS-technology for GAG-analysis (19.7%, 2023)



Diagnosis of defects in GAG-metabolism: 
Added value for mass-spectrometry



Biomarkers for disease and therapy?



Advantages of mass-spectrometry based techniques
for GAG-analysis

 Mass-spectrometry can perform both quantitative GAGs and GAG-subtyping in a single run

 Mass-spectrometry is a sensitive and specific method for detecting metabolites less
urine is needed for routine diagnostics

 Different GAG-species or GAG-related metabolites can be quantified

 …

 Follow-up of high risk screening (NBS, e.g. MPS-I)



ERNDIM UMPS scheme

1. Detection of metabolites



GAG-subtyping:  MPS-I(H)  (M, 5 years old, circulated in 2022)

Similar sample for MPS-I was circulated in 2018, 2020 and 2021



44%
56%

1D-electrophoresis (n=43)

DS and HS

DS or HS

22%

78%

2D-electrophoresis (n=9)

DS and HS

DS or HS

100%

Thin Layer Chromatography (n=12)

DS and HS

DS or HS

94%

6%

Mass-spectrometry (n=16)

DS and HS or MPS-I substrate

DS or HS

GAG-subtyping:  MPS-I(H)  (M, 5 years old, circulated in 2022)
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TLC or mass-spectrometry detect DS and HS substrate more often compared to
electrophoresis

Similar conclusions are found for MPS-II (data not shown)

This suggest that for detection of DS and HS metabolites TLC or mass-
spectrometry are the best choices

GAG-subtyping:  MPS-I(H)  (M, 5 years old, circulated in 2022)



ERNDIM UMPS scheme

1. Detection of metabolites

2. GAG-subtyping in MPS-IV



GAG-subtyping:  MPS-IVA  (F, 22 years old, circulated in 2023)

Similar sample for MPS-IVA was circulated in 2018, 2020 and 2021



55%
45%

1D-electrophoresis (n=40)

Correct

Incorrect

37%

63%

2D-electrophoresis (n=8)

Correct

Incorrect

25%

75%

Thin Layer Chromatography (n=12)

Correct

Incorrect
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Mass-spectrometry (n=16)

Correct

Incorrect

GAG-subtyping:  MPS-IVA  (F, 22 years old, circulated in 2023)

p<0.0055 p<0.0003

p<0.0069

Statistical analysis: Fisher exact test
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Statistical analysis: Fisher exact test

Mass spectrometry is superior to other techniques for diagnosing MPS-IVA



GAG-subtyping:  MPS-IVB  (F, 51 years old, circulated in 2022)

Statistical analysis: Fisher exact test

1D-electrophoresis Mass-spectrometry p=0.0091
2D-electrophoresis Mass-spectrometry p=0.03
TLC Mass-spectrometry p=0.04



GAG-subtyping:  MPS-IVB  (F, 51 years old, circulated in 2022)

Statistical analysis: Fisher exact test

1D-electrophoresis Mass-spectrometry p=0.0091
2D-electrophoresis Mass-spectrometry p=0.03
TLC Mass-spectrometry p=0.04

Mass spectrometry is superior to other techniques for diagnosing MPS-IVA + B



ERNDIM UMPS scheme

1. Detection of metabolites

2. GAG-subtyping in MPS-IV

3. Analytical Performance 



Analytical Performance: (Quantitative GAGs and GAG-subtyping)

Scoring criteria: 
GAGs quantitative : 1 mark, GAG-subtyping : 1 mark

2022: A: Control, B: MPS-I, C: MPS-II, D: MPS-IVB, E: Control, F: MPS-III
2023: A: MPS-IVA, B: MPS-I, C: MPS-III, D: MPS-I, E: Control, F: MPS-II
Not included: MPS-VI, MPS-VII

* = p<0.05



Considerations for evaluation of GAG-methodology

 Labspecialists should be aware of the limited availability of consumables
(DMB,  cellulose-acetate membranes) in certain countries

 Mass-spectrometry performs both quantitative GAGs and GAG subtyping in a single experiment

 Mass-spectrometry is superior to other techniques for diagnosing MPS-IVA and MPS-IVB 
(GAG-subtyping)

 Mass-spectrometry detect more metabolites than conventional methods, metabolites that
are relevant for diagnosis

 Mass-spectrometry can have an added value for diagnosis of IEM with mild 
disturbances in GAG-metabolism

Take home messages

 Analytical Performance is better for mass-spectrometry compared with 1D-electrophoresis 
(2022-2023)
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