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ABSTRACT — Objective: External Quality Assessment (EQA) programs are critical for ensuring analytical accura-
cy, diagnostic reliability, and harmonized laboratory performance. Despite their importance, few EQA schemes
are specifically tailored for Dried Blood Spot (DBS)-based newborn screening (NBS). Since 2009, the SIMMESN
Society has coordinated EQA programs to support NBS laboratories across Italy and Europe, expanding these
initiatives in response to the progressive enlargement of screening panels.

Materials and Methods: Between 2019 and 2025, SIMMESN managed five quantitative Quality Control (QC)
and two Proficiency Testing (PT) schemes covering first- and second-tier NBS assays. Every year, twelve DBS sam-
ples per QC scheme were distributed, spanning normal to pathological concentration ranges. Performance was
evaluated using consensus-based assigned values and statistical indicators (precision, linearity, and recovery) inte-
grated into a global performance score. PT assessment focused on correct analyte identification, diagnostic inter-
pretation, and the appropriateness of follow-up recommendations.

Results: During the study period, 396 QC samples were distributed to a participant base of 15 to 34 laborato-
ries. Analytical performance was consistently satisfactory: mean intra- and inter-laboratory coefficients of varia-
tion remained generally below 12.1% and 14.8%, respectively. Robust linearity and recovery were observed, with
median correlation coefficients between 0.978 and 0.998. The mean performance score was 8 for all analytes. PT
results confirm high diagnostic competence, with most laboratories correctly identifying target disorders.

Conclusions: SIMMESN EQA programs provide a robust, evolving framework for continuous quality impro-
vement in NBS. These schemes facilitate the harmonization of analytical performance and enhance diagnostic
reliability amidst the challenges of expanded screening. Observed inter-year variability identifies specific analytical
steps that require further training, underscoring the essential educational role of EQA within the NBS community.

KEYWORDS: External quality assessment (EQA), Newborn screening (NBS), Quality control, Proficiency testing,
Dried blood spot (DBS), Second-tier assays.
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INTRODUCTION

External quality assurance (EQA) is essential for monitoring and improving the quality in the clinical
laboratory practicel.

Although several international and national EQA programs focusing on congenital metabolic disorders are
available (e.g., ERNDIM), only a limited number are specifically designed for newborn screening. In this con-
text, the Centers for Disease Control and Prevention (CDC) Newborn Screening Quality Assurance Program
(NSQAP) provides a comprehensive range of conditions and biomarkers and represents the most widely
used EQA program worldwide, with features specifically tailored to the requirements of newborn screening
programs in the United States?. Since 2009, SIMMESN has provided EQA programs to laboratories involved in
newborn screening in ltaly. In subsequent years, participation was also extended to other laboratories per-
forming newborn screening at the European level. To support this effort, a Technical Working Group (TWG)
of experts was established to organize, coordinate, and evaluate the results of these programs.

Over the years, SIMMESN has expanded the number of quality programs in response to techno-
logical advancements and the inclusion of new disorders in the newborn screening panel. Since 2016,
newborn screening for 47 metabolic disorders, 45 detected by tandem mass spectrometry (MS/MS) (36
conditions of primary panel, 9 secondary panel) and 2 detected by immunofluorimetric assay (galacto-
semia and biotinidase deficiency) has been mandatory by law in Italy>¢, leading to increased analytical
complexity in the implementation of this important secondary prevention program. The history of the
SIMMESN scheme development is summarized in Figure 1.
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Figure 1. Development of SIMMESN EQA programs (proficiency testing is highlighted in yellow).

Currently, SIMMESN offers five quality control (QC) and two proficiency testing (PT) schemes (Ta-
ble 1). The five QC programs cover the evaluation of five analytes in dried blood spot (DBS) samples:
thyroid-stimulating hormone (TSH), immunoreactive trypsinogen (IRT), phenylalanine (Phe), biotin-
idase activity (BTD), and total galactose (GAL). These analytes serve as markers for the newborn

Table 1. Quality control (QC) and proficiency testing (PT) programs offered by SIMMESN.

EQA type Marker Number of Number of

exercises per samples per
year year

Qc Phe 3 12

Qc IRT 3 12

Qc TSH 3 12

Qc GAL 3 12

Qc BTD 3 12

PT AC and AA by MS/MS included in screening panel 1 3

PT STT C3: MMA, MCA, HCY, PA, PGIy® 2 6

*methylmalonic acid (MMA), methylcitric acid (MCA), homocysteine (HCY), 3-hydroxypropionic acid (PA), propi-
onylglycine (PGly).

Thyroid-stimulating hormone (TSH), immunoreactive trypsinogen (IRT), phenylalanine (Phe), biotinidase activity
(BTD), and total galactose (GAL).
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screening of congenital hypothyroidism, cystic fibrosis, hyperphenylalaninemia, biotinidase deficien-
cy, and galactosemia, respectively. For each QC scheme, three sets of four DBS samples are sent
to participating laboratories. These samples contain varying concentrations of the analyte, covering
both normal and pathological ranges. Each laboratory is required to perform a single measurement
of each analyte, process the samples in the same manner as routine newborn specimens, and declare
whether the sample is normal. At the end of each annual program, statistical evaluation of test results
is performed, including assessments of linearity, recovery, and intra- and interlaboratory coefficient
of variation (CV).

At present, SIMMESN offers two PT schemes. The MSITA (acronym of Mass Spectrometry Italy) profi-
ciency program was specifically developed to support laboratories in improving their diagnostic perfor-
mance for disorders included in the national newborn screening panel using tandem mass spectrometry
(MS/MS).

In 2024, the SIMMESN Technical Working Group (TWG) launched a new Proficiency Testing (PT) pilot
project for all Italian neonatal screening laboratories. This scheme focuses on second-tier tests address-
ing propionylcarnitine (C3) elevations, which may occur in newborns affected by propionic acidemia
(PA) or methylmalonic acidemia with or without homocystinuria (MUT, CblA/B, CbIC/D). Due to the low
specificity of C3 as a primary marker’, second-tier tests are mandatory in Italy® to reduce false-positive
results. These assays enable the analysis of more specific markers through more complex methodolo-
gies compared to first-tier screening®!!. While other organizations, such as ERNDIM and the CDC, offer
Quality Control (QC) programs for second-tier tests?, this initiative represents the first PT scheme spe-
cifically dedicated to second-tier assays for C3 abnormalities.

In this paper, we describe the key features of the SIMMESN-coordinated EQA programs and present
the results obtained between 2019 and 2025. Furthermore, we report on the organizational structure of
the schemes, the statistical methods used for performance evaluation, and the scoring criteria adopted
for annual assessments.

MATERIALS AND METHODS
Sample Characteristics and Preparation

The QC schemes consisted of 12 samples distributed across three cycles. Laboratories were required to
analyze each DBS sample individually, following the same routine procedures used for newborn spec-
imens. Samples were prepared at various concentration levels to span both normal and pathological
ranges, with each level included in triplicate.

DBS samples were prepared using a whole blood base enriched with the required target analyte
concentrations. For the BTD scheme, samples were instead prepared by serially diluting blood with high
biotinidase activity until the required target activity levels were achieved.

For the PT schemes, MSITA samples consisted of authentic patient specimens collected after in-
formed consent was obtained. These specimens originated from individuals affected by metabolic dis-
orders detectable via NBS, with ages at collection ranging from the neonatal period to adulthood.

A pilot project to assess second-tier test proficiency was established, comprising six DBS samples
(including both healthy and pathological cases) divided into two cycles. These samples were prepared
from a pool of healthy-donor blood enriched with five analytes — methylmalonic acid, methylcitric acid,
3-hydroxypropionic acid, propionylglycine, and homocysteine — added in varying proportions to simu-
late biochemical profiles typical of C3 abnormalities detected during first-tier screening.

Data Submission and Analytical Performance Evaluation

Participating laboratories submitted their results through a dedicated online platform developed to
meet NBS quality control standards, managed directly by SIMMESN since 2025 (https://veq.simmesn.it/
login). All data were treated as confidential and accessible only via secure login credentials.
Each laboratory provided details regarding its analytical methods and corresponding cut-off values.
For QC schemes, laboratories entered numerical results, provided an interpretation based on their
internal cut-offs, and indicated appropriate follow-up actions (e.g., “no action required,” “repeat DBS,”
or “clinical referral”).


https://veq.simmesn.it/login
https://veq.simmesn.it/login
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Performance evaluation was conducted through two reporting formats. A periodic report (cycle re-
view), released three weeks after each submission deadline, provided immediate feedback on analytical
performance. The Assigned Value (AV) was defined as the median of all submitted results after outlier
exclusion. Outliers were identified as values falling outside the interval: median + 3 robust standard
deviations [calculated as the interquartile range (P75 - P25) divided by 1.349]. A minimum of four results
was required to establish the AV'2. These reports also included the mean, SD, and CV, calculated both
for specific methods and for the overall dataset.
The annual report provided a comprehensive statistical overview of the full cycle, assessing:
e Intra-laboratory precision: CV of the three replicates.
e Linearity: Correlation coefficient (r) from linear regression between expected AV and observed values.
* Recovery: Slope obtained from the same linear regression.

The final score was calculated using the following equation:

10-r-(1-|1-slope])-(1-mean CV)-n/N

where r represents the Pearson correlation coefficient, slope is the gradient of the linear regression,
and mean CV is the average of the four coefficients of variation. The term n/N denotes the ratio of re-
sults submitted by the laboratory relative to the total number of samples. This formula integrates key
statistical parameters — linearity (r), recovery (slope), and precision (CV) — while accounting for the com-
pletion rate (n/N), thereby penalizing laboratories with incomplete submissions. The resulting score,
ranging from 0 to 10, is correlated with the performance evaluations detailed in Table 2.

Table 2. Score range and quality level assessment.

Acceptable Good Excellent Maximum score

Score >7e<8 >8e<9 >9 10

In PT programs, participating laboratories were required to formulate a diagnostic hypothesis and
suggest appropriate follow-up procedures, including additional laboratory investigations. Performance
was assessed based on the accurate identification of the target analyte and the clinical relevance of the
proposed diagnosis. Notably, in the MSITA proficiency test, an additional point was awarded to labora-
tories that performed a second-tier test, where applicable.

RESULTS

Between 2019 and 2025, a total of 396 samples were distributed as part of the EQA program. Annual
measures of central tendency (mean and/or median) for each analyte are summarized in Tables 3-7. Par-
ticipation varied across the programs, ranging from a minimum of 15 laboratories in the GAL and BTD
pilot studies to a maximum of 34 laboratories in the Phe program.

Although occasional aberrant values were observed in specific years — primarily due to data entry
errors or sample misidentification — the overall analytical quality remained satisfactory. Both intra- and
inter-laboratory precision demonstrated adequate performance, with mean coefficients of variation
below 12.1% and 14.8%, respectively. The highest precision was achieved with IRT, yielding mean in-
tra- and inter-laboratory CVs of 6.5% and 6.7%, respectively. Conversely, Phe exhibited the greatest in-
ter-laboratory variability (total mean CV of 12.2%), reflecting the significant heterogeneity in analytical
methods and commercial kits employed in mass spectrometry.

Linearity and recovery demonstrated satisfactory analytical performance throughout the study pe-
riod, with median r values ranging from 0.978 to 0.998 and median slope values between 0.860 and
1.224. Consequently, the overall mean score was 28 for all markers, reflecting high-quality laboratory
performance.
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Table 3. Results of quality control (QC) for Phe analysis.

Phe  Samples Precision Precision Precision Recovery Linearity Score N° labora-
concentration® intra-lab intra-lab inter-lab tories
(wmol/L)

Year Mean CV  Median CV MeanCV Median Medianr Mean

intra-lab  intra-lab inter-lab* slope score

2019 113/268/380/643 7.5 5.9 10.0 1.000 0.978 8.2 23

2020 110/186/327/606 6.9 6.0 11.5 0.935 0.996 8.2 34

2021 100/163/295/618 7.5 7.3 12.3 1.008 0.995 8.1 34

2022 62/132/244/524 9.3 7.6 14.8 0.998 0.994 8.2 33

2023 73/133/249/551 8.8 6.5 14.2 1.017 0.996 7.8 33

2024 71/130/195/419 6.7 5.5 11.2 1.009 0.997 8 33

2025 49/127/209/432 9.4 6.0 11.1 1.009 0.996 7.8 26

Total 8.0 6.4 12.2 0.997 0.993 8.0 31

mean

*with exclusion of outliers; Sused methods for Phe analysis: underivatized methods (Revvity NeoBase® 2 Kit, Revvity
NeoBase® Kit, Chromsystems MassChrom®, no kit) and derivatized methods (Chromsystems MassChrom® or no kit).
Coefficient of variation (CV), phenylalanine (Phe).

Regarding the MSITA program, 21 samples covering 19 different disorders were distributed between
2019 and 2025 (Table 8). Most laboratories formulated correct diagnostic hypotheses for all samples,
with performance exceeding 84% except for cases involving Short-chain 3-hydroxyacyl-CoA dehydro-
genase (SCHAD) deficiency (OMIM 201470), Ethylmalonic encephalopathy (OMIM 602473), and Arginino-
succinic Aciduria (OMIM 207900). The lower performance observed for these conditions can be attributed
to their exclusion from standard newborn screening (NBS) panels or their omission from differential di-
agnoses. Specifically, some international laboratories failed to identify argininosuccinic acid via MS/MS.

Table 4. Results of CQ for TSH analysis.

TSH  Samples Precision Precision Precision Recovery Linearity Score N° labora-
concentration® intra-lab intra-lab inter-lab tories
(umol/L)

Year Mean CV  MedianCV MeanCV Median  Medianr Mean

intra-lab  intra-lab  inter-lab* slope score

2019 1/7/15/49 5.5 5.9 6.1 1.066 0.998 8.7 20

2020 5/11/16/53 7.5 6.9 8.7 0.987 0.997 8.0 32

2021 5.8/11/21/58 7.7 7.0 7.9 0.994 0.996 8.4 32

2022 8.3/12/23/56 7.2 6.2 9.6 0.982 0.996 8.3 32

2023 4.9/10/22/55 7.6 6.9 8.3 0.999 0.996 8.6 32

2024 2.2/13/20/59 6.9 6.4 8.4 1.005 0.996 8.4 32

2025 4/12/17/26 10.3 7.0 9.3 1.012 0.991 7.9 29

Total 7.5 6.6 8.3 1.006 0.996 8.3 30

mean

*with exclusion of outliers; Sused methods for TSH analysis: Revvity GSP, Revvity AutoDelfia, Rewvity Delfia, Labsystems
Diagnostics NS2400.
Coefficient of variation (CV), thyroid-stimulating hormone (TSH).
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Table 5. Results of CQ for IRT analysis.

IRT Samples Precision Precision Precision Recovery Linearity Score N° labora-
concentration® intra-lab intra-lab inter-lab tories
(umol/L)

Year Mean CV  Median CV Mean CV Median Medianr Mean

intra-lab  intra-lab inter-lab* slope score

2019 0.117/25/48/77 4.2 3.7 4.7 0.935 0.998 8.4 18.0

2020 25/56/75/89 7.1 3.7 5.1 0.976 0.995 7.8 31.0

2021 11/37/59/93 5.5 5.0 6.6 1.008 0.997 8.7 31.0

2022 11/37/55/86 5.4 4.4 6.7 0.999 0.998 8.9 31.0

2023 11/37/59/92 5.7 5.7 6.9 1.003 0.997 8.8 31.0

2024 5/25/57/80 9.1 7.5 7.5 0.982 0.996 8.0 31.0

2025 5/23/52/75 8.7 7.2 9.6 0.984 0.996 7.6 29.0

Total 6.5 5.3 6.7 0.984 0.997 83 29

mean

*with exclusion of outliers; Sused methods for IRT analysis: Revvity GSP, Revvity AutoDelfia, Rewvity Delfia, Labsystems
Diagnostics NS2400.
Coefficient of variation (CV), immunoreactive trypsinogen (IRT).

Similarly, ethylmalonic encephalopathy — though not typically in NBS panels — shares markers (C4 and
C5) with routinely screened disorders like SCAD deficiency (increased C4) and Isovaleric Acidemia (IVA;
increased C5), potentially leading to diagnostic challenges.

Regarding sample 3 (2024, Table 8), the TWG classified it as an “educational sample” due to its high
difficulty level. Since the C3 concentration was near the neonatal cut-off, the diagnostic interpretation
proved challenging; consequently, this sample was excluded from the annual scoring.

Table 6. Results of CQ for BTD analysis.

BTD  Samples Precision Precision Precision Recovery Linearity Score N° labora-
enzymatic intra-lab intra-lab inter-lab tories®
activity® (U/dL)
Year Mean CV  Median CV MeanCV Median Medianr Mean
intra-lab  intra-lab inter-lab* slope score
2020 8/40/168/258 8.0 8.7 11.1 0.860 0991 nd 15.0
2021 9/40/66/196 11.0 9.6 12.0 0.990 0990 nd 15.0
2022 8/42/67/197 10.4 8.9 10.0 1.003 0.993 8.2 25.0
2023 8/37/63/177 10.4 8.1 9.5 1.016 0.997 8.1 27.0
2024 8/23/57/97 8.3 7.3 8.4 1.016 0.995 8.0 28.0
2025 8/37/68/113 12.1 8.9 13.3 1.013 0.991 7.5 26.0
Total 10.0 8.6 10.7 0.983 0.993 8.0 23
mean

*with exclusion of outliers; Sused methods for BTD analysis: Revvity GSP, Perkin Elmer Victor 2D/1420, Labsystems Diag-
nostics NS2400; @1 or 2 labs that used homemade colorimetric methods were not included in the statistical evaluation.
Coefficient of variation (CV), biotinidase activity (BTD).



SIMMESN EXTERNAL QUALITY ASSURANCE PROGRAM FOR NEWBORN SCREENING

Table 7. Results of CQ for GAL analysis.

GAL Samples Precision Precision Precision Recovery Linearity Score N° labora-
concentration® intra-lab intra-lab inter-lab tories
(wmol/L)

Year Mean CV  Median CV Mean CV Median Medianr Mean

intra-lab  intra-lab inter-lab* slope score

2020 5/10/19/48 8.1 7.5 9.7 1.224 0.994 / 15.0

2021 6/13/21/42 7.3 6.3 10.9 1.030 0.994 / 15.0

2022 5/10/15/30 8.9 7.8 11.2 1.000 0.992 8.2 18.0

2023 6/11/17/37 9.4 8.8 11.8 0.992 0.993 8.2 18.0

2024 5/9/13/25 11.8 9.1 11.5 1.010 0.991 7.9 18.0

2025 4/7/15/31 9.4 8.3 13.5 0.997 0.994 7.6 18.0

Total 9.2 8.0 11.4 1.042 0.993 8.0 17

mean

"with exclusion of outliers; Sused methods for GAL analysis: Revvity GSP, Labsystems Diagnostics NS2400.
Coefficient of variation (CV), total galactose (GAL).

In the second-tier PT pilot program, 12 samples were distributed during 2024-2025, focusing on
conditions associated with C3 alterations (Table 9). These included methylmalonic acidemia (MUT/CbIA/
CblB), methylmalonic acidemia with homocystinuria (CbIC/CbID), propionic acidemia, and normal pro-
files. The vast majority of participating laboratories correctly formulated the diagnostic hypothesis for
all distributed samples.

Due to the absence of CE-marked in vitro diagnostics (CE-1VD)-certified commercial kits for second-tier
testing, laboratories adopted diverse analytical strategies to support diagnosis, developing and validat-
ing in-house methods for disease-specific biomarkers. All participants performed analyte measurements
using LC-MS/MS; however, quantification strategies varied, including both isotope dilution with labeled
internal standards and DBS matrix-matched calibration curves. In one instance, homocysteine (HCY) was
measured via high-pressure liquid chromatography (HPLC) using a solvent-based calibration curve.

DISCUSSION

The history of SIMMESN dates back to 1970 with the formal establishment of the “Group for the Study
of Inborn Errors of Metabolism”. This initiative was led by university and hospital specialists in pedi-
atrics, neurology, and biochemistry, at a time when clinical biochemistry as a distinct discipline did
not exist yet. In 1975, the group evolved into a scientific society, fostering collaborations across the
fields of genetics and clinical science over the following decades. Notably, it developed an increasingly
close partnership with the Italian Society of Neonatal Screening (SISN), founded in 1995. This synergy
ultimately led to their merger in 2008, forming the current Italian Society for the Study of Hereditary
Metabolic Diseases and Neonatal Screening (SIMMESN).

From its inception, a primary goal of the Society has been to enhance the development and analyt-
ical quality of neonatal screening laboratories in Italy. To this end, a dedicated technical working group
(TWG) was established to implement External Quality Assurance (EQA) programs aimed at ensuring
the accuracy of laboratory data. The TWG's core mission is to support laboratories by providing quality
schemes aligned with technological advancements and the introduction of new screening tests. Over
the years, the number of programs offered by SIMMESN has expanded; currently, the society provides
five quantitative EQA schemes and two proficiency tests. Recently, the TWG developed a dedicated
data-collection platform tailored to the specific needs of newborn screening quality control. These pro-
grams are provided free of charge to all Italian laboratories affiliated with SIMMESN. Furthermore, par-
ticipation has been extended to international laboratories, which now account for approximately half of
participants, significantly enhancing the scientific value and global reach of the programs.
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Table 8. Expected diagnosis of MSITA PT samples.

Years N°lab  Sample/Diagnosis Performance’
2019 37 Sample 1: 86%
2-Methyl-butyryl-CoA Dehydrogenase deficiency (OMIM 61006)

Sample 2: 71%
Short chain 3-hydroxy acyl-CoA dehydrogenase deficiency (OMIM 201470)
Sample 3: 84%
Citrullinemia type | (OMIM 215700)

2020 34 Sample 1: 100%
Glutaric acidemia type | (OMIM 231670)
Sample 2: 50%
Ethylmalonic encephalopathy (OMIM 602473)
Sample 3: 60%
Argininosuccinic Aciduria (OMIM 207900)

2021 36 Sample 1: 86%
Long-chain 3-hydroxyacyl-CoA dehydrogenase deficiency (LCHAD) (OMIM 609016)
Sample 2: 89%
Carnitine palmitoyltransferase | deficiency (CPT I) (OMIM 255120)
Sample 3: 92%
Maple syrup urine disease (MSUD) (OMIM 248600)

2022 35 Sample 1: 92%
Isovaleric acidemia (IVA) (OMIM 243500)
Sample 2: 89%
Very long-chain acyl-CoA dehydrogenase deficiency (VLCAD) (OMIM 201475)
Sample 3: 94%
Phenylalanine hydroxylase (PAH) (OMIM 261600)

2023 33 Sample 1: 97%
Tyrosinemia type | (OMIM 215700)
Sample 2: 85%
3-hydroxy-3-methylglutaryl-CoA lyase (HMG) (OMIM 246450)
Sample 3: 91%

Very long-chain acyl-CoA dehydrogenase deficiency (VLCAD)
(OMIM 201475)

2024 35 Sample 1: 97%
Long-chain hydroxyacyl-coenzyme A dehydrogenase deficiency
(LCHAD) (OMIM 609016)

Sample 2: 92%

Methylmalonic aciduria (MUT) (OMIM 251000)

Sample 3: *Educational

Methylmalonic aciduria with homocystinuria (CbIC) (OMIM 277400)* sample
2025 28 Sample 1: 71%

CUD (OMIM 212140)

Sample 2: 100%

Medium-chain acyl-CoA dehydrogenase (MCAD) deficiency

(OMIM 201450)
Sample 3: 89%
Very long-chain acyl-CoA dehydrogenase deficiency (VLCAD)

(OMIM 201475)

*Percentage of laboratories that reported a correct diagnosis.
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Table 9. Results and sample schemes of 2024 and 2025 for the second-tier test PT pilot program.

Second-tier test PT Pilot Program

Years N°lab  Sample/Diagnosis Performance

2024 14 Sample 1: 79%
Normal

1set Sample 2: 86%
Normal
Sample 3: 93%
Propionic Acidemia (OMIM 606054)

2" set Sample 1: 79%

Methylmalonic acidemia - MUT/CbIA/CbIB

(OMIM 251000/251100/251100)

Sample 2: 86%
Methylmalonic acidemia with Omocistinuria CblC/CbID

(OMIM 2277400/2277410)

Sample 3: 79%
Normal

2025 13 Sample 1: 100%
Methylmalonic acidemia with Omocistinuria CblC/CbID

1 set (OMIM 2277400/2277410)
Sample 2: 92%
Propionic Acidemia (OMIM 606054)
Sample 3: 92%

Methylmalonic acidemia - MUT/CbIA/CbIB
(OMIM 251000/251100/251100)

2" set Sample 1: 100%
Normal
Sample 2: 100%
Normal
Sample 3: 100%

Propionic Acidemia (OMIM 606054)

Following the 2016 legislative expansion of the Italian newborn screening panel to include 49 con-
ditions>®8, and the widespread adoption of complex analytical techniques such as tandem mass spec-
trometry (LC-MS/MS), robust laboratory quality verification has become increasingly critical. In this con-
text, the SIMMESN EQA programs serve as a long-standing, structured national initiative dedicated to
the continuous improvement of both the analytical and interpretative performance of newborn screen-
ing laboratories.

The results obtained between 2019 and 2025 demonstrate that the SIMMESN EQA framework serves
as an effective tool for monitoring laboratory performance across a diverse range of screening markers
and methodologies. By supporting both analytical accuracy and diagnostic reliability, this framework
aligns with international recommendations for laboratory quality assurance in newborn screening?%14,

Overall, the quantitative EQA schemes demonstrated satisfactory analytical performance across
all evaluated markers. Both intra- and inter-laboratory precision remained within acceptable limits
throughout the study period, with mean inter-laboratory CVs generally below 15%, consistent with per-
formance targets reported in similar EQA programs!>!¢. The highest analytical precision was observed
for IRT, likely reflecting the high degree of method standardization and the widespread use of automat-
ed immunoassays, as previously described in cystic fibrosis screening programs®’. Conversely, phenylal-
anine (Phe) exhibited greater inter-laboratory variability, which can be attributed to the heterogeneity
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of MS/MS platforms, extraction protocols, calibration strategies, and commercial kits. This finding aligns
with earlier studies®® reporting method-dependent variability in amino acid quantification via MS/MS in
newborn screening. Linearity and recovery parameters further confirmed the robustness of analytical
performance, with median correlation coefficients (r) consistently close to unity and recovery values
within acceptable ranges. Similar performance characteristics have been reported by established inter-
national EQA providers, such as ERNDIM and the CDC Newborn Screening Quality Assurance Program
(NSQAP)?3, highlighting the importance of long-term EQA participation to maintain analytical consis-
tency. Minor deviations observed in specific years were often linked to identifiable causes, such as data
entry errors or sample misidentification, rather than systematic analytical failures. This underscores the
value of EQA programs in detecting pre- and post-analytical issues alongside analytical errors34,

Since 2024, the Technical Working Group has implemented a pilot program, recognizing that Profi-
ciency Testing (PT) is fundamental in assessing laboratory proficiency for diagnosing inborn errors of
metabolism*1>2, Within this framework, the MSITA program was established to evaluate the analyti-
cal and interpretative accuracy of laboratories in identifying disorders included in the screening panel,
utilizing authentic samples from affected individuals. While the program originally focused exclusively
on neonatal specimens, practical constraints in sample procurement necessitated a strategic adapta-
tion. By incorporating samples from healthy subjects and children of diverse age groups, the program
expanded its scope beyond the neonatal period. Crucially, this transition compelled laboratories to es-
tablish and implement age-specific reference ranges, thereby enhancing the clinical robustness of their
interpretations. The requirement for participants to report quantitative values alongside age-appropri-
ate cut-offs offered significant insights into current interpretative practices, underscoring the critical
role of age-dependent decision thresholds in both screening and confirmatory diagnostics?t. Although
the majority of participating laboratories successfully identified the target disorders, the observed lon-
gitudinal variability in performance highlights the inherent complexity of interpretative PT, particularly
regarding conditions with overlapping biochemical profiles or borderline marker elevations. To address
this, particularly challenging cases — such as sample 3 from the 2024 distribution — may now be desig-
nated as ‘educational samples’. This classification, aligned with strategies adopted by other External
Quality Assessment (EQA) providers, facilitates the use of complex cases as pedagogical tools without
compromising a laboratory’s annual performance score??. Furthermore, international disparities in an-
alytical panels persist, as some laboratories do not monitor all biomarkers essential for an unambigu-
ous biochemical diagnosis. This divergence reflects broader variations in mandatory newborn screening
panels and the associated MS/MS strategies employed across different jurisdictions?®. Such heteroge-
neity remains a significant barrier to international harmonization. A clear example of this limitation is
argininosuccinic aciduria: in laboratories where argininosuccinic acid is not routinely monitored via MS/
MS, the lack of direct detection for this pathognomonic marker led to the misinterpretation of sample 3
in the 2020 distribution (Table 8).

This study focuses on Italian laboratories engaged in the qualitative interpretation of second-tier tests
(2TT), specifically those addressing C3 carnitine alterations identified during newborn screening. To the
best of our knowledge, this initiative represents the first proficiency testing (PT) program globally dedicat-
ed exclusively to the evaluation of second-tier diagnostic performance. The primary objective of the Tech-
nical Working Group was to validate the feasibility and robustness of this pilot project before expanding
its participation to international laboratories. Beyond its immediate operational goals, this initiative serves
as a pivotal first step toward the development and implementation of standardized 2TT PT schemes. Such
programs are becoming increasingly indispensable for ensuring interpretative accuracy and for the sys-
temic reduction of false-positive results within expanded newborn screening frameworks.

The pilot second-tier PT program focusing on C3-related disorders addresses a critical gap in current
External Quality Assessment (EQA) offerings. C3 is a well-recognized marker characterized by low diag-
nostic specificity, and the incidence of false-positive results remains a significant challenge in newborn
screening for methylmalonic acidemia and propionic acidemia’. Second-tier testing has been demon-
strated to significantly enhance positive predictive value (PPV) and reduce unnecessary clinical refer-
rals®>124 Qur results showed a high rate of accurate diagnostic hypotheses, particularly in the 2025
distribution; this suggests a rapid learning curve and effective adaptation by participating laboratories,
despite the current lack of CE-IVD-certified commercial kits. The observed methodological heteroge-
neity — with laboratories employing diverse in-house LC-MS/MS methods and varying calibration strat-
egies — further underscores the urgent need for structured external proficiency testing to facilitate
inter-laboratory harmonization and robust method validation, as previously advocated by international
expert groups?.
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Beyond analytical and diagnostic outcomes, a primary strength of the SIMMESN EQA programs lies
in their integrated educational and corrective framework. Participation in EQA schemes alone does not
inherently guarantee quality improvement; rather, the systematic review of EQA reports, root cause
analysis (RCA), and the implementation of targeted corrective actions are indispensable components of
an effective quality management system?®. Laboratory staff are responsible for analyzing EQA reports,
discussing discrepancies, and evaluating potential interventions to enhance performance. To facilitate
this process, the TWG has implemented the issuance of alert letters to laboratories that achieve sub-
optimal scores. These communications mandate formal RCA and the development of a structured cor-
rective action plan. Furthermore, TWG provides technical consultancy to laboratories when necessary,
ensuring that participation translates into measurable quality gains. The practice of issuing alert letters,
coupled with the availability of specialized technical support from the SIMMESN working group, aligns
with the best international practices in laboratory quality improvement, fostering proactive engage-
ment rather than mere passive compliance?.

CONCLUSIONS

In conclusion, the SIMMESN EQA experience demonstrates that a nationally coordinated, evidence-based
EQA system effectively sustains high-quality NBS services, even amidst expanding screening panels and
escalating analytical complexity. The longitudinal results from 2019 to 2025 confirm the robustness of
existing EQA schemes and underscore the significant added value of innovative initiatives, such as sec-
ond-tier proficiency testing. The continuous expansion and refinement of these programs will be indis-
pensable to ensure reliable, accurate, and clinically actionable NBS outcomes, fostering harmonization
at both national and international levels.
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