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Abstract: Background: Early detection of type 1 diabetes (T1D) through major islet antibodies
screening is gaining momentum as public health strategy, with Italy recently implementing a pilot
pediatric screening program. The transition from research-based screening to large-scale population
initiatives needs automated and standardized assays capable of processing extensive sample
volumes. This study was hence aimed at evaluating the analytical performance and comparability of
a fully-automated chemiluminescence immunoassay (CLIA) compared to a conventional enzyme-
linked immunosorbent assay (ELISA) for detection of three classes of major islet antibodies anti-GAD
(GADA), anti-IA-2 (IA-2A) and anti-ZnT8 (ZnT8A). Methods: A total of 104 serum specimens were
analyzed for each autoantibody using both ELISA (DYNES, DSX) and CLIA (MAGLUMI 800). Assay
precision and linearity were assessed through intra-assay variability studies and dilution protocols.
Methods agreement was evaluated with Passing-Bablok regression, Spearman’s correlation, Bland-
Altman analysis and Cohen’s kappa statistics. Results: CLIA showed good precision and excellent
linearity across clinically relevant concentration ranges of all islet antibodies. Correlation coefficients
and categorical agreement between CLIA and ELISA were high (r>0.96 and Cohen’s kappa >0.8 for
all), with ZnT8A exhibiting the highest concordance. However, proportional biases were found, as
CLIA systematically underestimated GADA and ZnT8A levels, while overestimated IA-2A
compared with ELISA. Conclusions: CLIA assays displayed satisfactory precision and agreement
with ELISA for GADA, IA-2A and ZnT8A detection. Our findings support the use of these automated
immunoassay in large-scale population initiatives for diagnosing TD1, but we also highlight the need
for further efforts to achieve better inter-assay harmonization.

Keywords: chemiluminescence immunoassay; CLIA; ELISA; GADA; ZnT8A; IA-2A; islet
autoantibody; type 1 diabetes mellitus

1. Introduction

Screening for type 1 diabetes (T1D) is gaining international recognition as a potential component
of standard preventive care. While current efforts are largely research-based, several countries are
initiating structured implementation strategies. In 2023, Italy became the first country to formally
enact a public health policy mandating population-wide pediatric screening for both T1D and celiac
disease (CD). The Istituto Superiore di Sanita (ISS), under the directive of the Ministry of Health,
launched a government-funded pilot program —D1Ce (Diabete tipo 1 e Celiachia) Screen—across
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four regions (Lombardia, Marche, Campania, and Sardegna) [1]. This initiative aims to assess
feasibility, acceptability and operational challenges of large-scale screening, with major focus on
sample collection and autoantibody detection, serving as a foundational step toward a future
nationwide implementation [1].

The main purpose of type 1 diabetes (T1D) screening programs is to detect individuals at risk or
in early disease stages, enabling preventive interventions. Demonstrated benefits include a
significant reduction in diabetic ketoacidosis (DKA) at diagnosis (i.e., from 15-80% to below 5%),
with consequent improvement in acute morbidity, neurocognitive impairment and mortality [2].
Screening also ameliorates short-term clinical outcomes and reduces hospitalization, and contributes
to better psychological adjustment, as parents of screened children report lower anxiety levels at
diagnosis [3]. Beyond these immediate benefits, recent advances in immunotherapy, such as the
approval of teplizumab for delaying the onset of clinical T1D, have expanded the relevance of early
identification strategies. These developments have renewed interest in feasibility and potential
impact of population-based screening programs, aiming not only to improve diagnosis but also to
enable timely preventive interventions [4,5].

Islet autoantibodies recognizing four major pancreatic autoantigens are currently clinically
available, and consist of anti-insulin autoantibodies (IAA), anti-glutamate decarboxylase
autoantibodies (GADA), anti-insulinoma antigen-2 autoantibodies (IA-2A), and anti-zinc transporter
protein 8 antibodies (ZnT8A) [6,7]. These tests represent the screening targets recommended by the
most recent American Diabetes Association (ADA) Standards of Care [8]. The presence of two or
more autoantibodies in the context of normoglycemia defines Stage 1 T1D. Stage 2 is instead
characterized by the same serological profile in association with dysglycemia, in the absence of
clinical symptoms. Stage 3 corresponds to the clinical onset of T1D, with hyperglycemia meeting
diagnostic criteria established by the ADA [9,10]. Various methods have been proposed for detection
of anti-TDM1 antibodies, including radioimmunoassay (RIA) and enzyme-linked immunosorbent
assay (ELISA) [11]. Although the RIA technique is extremely sensitive and specific, it requires
specialized equipment, special precautions, and licensing since radioactive substances are used. For
this reason, most of laboratories worldwide are increasingly abandoning this analytical technology.

ELISA has hence emerged as the primary detection method due to its quantitative capabilities
and straightforward procedure [12,13]. Nonetheless, ELISA still possesses certain limitations inherent
to traditional immunological detection techniques, such as the need for multiple operational steps,
extended time requirements, and high costs [14]. Additionally, achieving rapid sample detection in
clinical settings can be challenging with ELISA [15]. To address these limitations, the
chemiluminescence immunoassay (CLIA) detection technology has gained popularity as a new and
mainstream clinical immunoassay method [16]. CLIA comprises the following steps: a) labeling an
antigen or an antibody with a chemiluminescence-related substance; b) separating a free
chemiluminescence-related marker after a specific antigen-antibody reaction; c) adding other related
substances of a chemiluminescence-related system to generate chemiluminescence; and d)
performing qualitative or quantitative detection on labeled antigen or antibody. CLIA has gained
widespread use in clinical disease diagnosis, particularly for tumor biomarker and autoantibody
detection, owing to its rapid detection speed, ease of operation, and high sensitivity and specificity.
As a result, it could be applied in pharmaceutical control, clinical diagnostics, and environmental
monitoring. It is now regarded as the best alternative to ELISA and RIA [17].

Despite the increased focus on D1T antibody assays, data from methods comparison are limited.
Moreover, The Islet Autoantibody Standardization Program (IASP) has recently observed
discrepancies of positive/negative scores and ranking of antibodies levels across assays and formats
across laboratories around the world, thus heightening the need of more standardized procedure for
these assays [18]. This study was hence aimed at comparing the diagnostic performance of CLIA and
ELISA in detecting the presence of three autoantibodies, with the purpose of identifying a more
accurate, rapid, automated, and convenient method for the implementation of screening programs.
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A total of 104 serum specimens, covering the most clinically relevant range of Anti-GAD, Anti-ZnT8,
and Anti-IA-2 antibodies assays, were collected from the sample of children and adolescents with new-
onset T1D or undergoing screening as first-degree relatives, and collected in the PRECIMED-VR Biobank
of the Regional Center for Pediatric Diabetes of Verona (Italy). The samples were analyzed at the Service
of Laboratory Medicine, University Hospital of Verona (Italy). The ELISA assays used in clinical practice
were compared with MAGLUMI™ 800 CLIA on residual and previously anonymized specimens after
ELISA testing was completed, using identical test aliquots. The study was cleared by the local Ethical
Committee (Verona and Rovigo provinces; protocol number: 971CESC, date of approval: 25 July, 2016).
The analytical characteristics of the assays are summarized in Table 1.

Table 1. Characteristics of the assays used in this investigation.

ZnT8A

GADA

IA-2A
Test
CLIA ELISA CLIA ELISA CLIA ELISA
MAGLUMI Elisa RSR Medizym
Reagent kit Elisa RSR ZnT8 Ab MAGLUMI MAGLUMI
Anti-ZnT8A GAD Ab anti-IA-2 M
(manufacturer) (RSR Limited) Anti-GAD (SNIBE) Anti-IA-2 (SNIBE)
(SNIBE) (RSR Limited) (MEDIPAN)
Instrument MAGLUMI 800 DYNEX DSX DYNEX DSX DYNEX DSX
MAGLUMI 800 (SNIBE) MAGLUMI 800 (SNIBE)
(manufacturer) (SNIBE) (PANTEC) (PANTEC) (PANTEC)
Assay soon
3 days (2-8°C)
7 days (2-8°C) Assay soon after sera 14 days (2-8°C) after sera 14 days (2-8°C)
Specimen storage
separation or stored at or separation or
stability >3 days (-
6 months (-20°C) below -20°C 3 months (-20°C) stored at or 6 months (-20°C)
20°C)
below -20°C
Min. required sample 50uL 50uL 100uL
20uL 50uL 100uL
volume (25uLx2 wells) (25uLx2 wells) (50uLx2 wells)
Negative: <8
U/ml
Negative: <5
Negative: <10 U/ml Negative: <15 U/ml Negative: <10 U/ml U/ml Negative: <10 U/ml
Grey zone: 8-
Result interpretation
10 U/ml

Positive: 210 U/ml

Positive: 215 U/ml

Positive: 10 U/ml

Positive: 25

U/ml

Positive: 210 U/ml

Positive: >10

U/ml

Analytical

measurement range

1,00-2000 U/ml

1,00-2000 U/ml

0,2-2000 U/ml

0,5-2000 U/ml

2,00-1000 U/ml

1-400 U/ml

* CLIA, chemiluminescence immunoassay; ELISA, enzyme-linked immunosorbent assay; GADA,

anti-glutamate decarboxylase autoantibodies; IA-2A, anti-insulinoma antigen-2 autoantibodies;
ZnT8A, anti-zinc transporter protein 8 antibodies.
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The overall positive and negative percent agreement and Cohen's k coefficient were calculated
to demonstrate the concordance between the two assays. Standard formulae have been used to
calculate percent agreement and relative sensitivity and specificity of results by the CLIA method,
considering ELISA as the reference standard. x values lower than 0.40 mean poor agreement, values
between 0.40 and 0.60 moderate agreement, those between 0.60 and 0.80 good agreement, and values
over 0.80 excellent agreement. After assessment of variables distribution by Kolmogorov-Smirnov
test, Spearman correlation analysis was used for identifying the correlation between methods.
Proportional and/or constant bias were assessed with Passing-Bablok regression and Bland-Altman
analysis. Deviation from linearity was detected by the Cusum test. The statistical analysis was
performed using SPSS 26.0 statistical software (IBM SPSS, Chicago, IL, USA) and Graph Pad 10.4.2
(San Diego, CA, USA).

2.2. Assessment of Precision and Linearity

Intra-assay variability was assessed by performing ten replicate measurements on aliquots of
two serum pools for each class of major islet antibodies, with one pool having analyte concentrations
below and the other above the established positivity cut-off. The resulting coefficients of variation
(CVs) were compared with those provided by the CLIA manufacturer, which have been assessed
with three human serum pools and internal control materials containing different analyte
concentrations, each measured in duplicate. Linearity was evaluated by preparing serial dilutions
(ranging from 1:10 to 10:1) of high-titer serum samples for GADA, ZnT8A, and IA-2A, each diluted
with the corresponding low-titer serum pool specific for each class of major islet antibodies. All
dilutions were tested in triplicate, and values were averaged.

3. Results

3.1. Precision and Linearity

Table 2 shows the results of the imprecision study. The obtained values were generally
consistent with those provided by the manufacturer, whose declared coefficients of variation (CVs)
ranging from 0.5% to 4.5%.

Table 2. Intra-assay imprecision of antibodies measured on serum pool samples below (low) and above (high)

the positivity cut-off.

MAGLUMI CLIA Mean IU/L CV%
GADA Low 24 5.5
High 177 23
TIA-2A Low 77 5.1
High 125 0.5
ZnT8A Low 8.03 24
High 175 4.3

* CLIA, chemiluminescence immunoassay; CV%, coefficient of variation; GADA, anti-glutamate
decarboxylase autoantibodies; IA-2A, anti-insulinoma antigen-2 autoantibodies; ZnT8A, anti-zinc

transporter protein 8 antibodies.

Using the protocol described above, assay linearity was assessed within the range of 12 to 270
IU/mL for ZnT8A, 2.3 to 300 IU/mL for GADA, and 5 to 413 IU/mL for IA-2A. The assay demonstrated
excellent linearity for ZnT8A and GADA (Spearman’s correlation coefficients of 0.992 and 0.999,
respectively), and a good linearity for IA-2A (Spearman’s correlation coefficient of 0.962).

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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3.2. Comparability Between Methods

For each of the three autoantibodies tested (GADA, IA-2A, and ZnT8A), 104 serum samples were
analyzed, spanning broad concentration ranges of each analyte (<1 to >2000 for ZnT8A; <0.2 to >2000
for GADA; and <2 to >1000 for IA-2A). The CLIA and ELISA methods showed strong cumulative
agreement, with ZnT8A displaying the highest inter-assay concordance. The positive and negative
agreement rates, as well as the Cohen’s kappa coefficient (based on dichotomizing results at the
manufacturers’ cut-off values), are summarized in Table 3

Table 3. Agreement between CLIA and ELISA assays.

Overall Positive Negative Choen’s

agreement agreement agreement coefficient
IA-2A | 96.2% 91.3% 100% 0.922
GADA | 91.4% 100% 85% 0.827
ZnT8A | 97.1% 100% 94.5% 0.943

* CLIA, chemiluminescence immunoassay; GADA, anti-glutamate decarboxylase autoantibodies; IA-

2A, anti-insulinoma antigen-2 autoantibodies; ZnT8A, anti-zinc transporter protein 8 antibodies.

Passing-Bablok regression was used for samples within the measurable range of each assay in
order to compare CLIA and ELISA measurements for GADA, IA-2A, and ZnT8A antibodies. No
significant deviation from linearity was observed in any of these comparisons (Cusum test, p > 0.05),
indicating that a linear model was appropriate. The regression slopes revealed systematic differences
between the methods. For GADA (n = 52) and ZnT8A (n = 31), CLIA yielded systematically lower
concentrations than ELISA, with slopes significantly below 1 (95% CI: 0.6952-0.8242 and 0.4594—
0.5427, respectively). Contrarily, CLIA values were higher than ELISA for IA-2A (n = 30), with slope
significantly above 1 (95% CI: 1.6891-2.6813). Spearman’s rank correlation analysis (Figure 1) yielded
a strong correlation for GADA (r = 0.959) and moderately strong correlations for IA-2A (r=0.719) and
ZnT8A (r=0.681). All correlation coefficients were statistically significant (p <0.001).

GADA

ZnTBA

I1A2A

10000 10000 1000

1000 S

100

DSX ELISA IUimL

DSX ELISA IUimL

DSX ELISA IU/mL
=

e .
Tae r=0.681

r=0.959 r=07188

T T !
1 10 100 1000 vl Y u
1000 1 10 100
MAGLUMI CLIA IUmL MAGLUMI CLIA IU/mL

T T 1
1 10 100 1000

MAGLUMI CLIA 1U/mL

Figure 1. Spearman’s rank correlation between CLIA and ELISA measurements. * CLIA, chemiluminescence
ELISA, GADA,
autoantibodies; IA-2A, anti-insulinoma antigen-2 autoantibodies; ZnT8A, anti-zinc transporter protein 8

immunoassay; enzyme-linked immunosorbent assay; anti-glutamate decarboxylase

antibodies.

Bland-Altman analysis (Figure 2) was used to further assess the agreement between methods,
revealing a relative dispersion of values, with broad 95% Cls.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Figure 2. Bland-Altman agreement analysis between CLIA and ELISA measurements. * CLIA,
chemiluminescence immunoassay; ELISA, enzyme-linked immunosorbent assay; GADA, anti-glutamate
decarboxylase autoantibodies; IA-2A, anti-insulinoma antigen-2 autoantibodies; ZnT8A, anti-zinc transporter

protein 8 antibodies.

4. Discussion

The screening for islet autoantibodies is now primarily conducted within programs targeting
children, adolescents, and adults who are at increased risk of developing T1D due to either having a
first-degree relative with T1D or carrying a known high-risk HLA genotype [7,19]. Periodic
monitoring of individuals who test positive for one or more islet autoantibodies is cost-effective and
feasible using ELISA-based methods, given the relatively limited number of samples involved.
Nevertheless, up to 90% of individuals who eventually develop T1D do not belong to these
predefined at-risk groups, so that population-based screening initiatives are being launched,
substantially increasing the number of samples to be analyzed. Regional screening programs could
result in a shift from processing a few thousand samples per year to over twenty-fold samples
annually. In this context, the use of traditional ELISA methods becomes impractical due to their
limited scalability and lack of full automation. There is hence urgent need for availability of new,
fully automated and standardized platforms to efficiently monitor islet autoantibodies status at
regional and population-wide levels. Among the currently available alternative methods,
dissociation-enhanced lanthanide fluorescence immunoassay (DELFIA) and CLIA appear to be the
most promising options [20,21].

In this study, we evaluated the analytical concordance and the quantitative agreement between
CLIA and ELISA assays for measurement of anti-GAD, IA-2, and ZnT8 autoantibodies in a cohort of
serum samples covering a broad dynamic range. Our findings offer valuable insights into the
comparability of these two commonly used immunoassay platforms, highlighting both strengths and
potential limitations associated with their interchangeability. We also verified the precision and
linearity of GADA, ZnT8A and IA-2A CLIA assays on MAGLUMI 800.

The present study demonstrates a strong total agreement between CLIA and ELISA methods for
measurement of GADA, IA-2A, and ZnT8A autoantibodies, with Cohen’s kappa coefficients
consistently indicating excellent concordance. Notably, ZnT8A exhibited the highest agreement
between methods, while GADA showed slightly lower concordance, particularly in terms of negative
agreement. Despite these encouraging findings, method comparison analyses revealed significant
proportional biases. Passing-Bablok regression proved that, while a linear relationship was
maintained, CLIA systematically underestimated antibodies concentrations for GADA and ZnT8A
and overestimated those for IA-2A compared to ELISA. This trend was further supported by Bland-
Altman analysis, which highlighted mean biases of +8% for GADA, +44% for ZnT8A, and -57% for
IA-2A, indicating a substantial variation in both bias magnitude and direction across analytes. This
suggests that, although CLIA and ELISA generate highly correlated data, the presence of systematic
proportional differences precludes their direct interchangeability for quantitative assessment.

Our findings are in line with previous observations by Plebani et al. [22], who reported a
detectable proportional bias between the MAGLUMI™ 2000 Plus CLIA and the EUROIMMUN Anti-
GAD ELISA for GADA quantification. In their study, the CLIA method systematically
underestimated GADA concentrations compared to ELISA, despite both assays being calibrated

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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against the World Health Organization (WHO) 1t Reference Reagent 97/550. Similarly, in our
analysis, Passing-Bablok regression and Bland-Altman plots revealed a significant proportional bias,
with CLIA underestimating GADA levels relative to ELISA.

By extending the analysis performed by Plebani et al. [22], to ZnT8A and Ia-2A assays, we also
showed a persistent substantial proportional bias between methods. In particular, the positive bias
for ZnT8A and the negative bias for IA-2A highlight that the magnitude and direction of discrepancy
may vary considerably depending on the specific auto-antibodies analyzed.

This was the first study evaluating the comparability between ELISA and CLIA for the three
antibodies against three major pancreatic autoantigens. The major strengths of this study include the
evaluation of a substantial number of samples across a wide dynamic range and the application of
complementary statistical approaches—Passing-Bablok regression, Spearman’s correlation, and
Bland-Altman analysis to comprehensively assess method comparison.

However, of the 104 samples collected for each class of major islet antibodies, several results
were below or above the measurable range of one or both ELISA and CLIA assays. Therefore, to avoid
misinterpretation of results, only results within the measurable range of each assay were included in
the quantitative analyses, which may have excluded extreme values potentially relevant in clinical
practice. A further limitation of this study is that only three out of the four antibodies recommended
for autoimmune screening in type 1 diabetes were assessed. Evaluation of insulin autoantibodies
(IAA) was precluded by the absence of samples exceeding the established positivity threshold among
those analyzed during routine laboratory testing.

5. Conclusions

In conclusion, our study demonstrates that CLIA and ELISA assays for GADA, IA-2A, and
ZnT8A exhibit strong agreement and high correlation coefficients. Although significant proportional
biases between methods limit their quantitative interchangeability, our findings support the use of
CLIA assays in clinical practice for detection of islet autoantibodies, including in the context of large-
scale screening initiatives, due to their automation, rapidity and overall reliability. Nonetheless,
major efforts are still needed to increase the harmonization of serum antibodies values generated by
these two techniques.
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Abbreviations

The following abbreviations are used in this manuscript:

T1D type 1 diabetes

CD celiac disease

DKA diabetic ketoacidosis

ELISA enzyme-linked immunosorbent assay
CLIA chemiluminescence Immunoassays
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RIA radioimmunoassay

GADA anti-glutamate decarboxylase autoantibody
IA-2A anti-insulinoma antigen-2 autoantibody
ZnT8A anti-zinc transporter protein 8 antibody

IAA anti-insulin autoantibody

IASP Islet Autoantibody Standardization Program

DELFIA  Dissociation-enhanced lanthanide fluorescence immunoassay

CVs

coefficients of variation
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