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* Promising performance for islet autoantibody detection
» Further optimization needed to increase specificity and concordance across laboratories
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ARTICLE HIGHLIGHTS

® Why did we undertake this study?
Assays measuring multiple islet autoantibodies are increasingly being used in type 1 diabetes research and clinical practice. Interlaboratory
evaluation is essential to understand their performance and support standardization efforts.

® What is the specific question we wanted to answer?
We evaluated multiplex assays’ sensitivity, specificity, and threshold standardization potential across diverse formats and laboratories.

® What did we find?
Multiplex assays demonstrated high discriminatory capability (median receiver operating characteristic area under the curve analysis 0.98) with
standardized thresholds achieving 93-97% sensitivity. Bridge-ELISA platforms showed promise for universal cutoff implementation, while
substantial interlaboratory variation persisted in other formats.

® What are the implications of our findings?
Multiplex assays showed promising performance for islet autoantibody detection. Our study suggests that continued standardization efforts and
sequential testing strategies may be needed to optimize specificity for population-wide applications.
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OBJECTIVE

The Islet Autoantibody Standardization Program (IASP) evaluates type 1 diabetes
autoantibody assays through international interlaboratory comparison studies.
This report describes 2024 IASP workshop results for multiplex assays that simul-
taneously measure multiple islet autoantibodies, increasingly adopted for popu-
lation screening programs.

RESEARCH DESIGN AND METHODS

Participating laboratories analyzed coded sera from individuals with new-onset type 1
diabetes (n = 50), blood donors with no diabetes (n = 98), and replicate samples
(n = 3). Performance was assessed using sensitivity, specificity, adjusted sensitivity at
95%, 99%, and 100% specificity, area under the receiver operating characteristic curve
analysis (ROC-AUC), and partial ROC-AUC at 95% specificity (pAUC95).

RESULTS

Fifteen laboratories contributed results from 19 multiplex assays using five for-
mats: antibody-dependent agglutination PCR (ADAP) (n = 6), bridge-ELISA (n = 8),
electrochemiluminescence (n = 2), luciferase immunoprecipitation system (LIPS)
(n = 1), and protein A luciferase/solid-phase capture LIPS (n = 2). Median ROC-
AUC was 0.98 across all platforms, with a pAUC95 of 0.048 against a theoretical
maximum of 0.05. Laboratory-reported sensitivity ranged from 86% to 96% with
specificity 81% to 100%. Standardized adjusted sensitivity at 99% specificity
thresholds eliminated most false positives without compromising sensitivity,
achieving 93-97% adjusted sensitivity. Bridge-ELISA platforms demonstrated po-
tential for universal cutoff standardization, while ADAP showed substantial inter-
laboratory threshold variation.

CONCLUSIONS

Multiplex assays demonstrated good overall performance for detecting islet
autoantibodies and discriminating case subjects from control subjects. However,
interlaboratory variability and platform-specific recognition patterns necessitate
further standardization efforts. While not directly tested in this workshop, the re-
sults suggest that sequential testing strategies using complementary platforms
may be necessary to achieve the stringent specificity required when these assays
are used in a screening context.
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Autoantibodies that target pancreatic
islet autoantigens, like glutamic acid
decarboxylase 65 (GADG65, i.e., GADA),
insulinoma-associated antigen-2 (I1A-2A),
zinc transporter 8 (ZnT8A), and insulin
(IAA), serve as important biomarkers for
identifying individuals at-risk of type 1 dia-
betes (T1D), long before clinical symptoms
emerge (1,2).

Historically, islet autoantibodies have
been measured using separate radiobind-
ing assays (RBAs) for each specificity. While
RBAs achieved high sensitivity and specif-
icity, they present significant operational
challenges for widespread implementa-
tion. These assays are laborious, require
substantial sample volumes (typically
20-50 pL per autoantibody), cannot
be multiplexed, and rely on radioactive
isotopes that face increasing regulatory
restrictions (3—=5). Moreover, sequential
testing of individual autoantibodies through
separate assays introduces interassay vari-
ability and limits throughput capacity.

As the field moves toward broader
screening initiatives and comprehensive
autoantibody profiling for risk stratifica-
tion, these limitations have driven the
development of alternative nonradioac-
tive multiplex formats. These assays en-
able the simultaneous measurement of
multiple islet autoantibodies (GADA, IA-
2A, ZnT8A, and, in some formats, I1AA)
in a single analytical run (6=8). This in-
tegrated approach offers several dis-
tinct advantages over traditional single
antibody testing methods: it reduces sam-
ple volume requirements, minimizes inter-
assay variability, improves both qualitative
and quantitative result consistency, and
substantially enhances the efficiency and
cost-effectiveness of comprehensive auto-
antibody profiling (2) and identification of
individuals at highest risk for disease pro-
gression (i.e., positive for two or more
autoantibodies).

Significant challenges persist in stan-
dardizing islet autoantibody measure-
ments across different laboratories and
platforms (9,10). To address these issues,
the Islet Autoantibody Standardization Pro-
gram (IASP) promotes standardization and
improvement of islet autoantibody assays
(11-15) through specialized workshops.
IASP workshops consist of interlaboratory
comparison studies where participating
laboratories receive and test blinded se-
rum samples from new-onset T1D cases
and blood donors. Results are then cen-
trally decoded and analyzed to evaluate

assay performance across different labo-
ratory settings.

This report presents the results of
the IASP 2024 interlaboratory compari-
son study, with particular emphasis on
multiplex assays. These results were pre-
liminarily presented at the IASP 2024
workshop during the 20th Immunology
of Diabetes Society (IDS) Congress.

Although the current IASP framework
was not specifically designed to evaluate
screening assays and their predictive ca-
pacity in presymptomatic individuals,
the IASP 2024 interlaboratory compari-
son study nevertheless generated valu-
able data on contemporary multiplex
islet autoantibody assays. These findings
can inform both future assay optimiza-
tion efforts and the implementation of
more effective screening strategies.

RESEARCH DESIGN AND METHODS

Study Design

This study evaluated multiplex T1D au-
toantibody assay performance through
an interlaboratory comparison using sera
from patients with newly diagnosed T1D
(collected within 14 days of initial insulin
treatment from multiple international
centers) and blood donors without a di-
abetes diagnosis collected in the United
States. All samples were obtained with
written informed consent and approval
from local ethics committees, adhering to
the ethical principles for medical research
involving human subjects as in the Decla-
ration of Helsinki (16).

The 2024 sample set included blinded
specimens from 50 individuals with new-
onset T1D, 98 blood donor controls, and
three replicates of a selected T1D serum
(IDS382) with GADA, IA-2A, ZnT8A, and
IAA. Additional samples comprised six
serial dilutions of the IgG1l anti-insulin
mouse monoclonal antibody (mAb) HUI-018
(17) in normal human serum (156, 20, 5,
1.2, 0.6, and 0 ng/mL) and six National
Institute of Diabetes and Digestive Kid-
ney Diseases consortium standards, pre-
pared from GADA-positive (493, 228,
92, 13, 4.8, and 0 NIDDK standard [DK]
units per mL) and IA-2A—positive (235,
106, 42, 5.8, 2, and 0 DK units per mL)
sera (3).

Participants’ Demographics

Individuals with T1D had a median age
of 13 years (range 4-43) and included
17 females and 25 males (demographic

data missing for eight participants because
of anonymization); 37 were White, 1 was
Black, 2 were Hispanic, 1 was Asian, and
1 was of undisclosed ancestry. Blood do-
nors without diabetes showed a median
age of 34 years (range 20-40) and in-
cluded 31 females and 67 males; 15 were
White, 82 were Black, and 1 was of other
ethnic backgrounds.

Data Analysis

Participating laboratories submitted assay
protocol details, raw data, arbitrary units,
and scores using standardized Excel report-
ing templates. All analyses were performed
using the R statistical software (18).

Assay sensitivity was calculated as the
percentage of T1D sera testing positive.
Specificity was defined as the percentage
of blood donor sera testing negative. For
antibody-dependent agglutination PCR
(ADAP) and electrochemiluminescence
(ECL), which discriminate all four auto-
antibody reactivities, overall sensitivity
and specificity were calculated by cumu-
lating individual antibody scores (i.e., a
sample was considered positive if any of
the four measured autoantibodies was
positive). To account for different diagnos-
tic thresholds, we calculated each assay’s
adjusted sensitivity at 95% (AS95), 99%
(AS99), and 100% (AS100) specificity by
setting the positivity threshold at the
95th, 99th, and 100th percentiles, respec-
tively, of values measured in blood donor
samples.

Assay performance was evaluated us-
ing threshold-independent receiver op-
erating characteristic (ROC) analysis. The
area under the ROC curve (ROC-AUC)
and the partial ROC-AUC at 95% specific-
ity (pAUC95) were calculated using the
PROC R package (19), while the median
ROC curve was obtained using the cut-
pointr R package (20) (Supplementary Ex-
tended Methods).

For ADAP and ECL assays measuring in-
dividual antibodies, a cumulative ROC-AUC
was calculated using logistic regression
based on single autoantibody reactivities
(Supplementary Extended Methods).

Fold over cutoff values were stratified
into four logarithmic intensity tiers (<1,
1-10, 10-100, and >100) to accommo-
date the wide dynamic range of autoanti-
body signals across different platforms.
This binning strategy enables classification
of samples as negative (<1), weakly posi-
tive (1-10), moderately positive (10-100),
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or strongly positive (>100), facilitating
comparison of signal intensities across
assays with differing absolute readout
ranges.

Consensus scores were calculated based
on agreement in >50% of assays measur-
ing each autoantibody within each assay
format.

RESULTS

Multiplex Assay Formats and
Laboratory Participation

Fifteen laboratories contributed results
from 19 multiplex assays, distributed
across five detection platforms: five ADAP
(Enable Biosciences Inc.); eight bridge-
ELISA (RSR Limited); two ECL, one devel-
oped in-house and one from Meso
Scale Diagnostics LLC); one luciferase
immunoprecipitation system assay (LIPS)
(in-house), and two assays based on
solid-phase capture using plates coated
with protein A (protein A luciferase [PAL]
and solid-phase capture LIPS [scLIPS]) (in-
house). All assays used nonradioactive
tracers, with 21% (n = 4) being in-house
(LIPS, PAL/scLIPS, and ECL) and 79%
(n = 15) being commercial (ADAP,
bridge-ELISA, ECL). The multiplex as-
says used different strategies for com-
bining islet autoantibody measurements.
Bridge-ELISA, LIPS, and PAL/scLIPS com-
bined multiple antigens with a single
readout, while ADAP and ECL mea-
sured individual autoantibodies separately
within a multiplexed format. ADAP meas-
ures individual antibodies by running sep-
arate real-time PCR reactions after a
common serum incubation and agglu-
tination step. ECL measures distinct
antibodies within a single well after
capture of differently tagged antigens
to specific spatial locations in each plate
well, allowing simultaneous detection of dif-
ferent autoantibodies through spatially ECL
signals. Major characteristics are reported
in the Supplementary Material, Excel file.

Sensitivity and Specificity
Multiplex assays demonstrated consistently
high sensitivity and specificity across differ-
ent analyte combinations (Table 1 and
Supplementary Fig. 1). Notably, one con-
trol sample (R587009) was identified as
multiple antibody—positive by all assay for-
mats and was subsequently excluded from
specificity calculations.

Among assays combining antigens in
one reaction and reporting a single readout

(n = 11), the highest observed sensitivity
and specificity were 96% and 100%, re-
spectively. Bridge-ELISA assays multiplexing
GADA and IA-2A (n = 2) showed 93% me-
dian sensitivity (range 92-94%) and 98.4%
median specificity (range 97.9-99%). When
bridge-ELISA assays included ZnT8A (GADA/
IA-2A/ZnT8A, n = 6), sensitivity increased to
96% (range 94-96%) with a specificity of
98% (range 94.8-100%).

The LIPS assay showed 96% sensitiv-
ity and 94.9% specificity, while PAL and
scLIPS assays demonstrated a median
sensitivity of 92% (range 88-96%) and
specificity of 97.9%.

For ADAP and ECL, which multiplex
and discriminate all four autoantibody
specificities, overall sensitivity and spe-
cificity were calculated by cumulating
individual antibody scores. ADAP (n = 6)
exhibited a median sensitivity of 96%
(range 86—96%) and specificity of 92.3%
(range 81.4-94.8%), while ECL (n = 2)
showed a median sensitivity of 96% and
specificity of 95.3% (range 92.8-97.9%).

Threshold-Independent ROC-AUC
Analysis

To assess multiplex assay performance
beyond laboratory-defined thresholds,
we calculated ROC-AUC values and the
pAUC95. The pAUC95 provides a more
clinically relevant performance indicator
than full ROC-AUC because it focuses on
the high-specificity region of the ROC
curve, where false-positive rates are re-
duced (Table 1 and Supplementary Fig. 2).

The median full ROC-AUC was 0.98
(range 0.96-0.99) across all submitted
multiplex assays. No significant differ-
ences were found in ROC-AUC values across
different assays and formats (P > 0.05 for
all pairwise comparisons and comparisons
against the median, after adjustment for
multiple comparisons).

The median pAUC95 was 0.048 (range
0.044-0.049) against a theoretical maxi-
mum of 0.05. The only significant differ-
ence was observed for the 152-ADAP
assay pAUC95, which was lower than
the median and other ECL and ADAP as-
says (P < 0.049), although this difference
was no longer significant after multiple
comparison adjustment.

Autoantibody Level in Discordant
Samples

Antibody levels, expressed as fold
change over laboratory-specific cutoffs
and stratified into four intensity tiers (<1,

Marzinotto and Associates

1-10, 10-100, and >100 fold over cutoff),
revealed distinct patterns across assay for-
mats (Fig. 1 and Supplementary Fig. 3).
After excluding samples with complete
concordance (61 control subjects and
40 T1D case subjects) (Fig. 1), discor-
dant T1D samples exhibited variable an-
tibody levels across formats. The most
notable pattern was the predominance
of low-intensity IAA signals in ADAP and
ECL assays for these samples. GADA,
IA-2A, and ZnT8A levels tended to show
more frequently higher signal intensities
in these platforms. In contrast, bridge-
ELISA and PAL/scLIPS formats typically
produced intermediate to low binding
signals for these samples. Control sam-
ples uniformly demonstrated signal in-
tensities in the lowest tier across all
assays and formats, with the notable ex-
ception of sample R587009.

DK and HUI-018 (IAA) standard samples
exhibited expected concentration-dependent
positivity and antibody level patterns,
with ADAP and ECL formats revealing
the appropriate detection of single auto-
antibodies corresponding to known ref-
erence material composition. The IDS382
replicate samples demonstrated complete
interassay reproducibility.

Autoantibody Number in Discordant
Samples

Among discordant T1D cases, individual
samples tested positive in 80—-100% of
submitted assays, indicating that even
samples lacking complete interassay
agreement were detected by most plat-
forms (Fig. 2). ADAP and ECL formats,
which provide single autoantibody resolu-
tion, revealed notable differences in the
number of autoantibodies detected by in-
dividual assays, ranging from none or sin-
gle autoantibody reactivity to detection
of all four measured autoantibodies in
the same samples (Supplementary Fig. 4).
Bridge-ELISA, LIPS, and PAL/scLIPS plat-
forms showed comparable overall sensitiv-
ity for detecting autoantibodies in these
T1D samples, although they provide bi-
nary positive/negative results without au-
toantibody enumeration.

Consensus Autoantibody Positivity
Patterns Across Assay Formats

To evaluate autoantibody detection con-
sistency across multiplex assay formats,
we applied a four-tier consensus scoring
system to both multiplex and single auto-
antibody assays. Samples were classified
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Table 1—Performance of multiplex assays in the IASP 2024 workshop

Laboratory Sensitivity Specificity
ID (%) (%) AS95 (%) AS99 (%) AS100 (%) ROC-AUC pAUC95
ADAP: GADA/IA-2A/ZnT8A/IAA
123 96.0 81.4 96.0 94.0 94.0 0.97 0.048
152 86.0 94.8 88.0 86.0 84.0 0.96 0.042
156 96.0 92.8 96.0 96.0 94.0 0.97 0.048
1603 96.0 93.8 98.0 96.0 92.0 0.98 0.048
1803 96.0 91.8 98.0 94.0 94.0 0.98 0.048
2404 94.0 91.8 96.0 94.0 94.0 0.97 0.047
Median 96.0 92.3 96.0 94.0 94.0 0.97 0.048
(range) (86.0-96.0) (81.4-94.8) (88.0-98.0) (86.0-96.0) (84.0-94.0) (0.96-0.98) (0.042-0.048)
Bridge-ELISA: GADA/IA-2A
132 94.0 99.0 94.0 94.0 92.0 0.97 0.047
132 92.0 97.9 94.0 92.0 92.0 0.97 0.047
Median 93.0 98.4 94.0 (94.0- 93.0 92.0 0.97 0.047
(range) (92.0-94.0) (97.9-99.0) 94.0) (92.0-94.0) (92.0-92.0) (0.97-0.97) (0.047-0.047)
Bridge-ELISA: GADA/IA-2A/ZnT8A
1801 96.0 94.8 96.0 96.0 96.0 0.98 0.048
2408 96.0 94.8 96.0 96.0 96.0 0.99 0.048
121 94.0 100.0 96.0 96.0 94.0 0.98 0.048
132 96.0 96.9 96.0 96.0 94.0 0.98 0.048
153 94.0 99.0 96.0 96.0 94.0 0.98 0.048
1602 96.0 99.0 96.0 96.0 94.0 0.99 0.048
Median 96.0 98.0 96.0 96.0 94.0 0.98 0.048
(range) (94.0-96.0) (94.8-100) (96.0-96.0) (96.0-96.0) (94.0-96.0) (0.98-0.99) (0.048-0.048)
ECL: GADA/IA-2A/ZnT8A/IAA
1306 96.0 92.8 98.0 98.0 96.0 0.98 0.049
133 96.0 97.9 98.0 96.0 94.0 0.98 0.048
Median 96.0 95.3 98.0 97.0 95.0 0.98 0.048
(range) (96.0-96.0) (92.8-97.9) (98.0-98.0) (96.0-98.0) (94.0-96.0) (0.98-0.98) (0.048-0.049)
LIPS: GADA/IA-2A/ZnT8A
116 96.0 94.8 96.0 84.0 84.0 0.97 0.045
PAL/scLIPS: GADA/IA-2A/ZnT8A
153 96.0 97.9 96.0 94.0 88.0 0.97 0.047
153 88.0 97.9 96.0 88.0 88.0 0.96 0.046
Median 92.0 97.9 96.0 (96.0- 91.0 88.0 0.96 0.046
(range) (88.0-96.0) (97.9-97.9) 96.0) (88.0-94.0) (88.0-88.0) (0.96-0.97) (0.046-0.047)

Performance metrics for individual assays organized by format and measured antibody combinations. A final number of 50 T1D and 97 con-
trol samples was used for all calculations (the control sample R587009, which tested positive across all assays, was excluded from specificity
and ROC calculations). Sensitivity and specificity values are expressed as percentages. AS95, AS99, and AS100 indicate the adjusted sensitivity
at thresholds corresponding to the 95th, 99th, and 100th percentile of controls. ROC-AUC and pAUC95 are also provided for each assay. For
each format group, results are summarized as median values with ranges.

based on the proportion of assays detect-
ing positivity: 1) high consensus (positive
in >50% of assays), 2) moderate consen-
sus (positive in <50% of assays), 3) posi-
tive in only one assay, and 4) negative in
all assays. For ADAP and ECL assays mea-
suring individual autoantibodies, cumula-
tive consensus scores were calculated by
combining individual autoantibody results
(Supplementary Fig. 5).

Strong concordance was observed across
multiplex assay formats for T1D samples,
with 48 of 50 (96%) showing high-consensus
positivity across all tested formats (i.e.,
positivity in >50% multiplex assays). Among
control samples, different formats showed
varying false-positive patterns. ADAP assays

demonstrated high-consensus positivity
(>50% of assays) for 5 controls, moder-
ate consensus in 5 additional controls
(<50% of assays), and single-assay posi-
tivity in 15 controls. ECL platforms identi-
fied nine controls as positive across assays,
all in only single assays. Bridge-ELISA
showed high consensus in two controls
and moderate consensus in three addi-
tional controls. LIPS identified five con-
trols as positive, while PAL/scLIPS showed
high consensus in two controls.

Adjusted Sensitivity at Different
Specificity Thresholds
Laboratory-defined positivity thresholds
vary between assays, making direct

performance comparisons difficult. Lower
thresholds increase sensitivity but reduce
specificity, while higher thresholds have
the opposite effect. Importantly, even as-
says demonstrating excellent threshold-
independent discriminatory performance
(as evidenced by high ROC-AUC values)
may still misclassify control samples when
using laboratory-defined cutoffs. To enable
fair comparison, we calculated adjusted sen-
sitivity using standardized cutoffs correspond-
ing to the 95th, 99th, and 100th percentiles
of control values (AS95, AS99, and AS100,
respectively) (Table 1 and Supplementary
Fig. 6). This approach allows evaluation of
how each assay would perform under
identical specificity constraints.
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Bridge-ELISA assays testing GADA and
IA-2A (n = 2) showed a median adjusted
sensitivity of 93% for AS99 (range 92—
94%). When combined with ZnT8A (n = 6),
the median AS99 increased to 96%. The
LIPS assay showed an AS99 value of
84%, while PAL and scLIPS assays (n = 2)
demonstrated a median AS99 value of
91% (range 88-94%). ADAP and ECL as-
says, which calculated overall adjusted sen-
sitivity by combining individual antibody
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scores, achieved median AS99 sensi-
tivities of 94% (range 86-96%) and 97%
(range 96-98%), respectively (Table 1
and Supplementary Fig. 6).

Overall, when the AS99 threshold was
imposed, most multiplex assays eliminated
several false-positive controls without af-
fecting sensitivity for T1D cases (Fig. 3).

We evaluated whether universal cutoffs
could achieve equivalent AS99 performance
across laboratories that use standardized

Fold over cutoff

[s0]

oS <1 1-10

= W 10100 Wl 100
ADAP GADA
ECL GADA
ADAP ZnTea
ECL ZnTeA
ADAP 1A-2A
ECL 1A-2A
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Bridge-ELISA GADAVIA-2A

Bridge-ELISA  GADA/IA-2A/ZnT8A

LIPS GADAJIA-2AIZnT8A

PAL/scLIPS ~ GADA/IA-2A/ZnT8A

Figure 1—Heat map of signal over cutoff values in discordant samples by multiple assays submitted to IASP 2024. This graph displays the fold over cutoff
values assigned by laboratories to selected samples across multiple autoantibody assays (62 control samples called negative by all assays and 40 T1D
samples called positive by all assays were excluded). Samples are clustered horizontally to highlight format-specific and antibody combination patterns,
and are grouped by specimen type (controls, new-onset T1D, DK standards, IDS382 replicates, and HUI-018 mAb dilutions). DK standards are shown in
order of decreasing concentration from right to left (DK-A 493, DK-B 228, DK-C 92, DK-E 13, DK-F 4.8, and DK diluent 0 DK units/mL for GADA; DK-A 235,
DK-B 106, DK-C 42, DK-E 5.8, DK-F 2, and DK diluent 0 DK units/mL for IA-2A). HUI-018 mAb dilutions are shown from highest (right) to lowest (left) con-
centration (156, 20, 5, 1.2, 0.6, and 0 ng/mL). The y-axis displays results from different laboratory assays, organized by analyte (separate antigens for
ADAP and ECL, antibody combinations for all the other formats) and by assay format (ADAP, ECL, bridge-ELISA, LIPS, RBA, and CLIA), and ordered by their
AUC95 values. Samples with fold over cutoff values <1 (below threshold) are shown with light gray tiles, values between 1 and 10 fold are indicated by
yellow tiles, values between 10 and 100 fold are indicated by orange tiles, and values >100 fold over cutoff are indicated by red tiles.

assay platforms (Supplementary Fig. 7).
Bridge-ELISA assays, which share identi-
cal protocols, reagents, and standards,
achieved equivalent sensitivity with a
universal 40 AU cutoff compared with
laboratory-specific AS99 thresholds. This
universal threshold was often more strin-
gent than local AS99 values yet main-
tained equivalent sensitivity, suggesting
that universal cutoffs could improve spe-
cificity without compromising sensitivity.
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In contrast, ADAP assays showed substan-
tial interlaboratory variation in AS99 thresh-
olds despite standardized protocols: GADA
12.5-85 AU, IA-2A 10-26 AU (one outlier at
90 AU), IAA 2—4 AU (one outlier at 26 AU),
and ZnT8A 3-10 AU (one outlier at 41 AU).
No single universal threshold maintained
equivalent sensitivity across all laboratories.
This variability may reflect the use, in
ADAP assays, of ACt values relative to
blank controls rather than calibrated arbi-
trary units, which may contribute to
interlaboratory threshold variability. No
universal threshold maintained equivalent
sensitivity across all sites, suggesting that
the use of calibrators to standardize sig-
nal conversion might facilitate universal
cutoffs for ADAP platform.

Single Autoantibody Assay Formats

In addition to multiplex formats, the work-
shop included results from 132 single au-
toantibody assays measuring the major
islet autoantibodies independently. Individ-
ual autoantibody results for GADA, IA-2A,
ZnT8A, IAA, and TSPAN7A submitted to

the IASP 2024 workshop are detailed
in Supplementary Figs. 8-16. Traditional
RBAs remained one of the most com-
mon formats for single autoantibody
detection (n = 36, 27.3%) alongside
bridge-ELISA (n = 39, 29.5%), followed
by ADAP (n = 24, 18.2%), LIPS (n = 16,
12.1%), ECL (n = 8, 6.1%), CLIA (n = 7,
5.3%), and PAL/scLIPS (n = 2, 1.5%). Per-
formance metrics and manufacturer for
each assay are detailed in Supplementary
Tables 1-5.

CONCLUSIONS

The development of nonradioactive multi-
plex platforms for islet autoantibody detec-
tion addresses a critical need as regulatory
restrictions on radioactive assays continue
to tighten globally (3-5). Our IASP 2024 in-
terlaboratory evaluation provides the first
comprehensive assessment of how well
these alternative formats perform in a stan-
dardized comparison setting, demonstrating
that several multiplex technologies can
achieve the discriminatory performance
historically associated with RBAs. While

Figure 2—Tile map of scores assigned to discordant samples by multiplex assays submitted to IASP 2024. This graph displays the positivity scores
of multiplex assays assigned by laboratories to individual selected samples. Control samples called negative by all assays (n = 62) and T1D samples
called positive by all assays (n = 40) were excluded. The upper panel shows the percentage of assays scoring positive for each sample, while the
lower panel presents a detailed tile map of individual assay results across different sample types. Samples are clustered horizontally to highlight
format-specific and antibody combination patterns, and are grouped by specimen type (controls, new-onset T1D, DK standards, IDS382 replicates,
and HUI-018 mAb dilutions). The y-axis displays results from different laboratory assays, organized by assay format (ADAP, ECL, LIPS, PAL/scLIPS
and bridge-ELISA), analyzed antibody combinations and commercial vs in-house status (manufacturer shown for commercial assays: RSR [RSR Lim-
ited], MSD [Meso Scale Diagnostics LLC], Enable [Enable Biosciences Inc.]), and ordered by their AUC95 values. Samples scored negative are shown
with light gray tiles, while samples scored positive are indicated by dark gray tiles for assays not distinguishing across single autoantibody reactiv-
ities. For ADAP and ECL formats, the positive samples are colored by the number of autoantibodies detected (light pink for one autoantibody, or-
ange for two autoantibodies, red for three autoantibodies, and dark brown for four autoantibodies).

our case-control design was not intended
for screening validation, the data gener-
ated offer important technical insights
into assay capabilities, performance vari-
ability, and standardization opportunities
that are essential prerequisites for any
future adaptation of these platforms to
broader screening applications.
Traditional RBAs were once the stan-
dard method for detecting T1D autoanti-
bodies but have significant limitations in
addition to the use of radioactive materi-
als: they require larger sample volumes,
are labor-intensive, and detect only one
antibody at a time. Modern multiplex plat-
forms have addressed these drawbacks by
detecting multiple autoantibodies simulta-
neously in a single test. These newer
methods require less sample, avoid radio-
active tracers, and are more cost-effective
(6-8). Additionally, they can identify peo-
ple with multiple positive autoantibody
markers, a particularly important capabil-
ity, since individuals with multiple markers
have up to a 70% risk of developing
symptomatic T1D within 10 years (21).
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The IASP 2024 interlaboratory evalua-
tion demonstrated that multiplex plat-
forms have excellent performance in
distinguishing new-onset T1D case sub-
jects from control subjects, with a me-
dian ROC-AUC of 0.98. The pAUC95,
with a median of 0.048 out of a maxi-
mum of 0.05, confirmed that these as-
says remain highly discriminatory at high
specificity levels in blood donors and
comparable, in this workshop, to RBAs
that were originally used for screening.
While we observed no statistically signifi-
cant differences between formats’” ROC
curves, this finding should be interpreted
cautiously, as it may reflect limited sta-
tistical power rather than true equiva-
lence between platforms.

Despite encouraging overall perfor-
mance, substantial interassay variability
emerged as a critical consideration, as al-
ready observed in previous studies (9).
Although median sensitivities exceeded
90% across all tested formats, individual
assay performance varied considerably,
with sensitivity and specificity as low as
86% and 81%, respectively. Even bridge-
ELISA assays, which achieved the highest

1

Figure 3—Tile map of lab-assigned vs. AS99 scores in multiplex assays submitted to the IASP 2024. The upper panel shows the percentage of assays
yielding positive results for each sample across different specimen types: controls, new-onset T1D, DK standards, IDS382 replicates, and HUI-018
mAb dilutions. Yellow bars represent the percentage of assays that were positive using the original laboratory-assigned thresholds, while deep ma-
genta bars represent the percentage of assays that were positive after imposing stringent thresholds at 99th percentile of control values (AS99
scores). The overlapping visualization of bars allows comparison between the two scoring methods. Control samples called negative by all assays
(before and after the imposition of AS99 thresholds, n = 60) were removed, while control sample R587009, which tested positive across all assays,
was excluded for specificity calculation but included in the graph. The lower panel provides a tile map of local and AS99 positivity scores from mul-
tiplex assays. Samples positive according to the original laboratory-assigned threshold but negative after imposing the AS99 threshold (lost posi-
tives) are shown in yellow, while samples remaining positive using the AS99 threshold are indicated in deep magenta. Negative scores are shown
in light gray. Laboratory assays are organized vertically by format, antigen combinations, and commercial vs in-house status (manufacturer shown
for commercial assays: RSR [RSR Limited], MSD [Meso Scale Diagnostics LLC], Enable [Enable Biosciences Inc.]). For ADAP and ECL formats, dis-
played scores represent combinations of individual antibody AS99 scores, allowing for multiple positive results in controls.
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median specificity, showed specificity
range from 95% to 100%. This variability
indicates that, although the technology
for high-accuracy performance is avail-
able, substantial optimization is still
needed to ensure consistent results
across laboratories.

Our adjusted sensitivity analysis revealed
that differences in threshold selection often
underlie apparent performance discrepan-
cies between assays. Applying standardized
cutoffs, we demonstrated that AS99 thresh-
olds typically eliminated false positives with-
out sacrificing sensitivity for T1D detection.
Bridge-ELISA platforms showed particular
promise for standardization, as a harmo-
nized cutoff of 40 AU achieved equivalent
performance across laboratories following
identical protocols. In contrast, ADAP assays
exhibited significant performance variation
even after threshold adjustment, with AS99
sensitivity ranging from 86% to 96%, and
no universal cutoff maintained equivalent
sensitivity across all sites. For multi-
plex assays measuring individual autoan-
tibodies independently (ADAP and ECL)
(7,8), lower specificity may also result
from a “cumulative false positivity effect,”

Z

IDS382
HUI018

B AS99 Positive
Reclassified to Negative
Negative

HBB GADAIA-2A/ZNTBA/IAA In-house  ECL

GADAJ/IA-2A/ZnT8A In-house LIPS

GADA/IA-2A/ZnTEBA In-house PAL/scLIPS

GADAJIA-2A RSR Bridge-ELISA

Bridge-ELISA

where each additional marker introduces
its own false-positive risk.

Our study was not designed to assess
screening performance in the general
population, where very high specificity
is needed because of the low disease
prevalence (22), but our findings once
again highlight the crucial relationship
between specificity and positive predic-
tive value (PPV) in different clinical contexts.
Assuming the sensitivity and specificity ob-
served in our case-control cohort hold true
in a general pediatric population, the impli-
cations for PPV would be significant. For in-
stance, an assay with 99% specificity and
90% sensitivity would have a PPV of 98%
in a diagnostic setting with 50% dis-
ease prevalence, but only 27% in a
population screening setting with a
prevalence of 0.4%, resulting in more
false positives than true positives. This
mathematical relationship between prev-
alence and PPV means that different
screening contexts might require differ-
ent performance thresholds. Population
screening programs targeting asymptom-
atic individuals need assays with specific-
ity >99% to achieve acceptable PPVs
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and minimize false positives. In contrast,
high-sensitivity screening approaches
with confirmatory testing can tolerate
lower specificity (95-97%) in exchange
for higher sensitivity (22).

Sequential testing strategies can help
balance sensitivity and specificity (23).
This involves an initial high-sensitivity
multiplex assay, followed by confirma-
tory testing using a different assay for-
mat. The confirmatory test verifies the
presence of autoantibodies, helping to
distinguish true positives from false
positives.

Our data show that most false-positive
results in controls were not shared across
assay formats, suggesting that, if similar
patterns held in screening populations,
such two-step sequential testing strate-
gies would be well-supported (24,25).
The high sensitivity of multiplex assays
(exceeding 90%) in this workshop sug-
gests they could potentially capture at-
risk individuals during initial screening,
while standardized thresholds might help
minimize false-positive burden on con-
firmatory testing resources, although
this would need confirmation in actual
screening populations.

Several limitations of our study must
be acknowledged. Its design, with a 1:2
case-to-control ratio, differs from real-
world populations where disease preva-
lence would be much lower (~0.4%),
resulting in more than 200 control
subjects per case subject. The rela-
tively small control sample size (~100)
is insufficient to precisely estimate spe-
cificity at the levels (>99%) that would
be required for population screening,
and small changes in specificity that fall
within our Cls could still have significant
clinical and economic implications. Ac-
curately assessing specificity for popula-
tion screening would require considerably
larger control cohorts representative of
the general population.

The demographic and clinical compo-
sition of our cohort further limits gener-
alizability. The case cohort (median age
13 years) was enriched for adolescent
and adult-onset cases, particularly af-
fecting IAA assessment, which peaks in
very young children and declines with
age. More importantly, the vast majority
of T1D case subjects presented with three
or four autoantibodies, providing limited
representation of single antibody—positive
individuals or other autoantibody combi-
nations that might be encountered during

earlier disease stages in screening pro-
grams (26). This high-multiplicity bias may
overestimate assay performance for detect-
ing individuals with fewer autoantibodies,
who represent important targets for early
intervention strategies.

Technical considerations also limit the
generalizability of our findings to field ap-
plications. While all samples in our study
consisted of high-quality venous sera with-
out hemolysis, many large-scale screening
programs rely on minimally invasive col-
lection methods, particularly in pediatric
populations (24). Capillary blood and fin-
gerstick collection methods frequently ex-
hibit hemolysis and matrix effects that
could impact assay performance in ways
not captured by our evaluation with opti-
mal sample quality. Additionally, our focus
on qualitative concordance rather than
guantitative harmonization represents a
limitation, as precise quantification across
assays could provide valuable insights for
risk stratification and disease monitoring
in screening contexts.

Nevertheless, demonstrating that sev-
eral nonradioactive multiplex platforms
achieve strong discriminatory performance
in this case-control setting provides valu-
able technical information. As regulatory
restrictions on radioactive assays continue
to increase globally, these alternatives
offer viable options for screening applica-
tions, with the diversity of platforms pro-
viding flexibility to optimize for specific
operational, financial, and regulatory con-
straints across health care settings.

The standardization framework presented
here provides a foundation for harmonizing
assay performance across laboratories and
health care systems. Further development
of calibration approaches, standardized ref-
erence materials, and analytical protocols is
needed to achieve consistency. As the field
advances toward broader screening initia-
tives driven by disease-modifying therapies
like teplizumab (27) and the paradigm shift
toward detecting presymptomatic T1D
stages (28-33), these multiplex assays
demonstrate the technical capabilities re-
quired to support such efforts, consistent
with earlier validation studies in selected at-
risk populations (9,24). Ongoing standardi-
zation efforts through programs like 1ASP
will be essential to ensuring these platforms
can realize their potential for supporting
T1D prevention strategies and ultimately re-
ducing disease burden on individuals, fami-
lies, and health care systems worldwide.
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