
                          Lampasona, V., Pittman, D., Williams, A. J. K., Achenbach, P.,
Schlosser, M., Akolkar, B., & Winter, W. E. (2019). Islet Autoantibody
Standardization Program 2018 Workshop: Interlaboratory Comparison
of Glutamic Acid Decarboxylase Autoantibody Assay Performance.
Clinical Chemistry, 65(9), 1141-1152.
https://doi.org/10.1373/clinchem.2019.304196

Peer reviewed version

Link to published version (if available):
10.1373/clinchem.2019.304196

Link to publication record in Explore Bristol Research
PDF-document

This is the author accepted manuscript (AAM). The final published version (version of record) is available online
via American Association for Clinical Chemistry at http://clinchem.aaccjnls.org/content/65/9/1141. Please refer to
any applicable terms of use of the publisher.

University of Bristol - Explore Bristol Research
General rights

This document is made available in accordance with publisher policies. Please cite only the
published version using the reference above. Full terms of use are available:
http://www.bristol.ac.uk/red/research-policy/pure/user-guides/ebr-terms/

https://doi.org/10.1373/clinchem.2019.304196
https://doi.org/10.1373/clinchem.2019.304196
https://research-information.bris.ac.uk/en/publications/dd5fc14c-9c04-448a-b9ea-f31a19d3b8a2
https://research-information.bris.ac.uk/en/publications/dd5fc14c-9c04-448a-b9ea-f31a19d3b8a2


Islet Autoantibody Standardization Program 2018 workshop: 1 

interlaboratory comparison of glutamic acid decarboxylase autoantibody 2 

assay performance 3 

Lampasona Va*^, Pittman DLb^, Williams AJc, Achenbach Pd, Schlosser Mef, Akolkar Bg, 4 

Winter WEb, and participating laboratories 5 

aSan Raffaele Diabetes Research Institute, San Raffaele Scientific Institute, Milan, Italy; 6 

bDepartment of Pathology, University of Florida, Gainesville, FL, USA, cDiabetes and 7 

Metabolism, Translational Health Sciences, University of Bristol, UK; dInstitute of Diabetes 8 

Research, Helmholtz Center Munich, German Research Center for Environmental Health, 9 

Neuherberg, Germany; eDepartment of Surgery, University Medical Center Greifswald, 10 

Greifswald, Germany; fInstitute of Pathophysiology, Research Group of Predictive 11 

Diagnostics, University of Greifswald, Karlsburg, Germany;  gDivision of Diabetes, 12 

Endocrinology, and Metabolic, National Institute of Diabetes and Digestive and Kidney 13 

Diseases, Bethesda, MD, USA 14 

^These authors contributed equally 15 

*Address correspondence to this author: Vito Lampasona, San Raffaele Diabetes Research 16 

Institute, via Olgettina 60, 20132 Milano, Italy, telephone: +39 02 2643 2540, fax: +39 02 2643 17 

4351, e-mail: lampasona.vito@hsr.it  18 

 19 

 20 

 21 

 22 



Running Title: IASP2018 GAD65 autoantibody interlaboratory comparison study 23 

Keywords: GADA, Autoantibodies, Sensitivity, Specificity, IASP Interlaboratory comparison 24 

study, type 1 diabetes 25 

Abbreviations: AC1, Gwet’s coefficient of inter-rater agreement reliability; APPA, average 26 

pairwise percent agreement; GADA, autoantibodies to glutamic acid decarboxylase GAD65 27 

protein; IASP, Islet Autoantibody Standardization Program; ROC-AUC, Area Under the ROC 28 

Curve; AS95, Adjusted Sensitivity at 95% specificity; IQR, interquartile range; k, Fleiss’ 29 

coefficient of inter-rater agreement reliability; OCCC, Overall Concordance Correlation 30 

Coefficient; W, Kendall’s ranking agreement coefficient; RBA, Radio Binding Assay; ECL, 31 

Electro Chemi Luminescence; LIPS, Luciferase Immuno Precipitation System; MPNIRF, 32 

Multiplex Plasmonic Near-InfraRed  Fluorescence; CLIA, Chemi Luminescence Immuno 33 

Assay; LBI, Luminex Bead Immunoassay; MFRET, Multiplex Fluorescence Energy Transfer 34 

  35 



Abstract 36 

Background  37 

The islet autoantibody standardization program (IASP) aims to improve the performance of 38 

immunoassays measuring type 1 diabetes (T1D) associated autoantibodies and the concordance 39 

of results among laboratories. IASP organizes international interlaboratory assay comparison 40 

studies in which blinded serum samples are distributed to participating laboratories, followed 41 

by centralized collection and analysis of results, providing participants with an unbiased 42 

comparative assessment. In this report we describe the results of glutamic acid decarboxylase 43 

autoantibodies (GADA) assays presented in the IASP 2018 workshop. 44 

Methods  45 

In May 2018, IASP distributed to participants uniquely coded sera from 43 new onset T1D 46 

patients, 7 multiple autoantibody positive non-diabetic subjects, and 90 blood donors. Results 47 

were analyzed for the following metrics: sensitivity, specificity, accuracy, area under the 48 

receiver-operator characteristic curve (ROC-AUC), partial ROC-AUC at 95% specificity 49 

(pAUC95), concordance of qualitative and quantitative results.   50 

Results  51 

37 laboratories submitted results from a total of 48 different GADA assays adopting 9 different 52 

formats. The median ROC-AUC and pAUC95 of all assays were 0.87 (interquartile range 0.83 53 

– 0.89) and 0.036 (interquartile range 0.032 – 0.039), respectively. Large differences in 54 

pAUC95 (range 0.001 – 0.0411) were observed across assays. Of formats widely adopted, 55 

bridge-ELISAs showed the best median pAUC95 (0.039, range 0.036 – 0.041).  56 

Conclusions 57 

Several novel assay formats submitted to this study showed heterogeneous performance. In 58 

2018 the majority of the best performing GADA immunoassays consisted of novel or 59 



established non-radioactive tests that proved on a par or superior to the Radio Binding Assay, 60 

the previous gold standard assay format for GADA measurement.    61 



Introduction 62 

The Islet Autoantibody Standardization Program (IASP) is a collaborative effort aimed at 63 

improving the performance of assays measuring Type 1 diabetes (T1D) associated 64 

autoantibodies and the concordance of results between laboratories (1).  65 

IASP is supported by the Immunology of Diabetes Society (IDS) and the NIH, coordinated by 66 

an IDS nominated committee and run by the University of Florida Pathology Laboratories, 67 

Endocrine Autoantibody Laboratory.  68 

IASP organizes international interlaboratory comparison studies in which blinded T1D and 69 

control serum samples are tested for T1D associated autoantibodies by participating 70 

laboratories. Centralized collection and analysis of results by the IASP committee provide 71 

participants with an unbiased comparison of assay performance. Moreover, IASP fosters the 72 

continuous improvement of T1D autoantibody immunoassays through the dissemination of 73 

empirically tested best practice protocols, state of the art reagents, and serum standards.  74 

In this report we analyze the results of assays for antibodies to glutamic acid decarboxylase 65 75 

(GADA)(2) submitted in 2018 to the IASP interlaboratory comparison study and presented at 76 

the IASP 2018 workshop held at the 16th Immunology of Diabetes Society Congress in 77 

London, UK.  78 

 79 

GADA are found in several neurological and endocrine autoimmune diseases (3–5). In the 80 

setting of autoimmune diabetes, GADA are the most prevalent autoantibody at onset of T1D 81 

and the hallmark of latent autoimmune diabetes in adults (LADA)(6), a slowly progressing 82 

form of pancreatic endocrine autoimmunity affecting up to 5% of type 2 diabetes patients. 83 

Moreover, GADA measurement is a cornerstone of screening strategies for T1D (7).  84 



The most recent IASP GADA interlaboratory comparison and standardization study took place 85 

in 2018, 37 laboratories from 17 countries in North America, Europe, Asia and Australia 86 

submitted results from 48 different GADA assays, based on 9 different assay formats, after 87 

testing blinded samples from 50 cases with T1D or multiple islet autoimmunity and 90 blood 88 

donors. 89 

  90 



Materials and methods 91 

Study design:  92 

In the 2018 IASP  interlaboratory comparison study, participants received sets of the same 93 

serum samples consisting of: 50 cases (43 sera from new onset T1D patients and 7 multiple 94 

islet autoantibody positive first-degree relatives of T1D patients enrolled in the TrialNet 95 

Ancillary Study – Pathway to Prevention, who during screening showed a transiently altered 96 

glucose tolerance test), 90 control samples (all blood donors), and 10 additional samples to be 97 

used for sub-studies unrelated to GADA testing.   98 

The T1D patients had a median age of 14 years (range 8-47) and included 15 females and 28 99 

males, of whom 37 were white, 2 black, 2 of mixed and 2 of undisclosed ancestry. The multiple 100 

T1D autoantibody positive subjects had a median age of 16 years (range 12–53) and included 101 

4 females and 3 males, all of white ancestry. The blood donors had a median age of 20 years 102 

(range 18–30) and included 44 females and 44 males, of whom 69 were white, 19 black, and 2 103 

for whom demographic data were not available. 104 

New onset T1D samples were contributed by several centers around the world and collected 105 

within 14 days of starting insulin treatment. Blood donor samples were collected in the USA 106 

and included only people without diabetes. All serum samples submitted to the IASP repository 107 

were collected upon obtaining a written informed consent and with the approval of local ethics 108 

committees as required by local regulations according to the ethical principles for medical 109 

research involving human subjects of the Declaration of Helsinki. 110 

All sera were labeled and distributed as blinded 105 μL frozen aliquots, labelled with an aliquot 111 

specific unique code. Laboratories were free to use any GADA assay format but were asked to 112 



provide details of their assay protocol and to report assay results, including raw data, to IASP 113 

for analysis using uniform Excel reporting sheets.  114 

Data analysis:  115 

We calculated sensitivity and specificity for each assay as the percentage of case sera reported 116 

as GADA-positive and as the percentage of blood donor sera reported as negative, respectively.  117 

Adjusted sensitivity 95 (AS95), i.e. the level of sensitivity corresponding to a specificity of 118 

95%, was derived by placing the threshold for positivity at the 95th percentile of values 119 

observed in the blood donor samples in each assay.  120 

Concordance of laboratory-assigned positive or negative scores across assays was expressed 121 

as average pairwise percent agreement between assays (APPA), i.e. the average number of 122 

times each possible combination of two assays agreed on GADA positive/negative scores 123 

divided by the number of samples scored. We tested the occurrence of agreement by pure 124 

chance by calculating the AC1 coefficient according to Gwet (8,9) and the k coefficient 125 

according to Fleiss (10) using the corresponding functions 126 

(http://agreestat.com/r_functions.html, Advanced Analytics LLC, MD, USA) in the R language 127 

and environment for statistical computing and graphics (11).  128 

Assay performance in discriminating health from disease was analyzed using the area under 129 

the receiver-operating characteristic curve (ROC-AUC) and the partial ROC-AUC imposing a 130 

specificity greater than 95% (pAUC95)(12).  131 

The analysis of inter-assay antibody titer concordance was performed after ranking of patient 132 

and control samples according to autoantibody levels in each assay by calculating the Kendall 133 

W rank correlation coefficient (13) using the vegan R package (https://CRAN.R-134 

project.org/package=vegan). The significance of differences in mean ranking of selected cases 135 



between hybrid solid/liquid phase vs liquid phase only assays was tested using the Mann 136 

Whitney test. This synthetic index based on ranking was preferred to classical pairwise 137 

regression analysis in light of the numerous comparisons to be made and to the presence of 138 

systematic differences in measurement of high and low GADA titers across assays, mostly 139 

related to the adoption of a variety of alternative algorithms for calculating local arbitrary units. 140 

For laboratories that reported results in WHO units (14), the concordance of antibody titers was 141 

evaluated by calculating the overall concordance correlation coefficient (OCCC) according to 142 

Barnhart (15) using the f.analysis macro (16). The OCCC measures how far the fitted linear 143 

relationship of two variables X and Y deviates from the concordance line (accuracy) and how 144 

far each observation deviates from the fitted line (precision) and ranges from 0 to ±1, where 145 

results close to ±1 stand for near perfect concordance (or perfect discordance) while 0 stands 146 

for no correlation. 147 

For all statistical analyses, two-tailed P-values <0.05 were considered as significant.  148 



Results:   149 

Summary of submitted GADA assay formats 150 

41 laboratories from 17 countries in North America, Europe, Asia and Australia registered for 151 

the IASP2018 interlaboratory comparison study. Of the participating laboratories, 37 submitted 152 

results (online Supplemental Appendix 1) from a total of 48 different GADA assays using 9 153 

different formats.  154 

The submitted assays adopted the following formats: Radio Binding Assay (RBA) (18 assays, 155 

37.5%)(17); bridge-ELISA (12 assays, 25.0%)(18); Luciferase Immuno Precipitation System 156 

(LIPS) (8 assays, 16.7%)(19); Electro Chemi Luminescence (ECL) (3 assays, 6.3%, of which 157 

1 multiplexed individual GADA measurement of the IgG, IgA, IgM immunoglobulin 158 

classes)(20); Chemi Luminescence Immuno Assay (CLIA) (2 assays, 4.2%, of which 1 used a 159 

bridge format); Luminex Bead Immunoassay (LBI) (2 assay, 4.2%); Multiplex Plasmonic 160 

Near-Infrared Fluorescence (MPNIRF) (1 assay, 2.1%)(21); Multiplex Fluorescence Energy 161 

Transfer (MFRET) (1 assay, 2.1%); Antibody Dependent Agglutination PCR (ADAP) (1 assay, 162 

2.1%) (22). Antigen-antibody binding occurred in liquid phase in 29 assays (ADAP, ECL, 163 

LIPS, RBA) followed by the capture of immune-complexes either through the recovery of 164 

immunoglobulins (LIPS, RBA) or tagged antigen (ECL), in hybrid solid/liquid phase in 13 165 

assays (bridge-ELISA and CLIA), solid phase in 3 assays (LBI and MPNIRF), while binding 166 

phase was not specified for 1 assay (MFRET). Major characteristics and metrics of each 167 

individual assay are reported in online Supplemental Table 1.  168 

Among RBAs, 5 assays adopted the NIDDK harmonized protocol (23) and 4 used truncated 169 

GAD65 antigens (24–26). Most RBAs used GAD antigens transcribed and translated in vitro 170 

(17/18 assays) and radiolabeled with 35S or 3H (16 and in 1 cases, respectively). One assay used 171 

125I iodinated recombinant GAD65 antigen. Results in WHO units (14) were reported for all 172 



bridge-ELISA assays, 5 RBAs and 3 LIPS that used DK standards (23). Among LIPS, 7 assays 173 

used the Nanoluc and 1 the Renilla luciferase reporters. Most LIPS assays used truncated 174 

GAD65 antigens corresponding to GAD amino acids 96-585 (GAD96-585, 4 assays) or 188-175 

585 (GAD188-585, 2 assays) instead of full length GAD65 (GAD1-585, 1 assay).  176 

Assay sensitivity, specificity, and accuracy  177 

The median laboratory assigned assay sensitivity, specificity and accuracy were 69% 178 

(interquartile range 64 – 76%), 98.9% (interquartile range 96.7 – 100), and 88.6% (interquartile 179 

range 84.5 – 90.7), respectively (Table 1, Figure 1, and online Supplemental Table 1). 180 

Assay performance  181 

The median area under the ROC curve (ROC-AUC) was 0.87 (interquartile range 0.83 – 0.89) 182 

(Table 1, online Supplemental Table 1 and Supplemental Figure 1). As a more relevant 183 

proxy of assay performance based around commonly adopted thresholds for positivity, we 184 

calculated also the partial ROC-AUC after imposing a specificity ≥ 95% (pAUC95). The 185 

median of pAUC95 GADA assays was 0.036 (interquartile range 0.032 – 0.039) against a 186 

theoretical maximum of 0.05, and the stratification according to format highlighted a wide 187 

heterogeneity of performance across both assays and formats when high specificity was levied 188 

(Figure 2 and online Supplemental Figure 2).  189 

The median pAUC95 of RBA assays was 0.0349 (range 0.0253 – 0.0394). The RBAs with 190 

pAUC95 above the overall median included assays using a truncated GAD65 antigen 191 

corresponding to amino acids 96-585 (4/4 assays), RBAs using the NIDDK harmonized 192 

protocol (2/5 assays), and only two RBAs using local protocols and full length GAD65 (2/8 193 

assays).   194 



Bridge-ELISAs assays pAUC95 showed a median value of 0.0393 (range 0.0358 – 0.0411), 195 

always at or above the median of all assays.  196 

ECL assays that, like the bridge-ELISA, are theoretically capable of detecting autoantibodies 197 

of any immunoglobulin class showed a pAUC95 of 0.0362 (range 0.0347 – 0.0377). A third 198 

ECL assay aimed to multiplex the measurement of specific GADA immunoglobulin classes 199 

(IgG, IgM, and IgA) and showed variable pAUC95 (ECL-IgG pAUC95 = 0.0304, ECL-IgM 200 

pAUC95 = 0.0160, ECL-IgA pAUC95 = 0.0120).  201 

LIPS assays using a truncated antigen corresponding to GAD65 amino acids 96-585 and a 202 

nanoluciferase reporter showed a median pAUC95 of 0.0360 (range 0.0359 - 0.0368) while the 203 

LIPS using a Renilla luciferase reporter showed lower performance (pAUC95 = 0.0196). A 204 

LIPS assay using full-length GAD65 showed a pAUC95 of 0.034 while two LIPS assays using 205 

a truncated antigen corresponding to GAD65 amino acids 188-585 had a median pAUC95 of 206 

0.034 (range 0.034 – 0.035). 207 

Among assays that used formats submitted for the first time to the IASP interlaboratory 208 

comparison study, the best performance was achieved by the ADAP assay (pAUC95 = 0.0411), 209 

followed by two assays using the CLIA format with a median pAUC95 of 0.035 (range 0.031 210 

– 0.038), while a poorer performance was observed for the three remaining assays adopting the 211 

MPNIRF (pAUC95 = 0.014), LBI (pAUC95 = 0.006), and MFRET (pAUC95 = 0.001) 212 

formats, respectively. 213 

Concordance of laboratory-assigned positive/negative scores  214 

In cases, the average pairwise percent agreement (APPA) of positive/negative scores across all 215 

assays was 83.16% and the first-order agreement coefficient AC1 (9) was 0.69. Concordance 216 

increased when the analysis was limited to assays with pAUC95 above the median (APPA = 217 



90.82%; AC1 = 0.85) or when assays using the same format and/or antigens were compared 218 

(APPA range = 84.0 - 96.31%; AC1 range = 0.73 - 0.94) (online Supplemental Table 2).  219 

In control samples, the APPA and AC1 coefficient across all assays were 96.10% and 0.96, 220 

respectively. Similar to cases, both agreement measures increased when assays with pAUC95 221 

above the median (APPA = 97.52%; AC1 = 0.97) or assays using the same format and/or 222 

antigens were compared (APPA range = 93.3 – 98.2%, AC1 range = 0.92 - 0.98) with the 223 

exception of ECL and CLIA assays (online Supplemental Table 3).  224 

The results of the Fleiss’ κ concordance coefficient (10), an alternative metric of agreement, 225 

were invariably lower (range -0.03 to 0.49), an observation consistent with the majority of 226 

control samples being scored GADA positive sporadically in only a small fraction of assays 227 

(27). 228 

The analysis of laboratory assigned positive/negative scores highlighted the existence of format 229 

associated patterns. A subset of cases was recognized as GADA positive predominantly by 230 

ADAP and bridge-ELISA assays (samples IDS324, IDS309, IDS290, IDS312, IDS337) and to 231 

a lower extent by some ECL (samples IDS309, IDS290, IDS312, IDS337) or LIPS assays 232 

(samples IDS312, IDS337) but not by the majority of RBAs (Figure 3).  Conversely, a subset 233 

of controls was recognized as GADA positive exclusively by a minority of RBAs (samples 234 

TS23727, N59416, N53371) or LIPS assays (sample S8650) (Figure 4).   235 

To evaluate the impact of local threshold selection criteria on assay sensitivity and specificity, 236 

the data were re-analyzed after imposing a 95% specificity onto IASP2018 controls. The newly 237 

assigned positive/negative scores highlighted an improved concordance between bridge-238 

ELISAs or ECLs and RBAs or LIPS, with all samples previously recognized as positives 239 

exclusively by the hybrid solid/liquid phase bridge-ELISA format scoring positive also in 240 

liquid phase assays (online Supplemental Figure 3). In control samples, the use of these novel 241 



thresholds made more apparent the presence of weak format and/or antigen specific reactivities 242 

that lead to frequent positive scores for subsets of control samples in local or harmonized 243 

protocol RBAs (samples TS23727, N59416, N53371) and RBA or LIPS assays using truncated 244 

GAD96-585 (samples LQ23340, N59534, S8650) (online Supplemental figure 4). 245 

Concordance of autoantibody titer ranks:  246 

The inter-assay concordance of antibody titer was evaluated by first ranking sera in each assay 247 

(Figure 5A and online Supplemental Figures 5-6) followed by calculation of the Kendall’s 248 

W ranking agreement coefficient (13). The W coefficients across all assays were 0.80 and 0.13 249 

in cases and control samples, respectively (online Supplementary Tables 2-3)  250 

The exclusion from the analysis of assay formats with the four lowest pAUC95 led to a modest 251 

increase of the agreement coefficient in both cases and controls (W: 0.85 and 0.14, 252 

respectively) while limiting the analysis to assays with performance above the overall median 253 

pAUC95, showed again an increase of W in cases (W = 0.93) but only a marginal improvement 254 

in controls (W = 0.15), suggesting that higher concordance in cases was partially correlated 255 

with assay performance.  256 

Concordance of GADA titer ranks increased among assays using the same format both in cases 257 

and, at least for assays other than the bridge-ELISA, also in control samples (online 258 

Supplemental Table 2-3 and online Supplemental Figures 5-6). 259 

A marginal increase of W in cases after excluding assays measuring only IgM or IgA antibodies 260 

(W = 0.82) was observed, indicating that discrepancies of GADA titer ranks across assays were 261 

not exclusively associated with measurement of immunoglobulins of a class other than IgG.  262 

Stratification of assays according to antibody/antigen binding in hybrid solid/liquid phase, i.e. 263 

bridge-ELISAs, or liquid phase, i.e. including ECL, RBA, and LIPS, highlighted a significant 264 



difference between hybrid solid/liquid or liquid phase assays in mean GADA titer ranks 265 

assigned to a subset of T1D sera (IDS285, IDS301, IDS319, IDS325; Mann Whitney test: all 266 

P <0.0001). 267 

Concordance of autoantibody units:  268 

The concordance of arbitrary units assigned to cases was assessed across assays expressing 269 

results in WHO units. These included bridge-ELISAs, all commercial assays using standards 270 

calibrated against the NIBSC 97/550 WHO reference serum (14), and a subset of RBA and 271 

LIPS using the NIDDK DK standards, also calibrated against the WHO reference serum. 272 

Across all assays, inter-assay concordance of WHO units was relatively low with an overall 273 

correlation concordance coefficient (OCCC) of 0.4870.  274 

After assay stratification according to antibody/antigen binding in hybrid solid/liquid phase or 275 

liquid phase, concordance of antibody titers increased across liquid phase assays adopting the 276 

NIDDK calibrators (OCCC = 0.82) compared to bridge-ELISAs (OCCC = 0.45) (Figure 5B).  277 

Stratification of assays confirmed a significant difference between hybrid solid/liquid or liquid 278 

phase assays in the GADA titers assigned to a subset of T1D sera (IDS285, IDS301, IDS319, 279 

IDS325) (Mann Whitney test: P<0.0001, P<0.0011, P<0.0001, P<0.0008, respectively) 280 

(Figure 5C).   281 



Discussion 282 

Workshops aimed at the standardization of type 1 diabetes (T1D) associated autoantibodies 283 

were originally established by an international community of researchers trying to address early 284 

discrepancies in results between laboratories measuring Islet Cell Antibodies (28,29). The 285 

success of this initiative led to the recognition of the crucial role of assay format and protocols 286 

in determining the results of T1D immunoassays (30) and to the implementation of a 287 

harmonization and assessment/validation program  for all major T1D autoantibodies. 288 

Following the molecular identification of GAD65 as a major T1D autoantigen, harmonization 289 

workshops of GADA measurement accompanied the continuous development, testing and 290 

validation of a variety of GADA immunoassays (31). Early interlaboratory comparison studies 291 

led to the emergence of the liquid phase immunoprecipitation radio binding assay (RBA) as a 292 

widely implemented de facto gold standard for GADA measurement (32).  293 

RBAs not only repeatedly demonstrated good sensitivity and specificity in several 294 

interlaboratory comparisons (33) but also allowed laboratories to produce radiolabeled GAD65 295 

using a simple in vitro system and, since in RBA antigen/antibody binding occurs in liquid 296 

phase, assuaged the concern for the preservation of GADA conformational epitopes without 297 

the disruption often associated with antigen adsorption to a solid phase (34).  298 

The IASP2018 interlaboratory comparison study saw the continued implementation of the 299 

RBA format by the majority of laboratories together with an expanded adoption of alternative 300 

non-radioactive formats, allowing for a comprehensive comparison between classical RBA and 301 

other assay formats in terms of diagnostic, rather than analytical, sensitivity, specificity, 302 

accuracy, concordance and performance.     303 



Regarding the analysis of GADA assays performance in IASP2018, in addition to calculating 304 

the area under the ROC curve, possibly the most widely used metric of a diagnostic test 305 

performance, we evaluated the partial ROC-AUC after imposing a specificity level of 95% 306 

(pAUC95). This approach improves one of the major limitations and confounders of using the 307 

total ROC-AUC i.e. the inclusion in the analysis of regions of low assay specificity that are not 308 

clinically relevant (12). 309 

The characteristics of RBAs submitted to IASP2018, showed the presence of several alternative 310 

protocols differing with regard to assay buffers, washing method (i.e. centrifugation vs 311 

filtration), amount of test serum and antigen, radiolabel (35S, 125I, 3H), and the use of full-length 312 

or truncated GAD65 antigens (24–26). Unsurprisingly, RBAs presented a large degree of 313 

variability in performance, with only a few RBAs using protocols developed in house achieving 314 

a pAUC95 above the median of all assays.  315 

Among these protocol variables, the use of truncated GAD65 antigen corresponding to amino 316 

acids 96-585 of the full-length protein, was associated with better pAUC95 compared to most 317 

RBAs using full-length GAD65 in both RBA and LIPS assays, another immunoprecipitation-318 

based format. 319 

In IASP2018, the second most widely adopted immunoassays were commercial bridge-320 

ELISAs. Bridge-ELISAs showed the most homogeneous and highest pAUC95 of all assays, 321 

save for the novel PCR based ADAP format, and proved more sensitive and specific overall 322 

than most other assays, with the few positive scores discrepant with those of high-performance 323 

RBA and LIPS assays, essentially limited to low titer GADA samples.  324 

We then reassessed positive scores after applying a threshold based on a common pre-defined 325 

specificity of 95% to all assays, a threshold that, while not ideal if applied to population 326 

screening, facilitated comparisons across this limited sample set. This re-analysis showed that 327 



discrepancies in low titer GADA cases were resolved in the majority of LIPS and RBA assays, 328 

suggesting that most liquid phase assays in IASP2018 generally adopted more conservative 329 

thresholds compared to the bridge-ELISA.  330 

The consistent detection by some RBAs and LIPS assays of slightly increased antibody binding 331 

in some specific blood donor sera from the IASP2018 sample set, suggests that threshold 332 

selection in these assays might have been driven by the presence of low, non-disease specific 333 

antigen binding in some local control samples. Based on prior publications it can be speculated 334 

that at least part of this binding might be attributed to low affinity antibodies (25,35). 335 

The comparison of quantitative GADA results in IASP2018, was complicated by the 336 

implementation of a variety of local non-standardized arbitrary units and calculation algorithms 337 

to express results in place of the international units endorsed by the WHO. Previous workshops 338 

addressed this source of inter-assay variability by distributing the WHO standard serum and 339 

encouraging reporting of GADA in WHO units. Since the WHO reference consists of a strongly 340 

autoantibody positive human serum and constitutes an intrinsically finite resource, its 341 

distribution was meant to be used for recalibration of local standards followed by conversion 342 

of local to WHO units. However, after encouraging preliminary results (36) further analyses 343 

did not confirm the same level of concordance and reproducibility of WHO units across 344 

laboratories (37). This prompted the design of a common protocol, including an alternative set 345 

of GADA serum standards calibrated against the WHO serum with the aim of harmonizing 346 

RBA assays employed by NIDDK sponsored consortia (23).  347 

In IASP2018 the majority of assays reporting results in WHO units consisted of bridge-348 

ELISAs, while only two RBAs using a protocol developed in house did so. NIDDK standards 349 

were employed by only three laboratories, and these submitted results for RBAs using the 350 

NIDDK harmonized protocol and/or LIPS assays.  351 



Overall, while IASP2018 GADA assays showed a reasonable inter-assay agreement of GADA 352 

titer ranks among the assays using WHO units, at least in cases if not in control subjects, we 353 

observed a relatively lower concordance of attributed GADA titers, particularly in a subset of 354 

cases, despite the use of standardized protocols and centrally prepared calibrators.  355 

Moreover, a dichotomy in GADA titers attributed to selected sera was evident when assays 356 

were grouped according to antigen/antibody binding phase into hybrid solid/liquid or just liquid 357 

phase assays. While the underlying reason for this behavior remains to be clarified, multiple 358 

potential causes can be hypothesized, like epitope alterations following the addition of tags 359 

(e.g. biotin residues in the bridge-ELISA or luciferase enzyme in LIPS), subtle differences in 360 

primary amino acid sequence, post translational-modifications in different expression systems, 361 

and the adsorption of antigens onto solid surfaces in the bridge-ELISA. The frequency of this 362 

phenomenon remains to be ascertained along with its potential impact, if any, on autoantibody-363 

based screening strategies, which are currently mostly based on RBAs.  364 

Several novel immunoassays were submitted to IASP2018, a development likely spurred by 365 

the continuous legislative and logistic pressure against the use of radioactive substances and 366 

the expected future implementation of antibody-based population screening programs for T1D. 367 

Among these assays, the PCR based ADAP assay achieved both high sensitivity and perfect 368 

specificity, while the rest showed variable performance that in some cases was dramatically 369 

inferior to that of more mature formats.   370 

In conclusion, the IASP 2018 results depict the field of GADA measurement as both mature, 371 

with numerous assays achieving high performance, but also in relative flux, with the active 372 

development and deployment of novel immunoassays dispensing altogether with the need for 373 

radio-isotopic tracers. We believe that these results confirm the usefulness of harmonization 374 

programs, not only as providers of unbiased diagnostic performance assessment to participants 375 



but also as an arena in which research laboratories and companies can learn valuable lessons 376 

for improving immunoassays for T1D autoantibodies.     377 

 378 

 379 

  380 



Acknowledgements 381 

We wish to thank all the people and the clinicians who contributed blood samples without 382 

whom generosity and effort the IASP workshops and collaborative studies could not take place. 383 

The authors acknowledge the support received by IASP study through a TEDDY (38) grant 384 

administered at the University of South Florida (Tampa, FL) and by the Type 1 Diabetes 385 

TrialNet/IASP Ancillary studies arm (39).  386 

References 387 

1.  Bingley PJ, Williams AJK. Validation of autoantibody assays in type 1 diabetes: 388 

workshop programme. Autoimmunity 2004;37:257–60.  389 

2.  Baekkeskov S, Aanstoot HJ, Christgau S, Reetz A, Solimena M, Cascalho M, et al. 390 

Identification of the 64K autoantigen in insulin-dependent diabetes as the GABA-391 

synthesizing enzyme glutamic acid decarboxylase. Nature 1990;347:151–6.  392 

3.  Solimena M, Folli F, Denis-Donini S, Comi GC, Pozza G, De Camilli P, et al. 393 

Autoantibodies to glutamic acid decarboxylase in a patient with stiff-man syndrome, 394 

epilepsy, and type I diabetes mellitus. N Engl J Med 1988;318:1012–20.  395 

4.  Saiz A, Blanco Y, Sabater L, González F, Bataller L, Casamitjana R, et al. Spectrum of 396 

neurological syndromes associated with glutamic acid decarboxylase antibodies: 397 

diagnostic clues for this association. Brain J Neurol 2008;131:2553–63.  398 

5.  Soderbergh A, Myhre AG, Ekwall O, Gebre-Medhin G, Hedstrand H, Landgren E, et al. 399 

Prevalence and Clinical Associations of 10 Defined Autoantibodies in Autoimmune 400 

Polyendocrine Syndrome Type I. J Clin Endocrinol Metab 2004;89:557–62.  401 

6.  Groop LC, Zimmet P, Rowley MJ, Knowles W, Mackay IR. Antibodies to Glutamic Acid 402 

Decarboxylase Reveal Latent Autoimmune Mellitus in Adults With a Non-Insulin-403 

Dependent Onset of Disease. Diabetes 1993;42:4.  404 

7.  Krischer JP, Lynch KF, Lernmark Å, Hagopian WA, Rewers MJ, She J-X, et al. Genetic 405 

and Environmental Interactions Modify the Risk of Diabetes-Related Autoimmunity by 6 406 

Years of Age: The TEDDY Study. Diabetes Care 2017;40:1194–202.  407 

8.  Gwet KL. Testing the Difference of Correlated Agreement Coefficients for Statistical 408 

Significance. Educ Psychol Meas 2016;76:609–37.  409 

9.  Wongpakaran N, Wongpakaran T, Wedding D, Gwet KL. A comparison of Cohen’s 410 

Kappa and Gwet’s AC1 when calculating inter-rater reliability coefficients: a study 411 

conducted with personality disorder samples. BMC Med Res Methodol 2013;13:61.  412 



10.  Fleiss JL. Measuring nominal scale agreement among many raters. Psychol Bull 413 

1971;76:378–82.  414 

11.  R Development Core Team, r. R: A language and environment for statistical computing 415 

[Internet]. Vienna, Austria; 2005. Available from: http://www.r-project.org 416 

12.  Ma H, Bandos AI, Gur D. On the use of partial area under the ROC curve for comparison 417 

of two diagnostic tests. Biom J 2015;57:304–20.  418 

13.  Kendall, M. G., ,Babington Smith, B. The problem of m rankings. Ann Math Stat 419 

1939;10:275–87.  420 

14.  Mire-Sluis  a R, Gaines Das R, Lernmark A. The World Health Organization International 421 

Collaborative Study for islet cell antibodies. Diabetologia 2000;43:1282–92.  422 

15.  Barnhart HX, Haber M, Song J. Overall Concordance Correlation Coefficient for 423 

Evaluating Agreement Among Multiple Observers. Biometrics 2002;58:1020–7.  424 

16.  Crawford SB, Kosinski AS, Lin H-M, Williamson JM, Barnhart HX. Computer programs 425 

for the concordance correlation coefficient. Comput Methods Programs Biomed 426 

2007;88:62–74.  427 

17.  Petersen JS, Hejnaes KR, Moody A, Karlsen AE, Marshall MO, Høier-Madsen M, et al. 428 

Detection of GAD65 antibodies in diabetes and other autoimmune diseases using a simple 429 

radioligand assay. Diabetes. 1994;43:459–67.  430 

18.  Brooking H, Ananieva-Jordanova R, Arnold C, Amoroso M, Powell M, Betterle C, et al. 431 

A sensitive non-isotopic assay for GAD65 autoantibodies. Clin Chim Acta 2003;331:55–432 

9.  433 

19.  Burbelo PD, Groot S, Dalakas MC, Iadarola MJ. High definition profiling of 434 

autoantibodies to glutamic acid decarboxylases GAD65/GAD67 in stiff-person 435 

syndrome. Biochem Biophys Res Commun 2008;366:1–7.  436 

20.  Miao D, Guyer KM, Dong F, Jiang L, Steck AK, Rewers M, et al. GAD65 autoantibodies 437 

detected by electrochemiluminescence assay identify high risk for type 1 diabetes. 438 

Diabetes 2013;62:4174–8.  439 

21.  Zhang B, Kumar RB, Dai H, Feldman BJ. A plasmonic chip for biomarker discovery and 440 

diagnosis of type 1 diabetes. Nat Med 2014;20:948–53.  441 

22.  Tsai C, Robinson PV, Spencer CA, Bertozzi CR. Ultrasensitive Antibody Detection by 442 

Agglutination-PCR (ADAP). ACS Cent Sci 2016;2:139–47.  443 

23.  Bonifacio E, Yu L, Williams AK, Eisenbarth GS, Bingley PJ, Marcovina SM, et al. 444 

Harmonization of glutamic acid decarboxylase and islet antigen-2 autoantibody assays 445 

for national institute of diabetes and digestive and kidney diseases consortia. J Clin 446 

Endocrinol Metab 2010;95:3360–7.  447 

24.  Williams AJK, Lampasona V, Schlosser M, Mueller PW, Pittman DL, Winter WE, et al. 448 

Detection of Antibodies Directed to the N-Terminal Region of GAD Is Dependent on 449 



Assay Format and Contributes to Differences in the Specificity of GAD Autoantibody 450 

Assays for Type 1 Diabetes. Diabetes 2015;64:3239–46.  451 

25.  Williams AJK, Lampasona V, Wyatt R, Brigatti C, Gillespie KM, Bingley PJ, et al. 452 

Reactivity to N-Terminally Truncated GAD 65 (96–585) Identifies GAD Autoantibodies 453 

That Are More Closely Associated With Diabetes Progression in Relatives of Patients 454 

With Type 1 Diabetes. Diabetes 2015;64:3247–52.  455 

26.  Achenbach P, Hawa MI, Krause S, Lampasona V, Jerram ST, Williams AJK, et al. 456 

Autoantibodies to N-terminally truncated GAD improve clinical phenotyping of 457 

individuals with adult-onset diabetes: Action LADA 12. Diabetologia 2018;61:1644–9.  458 

27.  Cicchetti D V., Feinstein AR. High agreement but low kappa: II. Resolving the paradoxes. 459 

J Clin Epidemiol 1990;43:551–8.  460 

28.  Gleichmann H, Bottazzo GF. Progress toward standardization of cytoplasmic islet cell-461 

antibody assay. Diabetes 1987;36:578–84.  462 

29.  Boitard C, Bonifacio E, Bottazzo GF, Gleichmann H, Molenaar J. Immunology and 463 

Diabetes Workshop: report on the Third International (Stage 3) Workshop on the 464 

Standardisation of Cytoplasmic Islet Cell Antibodies. Held in New York, New York, 465 

October 1987. Diabetologia 1988;31:451–2.  466 

30.  Liu E, Eisenbarth GS. Accepting clocks that tell time poorly: fluid-phase versus standard 467 

ELISA autoantibody assays. Clin Immunol 2007;125:120–6.  468 

31.  Schmidli RS, Colman PG, Bonifacio E, Bottazzo GF, Harrison LC. High Level of 469 

Concordance Between Assays for Glutamic Acid Decarboxylase Antibodies. Diabetes 470 

1994;43:5.  471 

32.  Verge CF, Stenger D, Bonifacio E, Colman PG, Pilcher C, Bingley PJ, et al. Combined 472 

use of autoantibodies (IA-2 autoantibody, GAD autoantibody, insulin autoantibody, 473 

cytoplasmic islet cell antibodies) in type 1 diabetes: Combinatorial Islet Autoantibody 474 

Workshop. Diabetes 1998;47:1857–66.  475 

33.  Törn C, Mueller PW, Schlosser M, Bonifacio E, Bingley PJ, Participating Laboratories. 476 

Diabetes Antibody Standardization Program: evaluation of assays for autoantibodies to 477 

glutamic acid decarboxylase and islet antigen-2. Diabetologia 2008;51:846–52.  478 

34.  Schwab C, Bosshard HR. Caveats for the use of surface-adsorbed protein antigen to test 479 

the specificity of antibodies. J Immunol Methods 1992;147:125–34.  480 

35.  Miao D, Steck AK, Zhang L, Guyer KM, Jiang L, Armstrong T, et al. 481 

Electrochemiluminescence Assays for Insulin and Glutamic Acid Decarboxylase 482 

Autoantibodies Improve Prediction of Type 1 Diabetes Risk. Diabetes Technol Ther 483 

2015;17:119–27.  484 

36.  Bingley PJ, Bonifacio E, Mueller PW. Diabetes Antibody Standardization Program: First 485 

Assay Proficiency Evaluation. Diabetes 2003;52:1128–36.  486 



37.  Bingley PJ, Williams AJ, Colman PG, Gellert SA, Eisenbarth G, Yu L, et al. Measurement 487 

of islet cell antibodies in the Type 1 Diabetes Genetics Consortium: efforts to harmonize 488 

procedures among the laboratories. Clin Trials 2010;7:S56–64.  489 

38.  TEDDY Study Group. The Environmental Determinants of Diabetes in the Young 490 

(TEDDY) Study. Ann N Y Acad Sci 2008;1150:1–13.  491 

39.  Skyler JS, Greenbaum CJ, Lachin JM, Leschek E, Rafkin-Mervis L, Savage P, et al. Type 492 

1 Diabetes TrialNet-An International Collaborative Clinical Trials Network. Ann N Y 493 

Acad Sci 2008;1150:14–24.  494 

 

  495 



Table 1 496 

Format # assays Sensitivity Specificity Accuracy ROC-AUCa pAUC95b 

Antibody Dependent 

Agglutination PCR (ADAP) 
1 80 100 92.9 0.96 0.041 

Bridge-ELISA 12 78.0 (68.0, 80.0) 100.0 (95.5, 100.0) 91.4 (88.6, 92.8) 0.89 (0.88, 0.94) 0.039 (0.036, 0.041) 
Radio Binding Assay (RBA)       

Truncated GAD65 aa96-585 4 69.0 (66.0, 74.0) 100.0 (95.6, 100.0) 88.2 (87.9, 89.3) 0.84 (0.82, 0.88) 0.037 (0.036, 0.039) 
Local protocol 9 66.0 (50.0, 72.0) 97.8 (95.7, 100.0) 87.1 (82.1, 88.6) 0.84 (0.75, 0.89) 0.034 (0.029, 0.037) 
Harmonized protocol 5 64.0 (58.0, 82.0) 98.9 (94.4, 100.0) 85.0 (81.4, 92.9) 0.87 (0.77, 0.91) 0.032 (0.025, 0.039) 

Luciferase Immuno Precipitation 

System (LIPS) 
      

NLuc reporter GAD65 aa96-585 4 70.0 (60.0, 76.0) 99.4 (98.9, 100.0) 88.9 (85.7, 90.7) 0.87 (0.86, 0.89) 0.036 (0.036, 0.037) 
NLuc reporter GAD65 aa188-585 2 71.0 (68.0, 74.0) 98.3 (97.8, 98.9) 88.6 (87.9, 89.3) 0.86 (0.86, 0.86)  0.035 (0.034, 0.035) 
NLuc reporter GAD65 aa1-585 1 72.0 98.9 89.3 0.84 0.034 
FLuc reporter GAD65 aa96-585 1 54 96.7 81.4 0.79 0.019 

Electro Chemi Luminescence 

(ECL) 
      

ECL 2 78.0 (78.0, 82.0) 97.2 (95.6, 98.9) 91.1 (89.3, 92.8) 0.89 (0.88, 0.91) 0.036 (0.035, 0.038) 
ECL IgG specific 1* 66.0 96.7 85.7 0.88 0.030 
ECL IgM specific 1* 30.0 97.8 73.6 0.70 0.016 
ECL IgA specific 1* 28.0 97.8 72.9 0.67 0.012 

Chemi Luminescence Immuno 

Assay (CLIA) 
2 72.0 (68.0, 76.0) 96.7 (93.3, 100.0) 87.9 (84.3, 91.4) 0.88 (0.85, 0.92) 0.035 (0.031, 0.039) 

Multiplex Plasmonic Near-

InfraRed  Fluorescence 

(MPNIRF) 

1 50.0 95.6 79.3 0.87 0.021 

Luminex Bead Immunoassay 

(LBI) 
2 36.0 (36.0, 36.0) 87.2 (86.7, 87.8) 68.9 (68.6, 69.3) 0.58 (0.57, 0.59) 0.011 (0.011,0.012) 

Multiplex Fluorescence Energy 

Transfer (MFRET) 
1 2.0 97.8 63.6 0.18 0.001 

All assays - median (IQR) 48 69.0 (64.0, 76.0) 98.9 (96.7, 100.0) 88.6 (84.5, 90.7) 0.87 (0.83, 0.89) 0.036 (0.032, 0.039) 

a
Area under the Receiver Operator Characteristics curve; 

b
partial ROC-AUC imposing a specificity greater than 95%; *Multiplexed ECL assay 

497 



Figure legends 498 

Figure 1:  499 

Scatter plots of sensitivity and specificity of GADA assays based on laboratory assigned 500 

GADA positive or negative scores for 50 cases and 90 controls. Filled circles stand for 501 

individual assays. Dashed lines mark the median sensitivity and specificity of all assays. Assays 502 

are categorized according to format and its variants. Categories are sorted by their median assay 503 

performance. 504 

Figure 2:  505 

Performance of GADA assays in IASP 2018. Shown are the partial areas under the ROC curve 506 

at 95% specificity (pAUC95) of each assay (grey filled dots) and the probability density 507 

estimates of the pAUC95 distribution. Assays are grouped by format and its variants and the 508 

groups sorted according to their median pAUC95. The dashed line marks the median pAUC95 509 

of all assays.    510 

Figure 3:  511 

Tilemap of GADA positive (dark grey) or negative (light grey) scores assigned by laboratories 512 

to cases. Assays are grouped by format and its variants and the groups sorted according to their 513 

median pAUC95. Cases are ordered by median GADA titer rank. A cumulative score of 514 

individual Ig class results was added for lab 1306 in the ECL group. Cases with distinctive 515 

patterns discussed in the text are indicated by a black triangle. 516 

Figure 4:  517 

Tilemap of GADA positive (dark grey) or negative (light grey) scores assigned by laboratories 518 

to controls. Assays are grouped by format and its variants and the groups sorted according to 519 



their median pAUC95. Omitted are 40 controls negative in all assays. A cumulative score of 520 

individual Ig class results was added for lab 1306 in the ECL group. Controls with distinctive 521 

patterns discussed in the text are indicated by a black triangle. 522 

Figure 5:  523 

Analysis of GADA titers concordance in IASP2018. (A), GADA titer ranks of each case in 524 

different assays (circles, filling is proportional to pAUC95). The black line shows the median 525 

rank of all assays. (B), Boxplots of GADA WHO units in each case. Assays are grouped by 526 

binding phase (dark grey: hybrid solid/liquid all bridge-ELISA assays; light grey: liquid, 527 

include ECL, LIPS and RBA assays). (C), Enlargement showing samples with significant 528 

differences in WHO units between assay groups. Cases selected in panel C are indicated in 529 

panels A and B by a black triangle. 530 
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Figure 2:  

Performance of GADA assays in IASP 2018. Shown are the partial area under the ROC curve at 95% 

specificity (pAUC95) of each assay (grey filled dots) and the probability density estimates of the pAUC95 

distribution. Results are grouped according to assay format and variants and sorted by group specific 

median pAUC95. The dashed line marks the overall median pAUC95.    

 



 

 

 

 



 



 


