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Summary. Forty-one assays were analysed at the 3rd Interna- 
tional Workshop on the standardisation of islet cell anti- 
bodies. Analysis of precision demonstrated assays consis- 
tently detecting blind duplicates within one doubling dilution 
and capable of discriminating one doubling dilution differen- 
ces in islet cell antibody concentration. Some assays, how- 
ever, reported duplicates discrepantly by more than seven 
doubling dilutions, and consequently could not distinguish 
even large quantities of islet cell antibodies. Precision was 
best in assays from laboratories which had participated in all 
three Standardisation Workshops and was not dependent 
upon methodology. The use of the Juvenile, Diabetes Foun- 
dation reference islet cell antibody standard and standard 
curves reduced the scatter of results, and was best amongst 
assays with better precision. Twenty-seven assays reported 

all ten blood donor sera as negative. However, 14 assays did 
not, and specificity (negativity in health) was < 50% in three 
assays. Low specificity was strongly associated with poor pre- 
cision. The detection limit of assays ranged from < 5 to 50 
JDF units and was partially dependent upon methodology. 
Assays incorporating extended incubation had the lowest de- 
tection limits without a decrease in the specificity of the ten 
blood donor sera. Precise quantification is fundamental for 
the standardisation and comparability of islet cell antibodies. 
Precise quantitative assays have been identified and refer- 
ence standards and common units established. 

Key words: Islet cell antibody, Type 1 (insulin-dependent) 
diabetes, standards, quality control, Juvenile Diabetes Foun- 
dation units. 

Islet cell antibody (ICA) determinations have been used 
as a serological marker  for the identification of individuals 
at risk of developing Type 1 (insulin-dependent) diabetes 
mellitus [1-3]; the diagnosis of Type 1 diabetes in cases of 
secondary failure, or unusual presentation [4-6]; and 

* S.Assa, Perah-Tiqua, Israel; A.Arnaiz-Villena, Madrid, Spain; 
J. Barbosa, Minneapolis, Minnesota, USA; C. Betterle, Padua, Italy, 
E. Beutner, Buffalo, New York, USA; G. Bright, Charleston, South 
Carolina, USA; H.Chapel, Oxford, U.K.; M.Codina, Barcelona, 
Spain; R. Dawkins, Perth, Western Australia; E. Deitsch, Vienna, 
Austria; U.Di Mario, Rome, Italy; G.Eisenbarth, Boston, Massa- 
chusetts, USA; R. Elliot, Auckland, New Zealand; R. Gomis de Bar- 
bara, Barcelona, Spain; T. Hanafusa, Osaka, Japan; L. Harrison, Vic- 
toria, Australia; K.Helmke, Giessen, FRG; C.Howard, Oregon, 
USA; P. In't Veld, Brussels, Belgium; D. Kawathara, Orange, Cali- 
fornia, USA; T. Kobayashi, Tokyo, Japan; M. Landin, Malm6, Swe- 
den; A.Lernmark, Gentoft, Denmark; N.Maclaren, Gainesville, 
Florida, USA; T. Mandrup-Poulsen, Gentofte, Denmark; R. Manna, 
Rome, Italy; A. Miettinen, Finland; J. Palmer, Seattle, Washington, 
USA; R Panczel, Budapest, Hungary, J. Peter, Los Angeles, Califor- 
nia, USA; K. Pirich, Vienna, Austria; L. Quenette, La Jolla, Califor- 
nia, USA; G.Reeves, Nottingham, UK; K.Reinauer, Tt~bingen, 
FRG; W. Scherbaum, Ulm FRG; L. Scott-Morgan, Southampton, 
UK; D. Vergani, London, U. K.; B. Vialettes, Marseille, France 

monitoring patients on insulin therapy [7, 8], or under- 
going therapeutic trials with cyclosporine [9, 10]. Since 
ICA were first described [11], numerous methodological 
modifications to the standard indirect immunofluorescent 
(IFL) assay have been proposed [12-18]. An assessment 
of inter-assay comparability was essential for the validity 
of ICA in diabetes research, and accordingly, four Inter- 
national Workshops have been held. The first showed a 
large scatter of results between laboratories, and sug- 
gested that the availability of reference sera would allow 
laboratories to express ICA in arbitrary, but common 
units [19]. A reference standard - Juvenile Diabetes 
Foundation (JDF) standard - was proposed and tested in 
the stage II Workshop. The use of standard curves con- 
structed from this standard improved precision and con- 
cordance between laboratories [20, 21]. 

The stage III workshop was designed so as to (1) assess 
the precision, and (2) begin studies on the specificity (ne- 
gativity in health), and sensitivity (positivity in disease) of 
the ICA assays. These parameters in 41 assays are anal- 
ysed here, and their importance in the development of an 
international standardisation programme of ICA mea- 
surement discussed. 
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Table 1, Characteristics and performance of 41 assays in the Stage III  ICA Standardisation Workshop (see Materials and methods) 

Laboratory Substrate Method Precision SD Increment  Specificity Specificity Mean  titre Detection 
score score < 5 JDF Units titre limit 

JDF Units  

$1 Hu Std 0.34 0.24 0,90 100 100 6.0 < 5 
$2 Hu  Ext 0.49 0.49 1.00 100 100 56.0 < 5 
A A  Hu Ext 0.52 0.37 0.85 100 100 80.0 < 5 
L Hu Std 0.59 0.49 0.90 100 100 4.0 7 
F Hu Std 0.59 0.49 0.90 100 50 14.0 < 5 
H1 Hu Std 0.60 0.60 1.00 100 100 8.0 5 
G Hu Std 0.60 0.40 0.80 100 100 2.5 8 
A J2 Hu StdlP-A 0.63 0.63 1.00 100 100 3.0 16 
B Hu Std/Biotin 0.65 0.40 0.75 100 90 6.0 < 5 
M Hu Std 0.68 0.53 0.85 90 100 4.0 6 
W Hu Ext 0.72 0.72 1.00 80 100 12.0 < 5 
T Hu Ext 0.79 0.69 0.90 100 100 34.0 < 5 
D Hu Std 0.80 0.80 1.00 100 100 0.5 50 
R Hu Std 0.83 0.68 0.85 60 100 0.5 20 
A H  Bab 3 h inc. 0.85 0.85 1.00 100 90 5.0 8 
AB Hu Ext/TCF 0.89 0.64 0.85 100 i00 11.0 < 5 
V Hu Ext 0.94 0.69 0.75 80 100 17.0 < 5 
K Hu Std 0.94 0.54 0.60 80 50 5.0 < 5 
P Hu Std 0.96 0.71 0.75 100 60 12.0 < 5 
N Hu Std 0.96 0.86 0.90 100 100 2.0 20 
J Hu Std 0.97 0.47 0.50 100 40 12.0 < 5 
E Hu Std 1.20 0.95 0.75 90 100 5.0 12 
AF1 Hu Ext/P-A 1.24 0.74 0.50 90 100 0.8 50 
A D  Hu Std/TCF 1.26 0.66 0.40 100 100 6.0 < 5 
H2 Mo Std 1.26 1.26 1.00 100 90 4.0 10 
C Hu Std 1.27 0.92 0.65 100 100 3.0 13 
Z Hu Ext 1.30 1.00 0.70 100 100 5.0 5 
A1 Hu Ext 1.35 0.90 0.55 50 6 
U Hu Ext 1.37 1.22 0.85 100 90 37,0 < 5 
AN Hu Std 1.49 0.89 0.40 100 100 2.0 17 
A J1 Hu Std 1.49 0.89 0.40 90 5.0 6 
AF2 Rat  Ext/P-A 1.57 1.13 0.55 100 100 1.6 20 
I Hu Std 1.64 1.14 0.50 100 50 4.0 14 
A E  Hu Std/Biotin 1.93 0.93 0.00 100 40 23,0 < 5 
A Hu Std 2.02 1.22 0.20 100 100 7.0 < 5 
X Hu Ext 2.07 1.67 0.60 50 100 5.0 13 
A G  Mo Std 2.18 2.18 1.00 90 100 4.0 20 
Q Hu Std 2.42 1.77 0.35 50 80 7.0 9 
Y Hu (Bouins) Ext  2.90 1.90 0.00 40 50 
A C  Hu Ext/TCF 3.03 2.28 0.25 90 100 52.0 6 
O Hu Std 3.44 2.14 - 0.30 100 30 41.0 < 5 

Hu = human; Bab = baboon;  Mo = monkey; P-A = FITC protein A; TCF = Two colour immunoflourescent 

Materials and methods 

Serum exchange sera 

Forty-three coded 0.5 ml freeze-dried serum samples were prepared 
by H.Richter-Oleson,  Copenhagen,  Denmark,  and distributed to 
participants along with a disclosed 2 ml freeze-dried aliquot of the 
JDF standard [20]. The set of coded samples included blood donor 
sera and 15 standard ICA sera in duplicate as previously described 
[22]. 

ICA assays 

Of the 41 assays analysed, 26 used the conventional IFL assay (Std) 
with < 1 h serum incubation [19], 14 incorporated extended ( > 12 h) 
incubation of sera (Ext) as previously described [12], and one assay 
used a serum incubation time of 3 h. In addition, three assays used 
~he modification of the two colour immunofluorescent (TCF) 
method [13], three the FITC-protein A (P-A) method [14] and two 
the biotin-avidin labelling (Biotin) method [15]. Thirty-seven assays 
used human tissue as substrate, one of which was Bouin's fixed, two 
monkey, one baboon,  and one rat tissue (Table 1). 

All  but  one assay (A1) reported ICA results as end point titres. 

Serum exchange participants 

The coded sera were sent to 50 laboratories. Results are available 
from 45 assays performed in 41 of the laboratories. Four  laboratories 
did not  detect ICA in any of the samples, and these were not in- 
cluded in the remainder  of the analysis. 

Precision 

Standard deviation. This was calculated from duplicates. For each 
assay, the difference of each duplicate fitre from the geometric mean 
of the corresponding duplicate pairs in that  laboratory was calcu- 
lated. The standard deviation (SD) of the difference of duplicates 
from their mean was determined and became one measure of preci- 
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sion. The smaller the SD the less overall scatter of duplicates. Dupli- 
cates which were reported as negative on each occasion were ex- 
cluded, as were those where one or both of the duplicates were re- 
ported as greater than a titre. Where ICA was detected in only one 
duplicate, the negative result was considered as one doubling dilu- 
tion below the lowest reported titre in that assay. The number of sep- 
arate duplicates used to calculate the SD in individual assays ranged 
from 12 (6 pairs) to 30 (15 pairs). 

Increment score. A scoring system was used to determine the ability 
of assays to discriminate dilution intervals of each of the standard 
sera. 

- 1 point was given if the geometric mean of the duplicates was 
higher than the previous dilutions; 

- no points were given when the geometric mean of the duplicates 
was the same as the previous dilution; 

- 1 point was subtractedif the geometric mean of the duplicates was 
lower than previous standard dilutions. 

The total score for each of the three standard dilution series was 
summed and divided by the number of standard serum dilutions as- 
sessed. The maximum possible score was 1, The higher the incre- 
ment score, the better the assay could discriminate between dilution 
increments (Fig. 1 a and b). 

Precision score. This was calculated from the sum of the SD and 
(1 minus the increment score). 

Interpolation to JD F units 

Laboratories were asked to prepare dilutions of the disclosed JDF 
standard serum (80 JDF units) in negative serum and to quantify 
these in the same way and in parallel with the 43 coded samples. The 
standard curve for each laboratory was calculated using a linear or 
polynomial regression analysis, and the result in JDF units for each 
of the 43 coded samples was interpolated from the assay standard 
curve as in the Stage II Workshop [20]. 

Detection limit 

The median interpolated value from all assays for each serum was 
determined and became the "consensus JDF units" for that serum. 
The limit of detection for in dividual assays was calculated by plotting 
for each of the standard serum dilutions in which ICA was detected, 
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Fig. 1 a, b. Dilution curves of standard 
sera I ( [] ) and II (0) ,  and the JDF 
standard (A) tested by two assays in 
the Workshop. Assay $1 (a) 
distinguished all four dilution 
increments in serum I and the JDF 
standard, and three of four increments 
in serum II dilutions (increment 
score = 0.9). All duplicates were within 
1 doubling dilution (SD = 0.24). The 
resultant precision score = 0.34 (see 
Materials and methods). In contrast, in 
assay O (b) duplicates were up to 
seven doubling dilutions different 
(SD = 2.14), and although the JDF 
standard dilutions were ranked 
correctly, the assay could not 
discriminate intervals for sera I and II 
(increment score = - 0.3). The 
resultant precision score for assay O 
was 3.44 

the log2 observed titre on the ordinate vs the log2 consensus JDF unit 
on the abscissa. The linear regression equation was calculated, and 
the intercept on the abscissa was the detection limit for that assay. 

Specificity 

This was defined as the percentage of negative results in health, and 
was calculated from the proportion of the 10 random blood donor 
sera reported as negative (titres) or < 5 JDF units (interpolated 
units). 

Statistical analysis 

Comparisons of groups were performed using the one tailed ,~2 t e s t  
with Yates correction, correlation coefficient (r), and the Wilcoxon 
two tailed rank sum test. 

Results 

Assay precision 

P r e c i s i o n  p ro f i l e s  g i v e n  by  t h e  SD,  i n c r e m e n t  score ,  a n d  
p r e c i s i o n  s c o r e  fo r  e a c h  assay  a re  s u m m a r i s e d  in T a b l e  1. 
T h e  S D  of  d u p l i c a t e  d i f f e r e n c e s  r a n g e d  f r o m  0.34 to  2.28 
( m e d i a n  0.94); t h e  i n c r e m e n t  s c o r e  f r o m  1 to  - 0.3 ( m e -  
d i a n  0.75); a n d  t h e  p r e c i s i o n  s co re  f r o m  0.34 to  3.44 ( m e -  
d i an  0.97). T h e  S D  c o r r e l a t e d  w i t h  t h e  i n c r e m e n t  s c o r e  
(r = 0.53; p < 0.001),  a n d  assays  w h i c h  q u a n t i f i e d  dupl i -  
ca tes  r e p r o d u c i b l y  a lso  d i s t i n g u i s h e d  sma l l  i n c r e m e n t s  o f  
I C A  (Fig.  1 a), wh i l e  t h o s e  wi th  l a rge  p r e c i s i o n  S D  c o u l d  
n o t  d i s t ingu i sh  e v e n  l a rge  q u a n t i t i e s  o f  I C A  (Fig.  l b ) .  

P r e c i s i o n  d id  n o t  c o r r e l a t e  w i t h  m e t h o d o l o g y .  P rec i -  
s ion  scores  r a n g e d  f r o m  < 0.5 to  > 3 in assays us ing  e i t h e r  
t h e  s t a n d a r d  I F L  t e c h n i q u e  o r  i n c o r p o r a t i n g  e x t e n d e d  
i n c u b a t i o n  t imes .  A s s a y s  us ing  p r o t e i n - A ,  b i o t i n - a v i d i n  
c o n j u g a t e s  a n d  T C F  m e t h o d s  w e r e  few, a n d  t h e i r  p r ec i -  
s ion  scores  w e r e  n o t  d i f f e r e n t  f r o m  t h e  o t h e r  m e t h o d s  
( F i g . 2 a ) .  T h e  p r e c i s i o n  s co re  was  a s s o c i a t e d  w i t h  t h e  
n u m b e r  o f  I C A  w o r k s h o p s  in w h i c h  t h e  l a b o r a t o r i e s  h a d  
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Fig.2 a, b. Influence on precision by ICA method (a), and Workshop 
participation (b). No differences were seen between standard immu- 
no fluorescent (IFL) assays with or without extended incubation 
(�9 or other modifications: two-colour immunofluorescent (~); 
FITC-protein A (A); Biotin anti IgG (/x). Laboratories which had 
participated in all three Workshops had better precision scores than 
those participating for the first time (p < 0.02, Wilcoxon rank sum 
test) 

participated (Fig.2b). Assays from laboratories which 
had participated in all three IDW Workshops had lower 
precision scores than those f rom laboratories which had 
participated in only one Workshop (p < 0.02; Wilcoxon 
rank sum test). 

Interpolation to J D F  units 

The scatter of results improved after interpolation into 
J D F  units, and was dependent  upon assay precision 
(Figs. 3 a and b). Only 34 (43%) of 79 ICA titres repor ted 
for the blind J D F  standard were within 1 doubling dilu- 
tion of the median titre, whilst after interpolation f rom the 
standard curves, 57 (72%) of the results in JDF  units were 
within 1 log2 J D F  unit (3( 2 : 10.9; p < 0.0005). Scatter was 
reduced regardless of the precision score, although it was 
significantly less amongst  assays with small precision 
scores: 34 (81%) of the interpolated JDF  units f rom assays 
with precision scores < 1 were within i log2 J D F  unit vs 23 
(62%) of results fi 'om assays with precision scores > 1. 
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Other exchange sera gave similar results (data not 
shown). 

ICA  specificity in blood donor sera 

The random blood donor sera and normal  human serum 
diluent were repor ted as negative in most  assays, with the 
concordance between 82% and 92.5%. Titres up to 1/64, 
however, were repor ted  for these sera (Fig. 4 a). In individ- 
ual assays the specificity determined from these sera 
ranged f rom 30% to 100% (Table 1, Fig.4b).  Twenty- 
seven assays (67.5%) repor ted all the random blood 
donor sera as negative; a further five repor ted I C A  in only 
one of the ten sera, but some assays had substantial prob- 
lems with specificity (eg AE,  O). The majority of assays 
with low specificity had poor  precision (high precision 
scores). This is also shown after titres were interpolated 
into JDF  units and using 5 J D F  units as a cut-off (Table 1). 

Detection limit 

The lower detection limit for I C A  varied greatly between 
laboratories (Table 1). Some assays detected I C A  in all 30 
standard sera dilutions with titres of 1/8 to 1/1024, while 
others detected I C A  at a maximum titre of 1/8, and only in 
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cantly less amongst laboratories with small precision scores, particu- 
larly after interpolation into JDF units 
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Fig.4a, b. ICA titres obtained for 10 random blood donor sera 
tested by 40 assays in the Workshop serum exchange. Low specificity 
was seen predominantly in a few assays with poor precision (see 
Table) 

samples with the highest quantities of ICA. The mean titre 
for the 30 standard dilution samples reported in an assay 
ranged from 1/0.5 (assays R and AF1) to 1/80 (assay AA). 
The detection limit ranged from 50 down to < 5 JDF units. 
Neither mean titres nor detection limits correlated with 
assay precision scores (r = 0.18, r = 0.10, respectively). 

Higher mean titres and lower detection limits were 
seen in assays incorporating extended incubation than in 
standard IFL assays when human substrate and FITC 
anti-IgG as second antibody were used (p<0.025, 
p < 0.05, respectively; Wilcoxon rank sum test). In the 
eight assays using extended incubation, ICA was detected 
in the 30 standard dilutions in 211 (88%) out of 240 tests, 
vs 451 (76%) out of 594 tests from assays using the stan- 
dard IFL technique (Z 2 = 14.3,p < 0.0001). 

Discussion 

As seen in the Stage I and II Standardisation Workshops, 
there are large differences in ICA measurement between 
laboratories in Stage III. Akhough titres spanned up to 14 
doubling dilutions, most laboratories detected ICA in 
samples with high levels of autoantibody, and the greatest 
discrepancies were seen in samples with lower titre ICA. 
The wide scatter of results was due to poor precision in 
some assays, and differences in detection limits between 
assays. 
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To assess precision within assays, their ability to: (1) 
reproduce results in multiple hidden duplicates, and (2) 
distinguish increments of ICA quantity defined by dilu- 
tion were calculated. The resultant precision score was an 
arbitrary value giving a score of the ability of assays to do 
both. As expected, assays which could reproducibly quan- 
tify duplicates could also distinguish smaller increments 
than assays with poor reproducibility. The ability of assays 
to reproducibly quantify duplicates and discriminate 
levels of ICA varied considerably. Assays with high preci- 
sion scores (poor precision) were incapable of reproduc- 
ing and/or discriminating quantities of ICA. In addition, 
the data showed that results from such assays are less like- 
ly to be comparable to those from other ICA assays, even 
after interpolation into JDF units, and are more likely to 
detect ICA in non-diabetes related samples. Indeed, the 
large scatter of results for individual sera was largely con- 
tributed to by a few assays with poor precision. 

Precision itself, was not dependent upon methodo- 
logy. No method had better precision scores than others, 
and as only four assays used non-human tissues, it was not 
possible to assess whether precision was dependent upon 
tissue species. Interestingly, however, the one assay which 
used Bouin's fixed human pancreas had poor precision, 
and results were completely discrepant from the rest of 
the assays. Rather than methodology, precision was corre- 
lated with workshop participation. It is therefore expected 
that many laboratories with poor precision will improve 
with continued workshop and proficiency involvement. 
Improvement is also likely if standard sera are used rou- 
tinely. For example, in the anti-nuclear antibody assay by 
IFL, precision improved when standard sera and standard 
curves were used routinely [23]. 

Another major cause of the large scatter of results was 
the large differences in detection limits between assays. 
As in previous workshops, the detection limit was in- 
fluenced by methodology. However, even amongst precise 
assays of uniform methodology, differences in detection 
limits were pronounced and there were wide scatters of 
titres. Pancreatic sections have been shown to influence 
assay results [24], and therefore such differences may al- 
ways remain. Given the variation of detection limits be- 
tween assays, it becomes meaningless for laboratories to 
report results as positive or negative, or to compare data 
such as ICA frequencies obtained from different assays 
unless ICA are reported in common units. Reporting in 
the reference JDF units after interpolation of titres from 
the standard dilution curves did reduce the scatter of re- 
sults, and improve comparability. Importantly, this reduc- 
tion was greatest amongst assays with the best precision. It 
is essential that for standardisation to occur, laboratories 
improve the precision of their assays in addition to quanti- 
fying ICA. A "proficiency programme" is in operation to 
help laboratories assess their precision and to calibrate 
standards. Any new assays which are developed are also 
encouraged to participate in the programme. 

Finally, it must be remembered that the IFL assay for 
ICA is likely to measure polyclonal antibody to a variety 
of islet antigens. Such a test may always have inherent 
variability between assays simply because of variable ex- 
pression of antigens between tissues and different anti- 
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bod i e s  b e t w e e n  sera.  Prec i se  quan t i t a t ive  and  c o m p a r a b l e  
I C A  assays have  b e e n  iden t i f i ed ,  a l lowing such d i f feren-  
ces to be  p r o p e r l y  assessed.  T h e  I F L  test  for  I C A  is stil l  the  
mos t  useful  sc reen  for  iden t i fy ing  p e o p l e  at r isk for  Type  1 
d iabe tes ,  and,  unt i l  such t ime  as the  r e l e v a n t  an t igens  a re  
iden t i f i ed  a n d  pur i f i ed  in la rge  quant i t i es ,  i t  r ema ins  the  
m e t h o d  of  choice  for  its de tec t ion .  
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