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Abstract

Background:

The plurality of genetic risk for developing type 1 diabetes mellitus (T1IDM) lies within the genes that code for
the human leukocyte antigens (HLAs). Many T1DM studies use HLA genetic risk assessment to identify higher
risk individuals, and they often conduct these tests on dried blood spots (DBSs) like those used for newborn
bloodspot screening. One such study is The Environmental Determinants of Diabetes in the Young (TEDDY),
a long-term prospective study of environmental risk factors. To provide quality assurance for TIDM studies that
employ HLA genetic risk assessment, the Centers for Disease Control and Prevention (CDC) conducts both a
voluntary quarterly proficiency testing (VQPT) program available to any laboratory and a mandatory annual
proficiency testing (PT) challenge for TEDDY laboratories.

Methods:

Whole blood and DBS samples with a wide range of validated HLA-DR and HLA-DQ genotypes were sent
to the participating laboratories. Results were evaluated on the basis of both the reported haplotypes and the
HLA genetic risk assessment.

Results:

Of the reported results from 24 panels sent out over six years in the VQPT, 94.7% (857/905) were correctly
identified with respect to the relevant HLA-DR or HLA-DQ alleles, and 96.4% (241/250) were correctly
categorized for risk assessment. Significant improvement was seen over the duration of this program, usually
reaching 100% correct categorization during the last three years. Of 1154 reported results in four TEDDY PT
challenges, 1153 (99.9%) were correctly identified for TEDDY eligibility.
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Conclusions:

and contributed to overall quality assurance.

] Diabetes Sci Technol 2010;4(4):929-941

The different analytical methods used by TIDM research centers all provided accurate (>99%) results for genetic
risk assessment. The two CDC PT programs documented the validity of the various approaches to screening

Introduction

Children at higher risk for type 1 diabetes mellitus
(TIDM) can be identified by newborn bloodspot
screening (NBS).! Type 1 diabetes mellitus risk assess-
ment is primarily based on characterizing genes of the
major histocompatibility complex (MHC), specifically
the human leukocyte antigen (HLA) class II region
HLA-D. This region includes the highly polymorphic
genes HLA-DRB1, HLA-DQA1, and HLA-DQBI. Because
of linkage disequilibrium within the HLA-D region,
alleles on the same chromosome are usually inherited
as a group (haplotype). Most genotyping methods
do not discern the phase of the alleles, but extended
HLA-D haplotypes may wusually be inferred using
haplotype frequency databases (see Anthropology/Allele
Frequencies at http:/[www.ncbi.nlm.nih.gov/projects/gv/mhcl).
To maximize cost-effectiveness, TIDM studies often
further infer haplotypes from limited genotyping among
HLA-DRB1, HLA-DQA1, and HLA-DQBI alleles. For each
individual, the two inferred HLA haplotypes can be
combined to obtain a haplogenotype, the genotype
combination of two multilocus haplotypes? The HLA-D
haplogenotype constitutes the plurality of TIDM genetic
risk. Since laboratories use different analytical methods
and genotyping strategies, a proficiency testing (PT)
program in which all laboratories test the same samples
is essential to ensuring comparability of risk assessment.

The Centers for Disease Control and Prevention (CDC)
conducts two concurrent PT programs for TIDM screening,.
The first program, initiated in 2003, is a voluntary
collaboration  that includes several TIDM research
centers and one manufacturer of NBS reagents. It is
conducted on a quarterly basis in the United States and
Europe. The second program, initiated in 2004, is part
of The Environmental Determinants of Diabetes in
the Young (TEDDY) study'”® (see wwuw.teddystudy.org).
This study includes six clinical centers (three in the
United States and three in Europe), five laboratories

conducting the screening tests, and a centralized data
center. The Environmental Determinants of Diabetes
in the Young has enrolled more than 8400 children in
a prospective longitudinal cohort that will be monitored
for environmental factors, islet cell autoimmunity, and
clinical status through the entire period of risk for
childhood diabetes. The CDC conducts annual PT
challenges for TEDDY screening laboratories.

For reference materials to use in either the voluntary
quarterly proficiency testing (VQPT) or the TEDDY PT
exercises, the CDC assembled a collection of dried blood
spots (DBSs) that have been independently characterized
for relevant HLA-D alleles by at least two different
laboratories in advance of their distribution to participants.
The complexity of the HLA-D region, as well as the
different methods used to detect risk alleles, presented
challenges in comparing and evaluating the data
submitted. This article describes the methods used to
conduct PT, the protocols used to assess results, and the
overall performance of participating laboratories.

Materials and Methods

Samples and Reference Haplogenotypes

Anonymous residual cord blood samples were obtained
from a public health newborn screening program,® and
anonymous venous blood samples from adults were
obtained from residual clinical samples. Dried blood
spots were prepared from 50-75 ul blood as described
previously® using methods from a Clinical and Laboratory
Standards Institute consensus standard for newborn
screening.” Dried blood spots were stored until use
at 20 °C in low-permeability plastic resealable bags
(Fisher Scientific, Norcross, GA; catalog #19240127) with
8-10 1-g desiccant packs (Poly Lam Products, Corp.,
Williamsville, NY; catalog # 39AG37) and a relative humidity
indicator card (Poly Lam Products, Corp., Williamsville, NY;
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catalog #MS20003-2) to ensure low relative humidity (<30%).
Since one participating laboratory used whole blood rather
than DBSs, some of the original blood from each sample
was aliquoted into 1-ml CryoTubes and stored at -20 °C.

Before samples were included in either a VQPT or a
TEDDY PT survey, reference haplogenotypes for HLA-
DQA1, HLA-DQBI1, and HLA-DRBI were determined in
multiple laboratories using different methods, including
reverse line-blot hybridization,®® real-time fluorescence

Table 1.

hybridization,®"® and sequence-based typing’ Presumed
haplogenotypes were assigned based on the linkage
disequilibrium of alleles in the HLA-D region only
if results from all laboratories were concordant. The
distribution of reference haplogenotypes in samples used
in VQPT and TEDDY PT are summarized in Tables 1 and 2,
respectively. For haplogenotypes included in VQPT, risk
levels were divided into three categories compared to
the general population risk for TIDM based on previous
studies.®!

HLA haplogenotypes of DBS samples distributed for the VQ-PT program.”

-------------- Chromosome 1 ---------------- -------------- Chromosome 2 ---------------- RISK
DRBA1 DQA1 DQB1 DRB1 DQA1 DQB1 GROUP
Qt 12003 | 040101 03 0302 010101 /07 0101 050101 2
030101 05 0201 0402 /04 03 0302 3
070101 02 0201 010101 /07 0101 050101 1
0408 03 0302 070101 0201 030101 1
0411 03 0302 010201 01 050101 1
Qt 22003 | 030101 050101 0202 040101 0302 /03 0302 3
030101 050101 0201 040101 0302 /03 0302 3
010101 /07 01 050101 040101 0302 /03 030101 1
030101 050101 0201 040101 0302 /03 0302 3
110101 /14 0505 030101 130201 /05 010201 0609 1
Qt 32003 | 040301 0302 /03 0302 070101 0201 0202 NE
0404 0302 /03 0302 070101 0201 0202 NE
0103 01 050101 080101 0401 0402 NE
090102 0302 /03 030302 160201 010202 0502 NE
110101 0505 030101 130201 010201 0609 1
Qt 4 2003 | 040101 0302 /03 030101 040101 0302 /03 030101 1
030101 050101 0201 040101 030101 0302 3
030101 050101 0201 040101 030101 0302 3
030101 050101 0201 040101 030101 0302 3
120101 /06 0505 030101 130101 0103 0603 1
Qt 12004 | 030101 050101 0201 040101 0302 /03 0302 3
030101 050101 0201 0404 030101 030101 3
030101 050101 0201 150101 010201 0602 1
010101 /07 01 050101 150101 010201 0602 1
040101 030101 0302 130201 010201 060401 2
Qt 22004 | 080101 0401 0402 160101 010202 0502 1
0103 01 050101 080101 0401 0402 1
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Table 1. (Cont.)

HLA haplogenotypes of DBS samples distributed for the VQ-PT program.”

-------------- Chromosome 1 ---------------- -------------- Chromosome 2 ---------------- RISK
DRB1 DQA1 DQB1 DRB1 DQA1 DQB1 ARl
Qt 22004 | 030101 050101 0201 040101 030101 0302 3
1405 01 050301 150101 010201 0502 1
030101 050101 0201 0402 030101 0302 3
Qt 12005 | 030101 050101 0201 040101 030101 0302 3
030101 050101 0201 130201 010201 060401 NE
040301 030101 0302 070101 0201 0202 1
010101 /07 01 050101 040101 030101 0302 NE
130101 0103 0602 150201 0103 060101 /03 1
Qt 2 2005 | 030101 050101 0201 040101 0302 /03 0302 3
040101 0302 /03 030101 120201 060101 030101 1
010201 01 050101 0404 030101 0302 2
040101 030101 0302 130201 010201 060401 2
070101 0201 0202 150101 010201 0602 1
Qt 32005 | 030101 050101 0201 090102 0302 /03 030302 NE
040101 030101 0302 0402 030101 0302 NE
040101 030101 0302 070101 0201 0202 NE
030101 050101 0201 150101 010201 0602 1
030101 050101 0201 040101 030101 0302 3
Qt 4 2005 | 030101 050101 0201 0404 030101 0302 3
030101 050101 0201 040101 0302 /03 030101 1
040101 0302 /03 030101 070101 0201 0202 1
040101 030101 0302 130201 010201 060401 2
040101 0302 /03 030101 130201 010201 060401 1
Qt 12006 | 040701 0302 /03 030101 090102 0302 /03 0202 1
070101 0201 030302 110101 0505 030101 1
070101 0201 0202 130201 010201 060401 1
010101 /07 01 050101 0408 0302 /03 0304 NE
030101 050101 0201 040101 030101 0302 3
Qt 22006 | 150201 01 050101 150201 010201 0502 1
030101 050101 0201 040101 030101 0302 3
070101 0201 0202 070101 0201 030302 1
110101 0505 030101 130201 010201 0609 1
130201 010201 060101 150201 0103 060101 1
Qt 32006 | 030101 050101 0201 0402 030101 0302 3
0103 01 050101 080101 0401 0402 1
010101 /07 01 050101 040101 0302 /03 030101 1
080101 0401 0402 160101 010202 0502 NE
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Table 1. (Cont.)

HLA haplogenotypes of DBS samples distributed for the VQ-PT program.”

-------------- Chromosome 1 ---------------- -------------- Chromosome 2 ---------------- RISK
DRB1 DQA1 DQB1 DRB1 DQA1 DQB1 ARl
Qt 32006 | 0402 030101 0302 070101 0201 0202 2/3
Qt 4 2006 | 030101 050101 0201 040101 030101 0302 3
030101 050101 0201 040101 0302 /03 030101 1
040101 0302 /03 030101 110101 0505 030101 1
030101 050101 0201 0404 030101 0302 3
130101 0103 0603 130201 010201 060401 1
Qt 12007 | 1405 01 050301 150101 010201 0502 1
040101 0302 /03 030101 040101 0302 /03 030101 1
030101 050101 0201 040101 0302 /03 0302 3
030101 050101 0201 0402 030101 0302 3
040101 0302 /03 030101 130201 010201 060401 1
Qt 2 2007 | 040301 030101 0302 070101 0201 0202 1
0103 01 050101 080101 0401 0402 1
040101 0302 /03 030101 120201 060101 030101 1
0404 030101 0302 070101 0201 0202 NE
030101 050101 0201 040101 030101 0302 3
Qt 32007 | 030101 050101 0201 040101 0302 /03 030101 1
030101 050101 0201 0404 030101 0302 3
0402 030101 0302 070101 0201 0202 2/3
040101 030101 0302 040501 0302 /03 0202 2/3
070101 0201 0202 140101 01 050301 1
Qt 4 2007 | 030101 050101 0201 040101 030101 0302 3
030101 050101 0201 040101 030101 0302 3
070101 0201 0202 110101 0505 030101 1
130101 0103 0603 130201 010201 060401 1
030101 050101 0201 090102 0302 /03 030302 NE
Qt 12008 | 010101 /07 01 050101 150101 010201 0602 1
130101 0103 0602 150201 0103 060101 /03 1
030101 050101 0201 0404 030101 0302 3
030101 050101 0201 0404 030101 0302 3
010201 01 050101 0411 030101 0302 NE
Qt 22008 | 030101 050101 0201 0402 030101 0302 3
030101 050101 0201 080101 0401 0402 1/2
120101 /06 0505 030101 130201 010201 060401 1
110101 0505 030101 130202 010201 0609 1
070101 0201 0202 150101 010201 0602 1
Qt 32008 | 0103 01 050101 030101 050101 0201 1
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Table 1. (Cont.)

HLA haplogenotypes of DBS samples distributed for the VQ-PT program.”

-------------- Chromosome 1 -----======nnu-- =====mmm=-==m-= Chromosome 2 ------====nmuuu- RISK
DRB1 DQA1 DQB1 DRB1 DQA1 DQB1 GROUP
Qt 32008 | 040101 0302 /03 030101 040101 0302 /03 030101 1
010101 /07 01 050101 040101 0302 /03 030101 1
030101 050101 0201 040101 030101 0302 3
040701 0302 /03 030101 090102 0302 /03 0202 1
Qt 4 2008 | 030101 050101 0201 040101 0302 /03 0302 3
030101 050101 0201 040101 030101 0302 3
160101 010202 0502 090102 0302 /03 030302 1
110101 0505 030101 070101 0201 0202 1
040101 030101 0302 040501 0302 /03 0202 3
@ Each row represents the haplogenotype of one DBS sample. The first set of shaded columns show the HLA DR, DQA, and DQB
alleles on one chromosome, and the second set shows the alleles on the other chromosome. Each allele is designated by an
alphanumeric string with two, four or six characters. Ambiguous alleles are indicated by an alternate two-character numeric string
following a forward slash (e.g. 0302 /03, meaning the allele is either 0302 or 0303). The final column designates the relative risk for
T1DM imparted by the haplogenotype, where 1 indicates the lowest relative risk and 3 represents the highest. NE indicates that the
haplogenotype has not been evaluated for T1DM risk.

Table 2.

Human Leukocyte Antigen Haplogenotypes of Dried Blood Spot Samples Distributed for the TEDDY
Proficiency Testing Program”

-------------- Chromosome 1 --------===nnuu- -=======------ Chromosome 2 ------=====-----

DRB1 DQA1 DQB1 DRB1 DQA1 DQB1 g
0101 /05 0101 /04 /05 0501 ?118 1/05/09 0101 /04 /05 0501 No
0101 /05 0101 /04 /05 0501 0401 0301 /02 /03 0301 No
0101 /05 0101 /04 /05 0501 0401 0301 /02 /03 0302 F
0101 /05 0101 /04 /05 0501 07 0201 02010 /02 No
0101 /05 0101 /04 /05 0501 1101 0501 /03 /05 0301 No
0101 /05 0101 /04 /05 0501 1201 0501 /03 /05 0301 No
0101/ 05 0101 /04 /05 0501 1406 0501 /03 /05 0301 No
0101 /05 0102 0504 1501 0102 0602 No
0102 0101 /04 /05 0501 07 0201 0303 No
0102 0101/ 04 /05 0501 0301 0501 /03 /05 0201 /02 No
0102 0101/ 04 /05 0501 0302 0401/ 02/ 03 0402 No
0103 0101/ 04 /05 0501 0301 0501/ 03/ 05 0201 /02 No
03 0501 0201 09 0301 0303 J
0301 0201 0201 /02 07 0501 /03 /05 0201 /02 No
0301 0501 /03 /05 0201 /02 0301 0501 /03 /05 0201 /02 D
0302 0401 /02 /03N 0402 0301 0501 /03/ 05 0201 /02 No
0302 0401 /02 /03N 0402 1101 0102 0501 No
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Table 2. (Cont.)

Human Leukocyte Antigen Haplogenotypes of Dried Blood Spot Samples Distributed for the TEDDY
Proficiency Testing Program”

-------------- Chromosome 1 -----====-=nuuu- -===s==-=mm-== Chromosome 2 -------==-uuu--
Eligible
DRB1 DQA1 DQB1 DRB1 DQAT1 DQB1
04 0301 0302 04 0301 0302 B
04 0301 0302 03 0501 0201 A
04 0301 0302 08 0401 0402 C
04 0301 0302 13 0102 0604 G
0401 0301 /02 /03 0301 0103 0501 /03 /05 0301 No
0401 0301 /02 /03 0301 0401 0301 /02 /03 0301 No
0401 0301 /02 /03 0301 0402 0301 /02 /03 0302 No
0401 0301 /02 /03 0302 1104 0501 /03 /05 0301 No
0401 0301 /02 /03 0302 1501 0102 0602 No
0401 0301 /02 /03 0302 1101 0501 /03 /05 0301 No
0401 0301 /02 /03 0302 0403 0301 /02 /03 0304 H
0401 0301 /02 /03 0302 1201 0501 /03 /05 0301 No
0402 0301 /02 /03 0302 1101 0501 /03 /05 0301 No
0402 0301 /02 /03 0302 1104 0501 /03 /05 0301 No
0404 0301 /02 /03 0302 0403 0301 /02 /03 0304 H
0404 0301 /02 /03 0302 1201 0501 /03 /05 0301 No
0407 0301 /02 /03 0302 1602 0501 /03 /05 0303 No
07 0201 0201 /02 0301 0501 /03 /05 0201 /02 No
07 0201 0201 /02 0401 0301 /02 /03 0301 No
07 0201 0201 /02 0401 0301 /02 /03 0302 No
07 0201 0201 /02 0404 0301 /02 /03 0302 No
07 0201 0201 /02 0405 0301 /02 /03 0302 No
07 0201 0201 /02 07 0201 0201 /02 No
07 0201 0201 /02 1303 0501 /03 /05 0301 No
07 0201 0303 0301 0501 /03 /05 0201 /02 No
07 0201 0303 0401 0301 /02 /03 0301 No
07 0201 0303 0404 0301 /02 /03 0302 No
07 0201 0201 /02 1302 0102 0609 No
07 0201 0201 /02 1303 0501 /03 /05 0301 No
07 0201 0201 /02 1304 0501 /03 /05 0301 No
09 0301 /02 /03 0303 1304 0501 /03 /05 0301 No
10 0101 /04 /05 0501 07 0201 0201 /02 No
0803 0103 0601 07 0201 0201 /02 No
0804 0102 0602 1503 0401 /02 /03N 0301 No
1101 0301 /02 /03 0501 09 0102 0201 /02 No
1101 0501 /03 /05 0301 0301 0501 /03 /05 0201 /02 No
1101 0501 /03 /05 0301 1104 0501 /03 /05 0301 No
1101 0501 /03 /05 0301 1401 0101 /04 /05 0602 No
1102 0501 /03 /05 0301 1301 0102 0501 No
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Table 2. (Cont.)

Human Leukocyte Antigen Haplogenotypes of Dried Blood Spot Samples Distributed for the TEDDY

Proficiency Testing Program”

-------------- Chromosome 1 ----------n-ou-- -mmmm==------- Chromosome 2 ---------------- .
DRB1 DQA1 DQB1 DRB1 DQA1 DQB1 Sl
1104 0501 /03 /05 0501 0101/ 05 0101 /04 /05 0301 No
1201 0101 /04 /05 0501 1501 0102 0602 No
1301 0103 0603 0301 0501 /03 /05 0201 /02 No
1301 0103 0603 0401 0301 /02 /03 0301 No
1301 0103 0603 0401 0301 /02 /03 0302 No
1301 0103 0603 07 0201 0303 No
1302 0102 0604 0401 0301 /02 /03 0301 No
1302 0102 0604 1302 0102 0609 No
1303 0501 /03 /05 0301 1302 0102 0609 No
1304 0501 /03 /05 0301 1101 0501 /03 /05 0301 No
1401 0101 /04 /05 0503 0301 0501 /03 /05 0201 /02 No
1401 0101 /04 /05 0503 0401 0301 /02 /03 0301 No
1401 0101 /04 /05 0503 0403 0301 /02 /03 0302 No
1401 0101 /04 /05 0503 0803 0103 0601 No
1501 0101/ 04/ 05 0501 0101 /05 0102 0602 No
1501 0102 0602 0301 0501 /03 /05 0201 /02 No
1501 0102 0602 0401 0301 /02 /03 0301 No
1501 0102 0602 0404 0301 /02 /03 0302 No
1501 0102 0602 0405 0301 /02 /03 0302 No
1501 0102 0602 07 0201 0201 /02 No
1501 0102 0602 07 0201 0303 No
1501 0102 0602 0801 0401 /02 /03N 0402 No
1501 0102 0602 09 0301 /02 /03 0303 No
1501 0102 0606 09 0301 /02 /03 0303 No
1501 0102 0602 1303 0501 /03 /05 0301 No
1501 0102 0602 1501 0102 0602 No
1502 0102 0502 07 0201 0201 /02 No
1502 0103 0601 0401 0301 /02 /03 0302 No
1503 0102 0602 0301 0501 /03 /05 0201 /02 No
1503 0102 0602 07 0201 0201 /02 No
1503 0102 0602 09 0301 /02 /03 0201 /02 No
1503 0102 0602 0302 0401 /02 /03N 0402 No
1503 0102 0602 1503 0102 0602 No
1503 0102 0602 1503 0102 0602 No
1503 0102 0602 1102 or 1114 0501 /03 /05 0301 No
1601 0102 0502 0401 0301 /02 /03 0302 No
1602 0102 0502 0401 0301 /02 /03 0301 No
2The layout is the same as Table 1. The final column designates the TEDDY eligibility code (A-J) if the haplogenotype is eligible
for study participation either in the general population (code A-D) or as a FDR (E-J) or “No” if the haplogenotype is not eligible.
Haplogenotypes are listed in ascending order on columns 1 (DRB1 chromosome 1) through 4 (DRB1 chromosome 2).
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Specimen Panels

Resealable bags containing the stored DBS filter paper
cards (each originally spotted with up to 15 DBSs) were
removed from the freezer and allowed to come to room
temperature before opening to avoid damage caused by
moisture condensation. Sufficient DBSs for the PT panel
were then cut from the filter paper card. Each DBS
was labeled with a panel identification number and
placed into a glassine envelope that was also labeled
with the same number. For VQPT panels, the samples
were sealed in a Mylar bag along with three or four
desiccant packs. For the TEDDY PT panel, envelopes
were bound into sets, each in numerical order, and each
complete sample set was sealed in a Mylar bag along
with three or four desiccant packs. With both panels,
the Mylar bags were then placed into Tyvek envelopes
and stored at -20 °C wuntil shipping. To ensure an
equivalent and timely delivery to laboratories in both
the United States and Europe, DBS samples sets were
shipped on a Friday by an express courier. Whole blood
aliquots frozen in CryoTubes were shipped on dry ice
to the one participating laboratory that did not use DBS
as a screening sample.

For each VQPT, a panel of 5 samples were sent to each of
the participating laboratories. Haplogenotypes representing
at least two different risk levels were included in each
sample set (Table 1). For each TEDDY PT, a panel of
55 samples were sent to each laboratory. Only 8 of the 10
TEDDY-eligible haplogenotypes were available in sufficient
quantity to include in the panels. Samples for each panel
were selected, including all available TEDDY-eligible
HLA-D haplogenotypes as well as the largest possible
variety of ineligible haplogenotypes. Of the 10 TEDDY-
eligible haplogenotypes, 6 conferred eligibility only if the
candidate had a first-degree relative (FDR) with T1DM.
In each panel, 10 samples were designated as having
FDR status, only some of which met TEDDY eligibility
criteria. Samples that were eligible only with FDR status
were also included in samples that were not designated
as FDR to determine whether participating laboratories
would correctly identify them as ineligible (Table 2).

Each laboratory received a spreadsheet inventory of the
sample set in hardcopy enclosed with the panel (VQPT)
or as an electronic file attached to an email (TEDDY PT,
see Figures 1 and 2). Laboratories were asked to analyze

Instructions for Reporting Results
1. Enter your results for the main survey (55 samples) on the 2nd tab of this spreadsheet file.
2. Report all alleles that were detected by your screening method.
Also report any alleles that were specifically excluded and relevant to eligibility.
3. Note that the last sixteen samples (#40 - #55) are designated as having a first degree relative
(FDR) with type 1 diabetes. Please apply the expanded panel of eligible haplotypes to these.
4. Using your primary screening criteria, determine whether the results would make each subject
eligible or ineligible. Evaluation of resuits will be based solely on this entry.
5. For results that are ineligible, enter X" in Column D and specify alleles detected or excluded.
6. For eligible subjects, enter the genotype cede in column F CODE
Gen Popn Eligible DR4-DQA1TT0301-DQB170302 / DR3-DQA1°0501-DQB170201 A
Gen Popn Eligible DR4-DQA170301-DAQB170302 / DR4-DQA170301-DQB170302 B
Gen Popn Eligibkle DR4-DQA170301-DQB170302 / DR8-DQA170401-DQBE170402 C
Gen Popn Eligible DR3-DQA1T0501-DQB170201 / DR3-DQA1°0501-DQB1°0201 D
FDR Only Eligible DR4-DQA170301-DQB170302 / DR4-DQA170301-DQB170201 =
FDR Only Eligible DR4-DQATT0301-DQB170302 / DR1-DQA1"0101-DQB170501 F
FDR Only Eligible DR4-DQA1T0301-DQB170302 f DR13-DQA1"0102-DQB170604 G
FDR Only Eligible DR4-DQA1T70301-DQB170302 / DR4-DQA1T0301-DQB170304 H
FDR Only Eligible DR4-DQATT0301-DQB170302 / DR9-DQA1T"0301-DQB170303 |
FDR Only Eligible DR3-DQA1T"0501-DQB170201 / DRS-DQA1T0301-DQB170303 J
7. After you have completed the result entry, please save this spreadsheet file as itis currently
named (the name includes your LabCode number), and email it as an attachment to:
rvogt@cdc.gov

Figure 1. First tab of the electronic spreadsheet for the TEDDY PT challenge with instructions and haplogenotype codes.

J Diabetes Sci Technol Vol 4, Issue 4, July 2010

937

www.journalofdst.org



Proficiency Testing of Human Leukocyte Antigen-DR and Human Leukocyte Antigen-DQ

Genetic Risk Assessment for Type 1 Diabetes Using Dried Blood Spots

Dantonio

the panel samples using their routine screening method
and not to conduct specialized analyses that were not
part of their routine screening method. They were given
three weeks to complete their analysis.

Reporting and Evaluation

For VQPT, laboratories reported results via a hardcopy
form, and their evaluation (Figure 3) was returned by
mail. Participants had to correctly identify the risk level
in 4 out of 5 samples for a satisfactory evaluation.

For TEDDY PT, laboratories reported their results on
the preformatted electronic spreadsheet (Figure 2) by
email to the CDC. Results were evaluated for the correct

identification of eligibility for each sample and for the
correct haplogenotype code assigned to each eligible
haplogenotype. Information about alleles determined
to be present or absent was not evaluated unless the
eligibility status was misclassified. Each laboratory was
notified of its overall score within three business days of
reporting. Participants had to correctly identify eligibility
in at least 98% of the samples to meet the TEDDY
acceptability criteria.

Results

For the VQPT, four laboratories have participated since the
program began in 2003. As of 2008, a total of 560 VQPT

- R T O e - R | | TR | | ] e B
‘ September 2008
| See worksheet on previous page for Codes and Instructions. FDR = "First-Degree Relative™
| ineligible Blolls: Alleles Detected - - Relevant Alleles Excluded -
| DRB1 DOA1 DOB1 DRB1 DOA1 DQB1
| SamplelD FDR (Enter "X") (Enter Code)
| |Example 1| no X 01, 04 | 03,05 03 05
| |[Example 2| no D 03 05 02
| |Example 3| no 03, 0404 03 0302, 0304
Example 4| YES B 04 0301 0302 0403
Example 5| YES X 0602
1 no
2 no
| 3 no
| 4 no
| 5 no
|
' 40 YES
| aM YES
42 YES
| 43 YES
44 YES
l 45 YES
46 YES
| 47 YES
48 YES
| 49 YES
50 YES
] 51 YES
| 52 YES
1 53 YES
' 54 YES
] 55 YES

Figure 2. Second tab of the electronic spreadsheet for the TEDDY PT challenge showing a truncated answer sheet with examples near the top of

the page.
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NEWBORN SCREENING QUALITYASSURANCE PROGRAM
TYPE 1 DIABETES PROFICIENCY TESTING , R , , , R
QUARTER #, yyyy
LAB: # 3 100 = 1st Qrt
SPECIMEN CERTIFICATION TE' I B 2nd Qrt
(EXPECTED RESULTS) 95 I
e I I I || B 3th Qrt
. DQBI-1 DQBI-2  DQAI-1 DQAl2 DRBI-1  DRBI2Z  RISK 2 g0 | 1 4t Qrt
Specimen 7]
o o T T B Overall
Specimen X
# 2 80
Specimen ©
# £ 70
Specimen Q
# © el
Rpec en 2003 2004 2005 2006 2007 2008
01 =normal or low risk ~ 02= Moderate risk 03 = higher risk NE = Not Evalluated
Figure 4. Composite results from all laboratories in the VQPT
D‘gé&gﬁg{iérgop[ program over six years. Each bar shows the percentage of samples for
which relative risk was correctly assessed. The last bar in each year
DQBI1 DQBIZ DQAl1 DQAIZ =~ DRBIT DRBIZ  RISK shows the average percent correct of the four quarterly challenges for
Specimen
& that year.
Specimen
#
Specimen . .
3923 Discussion
Specimen . . . .
g The increasing incidence of TIDM" has been recognized
Specimen as an urgent public health issue!® The most important
01 =normal or lower risk 02 = Moderate risk 03 =higher risk NE = Not Evaluated

Reviewers Comments:

Figure 3. Evaluation form returned by laboratories participating in the
VQPT.

samples had been distributed on a quarterly basis. Of the
reported results, 94.7% (857/905) were correctly analyzed
with respect to the haplogenotype, and 96.4% (241/250)
were correctly categorized for risk level. The rate of
correct responses increased significantly from the earliest
to the most recent surveys (Figure 4).

For the TEDDY PT, a total of five laboratories participated
in the first three PT surveys from 2004-2006, and six
participated in the fourth survey in 2008. A total of 1155
PT samples were distributed over four challenges, and
results were received for all samples from all laboratories
in every panel. Of these, 1154 (99.9%) were correctly
categorized with respect to TEDDY eligibility. For all
TEDDY laboratories combined, the analytical sensitivity
was 99.4% (186/187), and the analytical specificity was
100% (748/748). The haplogenotypes for all 186 samples
reported as eligible were correctly identified. The one
sample that was misclassified as ineligible by one
laboratory was correctly identified as eligible in a repeat
blinded sample set analyzed by that laboratory.

genetic locus, HLA-D, works in conjunction with other
genes and nongenetic factors to influence T1IDM risk.
Thus most people with even the highest risk HLA-D
haplogenotypes do not develop TIDM, while some people
with lower risk haplogenotypes do. Most diabetologists
believe that environmental factors play a major role in
triggering TIDM, and many believe that exposures early
in life (even in utero) are important. However, the exact
nature of such exposures remains unknown. In addition
to specific exposures, other environmental influences may
be important, including birth by C-section* maternal
stress during pregnancy,’” and vitamin D."

Type 1 diabetes mellitus is generally caused by the
autoimmune destruction of the insulin-producing beta
cells in pancreatic islets.” About half of the risk for
TIDM can be attributed to genetic predisposition, and
much of that risk resides in the MHC. The MHC contains
genes that code for transplantation antigens, which, in
humans, are known as the HLAs. The HLA genes are
highly polymorphic, and certain combinations of HLA
alleles are associated with increased or decreased risk for
TIDM. While other genetic loci that impart increased
risk have been identified,®” the HLA locus is by far
the largest single contributor.® The difference between
susceptible and protective HLA haplogenotypes can
result in as much as a 20-fold difference in the risk for
TIDM.? Moreover, the highest risk HLA haplogenotypes
are those associated with an earlier age at onset, which
increases the chance of diabetic ketoacidosis (DKA)
and hospitalization.? Identification of increased risk
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lowers the probability of hospitalization and DKAZ
and therefore provides benefit even in the absence of a
preventative treatment.

From a research perspective, early recognition of higher
TIDM risk is required for natural history studies' and
for clinical trials of therapies that could prevent or delay
autoimmune destruction of islet cells. From a public
health perspective, early recognition can reduce the
chance of DKA in incident cases, a major contributor to
morbidity and health care expenses. The most effective
public health program for early recognition of congenital
risk is NBS. A number of TIDM research efforts have used
NBS to identify higher risk individuals for recruitment
into natural history studies and early intervention trials.
Results suggest that early identification and intervention
can preserve insulin production for up to five years.**
If the onset of TIDM can be prevented or significantly
delayed, NBS for TIDM genetic risk could become a
standard public health practice.

Determining the exact haplogenotypes in the HLA
complex, which is required to match tissues for organ
transplantation, is complex and expensive. The extensive
polymorphism in the HLA results in a vast array of
individual haplogenotypes, as illustrated in Tables 1
and 2. This allows identification of higher risk
haplogenotypes without the necessity of identifying
every allele. Still, the complexity of the HLA loci
demands careful attention to specificity of allele
identification. For instance, the haplogenotypes in the
second and third rows of Table 2 differ only by the
DQB1 alleles on the second chromosome (0301 versus
0302), but this difference in closely related alleles
discriminates a protective haplogenotype from a higher
risk haplogeno-type. Conversely, the two haplogenotypes
designated as eligibility code “H,” differ only in the DRB1
locus of chromosome 1 (0401 versus 0404), a difference
that does not affect the risk category as defined by the
TEDDY study.

The TIDM research programs that use HLA-based
risk assessment algorithms have identified technical
approaches that make use of the known allelic associations
within the HLA complex. In addition, protective alleles
are dominant, so a tiered approach that first culls the
general population to remove those with protective alleles
can provide more cost-effective selection of higher risk
individuals. Since TEDDY protocol includes only a small
set of eligible haplogenotypes, screening algorithms can
be designed to exclude individuals in whom any ineligible
allele is detected.!

Proficiency testing is an effective method for laboratories
to ensure quality control and quality assurance. It provides
laboratory personnel with an objective benchmark with
which to measure their accuracy and also to compare
their score with other laboratories conducting similar
testing. While the two PT programs discussed here use
different methodologies, they both achieve the goal of
objectively measuring the performance of the laboratories.
To do so, the challenge panels had to include a wide
variety of lower risk haplogenotypes as well has the
higher risk (or TEDDY-eligible) haplogenotypes.

The difference in algorithms used to assign TIDM
genetic risk presents challenges for PT. Laboratories will
not necessarily test for the same genetic markers, and the
tests that they employ may differ in the extent to which
they can resolve closely related HLA alleles. The complex
and inconsistent use of nomenclature to identify these
alleles presents additional problems. Assignment of risk
levels can also vary, depending on the population being
tested and the reference data used by the laboratory.
Taken together, these factors hamper the ability to make
valid comparisons between laboratories.

The TEDDY study circumvents the problem of assessing
laboratory comparability by specifying a small set of
higher risk HLA haplogenotypes for study eligibility.
Even though screening laboratories can wuse their
own methods, they must all identify the eligible HLA
haplogenotypes properly. All participants screened as
eligible are confirmed by higher resolution testing in
a single HLA reference laboratory to assure accurate
identification.®* The TEDDY screening laboratories have,
to date, exceeded the required accuracy of 98%, a
remarkable achievement given the demand for low-cost
analysis, the large sample volume, and need for rapid
turn-around time.

Results from the VQPT also support the technical
feasibility of newborn DBS screening in multiple distinct
laboratory locations. Although the error rate was at first
much higher than in the TEDDY PT, most of the errors
occurred in the first year of the VQPT. Performance in
the VQPT program improved over time, and in several
of the latest quarterly challenges, all the laboratories
received a perfect score. Combined with the highly
accurate PT results from TEDDY, our experience documents
the technical feasibility of population-based public health
newborn screening, which could provide the early
identification of TIDM risk essential for subsequent
prediction and intervention strategies.”
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