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Summary Autoimmunity causing insulin-dependent 
diabetes mellitus (IDDM) begins in early childhood 
due to interactions between genes and unknown envi- 
ronmental factors that may be identified through fol- 
low-up of a large cohort of genetically susceptible 
children. Such a cohort has been established using a 
simple and rapid cord blood screening for HLA al- 
leles. The DRB1 and DQB1 second exon sequences 
were co-amplified using the polymerase chain reac- 
tion and hybridized with single and pooled se- 
quence-specific oligonucleotide probes. Four individ- 
ual probes were used to detect the susceptibility al- 
leles DRBI*03, DRBI*04, and DQBI*0302 as well 
as the usually protective DRBI*15/16 (DR2) alleles. 
In addition, pooled probes allow the distinction of 
DR3/3 from the DR3/x genotype (where x is neither 
DR2, 3, nor 4) and DR4/4 from DR4/x. Among 5000 
newborns from the general Denver population, we 

have found the high-risk genotype (DRBI*03/ 
DRBI*04, DQBI*0302) to be present in 2.4% of 
non-Hispanic whites, 2.8 % of Hispanics, and 1.6 % 
of African Americans. The moderate-risk genotypes 
(DRBI*04, DQBI*0302/DRBI*04, DQBI*0302, 
DRBI*04, DQBI*0302/x, or DRBI*03/DRBI*03) 
are present in 17% of American non-Hispanic 
whites, 24 % of Hispanics and in 10 % of African 
Americans. These results demonstrate the feasibility 
of a large-scale newborn screening for genes associ- 
ated with IDDM. The ultimate role for such a screen- 
ing in future routine prediction and prevention of 
IDDM will depend on the availability of an effective 
and acceptable form of clinical intervention. [Dia- 
betologia 1996) 39: 807-812] 

Keywords  Insulin-dependent diabetes mellitus, HLA 
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Insulin-dependent diabetes mellitus (IDDM) is 
caused by interactions between genetic and environ- 
mental factors [1]. While a number of genetic loci 
have been associated and linked with IDDM [2-10], 
the environmental causes remain to be determined. 
To accomplish this, a large cohort of genetically 
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susceptible infants needs to be followed with frequent 
measurements of candidate exposures from birth into 
early childhood when prediabetic autoimmunity of- 
ten develops [11]. This report describes genetic 
screening based on HLA-DR/DQ typing of cord 
blood samples to identify a cohort of newborns who 
are genetically susceptible to IDDM and can be fol- 
lowed for development of autoimmunity and diabe- 
tes. 

The H L A  region on chromosome 6p21, the major 
genetic determinant of IDDM, accounts for about 
one-half of the genetic susceptibility to IDDM [7, 8]. 
No other single genetic region confers a comparable 
risk. In Caucasians, HLA class II alleles DRBI*04, 
DRBI*03 and DQBI*0302 confer susceptibility 
while DQBI*0602 is protective [2-5, 12-14]. Large- 
scale population screening for these markers has 
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become possible due to simplification of HLA class II 
typing, based on polymerase chain reaction (PCR) 
amplification and sequence-specific oligonucleotide 
(SSO) probe hybridization [15, 16]. We describe 
such a general population newborn screening for 
IDDM-associated H L A  markers, initiated to better 
define the natural history of prediabetic autoimmu- 
nity and its environmental causes. In addition to tech- 
nical and logistic feasibility, parental acceptance of 
such a screening was evaluated in a multiethnic popu- 
lation. 

Subjects and methods 

Study population. Between February  1994 and June 1995, the 
Diabetes  Autoimmuni ty  Study in the Young (DAISY) 
screened 5045 newborns from the general  popula t ion  of Den- 
ver, Colorado,  U S A  to identify and follow-up for development  
of beta-cel l  autoimmuni ty  those at genetically increased 
I D D M  risk. The aims of the follow-up include assessment of 
age- and genotype-specific incidence of autoimmunity,  evalua- 
tion of its candidate  environmental  causes as well as determi- 
nation of promoters  of progression from autoimmuni ty  to dia- 
betes. Al l  newborns born at St. Joseph's Hospi ta l  in Denver  
were eligible for the screening; however,  newborns with severe 
congenital  abnormali t ies  or extreme prematur i ty  were ex- 
cluded. Del ivery  is often complicated in such cases and compli- 
ance of medical  personnel  with this research protocol  was ex- 
pected to be low. In addition, part ic ipat ion in the follow-up 
was deemed  to be of low priori ty to the affected families. 

The popula t ion  screened is representat ive  of the general 
newborn popula t ion  of the Denver  Met ropol i tan  Area  and in- 
cludes children classified by their mothers  as non-Hispanic 
white (61%) ,  Hispanic (22 %), African Amer ican  (9 %), Asian 
Amer ican  (2 %)  or other  (6 %). Approx imate ly  75 % of the 
newborns are members  of the Kaiser  Permanente  Colorado 
Hea th  Maintenance  Organization,  while the others represent  a 
mix of Medicaid,  uninsured and privately insured populations. 

Collection of cord blood samples. After  the umbilical cord was 
wiped with a sterile gauze a routine blood sample was obtained 
for b lood group typing and a second sterile tube containing 
15 % E D T A  was filled with approximate ly  10 ml of b lood for 
D A I S Y  screening. The addit ional  D A I S Y  sample was not  ob- 
tained for 15 % of the newborns during the study period.  Prior 
to hospital  discharge, a study recruiter  a t t empted  to meet  with 
the mother  of each child for whom the screening sample was 
obta ined (n = 5817), to present  the study and to obtain written 
informed consent to screening. The informed consent process 
emphasizes that  the screening is for research purposes only 
and that  I D D M  is expected to develop, by the age of 20 years, 
in only 1 in 15 of children with the highest risk genes, and 
much less frequently in children with modera te- r i sk  genotypes. 
I t  included information that the results of this screening, if in- 
te rpre ted  incorrectly, may affect the child's abili ty to get medi- 
cal or life insurance in the future. The informed consent form is 
available on request  from the authors. 

Informed consent to screening was obtained for 5053 
(87 %) of the newborns. We were unable to contact  parents  of 
7 % of the eligible children, usually due to early hospital  dis- 
charge. While  94 % of those contacted agreed to screening, 
6 % (n = 333) of parents  who were asked to par t ic ipate  refused 
the screening. Of  those, 134 completed  a refuser interview, 
which indicated that 71% of the families did not  want to be 

involved in any kind of research, 9 % did not want  to know 
the results and 7 %  feared that  results would affect future 
health insurance. The refusal rate was similar among members  
of Kaiser Permanente  (5.8 %) and among privately insured/un- 
insured (6.3 %) and did not  differ by ethnicity. Blood samples 
of newborns for whom informed consent could not  be obtained 
were destroyed. Al l  study protocols  were in accordance with 
the principles of the Declara t ion of Helsinki and approved by 
the Colorado Mult iple  Insti tut ional  Review Board. 

Sample preparation. The whole blood was al iquoted in two 0.5- 
ml samples: 1) the pr imary typing sample remained at room 
temperature  for a per iod  of 1-14 days before D N A  prepara-  
tion; and 2) the bl inded duplicate quality control  sample was 
refrigerated. Samples were sent in weekly batches to the 
H L A  typing labora tory  at Roche Molecular  Systems, Inc. (Al- 
ameda,  Calif., USA) .  Whole  blood (15-25 ~l) was added to 
1.0 ml of RMS blood dilution reagent,  containing tris-HC1, de- 
tergent,  proteinase K, and sodium azide. The di luted blood was 
mixed by vortexing briefly and then incubated at 100~ for 
30 min in a dry heat  t empera ture  block. The samples were 
then centrifuged at 15 000 rev/min for 2 min and the extract 
was refr igerated until PCR amplification. 

PCR amplification. Forty  microlitres of the extract  was added 
to 60 ~l of s tandard PCR react ion mix containing 10X PCR 
Buffer, 100 ~mol/l each of dATP, dCTP, dGTP, and dTTP, 
30 pmol/l  of each amplification primer,  5 units Taq D N A  poly- 
merase and 10 % glycerol. Two sets of primers were used to 
co-amplify the DRB1 locus: GH46 and AB60 [16] and the 
DQB1 locus: DB130 and GH29 [15]. The amplification was car- 
ried out in a G e n e A m p  PCR System 9600 thermal  cycler (Per- 
kin-Elmer,  Norwalk,  CN) using a three-step tempera ture  cycle: 
denaturat ion at 95 ~ for 20 s, annealing at 55 ~ for i min, and 
extension at 72 ~ for 30 s, for 37 cycles. A 'no D N A '  control 
was always included in the amplification to check for PCR 
product  carry-over. A control  b lood sample was prepared  as 
described above and subject to the same thermal  cycling pro- 
file without the components  of the PCR mix and spot ted on 
the membrane.  This sample served as a control for background 
on the D N A  blots. The efficiency of the amplification was mon- 
i tored initially by examining 3 ~tl of the PCR product  on a 3 % 
Nusieve (FMC Bioproducts,  Rockland,  ME),  1% agarose gel. 

Dot-blot of PCR product. Ninety microlitres of amplified 
D N A  sample was dena tured  in 260 ~tl of 0.4 N N A O H ,  
25 mmol/1 E D T A  for 10 min at room tempera ture  (six repli- 
cate membranes  were made).  Dena tured  D N A  sample  (50 ~tl) 
was applied to each membrane  using a dot-blot apparatus  and 
ultraviolet  cross-l inked using a Stratal inker (Stratagene,  La 
Jolla, CA)  at 500 mJ/cm 2. 

Hybridization. The membranes  were hybridized with either 
biot inylated or horseradish peroxidase (HRP)- labe l led  probes 
(2 pmol probe per  ml of hybridizat ion solution). Table 1 sum- 
marizes the SSO probes  used in this screening programme 
and their  reactivi ty patterns. The probes GH104, GH59, 
GH56, Pool 1, and Pool 2 were hybridized in 2.0x saline- 
sodium phospha t e -EDTA (SSPE) + 0.5% SDS at 42~ for 
30 min and washed in 0.2x SSPE at 42 ~ for 15 min. Probe 
CRX49 was washed in 1.0x SSPE + 0.1% SDS at 42~ Pro- 
be DRB302 was washed in 0.1x SSPE + 0.1% SDS at 50~ 
Probe DB272 was hybridized in l x  SSPE + 0.5 % SDS for 
30 min at 50~ and washed in 0.1x SSPE + 0 .1% SDS for 
10 min. Probe DB503 was hybridized in 3.0x SSPE + 0.5 % 
SDS at 50~ and washed in 1.0x SSPE + 0.1% SDS at 50~ 
Hybridizat ion of the biot inylated probes was detected by 
incubation with s t rep tav id in-HRP conjugate and subsequently 
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Table 1. SSO p r o b e  reac t iv i ty  pa t t e rns  
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IDDM H L A - D R  DR3 DR4 DR1,8,9,10,12 DR4,5,6,7,9 DR3,5,6 DR7  DR2  DQBI*0302 D Q B 1  
risk DRB302 GH59 Pool ] a Pool 2 b GH56 CRX49 GH104 DB272 DB503 c 

(KGR)  (VH) (YSTS) (GYK)  (WPR)  (LGPPA) (All) 

High 3/4 + + - + + - - + + 
Moderate  4/4 - + - + - - - + + 
Moderate  4/x - + + or - + - + or - - + + 
Moderate  3/3 + - - - + - - - + 
Low 3/4 + + - + + - - - + 
Low 4/4 - + - + . . . .  + 
Low 4/x - + + or - + + or - + or - - - + 
Low 4/2 - + - + - - + - + 
Low 4/2 - + - + - - + + + 
Low 3/2 + - - - + - + - + 
Low 3/x + - + or - + or - + + or - - - + 
Low 2/2 . . . . . .  + - + 
Low x/x - - + or - + or - + or - + or - - - + 

Sequence  mot i fs  ( ep i topes )  r ecogn ized  by the p rob e s  are 
shown in p a r e n t h e s e s  
a p o o l l  con ta ins  four  p r o b e s  (DB495,  GH102,  GH111, 
CRX24)  and ident i f ies  types  DR1 ,  DR8,  DR12,  D R 9 ,  and 
DR10  

b poo12  con ta ins  six p r o b e s  (CRX3 5 ,  C R X 0 6 ,  C R X 6 8 ,  
CRX63 ,  C R X 1 5 )  a n d  iden t i f i es  D R 5  and D R 6  as wel l  as 
D R B 4  ( D R 4 ,  D R 7  and  D R 9 )  
c Con t ro l  D Q B 1  p r o b e  a d d e d  to con f i rm  a m p l i f i c a t i o n  of  
D Q B 1  
x, N e i t h e r  D R 2 ,  3 n o r  4 

Table 2. Popu la t ion  f r e q u e n c i e s  [%] of  H L A  gene  mark e r s  assoc ia ted  with I D D M ,  D A I S Y  1994-1995, D e n v e r ,  C o l o r a d o ,  U S A  

1DDM risk category Non-Hispanic Hispanics African Asian Biracial and All  
HLA-DR,  DQ whites Amer icans  Amer icans  others 
n 3063 1125 431 99 327 5045 

High risk (1:16) 2.42 2.76 1.62 - 1.83 2.34 
DR3/4, DQBI*0302 

Moderate risk (1:75-1:230) 16.69 24.44 9.74 9.09 16.82 17.67 
DRx/4, DQBI*0302 11.43 19.91 7.19 7.07 13.15 12.97 
DR4/4, DQBI*0302 3.59 4.00 0.46 2.02 2.45 3.31 
DR3/3 1.67 0.53 2.09 - 1.22 1.39 

Low risk (<~ 1:300) 80.90 72.81 88.63 90.90 81.34 80.00 
DR3/x 13.06 9.78 14.85 7.07 13.46 12.39 
DR3/4, DQB1 not *0302 1.50 0.44 0.70 1.01 0.92 1.15 
DRx/4, DQB1 not  *0302 7.31 3.82 2.78 5.05 5.50 5.99 
DR4/4, DQB1 not  *0302 0.49 0.18 - 1.01 0.61 0.40 
DR2/4, DQB1 *0302 3.43 4.09 1.39 2.02 3.36 3.37 
DR2/4, DQB1 not  *0302 2.19 1.42 0.93 - 1.22 1.80 
DR2/3 4.18 1.96 5.10 2.02 4.28 3.73 
DRx/x, 2/x or 2/2 48.74 51.12 62.88 72.72 51.99 51.17 

x, D R  o the r  t h a n  4, 3 or  2 

with the  co lour less  so luble  subs t ra te  t e t r ame thy l  benz id ine  
(TMB),  which  was  c o n v e r t e d  to  a b lue  p rec ip i ta te  by H R P  in 
the  p r e s ence  of  h y d r o g e n  pe rox ide .  The m e m b r a n e s  were  trans- 
f e r red  in to  bu f f e r  C (0.1 mol/1 sod ium citrate,  p H  = 5) plus 
0.1 mg/ml  T M B  f r o m  a s tock  so lu t ion  of  2 mg/ml  in 100 % etha-  
nol. The d e t e c t i o n  p r o c e d u r e  was p e r f o r m e d  at r o o m  t e mp e ra -  
ture  wi th  m o d e r a t e  shaking.  Plac ing the  m e m b r a n e s  in de ion-  
ized wa te r  h e l p e d  to  in tens i fy  signals. For  p e r m a n e n t  records,  
the  m e m b r a n e s  w e r e  p h o t o g r a p h e d .  Figure  1 p re sen t s  an exam- 
ple of  the  hybr id i za t ion  m e m b r a n e .  Initially, the  m e m b r a n e s  
were  read  i n d e p e n d e n t l y  by  two pe r sons  (T. B and  A.  B.). 

Risk categorization. C o d e d  resul ts  of  typing were  t r ans fe r red  
via I n t e r n e t  to  D e n v e r  and  ca tegor i zed  using a c o m p u t e r  algo- 
r i thm to r educe  cler ical  e r ror .  N e w b o r n s  were  ca t ego r i zed  into 
t h ree  risk g roups  (Table 2), wi th  the  odds  of  deve lop ing  I D D M  
by the  age of  20 years:  h igh  - 1:16, m o d e r a t e  - 1:75 (in non-His -  
panic  whi tes)  o r  1:230 (in Hispanics) ,  or  low (less t han  1:300). 

These  risk e s t i m a t e s  w e r e  ca lcu la ted  using the  i n c i d e n c e  r a t e s  
of  I D D M  r e p o r t e d  p rev ious ly  fo r  the  C o l o r a d o  n o n - H i s p a n i c  
whi te  a n d  H i s p a n i c  p o p u l a t i o n  [18] and  the  H L A - D R ,  D Q  
g e n o t y p e  f r e q u e n c y  e s t i m a t e s  for  n o n - H i s p a n i c  w h i t e  a n d  His-  
pan ic  I D D M  p a t i e n t s  [13, 14, 19]. Such da ta  are  n o t  ava i l ab le  
for  C o l o r a d o  A f r i c a n ,  Na t i v e  and  A s i a n  A m e r i c a n s ;  h o w e v e r ,  
t he se  g roups  a c c o u n t  jo in t ly  for  only  10 % of  all c h i l d r e n  a n d  
less t h a n  1 %  o f  I D D M  cases  in the  s tudy  p o p u l a t i o n .  C h i l d r e n  
wi th  t he  h igh- r i sk  g e n o t y p e  DR3/4 ,  D Q B I * 0 3 0 2  a re  at  a b o u t  
19- t imes h i g h e r  I D D M  risk, c o m p a r e d  wi th  the  g e n e r a l  p o p u -  
la t ion  [14]. A m o n g  ch i ld ren  ass igned  to  the  m o d e r a t e  I D D M  
risk group,  t h o s e  wi th  DR4/4 ,  D Q B I * 0 3 0 2  are at  a s e v e n f o l d  
risk, whi le  t h o s e  wi th  DRx /4 ,  D Q B I * 0 3 0 2  or  D R 3 / 3  are  a t  a 
four fo ld  risk, c o m p a r e d  to  t he  gene ra l  p o p u l a t i o n  ( w h e r e  x is 
n e i t h e r  D R 2 ,  3 n o r  4). A m o n g  low-r isk  ch i ld ren ,  t h o s e  wi th  
D R 3 / x  a re  at  r isk s imi la r  to  tha t  for  t he  gene ra l  p o p u l a t i o n ,  
i .e. ,  1 in 300, whi le  t h o s e  wi th  o t h e r  g e n o t y p e s  a re  at  a l o w e r  
risk [13, 14]. T h e s e  e s t i m a t e s  are  b a s e d  on  the  d i s t r i bu t i ons  of  
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and its environmental determinants. Information concerning 
dietary, infectious diseases and other exposures is collected 
prospectively by telephone interview. Blood and other samples 
are obtained for measurements of exposure and islet autoanti- 
bodies at the ages of 9, 15, 24, 36, 48, and 60 months. 

Statistical analysis 

Population frequencies of H L A  genotypes were ex- 
pressed as percent and compared  using test for pro- 
portions. 

Fig.1 a--e. Representative example of membranes hybridized 
with labelled individual probes or with pooled probes, a) Im- 
mobilized PCR products hybridized with probe DB272 
(LGPPA) specific for DQBI*0302; b) Immobilized PCR 
products hybridized with the probe GH59 (VH) specific for 
DRBI*04; c) Immobilized PCR products hybridized with 
Pool 1, a mixture of probes DB495, GH102, G H l l l  and 
CRX24, specific for DR1, DR8, DR12, DR9 and DR10 (see 
Table 1) 

Results 

During the 17-month period from February 1994 to 
June 1995, 5053 children were screened. For all ex- 
cept six cases, the H L A - D R , D Q  screening category 
could be unambiguously determined.  In these six 
cases, three alleles could be identified, suggesting 
contamination with maternal  blood. Table 2 summar- 
izes the screening results by ethnicity of the child (the 
six children with ambiguous typing and two children 
whose ethnic origin was not  recorded were exclud- 
ed). The frequencies of the high-risk genotype 
(DRBI*03/DRBI*04,  DQBl*0302),  were similar 
among non-Hispanic whites (2.4%) and Hispanic 
whites (2.8 %), but lower among African Americans 
(1.6%). No child with the high-risk genotype was 
found among 99 Asian Amer ican  children. Moder- 
ate-risk genotypes were more  frequent among His- 
panic (24.4%) than among non-Hispanic white 
(16.7 %), African American (9.7 %) or Asian Ameri-  
can (9.1%) children. This was especially true for the 
DRB 1"04, DQB 1"0302/x genotype. 

The newborns generally did not  have a family his- 
tory of IDDM. A m o n g  the 5045 newborns screened, 
15 (0.3 %) had a diabetic mother ,  20 (0.4 %) had a di- 
abetic father and 4 (0.07 %) had a diabetic sibling. 
None of the 134 children whose parents refused the 
screening, but completed the screening interview, 
had a first-degree relative with IDDM. 

The quality control procedures included blinded 
duplicate H L A  typing of the same blood sample for 
all high- and moderate-risk genotypes and a random 
6 % of the low-risk genotypes. We found only four dis- 
cordant cases and all occurred in the first 10 weeks of 
the study. None of the 59 repeat  typing results of ini- 
tially high-risk genotypes gave a discordant result. 
Repeat  typing gave discordant results for 2 out of 451 
moderate  and 2 of the 272 low-risk genotypes. Thus, 
the reproducibility of the screening was over 99 %. 

HLA DR and DQ genotypes in patient and control popula- 
tions reported in the literature; as more data are gener- 
ated, these estimates should become more precise. High- or 
moderate-risk children are enrolled in a follow-up study to bet- 
ter understand the natural history of beta-cell autoimmunity 

Discussion 

Like many screening approaches, our HLA class II 
typing strategy represents a trade-off between high 
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resolution typing and the need for a rapid, inexpen- 
sive, and simple procedure.  Thus, we chose not to dis- 
tinguish the DRBI*04  subtypes, even though the 
polymorphism at this locus can influence IDDM risk 
[13, 14, 17]. On DQBI*0302 haplotypes, DRB1 
"0401 and *0402 (in Caucasoids) and *0405 (in Cauc- 
asoids, Blacks and Asians) confer susceptibility, while 
*0403 (in Caucasoids and Chinese) and *0406 (in Jap- 
anese) are protective and the other alleles appear to 
be neutral [14, 15]. We chose to identify the protec- 
tive DR2 haplotype with a single probe common to 
all DR2 haplotypes. We do not  subtype DR2, even 
though we are aware that only some subtypes confer 
protection, because the protective subtypes represent 
the vast majority of DR2 alleles in the Denver popu- 
lation. Identification of the protective DR2 
(DRBI*1501, DQBI*0602)  haplotype and distin- 
guishing it from other DR2s would require several 
probes and a more  complex test protocol. 

If such a newborn screening programme were to 
be implemented as a routine procedure, the volume 
of the blood sample could be easily reduced to 10- 
25 ~1 or less and the procedure  could be automated. 
The cost (currently est imated at around U.S. $10-  
15) could be reduced with automation,  provided the 
total test volume was high. Cost-effectiveness consid- 
erations might suggest that a simpler test that identi- 
fies only the high-risk genotype may be appropriate 
for some screening. 

The PCR-based typing system proved to be highly 
reliable, with a discordance rate on repeated blinded 
typing of 782 samples of only 0.5 %. Contamination 
with maternal blood, inferred by the presence of a 
third allele, clearly interfered with screening in six 
(0.1%) of the cases. There may be undetected cases 
of maternal blood contamination.  For instance, given 
the nature of our pooled probe typing strategy, if a 
child were DR1/8 and the mother  were DR4/8, and 
the mother 's  D N A  significantly contaminated the 
cord blood, it would be typed as DR4/x. Contamina- 
tion with maternal  blood also may not be detectable 
in the case of homozygosity, e. g. if the child is DR3/3 
and the mother  is DR3/x their mixed blood would 
type as DR3/x. Al though contamination did not ap- 
pear to be a significant problem in the screening of 
cord blood, its exact rate should be determined in fu- 
ture studies by retyping the HLA-DR,  DQ genotypes 
on blood samples obtained directly from the child. 

Until  recently, n o n - H L A  genetic markers of 
I D D M  risk have not  been sufficiently characterized 
to be included in a screening programme. A few 
I D D M  susceptibility loci have now been mapped  out- 
side the H L A  region [6-10]. At  present, the insulin 
gene region on chromosome 11p [6-8, 20] is the 
best-characterized additional marker. Given that the 
H L A  region is, by far, the major  genetic determinant 
of IDDM risk [7, 8], the benefit  of adding non-HLA 
markers remains to be determined.  While an effect 

of non-inheri ted maternal  antigens on IDDM risk 
has been suggested [21], it has not  been confirmed in 
two large data sets [22], support ing our assumption 
that genetic risk of I D D M  can be assigned on the ba- 
sis of the child's genotype alone. 

In the DAISY project, we will eventually screen 
10000 newborns over a period of 3 years; an esti- 
mated  31 of these children would be expected to de- 
velop I D D M  by the age of 20 years. There would be 
an estimated 12 cases among an est imated 220 high- 
risk children, an additional 10 cases among an esti- 
mated  1000 moderate-risk non-Hispanic white chil- 
dren, 3 cases among an est imated 700 moderate-risk 
minority children, and 6 cases (5 with DR3/x geno- 
type) among an estimated 8100 low-risk children. 
This H L A  screening identified about 20 % of children 
from the general Denver  populat ion as being at in- 
creased I D D M  risk. An  est imated 80% of future 
I D D M  cases will occur in this group. An  additional 
15 % of the future cases will develop among the 
DR3/x children, representing 13 % of the general 
population. Thus, at least 30 % of the general popula- 
tion has some degree of genetic predisposition to 
IDDM, but only about 0.5 % progress to IDDM. 

The positive predictive value of this genetic 
screening, for development  of I D D M  by the age of 
20 years, would be 6.3 % in the high-risk group and 
between 0.4 % (in non-Hispanic whites) and 0.13 % 
(in Hispanics) in the moderate-r isk group. These esti- 
mates are based on genotype frequencies and I D D M  
incidence estimates repor ted in the literature and 
may conceivably need to be revised as more  data be- 
come available. Subtyping of the DRBI*04  alleles 
may increase the positive predictive value of the 
screening in Hispanics. More  Hispanics (27 %), com- 
pared with non-Hispanic whites (19 %) were classi- 
fied as being at high or modera te  risk, while the inci- 
dence of I D D M  in Hispanics is only 60 % of that in 
non-Hispanics [18], indicating a lower positive pre- 
dictive value of this screening for Hispanics. On the 
other hand, among persons with DR4/DR2,  more  
Hispanics than non-Hispanic whites carry a neu- 
tral DR2 haplotype, rather  than the protective 
DR2(DRBI*1501,  DQBI*0602)  haplotype and are, 
in fact, at an increased risk of IDDM.  Approximately 
50 % of Hispanics with the HLA-DR4/2  genotype 
carry a Native American neutral  DR2(DRBl*1602,  
DQBI*0301)  haplotype, compared  with 10-15% 
of non-Hispanic whites carrying a neutral DR2 
(DRBl*1601,  DQBI*0502) haplotype. Our  screen- 
ing strategy represents a compromise  of cost, sensitiv- 
ity and positive predictive value for non-Hispanic 
whites, but more  work may be needed  to make it 
equally predictive in other  ethnic groups. 

Screening for genetic markers  associated with (but 
not  diagnostic for) a severe and currently incurable 
disease, such as IDDM, raises important  ethical is- 
sues. Our  study placed special emphasis on: 1) 
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v o l u n t a r y  pa r t i c i pa t i on  e n s u r e d  by  the  i n f o r m e d  con-  
sent  process ;  2) full  d i sc losure  o f  the  resul ts  of  the  
s c r een ing  to  paren t s ,  c o m b i n e d  wi th  e d u c a t i o n  abou t  
I D D M  and  gene t i c  risk counsel l ing;  and  3) conf iden-  
t ia l i ty  o f  gene t i c  i n f o r m a t i o n  tha t  c a n n o t  be  disclosed 
to  h e a l t h  p r o v i d e r s  or  o t h e r  pa r t i e s  w i thou t  pa ren t a l  
consen t .  T h e  i n f o r m e d  c o n s e n t  p roces s  fo r  the  fol- 
low-up  p h a s e  o f  the  s tudy  was s e p a r a t e d  f r o m  the  
c o n s e n t  to  s c r een  and  i nvo lved  add i t i ona l  genet ic  
counsel l ing .  

A t  the  p r e s e n t  t ime,  such sc reen ing  a p p e a r s  to be  
jus t i f ied  on ly  fo r  r e s e a r c h  purposes .  I f  i nexpens ive  
and  safe  p r i m a r y  p r e v e n t i o n  o f  p r e d i a b e t i c  au to im-  
m u n i t y  b e c o m e s  avai lable ,  it cou ld  be  app l i ed  to  the 
gene r a l  p o p u l a t i o n  w i t h o u t  gene t i c  screening .  H o w -  
ever ,  if the  i n t e r v e n t i o n  is a s soc ia ted  wi th  adve r se  ef- 
fects, is e x p e n s i v e  or  is diff icul t  to  execu te ,  genet ic  
s c reen ing  m a y  be  essent ia l  to  iden t i fy  those  who 
cou ld  ac tua l ly  b e n e f i t  f r o m  the  p r i m a r y  in te rven t ion .  
A l t e rna t ive ly ,  if s e c o n d a r y  p r e v e n t i o n  o f  I D D M  in 
pe r sons  wi th  a u t o i m m u n i t y  is successful ,  gene ra l  pop-  
u l a t ion  s c r een ing  p r o g r a m m e s  ba sed  on  r e p e a t e d  au- 
t o a n t i b o d y  tes t ing  cou ld  bene f i t  f r o m  p o p u l a t i o n  
s t ra t i f i ca t ion  in t e rms  of  gene t i c  risk. We  hav e  al- 
r e a d y  b e g u n  tes t ing  the  D A I S Y  c o h o r t  fo r  be ta -ce l l  
a u t o a n t i b o d i e s  at the  ages o f  9 and  15 months .  

In  summary ,  it is feas ib le  to  s c r een  the  genera l  
n e w b o r n  p o p u l a t i o n  for  I D D M - a s s o c i a t e d  H L A  al- 
leles using c o r d  b l o o d  and  rapid ,  r e p r o d u c i b l e  and  in- 
expe ns ive  P C R - S S O  technology .  O v e r  90 % of  par- 
ents  c o n s e n t  to  the  screening ,  across  va r ious  e thnic  
g roups  and  s o c i o e c o n o m i c  strata .  In the  U n i t e d  
Sta tes  p o p u l a t i o n ,  2.3 % of  ch i ld ren  ca r ry  the  high- 
risk g e n o t y p e  tha t  is p r e s e n t  in 30-40  % of  I D D M  
cases; an  add i t i ona l  18 % ca r ry  m o d e r a t e - r i s k  geno-  
types  tha t  a re  p r e s e n t  in 40 -50  % of  I D D M  cases. 
C h i l d r en  at such  d e f i n e d  risk m a y  bene f i t  f r o m  peri-  
od ic  tes t ing  fo r  be ta -ce l l  a u t o a n t i b o d i e s  and  f r o m  in- 
t e r v e n t i o n s  n o w  be ing  e v a l u a t e d  in clinical trials to  
p r e v e n t  I D D M .  
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