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ABSTRACT: The final aim of the PRODIA study is to determine whether
the use of probiotics during the first 6 months of life decreases the ap-
pearance of type 1 diabetes mellitus (T1DM)-associated autoantibodies
in children with genetic risk for T1DM. A pilot study including 200 sub-
jects was planned to show whether the use of probiotics during the first
6 months of life is safe and feasible. The prevalence of autoantibodies
among the study subjects at 6, 12, and 24 months of age was at levels
close to the expected and the clinical follow-up did not either indicate
problems in the feasibility of the study.
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INTRODUCTION

Type 1 diabetes mellitus (T1DM) is considered to be an autoimmune disease
leading to destruction of the insulin-producing beta cells in pancreas. Interac-
tion between genetic factors and environmental factors are believed to trigger
the autoimmune response finally causing T1DM.1 About 90% of the children
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developing T1DM carry high-risk genes (human leukocyte antigen [HLA]
DQB1∗0302 and/or HLA DQB1∗0201), but less than 10% of the children with
these risk genes actually develop T1DM.2 A number of environmental factors
have been suggested to be associated with T1DM. Early exposure to cow milk
proteins and wheat gluten in the infant diet, as well as enteral virus infections,
together with aberrant development and maturity of the gut immune system,
are candidate risk factors.3 Enterovirus and rotavirus infections have been as-
sociated with the appearance of beta cell autoantibodies.4,5 In animal models
the incidence of T1DM has been shown to be highest in a low microbial load
environment.6 Microbiotic colonization of the newborn infant’s gut ecosys-
tem by specific bacterial species may be important in the initial regulation of
the developing immune system.7 Development of T1DM has been associated
with intestinal immune activation and enhanced immunity to food antigens.8,9

Probiotics, defined as nonpathogenic cultures of living bacteria with a health-
promoting effect,10 have in vitro showed to activate monocytes, macrophages,
and dendritic cells and thus influence the immune system.11–13 Probiotics also
have been shown to support the maturity of the gut immune system and could
therefore support oral tolerance and protection against enteral virus infections,
that is, risk factors of T1DM.14 Beta cell autoantibodies occurring years be-
fore clinical onset of T1DM are predictive for the disease in individuals with
genetic risk. The three major islet autoantibodies are those against glutamic
acid decarboylase (GADA), tyrosine phosphatase (IA-2A), and insulin (IAA).
Children developing T1DM are mostly positive for at least two of these mark-
ers.15 The PRODIA study started in February 2003 at the Faculty of Health
Sciences at Linköping University as a pilot study primarily to test feasibility
and safety of the protocol. The final aim of a main study will be to determine
whether the use of probiotics during the first 6 months of life decreases the
appearance of beta cell autoantibodies in children with increased genetic risk
for T1DM. Affected factors involved could be the reduced occurrence of en-
teral virus infections, enhanced maturation of the gut immune system, reduced
immunization to dietary insulin, or induced immune regulation.

SUBJECTS AND METHODS

The PRODIA study was approved by the Research Ethics Committee at
the Faculty of Health Sciences, Linköping University. PRODIA is a double-
blind randomized placebo controlled study. Between February 2003 and June
2005 all parents to newborn infants at Linköping University Hospital were
informed about the PRODIA pilot study. After informed consent by the par-
ents, 1200 children were screened for HLA genotypes associated with risk
for T1DM. HLA risk genotypes were defined as the presence of HLA-
(DR3)-DQA1∗05-DQB1∗02 and/or (DR4)-DQB1∗0302 haplotypes without
protective haplotypes DQB1∗06301 and DQB1∗0301. When combined with
HLA-(DR3)-DQA1∗ 05-DQB1∗02 also DQB1∗0603 and DQA1∗0201-
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DQB1∗02 were considered protective. All children with risk genotype were
randomized to receive either probiotics or placebo during the first 6 months
of life. The probiotics, distributed once a day by parents at home in soluble
capsules, consist of a cocktail of Lactobacillus rhamnosus GG (5 × 109 cfu),
Lactobacillus rhamnosus LC705 (5 × 109 cfu), Bifidobacterium breve Bbi99
(2 × 108 cfu), and Propionibacterium freudenreichii ssp. Shermani JS (2 × 109

cfu). Blood samples are taken at 6, 12, and 24 months of age. Fecal samples
are collected at home at 3 months intervals and the introduction of new foods
is recorded. The diet of the children is not manipulated. We analyze the occur-
rence of beta cell autoantibodies (GAD, IA-2, and IAA) and measure monocyte
and T cell-derived cytokines and chemokines in plasma and supernatants of
in vitro-stimulated cells. We also study the expression of intracellular signal
proteins (T bet, STAT-4, STAT-6, GATA-3) in peripheral blood mononuclear
cells (PBMC). Expression of monocyte activation markers is analyzed in fresh
whole blood and in whole blood stimulated with lipopolysaccharide (LPS) and
lipoteichoic acid (LTA). The phytohemagglutinin (PHA) and IAA-induced T
cell responses are studied. Microbiological analyses of feces samples are done
to control incidence of enteral virus infections and compliance. Enterovirus
infections are followed also by isolation of enterovirus RNA in blood samples
and by serological tests. Venous blood samples were collected at 6, 12, and 24
months and measurements of beta cell autoantibodies GAD, IA-2, and IAA
were done as previously described.16 The cutoff for positivity was determined
as 99th percentile level of autoantibodies in healthy 5-year-old children.

RESULTS

About 60% of the parents asked to participate gave their informed consent.
As expected we found 264 children with risk genes among the tested infants.
The dropout rate has been steady between 15% and 25%. TABLE 1 shows
the detection of autoantibodies in various samples. One sample was detected
positive for IAA at 6 months of age. No sample was detected positive at 12
months of age. However, at 24 months of age one sample was detected positive
for GADA and another one for IA-2A. No sample was detected positive for
more than one autoantibody.

TABLE 1. Positivity to autoantibodies in plasma samples at 6, 12, and 24 months of age

GADA IA-2A IAA Pos>1 a.a

Age pos/tot pos/tot pos/tot pos/tot
6 months 0/170 0/170 1/168 0/168
12 months 0/151 0/151 0/146 0/146
24 months 1/61 1/61 0/61 0/61

pos = positive; tot = total; a.a. = autoantibody
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DISCUSSION

The PRODIA protocol seems to be feasible, although quite many parents
do not want to participate and the dropout rate is quite high. We expected to
find roughly a 2% prevalence of at least one of the measured autoantibodies
at 24 months of age in the study group. In the Finnish Diabetes Prediction
and Prevention (DIPP) study follow-up cohort a frequency of 2.9% of children
were found persistently positive for IAA, 1.7% for GADA, and 1.2% for IA-2A
at the same age.17 The DIPP study was similarly based on genetic screening
of general population, but the lower risk group of children selected based on
the presence of (DR3)-DQA1∗05-DQB1∗02 haplotype was not included. This
group with approximately half of the risk ratio to that of moderate risk group
with (DR4)-DQB1∗030218 covers around a third of PRODIA group, which
is taken into account by lower expected autoantibody positivity. The detected
number of autoantibodies, 1/168 for IAA at 6 months of age, 1/61 for GADA,
and 1/61 for IA-2A at 24 months of age, is close to the expected and there
is no evidence that the intervention would increase the appearance of beta
cell autoimmunity in the children who participate in the PRODIA study. We
conclude that the PRODIA study protocol seems to be safe and that the study
protocol is feasible for the families. The mechanistic studies of the effect
of probiotics on the development of the immune system and occurrence of
enterovirus infections are ongoing.
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