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1. Data collection and sampling procedures

1.1 Demographics and medical history

Demographic information for the mother and father, as well as the proband sibling where
applicable, will be collected at the first available opportunity. Documented information will
include date of birth, country of birth, ancestry, individual income, highest level of education,
employment status, gender, birth weight (if known) and gestation at birth (if known).
Socioeconomic class will be scored as previously described [1]. Medical history will be taken
using a prompted list of 28 common medical conditions including thyroid disease and
autoimmune disorders amongst others. Other significant ilinesses, previous hospitalisations
and/or allergies will also be recorded. Obstetric history will document past pregnancy history,
histories of live births and whether the conception of the participating infant was assisted

through reproductive technologies.

1.2 Anthropometry

Accurate height and weight measurements during pregnancy will be taken using calibrated
stadiometers and adult scales. For infants less than two year of age, length will be measured
using an infantometer or length board as described [2] and weight measured using infant
scales. Beyond two years of age, height will be measured using a standing stadiometer and
weight using an adult scale. Weight and length/height measurements after birth and BMI

after two years will be converted to z-scores [3].

1.3 Venous blood

Blood will be appropriately collected and stored for both immediate and future testing
requirements. An overview of the blood sampling strategy is given in Table 1 of the Article
with a detailed schematic representation provided in Additional File Figure 1. Venous blood
will be drawn using winged butterfly blood-sampling system in accordance with the WHO
Guidelines [4] with minimum tubing length and appropriate gauge size for the participant
(adult or paediatric). Emla® or LMX4® lignocaine 4% cream may be used to reduce
discomfort in children. The evacuated blood collection tubes required in ENDIA have been
coded A-F:
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Additional File Figure 1: Schematic representation of the blood tubes collected at each ENDIA study visit.

A. Serum tube to be processed within one hour of collection. Aliquots will be stored at -
80°C for batch analysis of islet autoantibodies, adiponectin, hsCRP, insulin and

metabolomic studies. Extra aliquots will be stored for purposes yet to be determined.

B. Serum tube to be sent directly to local pathology services for immediate analysis of
250HD, tissue transglutaminase antibodies (tTGAb), and/or glucose as required for

the study visit.

C. Lithium heparin tube for whole blood cytokine and chemokine assays as described
previously [5-7].

D. K-EDTA plasma tube to be processed within one hour of collection. Prior to
centrifugation, a small aliquot of whole blood may be drawn off for determination of
HbAlc using high performance liquid chromatography (HPLC). After centrifugation,
plasma will be divided into aliquots and stored at -80°C for viral studies and analysis
of CHA, EPA, resolvins, PGE, and AGEs. Extra aliquots will be stored for purposes
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yet to be determined. Buffy coat will be collected for epigenetic analysis. Erythrocytes

will also be collected and stored at -80°C.
E. K-EDTA plasma tube for direct storage of whole blood at -80°C for HLA genotyping.

F. BD Vacutainer® CPT™ Cell Preparation Tube (BD Diagnostics, Dubai) for the
isolation of peripheral blood mononuclear cells (PBMCs). The PBMC layer will be
washed and counted by hemocytometer before being divided into externally threaded
cryovials and stored frozen in liquid nitrogen in an appropriate storage medium.
Plasma taken from the CPT tubes, which contain sodium citrate as the anticoagulant,
will also be stored for purposes yet to be determined.

1.4 Cord blood

Mixed arterial and venous cord blood will be collected by midwives and/or obstetricians at
the time of delivery. A “Cord Blood Collection Kit” containing a 9 mL evacuated serum tube,
a 9 mL evacuated K-EDTA plasma tube and standardised instructions for the attending
medical professional will be issued to the mother during her third trimester to take with her to
the hospital when in labour. After birth, the cord will be clamped with forceps and cut as per
standard practice. Whilst the placenta is in situ, the forceps on the cord will be loosened
allowing the cord blood to flow into a sterile sample pot. The blood will then be transferred to

the provided tubes and stored at 4°C until processed.

The 9 mL serum tube will be processed as follows:

o After centrifugation, a 1 mL aliquot of serum will be sent to the local pathology
service for immediate analysis of 250HD, tTGAb and C-peptide (equivalent to Tube

B outlined above).

¢ Remaining serum will be aligoted and stored at -80°C for batch analysis of islet
autoantibodies, adiponectin, hsCRP, insulin and metabolomic studies (equivalent to
Tube A outlined above). Extra aliquots will be stored for purposes yet to be

determined.

The 9 mL K-EDTA plasma tube should be processed as follows:

o Prior to centrifugation, a small aliquot will be drawn off for determination of HbAlc

using HPLC as described for Tube D as outlined above.
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o Afurther 4 mL should be transferred to a clean K-EDTA plasma tube for direct
storage of whole blood at -80°C for HLA genotyping (equivalent to Tube F as outlined

above).

e After centrifugation the remaining material will be aliquoted and stored at -80°C for
viral studies and analysis of DHA, EPA, resolvins, PGE, and AGEs. Extra aliquots
will be stored for purposes yet to be determined. Buffy coat will be collected for
epigenetic analysis. Erythrocytes will also be collected and stored at -80°C. This is

equivalent to Tube D outlined above.

Participation in the ENDIA study will not prevent families from storing or donating cord blood
through private or public cord blood banks if they wish to do so.

1.5 Saliva

Saliva will be collected for SNP genotyping using Oragene.DNA devices (DNA Genotek,
Ontario, Canada). The OG-250 Oragene.DNA Disc Format device will be used for children
and the OG-500 Oragene.DNA Tube Format device for adults as per the manufacturer’s

instructions. Samples are stable at room temperature.

1.6 Swabbing

Swabs for analysis of the microbiome will be collected using ESwab (Copan, Brescia, Italy)
as per the manufacturer’'s recommendations. The ESwab is a certified DNase/RNase free
liquid-based collection and transport system successfully used for microbiome studies [8].
Throat swabs for viral studies will be collected using the UTM collection system (Copan). All
swabs will be placed on ice immediately following collection and stored at -80°C within one

hour.

1.7 Urine

All participants will be provided with an insulated ENDIA cooler bag for the storage and

transport of urine, stool and breast milk samples, collected in the participant’s home.

During pregnancy, women will be given a “Maternal Urine Collection Kit” consisting of a 70

mL sterile urine jar, a sanitising wipe, gloves and instructions to collect the first morning void.
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For infant urine collection, caregivers will be provided with an “Infant Urine Collection Kit”
containing a Liv Pedia urine collection bag (Livingston, Rosebery, NSW, Australia), a sterile
urine jar, a skin sanitising wipe, gloves and instructions to collect the sample on the morning
of the scheduled appointment. Once children are capable of using a toilet the sample can be
collected directly in the jar. Participants will be instructed to place the sample inside the
ENDIA cooler bag and store the bag in the home refrigerator until the scheduled
appointment time. After centrifugation, samples will be stored as aliquots at -80°C for
downstream analysis of the metabolome and AGEs. Extra aliquots will be kept for purposes

yet to be determined.

1.8 Stool

During pregnancy, maternal stool samples will be collected using the EasySampler collection
device (Coverthem Limited, Hampshire, UK). These flushable stool pans have been reported
to increase sampling compliance whilst reducing contamination with toilet water [9], which is
imperative for studies of the microbiome. Women will be provided with a “Maternal Stool
Collection Kit” consisting of an EasySampler device, a faecal collection jar, Ziploc bags,
gloves and instructions to collect the sample in the 24 hours prior to the scheduled
appointment. Following collection, participants will be advised to double bag the faecal
collection jar, place the jar inside the ENDIA cooler bag and store it in the home refrigerator
until the scheduled appointment time. This collection method has been implemented

successfully for the analysis of the faecal microbiome [10].

In the third trimester visit prior to the baby’s birth, mothers will be provided with a Ziploc bag
for collection of the nappy (diaper) containing baby’s first bowel movement, the meconium.
For subsequent study visits, caregivers will be provided with an “Infant Stool Collection Kit”
containing a faecal collection jar, Ziploc bags, gloves and instructions to scoop a stool
sample from the baby’s nappy or potty in the 24 hours preceding the scheduled
appointment. As with the maternal stool samples, infant stools should be double bagged,
placed inside the ENDIA cooler bag and stored in the home refrigerator until the scheduled

appointment time.

All received stool samples will be processed in a Biosafety Level Il cabinet or laminar flow
hood to reduce potential contamination of the faecal microbiome. Sterile scalpel blades will

be used to transfer portions of stool into sterile externally threaded cryovials. Samples will be
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stored at -80°C for analysis of the microbiome, metabolome and virology studies. Extra

aliquots will be kept for purposes yet to be determined.

1.9 Colostrum and breast milk

The procedure for collecting colostrum and breast milk has been developed so as to be
performed independently by mothers. Colostrum will be collected on two occasions within
five days of giving birth, first between 0-2 days and then between 3-5 days. Mothers will be
provided with a “Colostrum Collection Kit” consisting of a sterile water wipe, a sterile 5 mL
syringe, a sterile 5 mL screw-cap jar, gloves and standardised instructions for the hand
expression of breast milk using the Marmet technique [11]. Mothers will be requested to wipe
the breast area with the wipe to reduce bacteria residing on the skin and allow to air dry.
Colostrum will be expressed using gloved hands, drawing droplets directly from the nipple
into the syringe and transferring to the jar. Samples should be stored in the refrigerator prior
to processing. Breast milk samples will be requested at all subsequent study visits for as
long as the infant continues to breast feed. Mothers will be provided with “Breast Milk
Collection Kit” containing a sterile water wipe, a sterile 70 mL jar, gloves and standardised
instructions to collect the sample on the morning of the study appointment as per the Marmet
technique [11]. After cleaning the breast, milk samples should be expressed directly into the
sterile jar using gloved hands. Samples will be placed in the ENDIA cooler bag and stored in

the home refrigerator until the scheduled appointment time.

Received colostrum/breast milk samples will be processed in a Biosafety Level Il cabinet or
laminar flow hood to reduce potential contamination of the microbiome. The jar will be
inverted five times to re-distribute separated layers prior to aliquoting into sterile screw-cap
tubes. Samples will stored at -80°C for analysis of the microbiome and metabolome. Extra

aliquots will be kept for purposes yet to be determined.

1.10 Nutrition

No systematic dietary advice will be given either during the pregnancy or follow-up after

birth. The assessment of maternal/infant nutrition will be in five phases:

1. During pregnancy, at the third trimester the mother will complete a DQESv2 food
frequency questionnaire [12]. The questionnaire comprises a food list of 74 items

divided in four categories: (i) cereal foods, sweets and snacks; (ii) dairy products,
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meats and fish; (iii) fruit, and (iv) vegetables. A separate set of questions covers
intake of alcoholic beverages. Questionnaires will be analysed by the Cancer Council
of Victoria, Australia. Output data will include: water, energy, fat (total), protein,
carbohydrate (total), sugars, starch and dextrins, fibre, cholesterol, sodium,
potassium, calcium, phosphorus magnesium, iron, zinc, retinol equivalent, retinol,
thiamine, beta-carotene equivalent, riboflavin, niacin, niacin equivalent, vitamin C,
alcohol, total saturated fatty acids, total monounsaturated fatty acids, total
polyunsaturated acids, individual fatty acids, carotenoids, glyacemic index and

glycaemic load.

2. During the first 12 months of life, the mother/caregiver will complete a weekly feeding
diary developed specifically for the ENDIA study (ENDIA Infant Feeding Diary:
Additional file 2). The diary will record: (i) feeding at birth, (ii) duration of exclusive
breastfeeding and maternal antibiotic usage during lactation, (iii) age at introduction
of cow’s milk-based infant formulae, (iv) commercial brand of infant formulae, (v)
exposure to drinks other than milk and water including fruit and vegetable juices, (vi)
exposure to solid foods including the types/brands of foods and amounts consumed,
(vii) food and beverage heating/cooking methods, (viii) antibiotic, supplement and
other medication usage in the infant, (ix) vaccinations in the infant, and (x) general
health of the infant including fevers. Diaries will be checked by the Research Nurses
and discussed during the study appointments at the three, six, nine and 12 month
visits. A standardised data capture form integrated into the ENDIA clinical registry will
be used to extract information on first exposures to vegetables, fruit, eggs, diary,
wheat, rice, soy, corn, oats, barley, nuts, bovine meat, non-bovine meat and
fish/shellfish. Subsequent in-depth analysis of the diaries will calculate kcals, trace

elements and vitamin intake as well as AGEs content.

3. If the mother is breastfeeding she will complete another DQESV2 at three months to

evaluate maternal nutrition during lactation.

4. From 12 months, the mother will complete three multi-pass 24 hour food recall
interviews for the infant every three (maximum) to six (minimum) months as
described elsewhere [13]. The food recall data measures intake of kcals, trace
elements and vitamins. Ideally, the recalls will be taken to cover two weekdays and
one weekend day. One of the three recalls will be conducted face-to-face with the

Research Nurse during a study visit, and the other two via telephone.

5. Once the child is aged 24 months, the Australian Toddler Eating Survey version 1

[14] will be completed by the mother at the 24, 30 and 36 months visits.
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1.11 Lifestyle and physical activity

The lifestyle questionnaire will capture aspects of the maternal diet not evaluated by the
DQESV2, including caffeine consumption, supplement usage, antibiotic usage in pregnancy,
smoking, household residents, household pets, infant sleeping arrangements and infant
socialisation. This questionnaire will be offered at all visits during pregnancy to monitor the
foetal environment (ENDIA Pregnancy Lifestyle Questionnaire: Additional File 3) and after
birth (ENDIA Postnatal Lifestyle Questionnaire: Additional File 4) to capture potential

environmental changes relevant to the development of islet autoimmunity and/or T1D.

The Pregnancy Physical Activity Questionnaire (PPAQ), a validated and published
guestionnaire [15], will evaluate maternal physical activity during pregnancy measured as
“metabolic equivalents” (MET) per week. The questionnaire will be completed at each

trimester.

2. Laboratory investigations

2.1 Genomic DNA

DNA will be extracted from cord blood with a Qiagen HLA typing kit. PBMCs (~1 million/ml
blood) will be stored from each visit in 'RNAlater' (Ambion, Life Technologies, Carlsbad, CA)
and RNA purified with a Picopure RNA kit (Applied Biosystems, Life Technologies). HLA-A
and B (class |) and class Il typing will be performed by nucleotide sequencing [16]. DNA will
be typed for the 50 SNPs most highly associated with T1D, including IDDM2/insulin -
23Hph1, as reported by the T1D Genetics Consortium [17], as well as for CYP27B1 and
VDR genes.

2.2 Autoantibodies

Autoantibodies to insulin (IAA), glutamic acid decarboxylase 65 (GADAD), tyrosine
phosphatase-like insulinoma antigen (IA2ADb), beta cell-specific zinc transporter 8 (ZnT8Ab)
and tissue transglutaminase (tTGAb) will be measured. Transient autoantibodies detected in
infants less than 9 months of age when the mother has T1D, attributable to transplacental

transfer, will not be defined as islet autoimmunity
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IAA will be measured by fluid phase radiobinding assay as described [18] with an inter-assay
CV <15%, and will include a measure of binding affinity. High IAA affinity has been strongly
associated with both progression to multiple antibodies and progression to T1D [19].

ZnT8Ab [20] will be measured by precipitation of **S-methionine labelled recombinant
human ZnT8 protein. Results will be expressed in arbitrary units in comparison to positive
and negative controls. The assay had a sensitivity 64% and specificity 100% in the 2010

Diabetes Autoantibody Standardization Program (DASP) serum exchange.

In previous studies, our research team has measured GADAb and IA2Ab by precipitation of
355-methionine-labelled recombinant human GAD65 and 1A2 [18, 21]. In the 2010 DASP, the
GADAb and IA2Ab assays scored 82% and 64% sensitivity and 99% and 100% specificity,
respectively. We have recently implemented an ELISA for measuring GADAb and IA2Ab
(RSR Ltd, Cardiff, UK). GADAb and IA2Ab assays scored 87% and 88% for sensitivity and
99% and 100% for specificity, respectively (unpublished data). tTGAb will be measured at
each participating site using test-specific thresholds for antibody positivity.

2.3 Microbiome

Microbiome analysis of longitudinal samples in pregnancy and childhood will be performed
on stool, throat, buccal, gingival, vaginal, colostrum and breast milk at the J. Craig Venter
Institute, Gaithersberg, MD, USA. 16S rDNA sequencing will be performed using a standard
high-throughput 16S PCR amplification pipeline and 454 GS FLX + sequencing. 96 samples
per full run of 454 will generate an average of 10,000 reads per sample. With current 454
sequencing capacity of 1 million reads per run (or 500,000 reads/half run), we anticipate
generating up to 10,000 16S sequences for each sample. To accommodate this PCR will be
performed on all samples for the targeted 16S region. For metagenomic sequencing, the
HiSeq 2000 sequencing platform (lllumina, San Diego, CA) will be used producing up to 4
Gbp of sequence per sample. One lane of Hi-seq produces roughly 40Gbp of data, yielding
8Gbp/sample. Assuming that average genome size of a bacterial species is 4Mbp, this
amount of sequencing will provide ~2000x coverage of sequence data per genome on
average (8Gbp/4Mbp = 2000).

The metagenomic study of the human virome is hampered by (i) viruses accounting for a
very small fraction of the human microbiota, and (ii) a lack of conserved genes across all

viral species to evaluate viral diversity, analogous to 16S rDNA bacterial profiling. To
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improve viral detection sensitivity we will purify virion particles using published protocols [22]
for in-depth sequence analysis. Specifically, this approach will target both DNA/RNA viruses
and also select low abundance viral species and facilitate isolation of full length or nearly full
length unclassified or novel viral species. We will then apply random hexamer priming and
amplification [23] for direct amplification of genetic material from the sample and a hybrid
sequencing strategy using both 454 and lllumina-HiSeq platforms for in-depth viral sequence

analysis.

2.4 Insulin resistance

The HOMA measure of insulin resistance will be calculated as: [(fasting glucose x fasting
insulin) / 22.5]. As neither HOMA nor the alternative quantitative insulin sensitivity check
index (QUICKI) are clearly superior measures of insulin sensitivity compared to fasting
insulin alone in children [24] both fasting insulin and HOMA will be used in the analysis. Total
and high molecular weight serum adiponectin will be measured using an ELISA (ALPCO
diagnostics, Salem, NH) as we have described [25].

2.5 Inflammatory mediators

The total phospholipid fraction of the lipid extract from erythrocytes will be separated by thin-
layer chromatography and methylated. Fatty acid methyl esters will then be separated and
guantified by capillary gas chromatography [26]. Prostaglandin E2 will be measured using
stable isotope dilution HPLC tandem mass spectrometry at the South Australia Neonatal
Screening Centre. 250HD will be measured by local pathology services using the
laboratory’s standard method. High sensitivity C-reactive protein (hsCRP) will be measured
by a near infrared particle immunoassay method with IMMAGE Immunochemistry Systems
Reagent (Beckman Coulter Inc, CA). For analysis of AGEs, carboxymethyllysine will be
measured in urine and plasma by HPLC and by in-house ELISA [27]. Methylglyoxal will be
measured by HPLC. Soluble receptor for AGEs (RAGE) will be measured by ELISA.

2.6 Treg subsets and immune function
Cytokines and chemokines will be measured on small volumes of plasma by Luminex bead
assay before and after incubation of heparinised blood in the absence or presence of Toll-

like receptor 2 (Pam-3-Cys), 3 (poly I:C), 4 (lipopolysaccharide-LPS), 5 (flagellin) and 9
(CpG DNA) agonists, a T-cell receptor agonist monoclonal Ab OKT3, and the T-cell antigens

10
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Diptheria Pertussis Tetanus Toxoid, proinsulin and GADG65, as previously described [5-7].
Analytes will include reported markers of inflammation in T1D (IL-1B, TNF-a, IL-6). Treg cell
subsets will be defined in PBMCs as described previously [28], using multi parameter (six

colour) flow cytometry.

2.7 Viral infection

DNA/RNA will be extracted from plasma samples using the automated Kingfisher System
(Thermo Scientific, Waltham, MA). The 5" UTR and VP1 genes of the EV genome will be
amplified by nested RT-PCR using established methods [29, 30] and samples will also be
analysed by multiplex PCR to detect other common viruses including Cytomegalovirus
(CMV), Epstein-Barr virus (EBV), Herpes Simplex virus (HSV) and Varicella Zoster virus
(VZV) [31, 32]. Stool samples will be tested for EV, RV and Norovirus. Positive samples are
repeated for confirmation and PCR products bi-directionally sequenced with an ABI 3730
DNA analyser using BigDye terminator chemistry (Applied Biosystems, Life Technologies).
Phylogenetic analysis will be carried out on the 5'UTR and VP1 sequences of EV PCR-
positive strains to determine virus genotypes [33], sequences will be submitted to Genebank
and compared with published sequences and Australian isolates [33, 34]. The multiplex PCR
assay will also be used to test for viruses in neonates using newborn screening cards, as we
have described [35]. Nucleic acids will be extracted from the blood spot (Qiagen, Hilden,
Germany) and samples processed using the same multiplex PCR method. Serum samples
will be tested for serological evidence of infection for EV, HSV, VZV, EBV, CMV and RV.
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