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Background

There is limited information about diabetes and thyroid related autoantibodies in children with type 1 diabetes (T1D) or their siblings in Sri Lanka.



Objectives

To assess in T1D children and their unaffected siblings the prevalence of autoantibodies to (1) glutamic acid decarboxylase (GADA), insulinoma associated antigen-2 (IA-2A) and zinc transporter 8 (ZnT8A) using 3 Screen ICA™ (3-Screen) and individual ELISA assays; (2) insulin (IAA); and (3) thyroid peroxidase (TPOA), thyroglobulin (TgA) and the TSH receptor (TSHRA).



Methods

We selected - (a) consecutive T1D children, and (b) their unaffected siblings of both sexes, from the T1D Registry at Lady Ridgeway Hospital, Colombo.



Results

The median age (IQR) of 235 T1D children and 252 unaffected siblings was 11 (8.4, 13.2) and 9 (5.4, 14.9) years respectively, and the duration of T1D was 23 (7, 54) months. (1) T1D children (a) 79.1% were 3-Screen positive; (b) all 3-Screen positives were individual antibody positive (GADA in 74%; IA-2A 31.1%; ZnT8A 38.7%); (c) and were younger (p=0.01 vs 3-Screen negatives); (d) multiple autoantibodies were present in 45.1%; (e) IA-2A (p=0.002) and ZnT8A (p=0.006) prevalence decreased with T1D duration. (f) TPOA and TgA prevalence was higher in T1D children compared to unaffected siblings (28%, p=0.001 and 31%, p=0.004, respectively). (2) Unaffected siblings (a) 6.3% were 3-Screen positive (p=0.001 vs T1D), and 2.4% were positive for IAA; (b) four subjects had two diabetes related autoantibodies, one of whom developed dysglycaemia during follow-up.



Conclusions

The 3-Screen assay, used for the first time in Sri Lankan T1D children and their siblings as a screening tool, shows a high prevalence of T1D related Abs with a high correlation with individual assays, and is also a helpful tool in screening unaffected siblings for future T1D risk. The higher prevalence of thyroid autoantibodies in T1D children is consistent with polyglandular autoimmunity.
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Introduction


Background

Childhood type 1 diabetes mellitus (T1D) is an autoimmune disease with multiple factors affecting its pathophysiology and onset (1). This autoimmune process is precipitated by environmental factors, causes destruction of pancreatic beta cells in genetically predisposed individuals and results in dysglycaemia (2). However, the role of autoimmunity in this process is only partially understood, and genetic predetermination is exemplified by subjects with HLA phenotypes at higher risk for developing T1D (3). T1D incidence is increasing worldwide (3% annually), mostly in children under 5 years of age, potentially leading to a doubling of its global incidence in the next decade (4). Its incidence varies significantly amongst populations in T1D registries (4, 5). The incidence of T1D in Sri Lanka is unknown although evidence suggests it is increasing (6).

Autoantibodies to islet cell antigens are a hallmark of T1D and are directed against the 65kDa isoform of glutamic acid decarboxylase (GADA), insulin (IAA), insulinoma associated antigen-2 (IA-2A) and zinc transporter 8 (ZnT8A) (7, 8). These autoantibodies predate the onset of clinical T1D, are detectable in the blood during infancy and persist for many years thereafter (1, 7). Their clinical utility is therefore high in –

(a) diagnosing T1D - there are only sparse data about T1D related autoantibody prevalence either at diagnosis or thereafter in Sri Lankan children (9). Sensitive assays for T1D related autoantibodies identify variable percentages of antibody positive subjects at diagnosis and in established T1D, associated with regional variability, as described in a recent review (10). In subjects with established T1D, 86.8% (Europe) and 79.1% (Asia) were positive when three autoantibodies, and 92.8% (Europe) and 81.6% (Asia) were positive when four autoantibodies were assayed.

(b) predicting T1D – this is possible in high-risk individuals and in the general population. First-degree relatives of patients with T1D have a high risk of developing T1D and are obvious targets for such predictive autoantibody testing (11). Data about the prevalence of these autoantibodies in unaffected subjects in Sri Lanka are also sparse (9)

(c) understanding T1D aetiology – the variable prevalence of T1D autoantibodies in ethnically disparate groups may point to a variable role for autoimmunity in different population groups although other factors may be responsible. The coexistence of islet cell and thyroid autoimmunity in T1D has been shown previously in Sri Lankan subjects (9). However, no recent data are available.



Aims of study

To assess in Sri Lankan T1D children and their unaffected siblings the prevalence of:

(1) GADA, IA-2A and ZnT8A, using the combined three autoantibody screening assay [Elisa RSR™ 3 Screen ICA™ (3-Screen)], confirmed by individual specific autoantibody assays.

(2) IAA, using a separate specific assay.

(3) thyroid autoantibodies to – thyroid peroxidase (TPOA), thyroglobulin (TgA) and the TSH receptor (TSHRA).




Methods

(1) Selection of T1D subjects and their siblings –

Inclusion criteria – all children (a) with new and previously diagnosed T1D; (b) of both sexes; (c) and any age; and (d) their unaffected siblings.

Exclusion criteria – children (a) with diabetes on immunosuppressive treatment; (b) with secondary diabetes (drug induced, following pancreatitis etc); and (c) with Maturity Onset Diabetes of the Young (MODY) if known or suspected

(2) Study setting and subject recruitment – Subjects were identified from the T1D Registry of the Lady Ridgeway Hospital, Colombo 8, Sri Lanka. Informed consent was obtained from their parents or guardians. Consecutive T1D subjects and their siblings were tested during routine visits to the Diabetes Clinic. Approval was granted for this study by the Sri Lanka College of Paediatricians Ethics Committee (SLCP EC17/7/16). This study was significantly affected by the COVID pandemic and the civil unrest in the country and recruitment had to be curtailed as a result (see below)

(3) Blood sample collection and laboratory analysis - A venous blood sample was collected from subjects, centrifuged immediately and the serum frozen at -80°C. Samples were transported in dry ice to the FIRS Laboratories, RSR Ltd., Cardiff, for analysis. Samples were analyzed using 3-Screen (RSR Ltd., Cardiff, UK, https://www.rsrltd.com) and assays for GADA, IA-2A, ZnT8A and IAA (RSR Ltd., Cardiff, UK).

(4) Assay Methodology –

(a) Diabetes autoantibody ELISAs – All ELISAs used the bridging assay principle where the divalent autoantibody forms a bridge between the antigen coated onto the plates and a biotin labelled antigen added in a solution. In the assay, antigen coated plates were incubated with serum samples, calibrators and controls followed by a wash step and incubation with the antigen-biotin solution. After washing, the amount of antigen-biotin bound was determined by addition of streptavidin peroxidase and after a further wash the reaction was developed by addition of tetramethylbenzidine followed by a stop solution. The optical density (OD) of the plate wells was measured at 450 nm and 405 nm using an ELISA plate reader. Reading at 405nm allowed quantitation of high absorbances. All the ELISAs were performed following the manufacturer’s Instructions For Use (IFU, https://www.rsrltd.com).

GADA - Samples were assayed in the ELISA RSR™ GADA assay (GADA ELISA) (12). The measuring interval was 5-2000 U/mL (Units are NIBSC 97/550). The cut off ≥5.0 U/mL as indicated in the IFU was used.

IA-2A - Samples were assayed in the Elisa RSR™ IA-2A Version 2 assay (IA-2A ELISA) (13). The measuring range was 7.5-4000 U/mL (NIBSC 97/550). The cut off ≥7.5 U/mL as indicated in the IFU was used.

ZnT8A - Samples were assessed in the ELISA RSR™ ZnT8A™ assay (ZnT8A ELISA). This assay measures and detects ZnT8A specific to the 325R, 325W and residue 325 non-specific alleles (14, 15). The measuring interval was 15–2000 units/mL (arbitrary RSR units). The cut off ≥15.0 units/mL as indicated in the IFU was used.

3 Screen – In the 3 Screen ELISA the plates coated with all three antigens GADA, IA-2A and ZnT8A (15) and a mixture of all three biotinylated antigens were used. Results were expressed as an index relative to a reference preparation included in the assay and a cut off ≥30 index as indicated in the IFU was used.

RSR ELISAs’ reported sensitivity and specificity in International Autoantibody Standardization Program (IASP) workshop for 2020 were: 3 Screen (96%, 100%), GADA (88%, 98.9%), IA-2A (72%, 100%) and ZnT8A (74%, 98.9%), respectively.

(b) IAA - Samples were assessed in the RIA RSR™ IAA (IAA RIA) (16) performed following the manufacturer’s IFU (https://www.rsrltd.com). The measuring range was 0.4–50 units/mL (arbitrary RSR units). The cut off was ≥0.4 units/mL as indicated in the IFU.

(c) Thyroid Autoantibodies - TPOA and TgA (cut off > 0.3 unit/mL) were measured using RIA assays (RSR Ltd.) (17, 18). TSHRA (≥ 0.4 IU/L) were assayed in an ELISA assay (Elisa RSR™ TRAb, 3rd Generation) (19). The IFU cut offs above were used.

(5) Follow up of siblings positive for two or more T1D related antibodies -

Unaffected siblings who were positive for two or more T1D related autoantibodies were monitored with an oral glucose tolerance test (OGTT) done at the time of autoantibody detection, and they were reviewed as follows – (a) in case of normal glucose tolerance – OGTT repeated every 6 months; (b) impaired glucose tolerance – OGTT repeated every 3 months with likely early insulin treatment; (c) diabetes mellitus - referred for routine diabetes care. Parents/guardians were informed, and educational and medical support offered.

Statistical methods

Summary values are displayed as mean ± standard deviation (SD) or median (interquartile range, IQR) as appropriate. Comparisons of percentages of autoantibody prevalence between different subgroups of patients for categorical variables were made using the chi squared test. The comparison of means/medians between two groups was done using the unpaired Student’s t test and the Mann-Whitney test as appropriate (SPSS v27, IBM Corporation, USA). A statistically significant difference was defined as p< 0.05.



Results

Consent was obtained from parents/guardians of 300 T1D subjects and 261 siblings. However, 61 T1D subjects defaulted because of the current COVID19 pandemic, and political and civil unrest related disruption (e.g. inability to attend hospital, need for isolation, restriction of movements, lack of transport, fuel shortages, inability to transport samples abroad etc.). Also, four T1D subjects and nine siblings, with inadequate information or aged below 6 months were excluded from analysis. Samples were therefore available from 235 T1D subjects and 252 siblings (Figure 1; Table 1).




Figure 1 | Recruitment of T1D subjects and their siblings. This flowchart describes the process of recruitment and final numbers studied *due to issues related to and disruption caused by the COVID19 pandemic and civil unrest.




Table 1 | Details of T1D subjects and their siblings.



(1) Age and duration of diabetes

(a)T1D subjects - the median age (interquartile range, IQR) of T1D subjects at diagnosis and at sampling, and the median duration of T1D (IQR) at sampling are shown in Table 1.

Median age at sampling was higher in 3 Screen negative T1D children (p=0.01) but there was no difference in median age at diagnosis (p=0.55) and disease duration (p=0.83) between 3 Screen positive and negative subjects (Table 1).

All subjects classified as antibody negative T1D were on insulin at the time of recruitment, and none was obese or had acanthosis

(b)Unaffected siblings – samples from unaffected siblings of 195 subjects with T1D were analysed (n=252). Their median age at sampling is shown in Table 1.

(2) Autoantibody prevalence in T1D subjects and siblings –

(a)T1D subjects

(i) 186/235 (79.1%) of T1D subjects were 3-Screen positive (66.8% of them had high concentrations of antibody i.e. were ≥4 times the cut-off ≥30 index). (ii) All 186 (100%) 3-Screen positive subjects were positive for at least one component autoantibody when tested with specific assays as follows: GADA 174/235 (74%, 59.1% were ≥4 times the cut off); IA-2A 73/235 (31.1%, 22.6% ≥4 times the cut off); ZnT8A 91/235 (38.7%, 29.8% were ≥4 times the cut off) (Table 1). (iii) Multiple autoantibodies were found in a high proportion of 3-Screen positive subjects – a combination of three in 18.3% and two in 26.8% of subjects (Table 2 and Figure 2). (iv) Insulin antibodies were present in 189/235 (80.4%) of T1D subjects – however, these were likely to be a mixture of autoantibodies and antibodies against exogenous insulin. (v) The prevalence of autoantibodies analyzed by sex, age at diagnosis, age at sampling and duration of disease are detailed in Table 2. (vi) The prevalence of IA-2A and ZnT8A were lower with longer disease duration (p=0.002 and p=0.006, respectively) (Figure 3). There was no significant difference in the distribution of GADA (p=0.89), IA-2A (p=0.96) and ZnT8A (p=0.87) between T1D males and females (Table 2).

Of the 49 T1D subjects who were 3 Screen negative, three had one autoantibody (one each of GADA, IA-2A or ZnT8A) detected by individual ELISAs at low concentration (≥1.25 - 2.4 times cut off). Therefore there were 46 autoantibody negative T1D subjects in total. In addition, four T1D subjects who were autoantibody negative had siblings who were T1D autoantibody positive – GADA in 2, IA-2A in 1 and IAA in 1. These T1D subjects had disease durations of 42, 6, 140 and 141 months, respectively.

(b)Unaffected siblings –

(i) The prevalence of T1D autoantibodies amongst unaffected siblings was 16/252 (6.3%) in the 3-Screen assay. (ii) All 16 were positive for at least one single autoantibody in the specific ELISAs. For the individual autoantibody ELISAs the prevalences were – 15 GADA (6.0%), six IA-2A (2.4%) and four ZnT8A (1.6%). (iii) The prevalence of IAA was 2.4% (6/252) and these were likely true insulin autoantibodies. (iv) Multiple autoantibodies were present in 4/255 (1.6%) siblings (Supplementary Figure 1). Importantly, four siblings had two different T1D antibodies and were followed up with oral glucose tolerance tests (OGTT) (see below) (Supplementary Figure 1).

A single T1D related autoantibody at low concentration was found in four 3-Screen negative unaffected siblings using single specific autoantibody tests.


Table 2 | Autoantibody prevalence in relation to sex, age at sampling and age at onset in T1D Subjects.






Figure 2 | Distribution of T1D related autoantibodies in children with T1D; number and (%). A combination of all three T1D related autoantibodies were found in 18.3% and a combination of two T1D related antibodies were found in 26.8% of children with T1D (GADA + ZnT8A 16.6%; GADA + IA-2A 8.5%; ZnT8A + IA-2A 1.7%). Insulin antibodies are not included as patients were on insulin therapy before blood samples were taken.






Figure 3 | Disease duration and prevelance of T1D related autoantibodies. The prevalence of IA-2A and ZnT8A was significantly lower in children with increasing T1D disease duration (p=0.002*, p=0.006** respectively). However, despite increasing disease duration the prevalence of GADA remained stable.



(3) Follow up of autoantibody positive unaffected siblings –

The four siblings who had two T1D autoantibodies were followed up as planned. One developed impaired glucose tolerance (2-hour post OGTT plasma glucose 9.3mmo/l) and was given insulin.

Furthermore, one unaffected sibling who was only GADA positive, developed T1D four years after recruitment during a COVID19 related admission to hospital.

(4) Thyroid autoantibody prevalence

Samples were available for TPOA and TgA testing in 427 and TSHRA testing in 340 subjects (Table 3). The prevalence of TPOA (p=0.0001) and TgA (p=0.0004) were significantly higher in those with T1D compared to their siblings. In nine T1D subjects with concomitant clinical hypothyroidism TPOA and TgA were present in the majority (100%, 78% respectively). TSHRA were detected in one subject in the T1D cohort (3.3 IU/L who also had bronchial asthma and hypothyroidism) and in one subject in the sibling cohort (1.2 IU/L, who had bronchial asthma).


Table 3 | Thyroid autoantibody prevalence T1D subjects and their siblings.





Discussion

We have shown in this cross-sectional study that the prevalence of T1D related autoantibodies in Sri Lankan children using the relatively new screening tool, 3 Screen assay, is consistent with prevalence figures for established disease in Asian countries quoted in a recent review (10). All 3-Screen positive T1D children were positive for one or more T1D antibodies when measured in individual autoantibody specific assays signifying a high correlation between 3 Screen and individual assay results (Table 1; Figure 2). The majority of 3-Screen positive children had GADA at high concentration (≥4 times the cut off) and the prevalence of IA-2A and ZnT8A declined significantly with increasing disease duration (Figure 3). The high IAA prevalence in them (80.4%) was likely due to antibodies against exogenous insulin. Only three (of 49) 3 Screen negative T1D children had a single autoantibody at low concentration. The 3 Screen assay is therefore an effective tool for detecting T1D related autoantibodies in T1D children, with a high correlation with specific autoantibody assays (Table 1). The higher prevalence of T1D related autoantibodies in those aged 61-120 months at onset and at the time of sampling, remains unexplained (Table 2). This is the first study using 3 Screen, to examine the prevalence of T1D related autoantibodies in Sri Lanka and should be an effective baseline for future studies. In a recent study of Bavarian children, 98% of 132 newly diagnosed T1D children were 3 Screen positive as were 91% of children in a study from Sweden (20, 21). However, the prevalence of T1D autoantibodies in this study can be compared to the mean positivity of 66% when two and 79% when three autoantibodies were tested in established T1D cases (more than 12 months duration) in Asia in the previously quoted review of 125 studies (10).

In this study, 46 T1D subjects were autoantibody negative. The reasons for autoantibody negativity in T1D may include – unidentified MODY, long disease duration, mis-classified type 2 diabetes, coexisting diseases, autoantibody reversion, ethnic differences (in particular in Asian populations), defects in antibody production, immunodysregulation etc (22, 23). We excluded subjects with a clinical suspicion of MODY. However, screening for HNF 1 and 4 alpha, HNF 4 beta or glucokinase gene mutations were not possible due to global and local situations (24). There were no reported concomitant diseases and none of the children developed diabetes under the age of 6 months making neonatal diabetes unlikely.

Unaffected siblings had a significantly lower T1D autoantibody prevalence using 3 Screen. Furthermore, 4/252 (1.6%) unaffected siblings had two T1D related autoantibodies conferring a high risk of developing T1D of 70% in 10 years in one study (25). One of these subjects developed impaired glucose tolerance and is on insulin. Furthermore, a different sibling with one T1D autoantibody also developed T1D in the course of Covid-19 infection – no samples were available for analysis in the interim period or at the time of diagnosis for this subject. The others are under surveillance. Therefore, 3-Screen is also an effective tool for detecting T1D related autoantibodies in high-risk Sri Lankan children for assessing future risk of T1D. This is the first study examining the prevalence of T1D related autoantibodies in high-risk children using 3-Screen in Sri Lanka and establishes a baseline for future studies. The above findings are different to a previous study of 122 T1D Sri Lankan subjects [median age at diagnosis of 11.2 (7.6, 14.2) and at recruitment of 16 (12,20) years] using individual ELISA assays, which demonstrated a GADA prevalence of 60.6% in T1D and 4% in unaffected subjects [median age 29 (24-35) years] (p=0.001) and IA2A of 14% vs. nil (p=0.001) respectively (9). It should be noted that this study population was older and different assay methodology was used. However, a 6.3% 3 Screen positivity in unaffected siblings in our study can be compared to an overall 7.9% multiple autoantibody and 3.5% single autoantibody positivity in 13,377 combined subjects with genetic risk of developing diabetes from DAISY, BABYDIAB, BABYDIET and DIPP studies (26). In the TEDDY study 9.5% of 7777 children developed one or more and 5.5% developed two or more diabetes autoantibodies (25).In addition, 8.0% of 1065 siblings were positive in 3 Screen in a study in Poland of whom 5.6% had multiple autoantibodies (27).

The minimum volume required to assay all autoantibodies in the study (including thyroid autoantibodies) was 410µL. However for future screening strategies a capillary blood sample of approximately 200µL should be sufficient for 3 Screen and IAA assays (20).

T1D related autoantibodies rarely occur before 6 months (28) but have a peak incidence of first appearance before 3 years (28–30). The presence of multiple T1D related autoantibodies is a significant risk for developing T1D (25). The risk is known to be higher in the 5 years after first detection, particularly in those with higher serum concentrations of IAA and IA-2A (31). T1D related autoantibodies may decline in concentration over time, and patients may become seronegative causing a decline in autoantibody prevalence (e.g. IA-2A and ZnT8A in this study, Figure 3) (32, 33). However the prevalence of either 1, 2 or 3 T1D autoantibodies and 3 Screen positivity does not decline with greater disease duration in our study group (data not shown here). Longitudinal measurement of T1D related autoantibodies is a good predictor of T1D in first degree relatives and in unselected populations (34). It should be noted that measurements of IAA have a greater value in screening strategies particularly in very young children and in subjects who are not treated with exogenous insulin (21).

There have been several recent studies like ours, although comparisons should be made with caution because of variable study methodology, assay differences and population characteristics (Table 4). In a recent global scoping review including 125 studies from 48 different countries, GADA was the most prevalent antibody in established T1D (longer than 12 months duration) followed by ZnT8A, IA-2A and IAA (10). However, there were differences in prevalence for individual antibodies across different geographical regions as mentioned earlier (10).


Table 4 | Recent studies of T1D autoantibody prevalence in children.



The prevalence of thyroid autoantibodies TPOA and TGA, were significantly higher in T1D children compared to unaffected siblings. Within this group, children who were being treated for hypothyroidism had a higher prevalence of thyroid antibodies compared to those who were not (Table 3). A recent study in 2507 unselected Sri Lankan children showed a prevalence of TPOA (10.3%) and TgA (6.4%) using specific age and sex derived local reference ranges as against manufacturer’s reference ranges (35). The present study had a significantly smaller number of subjects and used manufacturer’s assay cut offs, which may account for the difference. However, the prevalence of hypothyroidism amongst T1D children (5%) is broadly in agreement with other published studies (3-8%) (36). These observations attest to the well-recognised clustering of autoimmune diseases in a single individual. In particular, the combination of T1D and autoimmune thyroid disease known as the Autoimmune Polyglandular Syndrome type 3A (37).

Our study has several shortcomings – (a) the cross-sectional design with its inherent disadvantages, (b) the modest number of subjects in the two groups due to the COVID19 pandemic and local civil unrest related factors forcing the study to be discontinued prematurely, (c) the unavailability of previous studies with similar screening assay tools for comparison, (d) the lack of local age and sex derived reference ranges and (e) the absence of HLA DR and DQ allele analysis in this population – including these would add value to any future studies.

However, it also has several advantages – (a) the use of a sensitive multiple T1D autoantibody screening assay which has a good correlation with individual specific autoantibody assays, used for the first time in this population, (b) the availability of patient data in a hospital based T1D Registry, and (c) establishing prevalence data for T1D related autoantibodies using a single screening assay (3-Screen) both in T1D children and their unaffected siblings for the first time in Sri Lanka.



Conclusions

We have demonstrated the prevalence of T1D related autoantibodies in Sri Lanka in both T1D subjects and their unaffected siblings using a screening tool, 3-Screen. This assay is a valuable tool for screening T1D subjects and high-risk groups, showing a high correlation with individual specific autoantibody assays. Our study forms the basis for future investigations of autoantibody prevalence and T1D prediction models in the Sri Lankan population.
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