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Type 1 diabetes (T1D) incidence has increased globally over the last decades,
alongside other autoimmune diseases. Early screening of individuals at risk of
developing T1D is vital to facilitate appropriate interventions and improve patient
outcomes. This is particularly important to avoid life-threatening diabetic
ketoacidosis and hospitalization associated with T1D diagnosis. Additionally,
considering that new therapies have been developed for T1D, screening the
population and individuals at high risk would be of great benefit. However,
adopting such screening approaches may not be feasible due to limitations, such
as cost, adaptation of such programs, and sample processing. In this perspective,
we explore and highlight the use of multiplexing chemiluminescent assays for
T1D screening and emphasize on their advantages in detecting multiple
autoantibodies simultaneously, maximizing efficiency, and minimizing sample
volume requirements. These assays could be extremely valuable for pediatric
populations and large-scale screening initiatives, providing a cost-efficient
solution with increased diagnostic accuracy and deeper insights into T1D
pathogenesis. Eventually, the adoption of such screening methods can help
transform T1D diagnosis, especially in countries with high T1D prevalence, such
as Kuwait, which will contribute to the development of novel therapeutic
interventions, positively impacting the lives of those affected by T1D and other
autoimmune diseases.
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1 Type 1 diabetes prevalence

In recent decades, the incidence and prevalence of type 1
diabetes (T1D) have increased tremendously around the globe (1,
2). T1D is a multifactorial autoimmune disease characterized by
immune-mediated destruction of pancreatic B-cells, resulting in a
decline and cessation of insulin production. Although T1D has been
associated with multiple genetic and non-genetic factors, its exact
etiology remains poorly understood (3). More than 60 genetic
susceptibility loci have been linked to T1D and nearly 50% of the
inherent risk has been mapped to polymorphisms or specific
haplotypes within the major histocompatibility complex (4, 5). In
addition to this, several lifestyle factors, such as low vitamin D,
exposure to toxins, dietary choices, and microbial dysbiosis are
associated with the disease (6).

T1D is the most prevalent form of diabetes in children and
young adults (1). Early diagnosis and treatment of T1D are critical
for reducing its risk and severity. A young age of onset and extensive
exposure to hyperglycemia may lead to serious secondary
complications, affecting the kidneys, nerves, heart, or retina (7).
Individuals with T1D are also at a higher risk of developing other
autoimmune conditions, such as thyroiditis and celiac diseases (8).
Moreover, one-third of children with T1D may experience diabetic
ketoacidosis, accounting for an increased risk of morbidity and
mortality (9).

2 Type 1 diabetes diagnosis

The presence of autoantibodies in peripheral blood, low C-
peptide (< 0.3 nmol/l) levels, and hyperglycemia are the hallmark of
Type 1 Diabetes. Around half of adult new onset T1D cases are
primarily misdiagnosed as type 2 diabetes (10), indicating the
significance of precise autoantibody testing for differentiating
TID from other forms of diabetes. Approximately 90% of the
diagnosed T1D cases have one or more autoantibodies directed
against pancreatic B-cells, including insulin autoantibodies (IAA),
glutamic acid decarboxylase autoantibodies (GADA), islet antigen-
2 autoantibodies (IA-2A), and zinc transporter 8 autoantibodies
(ZnT8A) (11). TAA and GADA are the earliest autoantibodies
present in circulation, appearing as early as two years of age in
genetically high-risk children (12, 13). Seroconversion to a
concurrent appearance of two or more autoantibodies in the
circulation indicates a greater risk of developing T1D by the age
of 18 years (13).

In summary, T1D development can be divided into various
phases in genetically susceptible individuals. Several genetic risk loci
associated with T1D have been identified in the human leukocyte
antigen (HLA) complex, which plays an important role in the
immune system. It is believed that T1D development cannot only
be attributed to these risk loci but rather induced by an
environmental trigger, such as viral infections or dietary
components. As a result, the immune system triggers an attack
on the body’s pancreatic -cells. This attack is associated with the
appearance of specific autoantibodies that are detectable in the
blood before the onset of clinical symptoms, which can be a strong
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indicator of future T1D onset. Conventionally, this is termed “stage
1,” where two or more islet autoantibodies are present under
normoglycemic conditions (Table 1). Stage 2 is marked by further
destruction of pancreatic f-cells, leading to a progressive decline in
insulin production and hyperglycemia.

The onset of clinical symptoms occurs when approximately 80—
90% of the B-cells have been destroyed and the body can no longer
produce enough insulin to maintain normal blood sugar levels. This
leads to clinical symptoms, such as excessive thirst, frequent
urination, weight loss, and fatigue. Regarding diagnosis, T1D is
typically diagnosed through blood tests that measure blood sugar
levels and the presence of specific autoantibodies. Once diagnosed,
the primary treatment for T1D is insulin therapy, which helps
regulate blood sugar levels and prevent complications. Since
circulating autoantibodies can be detected before the onset of
clinical symptoms, they serve as early indicators for risk
prediction and prognosis. The stages, as shown in Table 1,
provide a framework for understanding T1D progression from
the early presence of autoantibodies to the onset of clinical
symptoms and the need for insulin therapy. Early identification of
individuals at risk for T1D can help facilitate interventions to delay
or prevent the onset of the disease.

One of the benchmark techniques for the detection and
quantification of autoantibodies is radio-binding assay; however,
its use in clinical practice is limited due to radioactive isotope
requirements (14). Quantitative enzyme-linked immunosorbent
assays (ELISAs) are laborious, with numerous wash protocols and
limited scalability. Recently, there has been a growing interest in
chemiluminescence methods to detect the presence of
autoantibodies, which offers the unique advantages of reliable and
rapid detection of multiple autoantibodies at a low cost.

3 Type 1 diabetes prevention
and treatment

In T1D, the body’s immune system, specifically T-cells, attack
and destroy insulin-producing pancreatic 3-cells. Teplizumab, also
known as Tzield, is a humanized monoclonal antibody that targets
the CD3 receptor on T-cells. It is being investigated as a potential
therapy for the prevention and treatment of T1D. Teplizumab
works by binding to the CD3 receptor, which modulates T-cell
activation and, in so doing, helps preserve the remaining B-cell

TABLE 1 Stages of type 1 diabetes.

Stage Description

Stage 1 The presence of two or more islet autoantibodies under
normoglycemia (normal blood sugar levels). No clinical symptoms.

Stage 2 The presence of two or more islet autoantibodies under dysglycemia
(impaired glucose tolerance). No clinical symptoms.

Stage 3 Clinical onset of type 1 diabetes, characterized by classic symptoms
and hyperglycemia (high blood sugar levels).

Stage 4 Established type 1 diabetes, requiring lifelong insulin therapy and

management to control blood sugar levels.
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function in individuals with T1D or those at high risk of developing
the disease based on certain criteria.

In a key clinical trial published in the New England Journal of
Medicine (Herold et al., 2019), teplizumab was found to delay the
onset of T1D in high-risk individuals with a family history of the
disease and at least two detectable autoantibodies (15). The median
time to T1D diagnosis was significantly longer in the teplizumab
group (48.4 months) as compared to the placebo group (24.4
months) (15). Moreover, the risk of developing T1D was reduced
by 59% in the teplizumab group, as compared to the placebo group.
These results suggest that teplizumab could potentially be a useful
therapeutic option for the prevention of T1D, and early
intervention in indiviudals with high-risk of T1D. Teplizumab
was finally approved on November 17th, 2022 for adults and
children aged 8 years and older with stage 2 type 1 diabetes (16).

Another treatment that has shown promise is the repurposed use
of verapamil for the treatment of T1D. Verapamil is a calcium channel
blocker that is approved by the Food and Drug Administration (FDA)
for treating cardiovascular conditions, such as hypertension, angina,
and arrhythmias. Verapamil inhibits L-type calcium channels, thereby
reducing calcium channel influx, which prevents B-cell impairment
that arises due to chronic increases in calcium levels (17). Currently, the
drug is known to act by inhibiting the transcription of thioredoxin-
interacting protein (TXNIP), whose accumulation is known to increase
oxidative toxicity in the pancreas (18). TXNIP downregulation leads to
a decrease in -cell apoptosis, subsequently improving B-cell function
and ameliorating insulin production and secretion (17-19). Studies
conducted on both mice models and patients with T1D have found
that verapamil improved B-cell function and survival, ameliorated
glucose sensitivity and homeostasis, and increased insulin levels (17,
20) Moreover, in clinical trials, it was observed that verapamil reduced
the risk of new-onset diabetes when compared to other calcium
channel blockers (21).

4 Autoantibody screening

Autoantibody screening is a crucial tool for predicting and
diagnosing T1D, as the presence of autoantibodies indicates an
autoimmune response against the insulin-producing pancreatic f3-
cells (22). There are several types of autoantibody screening
methods used for T1D, including (22):

1. Radioimmunoassay (RIA): This is a highly sensitive and
specific method that uses radioactive-labeled antigens to detect
autoantibodies. RIA has been the gold standard for autoantibody
detection of T1D for several years (23). However, it involves the use
of radioactive materials, making it less suitable for routine
clinical use.

2. ELISA: This widely used method employs enzyme-labeled
antigens or antibodies to detect autoantibodies. Although it is a
cost-effective and robust method suitable for large-scale screening,
it can be less sensitive and specific, as compared to RIA (24).

3. Electrochemiluminescence (ECL) assay: This technique uses
chemiluminescent labels and electrical signals to measure
autoantibodies, offering high sensitivity and specificity. ECL assays
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are gaining popularity due to their ability to detect low concentrations
of autoantibodies and their potential for simultaneously detecting
multiple autoantibodies (multiplexing) (25).

4. Multiplex immunoassays: These assays are designed to detect
multiple autoantibodies simultaneously, improving efficiency and
reducing sample volume requirements. Multiplex immunoassays
can be performed using various platforms, such as bead-based
assays, planar arrays, and chemiluminescent assays (26).

5 Screening strategies

Various autoantibody screening strategies can be employed to
identify individuals at risk of developing T1D at various stages of
life and within different populations (27). These strategies
include (27):

1. Screening relatives of patients with T1D: As T1D has a
genetic component, first-degree relatives (e.g., siblings, children,
and parents) of individuals with T1D have an increased risk of
developing the disease. Screening these relatives for islet
autoantibodies can help identify those at risk and facilitate
early intervention.

2. General population screening: This strategy involves
screening a broader population for autoantibodies, regardless of
family history. Although it is less targeted than screening relatives,
this approach can identify at-risk individuals who would not be
detected through familial screening alone. However, this may be less
cost-effective due to the lower prevalence of T1D in the
general population.

3. Birth cohort screening: This approach involves the
prospective screening of newborns or young children for islet
autoantibodies. Early identification of autoantibody-positive
children can help monitor their disease progression and
implement preventive measures before T1D onset. Birth cohort
studies also provide valuable insights into the natural history of the
disease and potential environmental triggers.

4. High-risk group screening: This strategy targets the group of
individuals known to have a higher risk of developing T1D, such as
those with specific genetic markers (e.g., HLA genotypes), other
autoimmune diseases, or certain demographic characteristics (e.g.,
specific age groups or ethnicities). This targeted approach can
increase the likelihood of identifying individuals at risk and is
potentially more cost-effective than general population screening.

Each screening strategy has its advantages and limitations, and the
choice of approach depends on factors, such as cost, resources, and the
specific goals of the screening program. Ultimately, the early
identification of at-risk individuals through autoantibody screening
can enable timely interventions to delay or prevent T1D onset (27).

6 Advantages of early
screening strategies

Early screening for T1D offers several advantages for at-risk
individuals and the healthcare system (27, 28). These include:
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1. Early intervention: Identifying individuals with islet
autoantibodies before the clinical onset of T1D allows for the
timely implementation of preventive measures and treatments,
such as lifestyle modifications, immunotherapies, or other
experimental interventions, potentially delaying or preventing
disease onset.

2. Better glycemic control: Early detection of T1D enables
prompt initiation of insulin therapy and other diabetes
management strategies, leading to improved glycemic control.
Better glycemic control translates to a reduced risk of long-term
complications, such as retinopathy, nephropathy, neuropathy, and
cardiovascular disease.

3. Preserved residual B-cell function: Initiating early treatment
may help preserve residual -cell function, which is associated with
better glycemic control, fewer hypoglycemic events, and a reduced
need for exogenous insulin.

4. Psychological benefits: Early identification of those at risk of
T1D can help individuals and their families prepare for potential
lifestyle changes, adjust to the idea of living with diabetes, and seek
appropriate psychological support if needed.

5. Enhanced understanding of T1D pathogenesis: Large-scale
screening programs and longitudinal studies can provide valuable
insights into the natural history of the disease, the role of
environmental factors, and the interaction between genetic and
environmental risk factors.

6. Cost-effectiveness: Early intervention and improved disease
management can ease the burden on healthcare by reducing costs
associated with diabetes complications and hospitalizations. Having
said that, the cost-effectiveness of screening depends on the specific
screening strategy and target population.

It is essential to weigh these potential benefits of T1D screening
against the possible psychological, social, and financial impacts on
individuals and their families. Informed decision-making and
appropriate support systems are crucial for the effective
implementation of early screening programs (14, 29, 30).

7 Multiplexing autoantibody screening

Multiplexing autoantibody screening for T1D offers several
advantages over traditional single autoantibody assays, making it
an attractive option for large-scale screening programs and research
applications (26). The advantages include:

1. Increased efficiency: Multiplexing allows for the simultaneous
detection of multiple autoantibodies in a single assay, streamlining
the screening process and reducing the time and labor required to
analyze multiple samples.

2. Reduced sample volume: Multiplex assays often require
smaller sample volumes than single autoantibody tests, making
them more suitable for pediatric populations or individuals with
limited blood sample availability.

3. Cost-effectiveness: By measuring multiple autoantibodies in a
single assay, multiplexing can reduce the cost per sample, making it
a more cost-effective option for large-scale screening initiatives.

4. Enhanced diagnostic accuracy: Detecting multiple
autoantibodies can increase the sensitivity and specificity of T1D
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risk assessment, enabling better identification of at-risk individuals
and minimizing false-positive or false-negative results.

5. Comprehensive risk assessment: Some individuals with T1D
may have only one detectable autoantibody, while others may have
multiple autoantibodies. Multiplexing allows for a more
comprehensive assessment of autoantibody profiles, enabling a
better understanding of an individual’s risk for disease progression.

6. Improved research capabilities: Multiplex autoantibody
assays can provide more extensive data on the autoantibody
profile of individuals with T1D or at risk for the disease, which
can be valuable for researchers studying the pathogenesis of T1D,
the role of autoantibodies in disease progression, and potential
therapeutic interventions.

Despite these advantages, it is essential to ensure that multiplex
autoantibody assays are carefully validated and optimized for
sensitivity, specificity, and reproducibility before being adopted
for large-scale screening or research applications.

8 Kuwait multiplexing
chemiluminescent
autoantibody screening:

Our team has been working diligently to develop a multiplexing
chemiluminescent autoantibody screening kit for the simultaneous
detection of three key autoantibodies associated with T1D,
including GADA, TA-2A, and ZnT8A. This innovative screening
approach offers several benefits over traditional single autoantibody
assays as mentioned above including increased efficiency, reduced
sample volume requirements, cost-effectiveness, enhanced
diagnostic accuracy, and comprehensive risk assessment.
Throughout the development process, we focused on optimizing
the assay’s sensitivity, specificity, and reproducibility. Our goal is to
create a reliable and accurate tool for identifying individuals at risk
of T1D and facilitating early intervention strategies to prevent or
delay disease onset. The study was conducted in accordance with
the Declaration of Helsinki and approved by the Institutional
Review Board at Dasman Diabetes Institute (protocol code RA-
MOH-2021-016 and date of approval: Sep 11-2021).

The multiplexing chemiluminescent autoantibody screening kit
that we are developing has the potential to transform the way T1D
screening is performed, offering a more efficient and cost-effective
solution for large-scale screening programs and research
applications. By enabling the simultaneous detection of GADA,
IA-2A, and ZnT8A, our screening kit can provide a more
comprehensive assessment of an individual’s risk for T1D and
contribute to an improved understanding of the disease’s
pathogenesis, paving the way for the development of novel
therapeutic interventions. Refer to Figures 1 and 2.

The development of the Q-PlexTM Human Diabetes Panel 1 (2-
Plex) was completed by Quansys Biosciences (Logan, UT, USA)
with ZnT8A under development. Multiplexed plates were created
by printing the proteins onto a high-binding polystyrene clear-
bottom plate, that was subsequently blocked to prevent nonspecific
binding. Breifly, the manufacturer’s protocol for running the assay
were as follows:
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ROC analysis for the multiplexing data for both IA2A and GADA.
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FIGURE 2

Graphs depicting patients with T1D positive for GADA and IA-2A detected by chemiluminescent assay, whose values were negative with ELISA.

50 uL of plasma (at a 1:200 dilution in sample diluent), calibrator,
or controls were pipetted into the wells and left to incubate for 45
minutes. The plate was then washed three times to remove any
unbound IgG, and 50 pL of a biotinylated anti-human IgG mixture
was added to each well for 30 minutes. After an additional 3 washes to
remove unbound biotinylated antibody, 50 pL of streptavidin-
horseradish peroxidase (SHRP) was added to each well for 15
minutes. The plates were washed an additional six times. The
remaining amount of SHRP on each location of the array is
proportional to the initial amount of human IgG antibody reactive
to GAD-65, TA-2, and total human IgG (positive control) that was
captured. To measure the amount of conjugated enzyme on each
location of the array, a chemiluminescent substrate was added, which
reacts with the SHRP. The resulting chemiluminescent signal was then
measured, which is proportional to the amount of human IgG
antibodies reactive to GAD-65 and IA-2 in the original sample. By
comparing the signal to the wells loaded with a calibrator, the quantity
of bound IgG per sample was calculated.

Using the above protocol several metrics were used to validate
the assay.

The upper limit of quantification (ULOQ) on initial lots was
determined to be 4650 U/mL for GAD-65 and 1960 U/mL for IA-2.
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The lower limit of quantification (LLOQ) was 0.099 U/mL for
GAD-65 and 0.012 U/mL for IA-2. Intra-array cross reactivity was
tested by separately spiking IA-2 into the sample diluent at 10ug/
mL and GAD65 at lug/mL. Corresponding signal depression
(>50%) on 3 unique samples was seen for both analytes. Intra-
assay precision was measured using 20 replicates of 3 samples on 3
kits and found to have an average percent coefficient of variation (%
CV) of 13% for GAD 65 and 15% for IA-2. Inter-assay precision was
measured using at least 4 replicates of 3 samples on 8 kits and found
to have an average %CV of 12% for GAD65 and 17% for IA-2.
Sample correlation to predicate assays run at the Dasman Diabetes
Institute (DDI) on 20 samples showed 0.80 for GAD-65 and 0.95 for
IA-2. Analytes in samples diluted between 1 to 200 and 1 to 3200
exhibited a percent linearity between 80-120%. Bilirubin, lipids, and
human antimouse antibodies do not interfere with the assay at
concentrations expected in clinical samples. Hemoglobin
significantly interacts with both analytes at a concentration above
1.25 mg/mL. Hemolyzed samples should not be used in the array.
All wells used in a single kit should be loaded within 5 minutes upon
beginning the assay. Shelf-life stability testing is ongoing.

The T1D screening kit shows great promise especially with the
development of new medications but comes with several
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limitations. Demographic factors like age and gender influence the
prevalence of T1D autoantibodies, necessitating careful result
interpretation across diverse populations. The risk of false
positives and negatives, exacerbated by factors like hemolysis,
requires strict quality control. The kit’s cost-effectiveness should
be evaluated, accounting for potential savings from early
intervention. However, such a program can be potentially
effective at reducing the burden of T1D.

9 Conclusions

In conclusion, early screening of individuals at risk for
developing T1D is crucial for timely intervention and potentially
preventing or delaying the onset of the disease. Identifying at-risk
individuals enables healthcare providers to implement preventive
measures, tailor treatment plans, and improve overall patient
outcomes. The development and implementation of efficient and
reliable screening methods are essential for achieving this goal.

Multiplexing chemiluminescent assays offer significant
advantages for T1D screening, particularly in cases where low
blood volume samples are required. By enabling the simultaneous
detection of multiple autoantibodies, these assays provide a
comprehensive assessment of an individual’s risk for TID while
maximizing efficiency. This makes multiplexing chemiluminescent
assays particularly well-suited for pediatric populations and large-
scale screening initiatives.

Moreover, adopting multiplexing chemiluminescent assays for
T1D screening can lead to cost savings, enhanced diagnostic
accuracy, and a more extensive understanding of the disease’s
pathogenesis. Ultimately, widespread implementation of such
advanced screening methods has the potential to revolutionize
T1D risk assessment and contribute to the development of novel
therapeutic interventions, improving the lives of numerous
individuals affected by or at risk from this chronic condition.
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