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Abstract

Introduction: Type I diabetes (T'1D) is an autoimmune disease with a prediabetic, asymptomatic period characterized by the
selective destruction of insulin-producing {3 cells. During the pre-clinical phase, various auto-antibodies are generated against
several beta cell antigens such as anti glutamate acid decarboxylase (Anti-GAD), anti tyrosine phosphatase (Anti-IA2). Today,
the coupled detection of Anti-IA2 with that of Anti-GAD proves its great importance in the diagnosis and prediction of
type 1 diabetes. The combined positivity for both antibodies has a specificity and a positive predictive value of 100%. Objec-
tives: In this work, we evaluate the diagnostic value of anti-GAD and anti-IA2 antibodies in a series based on 78 Moroccan
subjects initially under 16, suspected T1D.

Results and Discussion: Our series consists mainly of 74% of newly diagnosed patients for T1D and 26% of confirmed
diagnostic patients, of whom 52% are females. The mean age of diagnosis is 7 T 4 years, the mean of HbAlc at the time of
diagnosis is 11.63 £ 2.16%, and the percentage of family history in our series is 69%. The proportion of positive results for
anti-IA2 antibodies and anti-GAD antibodies are, respectively, 76.92% and 62.82%, and 52.56% of patients are positive for
both auto-antibodies. This study confirms that anti-GAD and anti-IA2 auto-antibodies assays can detect patients early and
the autoantibodies can persist several years after diagnosis of type 1 diabetes.

Conclusion: This study confirmed the diagnosis and classification of T1D (type 1A) in 87.18% of patients, and we reported
that the prevalence of anti-GAD and anti-IA2 is higher in girls than in boys.
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Introduction of cases (type 1A) resulting from the selective destruc-
Type 1 (T1D) or insulin-dependent diabetes mellitus tion of insulin-producing B-cells in the pancreatic is-
(IDDM) is an autoimmune disease, with the majority let in subjects with increased susceptibility. This occurs

at a variable rate and becomes clinically symptomatic

when approximately 80-90% of pancreatic B-cells are
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rosine phosphatase (anti-IA2), anti-Islet cell (ICA) and
anti-transporter 8 zinc (anti-ZnT8) >

At least one of these autoantibodies is present in 95%
of the individuals who have DT1, after the detection
of the hyperglycemia. These auto-antibodies can be
effectively used for the prediction of type 1 diabetes,
and they can serve as early markers of DT1, given their
persistence in patients' sera for years prior to the devel-
opment of diabetes type 1, at the time of diagnosis and
even after diagnosis **.

Currently, the best method of early detection and diag-
nosis of DT1 is based on the use of combined tests of
these autoantibodies. The measurement of anti-GAD
with anti-IA2 detects autoimmunity with the same fre-
quency (approximately 85%) as the measurement of
anti-islet cell antibodies (ICA), which suggests to re-
placing the ICA with anti-GAD and anti-IA2 testing as
a diagnosis tool for islets auto-immunity in children >.
It was demonstrated that the ICA, but not the an-
ti-GAD, disappeared a few years after the diagnosis of
diabetes. This suggests that ICA can be more closely
related to the damage to beta cells than anti-GAD .
Anti-GAD is present in 80% of newly diagnosed dia-
betic children. They are directed against a 65 kDa pro-
tein called glutamate acid decarboxylase (GAD). Human
GAD is an enzyme found in the brain and pancreas, it
catalyzes the decarboxylation of glutamic acid to 7-am-
inobutyric acid (GABA) with the release of CO2°%.

In the pancreas, GABA exerts anti-diabetic effects by
acting on both islet 3-cells and the immune system.
Furthermore, GABA suppresses insulitis and the sys-
temic production of inflammatory cytokines”’.
Anti-IA2 antibodies are circulating antibodies found in
78% of type 1 diabetics at the time of diagnosis. They
are directed against peptide fragments of 37 to 40 kDa,
which are obtained after trypsinization of Langerhans
islet homogenates.

IA2 (insulinoma-associated protein-2) is an intracellular
protein, widely expressed in the body, which has a neg-
ative regulatory role on the insulin-signaling pathway. It
plays a crucial role in pancreatic § cells by regulating cell
proliferation and apoptosis .

The detection of anti-IA2 coupled with that of an-
ti-ICA and/or anti-GAD confer a predictive value of
75 to 100% over the next five years in at-risk popula-
tions .

In Morocco, according to the Ministry of Health, there
are more than 2 million diabetics, including 15,000
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children who ate being followed up for a T1D ''. Un-
fortunately, no investigation of autoantibodies in T1D
has been published. We thus envisage a primary study
in Morocco on the research of the anti-GAD and an-
ti-IA2 antibodies in the diagnostic exploration of a se-
ries of 78 Moroccan subjects suspected of having type
1 diabetes.

Patients and methods

Patients

Our study concerns 78 children aged from 1 to 16 years
who were followed up for an evocative table of T1D
at Abderrahim Harouchi Children's University Hospital
in Casablanca, Pediatric Endocrinology Unit. This was
done in comparison to a series of confirmed diagnostic
patients for type 1 diabetes.

Diabetes was defined according to the criteria set by
ISPAD in 2018 ™2

The patients were all hospitalized with a clinical symp-
tomatology evocative of inaugural T1D: a cardinal syn-
drome (polyuria, polydipsia, etc.) with or without ke-
toacidosis or ketosis. Some children already known to
have T1D were hospitalized for a glycemic imbalance
(hypoglycemia or diabetic ketosis).

Our patients are 74% newly diagnosed with T1D and
26% with confirmed diagnoses.

Methods

Clinical examination

We studied the demographic, clinical, and biological
characteristics of all patients in our series by analyzing
their files through the Excel program. A questionnaire
was well established in this sense, including age, sex,
family history, complications, etc.

A dosage of Anti-GAD and Anti-IA2 antibodies
Throughout one year, in the Pediatric Endocrinology
Unit at the Hospital University of Abderrahim Harouchi
of Casablanca, sera were obtained mostly during the in-
itial hospitalization at the onset of the disease—on av-
erage within 10 days of diagnosis—for newly diagnosed
patients, as well as for confirmed diagnosis patients for
type 1 diabetes.

Samples of patients were analyzed by ELISA tests us-
ing anti-GAD and anti-IA2 commercial kits (EURO-
IMMUN, Germany).

These are a quantitative in vitro assay for the detection
of human autoantibodies against glutamic acid de-
carboxylase (GAD) and protein tyrosine phosphatase
(IA2), with 99 % of specificity for the Elisa kits.
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The anti-GAD or anti-IA2 ELISA uses the ability of
autoantibodies to act bivalently and bridge the antigen

(GAD or IA2) immobilized on the microplate and the
biotinylated antigen in the liquid phase (Fig 1).
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Fig 1 : Principle of the ELISA Anti-GAD / Anti-1A2.

In the first reaction step, patient samples are incubated
in the wells. If samples are positive, specific antibodies
bind to the IA2 or GAD.

Bound antibodies can act divalently and form a bridge
between IA2 or GAD on reagent wells and biotin-la-
belled TA2/GAD, which is added in a second incuba-
tion step. To detect the bound biotin, a third incubation
is carried out using enzyme-labelled avidin (enzyme
conjugate), catalyzing a color reaction.

The intensity of the color formed is proportional to the
concentration of antibodies against IA2.

The photometric measurement of the staining intensity
is taken at 450 nm wavelength for low levels < 35 IU
/ ml and then at 405 nm for high concentrations > 35

1U / ml.

According to the EUROIMMUN protocol, all the val-
ues of the results < 10 IU / ml are negative, and those
> 10 IU / ml are positive.

Results

Demographic, Clinical, and Biological Character-
istics

Our series consists of 74% of newly-diagnosed patients
for T1D and 26% of confirmed diagnosis patients, with
52% of girls and 48% boys.

The mean age of the patients studied is 7 = 4 years
ranging from 1 to 16 years, and the median is 7 [4-11]
(Table 1).

Table 1. Demographic, clinical and biological data of patients in our series.

Age of patients (years)
Body weight (Kg)
BMI (Kg/m?)

Age at diagnosis (years)

Diabetes duration (months)

HbAlc (%)

Fasting blood glucose (g /1)

7+4
24 +9,57
17,26 + 3,36
7+4,50
9+20
11,63 +2,16
3,32+1,41

Mean + SD, BMI, body mass index; HbAlc, glycated hemoglobin.
The average HbAlc is 11.63 + 2.16%, fasting blood glucose, reported for 39 patients (48.13%),
ranged from 1.1 to 8.4 g/1and averaged 3.32 +1.41 g/1.
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The mean age of diagnosis is 7 = 4.50, and the median
is 6 [4-9], with a diabetes duration ranging from a few
days to 8 years.

The average HbAlc is 11.63 * 2.16%,; fasting blood
glucose, reported for 39 patients (48.13%), ranged from
1.1to 8.4 g /land averaged 3.32 £ 1.41 ¢ / L

Our results show that 69% of patients have a family
history of diabetes, 44% of whom have that of a pater-
nal origin, of which 19.5% have a type 1 diabetic father.
The portion of ketoacidosis is 46%, and the percentage
of ketosis is 30% for newly diagnosed patients; there is
4% hypoglycemia, and 19% imbalance for former pa-
tients (Fig 2).
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Fig 2 : Percentage of different reasons for hospitalization for type 1 diabetic
patients (Ketoacidosis, Ketosis, Imbalance, Hypoglycemia).

Dosage of anti-GAD and anti-IA2 autoantibodies

The proportion of positive results for anti-IA2 and an-
ti-GAD antibodies are, respectively, 76.92% and 62.82%;

52.56% of patients are positive for both autoantibodies
(anti-GAD, and anti-IA2), and only 12.82% of patients
are negative for both autoantibodies (Fig 3).
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Fig 3 : Representation of the positivity of Anti-IA2 and Anti-GAD antibodies, the
combination of 2 autoantibodies, and the percentage of 2 negative autoantibodies.
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The mean concentration of anti-IA2is 139.41 TU / ml,
and the mean concentration of anti-GAD is 80.60 IU /
ml; the median of the anti-GAD antibodies is 34.13 1TU
/ ml, and for antibodies against IA2, itis 19.62 1U / ml.
According to the results obtained, 87.18% of the pa-
tients in our series have type 1A diabetes with one of
the positive antibodies', whereas 12.82% of the patients
have both negative antibodies.

Among the 69% of patients with a family history of di-
abetes (53 patients), 61% are positive for both auto-an-
tibodies; 77% positive for anti-IA2, 61% for anti-GAD
For the 24 patients without a familial history of diabe-
tes, 62.5% of them were positive for both autoantibod-
ies, with 80% anti-IA2 positive and 66.7% anti-GAD
positive.

We reported that 71% of gitls are positive for the two
antibodies as opposed to 54% of boys who are positive.
We undertook to evaluate the evolution of the concen-
trations of these antibodies according to the duration
of T1D ranging from a few days for newly diagnosed
patients to 8 years of T1D for the oldest patients of
our series.

We noted that 60% of former diabetic patients up to 8
years of T1D have positive results for both antibodies.

Discussion

The mean age at diagnosis in our series is 7 = 4.5 years;
this is close to that reported in other international se-
ries, such as Tunisia, with 8.16 years13, and Korea at 8.9
T 4.0 (14) (Table 2).

Table 2. Comparative table of the different demographic, clinical and biological characteristics of our
series compared to other series.

Our Series Tunisian Series  Korean Series  Chinese Series
(2009) (14) (2017) (23) (2016) (13)
Age at diagnosis (years) 7+4,50 8,16 8,914,
Hbalc (%) 11,63 12,16 12.35% 11,5+3
Family history (%) 69% 21% pour le 40% 9,8%
TiD
Ketoacidosis (%) 46% 23% 49% 44,6%

Mean £ SD
HbA1c, glycated hemoglobin; T1D, type 1 diabetes.

The mean glycated hemoglobin in our series11, 63 is
very close to that of the Chinese series 11.5 = 3 and less
than the average reported in the Korean series, which
was 12.35%.

We reported that 69% of our patients have a family his-
tory of diabetes, which can promote the increase of the
risk factor to develop a T1D, and it may be due to a he-
reditary factor that has been transmitted from parents
to their children.

Anti-IA2 is an antibody associated with the genotype
DR4 and HLA class II of high-risk alleles (DRB1 *
0401 DQA1 * 0301 DQB1 * 0302 and DRB1 * 0402
DQAT * 0301 DQB1 * 0302) .

This study shows that 76.92% of our patients are pos-
itive for anti-IA2, which may be due to the high genet-
ic predisposition of the Moroccan population to T1D
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since our patients come from 15 different cities of Mo-
rocco'*.

The early forms of T1D are marked by a high preva-
lence of high-risk class IT HLA alleles (DRB1 * 03 and
* 04) and antibodies specifically directed against tyros-
ine phosphatase IA-2 and zinc transporter ZnT8 . We
can, therefore, conclude that 76.92% of our patients
have an early form of T1D.

12.82% of our newly diagnosed patients have both
negative antibodies, may be either with type 1B diabe-
tes or type 2 diabetes, but for the only former diabetic
patient (known for 3 years) who is negative for both
antibodies, this may be explained by the total absence
of antigens due to the destruction of Langerhans beta
cells, resulting in the negativation of autoimmune au-
toantibodies”.
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Humoral autoimmunity against the pancreatic islet,
regarding of the prevalence of autoantibodies against
GADOG5 and IA2, is more common in diabetic women
than in men'®.

The increased frequency of anti-GAD in women is in
agreement with published data—71% of girls are posi-
tive for the two antibodies as opposed to 54% of boys.
In addition, the difference in the frequency of an-
ti-GAD between women and men is more evident in
the 11-20 age group'®, suggesting a possible involve-
ment of female hormones in autoimmune processes.
In agreement with the previous reports, a higher preva-
lence of anti-IA2 is noted in the female diabetic group
(80.5%) compared to the male diabetic group (73%).
The anti-IA2 is the first marker to appear among chil-
dren followed from birth to the development of diabe-
tes?.

Half of all IA2-positive children remain 12 years after
diagnosis, and anti-GAD can persist in the sera of the
patients 8 years after the diagnosis®.

We noted that 60% of former diabetic patients up to 8
years of T1D have positive results for both antibodies.
Therefore, both anti-GAD and anti-IA2 antibodies can
persist and be detected several years after the diagnosis
of type 1 diabetes.

We agree with the findings of Quirine T et al. in their
recent study published in 2016 on 990 diabetic patients,
which confirms the persistence of anti-GAD several
years after the diagnosis of T1D >\

Conclusion

This study confirmed the diagnosis and the classifica-
tion of T1D (type 1A) in 87.18% of our patients, and
in agreement with published data, we reported that the
prevalence of Anti-GAD and Anti-IA2 is higher in girls
than in boys.

The percentage of family history in our series is very
important compared to neighboring countries (Algeria
and Tunisia) *»'*; we probably have a particular genetic
profile that is favorable, with this hypothesis of genetic
predisposition.

This genetic predisposition needs to be confirmed by
HLA typing, looking for other genes, and an increase in
sampling is required.

This study confirms that Anti-GAD and Anti-IA2 can
persist for several years after the diagnosis of T1D.
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