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ABSTRACT

Background: Human Type 1 diabetes (T1D), previously called Juvenile-
onset diabetes is one of the most common chronic, multifactorial diseases of
autoimmune origin with a strong genetic component, affecting about 542 000
children in the world and represents about 5-10% of all cases of diabetes. Human
enteroviruses (HEVS), particularly Coxsackie B viruses (CVBs), might trigger the
onset of type 1 diabetes (T1D).

Objectives: Find out any relation between the Coxsackie virus type B3 &
B4 infections in addition to GAD65 autoantibodies and the development of TLDM

Patients and Methods: A matched case-control study was conducted and
sixty cases and 120 controls were enrolled in the study.Enzyme-Linked
Immunoassay (ELIZA) technique was used to detect IgM and 1gG in serum against
the Coxsackie B3 , B4 and GAD65 (Glutamic Acid Decarboxylase 65)
autoantibodies of both cases and controls. Qualitative detection of the RNA of the
Coxsackie B3 & B4 viruses in the cases and controls by the conventional PCR
method using suitable primers in both cases and control. Molecular detection of the
CB3 and CB4 RNA was done using according to the manufacturers’ instruction.

Results:The following risk factors were found to be independently
associated with illness, it were significantly associated with illness and at higher
risk of TLDM : CB4 IgM Positivity (OR 47 [95% = 6.1-364.1], p = 0.0002).), CB4
RNA Positive (OR 39.6 [95%CI= 5.1 — 309], p = 0.0004 1gG Antibodies against
both CVB3 and GAD65 (OR 32.9 [95%CI = 4.2 - 258.7], p = 0.0009). , GAD65
IgG Positivity (OR 11.8 [95% CI = 4.4 — 31.2], p = 0.001).and IgM Antibodies
against both CB4 andGADG5 (OR 8.8 [95%Cl = 2.7 — 28.2], p = 0.0002).

other risk factors like CB3 IgM Positivity (OR 1.7 [95%CI = 0.6 — 4.5] p=
0.2),CB3 IgG Positivity((OR 1.3 [95%CI = 0.7-2.4], p=0.3).CB4 IgG Positivity(OR
2.1 [95%CI = 0.9-44], p = 0.06) and IgM -Antibodies against both CB3andGADG65
((OR 1.3 [95%CI = 0.3 — 5.0], p = 0.6) with a moderately increased risk of illness,
but these were not statistically significant.

CB3 RNA Positive (OR 0.8 [95%CI= 0.3 -1.9] p = 0.6), GAD65 IgM
Positivity (OR 0.7 [95%CIl = 0.4 — 1.5], p = 0.7), 1gG Antibodies against both CB4-
GADG65 (OR 0.9 [95%CI = 2.9 — 8.8], p = 0.05) was not associated with illness as
these were not statistically significant with the decreased risk of illness and has
protective role against infection with T1D.

Conclusions: We propose that children aged less than 17 years are at risk of
T1D infection if exposure to CB4 whereas CB3 has protective role.
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INTRODUCTION
Human Type 1 Diabetes Mellitus (T1DM),
previously called insulin-dependent diabetes
mellitus (IDDM) or juvenile-onset diabetes
is one of the most common chronic
multifactorial diseases of autoimmune origin

with a strong genetic component
(Christoffersson et al., 2016).
According to the World Health

Organization,180 million individuals are
living with diabetes and approximately 5-
10% (18 million) have T1DM(Jensen et al.,
2011). The disease is caused by selective
destruction of the insulin-producing B cells
in the islets of Langerhans of the pancreas
resulting in a gradual loss of insulin
production leads to the hyperglycemia and if
uncontrolled, to the life-threatening state of
ketoacidosis. T1DM is considered a
childhood disease because most patients
develop T1DM by less than 20 years of age
and more often affecting children less than
five years of age(Christoffersson et al., 2016;
Ziegler et al., 2013; Karvonen et al., 2000).
The true cause of type 1 diabetes is
unknown, but both genetic predisposition
and environmental factors are thought to
affect both the initiation and the rate of
T1DM disease progression (Atkinson et al.,
2014; Pociot and Lernmark 2016).Genetics
IS an important factor in the development and
predilection of type 1 diabetes, but
environmental factors are the triggers for the
disease (Pociot and Lernmark 2016).
However, since only a small fraction of
people with this genetic risk eventually
develop the T1DM; the environmental
factors are believed to play the important
role in the pathogenesis of the disease. Type
1 Diabetes Mellitus is thought to be triggered
by many factors, as certain viruses, some
dietary factors such as cow's milk protein,

neonatal delivery, antibiotics and host
microbiome (Insel et al., 2015; Kostic et al.,
2015).

Human enteroviruses (HEVS),

particularly the Coxsackie B viruses (CVBs)
was thought to trigger the onset of T1DM
either by direct infection of the insulin-

producing beta-cells or by an indirect
inflammatory response.(Atkinson et al.,
2014)

Literature shows the involvement of
enteroviruses in  development  and/or
accelerating of type 1 diabetes mellitus
(T1D) (Coppieters et al., 2012). Recently, a
high-frequency immune response  for
different coxsackie B virus (enteroviruses)
serotypes were reported among newly
diagnosed T1D (Hober et al., 2013).

Reports from Irag showed increase in
the prevalence of T1D (Almahhfoodh et al.,
2017). It was explained by changing
economy in lrag. This reported increase
might be out of enhancement of transmission
of enteroviruses e.g. coxsackievirus. It is a
result of social strife (widespread violence
and internal displacement of families).

In Iraq, there is no previous work that
studied the relation of the Coxsackie virus
types with the development of TIDM. The
aim of the study was to show an association
between the Coxsackie B3 & B4 virus
infections and the development of T1DM in
patients less than 17 years age group.
Hepatocellular carcinoma (HCC) is the most
widely recognized primary liver tumor
(Balogh et al., 2016; Abdel-Hamid et al.,
2018). Incidence varies widely between
geographical areas, probably because of
variations in the exposure to hepatitis virus
and other environmental pathogens (EI-
Serag, 2001). The clinical risk factors
include cirrhosis, chronic

MATERIALS & METHODS

This is a case-control study applied in
the Children's Central Hospital in Baghdad
and in the Microbiology Department of the
College of Medicine, Al-Anbar University
during the period from the 30th of January
to the 30th of September 2018 for
investigating of a group of recently
diagnosed T1DM aged less than 17 years
admitted to the hospital and compare each
case with two (2/1) age, sex and residency
matched healthy controls selected at the
same time of diagnosis of the index case
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from the health centers and kindergartens in
Baghdad to find out any relation between the
Coxsackie virus type B3 & B4 infections and
the development of T1IDM. A total of 60
newly diagnosed T1D patients and 120
healthy controls were included in this study.
The sample was age, sex and residency
matched controls. Enzyme-Linked
Immunoassay (ELIZA) technique was used
to detect IgM and IgG in serum against the
Coxsackie B3, B4 and GADG65 (Glutamic
Acid Decarboxylase 65) autoantibodies of
both cases and controls. Qualitative detection
of the RNA of the Coxsackie B3 & B4
viruses in the cases and controls by the
conventional PCR method using suitable
primers in both cases and control .Molecular
detection of the CB3 and CB4 RNA was
done using according to the manufacturers’
instruction.

Five ml of blood was collected from
both cases and controls. Two ml immediately
centrifuged at 3500 RPM at room
temperature and stored at -20°C for use for
ELISA for testing for the IgM & IgG
antibodies levels. The other 3 ml were
collected in a sterile EDTA containing tubes,
centrifuged and plasma separated and stored
at - 80°C until. All the EDTA blood samples
were rapidly aliquoted in 100 ml, mixed with
RNase inhibitor (Boehringer, Mannheim,
Germany), 20 IU for every 100 ml for
molecular study.

Statistical comparison of the IgM &

IgG antibodies and PCR RNA results
between the cases and controls to assess the
risk significance of the Coxsackie B3, B4
and GADG65 infection for the development of
T1DM in addition to GADG65 autoantibodies
using the odds ratio by epi-info and SPSS
Version 23. OR and 95%CIl was done to
assess the differences between cases and
control in antibodies against CVB3 and
CVB4, autoantibodies against GAD65 and
RNA. P value < 0.05 was considered
significant.
RESULTS

The age of T1D patients was 8.3 = 4.1
year and the age of healthy control was 9.7 £
4.7 year. No significant difference in age was
noticed between cases of T1D and healthy
control (t =1.5, d.f.=178, p = 0.1). The male
to female ratio was 1.3:1 in cases and
control.

Serologic testing for the diagnosis of
CB3and CB4 viruses in addition to GAD 65
autoantibodies infection involves
measurement of a panel of distinct specific
antigens and host antibodies that react to
these antigens.

The results of CVB3 RNA on the
agarose gel electrophoresis revealed the
presence of a small DNA band with a
molecular weight of about 234 base pair
fragment was amplified, which confirmed
the RNA genome of CB3 virus in total RNA
extracted from the plasma of T1DM patients

(Fig. 1).

Fig. 1:Analysis of RT-PCR product using 1% agarose gel electrophoresis. The amplified 234 bp fragment
confirmed the RNA genome of CVB3 in the extracted total RNA.Lane (M) Molecular weight markers
(100 bp DNA ladder).Lane (1) Positive control. Lane (3) Negative control. Lane (5) Negative sample.
Lanes (2, 4 &6) positive samples resulting from PCR product.
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The results of CVB4 RNA on the agarose
gel electrophoresis revealed the presence of a
small DNA band with a molecular weight of
about 436 base pair fragment after second

PCR amplification was amplified which
confirmed the RNA genome of CB4 virus in
total RNA extracted from the plasma of
T1DM patients (Fig. 2).

Fig. 2:Agarose gel electrophoresis revelation of semi-nested RT-PCR products. Lane(M)
Molecular weight markers (100 bp DNA ladder).Lane( 1) Positive control. Lane (2)
Negative control.Lane(4) Negative sample.Lanes (3, 5 &6) positive samples resulting

from second PCR product

CVB4 IgM was detected in 17 (28.3%)
of the T1D patients and 1 (0.83%) of the
controls. The presence of CVB4 IgM was
significantly associated with T1D (OR 47
[95% = 6.1-364.1], p = 0.0002).

In 8 (13.3%) TID patients and 10
(8.3%) controls, CVB3 IgM was detected.
CVB3 IgM was not significantly associated
with TID (OR 1.7 [95%CI = 0.6 — 4.5] p=
0.2).

In T1D patients and controls CVB4
IgG was detected in 16 (26.7%) and 18
(15.0%) among T1D patients and controls,
respectively. The association between CVB4
IgG and T1D was not significant (OR 2.1
[95%CI = 0.9-44], p = 0.06).

Out of the T1D patients and controls,
31 (51.7%) and 54 (45.0%) were positive for
CVB3 1gG. No significant association
between T1D and CVB3 IgM (OR 1.3
[95%CI = 0.7-2.4], p=0.3).

RNA of CVB4 and CVB3 was detected
in 15 (25.0%), 9 (15.0) of T1D patients
65and in 1 (0.83%) and 21 (17.5%) of
healthy controls, respectively. CVB4 RNA
was significantly associated with T1D (OR

39.6 [95%CI= 5.1 — 309], p = 0.0004) and
CVB3 RNA was not significantly associated
with T1D (OR 0.8 [95%ClI= 0.3 -1.9], p =
0.6).

As some patients were developed two
types of antibodies at the same time one for
CVB and other for GADG65 and the results of
those patients as follows:-

IgM Antibodies against both CVB4
and GADG65, and those with IgM Antibodies
against both CVB3 and GAD65 were
detected in T1D patients, 14 (23.3%) and 4
(6.7%), respectively; and in healthy controls
4 (3.3%) and 6 (5.0%), respectively. T1D
was significantly associated with those group
of patients who carry IgM Antibodies against
both CVB4 and GAD65 (OR 8.8 [95%CI =
2.7 — 28.2], p = 0.0002) and was not
significantly associated with those group of
patients who carry IgM Antibodies against
both CVB3 and GAD65 (OR 1.3 [95%CI =
0.3-5.0], p=0.6).

Out of the T1D patients, 8 (13.3%) and
13 (21.6%) were positive for IgG Antibodies
against both CVB4 and GADG65, and those
with 1gG Antibodies against both CVB3 and



Relation of Coxsackie B3 and B4 Viral Infections for Development of type 1 Diabetes Mellitus in Children 5

GADSG65, respectively. Of controls, 6 (5.0%)
were positive for 1gG Antibodies against
both CVB4 and GADG65 and 1 (0.83%) were
positive for those with 1gG Antibodies
against both CVB3 and GADG5,
respectively. T1D was not significantly
associated with those group of patients who
carry 19gG Antibodies against both CVB4 and
GADG5 (OR 0.9 [95%CI =29 - 88],p =
0.05) and was significantly associated with
those group of patients who carry 19G
Antibodies against both CVB3 and GAD65

(OR 32.9 [95%CI
0.0009).

GADG65 IgM and IgG Autoantibodies
against beta cells of islet were detected in 21
(35.0%) and 23 (38.3%), respectively, of
T1D patients and detected in 49 (40.8%) and
6 (5.0%), respectively of healthy controls.
The GADG65 IgM was not significantly
associated with T1D (OR 0.7 [95%CI1 = 0.4 —
1.5], p = 0.7. GADG65 IgG was significantly
associated with TID (OR 11.8 [95% CI = 4.4
— 31.2], p= 0.001).These findings are
presented in Table (1).

= 42 - 2587 p =

Table 1: Multiple analysis of 1gG, IgM against CB3, CB4, GADG65 Risk factors of newly
DiagnosedT1DM infection, unmatched case-control study.

T1DM Cases

Antibody & PCR results N= 60 (%)

Dfale 34 (36.7%)
Female 2610(43.3%)
CVB4 IgM 160 (28 3%)
CVB3 IgM /60 (13.3%)
CB4 [=G 16060 (25%)
CWB3 IeG 3160 031.67%)
CVB4 ENA Positive 15/60(25.0%)

CB3 FNA Postfive
I=M Antibodies against both

QB0 (15.0%)
14/60 (23 3%)

CVB4 and GAD6S
IeM Antibodies against both . ~o,
CVB4 and GADES 460 (6.75)
IzG Antibodies against both ; .
CVB4 and GAD6S 8/60 (13.3%)
IzG Antibodies against both 2 .,
CVB2 and GAD6S 13/60 (21.7%)
GADSS IM Positivity 21/60 (35.0%)
GADG3 [5G Positivity 23760 (38.3%)
DISCUSSION

Evidence of a role for viral infection
in the development of T1D appears from
epidemiological studies that showed an
increased incidence of T1D after enterovirus
epidemics (Wagenknecht et al., 1991). This
study was carried out after the presumptive
epidemic of enteroviruses during and after
conflicts (violence, displacement, crowding
and unhygienic situation) which enhanced
transmission of enteroviruses.

This study revealed that CVB4-IgM
and CVB4 RNA were significantly
associated with T1D (p = 0.0002 and 0.0004,
respectively). This finding is consistent with

Control Matched
_ Odds 950 CI P-value
N=120 (%) Ratio
68 (56.7%%6)
520(43.3%)
1/12000.83%¢) 47 6.1-3843 0.0002
107120 (B.3%) 1.7 06-43 0.2
18/120 (13%) 21 00-44 0.06
54120 (43%%) 13 0y-24 0.3
1120 (0.83%) 306 3.1 -309 0.0004
20120 (1725) ng N3-19 0.6
47120 (3.3%) g8 27-2812 0.0002
6120 (5.0%) 13 1305 0.6
6120 (5.0%) 29 No-8%8 0.05
11120 (0.83%) 209 42 2387 0.0009
40120040 835) 0.7 04-135 0.7
6120 (5.0%) 118 44-312 0.0001

that in the literatures (Salminen et al., 2003;
Al-Suhail et al., 2003; Graves et al., 2003;
Coppieters et al., 2012; Hober et al., 2013;)
Detection of IgM and RNA define the
infection.

T1D might be explained by the fact
that the relation of enterovirus infection with
T1D is not consistent in all studies (Stene et
al., 2010). It might be attributed to the
geographical difference, also.

It was observed that 40% of T1D
patients had CVB RNA. The Diabetes and
Autoimmunity Study in Young (DAISY)
reported that 8% of children progressing to
T1D had enteroviral RNA (Stene et al.,
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2010). The difference might be explained by
the difference in the design of studies. The
DAISY is a cohort prospective study and this
study is a case-control study.

Enterovirus is normally present in
blood for only a few days during infection of
an immunocompetent host, and so the time
of sampling affects the finding. Another
possible explanation is in the fact that
enterovirus may  establish  low-grade
persistent infection in children with islet
autoimmunity but the quantity of viral RNA
in serum may be below the detection limit
(Almahhfoodh et al., 2017).

In the line with that reported in
Baghdad (Al-Suhail 2003) autoimmunity
(IgM antibodies against both CVB4 and
GADSG65 and also IgG antibodies against both
CVB3and GAD) was significantly associated
with T1D. DAISY (Stene and Rewers 2012)
reported similar findings.

The study showed that CVB3-IgM and
IgG antibodies against both CVB4 GDAG5
were not associated with T1D. This finding
might be explained by the difference in
sampling time. Some of TID cases were
selected from the emergency unit as they
presented for the first time in ketoacidosis,
hyperglycemia or hypoglycemia i.e. the T1D
might be initiated a time before selection.
However, this study showed the
autoimmunity to a beta cell of islet-
associated with TID like that reported in the
literatures ( Salminen et al., 2003; Al-Suhail
2003; Hober et al., 2013).

In our work coxsackievirus antibodies
had been detected with ELISA, the present
of CB4 IgM Positivity and CB4 RNA
Positive were significantly associated with
newly diagnosed T1DM illness and at higher
risk of T1DM compared to non T1D
Minfected healthy control group. These
results were consistent with other studies that
recently demonstrated coxsackie B4 virus
demonstrated in pancreas B cells from
patients with typel diabetes (Van der Werf et
al., 2007; Dotta et al., 2007; Oikarinen et
al., 2011; Stene and Rewers 2012; Hober et
al., 2013).

Because the frequency of CB4 infection
was high in the controls with low incidence
of juvenile diabetes, only a small proportion
of children can be susceptible to diabetes,
even in the face of a CB4 infection. Factors
determining susceptibility to diabetes are
unknown, but evidence that HL-A8 and W15
are unusually common in insulin-treated and

juvenile diabetics suggests that
immunological response or  tissue
susceptibility to specific viral infections

might be related or linked to the same or
adjacent genetic loci. Some authors have
proposed that not all strains of a certain
serotype of CBV are diabetogenic and they
suggest that this is the reason why more
children in a family do not develop diabetes
(Dotta et al., 2007; Hober and Sauter 2010).

Detection of CB3 and CB4 infection
without development of T1DM during the
current study was consistent with the
previous study that showed that animal
experiments have shown that a high variety
in diabetogenicity of different CVB strains
exists probably due to differences in tissue
tropism of the virus (Ziegler et al., 2013;
Robertson 2015) .

Several mechanisms for B cells
dysfunction induced by Coxsackie B4
infection have been reported. Coxsackie B4
cytosolic infection may cause B cells lysis,
which may expose self-antigens leading to
the autoimmune response against [ cells

antigens ( Knip and Siljander 2008;
Marroqui et al., 2015). Infection by
Coxsackie B4 virus may also induce

activation of T cells, which may directly
cause B cells damage (Hodik et al., 2016).
Viral infection may also induce the release of
inflammatory cytokines from [ cells that can
further  stimulate the activation and
infiltration of inflammatory cells (Berg et al.,
2006).

In addition, the autoimmune response
to B cells induced by structural homology
between viral protein epitopes and P cells
antigens is also a well-known mechanism of
autoimmune type 1 diabetes (Marttila et al.,
2002) . Another mechanism may be that
CBV causes alterations of the Beta cells,
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which are recognized as foreign by the
immune system. An autoimmune response
could develop leading to the destruction of
the B cells. This might also occur if
antibodies induced by CBV react with
human islet cell protein(Dotta et al., 2007).
The present study yields no information
concerning the mechanisms involved.

In our work coxsackievirus antibodies
had been detected with ELISA, This
indicates the widespread of coxsackievirus
B4 in Iraq and it may have a significant role
in the causation of T1D. Similar results were
found in the previous study carried also in
Sudan's Showed 45% positive for 1IgG (Emad
and Enan 2011) that indicate the high
prevalence of coxsackievirus within T1D,
another study conducted in Sweden in 1982;
Found that 33% positive cases for IgM in
T1D children (Akerblom and Knip 1998).

Surprisingly, the current study revealed
that infections by three other CB3 RNA
Positive, GAD65 IgM Positivity and 1gG
Antibodies against both of CB4- GAD65
were associated with a decreased risk of 3
cells autoimmunity. A possible protective
effect of CBV3 has actually been reported
the previous study in a smaller study where
patients with newly diagnosed type 1
diabetes were found to be less frequently
positive for neutralizing antibodies against
this serotype than control subjects ( Tracy et
al., 2002; Drescher et al., 2004; Bahri et al.,
2005; Serreze et al., 2005; Schneider and
von Herrath 2014). This phenomenon could
be explained by immunological cross-
protection induced by CB3 RNA Positive,
GADG65 IgM Positivity and 1gG Antibodies
against CB4-GAD65against the diabetogenic
effect of CBV4 (Marttila et al., 2002) .

Regarding the results of IgG
Antibodies against both CB3 and GAD65
and IgM -Antibodies against both CB4-
GADG65 that were significantly associated
with illness and at higher risk of T1DM
compared to non T1DM infected healthy
control group, these results were in
agreement with another report that showed
mixed viruses with GADG65 can cause
fulminant TIDM (Horwitz et al., 2004) .

Mixed viruses with GADG65 that activate and
impact each other can also aggravate the
existing damage in a target tissue. Likewise,
replicative cycles that result in "multiple
hits" lead to recurrent and cumulative
inflammation in target tissues (Schneider and
von Herrath 2013).

On the other hand IgG Antibodies
against both CB3and GADG65 , and also IgM
Antibodies against both CB4-GAD65 and
GADG65 1gG Positivity on those group of
patient who carries two types of antibodies
were significantly associated with illness and
at higher risk of TIDM compared to non
T1DM infected healthy control group in
current study, these results were in
agreement with previous studies(Williams
et al., 2003; Schulte et al., 2010) reported
that combined analysis of GADG65
autoantibodies with CB3 and CB4 could
increase the positive predictive value for
type 1 diabetes in the general population.

Molecular mimicry effects between
GAD and CB4, therefore, were suggested to
play a role in islet cell destruction and the
development of IDDM, After identification
of the 64-kD islet antigen as GAD a
sequence homology between this major
autoantigen in diabetes and the 2C protein of
CB4 was identified ( Lonnrot et al., 1996;
Vreugdenhil et al., 1998).

The present data indicate a
significantly higher frequency of CB3 and
CB4 RNA in type 1 diabetic children at the
onset of disease in diabetic children as well
as GADG5 autoantibody than in children of a
control group. These results are in agreement
with  other studies including diabetic
children, and support the hypothesis that
different enteroviruses may be associated in

the initiation of beta-cell destruction
(Lonnrot et al., 2000; Salminen et al.,
2003).

Regarding molecular study using RT-
PCR technique for detection of CB4 viral
RNA in newly diagnosed T1DM, we found a
significant statistical difference between
patients and control. This agrees with
(Andréoletti et al., 1998; Nairn et al., 1999)
who found also significant statistical
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difference between patients and control by
RT-PCR in sera taken from newly diagnosed
T1DM children and support evidence for the
involvement of enteroviruses particularly
Coxsackieviruses at the onset of newly
diagnosed T1DM either as a primary
etiologic agent or as a triggering factor
(Hiltunen et al., 1997).

On the other hand, in the current
study, indirect ELISA for the detection of
IgM for CVBA4 detected only 17/60 (38.33%)
positive cases corresponding to PCR that
detected 15/60 (25%) positive cases. This
discrepancy in results may be due to there
was no stage of viremia in some patients. By
indirect ELISA, there was significant
statistical difference between cases and
control, 17/60 38.33% (17 out of 60 cases)
were positive in cases and 0.83% (one case
out of 120) was positive in controls, and this
may be due to the duration of the IgM
response was reported to be between 6 and 8
weeks from onset of illness (Andréoletti et
al., 1998). Our results similar from findings
in two Finnish prospective studies with a
similar number of cases (Andréoletti et al.,
1998; Viskari et al., 2012) which reported
that PCR-defined EV including CB4 virus
infection was present at a significantly
higher frequency in cases than controls.

Regarding the results of RT-PCR, in
addition to  anti-CVB IgM and IgG
antibodies were searched during current
study by enzyme immunoassay were
consistent with an Egyptian study (Ismail et
al., 2008) , A Japanese case-control study
(Kawashima et al., 2004) , A German group
searched (Moya-Suri et al., 2005) , Cuba
study ( Salminen et al., 2003 and Sarmiento
et al., 2007) who showed, coxsackievirus B
IgM  antibodies and CBV RNA were
significantly higher in  newly diagnosed
diabetic patients than those in healthy control
group but the present study was
disagreement with another study by a
Swedish group (Yin et al., 2002) that showed

that showed the difference was not
statistically significant. Between newly
diagnosed T1DM with control group

regarding frequency of enteroviruses

particularly coxsackievirus B using the same
test.
CONCLUSION:

CVB3 and CVB4 are evolved as factors
inthe T1D.

REFERENCES

Akerblom, Hans K. and Mikael Knip. 1998.
“Putative Environmental Factors in
Type 1 Diabetes.” Diabetes/Metabolism
Reviews 14(1):31-67.

Al-Suhail, Raghad. 2003. “The Correlation
between the Levels of Coxsackie B
Viruses Ig’s and the Glutamic
Decarboxylase Auto Antibodies in
Diabetes Mellitus Type 1 Patients.”

Almahhfoodh D, Alabbood M, Alali A,
Mansour A. 2017. “Epidemiology of
Type 1 Diabetes Mellitus in Basrah,
Southern Iraq.” Diabetes Res Clin Pract
133:104-8.

Andréoletti, Laurent, Didier Hober, Christine
Hober-Vandenberghe, Isabelle Fajardy,
Sandrine Belaich, Valérie Lambert,
Marie Christine Vantyghem, Jean
Lefebvre, and Pierre Wattre. 1998.
“Coxsackie B Virus Infection and B
Cell  Autoantibodies in  Newly
Diagnosed IDDM Adult Patients.”
Clinical and Diagnostic Virology 9(2—
3):125-33.

Atkinson, Mark A., George S. Eisenbarth,
and Aaron W. Michels. 2014. “Type 1
Diabetes.” The Lancet 383(9911):69-
82.

Bahri, O., D. Rezig, B. Ben Nejma-Oueslati,
A. Ben Yahia, J. Ben Sassi, N. Hogga,
A. Sadraoui, and H. Triki. 2005.
“Enteroviruses in Tunisia: Virological
Surveillance over 12 Years (1992-
2003).” Journal of Medical
Microbiology 54(1):63-69.

Berg, A. K., O. Korsgren, and G. Frisk.
2006. “Induction of the Chemokine
Interferon-Gamma-Inducible Protein-10
in  Human Pancreatic Islets during
Enterovirus Infection.” Diabetologia
49(11):2697-2703.

Christoffersson, Gustaf, Teresa Rodriguez-
Calvo, and Matthias von Herrath. 2016.



Relation of Coxsackie B3 and B4 Viral Infections for Development of type 1 Diabetes Mellitus in Children 9

“Recent Advances in Understanding
Type 1 Diabetes.” F1000Research 5.

Coppieters, Ken T., Tobias Boettler, and

Matthias Von Herrath. 2012. “Virus
Infections in Type 1
Diabetes.Pdf.Crdownload.”

Dotta, F., S. Censini, A. G. S. van Halteren,

L. Marselli, M. Masini, S. Dionisi, F.
Mosca, U. Boggi, A. O. Muda, S. D.
Prato, J. F. Elliott, A. Covacci, R.
Rappuoli, B. O. Roep, and P. Marchetti.
2007. “Coxsackie B4 Virus Infection of
Beta Cells and Natural Killer Cell
Insulitis in  Recent-Onset Type 1
Diabetic Patients.” Proceedings of the
National =~ Academy of  Sciences
104(12):5115-20.

Drescher, Kristen M., Ken Kono, Shubhada

Bopegamage, Steven D. Carson, and
Steven Tracy. 2004. “Coxsackievirus
B3 Infection and Type 1 Diabetes
Development in NOD Mice: Insulitis
Determines Susceptibility of Pancreatic
Islets to Virus Infection.” Virology
329(2):381-94.

Emad M A, Ali Y. H, and K. A. Enan. 2011.

“Epidemiology of Type 1 Diabetes
Mellitus Among Children in Sudan:
Serological Evidence of Coxsackievirus
Infection.” Journal of Science and
Technology 12(124):64-73.

Graves, Patricia M., Harley A. Rotbart,

William A. Nix, Mark A. Pallansch,
Henry A. Erlich, Jill M. Norris,
Michelle  Hoffman,  George S.
Eisenbarth, and Marian Rewers. 2003.
“Prospective  Study of Enteroviral
Infections and Development of Beta-
Cell Autoimmunity: Diabetes
Autoimmunity Study in the Young
(DAISY).” Diabetes Research and
Clinical Practice 59(1):51-61.

Hiltunen, Merja, Heikki Hyoty, Mikael Knip,

Jorma llonen, Helena Reijonen, Paula
Véhasalo, Merja Roivainen, Maria
Lonnrot, Pauli Leinikki, and Tapani
Hovi. 1997. “Islet Cell Antibody
Seroconversion  in  Children s
Temporally Associated with
Enterovirus Infections.” Journal of

Infectious Diseases 175(3):554-60.

Hober, Didier, Famara Sané, Karena
Riedweg, Ilham Moumna, Anne
Goffard, Laura Choteau, Enagnon
Kazali ~ Alidjinou, and Rachel
Desailloud. 2013. “Viruses and Type 1
Diabetes: Focus on the Enteroviruses.”
in Type 1 diabetes. InTech.

Hober, Didier and Pierre Sauter. 2010.
“Pathogenesis of Type 1 Diabetes
Mellitus: Interplay between Enterovirus
and Host.” Nature Reviews
Endocrinology 6(5):279-89.

Hodik, M., M. Anagandula, J. Fuxe, L.
Krogvold, K. Dahl-Jergensen, H.
Hydty, L. Sarmiento, et al., 2016.
“Coxsackie-Adenovirus Receptor
Expression Is Enhanced in Pancreas
from Patients with Type 1 Diabetes.”
BMJ Open Diabetes Research and Care
4(1):1-8.

Horwitz, Marc S., Alex llic, Cody Fine,
Balaji Balasa, and Nora Sarvetnick.
2004. “Coxsackieviral-Mediated
Diabetes: Induction Requires Antigen-
Presenting Cells and Is Accompanied
by Phagocytosis of Beta Cells.” Clinical
Immunology 110(2):134—44.

Insel, Richard A., Jessica L. Dunne, Mark A.
Atkinson, Jane L. Chiang, Dana
Dabelea, Peter A. Gottlieb, Carla J.
Greenbaum, Kevan C. Herold, Jeffrey
P. Krischer, Ake Lernmark, Robert E.
Ratner, Marian J. Rewers, Desmond A.
Schatz, Jay S. Skyler, Jay M. Sosenko,
and Anette G. Ziegler. 2015. “Staging
Presymptomatic Type 1 Diabetes: A
Scientific Statement of Jdrf, the
Endocrine Society, and the American
Diabetes Association.” Diabetes Care
38(10):1964-74.

Ismail, Nanees A., Omar M. Kasem,
Mohamed Abou-El-Asrar, and Mona H.
El-Samahy. 2008. “Epidemiology and
Management of Type 1 Diabetes
Mellitus at the Ain Shams University
Pediatric Hospital.” The Journal of the
Egyptian Public Health Association
83(1-2):107-32.

Jensen, Richard A., Elisabet Agardh, Ake



10 Bilal R.M et.al.

Lernmark, Soffia  Gudbjornsdottir,
Nicholas L. Smith, David S. Siscovick,
and Carina Torn. 2011. “HLA Genes,
Islet Autoantibodies and Residual C-
Peptide at the Clinical Onset of Type 1
Diabetes Mellitus and the Risk of
Retinopathy 15 Years Later.” PL0S
ONE 6(3).

Karvonen, M., M. Viik-Kajander, I. Libman,
R. LaPorte, J. Tuomilehto, E.
Moltchanova, I. Libman, R. LaPorte,
and J. Tuomilehto. 2000. “Incidence of
Childhood Type 1 Diabetes.” Diabetes
Care 23(10):1516-26.

Kawashima, Hisashi, Toshiaki Ihara, Hiroaki
loi, Shingo Oana, Satoshi Sato, Naoki
Kato, Takeshi  Takami, Yasuyo
Kashiwagi, Kouji Takekuma, Akinori
Hoshika, and Takayuki Mori. 2004.
“Enterovirus-Related Type 1 Diabetes
Mellitus and Antibodies to Glutamic
Acid Decarboxylase in Japan.” Journal
of Infection 49(2):147-51.

Knip, Mikael and Heli Siljander. 2008.
“Autoimmune Mechanisms in Type 1
Diabetes.”  Autoimmunity  Reviews
7(7):550-57.

Kostic, Aleksandar D., Dirk Gevers, Heli
Siljander, Tommi Vatanen, Tuulia
Hyotyldinen, et al., 2015. “The
Dynamics of the Human Infant Gut
Microbiome in Development and in
Progression toward Type 1 Diabetes.”
Cell Host and Microbe 17(2):260-73.

Lonnrot, M., H. Hyoéty, M. Knip, M.
Roivainen, P. Kulmala, P. Leinikki, and
H. K. Akerblom. 1996. “Antibody
Cross-Reactivity  Induced by the
Homologous Regions in Glutamic Acid
Decarboxylase (GAD65) and 2C
Protein of Coxsackievirus B4.” Clinical
and Experimental Immunology
104(3):398-405.

Lonnrot, M., K. Korpela, M. Kbnip, J.
[llomen, O. Simell, S. Korhomen, K.
Savola, T. Simell, P. Koskela, and Et
al., 2000. “Entervirus Infection as a
Risk Factor for Beta Cell Autoimmunity
in a Prospectively Observed Birth
Cohort:The Finnish Prediction and

Preventive Study.” Diabetes
49(August):1314-18.

Marroqui, Laura, Miguel Lopes, Reinaldo S.
dos Santos, Fabio A. Grieco, Merja
Roivainen, Sarah J. Richardson, Noel
G. Morgan, Anne Op de Beeck, and
Decio L. Eizirik. 2015. “Differential
Cell Autonomous Responses Determine
the Outcome of Coxsackievirus
Infections in Murine Pancreatic o and 3
Cells.” ELife 4(JUNE):1-23.

Marttila, Jane, Heikki Hyoty, Pekka Vilja,
Taina Harkonen, Annu Alho, Merja
Roivainen, Timo Hyypid, and Jorma
Ilonen. 2002. “T Cell Epitopes in
Coxsackievirus B4 Structural Proteins
Concentrate in Regions Conserved
between  Enteroviruses.”  Virology
293(2):217-24.

Moya-Suri, V., M.
Zimmermann, |. Rjasanowski, L.
Gurtler, and R. Mentel. 2005.
“Enterovirus RNA Sequences in Sera of
Schoolchildren  in  the  General
Population and Their Association with
Type 1-Diabetes-Associated
Autoantibodies.” Journal of Medical
Microbiology 54(9):879-83.

Nairn, C., D. N. Galbraith, Keith W. Taylor,
and G. B. Clements. 1999. “Enterovirus
Variants in the Serum of Children at the
Onset of Type 1 Diabetes Mellitus.”
Diabetic Medicine 16(6):509-13.

Oikarinen, Sami, Mika Martiskainen, Sisko
Tauriainen, Heini Huhtala, Jorma
llonen, Riitta Veijola, OIlli Simell,
Mikael Knip, and Heikki Hyoty. 2011.
“Enterovirus RNA in Blood Is Linked
to the Development of Type 1
Diabetes.” Diabetes 60(1):276-79.

Pociot, Flemming and Ake Lernmark. 2016.
“Genetic Risk Factors for Type 1

Schlosser, K.

Diabetes.” The Lancet
387(10035):2331-39.
Robertson, R.  Paul. 2015. “Islet

Transplantation for Type 1 Diabetes,
2015: What Have We Learned from
Alloislet and Autoislet Successes?”
Diabetes Care 38(6):1030-35.
Salminen, Kimmo, Karita Sadeharju, Maria



Relation of Coxsackie B3 and B4 Viral Infections for Development of type 1 Diabetes Mellitus in Children 11

Lonnrot, Paula Vahasalo, Antti Kupila,
Sari  Korhonen, Jorma llonen, Olli
Simell, Mikael Knip, and Heikki Hyoty.
2003. “Enterovirus Infections Are
Associated with the Induction of B-Cell
Autoimmunity in a Prospective Birth
Cohort Study.” Journal of Medical
Virology 69(1):91-98.

Sarmiento, Luis, Eduardo Cabrera-Rode,

Lister Lekuleni, lleana Cuba, Gisela
Molina, Magile Fonseca, Lai Heng-
Hung, Abel Diaz Borroto, Pedro
Gonzalez, Pedro Mas-Lago, and Oscar
Diaz-Horta. 2007. “Occurrence of
Enterovirus RNA in Serum of Children
with Newly Diagnosed Type 1 Diabetes
and Islet Cell Autoantibody-Positive
Subjects in a Population with a Low
Incidence of Type 1 Diabetes.”
Autoimmunity 40(7):540-45.

Schneider, Darius A. and Matthias G. von

Herrath. 2013. “Viruses and Type 1
Diabetes: A Dynamic Labile
Equilibrium.” Diabetes Management
(London, England) 3(3):217-23.

Schneider, Darius A. and Matthias G. von

Herrath.  2014.  “Potential  Viral
Pathogenic Mechanism in Human Type
1 Diabetes.” Diabetologia 57(10):2009—
18.

Schulte, B. M., J. Bakkers, K. H. Lanke, W.

J. Melchers, C. Westerlaken, W.
Allebes, H. J. Aanstoot, G. J. Bruining,
G. J. Adema, F. J. Van Kuppeveld, and
J. M. Galama. 2010. “Detection of
Enterovirus RNA in Peripheral Blood
Mononuclear Cells of Type 1 Diabetic
Patients beyond the Stage of Acute
Infection.” Viral Immunol 23(1):99-
104.

Serreze, D. V., C. Wasserfall, E. W.

Ottendorfer, M. Stalvey, M. A. Pierce,
C. Gauntt, B. O’Donnell, J. B.
Flanagan, M. Campbell-Thompson, T.
M. Ellis, and M. A. Atkinson. 2005.
“Diabetes Acceleration or Prevention
by a Coxsackievirus B4 Infection:
Critical Requirements for  Both
Interleukin-4 and Gamma Interferon.”
Journal of Virology 79(2):1045-52.

Stene, L. C. and M. Rewers. 2012.

“Immunology in the Clinic Review
Series; Focus on Type 1 Diabetes and
Viruses: The Enterovirus Link to Type
1 Diabetes: Critical Review of Human
Studies.” Clinical and Experimental
Immunology 168(1):12-23.

Stene, Lars C., Sami Oikarinen, Heikki

Hyoty, Katherine J. Barriga, Jill M.
Norris, Georgeanna Klingensmith, John
C. Hutton, Henry A. Erlich, George S.
Eisenbarth, and Marian Rewers. 2010.
“Enterovirus Infection and Progression
from Islet Autoimmunity to Type 1
Diabetes: The Diabetes and
Autoimmunity Study in the Young
(DAISY).” Diabetes 59(12):3174-80.

Tracy, S., K. M. Drescher, N. M. Chapman,

K. S. K. S. Kim, S. D. Carson, S.
Pirruccello, P. H. Lane, J. R. Romero,
and J. S. Leser. 2002. “Toward Testing
the Hypothesis That Group B
Coxsackieviruses  (CVB)  Trigger
Insulin-Dependent Diabetes:
Inoculating Nonobese Diabetic Mice
with CVB Markedly Lowers Diabetes
Incidence.” Journal of Virology
76(23):12097-111.

Viskari, Hanna, Jorma llonen, Mikael Knip,

Olli Simell, Sisko Tauriainen, Helja
Marja Surcel, Heini Huhtala, Heikki
Hyoty, and Riitta Veijola. 2012
“Maternal Enterovirus Infection as a
Risk Factor for Type 1 Diabetes in the
Exposed Offspring.” Diabetes Care
35(6):1328-32.

Vreugdenhil, G. R., A. Geluk, T. H. M.

Ottenhoff, W. J. G. Melchers, B. O.
Roep, and J. M. D. Galama. 1998.
“Molecular Mimicry in Diabetes
Mellitus: The Homologous Domain in
Coxsackie B Virus Protein 2C and Islet
Autoantigen  GAD65 Is  Highly
Conserved in the Coxsackie B-like
Enteroviruses and Binds to the Diabetes
Associated HLA-DR3  Molecule.”
Diabetologia 41(1):40-46.

Wagenknecht, Lynne E., Jeffrey M.

Roseman, and W.illiam H. Herman.
1991. “Increased Incidence of Insulin-



12 Bilal R.M et.al.

Dependent Diabetes Mellitus Following
an Epidemic of Coxsackievirus BS5.”
American Journal of Epidemiology
133(10):1024-31.

Van der Werf, Nienke, Frans G. M. Kroese,
Jan Rozing, and Jan-Luuk Hillebrands.
2007. “Viral Infections as Potential
Triggers of Type 1 Diabetes.”
Diabetes/Metabolism  Research and
Reviews 23(3):169-83.

Williams, A. J. K., A. J. Norcross, R. J. Dix,

K. M. Gillespie, E. A. M. Gale, and P.

J. Bingley. 2003. “The Prevalence of

Insulin Autoantibodies at the Onset of

Type 1 Diabetes Is Higher in Males

than Females during Adolescence.”

Diabetologia 46(10):1354-56.

Hong, Anna Karin Berg,

Tuvemo, and Gun Frisk.

Torsten
2002.

Yin,

“Enterovirus RNA Is Found in
Peripheral Blood Mononuclear Cells in
a Majority of Type 1 Diabetic Children
at Onset.” Diabetes 51(6):1964—71.
Ziegler, Anette G., Marian Rewers, Olli
Simell,  Tuula  Simell,  Johanna
Lempainen, Andrea Steck, Christiane
Winkler, Jorma llonen, Riitta Veijola,

Mikael Knip, Ezio Bonifacio, and
George S. Eisenbarth. 2013.
“Seroconversion to Multiple Islet

Autoantibodies and Risk of Progression
to Diabetes in Children.” JAMA -
Journal of the American Medical
Association 309(23):2473-79.



