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Abstract
Type 1 diabetes (T1D) is characterized by progressive pancreatic beta-cell loss resulting in insulin deficiency and
hyperglycemia. It not only involves genetic predisposition, but the environmental factors and human microbiome
also plays a major role in inducing T1D. Some viruses are diabetogenic in animals and the pathogenesis of various
viruses like Enteroviruses, rubella viruses, cytomegaloviruses and Epstein-Barr viruses in the pathogenesis of human
IDDM (Insulin-dependent diabetes mellitus) has been studied widely. It is very much true that human microbiome
correlates highly with diabetes and several studies prove this correlation. A study conducted in 2012 showed that
Human Enterovirus (HEV) infections rank high as an environmental risk factor for triggering T1D through
observational studies in humans and experimental studies in mice. It has also been reported that HEV exposure prior
to development of autoimmune insulitis, can help in preventing T1D onset. Another study proves that Enterovirus
infections can serve as a major trigger for T1D in the young, as it involves the induction of islet-cell antibodies. These
results have been proved by numerous epidemiological surveys and also using PCR methods and HLA-typing.
Moreover, besides Enterovirus infections, several other viruses have also been proved to be associated with diabetes
like Coxsackie virus and Echo virus. The pathogenesis of viral infection in inducing T1D is reported to be either
directly by altering beta cell function thereby leading to the activation of apoptotic pathways or indirectly by the
expression of proinflammatory cytokines and chemokines, proves a study. Bacteriology of the cases of cellulitis and
cutaneous abscess shows that gram-negative pathogens were not more common among diabetics than non-diabetics;
however they were more likely than non-diabetics to be exposed to broad gram-negative therapy. In conclusion,
genetics, diet and Diabetes always go hand in hand according to the common world. The main aim of the present
review is to provide detailed description on pathogenesis and current scenario on human microbiome and their role in
T1D.
Keywords: Type-1 Diabetes, IDDM, Human Enterovirus, Proinflammatory cytokines, Microbiome, PCR method,
HLA-typing.
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decline may differ between countries due to their
specific level of sanitation, medical interventions
and public health measures. Diabetes is fast
gaining the status of a potential epidemic in India
with more than 62 million diabetic individuals
currently diagnosed with the disease. [6,7] In
2000, India (31.7 million) topped the world with
the highest number of people with diabetes
mellitus followed by China (20.8 million) with
the United States (17.7 million) in second and
third place respectively. According to Wild et al
[8], the prevalence of diabetes is predicted to
double globally from 171 million in 2000 to 366
million in 2030 with a maximum increase in
India. It is predicted that by 2030 diabetes
mellitus may afflict up to 79.4 million individuals
in India, while China (42.3 million) and the
United States (30.3 million) will also see
significant increases in those affected by the
disease [9]. India currently faces an uncertain
future in relation to the potential burden that
diabetes may impose upon the country. Many
influences affect the prevalence of disease
throughout a country, and identification of those
factors is necessary to facilitate change when
facing health challenges.

Scope and Background
Diabetes mellitus (DM) may be caused by insulin
deficiency, insulin resistance, or by a combination
of both. Insulin deficiency can be caused by
pancreatectomy, pancreatitis, alcoholic chronic
pancreatitis, hemochromatosis, cystic fibrosis,
mitochondrial
DNA
mutations,
or
by
drugs/toxins. Insulin deficiency may lead to type
1 diabetes mellitus (T1DM) which may be
autoimmune or idiopathic in nature and is present
in 9% cases of insulin deficiency. Insulin
resistance may also be caused by leprechaunism,
autoimmune
diseases,
lipoatrophy,
or
endocrinopathies
including
glucagonoma,
pheochromocytoma,
acromegaly,
Cushing's
syndrome, and thyroid disease [1].
T1D is a heterogeneous disorder characterized by
destruction of pancreatic beta cells, culminating in
absolute insulin deficiency. The majority of cases
are attributable to an autoimmune-mediated
destruction of beta cells (type 1a) while a small
minority of cases results from an idiopathic
destruction or failure of beta cells (type 1b). T1D
accounts for 5–10% of the total cases of diabetes
worldwide [2]. A second and more prevalent
category, type 2 diabetes (T2D), is characterized
by a combination of resistance to insulin action
and inadequate compensatory insulin secretory
response1. T1D has been historically, and
continues to be, the most common type of
diabetes in children and adolescents, although
type 2 diabetes (T2D) is increasingly diagnosed in
youth [3-4].

Impact of diabetes mellitus in India
Preliminary results from a large community study
conducted by the Indian Council of Medical
research (ICMR) revealed that a lower proportion
of the population is affected in states of Northern
India (Chandigarh 0.12 million, Jharkhand 0.96
million) as compared to Maharashtra (9.2 million)
and Tamil Nadu (4.8 million) [10]. The National
Urban Survey conducted across the metropolitan
cities of India reported similar trend: 11.7 per cent
in Kolkata (Eastern India), 6.1 per cent in
Kashmir Valley (Northern India) [11], 11.6 per
cent in New Delhi (Northern India), and 9.3 per
cent in West India (Mumbai) compared with (13.5
per cent in Chennai (South India), 16.6 per cent in
Hyderabad (south India), and 12.4 per cent
Bangalore (South India) [12].

Prevalence of T1D
The worldwide trend of increased T1D prevalence
likelihood has multiple etiologies, which may act
through multiple mechanisms. By assessing the
T1D prevalence rate data for 118 countries we
have shown that globally and regionally
population which had greater value of T1D
prevalence and secondly, that newborn life
expectancy was significantly associated with T1D
prevalence rate at population level.
Overall, the operation of natural selection on
contemporary populations is declining due to
modern medicine [5], but the magnitude of the
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viral infections during their lifetime, and several
of these viruses may even protect individuals
from autoimmune disease[37-38]. Fourth, the
“fertile field hypothesis” suggests that viral
infections render tissue a “fertile ground” for
autoaggressive lymphocytes to invade and
expand, which leads to T1DM[39-40]. Therefore,
the activation of the immune system may have a
role in the pathogenesis of this disease[41].

Pediatric implication of T1D in India
India accounts for most of the children with
T1DM in South-East Asia. According to the
6thedition of the International Diabetes Federation
diabetes atlas, India has 3 new cases of
T1DM/100,000 children of 0–14 years [13]. The
prevalence of diabetes in India is variable, and
three sets of data show 17.93 cases/100,000
children in Karnataka, 3.2 cases/100,000 children
in Chennai, and 10.2 cases/100,000 children in
Karnal (Haryana) [14-16]. The bottom line
remains that T1DM is quite prevalent and
common.

Enterovirus infections
Enterovirus infections are transmitted from
person to person by fecal-oral and, less
commonly, respiratory routes, which indicates
that these infections usually begin in the
gastrointestinal or respiratory mucosa. After
replicating in the mucosa, the virus spreads
through the lymphatic system into the circulation
after a brief viremic phase at secondary
replication sites, which determines the types of
symptoms[42].In humans, enterovirus infection
has been suspected to be involved in the
pathogenesis of T1DM since the late 1960s, when
Gamble et al described a seasonal variation in the
incidence of T1DM following enterovirus
infection[43] and demonstrated that the
frequency of neutralizing antibodies against
the CVB4 serotype was increased in newly
diagnosed T1DM patients[44]. A CVB4 virus was
subsequently isolated from the pancreas of a child
who died from diabetic ketoacidosis, and this
virus strain caused diabetes in a susceptible
mouse strain[45].

Environmental Factors Contributing to T1D
The following environmental factors have been
suspected to contribute to the development of
T1DM: dietary factors, such as cow’s milk
proteins[17-18], vitamin D deficiency[19-20] and
gluten[21]; pancreatic toxins[22-23], such as
streptozotocin and nitrites;
psychological
factors[24]; and viral infection factor[25]. Viruses
are among the most probable environmental
factors in the development of T1DM, including
rubella virus[26], rotavirus[27], mumps virus,
cytomegalovirus
and
enteroviruses[28-30].
Recent studies using different approaches have
suggested that the most promising candidates for
viral triggers with clinically significant
associations with T1DM development are
enteroviruses[31-34].

Viral infection
Enteroviruses are perhaps the most well studied
environmental factor in relation to type 1
diabetes. A possible link was first reported by
Gamble et al in 1969,[46] with many subsequent
studies, in humans and animal models of diabetes,
showing an association, particularly with
coxsackievirus B-4. Higher rates of enterovirus
infection, defined by detection of enterovirus IgM
or IgG, or both, viral RNA with reverse
transcription polymerase chain reaction (RT
PCR), and viral capsid protein, have been found
in patients with diabetes at diagnosis compared
with controls [47-53]. Prospective studies have
also shown more enterovirus infections in
children who developed islet autoantibodies or

However, it has been difficult to establish viruses
as the inducers of T1DM. First, the link between
infections and autoimmunity is multifactorial[35].
Several infections may act together or in an
appropriate temporal sequence to trigger clinical
autoimmunity. Furthermore, the particular virus
that is involved in triggering T1DM may be hard
to detect systemically or in the target organ after
the initiation of the autoimmune response[36].
Second, the long duration of time between the
possible triggering effect and the onset of the
clinical symptoms of diabetes makes it difficult to
establish a direct relationship. Third, T1DM
patients and healthy individuals undergo multiple
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subsequent diabetes, or both; as well as a
temporal relation between infection and
autoimmunity [54-56].

the optimal cutting temperature medium and
homogenized
using
a
SilentCrusher
S
homogenizer (Heidolph, Schwabach, Germany).
RNA was extracted with the RNeasy Mini Kit
(Qiagen, Hilden, Germany). RT-PCR was
performed using two independent methods: a
previously described method amplifying a
sequence common to all known enterovirus
serotypes [61] and a real-time RT-PCR using the
same primers and probes.

Enterovirus mediated beta cell destruction
Beta cell destruction/dysfunction in T1D would
result from an autoimmune process [57] and the
role of EV in the scenario should not be thought
as a massive lytic replication in islets. The
implication of the virus relies on the immune
response, and especially the production of type 1
interferons (IFNs) and other pro-inflammatory
cytokines. Indeed, the terms of the interaction
between the virus and the innate immune system
determine the susceptibility to this EV-mediated
autoimmune diabetes, and could justify why such
infection do not trigger T1D in every patient. The
scenario leading to the disease is thought to
include the production of significant amounts of
IFNs, through activation of pathogen recognition
receptors (PRRs). This inflammatory environment
contributes to the initiation of autoimmune
destruction of beta cells.

Clinical Management
Insulin therapy
Insulin therapy is the cornerstone of management
of T1D as beta cell dysfunction or destruction
progressively leads to absolute insulin deficiency.
Physiologic insulin replacement that aims to
mimic normal pancreatic insulin secretion is the
preferred method of treatment of T1D patients.
Basal insulin is the background insulin required to
suppress hepatic glucose production overnight
and between meals. Prandial (bolus or meal-time)
insulin replacement, provides enough insulin to
dispose of glucose after eating. Such a therapeutic
insulin regimen providing both basal and bolus
insulin allows flexibility of dosing. Older twicedaily combination of regular and NPH regimens
generally should not be used in T1D as they are
less effective since the time-action profile of these
two standard insulins do not readily allow for the
clear separation of basal and prandial insulin
action. However, it may be necessary to use such
regimens in patients who cannot otherwise afford
insulin. It also should be pointed out that for
newly diagnosed patients with T1D, transient use
of once- or twice-daily basal injections is
sometimes adequate [62].

Common identification techniques of Ev
infection in T1D
In situ hybridization
Primary screening of enterovirus was carried out
on formalin-fixed and paraffin-embedded biopsy
samples (5-μm sections) using an in situ
hybridization (ISH) assay as previously described
[58-60]. This is based on a single enterovirusspecific probe targeting a highly conserved,
group-common sequence in the 5′-noncoding
region of the enteroviral genome.
Immunohistochemical staining

Insulin pumps

Formalin-fixed
paraffin-embedded
biopsy
samples (5-μm sections) were stained with
antienterovirus VP1 antibody.

Insulin pumps and continuous glucose monitors
(CGM) are advanced diabetes management
devices that may lead to improved glycemic
control compared to traditional insulin injections
with self-monitoring of blood glucose (SMBG)
[63-68]. Compared to injections, insulin pump
therapy offers a more physiologic method of
insulin delivery by simulating the normal diurnal

RT-PCR Method
For RT-PCR, unfixed biopsy samples were stored
frozen in optimal cutting temperature medium at
−70°C. The biopsy samples were removed from
18

Int. J. Curr. Res. Med. Sci. (2018). 4(10): 15-25

pattern of basal insulin secretion in conjunction
with prandial or correction boluses [69]. CGM is
an emerging technology that provides a
continuous measure of interstitial fluid glucose
levels to provide real-time trends and alerts to
glucose excursions [70]. Despite their potential
benefit for improving glycemic control, uptake of
these technologies has been limited with 60% of
T1D Exchange Registry participants use an
insulin pump and a mere 11% using CGM [71].

from exogenous insulin can be achieved,
extrapolation of results from studies done in
adults to children with type 1 diabetes mellitus
(T1DM) would be a precocious decision and
awaits more research.
Stem cell therapy
The interest stem cell therapy created in almost all
chronic diseases is also reverberating in type 1
diabetes. Generation of sufficient mass of beta
cells, releasing insulin in response to
physiological signals and protection from
autoimmunity is the most important challenges.
Stem cells can be converted to beta cells by
sequential transient activation of specific
transcription factors like Pa x 4, Nk x 6.1 and Nk
x 2.2[75]. The possibility of teratogenicity with
embryonal stem cells makes mesenchyme derived
stem cells a better option. An alternative approach
is by neogenesis of beta cells from mature beta
cells with the use of GLP analogue (Exendin),
Epidermal Growth Factor and gastrin. The
common endodermal origin of pancreas, liver and
small intestine allows trans-differentiation of any
of these cell types to beta cells[76]. Transdifferentiation involves reprogramming mature
cells by certain transcription factors into alternate
developmental lineages.

Whole pancreas transplant
Despite developments in closed loop systems and
encouraging results from insulin gene therapy,
completely mimicking the beta cells still
remained a distant dream. Thus, pancreas
transplant was considered as a viable option.
Whole pancreas transplant was tried initially in
patients requiring kidney transplant but
complications were galore like pseudocyst,
fistula, thrombosis and pancreatitis. Moreover,
transplanting the whole pancreas when the
patients were only in need of the islets of
Langerhans which constitute a meagre 2% of the
pancreatic mass was like losing the battle for want
of a horse shoe nail[72].
Islet Cell transplant
In addition to transplanting only the endocrine
component, islet cell transplantation is minimally
invasive and is associated with lower morbidity.
After pancreas retrieval, the islets are isolated and
cultured which is the most formidable step in the
whole procedure. The most commonly used
anatomical site for islet transplant is the liver due
to the convenience of access and good entrapment
and engraftment in the sinusoids though spleen,
renal capsule and the gonads have been tried[73].
Islet cell transplantation done in animals resulted
in universal reversal of diabetes but reproduction
of these results in human beings was a Himalayan
task in the 1990s as only 11% achieved insulin
independence.
However,
in
2009,
the
Collaborative Islet Transplant Registry reported
that the overall incidence of sustained graft
function was 77% after first 6 mo, 66% after 1
and 45% at 3 years[74]. Though independence

Summary
Type 1 diabetes (T1D) is an autoimmune disease
with a strong genetic component [77-78]. It can
occur at any age, but tends to develop in
childhood,[79] so it has long been called ‘juvenile
diabetes’. T1D is characterized by destruction of
pancreatic β-cells, culminating in absolute insulin
deficiency [80]. As of 2014, an estimated 387
million people have diabetes worldwide, [81] of
which T1D accounts for between 5% and 10%
[82]. Diabetic complications continue to be a
major cause of morbidity and mortality in persons
with T1D [83]. Great efforts have been made to
assess the incidence and prevalence of T1D.
Unfortunately,
the
exact
etiology
and
pathogenesis of T1D is still unknown. Generally,
longitudinal or cross-sectional studies are often
locally or regionally performed. Consequently, it
is difficult to access generalizable results because
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the epidemiology of T1D is known to be
heterogeneous regarding geography and ethnicity.
Genetic predisposition to T1D is only alleged to
explain some of the geographic variability in T1D
occurrence, but it cannot account for its rapidly
increasing frequency [84].

treated to prevent T1D onset and development
[87].Clinicians may be targeted to facilitate the
implementation of screening and early detection
programmes,
diabetes
prevention,
selfmanagement counselling, and therapeutic
management of diabetes in accordance with the
appropriate local guidelines form the backbone of
controlling the predicted diabetes epidemic.

The incidence of type 1 diabetes varies among
different countries, which reflects the roles played
by genetic and environmental factors in the
ultimate expression of the disease. It varies from
57.4 cases/100000 per year in Finland to 0.6
cases/100000 per year in India[85]. The fact that
there is a rising trend in the number of children
diagnosed to have type 1 diabetes is supported by
a number of studies. Whether this can be
attributed to an absolute increase in the incidence
of the disease is still under speculation because
the proportion of children with highest risk human
leukocyte antigen haplotypes have decreased and
hence, the changing environmental patterns may
rather be uncovering the latent genetic factors to
cause earlier expression of the disease[86]T1D
was thought only to be of genetic and
environmental origin in early days. The viral
etiology of T1D onset has been proved to be
important in recent researches and studies. Both
human gut microbiome and viral infections play a
major role in T1D development. EV infections
and other viruses like Mumps, Rubella, CMV,
EBV, etc. were found to be the causes of T1D
onset.

Diabetes is an expensive illness to treat even in
developing countries, although the pattern of costs
was quite different from that of developed ones.
There is a need to increase awareness of these
facts among all health professionals involved in
the care of diabetes in developing countries as
well as health policy makers of these countries.
This work also makes it clearly evident that the
largest share of costs was being borne by patients
and their families. Any efforts at cost reduction
should, therefore, have the family as its focus, and
relieving the family of this financial burden needs
to be prioritized.
Diabetes mellitus is reaching potentially epidemic
proportions in India. The level of morbidity and
mortality due to diabetes and its potential
complications are enormous, and pose significant
healthcare burdens on both families and society.
Worryingly, diabetes is now being shown to be
associated with a spectrum of complications and
to be occurring at a relatively younger age within
the country. In India, the steady migration of
people from rural to urban areas, the economic
boom, and corresponding change in life-style are
all affecting the level of diabetes.

T1D incidence was very rare in the history but has
increased in recent years. The reason for this rise
is believed to be the constant microbial
stimulation in early days and lack of this exposure
to microbes in the modern world. The steps
involved in viral infection and the role of viruses
in T1D pathogenesis showed that EV viral
infections alter the beta cell function by
modulating the genes responsible for glucose
oxidation and thereby leading to the development
of T1D. These studies suggests that viral infection
causes damage to beta cells either directly by
causing functional impairment and damage of
beta cells or indirectly by inducing the expression
of proinflammatory cytokines and chemokines.
These viral infections need to be prevented or
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