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Abstract: Diabetes mellitus (DM) is a metabolic disorder of protein, carbohydrate and fat. Insulin secretion, insulin action,
or both cause to diabetes mellitus. According to the World Health Organization, the number of diabetic patients in the world is
around 200 million and it is stated that this number will reach 300 million in 2025. Parasitic diseases are widespread all over
the world and are a major public health problem, especially in underdeveloped or developing countries. It ranks first among the
diseases that should be controlled by the World Health Organization. Among the factors causing parasitic diseases include
protozoa, helminths and arthropods. In certain geographical areas where parasitic infections are common, many autoimmune
diseases such as asthma, rheumatoid arthritis (RA), typel diabetes (T1DM), multiple sclerosis (MS), and inflammatory bowel
diseases (IBD) are reported to have a lower incidence. The relationship between helminth infections on the onset and
development of T1DM, one of the multigenetic diseases affected by environmental factors, is remarkable. It is not clear how
helminth infections prevent TIDM development. In diabetic patients, it is known that there is a decrease in immune system
functions, especially cellular immunity, and in these patients CD8 and CD16 values for suppressor T cells and NK cells are
decreased compared to normal individuals. Therefore, it does not prevent the development of diabetes and can be seen more in
patients with diabetes. Raman Spectroscopy (RS) is a vibrational technique due to inelastic scattering that occurs during the
interaction of monochromatic laser beams with molecules. It is preferred in biomedical examinations because RS does not
damage the sample and can be obtained quickly by non-invasive method. DM and different parasitic diseases can be
determined by analyzing the spectra obtained in RS examinations. The obtained Raman spectra of different molecular systems
are different and each system has its own fingerprint.

Keywords: Parasitic Infections, Diabetes Mellitus, Raman Spectroscopy

1. Introduction
1.1. Diabetes Mellitus

Diabetes mellitus (DM) is a metabolic disorder of protein,
carbohydrate and fat. Insulin secretion, insulin action, or both
cause to diabetes mellitus [1]. Insulin is made in beta cells in
the islets of Langerhans in the pancreas. The secretion of
insulin is controlled by nutrients, hormones and the autonomic
nervous system. The main target tissues for insulin are muscle,
liver and adipose tissue. Insulin increases glucose uptake,

glycogen storage, amino acid uptake and protein synthesis in
muscle tissue. In the liver, insulin increases glycogen synthesis
and suppresses glycogen degradation. It increases triglyceride
synthesis in adipose tissue. Diabetes mellitus is divided into
Typel and Type 2 depending on the etiopathological features
[2-5]. Different pathogenic mechanisms are responsible for the
emergence of diabetes. The primary event in the development
of Type 1 diabetes is the autoimmune mechanism. In addition,
the formation of insulin deficiency as a result of the destruction
of beta cells for an unknown reason causes Type 1 diabetes.
The onset of Type 1 DM is mostly seen in childhood and is
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characterized by severe insulinopenia. Patients with type 1 DM
need to take insulin from outside to survive and prevent ketosis
[2-5]

Type 2 DM (non-insulin dependent DM) is the most
common form of diabetes Type 2 DM is a decrease in insulin
effect due to impaired insulin secretion due to beta cell
insufficiency and insulin resistance in target tissues. It is
usually seen in adults, obese and inactive individuals, but can
occur at any age.

The prevalence and incidence of diabetes mellitus varies
according to geographic regions, ethnic groups, socio-
economic status, genetic and environmental factors [6]. DM
is reported to occur in approximately 3-5% of Western
societies. It has been reported that the total prevalence in the
USA is 7.8% and the prevalence increases by 38% [7]. In the
diabetes screening performed by the Turkish Diabetes
Epidemiology Working Group (TURDEP) has been
concluded that the prevalence was 7.2% in adults and 6.7%
in impaired glucose tolerance. Both disorders are reported to
be higher in females than in males and in urban residents
more than to living in rural areas [8].

The most common Type 1 DM in childhood and
adolescence accounts for 20-25% of all diabetic patients.
Type 1 DM is a disease that occurs mostly in autumn and
winter months, but it can be seen in all seasons in small age
groups. The prevalence of diabetes is rapidly increasing in all
developed and developing societies due to the rapid change
in lifestyle [9] According to the World Health Organization,
the number of diabetic patients in the world is around 200
million and it is stated that this number will reach 300
million in 2025 [10]. Four of the molecular causes of insulin
resistance are noteworthy. These molecules are tumor
necrosis factor-o. (TNF-a), interleukin-6 (IL-6), membrane
glycoprotein plasma cell antigen-1 (PC-1) and leptin [11].

1.2. Parasitic Infections

Parasitic diseases are widespread all over the world and are
a major public health problem, especially in underdeveloped or
developing countries. It ranks first among the diseases that
should be controlled by the World Health Organization [12].
Among the factors causing parasitic diseases include protozoa,
helminths and arthropods. The parasites have complex life
cycles and spend some or all of their lives in humans or
animals, and some in intermediate hosts.

Parasites invade the host through the skin or digestive
tract. There is a mutual and very close relationship between
the parasite host and they constantly affect each other. Their
forms, structure organelles and secreted enzymes have an
antigenic effect on the host, until parasites leave the host. The
host produces a different type of immune response to
parasitic infections. Cellular, humoral or both types of
immune responses occur in parasitic infections. The effect of
the cellular immune response is realized by the recognition of
antigens on the surface of sensitive T lymphocytes. The
effect of humoral immune response is realized by antibodies
in the class of specific immunoglobulins against the receptors
and exotoxins of the parasite [13]. T cells, natural killer cells

and cytokines are involved in cellular immunity [12]. The
prevalence of parasitic diseases in the world varies depending
on local feeding habits, socio-economic level, personal
hygiene and environmental factors [14].

The so-called 'Hygiene Hypothesis' was first put forward
by David Strachan (Strachan DP, 1989) in 1989, and this
hypothesis was confirmed by different studies. [15-17]. A
fact demonstrating the importance of parasites has been put
forward in the hygiene hypothesis. According to this
hypothesis increase of immune disorders such as diabetes and
autoimmune diseases is suggested to occur due to cleaner
living conditions (immunity to parasites). It is a natural
consequence of this hypothesis that exposure to some
parasites and microbes can prevent such diseases [18].

In some cases, parasites may alter the immune system with
improved characteristics to avoid the host immune
management and disrupt the effective host response. In
certain geographical areas where parasitic infections are
common, many autoimmune diseases such as asthma,
rheumatoid arthritis (RA), typel diabetes (T1DM), multiple
sclerosis (MS), and inflammatory bowel diseases (IBD) are
reported to have a lower incidence [18-21].

1.3. Raman Spectroscopy

Raman Spectroscopy (RS) is a vibrational technique due to
inelastic scattering that occurs during the interaction of
monochromatic laser beams with molecules. The wavelength
used in RS is different from the wavelength of the absorption
beam obtained from the sample examined [22]. Therefore,
Raman spectroscopy has become increasingly popular in all
sciences especially novel biomedical applications over the
last decade [23].

RS can provide information about changes in metabolism
of metabolic disorders and the composition of tissue at the
molecular level. RS is used in the determination of the
presence of organic and inorganic compounds of biological
fluids, chemical compositions of human tissues and chemical
measurements of blood metabolites for the quantitative
analysis of clinical diagnosis and biological samples and
many other studies. Therefore, it provides reliable
information for determining both chemical changes in tissues
and changes in metabolism [24, 25].

It is preferred in biomedical examinations because RS does
not damage the sample and can be obtained quickly by non-
invasive method. DM and different parasitic diseases can be
determined by analyzing the spectra obtained in RS
examinations [26]. The obtained Raman spectra of different
molecular systems are different and each system has its own
fingerprint. Molecules can be identified with the fingerprint
[27].

2. Comprehensiveness

2.1. Helminth Infections and Its Relationship with Diabetic
Patients

The distribution of helminthes is affected by geographical
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conditions, climate, flora, fauna, and population density,
dressing and eating habits of people [12]. In the development
of helminth infections in humans, host parasite relationship
and consequently human defense mechanism is important.
TGF-a, IL-4, IL-10 in the host are caused the production of
cytokines weakens the immune defense of the host. It forms
the T cell response to granulomas and fibrosis that occur in
many helminth infections. Eosinophilia, 1L-4, IL-5, IL-13
and IgE formation are potent inducers of Th-2 [28].
Interferon y (IFN-y) (primary activator of mononuclear
phagocytes) is a cytokine that regulates immune-mediated
inflammation. It activates inflammatory leukocytes by
antigen-stimulated CD4" and CD8" T lymphocytes. Although
acquired immunity is difficult in helminth infections in
humans, IL-12 release due to IFN-y production, which occurs
6-8 days after the first infection, is important for protective
effect. It also increases IgE production [13]. In diabetic
patients, immune system functions, particularly cellular
immunity are reduced. In these patients, CD8+, CD16+
which is the determinant of suppressor T cells and NK cells
is decreased according to healthy people [14].

It has been reported that the incidence of TIDM (Type 1
Diabetes mellitus) has increased significantly in western
societies in recent years. The relationship between helminth
infections on the onset and development of T1DM, one of the
multigenetic diseases affected by environmental factors, is
remarkable [18]. It is not clear how helminth infections
prevent TIDM development. But there is an inverse
relationship between TIDM and filaryosis and soil-borne
helminth infections; furthermore, it has been disclosed that
parasites and their products spontaneously reduce T1DM
development and inhibits beta-cell infiltration in mice. These
findings increase the likelihood as a protective factor against
TIDM in humans of helminth infections. Helminthes are
excellent agents that induce polarized Th-2 type response.
Some molecules need to modulate dendritic cells to develop
a strong Th-2 response [29]. In non-obese (NOD) mice,
insulin degradation is associated with IFN-y production. IFN-
y production is inhibited by IL-4 [30]. IL-4" is the most
important stimulator for IgE production and development of
Th-2 response from naive CD4" helper T cells. The Th-2
response protects the host against the pathological effects of
excessive inflammation caused by Th-1 cells. As a result,
NOD mice with helminth infection alter Th-1-type response
to Th-2 type response and inhibit TIDM development [21,
28].

Helminthes cause the production of cytokines such as IL-
10 or Transforming Growth Factor-Beta (TGF-f) in the host
[30]. Thl cytokines (IFN-y, lenfotoksin and TNF) cause the
initiation and progression of T1DM, Th-2 cytokines (IL-4, 6,
10) hinders this process [31]. In some patients, Th-2 cells and
their cytokines accelerate the destruction of B cells (i.e. in
local production of IL-10) [31].

CD4", CD25" T cells are called “Regulatory T cells
(Treg)”. Regulatory cells (CD4 ", CD25" and Foxp3") develop
from the thymus. It inhibits autoimmune diseases by
suppressing the immune response against antigens

developing in the body. Furthermore, Treg cells produce IL-
10 and secrete TGF-p [32]. CD4", CD25" Treg cells are
induced during helminth infections. Treg cells that inhibit the
development of autoimmune diseases have a protective role
in TIDM [32, 33]. Recent studies have thought that there is
no decrease in the number of Foxp3 " Treg in NOD mice and
that Treg cells transferred to NOD mice block the
development of diabetes [34].

Invariant Natural Killer T cells (INKT), such as Treg cells,
are reported to be associated with TIDM [21]. INKT cells
regulate the host's immune response after parasite infection
[21]. IL-4 and IFN-y formation after S. mansoni infections
are shown as an example. Increased INKT cells against S.
mansoni eggs and adults have been reported to inhibit the
development of TIDM in NOD mice [35].

Recent studies have increased the predominance of IFN-y
in relation to the Th-1 type response of macrophages in many
microorganisms. It also plays an important role in Th-2 type
inflammatory response. These macrophages are called
alternative activated macrophages [36]. Alternative activated
macrophages by activation of Th-2 cytokines such as IL-4
and IL-13 are mechanisms involved in the formation of
immune response in allergy and helminth infections. The
depletion of macrophage (M®s) inhibitors in NOD mice
leads to the development of T1D [36].

It has been reported that the increase in TIDM in children
under 14 years of age in developed countries is not only due
to genetic factors [37]. It is suggested that there is an inverse
relationship between poverty and T1D in underdeveloped
and developing countries. The high prevalence of infection
due to lack of sanitation is thought to prevent the
development of autoimmune diabetes. The role of clean
water in diseases such as TIDM is an example.

The relationship between S. mansoni and TIDM is one of
the most widely studied trematodes [18]. Schistosomiasis is
the oldest and biggest public health problem faced by people
in the world today, causing economic losses and lasting 25-
30 years in humans [38]. This disease caused by Schistosoma
species infects approximately 200 million people worldwide
[39]. In most human cases, the causative agent is S. mansoni,
S. japonicum and S. haematobium. S. mansoni is observed in
African countries, Saudi Arabia and almost all South
American countries. The parasite most often settles in the
large intestine veins and lays eggs in the intestinal cavities.
Parasite eggs with feces of infected persons mix into fresh
waters. In the natural immune response, dendritic cells,
macrophages and NKT cell modifications occur with radical
changes in phenotype and cytokine secretion [36]. In the
humoral immune response to S. mansoni, anti-schistosoma
IgE antibodies, degranulation (mast cell) and eosinophil
counts are increased. Here, the Th-2 response with the most
important cytokines (IL-4, IL-5 and IL-3) plays a role. In the
cellular immune response the Th-1 response is formed with
IFN-y secretion [13]. The onset of the immune response to
the eggs occurs through a mechanism resulting from the
coexistence of Th-1, Th-2 responses. As time progresses, the
entire inflammatory response regresses and granuloma
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formation occurs only due to Th-2 response. The formation
of Th-2 response and IL-10 caused by this immune response
prevents the formation of protective Th-1 immune response
that causes death [13].

Experimental studies have reported that helminthes are
associated with protection against many autoimmune
diseases such as inflammatory bowel diseases and diabetes
[21, 28, 40]. In addition, it has been explained that helminth
infections may alter the immune response in allergic
reactions [13].

According to
Heligmosomoides

studies on Trichinella spiralis and
polygyrus  gastrointestinal ~ helminth
infections, there was an association between diabetes
development and immunology in NOD mice. These
mechanisms have been reported to be different for each
parasite. 7. spiralis and H. polygyrus found that a Th-2
response occurred by increasing IL-4 and IgE levels. T1
diabetes is caused by activation of the Th-1 pathway. Th-2
response has been shown to be induced by protection from
the effects of Th-1 due to beta cell destruction in 7. spiralis
and H. polygyrus infections [28].

In addition, helminth infections provide diabetes
protection by disrupting the pathways leading to beta cell
destruction and thereby inhibiting autoimmune diabetes.
Hygiene hypothesis the increase in autoimmune diseases
such as diabetes in the world as result of reduced exposure to
infectious agents. In animal models, it is emphasized that
diabetes can be prevented by infectious agents such as
helminths, bacteria and viruses.

2.2. Protozoon Infections and Diabetes

Protozoan infections cause opportunistic infections in
immunosuppressed patients. Macrophages are an effective
immune response to extracellular parasites. For intracellular
parasites, NK cells and activated macrophages play an
important role in the innate immune response. In intracellular
pathogens (Leishmania spp, T. cruzi and T. gondii) Th-1
response occurs by T cell differentiation by producing IL-12
and IFN-y.

Toxoplasmosis is a systemic disease caused by
Toxoplasma gondii, the obligatory intracellular parasite of all
mammals and birds [12]. Toxoplasmosis, a latent in healthy
individuals, is a life-threatening disease in people with
pregnancy and immunodeficiency [12]. 7 gondii infection is
reported to be quite common in patients with diabetes the
course of infection is prolonged in such patients [41].
Hokelek et al. [42], they found toxoplasma seropositivity [gG
in41 (73.2%) and IgM in 1 (1.8%), of 56 patients with Type2
DM. Korkmaz et al. [14], they have determined toxoplasma
IgG seropositivity in 30 (40.5%) of 74 patients diagnosed
with diabetes mellitus. In another study, they have found IgG
seropositivity in 56.62% of 85 Type 1 DM patients [41]. The
host immune response to 7. gondii is mainly mediated by
cellular immunity. T cells, NK cells and cytokines play a role
in cellular immunity. The most important cytokines are IFN-
¥, TNF-a, interleukin-2 (IL-2), IL-6, IL-7, IL-10, IL-12 and
IL-15[13].

In different clinical of Toxoplasmosis, one of the Th-1 and
Th-2 cytokines is said to be dominant. Th-1 response occurs
in people with immune system intact ocular toxoplasmosis.
Of active chronic toxoplasmosis such as congenital
toxoplasmosis, toxoplasma encephalitis and
lymphadenopathy have been observed to come to the fore in
the Th-2 response [43].

CD4" and CD8" T lymphocytes play an important role in
the 7. gondii resistance of the host. Cytokines secreted from
CD4" T lymphocytes help to develop resistance at the
beginning of infection. In experimental studies, it is stated
that toxoplasmosis mortality increases as a result of decrease
in CD4" T lymphocyte subgroups [13]. It was determined
that the reactivation of CD8" T lymphocytes was inhibited
during infection in immunocompromised animals. During
symptomatic toxoplasmosis, while CD8" T lymphocytes, NK
cells and monocyte count increased, there was no change in
CD4" T lymphocytes [13]. It is known that there is a decrease
in immune system functions, particularly cellular immunity,
in patients with diabetes. In these patients, CD8" and CD16"
values, which are determinants for suppressor T cells and NK
cells, have decreased compared to normal people. Therefore,
it may be seen more in diabetic patients rather than inhibiting
the development of diabetes. Because of the decrease in T
cell and phagocytosis cell functions, it is important to
evaluate patients with diabetes for 7. gondii.

Malaria is a life-threatening disease caused by parasites
that are transmitted to people through the bites of infected
female Anopheles mosquitoes. It is also an important
infection in human history [44]. According to data from the
World Health Organization, approximately 300 million
people catch malaria every year, and one million die of this
infection [45].

Neutrophils, mononuclear phagocytes and NK cells play a
role in innate immunity in malaria infections. Humoral
immune response to infection occurs in people in endemic
areas [46]. However, by stimulation of T cells, IgM and IgG
and other globular proteins secreted by B lymphocytes do not
have much effect on parasites and their developmental
patterns [46]. It is possible that the Th-1 response is involved
in host immunity to malaria. Here, INF-y and TNF-a levels
decreased. The increased risk of P. falciparum infection in
people with diabetes may be clinically important under
various conditions. Semi-immunity controlling parasitemia is
reported to be weakened by progressive diabetes. Despite the
lack of semi-immunity in children in children with severe
Typel DM, it has been reported that there may be
predisposition to catch malaria [47].

2.3. Arthropods Infestations and Diabetes

The relationship between diabetic patients and mites was
investigated. The deterioration of the immune system was
found to be an important factor in the occurrence of
Norwegian scabies and may cause endocrine diseases such as
diabetes [48].

Demodex folliculorum is one of the most common
ectoparasites in humans and is reported to be more common
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in elderly and diabetic patients [49]. Akdeniz et al. [50]
investigated the presence of D. folliculorum positivity in 54
type2 DM patients, 28 male and 26 female, without any
dermatological disease. In their study, DM patients were
matched healthy people with of the terms of gender. Patients
stopped using insulin 2 months ago and they did not use any
medication. They found that the mean parasite density was
higher in diabetic patients (38.7%) than in healthy controls
(35.0%). In addition, parasites detected in diabetic patients
were reported to be larger in size than detected in the control
group. It was emphasized that immunosuppressive conditions
may cause an increase in the density of D. folliculorum and
the effect of hyperglycemia is very important and D.
folliculorum may cause immune disorders.

Hemoglobin Alc (HbAlc) is a test used to monitor blood
glucose levels in diabetic patients. HbAlc level determines
the patient's blood glucose level in the last 3 months. It is an
indicator of the development and progression of micro
vascular complications of diabetes. In the present study,
when the HbAlc level was examined, they found that the
mean blood glucose level was very high and there was a
positive correlation between the D. folliculorum HbAlc
levels [50].

3. Conclusion

Exposure to some parasites and microorganisms can
prevent autoimmune diseases. In recent years, it has been
observed that helminths can protect against many
autoimmune diseases such as diabetes. However, protozoan
infections and arthropod infestations may be more common
in diabetic patients rather than preventing the development of
diabetes. Increased autoimmune diseases such as diabetes in
developed countries can be seen as a result of reduced
exposure to certain infectious agents.
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