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I 

Summary 

Type II Diabetic Mellitus (TIIDM) is a group of metabolic syndrome 

described by decline sensitivity of target organs to insulin and confirm or relative 

insufficiency of insulin excretion followed by electrolytes, water, protein, fat and other 

metabolic disorders. These defects cause diabetic patient to be susceptible to infection 

with intestinal parasites. 

 One hundred thirty-five samples (blood and stool) were collected from each 

diabetic patients aging (25 – 75) years old in kirkuk city/Iraq during the period between 

November 2021 to May 2022.  

 

 Sixty-six (66) samples from 135 diabetic patients were infected with 

parasite and 69 diabetic patients without parasitic infection served as (control). The  

most important type of parasite which detected in this study included protozoa like (E. 

histolytica, Entamoeba coli, B.coli, G.lamblia, B.hominis, C. parvum) and helminth like 

(E.vermicularis, T. saginata, A. lumbricoides. S. mansoni).The rate of white blood cell 

(WBC) and lymphocyte (LYM) increased in diabetic patients infected with parasite, but 

depletion occurred in the rate of NEU, the rate of Hb in TIIDM patient infected with 

parasite also decreased. Through this study the result also was disparate between 

male(32.3%) and female(48.6%) in B. hominis, this is one example, and also between 

the types of parasites themselves. Also according to age side, no relationship was 

determined between age and parasitic infection. About education, the rate of infection 

was higher in non-educated patients. Concerning residence, the highest rate of infection 

was in urban than in rural (43 samples in urban residences in TIIDM group and 23 

samples from rural). According to the type and frequency of intestinal parasites among 

diabetes mellitus patients, the most highly percentage of parasitic type was Blastocystis 

hominis 27 (40.9%) in TIIDM and the less common type of parasite that infects TIIDM 

patients was Schistosoma mansoni 1 (1.5%). The relation between increase in IL-6 

levels with abnormality of blood sugar metabolism and also with infection with 

intestinal parasite was detected. 
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CHAPTER ONE  

INTRODUCTION  

1.1 Introduction 

Intestinal parasites are an important cause of morbidity and mortality, 

Intestinal parasites are responsible for one of the major health problems like food 

contamination with socioeconomic effects in the world with a prevalence rate of 30-

60%, in developing countries that lie within tropical and subtropical areas. They pose a 

reasonable public health burden (1). Contaminated food or water is the most prevalent 

cause of transmission, however it may also be passed from person to person by fecal 

oral contact, skin, insect bites, and other routes (2). Nearly to 340 parasites infect more 

than 3 billion people worldwide, causing a variety of life-threatening diseases (3). 

Helminths and protozoa are the two primary categories of intestinal parasites. like 

diabetic patients  in terms of its two forms  (TID and TIID) were susceptible to be 

infected with intestinal parasites (4). Diabetes mellitus is one of the most important 

chronic diseases, morbidity and mortality are increasing exponentially due to the large 

number of diabetic patients and their severe chronic complications. The most common 

form of diabetes is type II diabetes (TIIDM), which is now considered a global 

epidemic and accounts for approximately 90% of diabetes worldwide according to the 

World Health Organization (WHO) (5). 

The target population was mostly adults in the past, but over the years a 

growing number of children and adolescents were infected TIIDM (6). Insulin 

inadequacy and decreased  insulin activity are characteristics of type II diabetic mellitus 

(7).  

 

Diabetic patients are prone to infection due to abnormally high blood sugar, 

and weakness of the immune system  (8). 

To date, no studies have been conducted on the prevalence of intestinal 

parasite in TIIDM patients in kirkuk city/Iraq. Also the efficacy of preventative 

approaches is unclear, so we undertook this study to clarify the burden of parasite 

infections in patients with TIIDM.  
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 1.2 Aim of study as follows:   

1- Evaluation the prevalence of parasites by direct microscopic examination and two 

concentration methods and possible association with Type II Diabetic Mellitus 

(TIIDM).  

2- Determining the prevalence of gastrointestinal parasite in (TIIDM) patients according 

to sex, age group, education level and infection with other autoimmune. 

3-Determinaion of Interleukin 6 using Enzyme Linked Immuno Assay (ELIZA)    

techniques.  

4- Determination of complete blood count (CBC) and C- reactive protein (CRP) in 

diabetic patients. 
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Chapter Two 

Literature Review 

2.1. Intestinal parasites: 

A collection of infectious disorders known as parasitic intestinal infections 

continues to pose a serious threat to public health, particularly in rural parts of 

developing countries that are located in tropical and subtropical climates (9). Intestinal 

parasite infects immunocompromised individual, one of these is Type II Diabetes 

Mellitus (TIIDM) (10).                                                                           

The most important reasons that encourage the infection TIIDM patients with 

intestinal parasite include general immunodeficiency, decreased T cell response in 

patients with TIIDM, congenital disorders of the immune system of TIIDM patients 

with humoral immune disease, multiple organ damage, changes in intestinal flora, lack 

of health education, poverty and insufficient hygiene. Therefore, individuals with 

TIIDM may be at increased risk of infection due to both short-term and long-term 

consequences, and this vulnerability is exacerbated when diabetes is poorly controlled 

(11) and (12). 

2.1.1. Intestinal protozoa 

One of the most common human diseases, intestinal protozoan parasite 

infections impacts a considerable portion of underprivisleged groups, particularly in 

developing nations (13). They are acknowledged as major contributors to severe 

mortality, malnutrition, and gastrointestinal disorders. Entamoeba histolytica, Giardia 

lamblia, and Balantidium coli are the most prevalent species linked to serious illnesses 

and among the pathogenic protozoan parasites that cause health difficulties (14). The 

high frequency of both pathogenic and non-pathogenic protozoa is strongly correlated 

with factors such as poverty, unfavorable environmental circumstances, lack of access 

to clean water and proper sanitation, poor hygiene habits, and lack of knowledge about 

health-promoting behaviors (15). Despite the fact that individuals of all ages are 

susceptible to intestinal protozoa infection, children are the most susceptible and more 

prone to have clinical symptoms. Furthermore, due to their activities of handling or 

playing in infested soil, using unclean toilet techniques, and eating or drinking with 

soiled hands, schoolchildren aging from 5 to 17 are disproportionately impacted and 

frequently badly infected (16). 
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2.1.1.A. Entamoeba histolytica:  

Entamoeba histolytica is an intestine protozoan parasite that spreads quickly and 

causes amebiasis (17).  

2.1.1.A1 Scientific classification  

Kingdom:Protista 

          Phylum: Sarcomastigophora 

        Family: Entamoebidae  

             Genus: Entamoeba  

                    Species: histolytica (18). 

2.1.1.A2 Morphology 

It can exist in the human gut as an active unicellular trophozoite or as a dormant 

tetranucleated cyst in the external environment. Trophozoites are 20–40 µm in size. 

Normally, when the cytoplasm is separated from the host, swallowed red blood cells are 

visible. It moves via pseudopodia and usually shows a single nucleus. Classic 

mitochondria, rough endoplasmic reticulum or Golgi apparatus are not visible. 

Interestingly, the ribosomes are arranged in a helical pattern in the cytoplasm, and the 

microtubule-cytoskeleton network is not visible. Cysts are much reduced in size (10–16 

µm) and cytoplasmic content. Glycogen is deposited in a vacuole and ribosomes are 

often aggregated to form elongate bars (19). 

 

Figure (1) Trophozoite, precyst, cyst of E.histolytica (20) 
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2.1.1.A3 The life cycle  

E. histolytica has two stages in its life cycle: an infective cyst and an invasive 

trophozoite. E. histolytica cysts can persist for weeks in damp conditions and are 

disseminated through consumption of contaminated food or water. They are resistant to 

acidification, chlorination, and desiccation. After the human host has consumed 

anything, cysts develop in the small intestine lumen. Eight trophozoites are produced 

during cyst development via nuclear division, which is followed by cytoplasmic 

division (21). When the colon's mucus and epithelial layers are exposed, the 

trophozoites cling to them and live in the colon's lumen (22).  Due to their great 

motility, trophozoites entered the intestinal barrier, including the mucus layer, followed 

by the epithelium and connective tissue, an intense inflammatory response is brought on 

by immune cells and the substances they secrete, such as cytokines, which facilitate the 

trophozoite-induced invasion process. Human tissues are destroyed as a result of 

parasite invasion, and the main symptoms of intestinal amebiasis include cell death, 

phagocytosis of human cells, and inflammation. Trophozoites can enter blood vessels 

and the liver, where a different invasive process takes place, causing the liver to abscess 

and eventually killing the host (23). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (2): Life cycle of E.histolytica (24) 
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2.1.1.A4. Pathogenicity:  

Amoebae have created sophisticated tactics to get over host defenses and aid in 

their own survival. Although great progress has been made in understanding the biology 

and pathology of the disease in recent decades, several recent studies have investigated 

the etiology of acute and chronic diarrhea and shed light on the pathogenesis of E. 

histolytica pathogenic potential (25). In addition to providing food material, gut bacteria 

also provide an anaerobic environment and pH that favor trophozoite proliferation and 

differentiation into cysts (26). It is increasingly believed that the intestinal environment 

and the genotype of the parasite, with the genotype of the host, together create a suitable 

environment for E. histolytica invasion (27). 

Depending on the damaged organ, amoebiasis can have either an intestine or 

parenteral clinical presentation. Dysentery or bloody diarrhea, fulminant colitis, amebic 

appendicitis, and colonic amoebiasis are the four clinical manifestations of invasive 

intestinal amoebiasis, all of which are typically acute. 90% of instances of invasive 

intestinal amoebiasis are caused by the diarrhea and dysentery condition. Prior to 

discharge, patients with diarrhea had an average of 3 to 5 expectorations per day, blood 

discharge, moderate cramping, and tenesmus. Even though E. histolytica can infect 

practically any organ in the body, amoebic liver abscess is the most typical type of 

extraintestinal amebiasis. The prevalence of this illness, which is brought on by 

trophozoites migrating from the colon to the liver via the portal circulation, is three 

times higher in males than in females and ten times higher in adults (28). 

E. histolytica trophozoites are expert scavenger cells that can consume a variety 

of cells, including human cells as well as bacteria, yeast, and parasites (e.g., epithelial, 

lymphocytes, macrophages, endothelial) (24). Generally coughing, and deep breathing 

all tend to make the pain worse. A dry cough and, occasionally, pleuritic chest pain are 

the signs of an abscess in the right lobe. Left upper lobe abscesses can produce pain 

sometimes accompanied by breathing problems, and occasionally radiating to the base 

of the neck and one or both shoulders. With an amoebic liver abscess, between 85% and 

90% of patients have a body temperature between 38 and 40°C. In the afternoon and 

evening, patients often have chills and profuse sweating. Jaundice occurred in 8% of 

patients who responded well to treatment. Less than one-third of patients had diarrhea 

or dysentery. Perforation of the pericardium, pleura, or the abdomen can result from 

amoebic liver abscesses as complications (28).  
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A study by Tangi and Fominyam Boris in the Cameroonian communities of 

Limbe and Buea suggests that people with diabetes may be infected with intestinal 

parasites. E. histolytica was the main parasite found in the feces of study participants 

(29). 

2.1.1.B. Entamoeba coli 

It is an internal depended  parasite, infect the large intestine of human (30). 

Mature cysts can be detected in contaminated water, and it is transferred by fecal-oral 

contact. Entamoeba coli is one of numerous  protozoa that inhabit people. These 

protozoa can be found in diagnostic stool samples and generally live in the colon (31).   

2.1.1.B1 Scientific classification  

Kingdom: Protozoa 

        Phylum: Amoebozoa,  

               Family: Entamoebidae,  

                       Genus: Entamoeba,  

                                Species:  coli (19). 

2.1.1. B2 Morphology 

Entamoeba coli has three different morphological forms: trophozoite, pre-cystic 

form, and cystic form (32). The trophozoite form, which is 20-25 µm in size, has 

minimal mobility. Trophozoite has an oval core with a thick membrane surrounding the 

nucleus. As the trophozoite begins to change its shape slightly to form pre-cystic stage 

in which the anterior sac begins to form, becoming more spherical and containing two 

nuclei. Cysts often have a diameter of 10 to 35 μm and resemble colorless spheres (33). 

They still have granular cytoplasm, but no vacuoles. The eight-nucleated 

nucleus that is formed when the cyst starts to mature is the most distinguishing feature 

of Entamoebae. Entamoeba coli is a nonpathogenic protozoon, thus it's crucial to 

separate it from protozoa that do cause disease. The full name of the protozoa is 

typically used to prevent misunderstanding with  Escherichia coli (31). 

https://en.wikipedia.org/wiki/Entamoebidae


Chapter two                                                                      Literature Review 

 

8 

 

Figure (3): Entamoeba coli (Trophozoite, precyst, mature cyst) (30). 

 

2.1.1. B3 The life cycle  

Usually host colonization starts with the consumption of developed cysts from 

contaminated food and water sources (fecal-oral contamination). Cysts may withstand 

the acidic environment of the stomach because of their tough cell walls, which can last 

in the external environment for up to many weeks. In the small intestine, cysts release 

trophozoites. These trophozoites then create daughter trophozoites, which are barely 

mobile and travel to the large intestine. Like the majority of protozoa, Enamoeba 

species are divided into two daughter cells during binary fission to reproduce. The large 

intestine's trophozoites grow and slowly shrink by binary fission, first reaching the pre-

cystic form and subsequently the cystic form. These cysts proceed through mitosis until 

they either develop eight nuclei or, sporadically, sixteen. The host's feces discharge 

fully developed octanucleated Entamoeba coli cysts. Trophozoites found in feces in 

vitro are rapidly destroyed and cannot survive in contact with the gastric environment 

after ingestion (31). 
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Figure (4): Life cycle of Entamoeba Coli (24). 

 

2.1.1.B4. Pathogenicity  

Entamoeba coli lives in the lumen of the large intestine in human. They do not 

arrive  at the mucosa or sub-mucosa layers or other tissues of the intestine (30). Usually 

through fecal-oral contamination, host colonization starts with the consumption of 

developed cysts from contaminated food and water sources. Cysts may withstand the 

harsh external environment for up to several weeks due to their robust cell walls, which 

also help them withstand the stomach's acidic environment. In the small intestine, cysts 

produce trophozoites. These trophozoites then give rise to daughter trophozoites, which 

are barely mobile and move to the large intestine. Like the majority of protozoa, 

Entamoeba species are divided into two daughter cells during binary fission to 

reproduce. The large intestine's trophozoites grow and slowly shrink by binary fission, 

first reaching the pre-cyst and subsequently the cystic form. These cysts proceed 

through mitosis until they either develop eight nuclei or, sporadically, sixteen. Mature 

Entamoeba coli octanuclear cysts are secreted in host feces. Trophozoites discovered in 
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feces in vitro quickly disintegrate and, if consumed, are incapable of withstanding 

contact with the gastric environment. Patients may, on occasion, develop 

gastrointestinal problems such loose stools, cramping in the stomach, and bloating. If 

there are many amoebas in the digestive tract, some people may experience gastritis, 

indigestion, dyspepsia, or hyperacidity. Typically, there is no blood or mucous in the 

stools. Long-lasting symptoms (31). 

The research was conducted by MacHado, Eleuza Rodrigues. Prevalence of Entamoeba 

coli infection in 120 TID patients and 36 TIID patients (42%) (34). 

2.1.1.C. Balantidium coli 

Balantidium coli (B. coli) spreads to a range of host animals, including pigs, 

camels, ruminants, horses, and even humans, which is a developing ciliate that is 

significant in zoonotic illnesses (balanitidiasis). Due to the favorable geographical and 

climatic conditions that promote the development and survival of parasites in these 

places, the disease is more prevalent in tropical and subtropical areas of the world (35).  

2.1.1.C1. Scientific classification  

Kingdom: Protozoa 

       Phylum: Ciliophora 

                Family: Balantidiidae  

                        Genus: Balantidium  

                                Species: Coli (36) 

2.1.1.C2. Morphology: 

B. coli has two forms, cyst and trophozoites. Both the cysts in fresh samples and 

the trophozoites were characterized by the presence of kidney shape macronucleus and 

small micronucleus. The cysts were round in shape, measuring 49.5 µm in 11 diameter, 

while the trophozoites were ciliated oval to round shape, measuring 50.2 X 70.5 µm 

(37). This parasite inhabits the host's gut. It does not cause illness or bowel disease and 

life-threatening colitis (38).  

  

https://en.wikipedia.org/wiki/Ciliate
https://en.wikipedia.org/w/index.php?title=Balantidiidae&action=edit&redlink=1
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Figure (5):A) Trophozoite of Balantidium 

coli  stained with Lugol’s  iodine (37) 

B) Cyst  of B. coli 

 

 

2.1.1.C3. The life cycle  

B. coli's life cycle consists of two phases: an active trophozoites that  live in the 

host's colon and a dormant cyst (39). The direct life cycle of parasites involves fecal-

oral transmission via contaminated water and food. Trophozoites feed on bacteria and 

food particles in the host's gastrointestinal tract and are divided asexually by lateral 

division. They can also be reproduced sexually by conjugation. In the colon and rectum 

of the host, encapsulation takes place. Both trophozoites and cysts are expelled in the 

feces, with cysts being more prevalent in normal stools and trophozoites being more 

prevalent in diarrheal stools. Cysts can endure in a damp environment for a number of 

weeks. Trophozoites are less adaptable and can either go quickly after stools or remain 

in stools for several days at room temperature. Cysts are considered the main stage of 

infection. Trophozoites die at pH < 5.0 and in low gastric pH conditions and are 

generally considered unable to survive (38).  

 B 
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Figure (6): Life cycle of Balantidium coli (24) 

 

2.1.1.C4. Pathogenicity  

Clinical symptoms might be categorized as symptomatic, chronic, or dysentery. 

B. coli invades the intestinal wall in symptomatic instances; the most prevalent type is 

chronic balanitidiasis, which is characterized by colitis with nonspecific abdominal 

symptoms including diarrhea or stomach discomfort, frequently accompanied by nausea 

and vomiting (40). Dysentery is characterized by mucus and blood in the stool, 

discomfort in the lower abdomen, and bleeding from intestinal perforations (Balantidia 

dysentery) (41).  

Amebic colitis and B. coli colitis can be mistaken, despite the fact that B. coli is 

sometimes regarded as the major pathogen, given that symptomatic cases are frequently 

linked to other comorbidities, it might be a secondary pathogen (bacterial and viral 

infections, leukemia, diabetes, psoriasis, and intestinal, liver, lung, kidney, or 

autoimmune diseases) (41) and (42). B. coli secretes hyaluronidase and beta-

glucuronidase which does not digest the dense mucus in the large intestine (38). 
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Because the parasite cannot pass through a healthy host's intestinal wall, the 

infection that results is asymptomatic. However, if the thickness of this mucin layer is 

decreased or eliminated as a result of additional wounds or co-infections, B. coli 

enzymes can access and destroy the intercellular cementum of the connective tissue, 

compromising the integrity of the intestinal membrane and preventing the migration of 

parasites to the mucosa as well as the promotion of the formation of intestinal mucosa. 

The infection in this instance will manifest symptoms. The terminal ileum and colon 

both experience intestinal lesions brought on by B. coli. Trophozoites cause 

inflammation and ulceration of the mucosa and submucosa, resulting in abscesses and 

hemorrhages ranging from superficial to deep ulcers; lesions are often surrounded by 

many parasite cells (43). At the end, intestinal perforation and death could happen. (41); 

extra intestinal lung infections have been reported) (44);  liver (45), genitourinary tract 

(42), cervical cord , brain , ascitic fluid and eyes (38). 

A study published in Portuguese, English and Spanish from 1990 to 2020  by 

Oliveira, Amanda Silva De, indicates the relationship between patient with DM with 

B.Coli and the result was mentioned in (5 studies,  16.1%) (46). 

2.1.1.D. Giardia lamblia  

Giardia lamblia is a single-cell organism that affects humans and other animal 

hosts in the small intestine , also called Giardia duodenalis ,Giardia intestinalis (47). 

2.1.1.D1. Scientific classification  

Kingdom: Protozoa   

     Phylum: Metamonada 

          Family: Hexamitidae  

                 Genus: Giardia 

                        Species: Lamblia (48) 

2.1.1.D2. Morphology 

Trophozoites have four symmetrically organized flagella and two nuclei. 

Trophozoites have a concave ventral surface where organelles known as the ventral disc 

are connected and a convex dorsal surface. The cysts are elliptical or oval-shaped with  

7–10 µm long (49). 

https://en.wikipedia.org/wiki/Metamonad
https://en.wikipedia.org/w/index.php?title=Hexamitidae&action=edit&redlink=1
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Giardia spp. are unique eukaryotes because they possess organelles, including 

the nucleus, ribosome and lysosomal vacuoles, and their multiple linear chromosomes. 

However, they are characterized by a lack of many organelles and other typical features 

of eukaryotes. Perhaps the most striking is the genus Giardia, they lack mitochondria, 

peroxisomes, and nucleoli, and are subject to anaerobic metabolism. Furthermore, while 

the Golgi becomes visible during encapsulation, the trophozoite lacks an easily 

discernible Golgi (50). 

 

                     Figure (7): Cyst and trophozoite of Giardia lamblia (51). 

 

2.1.1. D3. The life cycle  

Giardia has two primary stages in its life cycle. When the cyst is consumed 

through tainted food, water, or (rarely) direct fecal-oral contact, the host becomes 

infected (48). Oval cysts that cause giardiasis can survive for months in fresh water at 

4°C (52). Cysts are relatively inactive and can survive for a long time in various 

environmental conditions. The cyst is evacuated as a trophozoite in the proximal small 

intestine after coming into contact with the stomach's acidic environment.(48). 

Trophozoites colonize the human small intestine and cause disease (52). Trophozoites 

are replicate in the small intestine by binary fission, causing diarrhea and malabsorption 

symptoms. Cysts develop in the jejunum and are expelled in the feces when some 

trophozoites come into touch with bile fluids, completing the transmission cycle by 

infecting a new host (48). 
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Figure (8): Life cycle of G. lamblia (24) 

 

2.1.1.D4. Pathogenicity:  

In giardiasis, trophozoites are not invasive, yet giardiasis is correlated with 

villus shortening, enterocyte apoptosis, and intestinal barrier and dysfunction (53). 

These abnormalities, possibly in combination with other pathological mechanisms such 

as reduced intestinal disaccharidase and activity of protease, may be the direct cause of 

Giardia diarrhea (54). There are a few persons who have vomiting, nausea, unpleasant 

gas, and abrupt and watery diarrhea. Prior to the onset of subacute symptoms, these 

symptoms often last 3 to 4 days. Anorexia, chronic diarrhea, and weight loss are just a 

few of the chronic infection symptoms that are up to 66% of those who are infected 

have. Chronic diarrhea can last for months, and an infected person's stools can become 

wet, smelly, and greasy. Watery diarrhea can alternate with liquid stools or even 

constipation (55). In giardiasis the diarrhea is usually greasy and foul-smelling 

(steatorrhea), vitamin A and B12 malabsorption, iron and zinc deficiency, and lactase 

deficiency are seen in 20-40% of symptomatic cases(56). 
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The study was conducted between July 2008 and January 2009 in diabetic 

patients in Limbe and Buea, Cameroon, involving 400 patients (200 with dyspepsia and 

200 with diabetes) and 100 healthy volunteers. The prevalence of giardiasis was 7% 

(14/200) (29). 

 

2.1.1.E. Cryptosporidium parvum 

Acute gastroenteritis is brought on by the protozoan known as Cryptosporidium, 

which infects a number of vertebrates, including humans. Tyzzer made the initial 

discovery of Cryptosporidium in 1907 (57). 

2.1.1. E1. Scientific classification 

Kingdom: Protozoa 

     Phylum:  Apicomplexa 

          Family: Cryptosporiidae 

               Genus: Cryptosoridium 

                      Species: parvum (58) 

2.1.1. E2. Morphology 

According to the many phases of the parasite, Cryptosporidium has diverse 

morphological traits. The oocysts that are released into the environment have a smooth, 

oval shape. It is protected due to the thickness of its walls, and has slit on one side 

which facilitate releasing of sporozoites when excystation occur (58). The oocysts are 4 

to 6 μm in diameter.  Although Type I and Type II meronts differ in size (1.5 and 3.5 

µm, respectively), both have smooth epicellular surfaces and produce relatively similar-

sized merozoites (~0.4 × 1 µm). Type I merozoites are rod-shaped with sharp ends and 

rough surfaces, while Type II merozoites are characterized by rounded and rough 

surfaces. On the other hand, the small gametes formed by Type II merozoites are about 

0.1 µm in size with spherical and rough surfaces, while the large gametes are 4 × 5 µm 

in size with oval and rough surfaces (59). 
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        Figure (9): Cryptosporidium parvum oocyst (58). 

 

2.1.1. E3. The life cycle 

Sporulated oocysts containing 4 sporozoites are shed in the feces of infected 

hosts (There may be other methods for sheding such as  respiratory secretions). 

Transmission of Cryptosporidium occurs primarily by ingestion of fecal-contaminated 

water (such as drinking or swimming water) or food (such as raw milk), or after direct 

contact with infected animals or humans After appropriate ingestion (and possibly 

inhalation) by the host, encystation  occurs. Release sporozoites and parasitize epithelial 

cells  of the gastrointestinal tract (and possibly the respiratory tract). Parasites reproduce 

asexually (schizonts or meragons) in these cells, usually within the brush border. and 

Then comes sexual reproduction (gametogony), which produces microgamonts 

(males)  and macrogamonts (female)  . Upon fertilization of the macrogamonts by the 

microgametes that rupture from the microgamont, oocysts develop and sporulate in the 

infected host. Zygotes give rise to two different types of oocysts (thick-walled and thin-

walled). The host releases thick-walled oocysts into the environment  , Thin-walled 

oocysts are involved in an internal self-infection cycle and cannot be collected from 

feces  . The oocysts are contagious when shed, allowing direct and immediate fecal-oral 

transmission. Extracellular stages have been reported, but their importance throughout 

the life cycle is unclear (60). 
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Figure (10) life cycle of Cryptosporidium spp. (24) 

 

2.1.1. E4. Pathogenicity  

The sickness starts with diarrhea and stomach pain. The parasite can lead to 

deadly long-term infections in immunocompromised hosts. In individuals with acquired 

immunodeficiency syndrome, cryptosporidiosis is therefore regarded as one of the most 

serious opportunistic illnesses (59).  Until 1982 Cryptosporidium was acknowledged as 

a significant contributor to acute diarrheal disease in humans. Prior to that, it was 

believed to be the cause of self-limiting diarrhea in both the general public and 

immunocompromised people (61). Although infection may be asymptomatic in some 

people, Cryptosporidium infection typically causes episodes of watery diarrhea in 

immunocompetent people (62). This disorder may be underestimated because diarrhea 

usually resolves without treatment. People who have direct touch with diseased animals 

(particularly calves) or who ingest pool or drink raw water are more likely to contract 
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cryptosporidiosis than those who do not have direct contact with animals (63). The 

intestinal barrier's ability to function is altered by the parasite after infection, increasing 

its permeability, absorption, and secretion of fluids and electrolytes. As a result, the 

degree of immunodeficiency determines the severity, duration, and outcome of the 

infection (64). Cryptosporidium is present in the gut of infected humans and animals as 

oocysts and is excreted in the feces (65). 

Oocysts are highly resistant to chlorine, chloramines and chlorine dioxide 

commonly used to disinfect water systems and have long been a key to environmental 

infections (59). Cryptosporidium infection is also more common in people with healthy 

or poor immune systems, such as human immunodeficiency virus (HIV)/AIDS, cancer 

and transplant patients (66). Among the parasites that kill about 1 million people each 

year, cryptosporidiosis kills more than 50,000 people (67). Furthermore, 

Cryptosporidium is one of the major protozoan pathogens responsible for global 

waterborne disease outbreaks (62). 

In 2002 a study by Hunter Nichols showed that the association of diabetes and 

Cryptosporidium infection predisposes approximately 3% of diabetic patients to chronic 

diarrhea caused by cryptosporidiosis. However, considering the widespread prevalence 

of diabetes are more likely to develop severe cryptosporidiosis (68). 

2.1.1.F. Blastocystis hominis  

Blastocystis hominis is a typical intestinal parasite seen in many animals 

including humans (69). Probably the most prevalent eukaryotic creature in the human 

digestive tract is this parasite (70). In certain poor nations, prevalence rates as high as 

60% have been reported (69).  

2.1.1.F1. Scientific classification  

Kingdom: protozoa 

      Phylum: Sarcomastigophora 

            Family: Blastocystidae  

                  Genus: Blastocystis 

                          Species: hominis (71). 
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2.1.1.F2. Morphology 

B. hominis exhibits a variety of unique morphological forms, the most known of 

which are the vacuolar, granular, amoebic, and cystic forms (72). Typically, cysts 

between 6 and 40 microns in size are observed in human feces (73). Other 

morphological forms (vacuoles and multivacuoles, small and rare) were also found by 

electron microscopy. Fresh faeces and culture sample vacuolar and granular 

morphologies can be seen using phase contrast microscopy. Also natural and  stain 

sample can be  visualized using light microscopy with electron microscopy (72). 

 

Figure (11):-Blastocystis hominis(74) 

 

2.1.1.F3. The life cycle 

The reported prevalence of this parasite in developed countries ranges from 5% 

to 20% (69). Developing countries need to improve sanitation standards, waste 

management, and food and water contamination to reduce parasite prevalence (75). 

Blastosystis are zoonotic parasites without a specific host (76). Blastocystis spread 

mostly through fecal-oral transmission, which is made worse by unsanitary settings. The 

main factor contributing to the spread of parasites is contaminated water (69). Life cycle 

of Blastocystis occurs by external transmission which is assumed to be caused by thick-

walled cysts in feces, probably by the fecal-oral pathway through consumption of 

contaminated food or water. The digestive tract's epithelial cells are infected with cysts, 

which divide asexually. The parasite's polyvacuolar and amoebic forms are produced by 

its vacuolar form. Thin-walled anterior cysts, formed by the development of many 
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vacuoles, are thought to be the source of their own infection. Amebic form converted to 

the Pre-cyst form and progress through schizonts to become thick-walled cysts. In feces, 

thick-walled cysts are expelled (73). In life cycle of Blastocystis spp. Cysts are 

considered a stage of infection. After ingesting the cyst, the parasite is excreted in the 

large intestine and develops into a vacuole form. These vacuolar forms are split by 

binary fission and can evolve into amoeba or granular forms. Cysts are formed when 

passing through the colon before a bowel movement (75). 

 

Figure (12):Life cycle of B. hominis (24) 
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2.1.1. F4. Pathogenicity  

There is still a lot of argument about if the Blastocystis are pathogen or not for   

humans, although many authors consider it a pathogen (77). The most common 

symptoms of blastocyst infection are diarrhea, abdominal pain, and vomiting. Some 

case reports suggest that protease-secreting ameboid forms are the most lethal. During a 

patient examination, these forms are frequently seen in stool samples from symptomatic 

patients. Proteases are not the only hydrolases that have been found by electrophoresis. 

Increased intestinal permeability is brought on by the lysates' induction of cytoskeletal 

modifications and the induction of apoptosis in epithelial cells. Mucosal cells are 

stimulated to generate interleukin-8 by cystine proteases. Dehydration and intestinal 

inflammation in those who are affected are caused by this process. The protease breaks 

down secretory IgA, which aids parasite survival and immune evasion (72). 

Waly from Walaa Ramadan conducted a study describing the relationship 

between blastocysts and DM. The study population was divided into two groups; 

G1:100 diabetics complaining about various gastrointestinal manifestations and G2:100 

matched non-diabetic controls showed that the most common intestinal parasite found 

in diabetes patients was Blastocystis hominis (29%)  (78).  

2.1.1.1. Laboratory diagnosis of intestinal protozoa: 

Direct wet-preparation testing of fresh stool samples that may be useful as 

detection of motile trophozoites has been associated with symptomatic giardiasis. While 

duodenal biopsy or aspiration is valuable for diagnosing giardiasis, it should be 

emphasized that biopsy is complementary to stool testing: biopsy is not as sensitive as 

stool testing, but it can identify confirmed patients by stool testing alone things (79). 

Staining of stool samples for microscopic examination is essentially because 

trophozoites and cysts of E. histolytica morphologically resemble white Entamoeba coli 

(80). Balantidium coli can often be found in iodine-stained lugol swabs ,in which its 

bean-shaped macronucleus can be seen (38). Trichrome or ionic hematoxylin staining is 

used to detect cysts by fecal sedimentation/concentration techniques followed by 

microscopy. A modified acid-fast staining method for the detection of oocysts in stool 

(80). Cryptosporidiosis is usually diagnosed by examining oocysts in the stool of an 

infected person under a microscope (81). 
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2.1.2. Intestinal helminth 

The most common and geographically widespread parasitic infections in the 

world include roundworm like Ascaris lumbricoides, whipworm like Trichuris trichiura  

and hookworm like Ancylostoma duodenale and Necator americanus, which are all soil-

transmitted helminthiases. One of the main reasons of children's cognitive and physical 

growth retardation, as well as anemia, is soil-transmitted helminth STH infections (82). 

Spread of these helminthic infections, which predominately occurs in tropical and 

subtropical countries, is extremely important for public health. The growth and spread 

of these worms depend significantly on moist soil. Poverty, a lack of clean water, and 

poor sanitation are additional factors that affect transmission. When eggs are transferred 

in human excrement and infect the soil, the transmission process starts  (83). 

2.1.2.A. Enterobius vermicularis 

E. vermicularis is a white nematode that typically inhabits the cecum and 

surrounding stomach. (84). It is the most widespread parasite infection in civilized 

nations with cool and temperate climates. It is an obligate parasite of humans and the 

only known natural host. It is more prevalent in the pediatric population. It is typically 

regarded as a mild disease because of its modest pathogenicity (85).  

2.1.2. A1. Scientific classification 

 Kingdom: Animalia 

       Phylum: Nematoda  

             Family:  Oxyuridae 

                   Genus: Enterobius 

                          Species: vermicularis (86). 

2.1.2. A2.  Morphology  

Adult males of E. vermicularis are 2-4 mm long and 0.1-0.2 mm wide. The rear 

third of the body is curved, greatly shortened, and has an open-ended joint. Male worms 

die immediately after female fertilization, so they are rare. Adult females are longer, 8-

12 mm long and 0.3-0.5 mm wide. The rear end is very straight, extending into a long, 

pointed, tapered tail, 1/3 the length of the worm's body. Female reproductive organs are 

T-shaped in pairs. The uterus of gravid female contains many eggs that fill the entire 

body of the female worm. Gravid females die within 2-3 weeks of spawning (87). Oval 

https://en.wikipedia.org/wiki/Animal
https://en.wikipedia.org/wiki/Nematode
https://en.wikipedia.org/wiki/Oxyuridae
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eggs with flattened edges can be found in gravid females (88). Embryonic eggs are 

contagious to humans. Eggs are colorless, 50–60 µm long and 20–32 µm wide. A thin, 

translucent shell made of two layers of chitin encases the egg. In a salty solution that is 

saturated, eggs can float. After six hours in the presence of oxygen from the 

atmosphere, eggs become contagious and more resistant to preservatives (87). 

. 

 

Figure (13): Adult worm of E. vermicularis (89) 

 

 

Figure (14): Egg of E. vermicularis (89) 
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2.1.2. A3.  The life cycle  

E. vermicularis has not complicated life cycle that is finished in a single host 

(the human host). Humans become infected by ingesting embryos attached to 

fingernails while scratching the perianal area. Within 15 to 30 days of infection, the 

eggshell is broken down by digestive acids, allowing the larvae to pass through the 

small intestine, migrate to the cecum, and eventually mature into adults. The male 

genital pore wraps around the female genital pore, while the male genital pore partially 

curves around the female worms, males keep females in place when mating by using 

their spines. Male dies at once upon female insemination. In response to a reduction in 

body temperature, the gravid female migrates to the perianal membrane during night. It 

only put the egg on the perineum, as air is a spawning stimulator. After spawning, the 

female usually dies (87). The infection is therefore assumed to resolve on its own (84). 

Eggs trapped in perianal folds can hatch into larvae and pass directly into the intestine 

through the anus. This process is called reverse infection. Sometimes the larvae enter 

the vulva and infect the woman's vagina (87). 

 

Figure (15): The life cycle of E. vermicularis (24) 
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2.1.2. A4. Pathogenicity  

E. vermicularis on the other hand, is linked to a number of surgical 

consequences, such as colitis, perianal abscesses or granulomas, considerable morbidity 

in females with ectopic infection, persistent pelvic discomfort, pelvic inflammatory 

disease and clinical signs of acute appendicitis (85). Itching around the anus is the most 

typical sign, and other symptoms include severe pain, but the majority of illnesses show 

no symptoms. Children may experience anorexia, weight loss, difficulty concentrating, 

irritability, mood swings, or all of these symptoms. Other symptoms include 

sleeplessness, irritability, and exhaustion which are frequently greater at night. Thumb 

sucking and nail biting are related behaviors (90). 

A kid can easily catch an infection by eating eggs if they do not properly wash 

their hands after itching their anus. Adults are typically affected by pathogenic 

microorganisms or by interaction with young children. Worm eggs are tenacious and 

can persist for weeks in dirt, household dust, clothing, and bedding. Eggs quickly dry 

out in the environment because they are susceptible to dehydration. There might be 

reseeding. Eggs are easily airborne and can spread illness by inhalation (swallowing 

mucus or mucus containing eggs). Although eggs can be found in the fur of pets, 

pinworms are only known to live in humans. Most persons in an infected population 

only have a few worms in them, but some may have hundreds. The pathogenicity differs 

by strain, so it is unclear at this time (84). 

  A study by Manson and O Sullivan in Egypt (Tanta, Gabi province) showed a 

relationship between diabetes and intestinal parasites: in patients (360 patients), 

compared to the control group (3.8%), one patient (3%) had helminthiasis (91). 

2.1.2.B. Ascaris lumbricoides 

One of parasitic nematode is  Ascaris lumbricoides,  (Family Ascarididae). The 

human Ascaris lumbricoides is roundworm.  A. lumbricoides is one of the most wide 

spread parasites in the world, infects 1.2 billion people broadly (92). This is due to the 

fertilization ability of female worms to produce large numbers of eggs that are 

characterized by being highly resistant to environmental conditions, as well as to the 

easy of infection transmission among people due to the ingestion of eggs containing the 

larvae in its second stage with food and water that are contaminated with them. There is 

no immunity when reinfection occurs(93). Infections most generally appear in China 

and east Asia, the Americas and sub-Saharan Africa (92) 
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2.1.2. B1. Scientific classification  

Kingdom: Animalia 

       Phylum: Nematoda  

             Family:  Ascarididae 

                    Genus: Ascaris 

                            Species: lumbricoides(94) 

 

2.1.2. B2. Morphology  

Mature worms are white-creamy with a pink color organism. 15–31 cm in length 

is the measure of male and have back end curved anteriorly. Females are larger, the 

length was 20–49 cm.When the egg became fertilized, it will contain a second-stage 

larva measures 50–70×40–50 μm. The eggs of A. lumbricoides may appear in three 

forms: Fertilized corticated and fertilized decorticated, unfertilized eggs (∼90 μm in 

length) (93). 

 

                     Figure (16) Adult male and female of A. lumbricoides(93) 

 

https://en.wikipedia.org/wiki/Animal
https://en.wikipedia.org/wiki/Nematode
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Figure (17): Eggs of Ascaris lumbricoides): (A) Unfertilized, (B) Fertilized 

mammillated and (C) fertilized decorticated (95) 

2.1.2. B3. The life cycle  

Transmission of ascariasis to humans occurs from hand to mouth. Eating 

contaminated food or putting a contaminated finger in the mouth can ingest parasite 

eggs. The eggshell is digested by gastric juice and larvae hatch from the egg (96). 

Larvae hatch from fertilized eggs ingested in the duodenum and enter the circulatory 

system. They enter the pulmonary circulation through the liver. Larvae enter the lung 

airspaces within 2 weeks of initial exposure. After 3 weeks, they are return to the 

intestines, where they mature into adults and pass through the mouth, nose, or anus. 

Adult females have the capacity to generate up to 200,000 eggs every day, which are 

released into the environment with the excrement of the host (97). 

 

Figure (18): Life cycle of A. lumbricoides (24) 
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2.1.2. B4. Pathogenicity  

A. lumbricoides roundworms are widely present in the ground. The infection is 

widespread globally, infecting an estimated 1.5 billion people worldwide (98). 

Ascariasis, the causative agent of the roundworm, is a major medical, social and 

economic problem in many underdeveloped countries with the lowest levels of public 

health, sanitation and hygiene. Infections occur at any age, but are most common in 

preschool or school-age children. Both sexes are affected equally (96). 

Symptoms correlated with severe ascariasis include abdominal pain and bloating 

due to intestinal obstruction caused by worms (99). Adult worms usually live in the 

gastrointestinal tract from the stomach to the ileocecal valve and do not cause any 

noticeable symptoms. When the intestinal environment is unfavorable, such as 

inflammation and obstruction, the corpus callosum migrates to other less hostile sites, 

which can lead to severe granulomas such as granulomas. Abdominal complications 

lead to severe malnutrition, morbidity and possible death (96).Infection with A. 

lumbricoides typically has no symptoms. However, gastrointestinal and respiratory 

problems can appear. Complications from infections have been linked to cholangitis, 

appendicitis, and intestinal blockage (98). 

A study by Manson and O Sullivan in Egypt (Tanta, Gabi province) showed an 

association between people with diabetes and intestinal parasites. (3%) compared to the 

control group (5%) (91). 

 

2.1.2.C. Teania saginata  

The beef tapeworm, also referred to as Taenia saginata, is a zoonotic tapeworm 

from the genus Taenia in the order Cyclophyllidea. It is an intestinal parasite that affects 

humans and causes cysticercosis in cattle as well as taeniasis, a kind of helminthiasis. 

Humans are the sole hosts of the adult worms, whereas cattle serve as intermediate hosts 

for the larval stage of the life cycle. It is widespread throughout the world, especially in 

areas where cattle are grown and meat is consumed T. saginata is the largest species of 

the genus Taenia (100). 
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2.1.2.C1. Scientific classification 

Kingdom: Animalia 

     Phylum: Platyhelminthis  

          Family:  Taeniidae 

              Genus: Taenia 

                   Species: saginata (100) 

 

2.1.2.C2. Morphology 

T. saginata is a long, segmented ribbon that can reach lengths of up to several 

meters 4 to 10 m, is yellowish-white, thin at the front, and progressively becomes wider 

at the back. The adult worm is made up of three parts: the scolex, or "head," which is a 

small bulge that is 1 to 2 mm in diameter, has four suckers, but no hooks; the neck, 

which is a tapered portion connecting the scolex to the rest of the body; and the strobila, 

which is made up of a chain of segments or rings known as "proglottids," which range 

in length from 5 to 20 mm. At the end of the strobila, the older, mature proglottids are 

just sacs carrying 50,000–80,000 embryonic eggs or embryophores. The radial striae of 

eggs. There are six refractile hooks inside the interior oncosphere (101). 

The strobila are essentially chains of many body segments called segments. The 

neck is the shortest part of the body and is formed by immature parts. The middle lobe 

consists of the mature parts that eventually give rise to the post-gestational parts. A 

person can have between 1000 and 2000 segments (102). Eggs round to oval, brown 

with thin shell, measuring 35.7 Mm by 34.4 Mm, in diameter of embryophore with 

hexacanth embryo (103). 

 

Figure(19) Morphology of  Taenia saginata (103) 

https://en.wikipedia.org/wiki/Animal
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2.1.2.C3. The Life cycle  

The final host of T. saginata are humans, which are also the ones who 

disseminate its eggs across the environment. Arthropods carrying offspring have 

50,000–80,000 eggs. Over 150,000 eggs are produced on a daily average cited by. The 

life cycle of human tapeworms begins in the upper third of the small intestine 

(duodenum-jejunum). Gravid proglottids are passed in the stool and/or spontaneously 8 

to 12 weeks after infection. T. saginata can remain in the host gut for about two years 

(104). When the bovine ingests the egg, bile and enzymes break down the embryophoric 

mass and digest the cell membrane. Bovine cysticercosis usually calcifies in adults, 

indicating a short life span of bovine cysticercosis. Taenia saginata is contagious to 

humans approximately 8-10 weeks after infection (105). Humans are usually infected 

with a single T. saginata tapeworm. Contamination of eggs from pasture, feed or water 

can be transferred to cattle. Transmission of egg occurs directly (106). 

When a cow consumes an egg, the egg ball hatches, burrows through the 

intestinal wall, and travels through the bloodstream to the skeletal and cardiac muscles, 

where it causes cysticercosis. Humans can contract cysticercosis for roughly ten weeks. 

Within months of infection, they start to deteriorate, and by nine months, many are 

calcified and dead (104). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (20): Life cycle of T. Saginata (24) 
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2.1.2. C4. Pathogenicity  

Taeniasis is characterized by uncommon side effects such as acute appendicitis, 

gangrenous cholecystitis, and cholangitis. Numerous elements contribute to the success 

and widespread distribution of this parasite, including dietary practices (eating raw or 

undercooked meat infected with cysticercosis), leisure pursuits close to pastures, 

unrestricted access to surface water for cattle, and labor availability on animal farms.. 

Health education and inadequate wastewater treatment and disposal (107). When 

symptomatic, tapeworm disease caused by T. saginata is usually characterized by mild 

and nonspecific symptoms. The most common symptoms were abdominal pain, nausea, 

diarrhea or constipation In addition to nausea and vomiting (including cocci fragments), 

acute epigastric pain due to acute pancreatitis, has been reported in a naturally infected 

woman (102).  

Relation between diabetic and teania indicated in study was done by N. Htun 

and P. Odermatt  and the prevalence of Taenia spp was 12% (108)  

2.1.2.D. Shistosoma mansoni 

Schistosoma is a parasitic flatworm that infects hundreds of millions of people. 

These parasites fluctuate between sexual and asexual reproduction in mammalian hosts 

and mollusk hosts. A short stretch of water infects any host. Survival in such a diverse 

environment requires considerable developmental plasticity, manifested in five body 

programs that parasites use throughout their life cycle. A parasitic flatworm called 

schistosomiasis infects approximately 250 million people and causes schistosomiasis 

(109).  

 2.1.2.D1. Scientific classification 

kingdom: Animalia,  

        Phylum: Platyhelminthes,  

               Family: Schistosomatidae,  

                    Genus: Schistosom,  

                           Species: mansoni (110) 

 

 

https://en.wikipedia.org/wiki/Animal
https://en.wikipedia.org/wiki/Flatworm
https://en.wikipedia.org/wiki/Schistosomatidae


Chapter two                                                                      Literature Review 

 

33 

 

2.1.2. D2. Morphology 

Schistosomiasis or bilharzia is a tropical parasitic disease caused by blood-

dwelling fluke worms of the genus Schistosoma. Adult schistosomes are white or 

greyish worms of 7–20 mm in length with a cylindrical body that features two terminal 

suckers, a complex tegument, a blind digestive tract, and reproductive organs (111). 

Approximately 76 countries are considered home for Schistosomiasis, affecting 

nearly 207 million individuals , and causes 280,000 deaths per year (110). Schistosomes 

are bisexual long cylindrical worms.  Male S. mansoni is approximately 1 cm (0.6-1.1 

cm) long  and 0.1 cm wide (112). It is white and has a funnel-shaped mouth sucker on 

the front and a second ventral sucker on the back. The outer part of the worm consists of 

a constantly self-renewing and constantly shedding double layer called the membranous 

calyx.
 
The outer skin has many small nodules. There are small pins around the suction 

cups and buttons. The male genitalia consists of 6 to 9 testicular masses located 

posteriorly. The vas deferens begins in each testicle and ends in a single vas deferens, 

which expands into a reserve, the seminal vesicle, at the beginning of the gynecological 

canal. Mating occurs through openings in the male and female genitalia, compared to 

males, females have a longer and thinner cylindrical body (1.2–1.6 cm long and 0.016 

cm wide). It has the general appearance of a roundworm. Female parasites have a dark 

gray appearance. The darker color is due to the presence of pigment (heme) in its 

digestive tract (111). 

The eggs are oval in shape, 115–175 µm long, 45–47 µm wide and average 

about 150 µm in diameter. They have lateral spines, which are spines on one side that 

point toward a larger base (113).
  

 

Fig(21)A: S.male    B: S. Male+female   C: S. Female        D:S. egg                                   

(24) 

C B A D 
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2.1.2. D3. The life cycle 

The complex life cycles of male and female worms alternate between sexually 

reproducing occuring in humans (final host) and asexually reproducing occuring in 

aquatic snails (intermediate hosts) (114). Schistosomiasis goes through several life cycle 

stages, at each stage, flatworms evolve new body plans to adapt to new environments. 

Understanding how these transitions occur could help researchers design new strategies 

to eliminate these parasites (115). Human may become infected when free-swimming 

fork- tailed cercariae penetrate the intact host skin (via plants, fishing, washing, and 

swimming). The cercariae change into the schistosomulum in the skin, a different larval 

form that has evolved to life in the body's hypertonic environment. Transient dermatitis 

can result from a variety of host skin reactions. The worms mature, descend to the liver, 

pair by mating, and colonize the mesenteric venous plexus after migrating as male and 

female larvae through the skin, blood, and lungs. Worms have a lifespan of 5 to 10 

years and employ a number of strategies to subvert the immune system of their host. 

Worms are harmless to the host and feed on the red blood cells and lysed bodily parts of 

the host. The female lays eggs, some of which pass through the intestinal mucosa, 

bloodstream, walls of the venules and the lumen which are expelled in the feces. Fresh 

water must be present for an egg to hatch and for the embryo (Miracidium) to swim to 

its intermediate host. The miracidia enters the snail and then goes through a complicated 

metamorphosis that includes asexual reproduction. After a few weeks, the miracidia 

transforms into a new type of infection called the cercariae. Eggs that are not able to 

pass through the gut lumen in the final mammalian host are absorbed into the portal 

circulation and become lodged in the gut wall, liver, lungs, and other systemic organs, 

all of which are covered in the granulomatous inflammatory reaction of the host. Long-

term spawning causes the host to have a chronic inflammatory response, which results 

in a disease syndrome. The majority of moderate or minor infections are tolerable and 

have few symptoms, however severe infections can be fatal (114). 
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Figure (22): The life cycle of S. mansoni (24) 

  

2.1.2. D4. Pathogenicity 

Schistosomiasis' pathobiology is primarily concerned with the tissue harm 

brought on by migrating parasite eggs. The majority of schistosomal eggs were 

prevented from entering the intestinal lumen and instead get stuck in the liver sinusoids 

and intestinal wall, where they cause the development of collagen-rich granulomas, 

periportal fibrosis and portal hypertension. In particular, while a highly polarized Th2-

mediated immune response induces the formation of large granulomas in the early 

stages of parasitemia, chronic infection is accompanied by a regulatory response that 

induces smaller granulomas form around newly laid eggs. Host immunity to egg 

antigens promotes granuloma formation (116). The lifespan of adults with 

schistosomiasis is 3-5 years on average, but can last up to 30 years (111). Within an 

hour of contact with water, infected people exposed to Schistosoma mansoni cercariae 

experience itching. Small circular distinct erythematous papules that range in size from 
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1 to 2 mm represent the rash in mild cases. There may also last for several days. The 

itching and acne may disappear after a few days, and the healed acne may leave 

pigmented patches. Severe dermatitis manifests as a uniformly distributed confluent 

papular reaction (114). 

A study by Chun Lian, ZM Lio showed an association between diabetes mellitus 

(Type II) and schistosomiasis-Mansoni infection, noting that Type II D is more common 

in people with prior schistosomiasis infection (25.4%) (109). 

2.1.2.1. Laboratory diagnosis of intestinal helminth 

Diagnosis is mainly made by fecal samples, especially by identifying eggs. 

However, this has limitations at the species level, as tapeworm eggs are largely similar. 

Examination of cephalic or gestational arthropods can elucidate the exact species (117). 

Direct wet saline microscopy used for each sample to examine intestinal parasites, also 

using the formaldehyde ether concentration (FEC) method (118). For T. saginata 

usually Ziehl–Neelsen stain is used for, in most cases only the former staining is used, 

but the method is not completely reliable (119). In some cases A. lumbricoides can 

appear macroscopically in which worm passed orally, nasally or anally (98). 

The identification of eggs or adults is necessary for the diagnosis of E. 

vermicularis. Occasionally, adult pinworms are discovered close to the anus, especially 

in the morning when the host's body temperature is at its lowest point of the day. Eggs 

are rarely discovered in feces, even when enrichment procedures are used. The most 

effective diagnostic approach is cellophane sticking (84). 

 

2.2. Complete Blood Count (CBC):  

      A complete blood count (CBC) is a suite of tests that assess the composition and 

concentration of various cellular constituents in blood. It includes counts of red blood 

cells (RBC), white blood cells (WBC) and platelets, determines hematocrit through 

measuring hemoglobin, variations in whole white blood cell (WBC) numbers, platelet 

count, imply platelet volume, platelet cutoff,  and different parameters, histograms of 

RBC, WBC, platelets, etc (120). 

      Poor glycemic control in diabetic patients is a major cause of microvascular and 

macrovascular complications. Several components of the complete blood count have 

been studied and shown to be higher in diabetics (121). 
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2.3. The Interleukin-6  

Is one of the largest cytokines families. The production of IL-6 is a result of 

antigenic stimulations and it acts as a soluble mediator of inflammation (122). 

Interleukin-6 (IL-6) used to be determined in 1986 as a stimulator that promotes IgG 

production. It was once later proven to be a multifunctional cytokine that influences a 

vary of organic strategies consisting of organ development, acute segment response, 

inflammation, and immunological response (123). 

IL-6 has a numerous involvement in inflammatory processes, inflicting anti-

inflammatory results in some settings in addition to its recognized pro-inflammatory 

properties. The classical IL-6 signaling pathway is anti-inflammatory. However the 

trans-signaling pathway promotes irritation (124). IL-6 signaling, in particular, is 

concerned with the manufacturing of anti-inflammatory hepatocyte acute-phase 

proteins, which are crucial for immunological defense (125). IL-6 signaling has a 

proinflammatory role in various inflammatory and autoimmune diseases (126) . 

 

2.4. HbA1c 

HbA1c, also known as hemoglobin A1c, HbA1c, A1C, or Hb1c glycosylation 

(glycosylation), is a key biomarker of long-term glycemic control that reflects the 

accumulated blood glucose history over the previous 2-3 months. HbA1c is a robust 

predictor of long-term diabetic problems in addition to being a good predictor of 

chronic hyperglycemia. Elevated HbA1c levels have also been discovered as an 

independent risk factor for both diabetes and non-diabetic patients for coronary artery 

disease and stroke. A single HbA1c take a look at yields a great quantity of information, 

making it a dependable biomarker for diabetes analysis and prognosis (127). HbA1c 

values reflect average endogenous blood glucose levels over 2–3 months, including 

postprandial blood glucose spikes, especially in non-diabetics, with little inter-

individual variability (128). 

Glucose molecules mix with hemoglobin to generate glycated hemoglobin over 

the typical 120-day existence span of red blood cells (RBCs). A hemoglobin molecule 

stays intact after it is glycated. In non-diabetics, round 4% to 6% of hemoglobin is 

glycosylated. Hemoglobin-containing red blood cells (RBCs) circulate in the blood for 
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three to four months before being broken down. RBC can irreversibly bind glucose in 

the blood during this time. Thus, the accumulation of glycated hemoglobin in 

erythrocytes represents the average quantity of glucose to which the cell is exposed 

during its life cycle. As a result, A1c levels above around 6% suggest above-average 

blood glucose levels over the previous 120 days (129). 

 

2.5. C-reactive protein (CRP): 

CRP was the first acute-phase protein to be identified, and it used to be a touchy 

systemic marker of inflammation and tissue damage. Plasma CRP is completely 

manufactured through hepatocytes and is mainly regulated by way of the cytokine IL-6, 

however different putative nearby areas of CRP manufacturing and secretion have been 

proposed. Because the plasma half-life of CRP is roughly 19 hours and stays regular in 

each fitness and sickness states, the fee of synthesis and pathological mechanisms that 

force CRP manufacturing are the sole determinants of circulating CRP concentrations 

(130).  

 

2.6. Diabetes mellitus (DM) 

Diabetes mellitus is a metabolic disorder that is described by abnormally high 

blood sugar caused by deficiencies in insulin secretion, action, or both. Chronic 

diabetes-induced hyperglycemia is linked to long-term harm, dysfunction, and failure of 

many organs, particularly the heart, blood vessels, kidneys, nerves, eyes, and kidneys 

(131). Apparently diabetes mellitus consedered one of the oldest diseases. Around 3000 

years ago, it was first mentioned in Egyptian writings (132). 

2.6.1. Physiology of Diabetes 

To establish and sustain a healthy physiological state, numerous systems and 

signaling pathways in the human body cooperate. The ability of an organism to 

maintain a steady state of equilibrium, or homeostasis, is essential to these processes. A 

person's capacity to control blood sugar levels may be hampered by abnormal 

homeostasis, which can cause both major and minor difficulties. Abnormal homeostasis 

can also cause irregular or diseased states in numerous organs (133). 

Chronic hyperglycemia may also be linked to impaired growth and susceptibility 

to specific illnesses. Uncontrolled diabetes can have immediate, life-threatening effects 
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such as hyperglycemia, ketoacidosis, and non ketotic hyper osmolar syndrome. Diabetes 

long-term consequences include retinopathy, which causes vision loss (131).  

2.6.2. Insulin action 

Insulin action research is changing its emphasis. Insulin induces the tyrosine 

phosphorylation of a single cell surface receptor. This signal is converted into lipid 

phosphorylation signals (PI-3-kinases) by adaptor proteins (Irs), which are then used to 

activate a handful of serine-threonine kinases, Akt being the most significant of them 

all. Numerous biological effects are brought about by it, such as the translocation of 

glucose transporters and the inactivation of transcription factor (TF) (134).  

 

Figure (23): Insulin action (134). 

 

2.6.3. Pathogenesis of diabetes 

Two pathophysiological processes can lead to the development of diabetes. 

First, there is no insulin secretion, the second is interference with insulin effects (insulin 

resistance), which often results in a compensatory increase in insulin secretion 

(hyperinsulinemia). Insulin resistance can be caused by genetic abnormalities or 

environmental factors, or both. Hyperglycemia occurs when insulin secretion is 

insufficient to meet the needs of insulin-sensitive tissues (135). Polyuria, polydipsia, 

and weight loss are signs of severe hyperglycemia, which may also be accompanied by 

polyphagia and impaired eyesight (131).  
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2.6.4. Classification of DM 

2.6.4.A. Type I Diabetes Mellitus (TIDM) 

TIDM, formerly known as insulin-dependent diabetes or juvenile onset diabetes, 

is an autoimmune condition in which the pancreatic islets are invaded by macrophages 

and activated CD4+ and CD8+ T lymphocytes, which cause cell death. TIDM typically 

starts in childhood or early adulthood. There is evidence that both genetic and 

environmental factors influence this diabetes' vulnerability (133). 

 

 

 

2.6.4.B. Type II Diabetes Mellitus (TIIDM) 

Is regarded as an inflammatory illness. The onset of insulin resistance and 

TIIDM, a condition linked to metabolic syndrome, are related with persistent 

inflammation in adipose tissue (136). 

Type II diabetes mellitus (TIIDM) is characterized by low levels of insulin 

produced and secreted as a result of insulin resistance (ranging from predominantly 

insulin resistance and relative insulin deficiency to predominantly defect in insulin 

secretion and insulin resistance). The majority of diabetics (90–95%) who have this 

kind of diabetes fall into one of two categories: obese or non-obese. Because of 

alterations in cellular receptors connected to the distribution of abdominal fat, obese 

people with TIIDM frequently exhibit resistance to endogenous insulin. In non-obese 

TIIDM, insulin resistance at the post-receptor level is also recognized in addition to the 

absence of insulin synthesis and release (133). 
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Chapter three 

Materials and methods 

 

3.1. Study populations  

The current study is a case-control study conducted on 135 Iraqi participants (25 

– 75 years), during the period between November 2021 to May 2022 on stool samples 

collected from a total of 135 subjects attending the outpatient clinics and internal 

departments of Kirkuk City. The study populations were divided into two groups; G1: 

66 (31 males and 35 females) complained of various gastrointestinal manifestations 

(intestinal parasite) and 69 diabetic patients (38 males and 31 females) without 

intestinal parasite served as (control group). Inclusion criteria for diabetic participants 

based on the presence of HbA1c 6.5% according to the American Diabetes Association, 

or patients on anti- diabetic treatment and also included patients having other 

immunodeficiency illness. A checklist was designed to record the risk factors for 

parasitic infections. Full diabetic history including onset, and presence of other 

autoimmune disease, etc. was taken from each diabetic patient. 

 

3.2. Instruments and equipment's: 

Table (1) The instruments and, equipment used, under this study 

NO Instruments and equipments Company Country 

1 Syringe UAE 
 

USA 
2 K3EDTA Diatech 

3 ELISA system Biotek 

4 Tips (different sizes) 

China 

 

5 Microscope 

6 Slide 

7 cover slide 

8 Centrifuge 

9 Eppendorf tube (0.5) 

10 Refrigerator Samsung Korea 

11 Afias instrument  Korea 
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NO Instruments and equipments Company Country 

12 Gel tube Afco Jordan 

 

3.3. Diagnostic kits 

Table 2 

a) Diagnostic, Kits used during, this study 

  

b) Chemical  Materials used during, this study 

No Chemical materils Company Country 

1 Iodine Atom scientific UK 

2 Normal slain Atom scientific UK 

3 Formol ether Atom scientific UK 

4 Carbolfuchsin Atom scientific UK 

5 HCl Atom scientific UK 

6 Methelyne blue Atom scientific UK 

 

3.4. Ethics and parents' permission   

Patient friendly language was used to obtain verbal consent to be 

participating in this study in order to obtain acceptance to answer the questions that are 

included in the questionnaire form as show in Appendix 1  

No Kit Company Country 

1 CRP Bodiech Japan 

2 CBC Genex count 60 USA 

 

3 

Human Interleukin 

6 (IL-6) ELISA Kit 

 

Mybiosource 

 

 

UK 
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3.5. Collection of stool samples 

One sample was taken in clean container from each patient and tested 3 times 

stool sample must be collected to be examined fresh or kept under appropriate 

conditions (137). These samples were processed as follows: 

1- Normal saline. 

2- Iodine wet swab. 

3- Formol-etheyl acetate concentration technique. 

  Acid-fast Protozoa are detected by way of staining sediment smears with the 

Modified Ziehl-Neelsen (MZN) Stain (Cold Method) (78). 

3.5.1. Macroscopic examination of the stool  

Stool samples should be assessed visually for color, consistency, quantity, 

shape, odor, and presence of mucus. A small amount of mucus in the stool is normal. 

However, the presence of large amounts of mucus or bloody mucus is abnormal. The 

normal color is brown due to the presence of bilirubin and bile (138). 

3.5.2. Microscopic examination of the stool 

Microscopic evaluation of the stool is the most necessary step in figuring out 

anomalies and gastrointestinal issues. Protozoa, worms, and fecal leukocytes can all be 

recognized by the usage of the diagnostic method of microscopy (139).  

This is done by: 

1- On a glass slide with a thickness of 1 mm, emulsified a tiny amount of feces sample 

with 1-2 drops of saline or iodine solution. 

2- Coverslip was placed on top and air bubbles or visible debris was removed from the 

preparation. The Microscopy after different enrichment methods include: 

3.5.2.A.  Simple salt flotation: 

1- In a 20mL conical glass tube, emulsified approximately 1g of stool with 3-4mL of 

saturated saline. 

 2- After that it was stirred well and more saturated salt was added to the container until 

almost full while continuing to stir 

3- Removing any graind matter which floated up.  
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4- Glass slide was placed on top of the tube so that it is in contact with the liquid and 

the tube was placed on a flat surface. 

5- For 5-30 minutes it left to stand. 

6- Finally the slide was examined for the presence of egg/cysts (139). 

 

3.5.2.B.  Formal ether concentration: 

1- One gram of feces emulsified in 7 ml of 10% formaldehyde in saline 

2- Fixed for 10 minutes. 

3- Then through the wire gauze it was strained. 

4- 3 mL of ether then added to the filtrate. 

 5- Then it was centrifuged at 2000 rpm for 2 minutes. 

6 - Confirm resolved. 

7- The floating was discarded and a wet mount was made from the deposit looking for 

parasite (140).  

3.5.2.C. Improved Ziehl-Neelsen technology/Modified acid-fast dyeing 

process (modified Ziehl-Neelsen process): 

 1. A smear was prepared by centrifuging (1000 rpm) the pellet (5 g) of the stool 

sample. 

2. Allowed to dry and then placed and fixed on slide rack, methanol was added and let 

stand for 5 minutes. 

3. To the slides then the prepared carbon phosphorus new dye was applied for 20 

minutes, then the slide heated until steaming, but not boiling, then the slide rinsed 

with tap water. 

4. In order to destain, acidic alcohol (95% alcohol in HCl) was applied to the slide, then 

the slied rinsed with tap water. 

5. Methylene blue (3%) was added to the slide and let for 30 seconds to 1 minute, then  

the slide rinsed with tap water, and then dried by air, and finally examined by 

microscope (141). 
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3.6. Collection of blood samples: 

1- By using disposable plastic syringe blood was collected by vein puncture. 

2- 5 ml of venous blood was collected from each healthy control group and patient. 

3- 2 ml were added to EDTA tube for detection of complete blood count and HbA1c. 

4- The remaining blood (3 ml) was put in gel tube and left at room temperature for 30 

minutes to start the clotting process. 

5- Then the sample was centrifuged in 3000 rpm for 5 min in order to separate the 

serum. 

6- 10μ of sera were used for detection of C-reactive protein and (250μ) of serum was 

stored in Eppendorf tubes at (- 0 ºC) until assayed for IL-6 levels. 

3.7.  Hematological and serological tests 

3.7.1. HbA1c 

Hemoglobin that has been glycated or glycosylated is also known as hemoglobin 

A1c, HbA1c, is a type of hemoglobin primarily used to determine average plasma 

glucose concentrations over time. Elevated levels of glycated hemoglobin are correlated 

with cardiovascular disease, kidney disease, and diabetic retinopathy. Monitoring 

HbA1c levels in juvenile diabetes (autoimmune Type 1 diabetes) could improve 

treatment. (128). HbA1c (≥ 6.56%) Glycated  hemoglobin  reflects the glycemic  state 

during 90-120 days which represent life span of the red blood cells (142). 

A-Principle.  

Human whole blood is the sample type for the AFIAS HbA1c test. Sandwich 

immunoassay is used for the detection the test; an antigen-antibody complex formed by 

the detection antibody in the buffer binding to the antigen in the sample migrates to the 

nitrocellulose matrix and is located on the take a look at strip by means of extra 

immobilized antibodies. More antigen in the pattern leads to the formation of extra 

antigen-antibody complexes, which will increase the fluorescent sign depth on the 

detecting antibody and exhibits the glycated hemoglobin content material as a 

percentage of complete hemoglobin in the blood (Unimedica, Korea). 

B- Procedure 

1) The AFIAS instrument checking out gear had "Test Mode" selected. - General Mode: 

Blood Tube (with anticoagulant) - C-tip Mode: Blood on tip of finger (non-
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anticoagulant blood) - In the General and C-tip check modes, solely C-tips have been 

used to collect check samples. 

2) The cartridge was inserted into the holder of cartridge, then10 μL of whole blood 

took with a C-tip.  

3) By looking at the end, the result is regarded on the display screen after 10 minutes 

after inserting a C-tip with entire blood into the cartridge's tip gap and tapping the 

"start" image on the screen. 

 

C- Interpretation  

 * The HbA1c awareness of the check pattern is displayed by means of AFIAS check 

gear axiomatically in percentage (%).  

*relation: - 4.5-6.5% 

 

3.7.2.  C-Reactive Protein (CRP) 

CRP is a pentameric protein that is generated in the liver and is well recognized 

as a typical acute-phase reactant and inflammatory marker. The C-reactive protein 

(CRP) is a very sensitive systemic marker of inflammation and tissue damage; it was 

the first acute-phase protein discovered. In reaction to infections and other acute 

inflammatory events, the body's broad, non-specific response may cause the serum CRP 

level to jump from its usual range of 5 mg/L to as high as 500 mg/L.C-reactive protein 

(CRP) concentration has been used for some time as a clinical tool for monitoring 

autoimmune illnesses and infectious processes such DM (130).  

A- Principle.  

Serum is the sample type that used for the detection of the value of CRP. 

Using a sandwich immunoassay, the antigen in the sample is bound by the detection 

antibody in the buffer. Different immobilized antibodies on the test strip then seize the 

antigen-antibody complexes as they shape and cross to the nitrocellulose matrix. More 

antigen-antibody complexes are produced in samples with more antigen, which results 

in a stronger fluorescence signal on the detecting antibody. After treatment with the 

AFIAS detector, the concentration of CRP in the sample can be displayed (Unimedica , 

Korea) 
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B- Procedure 

▶  General method (with pipette tips) 

1) For AFIAS testing, "General Mode" was selected in the instrument. 

2) One hindered µL of serum was taken by pipette and dispensed with it into the sample 

well on the cartridge, and then into the cartridge holder. The cartridge was inserted.  

3) The tip was insereted into the cartridge tip hole.   

4) Then the start icon on the screen was tapped. 

 5) Test result then is read on the screen within 3 minutes. 

▶  C-tip method 

1) The C-tip Mode used to be chosen on the instrument used for the AFIAS testing, and 

the cartridge was used to be then put into the cartridge holder. 

2) A C-tip was once used to acquire ten µL of serum, and the C-tip used to be then put 

into the cartridge's tip hole. 

3) On the screen then the „start‟ icon was tapped. 

4) Then, after 3 minutes, the test result was read on the screen. 

C- Interpretation  

*The AFIAS tester automatically calculates the test results and displays the CRP 

concentration of the test sample in mg/L. 

*Limit: 10 mg/L. 

3.7.3. Complete blood count (CBC). 

Nowadays, one of the most frequently performed laboratory tests is a complete 

blood count (CBC). By assessing the quantities of red blood cells (RBC), hemoglobin, 

and hematocrit, it offers information on the generation of all blood cells and establishes 

the patient's ability to carry oxygen. Through various methods of assessing the white 

blood cell (WBC) count, it also reveals information about the immune system. These 

tests can be used to diagnose anemia, certain cancers, infections, acute bleeding 

disorders, allergies, and immunodeficiency, and to monitor the side effects of certain 

medications that cause blood changes (120). 

A- Principle 

The Genex Count 60 is an impedance-based method for calculating and 

determining the size of white blood cells and platelets. It displays blood count results 
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for samples on a liquid crystal display (LCD) with a histogram and prints the results on 

thermal paper using three initial WBC and platelet hydraulics (Genex count 60, 

America).  

 

B- Procedure 

Two milliliters of blood were collected from each patient and placed in EDTA 

tubes. Using a whole blood depend (CBC) analyzer, the pattern was once examined for 

hematological parameters to decide the hemoglobin (Hb) and whole white blood cell 

(WBC) counts (neutrophils, monocytes, lymphocytes).  

 

C- Interpretation  

Three classes can be used to categorize the outcomes of blood counts: red blood 

cells, white blood cells, and platelets. 

3.7.4. Interleukin 6 (IL-6) 

In addition to regulating immune and inflammatory responses, the pleiotropic 

cytokine interleukin 6 (IL-6) additionally regulates organ development, metabolism, 

and hematopoiesis. We can distinguish between the exclusive pathogenic strategies that 

IL-6 can concurrently activate, some of which are even adverse to one another, the 

usage of a sequence of signaling pathways was acknowledged as canonical and trans-

signaling. Dysregulated IL-6 has been related with more than a few vital physiological 

activities, autoimmune and inflammatory diseases, metabolic issues, and malignancies 

(123). 

A- Principle of ELISA kit for Human Interleukin 6 (IL-6): 

The ELISA approach used in this package makes use of a double antibody 

sandwich. Previously, the coating antibody was once an anti-human IL-6 monoclonal 

antibody, and the detecting antibody was once a biotinylated polyclonal antibody. To 

the wells of the ELISA plate, the sample and biotinylated antibody were added, rinsing 

the wells with PBS or TBS after each addition. After that, avidin-peroxidase conjugate 

was added to the wells. Thoroughly washing of enzyme conjugates from wells with 

PBS or TBS, stain with TMB substrate. Due to peroxidase activity, TMB reacts with a 

blue product that eventually turns yellow when a stop solution (chromogen C) is added. 

Color intensity is positively correlated with the amount of target analyte in the sample ( 

Mybiosource ,UK)                                                                     
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B- Procedure 

1. The plate was precoated with antibody, then washed to remove unbound antibody and 

contaminants. The remaining spots on the plate are blocked by unbound protein. 

2. After the remaining plates are blocked, samples containing the target analyte added to 

immobilize the target analyte and the analyte-specific capture antibody to form an 

antigen-antibody complex. The wells are then washed to remove any unbound 

particles and contaminants. 

3. A biotinylated antibody, also specific for the analyte of interest, is then added to the 

well to form an antibody-antigen-antibody complex. Plates were washed again to 

remove unbound antibody and debris. 

4. After that, horseradish peroxidase + avidin is added to the wells and binds to the 

biotinylated antibody. The amount of reporter enzyme now correlates positively 

with the amount of target analyte in the sample. The wells then were washed again 

to remove any contaminants. 

 5. Finally, the substrate was added to the HRP reaction and used the color change for 

calculation the sample concentration. NOTE: Antibodies can be labeled with 

multiple biotin molecules. 

 

3.8 Statistical analysis 

Statistical results were analyzed by applying the spss statistical program, and the 

analysis of variance (ANOVA) test was applied, and the arithmetic means were 

compared using the duncun test to determine the significant differences at the level of 

probability 0.05. 
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Chapter Four 

Results and discussion 

 

Intestinal parasitic infections are very common and widespread in developing 

countries (1). At the same time, these countries are experiencing increasing public 

health problems related to non-communicable diseases such as diabetes (DM) (142). In 

the present study, 135 Iraqi participants with TIIDM were taken (aged 25–75 years) 

between November 2021 to May 2022. The practical part was conducted at the Kirkuk 

City in laboratories of Azadi Teaching Hospital. Data were collected from patients 

include (name, age, gender, education, residence and other autoimmune). The results 

were 66 diabetic patients (31 males and 35 females) complained of various 

gastrointestinal manifestations (intestinal parasite) and 69 diabetic patients (38 males 

and 31 females) without intestinal parasite served as (control group).  

 

4.1. Frequency of intestinal parasite in diabetic patients  

At first, among 135 diabetic patients, 66 were infected with intestinal parasite 

and 69 without parasite infection as shown in table 3  

Table3: Frequency of intestinal parasite in diabetic patients. 

No. of cases No. of diabetic patients 

with intestinal parasite 

% No. of diabetic patients 

without intestinal parasite 

% 

135 66 48.9 69 51.1 

 

In general, diabetic patients are  susceptible to be infected with intestinal 

parasite because of weakness in their immunity as mentioned in (11), (12). Table1 

showed the ratio of diabetic without parasite which was (51.1%) and its higher than the 

ratio of diabetic patients  with parasite (48.9%) with slight difference, this may be due 

to that a number of patients who participated in this study which were with enough 

awareness of how severe their illness is, therefore, they take care of healthy and clean 

food in addition to take medication regularly, in order to increase their immunity, and 

decrease their susceptibility to parasite infection.  
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4.2. Prevalence of intestinal parasite in diabetic patients correlated 

with some risk factors. 

In the current years, intestinal parasites have received prominence as 

enormous opportunistic microorganisms that cause medical infections in 

immunocompromised people, such as these with diabetes (144). DM is a silent killer, 

many patients don't realize they have diabetes until they faces difficulty. Interference for 

preventing DM and controlling difficulties are poor, causing insufficient sensibility 

among the  public (145). (66) TIIDM samples, (31 samples for males and 35 for 

females). About the age, the highest age group in those TIIDM infected with parasite 

was (25-50) year. About education the ratio of infection was higher in non-educated 

patients. About residence 43 samples in urban residences in TIIDM group and 23 

samples from rural. The TIIDM group showed in a significance (P<0.05). 
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Table (4) Correlative factors for intestinal parasitic infections in DM patients: 

 

     Parasit’s                                                   

type 

 

Factors  

Total 

number 
B. hominis 

E. 

histolytica 

A. 

lumbricoide

s 

T. saginata G. lumblia B. coli 
E. 

vermicularis 

Entamoeba. 

Coli 
S. mansoni 

Cryptospori

dium 

parvum 

P-

value 

Sex 

 

Male 

female 

 

 

31 

35 

No. % No. % No. % No. % No. % No. % No. % No. % No. % No. %  

0.04

2 
10 

17 

32.3 

48.6 

9 

6 

29.0 

17.1 

2 

2 

6.5 

5.7 

2 

1 

6.5 

2.9 

2 

1 

6.5 

2.9 

4 

3 

12.9 

8.6 

0 

2 

0.0 

5.7 

1 

1 

3.2 

2.9 

1 

0 

3.2 

0.0 

0 

2 

0.0 

5.7 

 

 

     Parasit’s                                                   

type 

 

Factors  

Total 

number 
B. hominis 

E. 

histolytica 

A. 

lumbricoide

s 

T. saginata G. lumblia B. coli 
E. 

vermicularis 

Entamoeba. 

Coli 
S. mansoni 

Cryptospori

dium 

parvum 

P-

value 

Age(year) 

 

25-50 

51-65 

66-75 

 

 

20 

35 

11 

No. % No. % No. % No. No. No. % No. % No. % No. % No. % No. % 
 

0.00

2 
10 

14 

3 

50.0 

40.0 

27.3 

4 

10 

1 

20.0 

28.6 

9.1 

2 

1 

1 

10.0 

2.9 

9.1 

0 

2 

1 

0.0 

5.7 

9.1 

2 

1 

0 

10.0 

2.9 

0.0 

2 

4 

1 

10.0 

11.4 

9.1 

0 

2 

0 

0.0 

5.7 

0.0 

0 

0 

2 

0.0 

0.0 

18.2 

0 

1 

0 

0.0 

2.9 

0.0 

0 

0 

2 

0.0 

0.0 

18.2 

 

 

 

 

 

1- According to Sex 

2- According to Age 
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     Parasit’s                                                   

type 

 

Factors  

Total 

number 
B. hominis 

E. 

histolytica 

A. 

lumbricoide

s 

T. saginata G. lumblia B. coli 
E. 

vermicularis 

Entamoeba. 

Coli 
S. mansoni 

Cryptospori

dium 

parvum 

P-

value 

Education  

      

-Educated 

-Non 

educated 

 

 

11 

55 

No. % No. % No. % No. % No. % No. % No. % No. % No. % No. % 
 

0.01

3 
    3 

24 

27.3 

43.2 

3 

12 

27.3 

21.6 

1 

3 

9.1 

5.4 

2 

1 

18.2 

1.8 

1 

2 

  9.1 

3.6 

1 

6 

9.1 

10.8 

0 

2 

0.0 

3.6 

0 

2 

0.0 

3.6 

0 

1 

0.0 

1.8 

0 

2 

   0.0 

3.6 

 

 

     Parasit’s                                                   

type 

 

Factors  

Total 

number 
B. hominis 

E. 

histolytica 

A. 

lumbricoide

s 

T. saginata G. lumblia B. coli 
E. 

vermicularis 

Entamoeba. 

Coli 
S. mansoni 

Cryptospori

dium 

parvum 

P-

value 

Residence 

 

Rural 

Urban 

 

 

23 

43 

No. % No. % No. % No. No. No. % No. % No. % No. % No. % No. %  

0.02

7 
9 

18 

39.1 

41.68 

6 

9 

26.04 

20.97 

1 

3 

4.34 

6.97 

1 

2 

4.34 

4.65 

1 

2 

4.34 

4.65 

2 

5 

8.69 

11.62 

0 

2 

0.0 

4.65 

0 

2 

0.0 

4.65 

1 

0 

4.34 

0,0 

2 

0 

8.69 

0.0 

3- According to Education 

4- According to Residence 
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In the current study consedering (sex) the result was contrasting different 

between male and female and also between the types of parasites themselves, in which 

the percentage for each parasite  differ from another which  may be due to difference in 

number for each patient we took, job distribution, connection to infection sources, and 

transportability which indicated that there is no relationship between parasites infection 

and sex, so the results disagreement with another study indicated the male was with 

higher prevalence to be infected with intestinal parasite (146). Also the results 

conflicted with another study conducted in rural area which indicated the female 

exposure to be infected with intestinal parasite with high rates than male (147). 

Regarding age, also the results indicated a large contrast between all three 

groups of patients with diabetic infected with intestinal parasite, in which B. hominis 

was the most prevalent parasite (50%)  in age group (25-50), which may be due to that 

in this age that the person is more susceptible to be infected with parasite by virtue of 

his work, this results cannot depended because another type of parasite (S. mansoni)  

had the most highest level of infection in age group (51-65) (2.9%), also in C. parvum 

the must high rate was in age group (66-75) (18.2%), which indicates that there is no 

relationship between age and parasitic infection which nearly agreed with (148) 

indicated that there was no relation between age and infection with intestinal parasites 

in diabetic patients. 

The level of education in diabetic patients was found to be substantially related 

to the occurrence of intestinal parasite infections in this investigation which indicated 

that the rate of infection with parasite was higher in non-educated patient than educated 

ones,  primarily because of the impairment of immune system in diabetic patient giving 

rise to development of more severe parasitic infections (149) and also may be due to 

lack of awareness and not paying attention to food hygiene, in which the most common 

parasite was B. hominis. The rate for infection in non-educated patients was higher than 

educated ones, for example in case of B. hominis infection the rate of infection was 

(43.2% : 27.3% respectively), these findings indicated  high-risk, agreed with study 

conducted in Gondar University referral medical institution in northeastern Ethiopia 

(150). In a distinction to this conclusion, an Iranian discovered that educated diabetic 

patients had no impact on the occurrence of intestinal parasites (151). 
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The results observed that the wide variety of diabetic sufferers contaminated 

with intestinal parasites was once greater in urban areas than in rural regions, this may 

result from hygiene. There is a very big difference between urban and rural area. High 

incidence of rural-to-urban migration and overcrowding can cause an increase in the 

rate of intestinal parasites infection in diabetic patients. Another reason may be that the 

number of patient observed in the present study from the urban was more than patients 

from rural area. In addition to that, environmental contamination can play a vital role for 

infection with parasite, lack of awareness in some patients about diabetic disease and 

what can cause for immunity which is disagreed with the study conducted in Arba 

Minch, Ethiopia which found that infection with parasite is much more in rural area 

than in urban ones (150). Also the study disagreed with (78) that indicated that more 

parasite infections occur in rural areas than in urban areas. So the current study referred 

to that there was no relationship between residence and infection with intestinal 

parasite. 
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Figure (24) Indication some egg, trophozoite and cysts of parasites under study:(A- 

Cyst of Giardia lamblia),( B-Unfertilized egg of Ascaris lumbricoides),( C-Egg of 

Taenia saginata), ( D-Egg of Schistosoma mansoni), ( E-Oocyst of Cryptosporidium 

parvum ). 

 Note:1- (Stool samples were examined by magnification 40X under microscope) 

2-The stain used was (Ioden and Zeihl-Neelson stain) 

B A 

D 

E 

C 
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4.3. Occurrence of intestinal parasites in diabetic patients. 

Intestinal parasite infections are considered a severe social illness around 

the world, specifically in developing countries. It is estimated that intestinal parasites 

infect more than 3 billion people worldwide. These parasites cause various symptoms, 

including diarrhea, fever, vomiting, cough, anorexia, bloating, and anemia (152). 

Intestinal parasites often cause non-invasive disease, but some have emerged as 

important opportunistic pathogens in life-threatening immunocompromised patients 

(78). Host genetic background clearly affects susceptibility to intestinal parasites. 

However, the simultaneous impact of environmental factors on infection rates 

complicates the situation (153). 

Table 5: Types and frequencies of intestinal parasite in diabetic patients. 

Type of parasite number % 

E. histolytica 15 22.7 

Entamoeba coli 2 3.03 

B. coli 7 10.6 

G. lamblia 3 4.54 

C. parvum 2 3.03 

B.  hominis 27 40.9 

E. vermicularis 2 3.03 

A. lumbricoides 4 6.06 

T. saginata 3 4.54 

S. mansoni 1 1.5 

Total 66 100% 

 

In the present study out of the 66 TIIDM patients examined, 27 (40.9%) were 

infected with B. hominis, 15 (22.7%) patients infected with Entamoeba histolytica, 7 

(10.6%) pateints infected with Balantidium coli, 4 (6.06%) patients infected with 

Ascaris Lumbricoides, 3 (4.54%) patients infected with Taenia saginata, 3 (4.54%) 
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patients infected with  Giardia Lamblia, 2 (3.03%) patients infected with Enterobius 

vermicularis, 2 (3.03%) patients infected with infected with Entamoeba coli, 2 (3.03%) 

patients infected with  Cryptosporidium parvum, 1 (1.5%) patient infected with  

Schistosoma mansoni. The most highly percentage of parasitic type was B. hominis, in 

DM the theory of impaired intestinal mucosal integrity might explain the increased rate 

of infection with Blastocystis. The inflammation of intestine and mucosal invasion have 

been shown in animal models of blastocystosis. The results were in agreement with 

(154), also agreed with a study conducted in Thailand which indicated that B.hominis 

was the more frequent one (143), and the less common type of parasite that infect 

TIIDM patients  was S. mansoni, which is in agreement with studies  conducted in 

China which indicated that a history of Schistosomal infection was passively correlated 

with the prevalence of TIID and metabolic syndrome, and closely associated with 

glycemic parameters improving (155). In the rest of species, the rate of infection came 

in varing degrees. 

 

4.4. Hematological parameters (differential count of White Blood Cell) 

White blood cells are considered one of the fundamental components of blood 

and are present in peripheral blood to help fight diseases such as bacteria, parasites and 

tumors. There are five types of leukocytes that differ in size, proportion and function: 

neutrophils, eosinophils, basophils, lymphocytes and monocytes (152). The variety of 

white blood cells (WBCs) in the blood is a goal indication of acute infection tissue 

damage, and different inflammatory illnesses (156). 
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Table 6: Effect of parasite’s type on (differential white blood cell count) 

Type of Parasite Number 

Mean of 

WBC(4.000-

11.000) 

Mean of NEU 

(50-70%) 

Mean of 

LYM(20-

40%) 

E. histolytica 15 6.234A 59.72 b  33.72 e 

Entamoeba coli 2 6.350 c 56.55 a 31.15 e 

B. coli 7 7.580 b 60.27 a 32.83 de 

G. lumblia 3 10.067 ab 58.93 ab 34.87 de 

C. parvum 2 8.435 bc 59.16 a 30.34 e 

B. hominis 27 11.205 ab 55.08 bc 37.55 bc 

E. vermicularis 2 7.500 b 45.20 d 42.00 b 

A. lumbricoides 4 7.425 ab 57.77 ab 32.60 e 

T. saginata 3 9.906 a 52.73 c 40.57 b 

S. mansoni 1 11.890 a 53.80 c 38.30 bc 

Control 69 7.410 bc 59.21 a 33.54 e 

p-value 0.0002 0.168 0.170 

Note: *The same letters mean there is no differences between them under the level of 

significantly 0.05.**The different letters mean there is differences between them under 

the level of significantly 0.05.  

 

The present study showed the effect of parasites on differential WBC count, we 

focused on the values of WBC in general in addition to LYM and NEU which were 

mainly affected. The results were that: most common type of parasite that infect TIIDM 

is B. hominis, and by comparison with control as ( mean of WBC the result was 11.205: 

7.410  respectively ) with difference between them under the level of 0.05.( and about  

mean of LYM the result was 37.55 : 33.54  respectively) with a difference between 

them under the level of 0.05. The ratio of WBC and LYM was impaired and increased 

in parasite-infected TIID patients compared with control patients. Probably the most 
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important reasons to increase the percentage of white blood cells, which play an 

important and essential role in eliminating parasites, is to stimulate immunity. It reaches 

from the circulatory system to the site of infection where the parasite is present and 

adheres to the parasite's surface, penetrates the parasite and kills it (157). Regarding 

comparison between  mean of NEU and control, the results were decreased than control 

in  (55.08 : 59.21 respectively) with a difference between them under the level of 0.05, 

which perhaps due to hereditary disease or during cancer, these came in accordance 

with (158). 

In the current study, the less common type of parasite that infect TIIDM is 

S. mansoni, and by comparison with control on the term of mean of WBC the result was 

11.890: 7.410  respectively with  difference between them under the level of 0.05, ( and 

about  mean of LYM the result was 38.30 : 33.54  respectively) with difference between 

them under the level of (0.05), and the result of  mean of NEU was 53.80 : 59.21 

respectively) with difference between them under the level of 0.05.The rate of WBC, 

and LYM was affected and became higher  in patients with TIID patient infected 

parasite than the control one, due to the same reason mentioned above (157). This came 

in agreement with studies conducted in China that indicated that a history of 

Schistosoma infection was passively correlated with the prevalence of TIID and 

metabolic syndrome, and closely associated with glycemic parameters improving (155), 

also the mean of NEU was lower than control one due to identical reason mentioned in 

(158). 

 

4.5. Relationship between hemoglobin concentration in DM patients 

infected with intestinal parasites  

Hemoglobin is the pigment of red blood cells (152). Hemoglobin is essential for 

gas exchange. Fluctuations in blood hemoglobin levels can have serious effects on 

metabolic performance and human and animal health. Although hemoglobin 

biosynthesis is tightly controlled by an organism, many health disorders, diet, toxins, 

and physical factors can significantly affect hemoglobin concentration and 

erythropoiesis (159). Its loss occurs in several pathological conditions such as chronic 

infections manifesting as parasitic infections, malnutrition, blood loss and anemia. 

Anemia can be caused by health factors such as iron deficiency and parasitic infections. 

Numerous studies show that hookworms cause chronic blood loss in the intestine (152). 
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Table 7: Parasite’s type effect on hemoglobin concentration in DM patients 

infected with intestinal parasites  

Type of parasite Number Mean of Hb g/dl 

E. histolytica 15 10.6 bc 

Entamoeba coli 2 11.0 c 

B. coli 7 9.4 c 

G. Lamblia 3 9.9 bc 

C. parvum 2 9.0 ab 

B. hominis 27 9.1 b 

E. vermicularis 2 9.3 c 

A. Lumbricoides 4 10.5 b 

T. saginata 3 10.3 bc 

S. mansoni 1 9.0 a 

Control                    69 13.246 bc 

P-Value 0.595 

Note: *The same letters mean there is no differences between them under the level of significantly 0.05. 

**The different letters mean there is differences between them under the level of significantly 0.05. 

 

Results of blood parameter exchange in patients with intestinal parasites. In the 

current study, red blood cells (RBC) count made less in amount considerably in diabetic 

patient in agreement with a previous study (160). This occurs because of non-enzymatic 

glycosylation  in the membrane protein of RBC  which is associated instantaneously 

with the case of  hyperglycemic, because of an increase in the level of glucose giving 

rise to the toxic products alteration which causes  reduction in bone marrow production, 

which acted upon the shape of RBCs and cause low hemoglobin production and anemia. 

There is a large impact on blood parameters occuring because of the infection with 

intestinal parasites, which is considered the main cause for making the rate of Hb low 
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and rise WBCs rate. The parasites create an obstacle in the digestive system of  patients  

which cause difficulties in their absorption process, specifically in the period  when the 

parasite attaches to the intestinal villi, which agreed with (157). Additionally the results 

don‟t agree with (161) which showed that there is no relation between intestinal 

parasitic infection and anemia. 

 

4.6. Relationship between C-reactive protein values and DM patients 

infected with intestinal parasites   

CRP, is an indication of inflammation, performs a critical position in host 

protection towards contamination also in many parasite ailments (162). Numerous 

researches have discovered that circulating stages of inflammatory markers like C-

reactive protein (CRP) are unbiased predictors of diabetes onset in humans with 

impaired fasting glucose (163). C-reactive protein is the most important acute-phase 

protein, and elevated levels may result from chronic or acute infections, such as obesity, 

which are thought to be the main cause of DM infection. The close association between 

obesity and elevated CRP levels may be due to the high production of various cytokines 

by adipose tissue, such as Interleukin 6 (IL-6) which regulates CRP synthesis in the 

liver. These cytokines can establish a causal relationship between obesity and insulin 

resistance, because IL-6 is thought to be involved in regulating lipid and glucose 

metabolism in adipose tissue and skeletal muscle (164).  

Table 8: Parasite’s types effect on C-Reactive Protein in TIIDM 

Type of parasite Number Mean of CRP mg/L 

E. histolytica 15 19.91 a 

Entamoeba coli 2 9.45 ab 

B.coli 7 8.94 a 

G. lumblia 3 18.0 a 

Cryptosporidium parvum 2 8.87 ab 

B. hominis 27 18.75 bc 

E. vermicularis 2 9.75 bc 
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A. lumbricoides 4 11.67 ab 

T. saginata 3 14.76 a 

S. mansoni 1 11.62 b 

Control                       69 11.55 a 

                       p-value 0.784 

Note: *The same letters mean there is no differences between them under the level of 
significantly 0.05. 

**The different letters mean there is differences between them under the level of significantly 
0.05.Note: normal value of CRP>10 mg/L.  

  

In the current study, B. hominis was the most common type of parasite that  

infect TIID patients, with mean (18.75) and controls (11.55) with a difference 

significantly between them under the level 0.05..  

S. mansoni is a rare parasite with in comparison with the control by mean 

(11.62:11.55 respectivily) and with difference significantly between them of less than 

0.05. These results suggest that CRP levels are elevated in parasitic infections and 

chronic diarrhea caused by parasitic infections such as G. lamblia and E. histolytica. 

Therefore, elevated levels of CRP can be used as a nonspecific immune marker to study 

clinical manifestations of parasite infection. Persistent infection stimulates active 

hepatocyte synthesis of CRP. On the other hand, parasite attachment to mucosal 

surfaces leads to tissue destruction, and stimulatory phagocytic macrophages and the 

mucosal innate IgA response to parasite infection stimulate hepatocytes to increase CRP 

production. Parasitic infection interact to significantly increase CRP levels in chronic 

stage of diarrhea. CRP, as an indication of inflammation, performs a critical position in 

host protection towards contamination as nicely as in many parasite ailments (162). 

Numerous researches have determined that circulating ranges of inflammatory markers 

like C-reactive protein (CRP) are impartial predictors of diabetes onset in human beings 

with impaired fasting glucose (165).   

 

4.7. Intestinal parasitic infection and its effectiveness on IL-6 in DM 

patients  

Interleukin-6 is a tiny glycoprotein known as a pro-inflammatory mediator or 

ant-inflammatory depending on certain factors and is involved in  transferring the 
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information between cells as a signaling molecule (142). In 1986, Interleukin-6 (IL-6) 

was once observed as a B-cell stimulator that stimulates IgG synthesis. It was observed 

later to be a multifunctional cytokine that regulates a huge vary of organic tactics such 

as organ development, inflammation, and immune response (123). IL-6 signaling 

dysregulation has been linked to the pathophysiology of a quantity of autoimmune and 

inflammatory illnesses, which include (TIID) and increase in IL-6. It has been proposed 

that it can result in insulin resistance and development. However, due to the fact that  a 

number of things to do in unique tissues, the involvement of IL-6 in the improvement of 

insulin resistance stays contentious (166). 

Table 9: Parasite’s type effect on IL-6 value  

Type of parasite Number Mean of  

IL-6 Pg/L 

E. histolytica 15 19.03 b 

Entamoeba coli 2 30.31 c 

B. coli 7 21.31 a 

G. lamblia 3 23.76 a 

C. parvum 2 9.18 e 

B.hominis 27 17.68 a 

E. vermicularis 2 19.50 d 

A. lumbricoides 4 25.50 b 

T. saginata 3 24.00 ab 

S. mansoni 1 30.40 a 

Control 69 11.67 b 

P-value 0.0002 

Note: *The same letters mean there is no differences between them under the level of 

significantly 0.05.  

**The different letters mean there is differences between them under the level of significantly 

0.05.  
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Interleukin-6 (IL-6) is produced by immune cells during parasitic infection and 

is involved in immune pathogenesis. Immunity to parasitic infections is influenced by 

the patient's age and exposure to the parasite, and people living in endemic areas acquire 

immunity to symptomatic parasitic infections and progress to asymptomatic infections 

(167). ELISA system was used to measure cytokine (IL-6). In addition to parasitic 

infection, The results suggest that diabetes is strongly associated with elevated IL-6 

levels, suggesting an association between mild inflammation and quality of glycemic 

control agreed with study conducted  in Cameron (163). 

In the current study, the results of nearly all parasites were higher than control 

one (B. hominis 17.68: 11.67 control), (E. histolytica 19.03: 11.67 control), (A. 

lumbricoides 25.50 :11.67 control), (T. saginata 24.00 : 11.67 control), (G.lamblia 

23.76 : 11.67 control), (B. coli 21.31: 11.67 control), (E. vermicularis 19.50 :11.67 

control), (Entamoeba coli 30.31 :11.67 control), (S. mansoni 30.40 : 11.67 control ), (C. 

parvum 9.18 : 11.67 control) so the results came in agreement  with   the studies 

mentioned above (163), (167) in which there is an association between infection with 

intestinal parasite and increase rate of IL-6, in addition to the correlation between 

diabetic disease and elevation the rate of IL-6. 

 

4.8. Effect of intestinal parasite on HbA1c values in DM patients. 

Diabetes is characterized by chronic hyperglycemia, leading to long-term 

complications such as retinopathy, neuropathy, and kidney disease. It usually 

accelerates changes in both macrovascular and microvascular. Diabetes has become a 

global epidemic due to lifestyle changes (eating more and exercising less) (168). HbA1c 

reflects plasma glucose concentrations from 8 to 12 weeks. Because it does not require 

fasting, it is used as a convenient indicator for diagnosing diabetes (169). 

Similar to parasites, diabetes is a vulnerable disease that causes 

opportunistic infections and results in high mortality and morbidity (157). The 

incidence of diabetes mellitus (DM) is increasing worldwide, primarily due to an aging, 

unhealthy eating habits, and lack of physical activity (169). 
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Table 10: Parasite’s type effect on HbA1c values in TIIDM 

Type of parasite Number Mean of 

HbA1c% 

E. histolytica 15 9.7 bc 

Entamoeba coli 2 7.5 b 

B. coli 7 8.0c 

G. lamblia 3 7.4 a 

C. parvum 2 7.0 c 

B. hominis 27 10.6 bc 

E. vermicularis 2 7.8 c 

A.lumbricoides 4 10.3 b 

T. saginata 3 11.4 c 

S. mansoni 1 9.2 bc 

Control                     69 7.8 bc 

    p-value                        0.002 

Note:*The same letters mean there is no difference between them under the level of 

significantly 0.05. 

**The different letters mean there is difference between them under the level of significantly 

0.05. 

 

There is a strong communication between diabetic and gastroenteritis 

caused by intestinal parasites, so diabetic patients should be checked frequently about 

parasitic infection (157). Glycated hemoglobin (HbA1c) was measured in this study, 

and HbA1c levels reflect plasma glucose concentrations 8-12 weeks prior to 

measurement. Since fasting is not required, it can also be used as a screening test for 

diabetes. The current study shows a high average infection rate of T. saginata (11.4) and 

residual nematode infection, an intestinal parasitic infection acquired by eating raw or 

undercooked meat of beef. In addition to the rest type of parasites showed an elevation 

in HbA1c values, thats may due to poor hygienic and sanitary conditions, lack of meat 
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inspection regulations, and inadequate water supplies, which didn‟t agree with this 

study (108) that showed a decrease in HbA1c rate during parasitic infection such as 

using of albendazole treatment. Also the results disagreed with another study that 

showed no differences in HbA1c between those with and without infection with parasite 

(169). 

 

4.9. Association of autoimmune disease with intestinal parasitic 

infection among diabetic patients 

An autoimmune disease characterized by the production of multiple 

autoantibodies. Disease development depends on genetic susceptibility and exposure to 

environmental factors such as UV radiation, drugs, and infections. The link between 

parasitic infections and the development of autoimmune diseases often remains elusive. 

There is an ample evidence for parasite effects on various immune signaling pathways. 

Chronic infection is characterized by a shift of the immune response towards T helper 2 

(Th2) type responses (production of IgE antibodies) and regulatory responses. 

Prolonged survival of parasites within the host is associated with weakened regulatory 

networks that prevent enhanced immune responses (170). 

 

Figure (25): Prevalence of intestinal parasite in DM patients infected with 

another autoimmune disease 
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The current research, on the other hand found that patients who have another 

autoimmune disease (Cancer, Romatisim, Thyroid gland disease,…….) which is 

considered immunocompromissed patients as well as diabetic disease are more 

susceptible to be infected with intestinal parasite than healthy people, since the immune 

system is activated to attempt to eradicate the parasite, but the parasite appear to change 

with post-infection exposure and time (170). In addition to humoral immune disease can 

cause multiple organ damage, changes in intestinal flora (11), (12). These results agreed 

with study (171) conducted in Egypt (Al Azhar University Hospitals), that reported that 

the patients with DM have high risk of parasitic infection which was found among 

them. 

 

 



 

 

 

 

 

 

Chapter Five 

Conclusions and 

Recommendations



Chapter Five                                     Conclusions and Recommendations 

 

69 

Chapter Five 

Conclusions and Recommendations  

 

5.1. Conclusions 

1- An overall prevalence of intestinal parasite infection was observed among DM 

patients. 

2-  B. hominis was the most common type of parasites that infect TIIDM patients. 

3- There is a significant relationship between hematological parameters and infection 

with intestinal parasite in TIIDM patients. 

4- There is a significant relation between increase IL-6 levels with abnormality of blood 

sugar metabolism  

5- There is no effect of sex on parasite infection. 

6- There is a significant relation between non-educated DM patients and infection with 

intestinal parasite 

7- There is a significant relation between previous infection with COVID-19 on diabetic 

patient about frequency of infection with intestinal parasite. 
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5.2. Recommendations  

1- Diabetic patient should be screened routinely for intestinal parasites, especially the 

opportunistic ones, and treated for their overall wellbing. 

2- Health education should be provided for DM patients to improve awareness about 

parasite infection for preventive purposes. 

3- Conduction of further immunological and molecular study on such IL-6 by using 

PCR technique in pre-diabetic and newly diagnosed TIIDM patients. 

4- Increasing the number of samples with more studies should be conducted.  
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Appendix 1 

 Appendix Patients Questioner and Symptoms Form 

 

Patient name: 

Age: 

Sex: 

Duration of diabetic onset: 

Academic achievement: 

Residence:            Urban or Rural 

Keeping animal:         Yes or No 

Other autoimmune diseases: 

Previous infection with COVID-19:          Yes or No 

Mobile number: 

 

  



 

 

 خالصة

( هاو ممموةاة مان ممال ماة الممثلال ال الاي  الما  موصاض  ننخ ان  TIIDMداء السكري من النوع الثانن   
حسنساالة اضةءاانء المساامألدسة لننسااوللن ومقكلااد بو فصااور نساا   ساا  تساارا  اضنسااوللن مم وًةاان  نءاا را ن  الممثلاال 

لكاون مارل  الساكري ةرءاة لةصان ة  نل  لملان  ولنمج ةن هلا العلا  ل والدهون،ال لاي  اضخرى لممنء وال روملن 
 المعولة.

( سانة 52 - 52مم ممع منية وخمسة وثالثون ةلنة  دم و را ( من كل مرل  سكري ممراوح اةمنرهم  لن  
 5255 بلنرالى  5252س  مدلنة كركوك / العراق خالل ال مرة من مشرلن الثنن  

 

 نلسكري  دون  مرل  66ووا مصن لن  نل  لم  مرل   نلسكري كنن 232( ةلنة من 66سمة وسمون  
 E. histolytica, Entamoeba)واهم انواع ال  ملن  الم  مم مشخصلألن س  هن الدراس مءمن  ةدوى   لملة.

coli, B.coli, G.lamblia, B.hominis, C. parvum, E.vermicularis, T. saginata, A. 

lumbricoides. S. mansoni.)  الدم ال لءنء   اد معدل خاللنWBC  والخاللن الملم نولة )LYM  س )
س  مرءى  Hbكمن انخ   معدل  ،NEUولكن حدث النءو  س  معدل   نل  لم ،مرءى السكري المصن لن 

  نل  لم . ( المصن TIIDM السكري 

واع وبلًءان  الن بنا (%48.6) واإلنانث (%32.3)مان خاالل دراسامنن كننا  النملماة مم نلناة  الن الالكور الءان 
ال  لملن  ن سألن. و حس  مننا  العمار اكمشا نن بنات ج موماد ةالفاة  الن العمار واإلصان ة  نل  لملان  المعولاة. حاول 
المعماالم كشاا نن بن معاادل اإلصاان ة كاانن بةمااى ساا  المرءااى ال لاار الممعمماالن. سلماان لمعمااق  نلسااكن كاانن بةمااى معاادل 

 ةلناة 53و TIIDMلمسانكن الحءارلة سا  ممموةاة ةلناة سا  ا 33تصن ة س  المنن ق الحءارلة منات سا  الرلاض  
كنن  بةمى نسا ة مان الناوع ال  لما   السكري،من المنن ق الرل لة(. وسًقن لنوع ومكرار ال  لملن  المعولة  لن مرءى 

  Blastocystis hominis  55   سا  مرءاى الساكري 40.9)  اصان ة  نسا ةTIIDM  والناوع اضفال شالوًةن مان
اصااان ة واحااادة  نسااا ة    Schistosoma mansoniكننااا    TIIDMمرءاااى الساااكري  ال  لملااان  المااا  مصااال 

خمل س  الممثلل ال لاي  لمساكر سا  الادم  مع ومود IL-6(. وكلالك جحظنن ومود ةالفة  لن  لندة مسمولن  2.2 
 .ة   لملن  المعولوبلًءن مع اإلصن ة 

 



 

 

 

                                      جَهىرٌت اىعراق                                     

              وزارة اىخعيٌٍ اىعاىً واىبحث اىعيًَ                                                                                           

 اىجاٍعت اىخقٍْت اىشَاىٍت

     اىنيٍت اىخقٍْت /مرمىك

 

اىسنري ٍِ اىْىع اىثاًّ ٍِ ٍرضىاىَعىٌت ب اىطفٍيٍاث راّخشا   

 

 رساىت ٍقذٍت اىى

اىجاٍعت اىخقٍْت اىشَاىٍت / اىنيٍت اىخقٍْت / مرمىك قسٌ حقٍْاث اىَخخبراث اىطبٍت / 

 مرمىك

 مجسء ٍِ ٍخطيباث اىحصىه عيى شهادة اىَاجسخٍر فً اَلحٍاء اىَجهرٌت

 

 ٍقذٍت ٍِ قبو اىطاىبت

 عبٍر عَر احَذ

ت / اىنيٍت اىخقٍْت / مرمىك / اىجاٍعت اىخقٍْت اىشَاىٍت / ححيٍالث ٍرضٍ بناىىرٌىش

8002 

 بأشراف

 

د.حٍذرجيٍو ٍرداُ       أ.د عبٍر عباش عيً                                                    

 8088      ه٤١١١ً                                                                              

 


