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Summary 

Background: Enteric infections constitute a serious public health problem globally, 

especially in low and middle-income countries, particularly in areas of poor sanitation, low 

socio-economic conditions, inadequate water supply and poor hygiene practices. South 

Africa is one of the developing countries that has been significantly impacted by diarrheal 

infections, many of which are due to Entamoeba species. It is still not clear why some 

individuals once infected with E. histolytica develop clinical amoebiasis while others do 

not show any symptoms. It has been suggested that both the parasite and host factors 

play a significant role in the outcome of E. histolytica infection. However, this does not 

explain why only few infected individuals develop symptomatic diseases. This suggests 

that there are other factors to explain this transition. 

Tumor necrosis factor-α (TNF-α) is a multifunctional pro-inflammation cytokine which has 

been considered as one of the pathogenic factors for various diseases. Several studies 

have reported an association between TNF-α polymorphisms and inflammatory diseases. 

However, no study has been carried out on the association between polymorphisms in 

the promoter of the TNF-α gene and high risk of E. histolytica infections. 

Aim and objective of the study: The overall aim of the study was to determine the 

molecular characteristics of Entamoeba species in relation to the occurrence of diarrhea 

among children and determine the impact of host genetic polymorphism on the 

occurrence of amoebiasis. This aim was addressed by the following primary objectives: 
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a. To investigate the prevalence, distribution and genetic diversity of Entamoeba species 

and other parasites circulating among children in the Northern part of South Africa. 

b. To investigate the genetic polymorphism of TNF-α gene promoter region in a cohort of 

children in Northern South Africa. 

c. To identify any association between TNF-α promoter gene polymorphism with diarrhea, 

vomiting, fever, acute lower respiratory infection, gender and malnutrition. 

d. To identify any potential association that may exist between TNF-α promoter gene 

polymorphism and parasitic infections. 

 

Brief methodology and results: This study was nested within the Madi project and 

Malnutrition and Enteric Diseases project (MAL-ED) South Africa and received approval 

from the Health, Safety and Research Ethics Committee of the University of Venda. The 

stool samples were from Madi project and the blood samples were from the MAL-ED 

project. A total of 394 stool samples were collected in selected household with children 

under the age of 5 years who were randomized to receive a silver-impregnated ceramic 

water, a silver-impregnated ceramic disk, a safe-storage water container, or no 

intervention, and were followed quarterly for two years from Dzimauli rural communities 

of South Africa in Limpopo province. All the stool samples were observed under a light 

microscope for the presence of intestinal parasites. In order to accurately detect 

Entamoeba species in all faecal samples, polymerase chain reaction (PCR) protocols 

were performed using genus-specific PCR primers based on small-subunit rRNA gene 

sequences for E. polecki, E. chattoni, E. dispar, E. histolytica, E. hartmanni and E. coli. 
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Real-time PCR protocol was also used to detect and identify the specific Entamoeba 

species such as E. histolytica, E. dispar, E. bangladeshi and E. moshkovskii in order to 

gain information on their accurate prevalence, distribution and genetic diversity in the 

community.  

The present study reported an overall prevalence of intestinal parasites including 

Entamoeba species, Strongyloides stercoralis, Cystoisospora belli and Ascaris 

lumbricoides as determined by microscopy to be 140 (35.5%), 138 (35.0%), 114 (28.9%) 

and 78 (19.8%), respectively. The genus-specific PCR was positive for Entamoeba spp. 

in 140 (35.5%) samples. Real time PCR detected E. histolytica in about 4% of the samples 

while E. moshkovskii occurred in about 9% of the samples. Results identified by qPCR 

showed that children in silver-impregnated ceramic water filter group at month 12 had 

higher E. moshkovskii infection 6 (13.0%), while those in intervention group had lower E. 

moshkovskii infection 3 (6.8%). None of the participants were infected with Entamoeba 

bangladeshi. Sequence analysis showed a wide variety of Entamoeba species with E. 

coli and E. polecki appearing to be the most common organisms followed by E. 

moshkovskii and E. dispar. Further studies using next generation sequencing 

technologies are needed to understand the real importance of each of these organisms 

in the community in terms of the pathogenesis of amoebiasis (Chapter 3). 

TNF-α is a multi-functional pro-inflammatory cytokine and a primary mediator involved in 

the early phase of the cytokine cascade and plays an important role in the initiation and 

regulation of the immune response. The present study aimed to investigate the genetic 

polymorphism of tumor necrosis factor-α (TNF-α) gene promoter region in a cohort of 
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children in Northern South Africa. A total of 199 blood samples were evaluated from 

children who were part of the MAL-ED study cohort. The TNF-α gene at positions 

‑1031T/C and ‑308G/A were genotyped by polymerase chain reaction–restriction 

fragment length polymorphism (PCR–RFLP) assay and confirmed by DNA sequencing. Out 

of these 199 participants, 94(47.2%) were males and 105(52.8%) were females. Of all 

the children, 23(11.6%) had low birth weight. A strong association was noted between the 

CC homozygous genotype at position -1031 and children with diarrhea (P=0.043, 

OR=4.167, 95% CT=0.942-18.43); whereas TC heterozygous genotype was significantly 

common in healthy children with no diarrhea (P=0.019, OR=0.446, 95% CT=0.226-

0.882). The T-allele was significantly common in children with diarrhea (P=0.043, 

OR=0.240, 95% CT=0.054-1.062). A strong association was also noted between the TT 

homozygous genotype at position -1031 and children with dehydration (P=0.014, 95% 

CI= 1.224-12.443). A strong association was noted between the GA heterozygous 

genotype at position -308 and children with diarrhea (P=0.040, OR=2.579, 95% 

CT=1.019-6.528); while AA homozygous genotype was significantly common in healthy 

children with no diarrhea (P=0.012, OR=0.3420, 95% CT=143-0.815). Heterozygous GA 

genotype was more common among healthy children with no dehydration and the result 

was statistically insignificant (P = 0.894, X2 = 0.018, OR = 1.095, 95% CT = 0.288-4.168); 

while a strong association was also noted between the heterozygous GA genotype at 

position -308 and children with vomiting (P=0.019, OR=2.694, 95% CT=1.160-6.256). 

The G allele was significantly common in children with vomiting (P=0.010, OR=2.816, 

95% CT=1.263-6.279). Our study has for the first time revealed that the -1031(T/C) 

polymorphism of TNF-α promotor gene is associated with diarrhea, dehydration and 
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acute lower respiratory infection among children at five years of age, while the -308(G/A) 

polymorphism was associated with diarrhea and vomiting among these children (Chapter 

4). 

Intestinal parasitic diseases are common in developing countries including South Africa 

and have been documented to be the most common in children under the age of five. The 

present study aimed to identify any potential association that may exist between TNF-α 

promoter gene polymorphism and parasitic infections. A total of 199 blood samples was 

evaluated from children who were part of the MAL-ED study cohort. The DNA was used 

to investigate polymorphism in the promoter region of the TNF-α gene at position 

1031T/C. The polymorphisms were detected by polymerase chain reaction–restriction 

fragment length polymorphism (PCR–RFLP) assay. The TC genotype at position -1031 

was significantly higher in healthy controls children than in children who were infected 

with Entamoeba species (59.9% vs 29.4%, P = 0.015) and Entamoeba coli (59.1% vs 

30.8%, P = 0.046), indicating that TC genotype may be protective against Entamoeba 

infections and Entamoeba coli infections. The CC genotype at position -1031 was more 

common among children with parasite and diarrhea and the results was statistically 

significant (P = 0.04). This study has revealed that the CC genotype may be is a risk 

factor for symptomatic parasitic infections, while the TC genotype might be protective of 

Entamoeba infections among children in Dzimauli community (Chapter 5). 

 

 Overall conclusion: The present study demonstrated new data on the prevalence, 

distribution and genetic diversity of Entamoeba species and other parasites in Northern 

South Africa. Several Entamoeba species are circulating in the region and the importance 
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of E. moshkovskii in the pathogenesis of amoebiasis seems to be underestimated. This 

study also revealed for the first time that the -1031(T/C) polymorphism of TNF-α promotor 

gene is associated with diarrhea and acute lower respiratory infection, Entamoeba 

species and Cyclospora infections among the children in Dzimauli community, while -

308(G/A) was associated with vomiting and overall illness. Information generated from 

this study will be useful for understanding the transmission, source of infection and clinical 

outcome of infection with parasitic infections. However, larger studies need to be 

conducted in order to confirm these findings. 
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CHAPTER 1 

General Introduction and Rationale 

1.1 Introduction 

In developing countries, diarrheal diseases continue to be leading causes of morbidity 

and mortality (Black et al., 2010). It is estimated that about 1.7 billion cases of diarrheal 

disease take place every year in the whole world (WHO, 2014), and up to 25% of death 

in children under the age of five are regarded as being caused by acute gastroenteritis 

(Sidoti et al., 2015). Diarrhea is very highly destructive to children under the age of five 

and the introduction and implementation of interventions such as the provision of oral 

rehydration therapy had a positive impact on reducing childhood diarrhoea mortality, with 

an estimated annual reduction of diarrheal deaths in Africa of 3.7% since 2000 (Liu et al., 

2012). However, diarrhoea continues to exist as a main cause of child mortality and 

morbidity globally after pneumonia (Fisher Walker et al., 2012). Diarrheal diseases can 

be caused by assorted bacteria, parasites and viruses. Parasites like Cryptosporidium, 

Entamoeba histolytica and Giardia lamblia are all common causes of diarrheal illness 

(Kotloff et al., 2013).  

Entamoeba species that can infect and reside in the human intestinal lumen and other 

primates are: Entamoeba histolytica, Entamoeba dispar, Entamoeba moshkovskii, 

Entamoeba bangladeshi, Entamoeba coli, Entamoeba polecki and Entamoeba hartmanni 

(Ngui et al., 2012), although the majority are considered to be harmless. Among these, E. 
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histolytica, E. dispar and E. moshkovskii are morphologically similar but with different 

biochemical and genetic features (Calegar et al., 2016). Entamoeba histolytica is a known 

microscopic invasive intestinal protozoan parasite responsible for amebic dysentery as 

well as amebic liver abscess (Sateriale and Huston, 2011). Entamoeba histolytica is the 

only pathogenic species certainly associated with causing amoebiasis in humans while 

other Entamoeba species like E. dispar and E. moshkovskii are considered non-

pathogenic (Haque et al., 2001). 

 

 It is known that the differentiation of E. histolytica, E. moshkoviskii and E. dispar cysts is 

a major diagnostic challenge experienced worldwide, since microscopic examination is 

incapable of distinguishing between the three species (Santos et al., 2010). However, 

more sensitive techniques such as enzyme-linked immunosorbent assay (ELISA), 

polymerase chain reaction (PCR) and cell culture have been developed and are widely 

used to detect and differentiate Entamoeba species (Hooshyar et al., 2012). Polymerase 

chain reaction is now widely used in clinical settings. This technique allows a rapid 

amplification of target sequences and can be highly specific and sensitive as a detection 

method. Because of its sensitivity and specificity, PCR can be used to diagnose 

Entamoeba in different clinical samples (Akarsu et al., 2011). Genes that are detected in 

Entamoeba isolates are used for species identification and differentiation and is 100 times 

more sensitive than ELISA (Mirelman et al., 1997; Ramos et al., 2005). 

 

Entamoeba histolytica infects humans through fecal-oral route. In developing countries, 

transmission may occur more often where water supply for drinking is untreated and 
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contaminated with feces. The infection can also be transmitted by unprotected oral-anal 

sexual contact. Therefore, infection is common among homosexual men particularly when 

there is oral-anal and oral-genital sexual practices (Stark et al., 2008). However, among 

the general population, the major cause of Entamoeba histolytica infection is through 

consumption of contaminated food and water (Marie and Petri, 2013). The clinical 

presentation of the infection ranges from watery diarrhea, bloody diarrhea, stomach pains 

and liver abscess (Gilchrist et al., 2012). The trophozoites can physically spread to extra- 

intestinal organs such as lungs, brain and liver (Cheepsattayakorn and 

Cheepsattayakorn, 2014). 

 

 Entamoeba histolytica infection ranges from asymptomatic to symptomatic. 

Asymptomatic carriers of E. histolytica should be treated in order to minimize the spread 

of the disease and the risk of developing invasive disease (Stanley, 2003). Medications 

are available for the treatment of E. histolytica infection but they depend on how severe 

the disease is. The drugs used for treating E. histolytica infections include, metronidazole, 

iodoquinol, dehydroemitine, paromomycin and diloxanide furoate (Leitch et al., 2007). 

 

It is still debatable why some individuals once infected with E. histolytica develop clinical 

amoebiasis while others don’t show any symptoms. It has been suggested that both the 

parasite and host factors play an important role in the outcome of E. histolytica infection. 

However, this does not explain why only few of infected individuals develop symptomatic 

diseases (Gilchrist et al., 2016). This suggests that there are other factors to explain this 

transition. Tumor necrosis factor-α (TNF-α) is a one of the most important pro-
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inflammatory cytokine which is produced by macrophages and monocytes (Mellick, 

2007). It affects most human organs and it is involved in different biological processes, 

including cell proliferation, differentiation, apoptosis, lipid metabolism and coagulation. 

Numerous single-nucleotide polymorphisms (SNPs) have been found in the promoter 

region of TNF-α gene, such as -238G/A, -308G/A, -857C/T, and -1031T/C (Feng et al., 

2009). The TNF-α -238G/A, -308G/A and -1031T/C promoter gene polymorphisms have 

been reported to be associated with several autoimmune disorders including Systemic 

Lupus  Erythematosus, Rheumatoid Arthritis and infection such as tuberculosis (Qidwai 

and Khan, 2011). 

 

1.2. Study Rationale 

Diarrheal diseases are a significant problem worldwide, especially in low and middle 

income countries. Entamoeba histolytica is a microscopic protozoan parasite that infects 

about 10% of the worldwide population. Evidence is now accumulating that E. histolytica 

is not the only pathogenic member of the Entamoeba genus, but other species such as 

E. moshkovskii can also cause enteric diseases (Shimokawa et al., 2012). Research 

performed at the University of Venda has shown that parasitic infections, the majority of 

which were due to Entamoeba species, were significant and important causes of 

morbidity in the South African population (Samie et al., 2009). Several studies have 

shown a high prevalence of E. moshkovskii infections in Bangladesh (Ali et al., 2003); 

India (Parija and khairnar, 2007); Turkey (Tanyuksel et al., 2007); Tunisia (Fotedar et al., 
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2007); but it has never been reported in South Africa. Determination of the prevalence 

and distribution of Entamoeba species will help to focus on the delivery of treatment and 

control measures in this area. 

 

Host genetic factors are emerging as key determinant of diseases such as cancers, TB, 

malaria, etc. (Kamangar et al., 2006). Genetic variations in proinflammatory and anti-

inflammatory cytokines genes influence individual response to exposures of infection. 

Polymorphisms in proinflammatory cytokine genes, especially tumor necrosis factor-α 

(TNF-α) and its receptor, are associated with an increased risk of infections (Gorouhi et 

al., 2008). Indeed, SNPs in regulatory regions of TNF-α play a crucial role on gene 

transcription levels (Bridges et al., 2002). Genetic studies on the TNF-α gene have 

identified a number of polymorphisms that have been linked to disease susceptibility and 

progression (Canedo et al., 2008). Generally, it is estimated that higher concentration of 

TNF-α causes patients to be more susceptible to infections (Belhadj et al., 2007). The 

−308 and -1031 polymorphism on TNF-α gene, is located on chromosomes 6 (p21).  

Studies have been published regarding the association of -1031T/C and -308G/A 

polymorphisms of TNF-α gene with TB, Malaria, Cancer, leprosy, (Cheng et al., 2013). 

No study has been done in South Africa to examine the association between genetic 

polymorphisms at the TNF-α promoter regions and high risk of E. histolytica infections. It 

is important to observe the genetic distribution in the population in order to improve the 

understanding on the occurrence of E. histolytica. The difference between exposure and 

reaction has not been determined in this community and the risk factors associated with 

infections are not clearly determined. 
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1.3 Research questions 

Briefly, the primary research questions for the study were as follows: 

a. Do species of Entamoeba contribute to diarrhea in the Dzimauli communities? 

b. What are the different species of Entamoeba found in the Northern part of South 

Africa? 

c. Is there any association between TNF-α promoter gene polymorphisms with 

diarrhea, vomiting, fever, acute lower respiratory infection, gender and 

malnutrition? 

d. Is there any association between TNF-α promoter gene polymorphism and the 

occurrence of parasites among children? 

 

1.4 Aim of the study 

The overall aim of the study was to determine the molecular characteristics of Entamoeba 

species in relation to the occurrence of diarrhea among children and determine the impact 

of host genetic polymorphism on the occurrence of amoebiasis. 
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1.5 Primary objectives of the study 

a. To investigate the prevalence, distribution and genetic diversity of Entamoeba species 

and other parasites circulating among children in the Northern part of South Africa. 

b. To investigate the genetic polymorphism of TNF-α gene promoter region in a cohort of 

children in Northern South Africa. 

c. To identify any association between TNF-α promoter gene polymorphism with diarrhea, 

vomiting, fever, acute lower respiratory infection, gender and malnutrition. 

d. To identify any potential association that may exist between TNF-α promoter gene 

polymorphism and parasitic infections. 
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CHAPTER 2: LITERATURE REVIEW 

 

2.1 Discovery of Entamoeba histolytica 

Entamoeba histolytica is an invasive pathogenic protozoan which is responsible for the 

disease called amoebiasis. It was first reported as a deadly disease by Hippocrates who 

diagnosed a patient with fever and dysentery (460 to 377 B.C.). In 1875, Dr Fedor 

Alexandravich Losch found amoebae in stool sample of a young farmer who was suffering 

from chronic dysentery in Saint Petersburg which he named Entamoeba coli. In 1903, 

Fritz Schaudinn established the differentiation between Entamoeba histolytica and 

Entamoeba coli. Because of its ability to cause tissue lysis, he named it E. histolytica. 

The study done by Walker and Sellards (1913) demonstrated the cyst form of this parasite 

as an infective stage. Several years later, other species of enteric amoeba were identified 

but the relationships of these species to E. histolytica were not recognized until 1925. 

Emile Brumpt suggested the presence of two morphologically identical species, E. 

histolytica as pathogenic and E. dispar as non-pathogenic, but it was difficult to 

differentiate them using microscopy. The existence of these independent two species was 

the subject of debate for many years (Diamond and Clark, 1993). In 1997, the separation 

between the two species was accepted and given WHO approval (Anonymous, 1997). 
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2.2 Taxonomy of Entamoeba species 

 Entamoeba species are anaerobic protozoan parasites that have traditionally been 

classified in the phylum Sarcodina, members of which are characterized by the presence 

of pseudopodia that are used for movement and uptake of food (Lebbad, 2010). 

Entamoeba species belong to the phylum Amoebozoa and the class Archamoeba, and 

they are closely related to the slime molds (Cavalier-Smith et al., 2015). Several species 

within the genus Entamoeba can infect humans, but only E. histolytica is of medical 

significance (Ekanayake et al., 2006).  

 

2.3 Classification of Entamoeba species 

2.3.1 Entamoeba dispar 
 
Entamoeba dispar is a noninvasive parasite in humans and thus is associated with 

asymptomatic infections. However, not long ago studies showed that E. dispar can be 

regarded as pathogenic too (Graffeo et al., 2014). This amoeba is morphologically 

identical to E. histolytica and can only be differentiated from it by ELISA or other molecular 

tools (Issa, 2014).  
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2.3.2 Entamoeba histolytica 
 

Entamoeba histolytica (E. histolytica) produces an invasive disease called amoebiasis, 

which commonly produces diarrhea with or without blood in both children and adults, 

leading to high morbidity and mortality.  

 

2.3.3 Entamoeba moshkovskii 
 

Entamoeba moshkovskii is genetically related to E. histolytica and E. dispar and is 

microscopically indistinguishable from them in its cyst and trophozoites forms (Fotedar et 

al., 2008). In 1941, E.  moshkoviskii was first identified in sewage in Moscow by Tshalaria 

and was initially thought to be a free-living common protozoan species in anoxic 

sediments and in environments such as brackish coastal pools.  

 

2.3.4 Entamoeba coli 
 

Entamoeba coli infection is one of the most neglected nonpathogenic gut colonizer that 

is found all over the world and is probably the most prevalent of all the intestinal amoeba 

that occur in humans (Lebbad, 2010). Even though some researchers linked this amoeba 

to diarrheal symptoms (Fletcher et al., 2012), E. coli is considered to be nonpathogenic 

amoeba (Groome et al., 2014). 

 

2.3.5 Entamoeba nuttali 
 

Entamoeba nuttalli is the closest species to E. histolytica, and is found in wild macaques 

and captive nonhuman primates and is potentially pathogenic (Levecke et al., 2010). 
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Recently, an asymptomatic case of a human infected with E. nuttali occurred in a 

caretaker of NHPs in a zoo (Levecke et al., 2015).  

 

2.4 Morphological and biological features of E. histolytica 

Entamoeba histolytica is a protozoan parasite that lacks most eukaryotic organelles such 

as mitochondria, Golgi complex, structure cytoskeleton and the reticulum (Clark, 2000). 

However, it has the ability to colonize and invade the intestinal mucosa and the liver. The 

parasite has a simple life cycle consisting of two stages, the infectious cyst and motile 

trophozoites. Other Entamoeba species that are morphologically identical to E. histolytica 

include E. dispar and E. moshkoviskii (Das and Ganguly, 2014). Entamoeba 

histolytica/dispar cyst is regarded as the infective stage of the parasite, and they are round 

in shape with a 10-15μm in diameter (Stanley, 2003). Mature cysts consist of four nuclei 

which are surrounded by a rigid chitin wall, protecting the amoeba outside the human 

body. The four nuclei, each accommodates a small, centrally located karyosome and the 

nuclear membrane is uniformly lined with the peripheral chromatin (Stanley, 2003) (Fig 

2.1.A).  

 

Entamoeba histolytica/dispar trophozoites, also known as the diagnostic stage of the 

parasite, are 10- 50μm in diameter (Stanley, 2003). They accommodate a single nucleus 

with a small centered karyosome (Cavalier-Smith, 1987). It was later discovered that E. 

histolytica has mitochondria like organelles defined as mitosomes. They harbor a small 

number of mitochondrial marker proteins and are surrounded by a double membrane 

(Aguilera et al., 2008). The full diversity of their content and function, however, has not 
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been fully determined (Mi-ichi et al., 2009). The cytoplasm contains the granular 

endoplasm containing abundant vacuoles (Fig 2.2.B). 

 

 

Fig 2.1: Diagrammatic representation of the morphological forms of Entamoeba 
species as seen during light microscope. (A) Cyst form and (B) trophozoites form 
(Centers for Disease Control and Prevention, 2017). 
 
 
 

2.5. Life cycle of Entamoeba histolytica 

The life cycle of Entamoeba histolytica takes place when the cyst goes into the small 

intestine through consumption of food or water contaminated with the parasite’ cyst. In 

the small intestine, excystation produces eight motile trophozoites. These motile 

trophozoites travel to the large intestine, where they replicate via binary fission (Centers 

for Disease Control and Prevention, 2017). The trophozoites remain confined to the 

intestinal lumen of individuals who are asymptomatic carriers, passing cysts in the stools. 

Trophozoites may invade the intestinal mucosa, where it causes dysentery and/or 
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progress through the blood vessels to extra-intestinal locations like liver, brain and lungs, 

where they may form life-threatening abscesses. Amoebic abscesses (invasive infection) 

most commonly occur in the liver. The life cycle of E. histolytica is shown in Fig 2.2 below. 

 

 

 

Fig 2.2: Life Cycle of E. histolytica. (Centers for Disease Control and 
Prevention, 2017). 
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2.6. Virulence factors of Entamoeba histolytica 

Entamoeba histolytica accommodates several virulence factors, which contribute to its 

pathogenicity and invasiveness. The most recognized virulence factor is the galactose 

and N-acetyl- d-galactosamine (Gal/GalNAc) specific lectin, is responsible for the ability 

of E. histolytica to adhere to mucosal cells in the bowel. This occurs by targeting the O-

linked polysaccharide side chains of mucin on colonic epithelial cells (Nakada-Tsukui and 

Nozaki, 2016). The Gal/GalNAc lectin is a 260-kDa heterodimeric cell-surface protein 

consisting of a 170-kDa heavy chain (hgl) that bound to a 35/31-kDa light chain (Igl) 

through disulfide linkage (Mann, 2002). The light subunit is thought to attach to the 

membranes through glycophosphoinositol anchors. The 260-kDa lectin is in complex with 

a 150-kDa intermediate subunit. The heavy chain has the carbohydrate recognition 

domain displayed at the cell surface (Dodson et al., 1999). Carbohydrate recognition 

domain recognizes target cells and ligand molecules through this domain. The 

prostaglandin E2 (PGE2) functions in impairing macrophage function, and it is also known 

to cause mucus hypersecretion of intraepithelial cells and eventual mucus depletion. 

Mucus hypersecretion occurs as a host defense mechanism to repel the parasite from 

adhering to the colonic wall (Cornick et al., 2017). Prostaglandin E2 is also known to 

disrupt tight junction integrity of epithelial cells allowing parasitic infiltration (Lejeune et 

al., 2011), thus increasing gut permeability. This results in chloride secretion into the 

intestinal lumen, which eventually manifests as amoebic diarrhea (Cornick et al., 2017).  

 

Entamoeba histolytica also exerts its pathogenicity through induction of apoptosis of host 

cells, in addition to a relatively new mechanism of cell-destruction called ‘trogocytosis’ 
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(ingestion of small constituents of host cells, prior to induction of apoptosis) (Ralston et 

al., 2014). Another virulence factor contributing to the colonic mucosal barrier breach in 

E. histolytica trophozoites are cysteine proteases (CP), which are hydrolytic enzymes that 

participate in the destruction of host epithelial and inflammatory cells and subsequent 

invasion. In E. histolytica, CP-1, CP-2, and CP-5 make up more than 90% of all cysteine 

protease activities during infection, with CP-5 being the most predominant in degradation 

of the epithelial mucus layer (Cornick et al., 2017). The CP-5 secretion induces cleavage 

of C-terminus of the MUC2 protein, which leads to degradation of the protective mucin 

barrier, and subsequent invasion and increased gut hyperpermeability. Peroxiredoxin, 

alcohol dehydrogenase, and lipopeptidophosphoglycan are other virulence factors which 

are implicated in the evasion of host defenses by E. histolytica (Quach et al., 2014). 

Ultimately, invasive diseases of the colonic mucosa require disruptions in the extracellular 

matrix (ECM) for progression into the lamina propria. Entamoeba histolytica produces E. 

histolytica migration inhibitory factor (EhMIF), which causes mucosal inflammation and 

downstream production of matrix metalloproteinase (MMPs), leading to ECM degradation 

and invasion (Ghosh et al., 2019), thus EhMIF further contributes to disseminated 

disease. Trophozoites enter the liver hematogenously through the hepatic circulation, 

forming microabscesses that eventually amalgamate to form a well-circumscribed ALA, 

generally in the posterior right lobe (Lardière-Deguelte et al., 2015). The abscess 

generally consists of inflammatory debris, dead hepatocytes, and amoebic trophozoites 

surrounded by a rim of connective tissue, with a characteristic “anchovy paste” exudate 

(Mohidin et al., 2018). 
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2.7. Role of the intestinal microbiota in amoebiasis 

The gut microbiome is the genetic material of all the microbes like bacteria, fungi, 

protozoa and viruses which live on and inside the digestive tracts of humans and other 

animals. In humans, over 1014 microbes inhabit in our gastrointestinal tract and comprise 

the most complex ecosystem in our body. Besides nutrition uptake and improve energy, 

these microbes also play an important role in establishing the intestinal immune system 

to reduce the intestinal pathogen infections (Qin et al., 2012). However, the abnormality 

of the microbiota is related to serious diseases, such as diarrhea (Collado et al., 2012). 

 

 Microorganisms colonize the gut right after birth and the composition changes as we 

grow, the microbiota compositions can differ seriously from one person to the next (Fouhy 

et al., 2012), even within healthy individuals or twins in the same household (Smith et al., 

2013). Several studies have noted that the bacterial microbiota may influence the 

behavior and virulence of individual pathogens, their immune response, and lead to 

variability in the outcome of parasitic infections (Marie and Petri, 2014; Bär et al., 2015).  

Probiotics and commensal bacteria have been recommended to have some influence on 

the outcome of protozoan infections (Bär et al., 2015). Probiotics are live microorganisms 

that are intended to have health benefits when consumed or applied to the body 

(Ouwehand et al., 2002). It has been proposed that probiotics and commensal bacteria 

have some influence on the outcome of protozoan infections. The possible effect of 

probiotics in preventing amoebiasis has been recently reviewed (Nagaraja and Ankri, 

2019). More recently, it has been proposed that potent probiotics like Lactobacillus 
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acidophilus (Varet et al., 2018), Lactobacillus casei and Enterococcus faecium 

(Sarjapuram et al., 2017) can be used to fight amoebiasis. 

 

However, very few studies have specifically examined associations between Entamoeba 

infection and variation in the human intestinal microbiota. Entamoeba histolytica 

colonization may alter, or be influenced by, the ratio of bacterial phyla present in the host 

microbiota. A study done by Verma et al. (2012) in northern India demonstrated that E. 

histolytica associated dysbiosis was characterized by significantly less Clostridia, 

Bacteroides, Lactobacillus, Campylobacter, and Eubacterium and increased 

Bifidobacterium species in stool samples as compared to healthy controls  using Real 

Time Analysis. It was concluded that the decrease in beneficial bacterial population gives 

way to dysbiosis of gut bacteria which may contribute to the final outcome of the disease.  

Another study conducted in children with diarrhea in Bangladesh, elevated levels of 

Prevotella copri were found in patients with E. histolytica infections suggesting the 

influence of the microbiome on the state of the gut (Gilchrist et al., 2016). 

 

2.8 Epidemiology of Entamoeba histolytica 

Entamoeba histolytica is an anaerobic protozoan parasite infection which is responsible 

for the disease called amoebiasis. Beside Malaria and Schistosomiasis, E. histolytica is 

regarded as a leading parasite that causes human morbidity in the whole world (Oti et al., 

2017; Amaechi et al., 2014). Entamoeba histolytica is globally estimated to affect an 

estimated 50 million people, and this results in 100 000 deaths every year (Wilson et al., 
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2012). However, only 10% produce a spectrum of clinical syndromes ranging from 

dysentery to abscesses of the liver and other organs while the rest remain asymptomatic 

(Mathur et al., 2002). 

The prevalence of E. histolytica infection varies in different parts of the world.  It has been 

shown that the prevalence and presentation of both asymptomatic and symptomatic 

amoebiasis differs geographically and with the population of individuals affected, differing 

between countries and areas with different socio-economic conditions (Noor Azian et al., 

2006; Qvarnstrom et al., 2005). A study done by Samie et al. (2020) investigating the 

presence of E. histolytica, E. dispar and E. moshkoviskii in stool samples from patients 

attending different rural clinics in Northern South Africa using PCR reported the 

prevalence rate for E. histolytica to be 4.1%, E. dispar to be 14.7% and E. moshkoviskii 

to be 15.9%. A Kenyan study among residents of Njoro district reported a prevalence rate 

of 21% of E. histolytica among patients attending Njoro district hospital (Kinuthia et al., 

2012). An Australian survey investigating the presence of E. histolytica, E. dispar, and E. 

moshkovskii in stool samples from a patient population using PCR reported a prevalence 

rate of 3.4% for E. histolytica (Fotedar et al., 2007). Another study reported the prevalence 

of E. histolytica to be 11.3% from a total of seventy-one asymptomatic human 

immunodeficiency virus-1 (HIV-1) infected individuals who underwent colonoscopy for 

detection of diseases other than amoebiasis (Watanabe et al., 2014). A study in Chelgerd 

city, Southwest of Iran reported eleven subjects with E. histolytica/E. dispar isolates 

(1.7%) by microscopy methods.  However, ten of the positive isolates (90.9%) were 

identified as E. histolytica by PCR and one isolate (9.09%) was positive for E. dispar 

(Nader et al., 2011). A previous study in Cote d՚ Ivoire reported the prevalence of E. 
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histolytica/E. dispar to be 18.8% among primary school children using microscopy 

(Ouattara et al., 2010). 

 

2.8.1 Prevalence of Entamoeba histolytica in children 

It has been shown that the prevalence and presentation of both asymptomatic and 

symptomatic amoebiasis differs with age, geographic location and with the population of 

individuals affected, differing between countries and areas with socio- economic 

conditions. Globally, diarrheal diseases are the main causes of death for children, 

creating more than half a million deaths each year in children less than 5 years old 

(Walker et al., 2012).  

 

A study of children in an urban slum area of Dhaka, Bangladesh demonstrated a high 

prevalence of E. histolytica infection (17.5%) by real-time PCR and the E. histolytica 

infection was associated with diarrhea (Ahmed et al., 2016). Malatyali et al. (2011) 

reported an E. histolytica positivity rate of 1.5% among primary school children in the 

villages of Sivas region Turkey using native lugol and trichrome staining. Previous study 

in Orang Asli communities of Malaysia investigated the presence of E. histolytica, E. 

dispar, and E. moshkovskii in stool samples  from a patient population using PCR reported 

that most of the Entamoeba positive individuals were infected with E. dispar (13.4%), 

followed by E. histolytica (3.2%) and E. moshkovskii (1.0%) (Anuar et al., 2012). A  Yemen 

survey investigated the presence of E. histolytica, E. dispar, and E. moshkovskii in stool 

samples using nested PCR, revealed that 20.2%, 15.7% and 18.2% of the samples were 

positive for E. histolytica, E. dispar and E. moshkovskii, respectively (Al-Areeqi et al., 
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2017). A study done by Reuben et al. (2015) in Lafia, Nasarawa State of Nigeria, 

demonstrated a high prevalence of E. histolytica infection in children with the age group 

of 6-10 years old to be 31.0% and males (27.7%) were more infected with amoebiasis 

than females (24.3%). 

 

A recent study done by Oti et al., (2017) in children of age group 6-12 years old in Central 

Nigeria, demonstrated a high prevalence of E. histolytica infection among school using 

PCR to be (28.5%). In Nigeria, a study of the prevalence of intestinal parasitic infection 

was conducted using microscopy among children aged 5-16 years in primary schools in 

rural parts of Imo State and it was reported that E. histolytica (36.6%) was the highest 

occurring protozoan parasite in this population, this infection was found to be high (44.4%) 

in children aged 5-7 years (Ugochi et al., 2015).  

 

2.9 Identification methods for amoebiasis 

It is known that the differentiation of E. histolytica, E. moshkoviskii and E. dispar cysts is 

a major diagnostic challenge encountered worldwide. Methods for diagnosis include 

microscopy, stool culture, antigen detection, serology and molecular assays (Fotedar et 

al., 2007). 

 

2.9.1 Microscopic examination 
 
This is the most common means of diagnosis used in many laboratories. Microscopic 

techniques used include wet preparation, concentration, and permanently stained smears 
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for the identification of E. histolytica (Fotedar et al., 2007). The disadvantage of this 

method is that it is insensitive, nonspecific and less reliable in identifying Entamoeba 

species. The stool sample is stained with iodine or trichrome for determination of the cysts 

or trophozoites. 

 

2.9.2 Culture method 
 

Stool culture is helpful especially in the cases of chronic and asymptomatic intestinal 

infections, excreting less number of cysts in the feces (Fotedar et al., 2007); it is more 

reliable compared to microscopic examination. This culture includes two media, the xenic 

and axenic systems. In this approach, the cysts from the microscopy positive samples 

are washed and inoculated into a sterile culture media. The culture media can be 

incubated at 37ºc and examined for growth of cells, and if any cells are present, they can 

be seen on the walls of the test tubes or in the debris. Locke’s – egg, Robison’s and 

monophasic TYSGM-9 are the commonly used media for cultivation (Robinson, 1968). 

The disadvantage of this method is that none of the existing culture method is selective 

for E. histolytica, so they are not reliable for routine diagnosis. Parasite cultures are 

difficult, expensive, and labor-intensive to maintain in the diagnostic laboratory. 

Overgrowth of bacteria, fungi, or other protozoans during culture is the main problem 

encountered (Clark and Diamond, 2002). 

 

2.9.3 Polymerase chain reaction (PCR) 
 
Polymerase chain reaction (PCR) is a scientific technique that is widely used in molecular 

biology to amplify a single or a few copies of a piece of DNA generating many copies of 
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specific DNA sequence in a short period of time. This technique was developed by the 

American biochemist, Kary Mullis in 1984. Mullis was also awarded the Nobel Prize and 

Japan prize in 1993 for his work on PCR. However, Gobind Khorana described the basic 

principle of replicating a piece of DNA using two primers in 1971. Since its description, 

this technology has brought huge benefits and scientific developments such as genome 

sequencing, gene expressions in recombinant systems, the study of molecular genetic 

analyses, including identification of genetic fingerprints used in forensic sciences and 

paternity testing, and the diagnosis of infectious disease (Novais et al., 2004). This 

technique is quick, inexpensive and simple, and it is also considered to be adequate 

diagnostic tools used to detect E. histolytica. The PCR methods are highly specific and 

sensitive (Parija et al., 2014), because there is no proof of DNA from other species cross 

hybridizing with primers that are designed specifically for E. histolytica. Polymerase chain 

reaction assays are based on priming sequences from the small subunit ribosomal RNA 

gene of both species of this complex. 

 

2.9.4 Real time polymerase chain reaction  
 
 
 
Real-time PCR is a gold standard technique that is simple to perform, less time 

consuming than gel based analysis and, the risk of cross contamination is extremely low 

because the reaction tube doesn’t need to be opened  and can give a quantitative result 

(Kubista et al., 2006). In real-time PCR, the amount of DNA is measured after each cycle 

via fluorescent dyes that yield increasing fluorescent signal in direct proportion to the 

number of PCR product molecules generated. It is also a quantitative method and enables 



23 
 

the determination of the number of parasites in various samples (Bell and Ranford-

Cartwright, 2002). It is a very attractive methodology for laboratory diagnosis of infectious 

diseases such as amoebiasis because of a lack of requirement for post-PCR analysis, 

resulting in shorter turnaround times and minimizing the risk of amplicons contamination 

(Parija, 2011). Multiplex real-time polymerase chain reaction can be used for differential 

detection of Entamoeba histolytica, Entamoeba dispar, Entamoeba bangladeshi and 

Entamoeba moshkovskii. To date, a few real-time PCR assays for specific detection of E. 

histolytica had been published and evaluated (Qvarnstrom et al., 2005; Roy et al., 2005). 

Stool real-time PCR is a highly sensitive and specific technique for this infection 

compared with serological and microscopic methods (Singh et al., 2009). 

 
2.10 Treatment of E. histolytica infection 
 
 
The treatment of amoebic infection is a complex issue because the patients have to be 

given a number of drugs to eradicate the parasite from the bowel lumen and from the 

tissues. People diagnosed with invasive amoebiasis require prompt treatment. It is 

recommended that individuals with no symptoms should be treated in order to control the 

transmission and spread of other pathogenic parasites (Heymann, 2008). Among the 

many available anti-parasitic drugs, metronidazole is rated as the most effective treatment 

of amoebiasis (Leitsch et al., 2007). Asymptomatic carriers should be treated with luminal 

amoebicide, for example, iodoquinol, paromomycin, diloxanide (Snyder and Moodie, 

2012). These drugs protect the patients from development of invasive diseases and to 

reduce the risk of transmission to others (Heymann, 2008). It is suggested that patients 

with severe intestinal tract symptoms or extra intestinal diseases such as liver abscess, 
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should be given metronidazole or tinidazole (Gonzales et al., 2009), followed by luminal 

amoebicide (Iodoquinol or paromomycin) (Snyder and Moodie, 2012). 

 

2.11 Control and prevention of amoebiasis 

Prevention and control of E. histolytica infection depend on the interruption of fecal oral 

transmission. The amoebic infection can be prevented and controlled by individual 

prophylaxis and community prophylaxis. In individual prophylaxis, water can be made 

safe for drinking and for food preparation by boiling, chlorination, iodination or filtration. 

The prevention measures include boiling of drinking water, proper handling of food, 

cleaning of uncooked fruits or vegetables with boiled water or acetic acid and vinegar. In 

homosexual community, prevention can be done by avoiding sexual contact that allows 

fecal-oral contact. Community prophylaxis includes adequate sewage disposal and clean 

water supply and education about proper handling of food and sanitation (Haque et al., 

2003). 

 

2.12. Structure and function of tumor necrosis factor-α 

Tumor necrosis factor-α (TNF-α) is a potent proinflammatory cytokine that plays a central 

role in antitumor activity, immune modulation, inflammation, anorexia, cachexia, septic 

shock, viral replication, and haematopoiesis (Gaur et al., 2003). Tumor necrosis factor-α 

is produced by a wide variety of hematopoietic and non-hematopoietic cells, such as 

macrophages, CD4+ and CD8+, T cells, B cells, natural killer cells, neutrophils, smooth 
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muscle cells, endothelial cells, and fibroblasts (Idriss et al., 2000). It promotes the 

inflammatory activity of macrophages but also controls macrophage survival and death. 

It triggers cellular responses reaching from the induction of inflammatory gene expression 

programs, over the stimulation of cellular proliferation and differentiation to the activation 

of cellular suicide programs such as apoptosis and necroptosis (Brenner et al., 2015). 

The TNF-α is synthesized as a 26 kDa membrane bound precursor protein known as pro 

TNF-α. Soluble TNF-α (17kDa) is released by the cleavage of pro-TNF-α by the 

metalloprotease TNF-α converting enzyme (TACE) (Black et al., 1997). Tumor necrosis 

factor alpha receptor 1 (TNFR1) and tumor necrosis factor alpha receptor 2 (TNFR2) are 

the TNF-α receptors were both the transmembrane and soluble form of TNF interact 

with. Tumor necrosis factor alpha receptor 1 is found in almost any cell types in humans, 

while TNFR2 expression is restricted to certain cell types, including myeloid cells, 

regulatory T-cells, glial cells and some endothelial cell types, but can also be induced in 

epithelial cells, fibroblasts and certain T- and B-cell subsets (Medler and Wajant, 2019).  

 

Figure 2.3: Structure of tumor necrosis factor (Baeyens et al., 1999). 
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2.13 TNF-α genetic polymorphism and infections 

Tumor necrosis factor gene consists of four exons with three intervening introns over 

approximately four kilobases, located between the major histocompatibility complex 

(MHC) class I and II regions on chromosome 6p21 within the MHC class III (Fig. 2.5). 

Many single nucleotide polymorphisms (SNPs) have been identified in the promoter 

region of the TNF-α gene can play a part in the transcriptional regulation of the gene 

(Asghar et al., 2004; Canedo et al., 2008). The SNPs are defined as genomic variations 

or differences among individuals. The promoter region of the TNF-α gene such as -

308G/A, -238C/T and -1031T/C can regulate the expression level of TNF-α (Valenti et al., 

2002). The first of these polymorphisms is located at nucleotide position −308 

(rs1800629) and involves the substitution of a guanine with an adenine. The second 

polymorphism also involves a G/A substitution, in this case at nucleotide position −238 

(rs361525). The third polymorphism is located at nucleotide position -1031 (rs1799964) 

and involves a T/C substitution. TNF-α -308G/A is associated with an increased 

production of TNF-α (Machado et al., 2003), which is a central mediator of the immune 

response and shares many biological properties with IL-1. The TNF-α -308 A allele is 

cited to correlate with higher TNF-α production. 

Three SNPs in positions −308, −238 and -1031 have been most frequently evaluated for 

association with many diseases. Previous studies has shown an association of the -308 

A allele with protection to leprosy (Vejbaesya et al., 2007; Cardoso et al., 2011). The 

function and significance of TNF-α -238G/A is less clear, but, because a putative 
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repressor site is located in a 25-base stretch that includes position −238, this 

polymorphism may be functional (Yang et al., 2014). The TNF -1031 T/C genotype is 

prevalent in malaria patients (Sohail et al., 2008) and has been associated with 

susceptibility to pulmonary non-tuberculous mycobacteria (Affandi et al., 2013). In HIV- 

infected individuals, the -1031T allele is associated with susceptibility to tuberculosis 

(Affandi et al., 2013). The  TNF-α  -308G/A and -1031T/C has its implication in 

susceptibility to several autoimmune diseases, such as systemic lupus erythematosus, 

insulin-dependent diabetes, and inflammatory bowel disease We also chose to genotype 

TNF-α  -308G/A and -1031T/C on the basis of its association with increased TNF-α 

secretion (Asghar et al., 2004). 

 

 

Figure 2.4: Chromosomal location of TNF-α (Rabinovitch and Suarez-Pinzon, 1998). 
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2.14 Safe Water 

South Africa is one of the few countries in Africa that had a shortage of water and the 

demand on this resource is increasing due to population growth and increased 

industrialization (Osuolale and Okoh, 2017). The quality of drinking water is vital for 

human health and can reduce the burden of common illnesses such as diarrheal disease. 

Globally, 663 million are still threatened by unsafe water from surface sources and 

unprotected wells, while 2.6 billion people have gained access to improve drinking water 

(WHO, 2015). In rural areas, people collect water from wells, ponds, springs, lakes, rivers 

and rainwater harvesting to meet their domestic water needs (Chung et al., 2009). 

However, people drink the water from such sources without any form of treatment 

(Rufener et al., 2010) and it causes diarrheal disease.  In 2010, it was estimated that 1.8 

billion people over the world drank water that was contaminated (Hutton et al., 2016). 

However, different methods like silver- impregnated ceramic water filter, silver-

impregnated ceramic disk, etc. has been used to improve water quality. The silver-

impregnated ceramic filter is a well-developed, tested, and widely-used device (Kallman 

et al., 2011). The ceramic filter is treated with silver to destroy pathogens that pass 

through the filter and to provide residual disinfectant to reduce risk of recontamination 

after treatment. The silver-impregnated ceramic water filter is more cost effective and 

show more potential for quality of life improvement (Ren et al., 2013).  Ceramic water 

filters also reduced diarrheal rates among HIV-positive individuals in Limpopo, South 

Africa by 79% (Abebe et al., 2014). Another technology is a silver-impregnated ceramic 

disk (Ehdaie et al., 2014). When the ceramic disk is placed in a household water storage 

container, silver diffuses through the porous ceramic into the water at a release rate that 
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is effective for continual disinfection of waterborne pathogens while remaining below the 

silver drinking water standard. The disk can be used alone or in combination with a water 

filter, which may be most effective in situations with high water turbidity. 

 

2.15 Malnutrition  

 

Malnutrition is a serious public health problem that causes morbidity and mortality 

throughout the world, mostly in developing countries. Malnutrition is a severe medical 

condition that develops when an individual does not get enough food. However, even if 

people eat enough food, the body becomes malnourished when it does not obtain proper 

amounts of proteins, vitamins, carbohydrate and minerals so that it can meet daily 

nutritional requirements (World Food Program, 2015). Malnutrition has significant health 

effects on childhood and adulthood development (Taniuchi et al., 2013). It affects child 

performance at school, normal growth, cognitive development, physical work, health, 

survival, mortality and morbidity (Masibo and Makoka, 2012).  

 

Malnutrition is the leading cause of death among children less than five years. Globally, 

in children the prevalence of overweight and obesity is increasing, and this is associated 

with an increased risk of non-communicable diseases in adulthood. The study conducted 

in Gauteng province, South Africa, reported high prevalence of both overweight (12%) 

and stunting (17%) for children aged 2-18 years old (Symington et al., 2015). Another 

study conducted between 1990 and 2010 by Lutter et al. (2011) in Sub-Saharan Africa, 

reported the prevalence of underweight among children less than five years to be 
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between 11.7% and 13.5%. The South African Department of Health in Limpopo province 

reported the prevalence of stunted, underweight and wasting to be 24%, 12%, and 4% 

among children aged between one to five years old (Department of Health et al., 2017). 

However, a study by Motadi et al. (2015) reported the prevalence of wasting, stunting, 

and underweight to be 1.4%, 18.6% and 0.3% in children between three and five years 

old in Vhembe district, Limpopo province. 

 

2.16 Diarrhea 
 
 
Diarrhea represents one of the main health problems especially in developing countries 

where it is one of the leading cause of morbidity and mortality in children less than five 

years (Mihrete et al., 2014). Diarrhea is defined as the passage of three or more loose or 

watery stools per day and can leave the body without water and salts that are necessary 

for survival.  It is caused by wide range of protozoan parasites, bacteria and viruses. The 

risk of diarrhea disease is high in areas of poor sanitation, poor hygienic practices, low 

socio-economic conditions and inadequate water supply (Gelaw et al., 2013). However, 

poor food intake and poor nutrients absorption can make children more susceptible to 

severe diarrhea and dehydration (UNICEF, 2012). Of those who survive the diarrhea, the 

morbidity burden can affect their development (growth, cognitive performance and 

physical fitness (Fischer Walker et al., 2012).  

 

A global report estimates 1.7 billion cases of diarrheal disease occur every year and kills 

about 760 000 children (WHO, 2014). However, diarrhea can affect children of any age 
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but its appearance differs across the childhood stage and it also differs with the pathogens 

involved. A study by Desmennu et al. (2017) showed that children aged between 7 and 

18 months were found to experience higher occurrence of diarrhea than those below 7 

months and those above 18 months. This pattern could be explained that this age range 

is the period in which most children are exposed to contaminants through their 

surroundings by crawling. South Africa is one of the countries that has been greatly 

impacted by diarrhea disease. A study conducted in the Vhembe district in the Limpopo 

province by Samie et al. (2012) investigated the causes of diarrhea in pupils from two 

schools and patients attending three different hospitals. They found that 78% of those 

with diarrhea were children aged less than five years. Intestinal parasites were detected 

in 68% of all specimens screened, indicative of a high prevalence in this community 

(Samie et al., 2012).  

 
 
2.17 Conclusions 
 
From the literature, we have identified some knowledge gaps that still need to be 

addressed on amoebiasis, especially the diversity of Entamoeba species in the South 

African population, their prevalence in different regions of the world, the methods for 

investigating and detecting new species of Entamoeba as well. In order to address these 

gaps, there is a need to implement new diagnostic and sensitive molecular techniques to 

investigate Entamoeba species to know their prevalence and diversity. Based on the 

limited data available to date, it appears that more studies are still needed to explain or 

clarify the factors that control the outcome of amebic infection. The information currently 

available on the discovery of new species of Entamoeba is very useful in understanding 
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and advancing our knowledge on the diversity of Entamoeba species both from human 

and animals. However, the diversity of these species in the African continent, especially 

South Africa still needs to be investigated. Researchers in the field of amoebiasis, both 

from developing and developed countries should collaborate to help answering the 

questions on pathogenesis and the difference in disease presentation. 
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 PART 1: CHAPTER 3 

Prevalence, distribution and genetic diversity of 

Entamoeba species and other parasites among 

healthy children in Northern South Africa 

 

Abstract 

Background: Gastrointestinal parasitic infections constitute a serious public health 

problem in low and middle-income countries worldwide. The risk of diarrheal disease is 

high in areas of poor sanitation, inadequate water supply and poor hygiene practices. The 

aim of this study was to determine the prevalence, distribution and genetic diversity of 

Entamoeba species and other parasites among children under the age of 5 years in the 

Northern region of South Africa. 

Methods: A total of 394 stool samples were collected in selected household with a 

children under age 5 who were randomized to receive a silver-impregnated ceramic water 

filter, a silver-impregnated ceramic disk, a safe-storage water container, or no 

intervention, and were followed quarterly for two years from Dzimauli community under 

Mutale Municipality, Vhembe District, Limpopo Province. Both diarrheal and non-diarrheal 

stool samples were collected. All the stool samples were microscopically examined for 

Entamoeba species and other intestinal parasites. Genomic DNA from each patient’s 
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sample was extracted using QIAamp DNA Stool Mini Kit (Qiagen) and were then 

subjected to Genus-specific PCR assay. The multiplex Taqman qPCR assay was used 

for the amplification and detection of all Entamoeba species. 

Results: The present study reported an overall prevalence of intestinal parasites 

including Entamoeba cyst, Strongyloides stercoralis, Cystoisospora belli and Ascaris 

lumbricoides as determined by microscopy to be 140 (35.5%), 138 (35.0%), 114 (28.9%) 

and 78 (19.8%), respectively. The genus-specific PCR was positive for Entamoeba 

species in 140 (35.5%) samples. Real time PCR detected E. histolytica in about 4% of 

the samples while E. moshkovskii occurred in about 9% of the samples. Results identified 

by qPCR showed that children in silver-impregnated ceramic water filter group at month 

12 had higher E. moshkovskii infection 6 (13.0%), while those in intervention group had 

lower E. moshkovskii infection 3 (6.8%).  

 

Conclusions: Our findings clearly indicate that Entamoeba species and other intestinal 

parasites are common in the South African population. However, there is need to perform 

species-specific diagnosis of Entamoeba species and other intestinal parasites in order 

to understand their prevalence in different regions particularly in the African continent. 
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3.1 Introduction 

Diarrhea is a major public health problem as it kills young children below 5 years 

throughout the world (Msemburi et al., 2016). It has a dangerous effect particularly on 

new born babies. However, it kills about million children of those aged less than five year 

every year worldwide (Walker et al., 2012). The incidence of diarrhea differs with the age 

of child, season and country to country. The etiology of diarrhea includes bacteria, 

parasites and viruses. However, gastrointestinal protozoan parasites like Entamoeba 

species are widespread causing a serious public health issue in developing countries 

(Haque et al., 2007). 

 

Globally, amoebiasis is one of the most widespread parasitic diseases caused by 

Entamoeba histolytica and it is more prevalent in areas of poor sanitation. Species of 

Entamoeba that reside in the intestinal lumen of humans and other primates include E. 

histolytica, E. dispar, E. moshkovskii, E. bangladeshi, E. coli, E. polecki and E. hartmanni 

(Petri et al., 2012).  Of these, E. moshkovskii is indistinguishable in its cyst and 

trophozoites forms from E. histolytica, E. bangladeshi and E. dispar and phylogenetic 

analysis has indicated that these three species share features inherited from a common 

ancestor (Das and Ganguly, 2014).  

 

Entamoeba histolytica, is a pathogenic protozoan parasitic organism that affects most of 

the rural communities in the developing world. Beside Malaria and Schistosomiasis, 

Entamoeba histolytica infection is still considered as a leading intestinal parasite that 

causes human morbidity worldwide (Oti et al., 2017; Amaechi et al., 2014).  However, it 
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has been estimated globally that E. histolytica causes 50 million symptomatic infections, 

which result in 40,000 to 110,000 deaths annually (Wilson et al., 2012). Entamoeba 

histolytica infection constitutes a serious health problem, particularly in areas of poor 

sanitation, low socio-economic conditions, inadequate water supply and poor hygiene 

practices, and it differs among the countries (Liu et al., 2016). Evidence is now 

accumulating that E. histolytica is not the only pathogenic member of the Entamoeba 

genus, but other species such as E. moshkovskii and E. bangladeshi can also cause 

human diseases (Shimokawa et al., 2012; Ngobeni et al., 2017). All these Entamoeba 

species are commonly transmitted through the consumption of contaminated food and 

water with parasite cysts (Stensvold et al., 2011).   

 

In most countries, light microscopy is still the gold method to detect Entamoeba species 

even though it cannot differentiate between morphologically identical yet genetically 

different species. Currently, many studies proved that E. histolytica, E. bangladeshi, E. 

dispar, and E. moshkovskii are morphologically similar but with different biochemical and 

genetic features (Sylvain et al., 2015; Dawah et al., 2010). Molecular-based methods are 

highly sensitive and can be used to differentiate the pathogenic Entamoeba from 

nonpathogenic Entamoeba species, often targeting the small-subunit ribosomal RNA 

(rRNA) (18S rRNA) gene (Hamzah et al., 2010). The 18S rRNA gene has been widely 

used in PCR methods because of its multiple copies of extra- chromosomal plasmid which 

makes it easily detected during PCR (Parija et al., 2014).  
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Previous study done by ElBakri et al. (2013) in expatriates living in the United Arab 

Emirates, showed that 30% of the stool samples tested for Entamoeba species were 

positive when observed by a microscope while conventional PCR showed 10% of the 

stool samples were positive for E. histolytica, 2.5% of E. dispar and 2.5% of E. 

moshkovskii. Another study by Samie et al. (2020) from patients attending different rural 

clinics in Northern South African, showed that 33% of the stool samples tested for 

Entamoeba species were positive when observed by microscope, while PCR showed that 

E. histolytica had a prevalence of 4.1%, E. dispar 14.7% and E. moshkovskii 15.9%. 

Studies in countries like Tunisia, Bangladesh, India and Turkey have also showed a high 

prevalence of Entamoeba species infection (Ali et al., 2003; Fotedar et al., 2007; 

Tanyuksel et al., 2007). Entamoeba moshkovskii has never been reported in Dzimauli 

community, South Africa. Therefore, the present study focuses on the prevalence, 

distribution and genetic diversity of Entamoeba species and other parasites among 

children under the age of 5 years in the Northern region of South Africa. 

  

3.2 Purposes of the study 

3.2.1 Aim 
 
The current study was designed to determine the prevalence, distribution and genetic 

diversity of Entamoeba species and other parasites among children under the age of 5 

years in the Northern region of South Africa. 

3.2.2 Specific objectives 
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a. To determine the prevalence, distribution and genetic diversity of Entamoeba 

species and other parasites circulating among children in the Northern part of 

South Africa. 

3.3 Materials and Methods 

3.3.1 Ethical considerations 
 

This study was part of the Madi project that has been approved by the Research and 

Ethics Committee of the University of Venda and the Department of Health and Welfare 

in Polokwane, Limpopo province, South Africa. Eligible households were identified in rural 

villages in the Dzimauli community in Limpopo province, South Africa, between June and 

November 2016. Field-workers took a census of the villages by visiting each house to 

determine whether the household met the inclusion criteria for the study: mother was in 

the third trimester of pregnancy or there was at least one child younger than 3 years in 

the household. Households were excluded if they had chlorinated water piped into the 

home or routinely delivered (via truck or diversion) to a permanent, engineered system 

that stored the water within the property, they used a ceramic filter or other commercial 

water treatment system (including a permanent, engineered system that treats the water 

through filtration and/or chlorination), they had plans to move outside the community in 

the next 6 months, the child’s caregiver was younger than 16 years or unable to give 

consent, or the youngest child aged less than 3 years was seriously ill (had a severe 

disease requiring prolonged hospitalization or a severe or chronic condition diagnosed by 

medical doctor, e.g., neonatal disease, renal disease, chronic heart failure, liver disease, 

cystic fibrosis, and congenital conditions). If eligible, caregivers were asked to participate, 
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and written informed consent was obtained. Confidentiality of the participants was kept 

by giving each a code. The information obtained from the participants was kept locked. 

 

3.3.2 Study sites 
 

The study was conducted in the Dzimauli community under Mutale Municipality, Vhembe 

District, Limpopo Province which is comprised of 9 settlements aligned linearly and 

adjacent to one another (Figure 3.1). The areas are rural with people of different religious, 

educational and socio-economic backgrounds, living in neighborhoods with distinctly 

different levels of sanitation. Five of the nine settlements have been identified as the 

primary areas of the study for the Madi project in Limpopo province, South Africa. 

Tshibvumo and Tshapasha hold the greatest number of people with Thongwe, 

Matshavhawe and Pile following respectively.  
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Figure 3.1: Map showing the study site in the Mutale local Municipality, Limpopo Province 

(www.mapshowing.org.za). 

 

3.3.3 Interventions  
 
Enrolled households were randomized to receive the following: 1) a silver-impregnated 

ceramic water filter inside a 20-L safe storage container (covered plastic bucket with a 

spigot) with two silver-impregnated ceramic tablets in the lower reservoir, 2) two silver-

impregnated ceramic tablets inside a 20-L safe storage container, 3) a safe storage 

container alone, or 4) no intervention. The safe storage container alone arm was included 

to estimate the effectiveness of a designated, covered container for clean drinking water 

that limits recontamination from dirty hands. Randomization was stratified by the age (0– 
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11months, 12–23 months, and 23–35months) of the youngest child in the household aged 

less than 3 years (henceforth, primary study child) and was conducted in blocks of 4. 

Details for preparation of each intervention and instructions given to participants have 

been described by Hill et al. (2020). 

 

3.3.4 Sample and data collection 
  
A baseline visit was conducted in a selected household to install the interventions and 

train caregivers on intervention use and maintenance. Fieldworkers encouraged 

participants to use the interventions for all drinking water in the household. A baseline 

questionnaire was conducted concerning demographics, socioeconomic status, water 

sources, sanitation and hygiene practices, and 7-day diarrhea prevalence in the primary 

study child as well as anthropometric data such as height, weight and head circumference 

was also collected. The stool samples were collected from the primary study child. The 

samples were collected immediately after being produced and put in a sterile wide screw 

cap container and kept in cooler box with ice packs (4⁰C) and transported to the University 

of Venda Laboratory, Department of Microbiology, for further analysis. Upon arrival at the 

laboratory, 0.2g of the sample was aliquoted and stored at -70⁰C for analysis. 

 

3.3.5 Detection of Entamoeba complex cysts and/or trophozoites and 
other intestinal parasites in fecal specimen by microscopy  
 

Iodine stained wet mounts of fresh unpreserved stool samples were examined 

microscopically for demonstrating E. histolytica/ E. dispar complex cysts and/or 

trophozoites and other intestinal parasites as described by Parija and Prabhakar, 1995; 
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Cheesbrough, (2009). Briefly, the Iodine wet mounts were prepared by adding a tiny 

portion of each unpreserved stool specimen to a drop of Lugol's iodine on a glass 

microscope slide and placing a cover slip on the stool suspension. The wet mounts were 

microscopically examined initially by using a low-power (10×) objective and then using a 

high-power (40×) objective of a compound light microscope. 

 

 

 3.3.6 Genomic DNA purification 
 

Genomic DNA from each participant’s sample was extracted using QIAamp DNA Stool 

Mini Kit (Qiagen) according to the manufacturer’s recommended procedures, using 

approximately 200 mg of stool samples with the modifications described in Liu et al., 

(2014). The DNA was eluted in 200μl of elution buffer (Qiagen) and stored at −80°C until 

further analysis.  

 
 

3.3.7 Multiplex qPCR Assay for detection of Entamoeba species 
 

A multiplex Taqman qPCR assay with increased sensitivity was used for the amplification 

and detection of all Entamoeba species. Genus specific primers were used in combination 

with a 42-nucleotide probe, which should hybridize to E. bangladeshi, E. dispar, E. 

histolytica and E. moshkovskii, amplicons. The PCR was performed with 25-μlreaction 

mixture containing Bio-Rad IQ powermix, 0.4 μM of primers and 0.2 μM for each probe. 

Probes and primers and reaction conditions are shown in Table 3.1. 
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Table 3.1: Probes, primer and cycling conditions 

 
a) + indicates the location of a “Locked” Nucleotide (Kumar et al., 1998). 

[I-X] indicates the location of the internal quencher. 

b) Probe from Arju and Gilchrist (unpublished results) 

c) Probe specific to this study 

d) Primer Ehd-88R from Verweij et al., (2004) 

e) Primer EM-RT-F2 from Lau et al., (2013) 

 

 

 

Oligonucleotide 
name and dye 
 

Probe/primer Sequencea  

E. histolytica 
probe (FAM) 
 

TCATT+GAATGAATTGGCCATTT b 
 

95°C for 3 min, then 40  
cycles at 95°C for 10 sec 
and 61°C for 20 sec  

E. bangladeshi 
probe (Texas Red) 
 

CCTTACAGAG+TATGGCCAATTT b 
 

E. dispar probe 
(HEX) 
 

 
ACTTA+CATAAATTGGCCAACTTT b 
 

E. moshkovskii 
probe (Quasar 
670) 
 

CCGTGAAGAGAGTGGCCGA b 

Entamoeba genus 
probe (Quasar 
705) 

GGATAGCTT [I-X] 
TGTGAATGATAAAGATAATACTTGA 
GACGATCC c 

Ehd-88R GCGGACGGCTCATTATAACAd 

EM-RT-F2 GTCCTCGATACTACCAACe 
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3.3.8 Genus-specific PCR assay  
 

Polymerase chain reaction for the detection of Entamoeba species was carried out using 

genus-specific PCR primers based on small-subunit rRNA gene sequences for E. polecki, 

E. chattoni, E. dispar, E. histolytica, E. hartmanni and E. coli (Verweij et al., 2001). The 

PCR reaction was performed in a total volume of 25μl containing 0.25µl of BSA, 12.5µl of 

Dream Taq, 0.6µl of each primer, and the nuclease free water was added to a final volume 

of 25µl. Samples were gently vortexed and then placed in a thermocycler (ThermoHybaid, 

United Kingdom).  The conditions for PCR were set at heat denaturation 1 cycle at 94°C 

for 3 minutes, followed by 30 cycles of 94°C for 1 minute, annealing temperature at 58°C 

for 1 minute, extension at 72°C for 1 minute, with a final extension at 72°C for 7 minutes. 

The PCR products were separated by electrophoresis on 2% agarose gel at 100 volts for 

45 minutes in Tris-acetate buffer. The DNA bands were stained with ethidium bromide 

and visualized in a UV-transilluminator. A 100bp DNA ladder was used as a size reference 

for PCR assay. 

 

Table 3.2: Genus-specific primers used for the detection of   Entamoeba species 
 
Name Primer sequence 5’-3’ Amplicon size 

 
Entam-1 5´GTT GAT CCT GCC AGT ATT ATA TG 3´ 550bp 
Entam-2 5´CAC TAT TGG AGC TGG AAT TAC 3´ 

 

3.3.9 Gene sequencing Analysis 

The PCR products of some amplicons were sent for sequencing at Inqaba Technologies 

(Inqaba, Pretoria, South Africa). Sequences were assembled using Staden package. This 
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package allows room for addition and removal of nucleotides from sequence during 

editing. During the editing process, foreign nucleotides present in the sequence were 

removed and replaced by appropriate nucleotides in line with the reference sequence that 

came with the package.  Thereafter, bioedit package  was used to edit the nucleotide 

sequences which were then aligned using the Clustal W multiple aligner (Hall, 1999). With 

this package, the nucleotides for all genes were aligned alongside a referral strain from 

the Genbank to determine the similarity and differences between the various gene 

products from all strains. After this, a similarity plot was then done to determine points of 

mutation that must have taken place in each strain in line with the reference strain. 

 

 3.3.10 Statistical analysis  
 

The results were entered on an excel spread sheet and edited appropriately and analyzed 

using Statistical Package for social sciences (SPSS version 17.0).  Data was summarized 

using frequency tables. Contingency tables were used and the strength of association 

was measured using the chi-square and its associated p-value. The results were 

considered to be statistically significant when the p-value obtained was less than 0.05. 
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3.4 Results 

3.4.1 Characteristics of children in the study 
 

Of the total number of participants, 52.3% were males and 47.7% were female. The type 

of the stool samples was indicated by the physical presentation of the sample at the time 

of the collection. From the 394 stool samples, 348 (88.3%) were soft and 46 (11.7) were 

formed.  

 

3.4.2 Detection of Entamoeba complex cysts and/or trophozoites and 
intestinal parasites by microscopy 
 

In the present study, 394 samples were examined microscopically for the presence of 

Entamoeba complex cysts and/ or trophozoites and other intestinal parasites. The highest 

prevalence was for Entamoeba cysts with 140 (35.5%) followed by Strongyloides 

stercoralis with 138 (35.0%), Cystoisospora belli with 114 (28.9%) and Ascaris 

lumbricoides 78 (19.8%).   

 

3.4.3 Distribution of parasite by sample gender 
 

The present study showed that the occurrence of Entamoeba infection was more frequent 

in males (39.8%) than in female (30.9%) (Table 3.3). Ascaris lumbricoides infection was 

high in female (21.3%) than in male (18.4%).  Strongyloides stercoralis infection was more 

common in female (36.6%) than in male (34.0%). However, the infection with 

Cystoisospora belli was similar between female (28.7%) and male (29.1%).  
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Table 3.3: Distribution of parasite by gender 

Characteristics Female Male Statistic OR 95% CI 

Entamoeba  

Cyst 

29(30.9%) 41(39.8%) P = 0.190 

X2 = 1.720 

1.482 0.822-2.672 

Cystoisospora 

belli 

 

27(28.7%) 30(29.1%) P = 0.194 

X2 = 0.950 

1.020 0.550-1.889 

Ascaris 

lumbricoides 

20(21.3%) 19(18.4%) P = 0.248  

X2 = 0.619 

0.837 0.415-1.688 

Strongyloides 

stercoralis 

34(36.6%) 35(34.0%) P = 0.142 

X2 = 0.706 

0.893 0.497-1.606 

Note: OR is the Odd Ration, CI is the confidence interval 

 

 

3.4.4 Distribution of parasites by sample consistency 
 

The occurrence of Entamoeba infection was high in soft stool samples (32.4%) than in a 

formed stool samples (21.7%). Cystoisospora belli infection was more common in soft 

stool samples (30.5%) than formed stool samples (17.4%). However, Ascaris 

lumbricoides was more frequent in children who had formed stool samples (26.1) than 

soft stool samples (19.0%). Likewise, Strongyloides stercoralis infection was widespread 

in children who had formed stool samples (39.1%) than soft stool samples (34.7%). No 

statistical association was noted (Table 3.4). 
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Table 3.4: Distribution of parasites by sample consistency 

Characteristics Formed Soft Statistic OR 95%CI 

Entamoeba  

cyst 

5(21.7%) 65(37.4%) P=0.141 

X2=2.163 

2.147 0.761-6.058 

Cystoisospora 

belli 

 

4(17.4%) 53(30.5%) P= 0.194  

X2= 1.687 

2.081 0.675-6.412 

Ascaris 

lumbricoides 

6(26.1%) 33(19.0%) P= 0.421 

X2= 0.649 

0.663 0.243-1.811 

Strongyloides 

stercoralis 

9(39.1%) 60(34.7%) P=0.176 

X2= 0.675 

0.826 0.338-2.019 

 
 

3.4.5. Entamoeba detection by real time PCR 

Following real time PCR, a number of samples were positive for different Entamoeba 

species. Figure 3.2 and 3.3 are examples of the curves generated during amplification 

with the corresponding probes.  
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Figure 3.2: The Real -Time PCR Amplification plot of Entamoeba moshkovskii positive 
samples.  
 
 

 

Figure 3.3: The Real -Time PCR Amplification plot of Entamoeba dispar positive 
samples.  
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3.4.6. Occurrence of Entamoeba species according to time in the study. 

 

Of the 394 stool specimens collected, 18(9.1%) were found to had been infected with 

Entamoeba moshkovskii in 12 month but in o month were 5(2.5%), while Entamoeba 

dispar were 12(6.1%) in 12 month but in 0 month were 4(2.0%) and Entamoeba histolytica 

in 12 months were 8(4.1%) but none of the participants had found to be infected with 

Entamoeba histolytica in 0 month (Table 3.5). 

 

Table 3.5. Distribution of Entamoeba species at different times in the Madi trial study 

using qPCR. 

Entamoeba species Prevalence at base 

line 

Prevalence after 12 months 

E. histolytica 0 8 (4.1%) 

E. dispar 4 (2%) 12 (6.1%) 

E. Bangladeshi 0 0 

E. moshkovskii 5 (2.5%) 18 (9.1%) 

 

3.4.7 Distribution of Entamoeba species in different groups of the 
Madi study. 

The results show that children in silver-impregnated ceramic water filter group at month 

12 had higher E. moshkovskii infection 6 (13.0%), while children in intervention group had 

lower E. moshkovskii infection 3 (6.8%). (Table 3.6). 
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Table 3.6: Distribution of Entamoeba species in different groups 

 E. histolytica E. dispar E. moshkovskii 

Groups Base line 12 months 

later 

Base line 12 months 

later 

Base line 12 months 

later 

1 0 2 (4.3%) 2 (4.3%) 1 (2.2%) 1 (2.2%) 6(13.0%) 

2 0 4 (8.2%) 2 (4.1%) 6 (12.2%) 1 (2.0%) 2 (4.1%) 

3 0 2 (3.9%) 0 2 (3.9%) 2 (3.9%) 7 (13.7%) 

4 0 0 0 3 (6.8%) 1 (2.3%) 3 (6.8%) 

Total 0 8 (4.2%) 4 (2.1%) 12 (6.3%) 5 (2.6%) 18 (9.5%) 

1=silver-impregnated ceramic water filter, 2= silver-impregnated ceramic disk, 3= a safe 
water storage container alone, 4= no intervention. 

 

 

3.4.8 Genetic diversity of Entamoeba species in the study population 
 

To study the genetic diversity of Entamoeba species in the study population, a 

conventional PCR was used with Entam-1 and Entam-2 primers that have the ability to 

detect different species of Entamoeba organisms. The PCR assay was performed using 

Entamoeba genus specific PCR primers that generate 550bp amplicons. Figure 3.4 

shows the picture of an agarose gel electrophoresis showing the bands obtained after 

confirmation of the positive samples. Using these primers, a total of 140 (35.5%) samples 

were positive for Entamoeba spp. 
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Figure 3.4: 2% of agarose gel picture showing the PCR results for the detection of 

Entamoeba species. M=marker; NC = Negative control. 

 
 
 

3.4.9 Sequence analysis of the Entamoeba species obtained 

The sequences obtained from Inqaba were cleaned using Staden package and aligned 

using Bioedit (Figure 3.5) and the phylogenetic trees were constructed using Mega X 

(Figure 3.6). Figure 3.5 shows an examples of sequence alignment obtained from 

Bioedit. Several changes can be observed among the sequences depending on the 

different organisms identified.  
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                       10        20        30        40        50        60        70        80        90       
100                   
              ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....| 
E066ec/em     CCAGTATTATATGCTTGTCTCAAAGATTAAGCCATGCATGTCTAAGTACGCACGGCCGGTACAGT-GAAACTGCGAATGGCTCATTAAATCAGTTATGGT  
E067ec/em     .................................................................-..................................  
E100ec/ep/em  .................................................................T..................A...............  
E101ec/ep     ----------.......................................................-..................................  
E104ep        --------------------------------.................................-..................................  
E108ec        ------------------------------------------.......................-..................................  
E115          .................................................................-..................................  
E116          -------------------------------------------....................TG-.......G..........................  
E120          .................................................................-..................................  
E123          -................................................................-..................................  
E126          -................................................................-..................................  
E130          -................................................................-..................................  
Ent172        -................................................................-..................................  
E140          .................................................................-..................................  
E149          -----------......................................................-..................................  
E162          ------------------------------------.......................A.....-..................................  
E164          ---..............................................................-..................................  
E168          -................................................................-..................................  
E173          -................................................................-..................................  
E178          ----------------------------------------------------------------------------------------------------  
E194ec/em     .................................................................-..................................  
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                    110       120       130       140       150       160       170       180       190       200          
              ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....| 
E066ec/em     TCCTTTGGTCGCTCGCTCCTCTCCTACTTGGATAACTGTGGTAATTCTAGAGCTAATACATGCCGACGGGCGCTGACCCCCTTCGCGGGGGGGATGCGTG  
E067ec/em     ....................................................................................................  
E100ec/ep/em  ....................................................................................................  
E101ec/ep     ....................................................................................................  
E104ep        ....................................................................................................  
E108ec        ....................................................................................................  
E115          ....................................................................................................  
E116          ..........................A...CG...................T...G............................................  
E120          ....................................................................................................  
E123          ....................................................................................................  
E126          ....................................................................................................  
E130          ....................................................................................................  
Ent172        ....................................................................................................  
E140          ....................................................................................................  
E149          ....................................................................................................  
E162          ....................................................................................................  
E164          ....................................................................................................  
E168          ....................................................................................................  
E173          ....................................................................................................  
E178          ------------.....................................A.T................................................  
E194ec/em     ....................................................................................................  
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                     210       220       230       240       250       260       270       280       290       300          
              ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....| 
E066ec/em     CATTTATCAGATCAAAACCAACCCGGTCAGCCCCTCTCCGGCCCCGGCCGGGGGGCGGGCGCCGGCGGCTTTGGTGACTCTAGATAACCTCGGGCCGATC  
E067ec/em     ....................................................................................................  
E100ec/ep/em  ....................................................................................................  
E101ec/ep     ....................................................................................................  
E104ep        ....................................................................................................  
E108ec        ....................................................................................................  
E115          ....................................................................................................  
E116          ....................................................................................................  
E120          ....................................................................................................  
E123          ....................................................................................................  
E126          ....................................................................................................  
E130          ....................................................................................................  
Ent172        ....................................................................................................  
E140          ....................................................................................................  
E149          ....................................................................................................  
E162          .........................................-T.T..A-......G............................................  
E164          ....................................................................................................  
E168          ....................................................................................................  
E173          ....................................................................................................  
E178          .........................................A.....A....................................................  
E194ec/em     ....................................................................................................  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



56 
 

 
                    310       320       330       340       350       360       370       380       390       400          
              ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....| 
E066ec/em     GCACGCCCCCCGTGGCGGCGACGACCCATTCGAACGTCTGCCCTATCAACTTTCGATGGTAGTCGCCGTGCCTACCATGGTGACCACGGGTGACGGGGAA  
E067ec/em     ....................................................................................................  
E100ec/ep/em  ......................C.............................................................................  
E101ec/ep     ....................................................................................................  
E104ep        ....................................................................................................  
E108ec        ....................................................................................................  
E115          ....................................................................................................  
E116          ....................................................................................................  
E120          ....................................................................................................  
E123          ....................................................................................................  
E126          ....................................................................................................  
E130          ....................................................................................................  
Ent172        ....................................................................................................  
E140          ....................................................................................................  
E149          ....................................................................................................  
E162          ............G..A..G...T.........................................................A...................  
E164          ....................................................................................................  
E168          ....................................................................................................  
E173          ....................................................................................................  
E178          ......................................................A.............................................  
E194ec/em     ....................................................................................................  
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                     410       420       430       440       450       460       470       480       490       500          
              ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....| 
E066ec/em     TCAGGGTTCGATTCCGGAGAGGGAGCCTGAGAAACGGCTACCACATCCAAGGAAGGCAGCA-GGCGCGC--AAATTACCCACTCCCGACCCG---GGGAG  
E067ec/em     .............................................................-.......--.....................---.....  
E100ec/ep/em  .............................................................-.......--.....................---.....  
E101ec/ep     .............................................................-.......--.....................---.....  
E104ep        .............................................................-.......--.....................---.....  
E108ec        .............................................................-.......--.....................---.....  
E115          .............................................................-.......--.....................---.....  
E116          .............................................................-.......--.....................---.....  
E120          .............................................................-.......TC.....................---.....  
E123          .............................................................-.......--.....................---.....  
E126          .............................................................-.......--.....................---.....  
E130          .............................................................-.......--.....................---.....  
Ent172        .............................................................-.......--.....................---.....  
E140          .............................................................-.......--.....................---.....  
E149          .............................................................-.......--.....................---.....  
E162          ...........................................................G.-..G..C.--.....................---.....  
E164          .............................................................A.......--.....................---.....  
E168          .............................................................-.......--.....................---.....  
E173          .............................................................-.......--.....................---.....  
E178          ..............................C..............................-.....A.--.....................---.....  
E194ec/em     .............................................................-.......--.....................TGG.....  
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                    510       520       530       540       550       560       570       580       590       600          
              ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....| 
E066ec/em     GTAGTGACGAAAAATAACAATACAGGACTCTTTCGAGGCCCTGTAATTGGAATGAGTCCACTTTAAATCCTTTAACGAGGATCCATTGGAGGGCAAGTCT  
E067ec/em     ....GACGA...........................................................................................  
E100ec/ep/em  ....................................................................................................  
E101ec/ep     ....................................................................................................  
E104ep        ...................................-----------------------------------------------------------------  
E108ec        ........................................................................A...........----------------  
E115          ....................................................................................................  
E116          ....................................................................................................  
E120          ....................................................................................................  
E123          ....................................................................................................  
E126          ....................................................................................................  
E130          ....................................................................................................  
Ent172        ....................................................................................................  
E140          ....................................................................................................  
E149          ....................................................................................................  
E162          ......................................................................................A.............  
E164          ....................................................................................................  
E168          ....................................................................................................  
E173          ....................................................................................................  
E178          .A......C............C.....................C.........................................G..............  
E194ec/em     .G..................................................................................................  
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                      610       620        
              ....|....|....|....|....| 
E066ec/em     GGTGCCAGCAGCCGCGGTAATTCCA  
E067ec/em     .........................  
E100ec/ep/em  .........................  
E101ec/ep     .......................--  
E104ep        -------------------------  
E108ec        -------------------------  
E115          .........................  
E116          .........................  
E120          .........................  
E123          .........................  
E126          ..........---------------  
E130          .....................----  
Ent172        .........................  
E140          .........................  
E149          .........................  
E162          .........................  
E164          .........................  
E168          .........................  
E173          .........................  
E178          .........................  
E194ec/em     .........................  
 

Figure 3.5. Sequence alignment of the 18S rDNA sequences from the Entamoeba genus specific primers.  
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Figure 3.6. Evolutionary analysis by Maximum Likelihood method  

The evolutionary history of Entamoeba species obtained from the genus specific primers 

amplification and the sequences. This was inferred by using the Maximum Likelihood 

method and Tamura-Nei model (Tamura and Nei, 1993). The tree with the highest log 

Clade 1 

Clade 2 

Clade 3 

Clade 4 
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likelihood (-7637.66) is shown. The percentage of trees in which the associated taxa 

clustered together is shown next to the branches. Initial tree(s) for the heuristic search 

were obtained automatically by applying Neighbor-Join and BioNJ algorithms to a matrix 

of pairwise distances estimated using the Maximum Composite Likelihood (MCL) 

approach, and then selecting the topology with superior log likelihood value. This analysis 

involved 47 nucleotide sequences. There were a total of 667 positions in the final dataset. 

Evolutionary analyses were conducted in MEGA X (Kumar et al., 2018). 

 

 

3.5 Discussion and conclusions 

The objectives of this study were to determine the prevalence, distribution of Entamoeba 

species and to determine the molecular characteristics of Entamoeba species among 

children under the age of five. Entamoeba species are increasingly being recognized as 

agents of gastroenteritis around the world. A number of studies have been conducted on 

the prevalence and distribution of protozoan parasites in South Africa (Samie et al., 2009; 

Nxasana et al., 2013; Platts-Mills et al., 2015). However, most of the studies did not focus 

on children 5 years or younger.  

 

The present study showed a higher prevalence of E. histolytica among male’s (52.3%) 

than female’s (47.7%). This finding is in line with the finding of Amaechi et al. (2014) which 

reported higher prevalence in males (18.7%) than females (13.3%). Reuben et al. (2013) 

recorded 27.7% for males and 24.3% for females among children in Lafia, Nasarawa state 

in Anambra, Southeast. The prevalence of E. histolytica infection with higher value in 
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male than in female children may have originated from several factors which may include 

demographic and socioeconomic status of families. Other possibility of observing high 

prevalence of infection in male children than female children may be due to the fact that 

they are more fearless than females and they have greater chance of taking part freely in 

outdoor activities such as playing football and playing in the ponds or streams putting 

them at risk of infections (Gimba et al., 2014).  

 

The present study reported an overall prevalence of 35.3% of Entamoeba cysts as 

determined by microscopy. Microscopic techniques are neither sensitive nor specific 

diagnostic tools. Regardless of its inability to distinguish and differentiate E. histolytica 

from the morphologically identical nonpathogenic species E. dispar and E. moshkovskii, 

microscopy has always been used to diagnose E. histolytica in stool samples. This has 

resulted in the unnecessary treatment of a large number of individuals with anti-amoebic 

drugs as well as providing an inaccurate picture of the epidemiology of the organism and 

the disease since previous amplified data relied inaccurately on microscopy only (Kebede 

et al., 2004). There are many new diagnostic assays that are available which are better 

than microscopy for the identification of these protozoa. The antigen-based ELISA and 

PCR are two such techniques reported to demonstrate exceptional sensitivities and 

specificities when compared with microscopy (Haque et al., 1998; Tanyuksel and Petri, 

2003). 

Entamoeba histolytica infection is a significant cause of diarrheal diseases in both 

developing and developed countries and has been identified as the causative agent of 

human amoebiasis, but the contribution of other Entamoeba species to pathogenicity is 
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not defined clearly. Entamoeba dispar is known to be responsible for non-pathogenic 

colonization of the intestine (Ayeh-kumi et al., 2001).  Even though some researchers 

point up the recovery of E. moshkovskii and E. dispar from patients with gastrointestinal 

symptoms. The prevalence and species distribution of Entamoeba spp. vary greatly from 

one region to the other. To the knowledge of the authors, no study has investigated the 

prevalence of Entamoeba species among children aged five years in the Northern region 

of South Africa.  

 

The current study showed a different infection percentage of three species of the genus 

Entamoeba. The prevalence of E. moshkovskii were 9.1%, followed by E. dispar with 

6.1%, then E. histolytica were 4.1%. This clearly indicates that Entamoeba species are 

still very much present in Dzimauli communities in Limpopo province. The present study 

disagrees with the results of the study done by Al-Abodi (2015) in which he demonstrated 

that E. histolytica had the highest percentage of infection followed by E. dispar then E. 

moshkovskii, which were 74%, 26%, and 7% respectively. It also does not agree with the 

results of the study done by Ngui et al. (2012) in Malaysia which  demonstrated a high 

percentage of the species E. histolytica (63.5%), followed by E. dispar (19.2%) and then 

E. moshkovskii (5.8%). Globally, most of the researchers reported different results of 

Entamoeba species, and this may be due to the amount of the parasite found in stool 

sample, geographical location of the study area, the study time, the age group targeted 

by the study (Al-Abodi, 2015). For example, a study done in Australia to investigate the 

presence of E. histolytica, E. dispar, and E. moshkovskii in stool samples from patient 



64 
 

population using PCR, they only documented a prevalence rate of 3.4% for E. histolytica 

(Nunez et al., 2013).  

 

Ceramic water filters also reduced diarrheal rates among HIV-positive individuals in 

Limpopo province, South Africa by 79% (Abebe et al., 2014). Despite the uptake of 

intervention, the children who received the intervention in the present study still 

experienced a high enteric infection, showing that environmental faecal contamination 

remained prevalent despite these interventions. However, improving access to safe 

drinking water is important not only for the health impacts but also because it promotes 

dignity and protects the human right of access to safe drinking water (Hill et al., 2019). In 

the present study, the frequency of Entamoeba moshkovskii was a bit higher than E. 

histolytica and E. dispar frequency suggesting that the circulation of this species is extant. 

To our understanding this is the first report of human infection by E. moshkovskii in South 

Africa. This species was first described by Ali et al. (2003) in Bangladesh. Even though, 

our results suggest that E. moshkovskii may actually have a broad geographical range 

and is prevalent in both the Asian and African continents (Levecke et al., 2011). However, 

this may point out that possibly humans are a true host for this free-living ameba and are 

not just transiently infected.  

 

The main point of using qPCR is the capacity to distinguish the different Entamoeba 

species especially where there is a high prevalence of E. histolytica, E. dispar and E. 

moshkovskii, making it the best assay to understand the epidemiology of this infection 

(Ximénez et al., 2009). However, this assay cannot be used every time because of the 
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cost of time and money that led into the performance of qPCR. Therefore, the prevalence 

of E. moshkovskii and E. dispar infections in other parts of the world needs to be 

investigated in order to determine its significant pathogenic potential in humans. Also, we 

need further studies with larger samples to determine the epidemiology of this infection. 

 

Conclusion: Entamoeba spp. are common in the South African population, the diversity 

of which remains to be explored. Up to date, there are still large gaps in the understanding 

the prevalence of Entamoeba species in different regions of the world particularly African 

continent where few studies using molecular methods have been conducted. However, 

identification of a high proportion of clinical symptoms among individuals positive for E. 

moshkovskii warrants further study to determine the causes. Therefore, immensely large 

scale, deliberate, and organized molecular genotyping studies are required to investigate 

whether there is any link between Entamoeba species and the outcome of the infection 

in these communities. 
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 CHAPTER 4 

Genetic polymorphism of TNF-α gene promoter 

region in a cohort of children in Northern South 

Africa: Distribution and potential impact on 

diarrhea and malnutrition 

 
______________________________________ 

Davhana N.C, Samie A, Bessong P.O, Dr. ElBakri, A.M.K. Genetic polymorphism of TNF-

α gene promoter region in a cohort of children in Northern South Africa: Distribution and 

potential impact on diarrhea and malnutrition, Submitted to “Scientific Reports”. 

 

Abstract 

Background: Tumor necrosis factor-α is one of the primary proinflammatory cytokine that 

has been consider as pathogenic factors for different disease. The purpose of this study 

was to determine the possible impact of the polymorphism of TNF-α gene promoter region 

on diarrhea, acute lower respiratory infection and malnutrition among children under the 

aged of five. 
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Material and methods: A total of 199 blood samples were evaluated from children who 

were part of the MAL-ED study cohort. The DNA was used to investigate polymorphism 

in the promoter region of the TNF-α gene at position -1031T/C. The polymorphisms were 

detected by polymerase chain reaction–restriction fragment length polymorphism (PCR–

RFLP) assay. 

Results: Out of these 199 participants, 47.2% were males and 52.8% were females. Of 

all the children, 23(11.6%) had low birth weight. A strong association was noted between 

the CC homozygous genotype at position -1031T/C and children with diarrhea (P = 0.043, 

OR = 4.167, 95% CT = 0.942-1.843); whereas TC heterozygous genotype was 

significantly common in healthy children with no diarrhea (P = 0.019, OR = 0.446, 95% 

CT = 0.226-0.882). The T-allele was significantly common in children with diarrhea (P = 

0.043, OR = 0.240, 95% CT = 0.054-1.062). A strong association was also noted between 

the TT homozygous genotype at position -1031T/C and children with dehydration (P = 

0.014, 95% CI = 1.224-12.443). A strong association was noted between the GA 

heterozygous genotype at position -308G/A and children with diarrhea (P = 0.040, OR = 

2.579, 95% CT = 1.019-6.528); while AA homozygous genotype was significantly 

common in healthy children with no diarrhea (P = 0.012, OR = 0.3420, 95% CT = 143-

0.815). The heterozygous GA genotype was significantly common among healthy 

children with no dehydration (P = 0.018, OR = 1.639, 95% CT = 0.191-14.029); while a 

strong association was also noted between the heterozygous GA genotype at position -

308 and children with vomiting (P = 0.019, OR = 2.694, 95% CT = 1.160-6.256). The G 

allele was significantly common in children with vomiting (P = 0.010, OR = 2.816, 95% 

CT = 1.263-6.279). 
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Conclusion: Our study has for the first time revealed that the -1031(T/C) polymorphism 

of TNF-α promotor gene is associated with diarrhea, dehydration and acute lower 

respiratory infection among children under aged of five years, while the -308(G/A) 

polymorphism was associated with diarrhea and vomiting among these children. 

Keywords: TNF-α, diarrhea, malnutrition and PCR-RFLP. 

 

4.1 Introduction 

Diarrhea is the health problem that causes childhood mortality and morbidity in 

developing countries (Kosek et al., 2003). It is estimated that 3.5 million of children under 

the age of five years die each year worldwide. Children who die from diarrhea often suffer 

from underlying malnutrition, which makes them more vulnerable to diarrhea. Each 

diarrheal episode, in turn, makes their malnutrition even worse. Previous studies have 

shown that children with repeat diarrheal infections are at higher risk of malnutrition and 

stunting, and malnourished children are at elevated risk for diarrhea-associated death 

(Fischer et al., 2013). Moreover, the failure to exclusively breastfeed infants during the 

first 6 months of life and incompletely breastfeed in the 18 months thereafter, also 

increases the risk of diarrheal morbidity and mortality (Lambert et al., 2011).  

 

Environmental and genetic factors play important roles in the pathogenesis of the 

disease. Tumor necrosis factor-alpha (TNF-α) is a powerful proinflammatory cytokine that 

plays the main role in antitumor activity, immune modulation, inflammation, anorexia, 
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cachexia, septic shock, viral replication, and haematopoiesis and has been associated 

with several human diseases (Zhuang et al., 2013; Moemen et al., 2021). Tumor necrosis 

factor alpha is produced by a wide variety of hematopoietic and non-hematopoietic cells, 

such as macrophages, CD4+ and CD8+, T cells, B cells, natural killer cells, neutrophils, 

smooth muscle cells, endothelial cells, and fibroblasts (Idriss et al., 2000). The human 

TNF-α gene consists of four exons with three intervening introns over approximately four 

kilobases, located within the highly polymorphic major histocompatibility complex (MHC) 

class III regions on chromosome 6p21.3. Many single nucleotide polymorphisms (SNPs) 

in the promoter region of the TNF-α gene can play a part in the transcriptional regulation 

of the gene (Asghar et al., 2004). The SNPs are defined as genomic variations or 

differences among individuals.  

 

Single nucleotide polymorphisms have been identified in the TNF-α gene, mainly in the 

5′-promoter region (Grigorova et al., 2021). Two SNPs in positions −308 and -1031 have 

been most frequently evaluated for association with many diseases. Previous studies 

have shown an association of the -308 A allele with protection to leprosy (Sapkota et al., 

2017; Vejbaesya et al., 2007). The TNF -1031 T/C genotype is prevalent in malaria 

patients (Sohail et al., 2008). The TNF -1031 T/C genotype has been associated with 

susceptibility to pulmonary non-tuberculous mycobacteria (Affandi et al., 2013; Adane et 

al., 2021). In HIV- infected individuals, the -1031T allele is associated with susceptibility 

to tuberculosis (Affandi et al., 2013). The single nucleotide polymorphisms (SNPs) as the 

most common genetic variation of TNF-α was considered to substantially influence the 

production capacity of TNF-α. We also chose to genotype TNF-α  238G/A, 308G/A and 
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1031T/C on the basis of its association with increased TNF-α secretion, and its implication 

in susceptibility to several autoimmune diseases, such as systemic lupus erythematosus, 

insulin-dependent diabetes, and inflammatory bowel disease (Asghar et al., 2004).  

 

To our knowledge, no study has investigated the implication of the TNF alpha gene 

promoter on diarrhea and malnutrition. We have previously reported on the association 

of genetic polymorphism at tumor necrosis factor-α gene promoter - 1031T/C and 

parasitic infections among children in Northern South Africa (Davhana et al., 2020). The 

present study aimed at determining the potential impact of the polymorphism of TNF-α 

gene promoter region at two different loci on diarrhea and malnutrition among children 

under the age of 36 months. 

 

4.2 Purpose of the study 
 
4.2.1 Research questions 
 
Is there any association between TNF-α promoter gene polymorphisms with diarrhea, 

vomiting, fever, acute lower respiratory infection, gender and malnutrition? 

4.2.2 Aim 
 
The present study aimed at determining the potential impact of the polymorphism of TNF-

α gene promoter region on diarrhea and malnutrition among children under the aged of 

36 months. 
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4.2.3 Specific objectives 
 
a. To investigate the genetic polymorphism of TNF-α gene promoter region in a cohort of 

children in Northern South Africa. 

b. To identify any association between TNF-α promoter gene polymorphism with diarrhea, 

vomiting, fever, acute lower respiratory infection, gender and malnutrition. 

 

4.3 Materials and Methods 

4.3.1Ethical considerations 
 

The present study was part of the Malnutrition and Enteric Diseases (Mal-Ed) study in the 

South African site which has been previously described (Bessong et al., 2014). The study 

was approved by the Research and Ethics Committee of the University of Venda and the 

Department of Health and Welfare in Polokwane, Limpopo province, South Africa. The 

objectives of the study were clearly explained to the participants and those who agreed 

to participate in the research were requested to sign consent forms and complete the 

questionnaires in order to obtain socio-demographic information. These tools have been 

fairly described in previous publications (Houpt et al., 2014; Richard et al., 2014). 

Confidentiality of the participants was kept by giving each participant a code. The 

information obtained from the participants was kept confidential. 

 

4.3.2 Study sites 
 

The study sites are as described in  chapter 3, section 3.3.2. 
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4.3.3 Sample Collection and processing 
 

We evaluated 199 blood samples from children who were part of the MAL-ED study 

cohort. Each samples were labeled with the patient’s code, sex, age and the collection 

date and taken to the University of Venda Microbiology Laboratory for analysis. Upon 

arrival, all samples were kept on the bench overnight for separation of plasma, buffy coat 

and red blood cells. 

 

4.3.4 Genomic DNA Isolation 
 

DNA was extracted from blood buffy coat using Gen-EluteTM blood genomic kit from 

Sigma Aldrich following instructions from the manufacture. Briefly, 20µl of proteinase K 

solution was placed into 1.5ml micro-centrifuge tubes where 200µl of blood buffy coat 

was added. 200µl of lysis solution C was added to the samples and was vortexed for 15 

seconds. The sample mixture was then incubated at 550 C for 10 minutes. The samples 

were prepared for binding by adding 200µl of ethanol to the mixture and vortexed again 

for 10 seconds. The entire mixture was transferred to a column which was first prepared 

by addition of 500µl of column preparation solution and centrifuged at 12000 rpm for 1 

minute. The columns were then washed twice with the addition of wash solutions, and 

centrifuged for 3 minutes at maximum speed. The DNA was then eluted by pipetting a 

200µl of elution solution into the center of the column directly and centrifuged for 1 minute 

at maximum speed. The DNA was then stored in the freezer at -200C until further analysis. 

Stool samples from the participants were tested for parasites using parasitological 

methods as previously described (Platts-Mills et al., 2014). 
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4.3.5 Tumor necrosis factor-α genotyping 
 

Genomic DNA was used to investigate polymorphisms in the promoter region of the TNF-

α gene at positions ‑1031T/C and ‑308G/A using polymerase chain reaction–restriction 

fragment length polymorphism (PCR–RFLP) assay as previously described by Naderi et 

al., (2014). Genotyping for the -1031T/C was performed using a PCR fragment amplified 

by the forward (5'‑GGGGAGAACAAAAGGATAAG‑3') and reverse 

(5'‑CCCCATACTCGACTTTCATA‑3') primer pair. Briefly, a total of 30 cycles was carried 

out, each of these consisted of 95°C for 30 seconds, 55°C for 30 seconds and 72°C for 

30 seconds. There was an initial denaturation step at 95°C for 5 min and final extension 

step at 72°C for 5 min. The 1031T/C polymorphism (C allele, 180+71+13bp; T allele, 

251+13bp) was later evaluated by digestion with the restriction enzyme BbsI as described 

by the manufacturer (New England Biolabs, Ipswich MA, USA) at 37°C for 16h. Digested 

PCR fragments were separated by a 4% of agarose gel electrophoresis and visualized 

by ethidium bromide staining. Genotyping for the 308A/G was also performed using a 

PCR fragment amplified by the forward (5'‑AGGCAATAGGTTTTGAGGGCCAT‑3') and 

reverse (5'‑TCCTCCCTGCTCCGATTCCG‑3') primer pair (Table 4.1). Briefly, a total of 

35 cycles was carried out, each of these consisted of 95°C for 1 min, for denaturation, 

65°C for 30 seconds and 72°C for 30 seconds. There was an initial denaturation step at 

95°C for 5 min and final extension step at 72°C for 5 min. The 308A/G polymorphism (G 

allele, 107+24bp; A allele, 131bp) was later evaluated by digestion with the restriction 

enzyme NcoI as described by the manufacturer (New England Biolabs, Ipswich MA, USA) 

at 37°C for 16h. Digested PCR products were electrophoresed in a 4% of agarose gel 

and visualized by ethidium bromide staining. 
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Table 4.1: Primer used for PCR-RFLP analysis data from TNF-α polymorphisms 

 

 
 
 

4.3.6 Sequencing and phylogenic analysis 
 
 
A 20µl aliquot of the representative PCR product from the Genotyping which showed 

successful amplification was sent for sequencing at Inqaba biotechnologies (Inqaba, 

Pretoria, South Africa). Sequences were then assembled using Staden package. Bio edit 

package  was then used to edit the nucleotides sequences, which were then aligned using 

ClustalW multiple aligner (Hall, 1999). With the Clustal Multiple aligner, the nucleotides 

were aligned alongside a referral strain obtained from Gene-bank in order to determine 

the similarity and differences between the gene products from different samples.  

 

SNP Name Primers PCR 
prod
uct 

Restri
ction 
enzy
me 

Alleles 

-1031 T/C 
rs1799964 

F: 5΄- TATGTGATGGACTCACCAGGT-3΄ 264b
p 

BbsI 251bp + 13bp 
(T) 
180bp + 71bp 
+ 13bp (C) 

 R: 5΄- CCTCTACATGGCCCTGTCTT-3΄ 
 

   

-308 G/A 
rs1800629 

F: 5΄- GAGGCAATAGGTTTTGAGGGCCAT-3΄ 131b
p 

NcoI 107bp + 24bp 
(G) 
131 (A) 

 R: 5΄- GGGACACACAAGCATCAAG -3΄ 
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4.3.7 Statistical analyses 
 

Statistical analysis was performed using chi-square test to determine statistical associa-

tions between the genotype distribution and disease susceptibility. P-value less than 0.05 

were considered statistically significant. Odds ratio (OR) at 95% confidence intervals (CI) 

were also calculated. All data analysis was conducted using SPSS software, version 24. 

4.4 Results 

4.4.1 Characteristics of the children in the study 
 

A total of 199 blood samples were collected from 199 participants who were part of MalEd 

study. Out of these participants, 94(47.2%) were males and 105(52.8%) were females. 

Of all the children, 23(11.6%) had low birth weight and 40(20.1%) had high birth weight, 

75(37.7%) never had diarrhea at all while 124(62.3%) had one or more diarrhea. From 

the study population, 176(88.4%) children never had fever and 23(11.6%) had fever. Out 

of all participants, 120(60.3% never had acute lower respiratory infection but 79(39.75) 

children had acute lower respiratory infection (Table 4.2). 
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Table 4.2: Characteristics of the children in the study 

 

4.4.2 Genotyping of TNF-α gene -308 and -1031 polymorphisms 
 

In order to investigate Genetic polymorphism of TNF-α gene promotor region in a cohort 

of children in Northern South Africa, Allele specific PCR was employed to genotype the 

tumor necrosis factor-α gene −308 and -1031 polymorphisms. Figure 4.1 below 

Characteristics Frequency Percentage (%) 

Gender Male 94 47.2% 

Female 105 52.8% 

 Low birth weight  

 

Never had low birth 
weight 

  176    88.4 

 Had low BWT   23    11.6 

 High birth weight Never had high weight   159    79.9 

Had high birth weight   40    20.1 

 Colostrum  No colostrum   7    3.5 

 Colostrum    192    96.5          

 Diarrhea   Had no diarrhea at all   75     37.7 

 One or more diarrhea   124       62.3 

Vomit  Never vomit  177    88.9 

Vomit   22    11.1 

Fever  Never had fever  176    88.4 

Had fever 23 11.6 

Acute lower respiratory 
infection (ALRI) 

Never had ALRI 120 60.3 

Had ALRI 79 39.7 
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represents the agarose gel obtained after amplification. The M represents the molecular 

weight marker (1kb), NC-negative control, Lane 1-16 test samples. A triple bands at both 

251bp, 180bp and 71bp indicate the heterozygote TC (1, 2, 5, 6, 9 and 12), while double 

bands at both 180bp and 71bp indicates the homozygote CC (Lane 3 and 15) and a single 

band at 251bp indicates a homozygote TT (lane 4, 7, 8, 10, 11, 13, 14 and 16). Figure 

4.2 below also represents the agarose gel obtained after amplification. The M represents 

the molecular weight marker (1kb), NC-negative control, Lane 1, 2, 3, 5, 6, 7, 8, 9, 10, 12, 

14 and 15 represent heterozygous GA and Lane 4, 11,13 and 16 represent homozygous 

AA. 
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Figure 4.1: A representative of 4% agarose gel photograph of 1031T/C polymorphism 
stained with ethidium bromide after digestion. 

 

 

 

 

Figure 4.2: A representative 4% agarose gel photograph of 308G/A polymorphism 
stained with ethidium bromide after digestion. 
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4.4.3 Sequence analysis 

After amplification of the -1031T/C polymorphism in the promoter region of TNF-α gene, 

the amplicons were sent to Inqaba (Inqaba Biotechnologies, Pretoria, South Africa) for 

sequencing. The sequences were analyzed using staden package and bioedit software.  

The sequence results confirmed the integrity of the BbsI restriction site’s surrounding area 

and verified the results of the TNF-α -1031 PCR-RFLP analysis. The chromatogram of 

the sequence results for the TNF-α -308 and -1031 different genotypes are shown in 

Figure 4.3 and 4.4. The sequence alignment showed the expected polymorphism 

(Figure 4.5 and 4.6). However, a number of other polymorphism was also observed and 

this needs further investigations to determine their possible linkage with the polymorphism 

under current study. 
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Figure 4.3 PCR sequence analysis, the PCR products of different TNFα -1031 genotypes 
were purified and sequenced using the reverse primer. The arrow points to the single 
nucleotide polymorphism of Bbsl restriction site. 

 

 

 

 

Sample showing the TC genotype Sample showing the CC genotype 

Sample showing the TT genotype 
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Figure 4.4. PCR sequence analysis, the PCR products of different TNFα -1031 
genotypes were purified and sequenced using the reverse primer. The arrow points to the 
single nucleotide polymorphism of Bbsl restriction site. 
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                     10        20        30        40        50        60        70        80        90       100                  
            ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....| 
NG_007462   TATGTGATGGACTCACCAGGTGAGGCCGCCAGACTGCTGCAGGGGAAGCAAAGGAGAAGCTGAGAAGATGAAGGAAAAGTCAGGGTCTGGAGGGGCGGGG  
AL662801    ....................................................................................................  
m36_1031    ....................................................................................................  
m37_1031    ....................................................................................................  
m38_1031    ....................................................................................................  
m39_1031    ....................................................................................................  
m41_1031    ....................................................................................................  
m42_1031    ....................................................................C...............................  
m43_1031    ....................................................................................................  
m44_1031    ....................................................................................................  
m47_1031    ....................................................................................................  
m48_1031    ....................................................................................................  
m50_1031    ....................................................................................................  
m51_1031    ....................................................................................................  
m52_1031    ....................................................................................................  
m53_1031    ....................................................................................................  
m53b_1031   ....................................................................................................  
m54_1031    ....................................................................................................  
m55_1031    ....................................................................................................  
m56_1031    ....................................................................C...............................  
m57_1031    ....................................................................................................  
m58_1031    ....................................................................................................  
m59_1031    ....................................................................................................  
m60_1031    ....................................................................................................  
m61_1031    ....................................................................................................  
m62_1031    ....................................................................................................  
m63_1031    ..........................T.........................................................................  
m64_1031    ....................................................................C...............................  
m66_1031    ....................................................................C...............................  
m66b_1031   ....................................................................C...............................  
m70_1031    ....................................................................................................  
m71_1031    ....................................................................................................  
m72_1031    ....................................................................................................  
m73_1031    ....................................................................C...............................  
m74_1031    ....................................................................................................  
m75_1031    ....................................................................................................  
m76_1031    ....................................................................C...............................  
m77_1031    ....................................................................C...............................  
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                    110       120       130       140       150       160       170       180       190       200          
            ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....| 
NG_007462   GTCAGGGAGCTCCTGGGAGATATGGCCACATGTAGCGGCTCTGAGGAATGGGTTACAGGAGACCTCTGGGGAGATGTGACCACAGCAATGGGTAGGAGAA  
AL662801    ....................................................................................................  
m36_1031    ....................................................................................................  
m37_1031    ....................................................................................................  
m38_1031    ....................................................................................................  
m39_1031    ....................................................................................................  
m41_1031    ....................................................................................................  
m42_1031    ....................................................................................................  
m43_1031    ....................................................................................................  
m44_1031    ....................................................................................................  
m47_1031    ....................................................................................................  
m48_1031    ....................................................................................................  
m50_1031    ....................................................................................................  
m51_1031    ....................................................................................................  
m52_1031    ....................................................................................................  
m53_1031    ....................................................................................................  
m53b_1031   ....................................................................................................  
m54_1031    ....................................................................................................  
m55_1031    ....................................................................................................  
m56_1031    ....................................................................................................  
m57_1031    ....................................................................................................  
m58_1031    ....................................................................................................  
m59_1031    ....................................................................................................  
m60_1031    ....................................................................................................  
m61_1031    ....................................................................................................  
m62_1031    ....................................................................................................  
m63_1031    ....................................................................................................  
m64_1031    ....................................................................................................  
m66_1031    ....................................................................................................  
m66b_1031   ....................................................................................................  
m70_1031    ....................................................................................................  
m71_1031    ....................................................................................................  
m72_1031    ....................................................................................................  
m73_1031    ....................................................................................................  
m74_1031    ....................................................................................................  
m75_1031    ....................................................................................................  
m76_1031    ....................................................................................................  
m77_1031    ....................................................................................................  
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                    210       220       230       240       250       260      
            ....|....|....|....|....|....|....|....|....|....|....|....|.... 
NG_007462   TGTCCAGGGCTATGGAAGTCGAGTATGGGGACCCCCCCTTAACGAAGACAGGGCCATGTAGAGG  
AL662801    ................................................................  
m36_1031    ................................................................  
m37_1031    ................................................................  
m38_1031    ................................................................  
m39_1031    ................................................................  
m41_1031    ................................................................  
m42_1031    ................................................................  
m43_1031    ................................................................  
m44_1031    ................................................................  
m47_1031    ................................................................  
m48_1031    ................................................................  
m50_1031    ................................................................  
m51_1031    ...............................................................-  
m52_1031    ................................................................  
m53_1031    ....................................A...........................  
m53b_1031   ................................................................  
m54_1031    ................................................................  
m55_1031    ................................................................  
m56_1031    ................................................................  
m57_1031    ................................................................  
m58_1031    ................................................................  
m59_1031    ................................................................  
m60_1031    ................................................................  
m61_1031    ................................................................  
m62_1031    ................................................................  
m63_1031    ................................................................  
m64_1031    ................................................................  
m66_1031    ....................................A...........................  
m66b_1031   ................................................................  
m70_1031    ................................................................  
m71_1031    ................................................................  
m72_1031    ................................................................  
m73_1031    ................................................................  
m74_1031    ................................................................  
m75_1031    ................................................................  
m76_1031    ....................................................-...........  
m77_1031    ................................................................  
 

Figure 4.5. Sequence alignment of some of the TNF-alpha -1031 locus sequences showing a number of polymorphisms.  
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                    10        20        30        40        50        60        70        80        90       100                  
           ....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....| 
MH180350   GAGGCAATAGGTTTTGAGGGGCATGAGGACGGGGTTCAGCCTCCAGGGTCCTACACACAAATCAGTCAGTGGCCCAGAAGACCCCCCTCGGAATCGGAGC  
KF887972   ....................................................................................................  
KP339511   .........................G..........................................................................  
HSU42625   .........................G...............................................................A..........  
L14_308    ....................C...............................................................................  
L17_308    ....................C....G..........................................................................  
L18_308    ---------------------------------------------------.................................................  
L23_308    ....................C....G...............................................................A.....A....  
L25_308    ....................C....G..........................................................................  
L26_308    ....................C....G..........................................................................  
L32_308    ---------------------------------------.............................................................  
L33_308    ....................C....G..........................................................................  
L36_308    --------------------------------------------------------------------------------....................  
L37_308    --------------------------------------.........................................................A....  
L38_308    ---------------------------------------.............................................................  
L39_308    ---------------------------------------------.......................................................  
 
                   110       120       130       140          
           ....|....|....|....|....|....|....|....|....|.. 
MH180350   AGGGAGGATGGGGAGTGTGAGGGGTATCCTTGATGCTTGTGTGTCCC  
KF887972   ...............................................  
KP339511   ...............................................  
HSU42625   ...............................................  
L14_308    ...............................................  
L17_308    ...............................................  
L18_308    ...............................................  
L23_308    ...............................................  
L25_308    ...............................................  
L26_308    ...............................................  
L32_308    ...............................................  
L33_308    ...............................................  
L36_308    ...............................................  
L37_308    ...............................................  
L38_308    ...............................................  
L39_308    ...............................................  
 

Figure 4.6. Sequence alignment of some of the TNF-alpha -308 locus sequences showing a number of polymorphisms.
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4.4.4. Distribution of TNF alpha polymorphism in the study population.  
 

The analysis of the data showed that for the TNF alpha promotor gene polymorphism at 

locus -1031, the heterozygote (TC) genotype was the most common with about 58% 

occurrence while the CC genotype was the least common (Figure 4.7). For the -308 

locus, the homozygote (AA) genotype was the most common (Figure 4.8). There was 

no association with gender for both loci (Table 4.3 and 4.4) 

 

 

 

Figure 4.7. Overall distribution of the genotypes of the -1031 locus polymorphism 
in the study population. 
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Figure 4.8. Overall distribution of the genotypes of the -308 locus polymorphism 
in the study population 

 

Table 4.3: TNF‑ α genotype and allele frequencies at position ‑1031 in patients with 
gender. 
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-308 genotypes

-1031 genotypes Female Male Statistic OR 95% CI 

CC 9(9.6%) 14(13.3%) P = 0.408 (X2 = 0.686) 1.453 0.598-3.531 

TC 57(60.6%) 57(54.3%) P = 0.366 (X2 = 0.818) 0.771 0.438-1.356 

TT 28(29.8%) 34(32.4%) P = 0.693 (X2 = 0.156) 1.129 0.618-2.061 

T allele 9(9.6%) 

85(90.4%) 

14(13.3%) 

91(86.7%) 

P = 0.408 (X2 = 0.686) 0.688 0.283-1.673 

C allele 28(29.8%) 

66(70.2%) 

34(32.4%) 

71(67.6%) 

P = 0.693 (X2 = 0.156) 0.886 0.485-1.618 
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Table 4.4: TNF‑α genotype and allele frequencies at position ‑308 in patient’s gender. 

 
 

4.4.5 Association of TNF-α -1031T/C polymorphism with diarrhea, 
vomiting and dehydration 
 

Table 4.5 illustrates the association between TNF-α -1031T/C polymorphism, diarrhea, 

vomiting and dehydration. A strong association was noted between the CC homozygous 

genotype at position -1031T/C and children who had diarrhea (P = 0.043, X2 = 4.095, OR 

= 4.167, 95% CT = 0.942-1.843); whereas TC heterozygous genotype was significantly 

common in children who had no diarrhea (P = 0.019, X2 = 5.532, OR = 0.446, 95% CT = 

0.226-0.882). The T-allele was frequent and statistically significant among children with 

diarrhea (P = 0.043, X2 = 4.095, OR = 0.240, 95% CT = 0.054-1.062). The CC 

homozygous genotype was insignificantly common in children who had vomiting (P = 

0.645, X2 = 0.212, OR = 1.259, 95% CT = 0.472-3.361). The TT homozygous genotype 

was frequent and statistically significant among children who had dehydration than in 

control group (P = 0.014, X2 = 5.986, OR = 3.911, 95% CT = 1.224-12.443). On the other 

hand, the C-allele was more common and statistically significant in children with no 

dehydration (P = 0.014, X2 = 5.986, OR = 0.256, 95% CT = 0.080-0.817). 

-308 genotype 0 1 Statistic OR 95% CI 

AA 66(70.2%)                 81(77.1%)              P = 0.398 (X2 = 0.528)          1.224                     0.653-2.297         

GA 3(24.5%)                    19(18.1%)              P = 0.339 (X2 = 0.560)                         0.818                        0.416-1.608 

GG 5(5.3%)                      5(4.8%)                   P = 0.132 (X2 = 0.857)                      0.890                        0.249-3.176 

A allele  5(5.3%) 

89(94.7%)                     

5(4.8%) 

100(95.2%)                

P = 0.112 (X2 = 0.989)                     1.124                          0.315-4.009 

 

G allele  66(70.2%) 

28(29.8%)                

77(73.3%)  

 28(26.7%)                

P = 0.229 (X2 = 0.625)                       0.857                         0.462-1.591 
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Table 4.5: TNF-α genotype and allele frequencies at position ‑1031 in patients with 
diarrhea, vomiting and dehydration. 

 

The results were found significant if the P value was less than 0.05 and are indicated in bold. 

 
 
4.4.6 Association of TNF-α -1031T/C polymorphism with fever and 
acute lower respiratory infection.  
 
 

Table 4.6 illustrates the association between TNF-α -1031T/C polymorphism, fever and 

acute lower respiratory infection. A strong association was noted between CC 

homozygous genotype at position -1031T/C and children with acute lower respiratory 

 

Did not have 

the infection 

Had the 

infection 

Statistic OR 95% CI 

Diarrhea CC 2(3.8%)          21(14.3%)            P = 0.043 (X2 = 4.095)              4.167         0.942-1.843           

TC 37(71.2%)          77(52.4%)            P = 0.019 (X2 = 5.532)               0.446         0.226-0.882 

TT 13(25.0%)          49(33.3%)           P = 0.265 (X2 = 1.244)               1.500         0.734-3.0 

T 21(14.3%) 

 

126 (85.7%) 

           

P = 0.043 (X2 = 4.095)               0.240          0.054-1.062 

C 49(33.3%)                   

 

98(66.7%)             

 

P = 0.265 (X2 = 1.244)                0.667          0.326-1.363 

Vomiting CC 12(15.0%)          8(18.2%)              P = 0.645 (X2 = 0.212)           1.259         0.472-3.361 

TC 43(53.8%)        22(50.0%)            P = 0.689 (X2 = 0.160)             0.860          0.412-1.797 

TT 25(31.3%)         14(31.8%)           P = 0.948 (X2 = 0.204)            1.027          0.465-2.265 

T 8(18.2%)        

 

36(81.8%)           

 

P = 0.645 (X2 = 0.212)             0.794        0.298-2.119 

C 14(31.8%)                      

 

30(68.2%)          

 

P = 0.948 (X2 = 0.004)             0.974        0.442-2.149 

Dehydration CC 23(12.4%)          0(0.00%)          P = 0.178 (X2 = 1.818)            0.926         0.888-0.966 

TC 109(58.6%)       5(38.5%)             P = 0.156 (X2 = 2.014)            0.442          0.139-1.401 

TT 54(29.0%)        8(61.5%)           P = 0.014 (X2 = 5.986)          3.911          1.224-12.443 

T 

 

0(0.0%)                   

 

13(100.0%)  

             

P = 0.178 (X2 = 1.818)          1.080            1.036-1.126 

C 8(61.5%)                      

 

5(38.5%)            

 

P = 0.014 (X2 = 5.986) 0.256               0.080-0.817 
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infection (P = 0.027, X2 = 4.869, OR = 2.656, 95% CT = 1.089-6.479). However, TC 

heterozygous genotype was frequent and statistically significant among children who had 

no acute lower respiratory infection (P = 0.016, X2 = 5.848, OR = 0.492, 95% CT = 0.276-

0.877). The T-allele was more common and statistically significant among children who 

had acute lower respiratory infection (P = 0.027, X2 = 4.869, OR = 0.376, 95% CT = 0.154-

0.918). Both CC and TT homozygous genotypes at position -1031T/C were more 

common and statistically insignificant among children who had fever (P = 0.778, X2 = 

0.080, OR = 1.174, 95% CI = 0.386-3.573) and (P = 0.310, X2 = 1.030, OR = 1.571, 95% 

CI = 0.654-3.777). On the other hand, TC heterozygous genotype was more common 

among children who had no fever but the results was insignificant (P = 0.250, X2 = 1.326, 

OR = 0.608, 95% CI = 0.260-1.423). Both T-allele and C-allele at position -1031T/C were 

frequent among children who had fever than in control group but the result were 

insignificant (P= 0.778, X2 = 0.080, OR = 0.852, 95% CT = 0.280-2.593) and (P = 0.310, 

X2 = 1.030, OR = 0.636, 95% CT = 0.265-1.529).  

 

 

 

 

 

 

Table 4.6: TNF‑α genotype and allele frequencies at position ‑1031 in patients with 
fever and acute lower respiratory infection. 
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Did not 
have the 
infection 

Had the 
infection 

Statistic OR 95% CI 

Acute lower 
respiratory 
infection 

CC 9 
(7.5%)               

14(17.7%)       
P = 0.027 (X2 = 4.869)                     2.656                     1.089-6.479 

TC 77(64.2%)           37(46.8%)       P = 0.016 (X2 = 5.848)                                 0.492         0.276-0.877 

TT 34(28.3%)           28(35.4%)        P = 0.289 (X2 = 1.123)         1.389               0.756-2.552 

T 14(17.7%)                                           
 

65(82.3%)                 
  

P = 0.027 (X2 = 4.869          0.376                   0.154-0.918 

C 28(35.4%)                                         
  

51(64.6%)            
 

P = 0.289 (X2 = 1.123)                       0.720                     0.392-1.323 

Fever CC 15 (15.6%) 5 (17.9%) P = 0.778 (X2 = 0.080)                       1.174 0.386-3.573 
TC 53 (55.2%) 12 (42.9%) P = 0.250 (X2 = 1.326)                   0.608 0.260-1.423 
TT 28 (29.2%) 11 (39.3%) P = 0.310 (X2 = 1.030)          1.571 0.654-3.777 
T 23 82.1%) 23 (82.1%) P = 0.778 (X2 = 0.080)           0.852 0.280-2.593 
C 11(39.3%)                     1(60.7%)                 P = 0.310 (X2 = 1.030)                       0.636                   0.265-1.529 

The results were found significant if the P value was less than 0.05 and are indicated in bold. 

 
 

4.4.7 Association of TNF-α -1031T/C polymorphism with stunted and 
malnourished 
 

Table 4.7 illustrates the association between TNF-α 1031T/C polymorphism, stunted and 

malnourished. A strong association was noted between TC heterozygous genotype at 

position -1031T/C and children with stunted (P=0.014, X2 = 0.907, OR=0.963, 95% 

CT=0.512-1.816). The CC homozygous was frequent and statistically insignificant among 

children with stunted (P = 0.347, X2 = 0.884, OR = 1.553, 95% CI = 0.617-3.906). On the 

other hand, TT homozygous genotypes was more common and statistically insignificant 

among children with no stunted (P = 0.274, X2 = 0.600, OR = 0.831, 95% CI = 0.417-

1.660). Both CC and TT homozygous genotypes were more common among children 
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with no malnourished even though the results were insignificant (P = 0.287, X2 = 0.592, 

OR = 0.570, 95% CI = 0.071-4.572) and (P = 0.415, X2 = 0.664, OR = 0.582, 95% CI = 

0.157-2.166). The TC heterozygous genotype war frequent and statistically significant 

among children with malnourished (P = 0.267(X2 = 1.231, OR = 1.947, 95% CI = 0.589-

6.435).                         

 

Table 4.7: TNF‑ α genotype and allele frequencies at position ‑1031 in patients with 
stunted and malnourished. 

The results were found significant if the P value was less than 0.05 and are indicated in bold. 

 

 

 

 

 

Did not 

have the 

infection 

Had the 

infection 

Statistic OR 95% CI 

Stunted CC 15(10.3%)          8(15.1%)                        P = 0.347(X2 = 0.884)                         1.553                 0.617-3.906 

TC 84(57.5%)         30(56.6%)     P = 0.014(X2 = 0.907)                      0.963                 0.512-1.816 

TT 47(32.2%)          15(28.3%)       P = 0.274(X2 = 0.600)                      0.831                 0.417-1.660 

T 131(89.7%)                                     

 

45(84.9%)                

 

P = 0.347(X2 = 0.884)                       0.644               0.256-1.620 

C 99(67.8%)                                          

  

38(71.7%)                  

 

P = 0.274(X2 = 0.600)                       1.203                0.603-2.401 

Malnourished CC 22(11.9%)           1(7.1%)             P = 0.287(X2 = 0.592)                  0.570     0.071-4.572        

TC 104(56.2%)          10(71.4%)         P = 0.267(X2 = 1.231)          1.947       0.589-6.435 

TT 59(31.9%)            3(21.4%)          P = 0.415(X2 = 0.664)            0.582     0.157-2.166 

T 163(88.1%)                        

 

 13(92.9%)          

 

P = 0.287(X2 = 0.592)           1.755     0.219-14.074 

 

C 126(68.1%)                         

 

11(78.6%)        

  

P = 0.415(X2 = 0.664)           1.717      0.462-6.386 



93 
 

4.4.8 Association of TNF-α -308G/A polymorphism with diarrhea, 
vomiting and dehydration 
 

Table 4.8 illustrates the association between TNF-α -308G/A polymorphism, diarrhea, 

vomiting and dehydration. A strong association was noted between AA homozygous 

genotype at position -308G/A and children who had no diarrhea (P = 0.012, X2 = 6.250, 

OR=0.3420, 95% CT = 143-0.815), while the GA heterozygous genotype was more 

common and statistically significant common among children with diarrhea than in control 

group (P = 0.040, X2 = 4.214, OR = 2.579, 95% CT = 1.019-6.528). However, the G-allele 

at position -308G/A was frequent and statistically significant among children with diarrhea 

than in control group (P = 0.043, X2 = 4.085, OR = 2.246, 95% CT = 1.011-4.986). The 

AA homozygous genotype was significantly common among healthy children with no 

vomiting (P = 0.010, X2 = 6.627, OR = 0.355, 95% CT = 0.159-0.792).  On the other hand, 

GA heterozygous genotype was more common and statistically significant among 

children with vomiting than in control group (P = 0.019, X2 = 5.508, OR = 2.694, 95% CT 

= 1.160-6.256). The G allele was also more common among children with vomiting than 

control group and the result was significant (P=0.010, X2 = 6.627, OR = 2.816, 95% CT = 

1.263-6.279). Heterozygous GA genotype was more common among healthy children 

with no dehydration and the result was statistically insignificant (P = 0.894, X2 = 0.018, 

OR = 1.095, 95% CT = 0.288-4.168). The GG homozygous genotype was more common 

and statistically insignificant among children with dehydration (P = 0.649, X2 = 0.207, OR 

= 1.639, 95% CI = 0.191-14.029).                         
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Table 4.8: TNF‑α genotype and allele frequencies at position ‑308 in patients with 
diarrhea, vomiting and dehydration. 

 

308 genotype 

Did not 

have 

infection 

Had the 

infection 

Statistic OR 95% CI 

Diarrhea AA 43(82.7%)                104(70.7%)    P = 0.012 (X2 = 6.250)                   0.342                      0.143-0.815        

GA 8(15.4%)                     34(23.1%)                 P = 0.040 (X2 = 4.214)                       2.579                        1.019-6.528 

GG 1(1.9%)                        9(6.1%)         P = 0.234 (X2 = 1.419)                     3.326                        0.411-26.913 

A 51(98.1%)                       

 

138(93.9%)                   

 

P = 0.234 (X2 = 1.419)                   0.301                          0.037-2.433 

G 9(17.3%)                      

 

47(32.0%)             

  

P = 0.043 (X2 = 4.085)                      2.246                           1.011-4.986 

Vomiting AA 64(80.0%)         27(61.4%)                  P = 0.010 (X2 = 6.627)                    0.355                          0.159-0.792 

GA 13(16.3%)         14(31.8%)        P = 0.019 (X2 = 5.508)                  2.694                           1.160-6.256 

GG 3(3.8%)             3(6.8%)            P = 0.446 (X2 = 0.580)                   1.878                           0.363-9.726 

A 77(96.3%)                      

 

41(93.2%)                       

 

P = 0.446 (X2 = 0.580)                   0.532                        0.103-2.757 

G 17(21.3%)                      

 

19(43.2%)     

 

P = 0.010 (X2 = 6.627)                      2.816                     1.263-6.279 

Dehydration AA 23(12.4%)           0(0.00%)         P = 0.727(X2 = 0.122)                      0.805             0.237-2.732 

GA 109(58.6%)           5(38.5%)         P = 0.894 (X2 = 0.018)           1.095             0.288-4.168 

GG 54(29.0%)             8(61.5%)         P = 0.649 (X2 = 0.207)           1.639             0.191-14.029 

A 

 

177(95.2%)                           

 

12(92.3%)          

  

P = 0.649 (X2 = 0.207)             0.610            0.071-5.223 

G 

 
177(95.2%)                                  

 

12(92.3%)           

  

P = 0.649 (X2 = 0.207)                0.610          0.071-5.223 

 
The results were found significant if the P value was less than 0.05 and are indicated in bold. 
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4.4.9 Association of TNF-α -308G/A polymorphism with fever and 
acute lower respiratory infection 
 

 

Table 4.9 illustrates the association between TNF-α -308G/A polymorphism with fever 

and acute lower respiratory infection. The AA homozygous genotype at position -308G/A 

was more common and statistically insignificant among children with no fever (P = 0.376, 

X2 = 0.784, OR = 0.669, 95% CI = 0.273-1.635). However, GA heterozygous genotype was 

statistically insignificantly among healthy children with no fever (P = 0.910, X2 = 0.013, 

OR = 1.058, 95% CT = 0.399-2.806), while GG homozygous genotype was more common 

among children with fever than in control group and the result was insignificant (P = 0.100, 

X2 = 2.712, OR = 3.720, 95% CT = 0.707-19.567). Both AA and GG homozygous 

genotypes were insignificant common among children who had acute lower respiratory 

infection than in control group (P = 0.121, X2 = 0.413, OR = 0.812, 95% CI = 0.429-1.535) 

and (P = 0.184, X2 = 0.984, OR = 1.013, 95% CI = 0.277-3.712). However, G allele was 

more common and statistically insignificant among healthy children than children who had 

acute lower respiratory infection (P = 0.941, X2 = 0.006, OR = 0.976, 95% CT = 0.519-

1.837). 
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Table 4.9: TNF‑α genotype and allele frequencies at position ‑308 in patients with fever 
and acute lower respiratory infection. 

 

-308 genotype 

Did not have 

the infection 

Had the 

infection 

Statistic OR 95% CI 

Fever AA 72(75.0%)               19(67.9%)            P = 0.376 (X2 = 0.784)            0.669                   0.273-1.635    

GA 21(21.9%)               6(21.4%)                    P = 0.910 (X2 = 0.013)                       1.058                    0.399-2.806 

GG 3(3.1%)                   3(10.7%)                P = 0.100 (X2 = 2.712)                   3.720                     0.707-19.567 

A 

 

93(96.9%)              

 

25(89.3%)                

  

P = 0.100 (X2 = 2.712)                   0.269                        0.051-1.414 

G 25(26.0%)             

 

11(39.3%)                    

 

P = 0.174 (X2 = 1.845)                    

            

1.838                          0.759-4.4.452 

 

Acute lower 

respiratory 

infection 

AA 88(73.3%)        59(74.7%)                              P = 0.121 (X2 = 0.413)                     0.812                             0.429-1.535 

GA 26(21.7%)               16(20.3%)                   P = 0.197 (X2 = 0.461)          1.267                               0.640-2.507 

GG 6(5.0%)            4(5.1%)           P = 0.184 (X2 = 0.984)                   1.013                               0.277-3.712 

A 114(95.0%)       75(94.9%)          

  

P = 0.134 (X2 = 0.984)               0.987                            0.269-3.615 

G 34(28.3%)          

  

22(27.8%)        

  

P = 0.941 (X2 = 0.006)                   0.976                          0.519-1.837 

 
 

 

 

4.4.10 Association of TNF-α -308G/A polymorphism with stunted and 
malnourished 
 

Table 4.10 illustrates the association between TNF-α -308G/A polymorphism with stunted 

and malnourished. Both the AA and GG homozygous genotypes at position -308G/A were 

more among children with stunted even though the result were insignificant (P = 0.443, 

X2 = 0.589, OR = 1.334, 95% CT = 0.638-2.790) and (P = 0.326, X2 = 0.963, OR = 1.905, 

95% CT = 0.516-7.033). On the other hand, GA heterozygous genotype was more 

common in healthy children with no stunted and the results was insignificant (P = 0.179, 
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X2 = 1.809, OR = 0.564, 95% CT = 0.243-1.309). Both AA and GA genotype were more 

common among healthy children and the result were insignificant (P = 0.154, X2 = 2.029, 

OR = 0.454, 95% CT = 0.150-1.377) and (P = 0.183, X2 = 1.769, OR = 2.149, 95% CT = 

0,681-6.787). On the other hand, GG homozygous genotype was more common among 

malnourished children than in control group and the result was insignificant (P = 0.142, 

X2 = 0.707, OR = 1.504, 95% CT = 0.177-12.803).  

Table 4.11: TNF‑α genotype and allele frequencies at position ‑308 in patient with 
stunted and malnourished. 

-308 genotype 
Did not have 
infection 

Had the 
infection 

Statistic OR 95% CI 

Stunted AA 
105(71.9%)           42(79.2%)                      

P = 0.443 (X2 = 0.589)                  1.334          0.638-2.790 

 

GA 35(24.0%)            7(13.2%)                     P = 0.179 (X2 = 1.809)                0.564                          0.243-1.309 

GG 
6(4.1%)                

  
4(7.5%)           

P = 0.326 (X2 = 0.963)          1.905                           0.516-7.033 

A 

 

140(95.9%)                          

 

49(92.5%)                     

  

P = 0.326 (X2 = 0.963)                  0.525                       0.142-1.939 

 

G 

 

44(30.1%)                      

 

2(22.6%)       

  

P = 0.299 (X2 = 1.080)                 0.678                        0.326-1.414 

 

Malnourishe
d 

AA 140(75.7%)            7(50.0%)                  P = 0.154 (X2 = 2.029)                   0.454           0.150-1.377 

GA 36(19.5%)             6(42.9%)        P = 0.183 (X2 = 1.769)           2.149          0.681-6.787 

GG 9(4.9%)                 1(7.1%)           P = 0.707 (X2 = 0.142)           1.504           0.177-12.803 

A 176(95.1%)                     

 

 

13(92.9%)        

  

 

P = 0. 707(X2 = 0.142)            0.665             0.078-5.658 

G 

 

49(26.5%)                      

 

 7(50.0%) 

         

P = 0.059 (X2 = 3.558)             2.776              0.926-8.316 
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4.5 Discussion and conclusion 

In this study, we investigated the association of diarrhea, fever, vomiting, stunting, 

dehydration, acute lower respiratory infection and malnutrition with two common 

polymorphisms in the promoter region of the TNF-α gene in children under the aged of 

five according to PCR-RFLP analysis. Host genetics and environmental factors play an 

important role in disease occurrence. The relationship between TNF-α and different 

diseases has been described in several studies making it a good candidate gene for 

genetic susceptibility studies (Cheng et al., 2013). Tumor necrosis factor-α is produced 

during inflammatory processes. It is a pro-inflammatory cytokine involved in numerous 

infectious and inflammatory processes (Song et al., 2013). 

 

4.5.1 Effects of TNF-α -1031T/C polymorphism in the study population 

Recent studies by the MalEd consortium and many other research organizations have 

shown that there is a strong relationship between child growth (stunting and malnutrition), 

gut inflammation and infections (Platts-Mills et al., 2015). It is now recognized that host 

genetic play an important role in different conditions in man such as cancers, infections, 

alopecia aerate and vitiligo just to cite a few (Abd El-Raheem et al., 2020; Behboodi et 

al., 2021). However, no studies have investigated the role of host genetics on diarrhea as 

well as child growth indicators such as stunting and malnutrition.  

Our results show that the homozygous CC genotype for the SNP -1031T/C was 

significantly associated with diarrhea in our study population. However, the heterozygous 
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TC genotype was also significantly higher among children who had no diarrhea at all, 

indicating that this genotype is protective against diarrhea among the children. 

Considering that diarrhea is an inflammatory disease, this finding corroborated previous 

findings in a study carried out by Bonyadi et al. (2014) in which they observed that 

heterozygous TC genotype for the SNP ‑1031 T/C was significantly lower in ulcerative 

colitis patients than in healthy controls, and reached statistical significance (P=0.03). 

Irritable bowel disease and Crohn disease are conditions that might have some 

similarities with diarrhea and TNF alpha genetic polymorphisms have been found 

associated with these diseases as well (van der Veek et al., 2005; Han et al., 2010).  

In a study by Ahmad et al. (2003) a lower frequency of the -1031T allele in patients with 

Crohn’s and Behcet’s diseases compared to controls was described; while Saliminejad 

et al. (2013) reported that the -1301C allele might have a protective role in the 

development of endometriosis. Although in our study, we found that individuals with the 

CC genotypes were at increased risk of diarrhea while those who had TC were protected 

against diarrhea, a previous study found that individuals with either CC or TC genotypes 

were all at risk of Crohn's disease (Han et al., 2010). Although this was in an Asian 

population, it is an indication of the possible similarities between the modulation of 

Crohn’s disease and diarrhea.   
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4.5.2 Effects of TNF-α -308G/A polymorphism in the study population  

 

The homozygous AA genotype for the SNP -308G/A was significantly higher among 

children who had no diarrhea (P=0.012), indicating that the 308 AA genotype is a 

protective of children with no diarrhea in the study population, while GA heterozygous 

genotype was significantly higher among children who had diarrhea (P=0.040), 

suggesting that the 308 GA genotype is a risk factors among children with diarrhea. This 

finding corroborated with previous finding in a study carried out by Al-Meghaiseeb et al. 

(2016) where they indicated that GA genotype of TNF-α (–308G/A) polymorphism is 

associated with susceptibility risk to Inflammatory bowel disease. The homozygous AA 

genotype was significantly higher among children who had no vomiting (P=0.010), 

denoting that the 308 AA genotype is a protective of children with no vomiting. No 

association was found between TNF-𝛼–308G/A and acute lower respiratory infection. 

This finding disagreed with previous findings in a study carried out by Cantor et al., (2005), 

where no association between TNF- 𝛼 308 polymorphism and inflammatory bowel 

disease was discerned. A study done by Fan et al. (2011) reported that AA genotype 

increases the risk of ulcerative colitis and Crohn’s disease significantly in European 

patients.  

 

 

.  
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In the present study, heterozygous GA genotype was significantly higher in children who 

had vomiting (P=0.019), revealing that this genotype is a risk factor in children with 

vomiting. A study done by Fan et al. (2011) reported that GA genotype increases the risk 

of ulcerative colitis in Asians. Thus, all these findings show that TNF-𝛼–308G/A genotype 

is also a risk factor for various diseases including diarrhea. Although statistically not 

significant, heterozygous -308G/A genotype was often observed in children who were not 

stunted and not malnourished.  

 

Our results also showed that homozygous GG genotype of TNF-α (-308G/A) was 

significantly higher among children with diarrhea as compared to healthy control children 

but the result was statistically insignificant (P= 0.234). These findings are in disagreement 

with previous study done by Li et al. (2015) who reported that TNF-α–308 GG genotype 

was significantly associated with increased risk for RA. The results of an Egyptian study 

also demonstrated a positive association between GG homozygous genotype of TNF-

308 SNP and RA susceptibility (Mosaad et al., 2011). 

  

Conclusion: The present study showed for the first time that the -1031(T/C) 

polymorphism of TNF-α promotor gene is associated with diarrhea and acute lower 

respiratory infection among the children, while -308(G/A) was associated with diarrhea 

and vomiting.  
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CHAPTER 5 

Association of genetic polymorphism at TNF-α 

positions -1031 and parasitic infections among 

children in Northern South Africa 

 
______________________________________ 

Davhana N.C, Samie A, Bessong P.O, Dr. ElBakri, A.M.K. Association of genetic 

polymorphism at TNF-α  at positions -1031  and parasitic infections among children in 

Northern South Africa, Heliyon [Appendix I] 

Abstract 

 
Background: Intestinal parasitic diseases are common in developing countries including 

South Africa and have been documented to be the most common in children under the 

age of five. The present study aimed to identify any potential association that may exist 

between TNF-α promoter gene polymorphism and parasitic infections. 

Methods: A total of 199 blood samples were evaluated from children who were part of 

the MAL-ED study cohort. The DNA was used to investigate two polymorphisms in the 

promoter region of the TNF-α gene at positions ‑1031T/C. The Polymorphisms was 
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detected by polymerase chain reaction–restriction fragment length polymorphism (PCR–

RFLP) assay. 

Results: The TC genotype at potion -1031 was significantly higher in healthy controls 

children than in children who were infected with Entamoeba species (59.9% vs 29.4%, 

P=0.015) and Entamoeba coli (59.1% vs 30.8%, P = 0.046), indicating that TC genotype 

may be protective against Entamoeba infections and Entamoeba coli infections. The CC 

genotype at position -1031 was more common among children with parasite and diarrhea 

and the results was statistically significant (P = 0.04).  

Conclusions: This study has revealed that the CC genotype is a risk factor for 

symptomatic parasitic infections while the TC genotype might be protective of Entamoeba 

infections among children in Dzimauli community. 

 

5.1 Introduction 

 
Gastrointestinal parasitic diseases are among the most prevalent infections worldwide, 

especially in children younger than five years (Ul-Wadood et al., 2005). It is estimated 

that intestinal parasites affect around 3.5 billion people, particularly in areas of poor 

sanitation, inadequate water supply and poor hygiene practices (Pullan et al., 2014). 

Entamoeba species, Cryptosporidium parvum, Giardia lamblia, Cyclospora and 

Balantidium coli are among few of the orofecally and/or zoonotically transmitted intestinal 

parasites that have been documented to be the most common in children under the age 

of five (Ahmed et al., 2018). Most of these protozoan parasitic infections are generally 
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asymptomatic with only a few manifesting into acute and/or chronic infections. However, 

despite significant efforts, the precise factors determining the outcome of these infections 

still remain unknown. Nevertheless, diarrhea is one of the main manifestations of these 

illnesses (Fischer Walker et al., 2012). 

 

A multifunctional proinflammatory cytokine, TNF- α plays a crucial role in the induction 

and adaptation of the immune system. It activates inflammatory white blood cells, recruits 

neutrophils and promotes macrophages to produce other cytokines, such as interleukin 

(IL)-1 and IL-6 leading to tissue inflammation (Lee et al., 2002; Derouich-Guergour et al., 

2001). It can also increase cell permeability, resulting in impairment of barrier function 

and edema formation (Durmaz et al., 1998). Furthermore, TNF-α is an important 

inflammatory cytokine involved in the development of resistance to dissimilar microbes 

including protozoa (Burns et al., 1996; Lean et al., 2006). Significant genetic variation and 

polymorphism has been reported in TNF-α, mainly in the promoter region responsible for 

the transcriptional regulation of the TNF-α gene. Elevated levels of the cytokine have 

been observed in certain gastrointestinal tract illnesses such as in the case of 

inflammatory colitis and inflammatory bowel disease (IBD) (Ekhlas et al., 2013). 

Furthermore, administration of anti-TNF agents has been proven to be effective treatment 

options for some individuals (Enriquez and Michael, 1998). To our knowledge, not many 

studies have examined the association between genetic polymorphisms at the TNF-α 

promoter regions and parasitic infections. Thus, in this study, we aimed to investigate 

whether one of the common polymorphisms in the promoter region of TNF-α (1031T/C) 
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is associated with gastrointestinal tract parasitic infections among children under the aged 

of five in Northern South Africa. 

 

5.2 Purpose of the study 

5.2.1 Research question 

Is there any association between TNF-α promoter gene polymorphism and the 

occurrence of parasites among children? 

5.2.2 Aim 

In this study, we aimed to investigate whether one of the common polymorphisms in the 

promoter region of TNF-α (1031T/C) is associated with gastrointestinal tract parasitic 

infections among children under the age of five in Northern South Africa. 

5.2.3 Specific objectives 

 

To identify any potential association that may exist between TNF-α promoter gene 

polymorphism and parasitic infections. 

5.3 Materials and methods 

 

5.3.1 Study population and sample collection 
 

Characteristics of the study population and sample collection procedures are described 

in chapter 4, section 4.3.2 and 4.3.3. 
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5.3.2 Genomic DNA purification 
 

The procedures for DNA extraction are as described in chapter 4, section 4.3.4. 

 

5.3.3 Tumor necrosis factor alpha genotyping 
   

The procedures for tumor necrosis factor alpha genotyping are described in chapter 4, 

section 4.3.5. 

 

5.4 Results 

5.4.1 The overall prevalence of protozoan parasites in the study 
population 
 

Out the 199 blood samples collected, 182 (91.5%) never had any Entamoeba species 

while 17 (8.5%) had Entamoeba species. From the study population, about 98 (49.2%) 

participants were found to had been infected with Giardia lamblia followed by 

Cryptosporidium with 56 (28.1%), Entamoeba coli with 13 (6.5%), Balantidium with 12 

(6.0%).  Of all children, only 1 (0.5%) was found to had infected with Cyclospora (Figure 

5.1). 
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Figure 5.1:  Occurrence of some parasitic organisms in the study population 

 

5.4.2 Prevalence of parasite and infection in the study population 
  

Of the total number of participants, 27.6% had been infected with parasite and exhibited 

acute lower respiratory tract infection while 72.4% participant had no parasite infection 

nor had shown acute lower respiratory infection. On the other hand, 54.3% of the children 

never had been infected with parasite and nor had diarrhea whereas 45.7% had had 

infections with a parasite with diarrhea. Of the 199 children, only 80 (40.2%) were found 

to had been infected with parasite and exhibited illness except 59.8% had never been 

infected with parasite and illness (Table 5.1). 
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Table 5.1: Prevalence of overall parasite and infection in the study. 

 

 

5.4.3 Association of TNF-α -1031T/C polymorphism with Entamoeba 
species, Entamoeba coli, Cryptosporidium parvum, Giardia lamblia, 
Balantidium coli and Cyclospora. 
 

Table 5.2 illustrates the association between TNF-α -1031T/C polymorphism, Entamoeba 

species, Entamoeba coli, Cryptosporidium parvum, Giardia lamblia, Balantidium coli and 

Cyclospora. The CC and TT genotypes at position -1031T/C were more common among 

children with Entamoeba species than in the control group even though the results were 

insignificant (P = 0.106, X2 = 2.606, OR = 2.640, 95% CI = 0.781-8.916) and (P = 0.139, 

X2 = 2.192, OR = 2.107, 95% CI = 0.772-5.751); respectively. On the other hand, TC 

genotype was more common and statistically significant in children who had no 

Entamoeba species (P = 0.015, X2 = 5.902, OR = 0.279, 95% CI = 0.094- 1.825). Similarly, 

both the CC and TT genotypes were more common among children with Entamoeba coli 

Characteristics Frequency Percentage (%) 

 Parasites in the 
presence of acute 
lower respiratory tract 
( ALRI) 

Never had parasites and 
ALRI 

 144     72.4 

Had  parasites and ALRI  55                    27.6 

Parasites in the 
presence of diarrhea  

 

Never had parasites and 
diarrhea 

  108    54.3 

 Had  parasites and 
diarrhea 

   91    45.7 

Parasites in the 
presence of any other 
illness   

Never had parasites and 
illness 

  119    59.8 

Had  parasites and illness   80    40.2 
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than the control group with the results being statistically insignificant (P = 0.179, X2 = 

1.805, OR = 2.490, 95% CI = 0.632-9.810) and (P = 0.227, X = 1.459, OR = 1.990, 95% 

CI = 0.772-5.751). However, the TC genotype was frequent and statistically significant in 

children who had no Entamoeba coli (P = 0.046, X2 = 3.997, OR = 0.307, 95% CI = 0.091-

1.033). On the other hand, the CC genotype noted to have been more frequent and 

statistically significant among children with Cyclospora (P = 0. 006, X2 = 7.691, OR = 1.045, 

95% CI = 0.958-1.141 (Table 5.2). 

Table 5.2: TNF‑α genotype at position ‑1031T/C in patients with Entamoeba species, 
Entamoeba coli, Cryptosporidium parvum, Giardia lamblia, Balantidium and 
Cyclospora 

 

Did not 
have the 
infection  

Had the 
infection 

Significance OR 95% CI 

Entamoeba spp. 
 

CC 19 (10.4%)         4 (23.5%)            P = 0.106 (X2 = 2.606)              2.640         0.781-8.916           

TC 109 (59.9%)          5 (29.4%)            P = 0.015 (X2 = 5.902)               0.279         0.094-1.825 

TT 54 (29.7%)          8 (47.1%)           P = 0.139 (X2 = 2.192)  2.107 0.772-5.751 

Entamoeba coli  CC 20 (10.8%)          3 (23.1%)              P = 0.179 (X2 = 1.805)           2.490         0.632-9.810 

TC 110 (59.1%)        4 (30.8%)            P = 0.046 (X2 = 3.997)             0.307          0.091-1.033 

TT 56 (30.1%)         6 (46.2%)           P = 0.227 (X2 = 1.459) 1.990         0.640-6.188 

Giardia lamblia CC 10 (9.9%)          13 (13.3%)          P = 0. 458 (X2 = 0.551)            1.392        0.580-3.341 

TC 57 (56.4%)       57 (58.2%)             P = 0.061 (X2 = 805)            1.073         0.612-1.882 

TT 
34 (33.7%)        

28 

(28.6%)           

P = 0.438 (X2 = 601) 0.788 0.432-1.439 

Balantidium coli CC 20 (10.7%) 3 25.0%) P = 0.133 (X2 = 2.257) 2.783 0.696-11.136 

TC 108 (57.8%) 6 (25.0%) P = 0.277 (X2 = 0.599) 0.731 0.227-2.353 

TT 59 (31.6%) 3 (25.0%) P = 0.226 (X2 = 0.635) 0.723 0.189-2.769 

Cyclospora CC 22 (11.1%) 1 (100.0%) P = 0.006 (X2 = 7.691) 1.045 0.958-1.141 

TC 114 (57.6%) 0 (0.0%) P = 0.246 ( X2 = 1.348) 0.988 0.966-1.011 

TT 62 (31.3%) 0 (0.0%) P = 0.455 (X2 = 0.500)   0.993 0.979-1.007 

Cryptosporidium 

parvum 

CC 16 (11.2%) 7 (12.5%) P = 0.068 (X2 = 0.795) 1.134 0.440-2.924 

TC 78 (54.5%) 36 (64.3%) P = 0.212 (X2 = 1.560) 1.500 0.792-2.839 

TT 49 (34.3%) 13 (23.2%) P = 0.130 (X2 = 2.291 0.580 0.285-1.180 
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The results were found significant if the P value was less than 0.05 and are indicated in 
bold. 

5.4.4 Association of TNF-α -1031T/C polymorphism with Parasite and 
diarrhea, Parasite and acute lower respiratory infection, and Parasite 
and illness 
 

Table 5.3 illustrates the association between TNF-α -1031T/C polymorphism and the 

overall parasite and diarrhea, acute lower respiratory infection and illness. The CC 

genotype at position -1031T/C was statistically significant among children with overall 

parasite and diarrhea (P = 0.04, X2 = 8.324, OR = 3.905, 95% CI = 1.469-10.381), with 

overall parasite and acute lower respiratory infection (P = 0.005, X2 = 7.828, OR = 3.374, 

95% CI = 1.389-8.196), and those with  overall parasite and illness (P = 0.032, X2 = 4.621, 

OR = 2.593, 95% CI = 1.063-6.321). On the other hand, TT genotype was significantly 

abundant in healthy individuals (37.0%) than children who had parasite and illness 

(22.5%) (P = 0.031, X2 = 4.673, OR = 0.495, 95% CI = 0.260-0.942) (Table 5.3). 
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Table 5.3: TNF‑α genotype at position ‑1031T/C in patients with Parasite and 
diarrhea, Parasite and acute lower respiratory infection, and Parasite and illness. 

 

The Note: Illness here represents any type identified in the child at the time of sample collection 
including any of the following: Diarrhea, Acute lower respiratory syndrome, Vomiting and Fever. 

 The results were found significant if the P value was less than 0.05 and are indicated in bold. 

 

5.5 Discussion and conclusion 

The enteric protozoan parasites like Entamoeba histolytica, Cryptosporidium parvum and 

Giardia lamblia are regarded as a serious public health problem and important causes of 

diarrheal disease (Xiao, 2010; Yaoyu and Xiao, 2011). Millions of people are annually 

infected with E. histolytica and G. lamblia, making the diseases a major cause of morbidity 

 

Did not 

have the 

condition 

Those that 

had the 

condition 

Significance OR 95% CI 

Parasite and 
diarrhea 

CC 6(5.6%) 17(18.7%) P = 0.04(X2 = 8.324) 3.905 1.469-10.381 

TC 63(58.3%) 51(56.0%) P = 0.106(X2 = 0.745) 0.911 0.518-1.600 

TT 39(36.1%) 23(25.3%) P = 0.100(X2 = 2.704) 0.598 0.324-1.106 

Parasite and 
acute lower 
respiratory 
infection 

CC 11(7.6%) 12(21.8%) P = 0.005(X2 = 7.828) 3.374 1.389-8.196 

TC 85(59.0%) 29(52.7%) P = 0.422(X2 = 0.646) 0.774 0.414-1.446 

TT 48(33.3%) 14(25.5%) P = 0.283 (X2 = 1.152) 0.683 0.340-1.373 

Parasite and 
illness 

CC 9(7.6%) 14(17.5%) P = 0.032(X2 = 4.621) 2.593 1.063-6.321 

TC 66(55.5%) 48(60.0%) P = 0.403(X2 = 0.526) 1.205 0.678-2.141 

TT 44(37.0%) 18(22.5%) P = 0.031(X2 = 4.673) 0.495 0.260-0.942 
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worldwide (Teles et al., 2011). Cytokines play important roles in the activation and 

regulation of human immune responses and their production are variable due to single 

nucleotide polymorphisms (Ollier et al., 2004). No evidence on the association between 

TNF-α and parasitic infections in Limpopo Province of South Africa, particularly in the 

rural areas. Furthermore, the role of host genetic factors that might contribute to the 

burden of diseases has never been studied especially in districts within the Limpopo 

Province. Therefore, there is a need to identify any potential association that may exist 

between TNF-α promoter gene polymorphisms and parasitic infections.  

 

Of the study participants (ages 0-5 years) with and without diarrhea recruited in this 

analysis, 28.1% were positive for Cryptosporidium species. This result is higher than 

those reported from Ethiopia and Tanzania with 9.4% and 10.4% positive rates, 

respectively (Kabayiza et al., 2014 and Nasser et al., 2016). The current study revealed 

the prevalence of 49.2% with Giardia lamblia among children less than 5 years. This is 

unlike a report by Naz et al., (2018), in which they observed a much less prevalence 

(11.1%) among children of the same age range as those in the current survey. On the 

other hand, a much lower prevalence of Cyclospora (0.5%) was determined in the study 

group unlike a Nepalese survey where a 7.9% was reported among diarrheal children 

(Sherchan et al., 2010). 

 

The present study also examined any possible association between TNF-α promoter 

gene polymorphism at position -1031T/C with parasitic infections. Our study found an 

association between differences in the TNF-α promoter gene polymorphism at position -
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1031T/C and susceptibility to the development of parasitic diseases leading us to 

postulate that these polymorphic differences might play an important role in the 

pathophysiology of these parasitic diseases. Previous studies have shown conflicting 

results regarding the role of TNF-α and amoebae. In the present study, the TC genotype 

was significantly associated with reduced prevalence of Entamoeba species (p = 0.015). 

Indicating that the TC genotype may be protective against Entamoeba infections. Some 

in vitro studies have revealed that TNF-α leads to increased nitric oxide (NO) production 

and killing of amoeba (Seguin et al., 1997). These findings would suggest that TNF-α may 

be beneficial in amoebic colitis. In this study, heterozygous TC genotype of the SNP -

1031 T/C was significantly higher in healthy control than children with Entamoeba species 

and Entamoeba coli.  This indicates that -1031TC genotype may offer a protective effect 

against Entamoeba species and Entamoeba coli. The TNF-α has been shown to worsen 

tissue damage in mouse models of amoebic colitis (Zhang et al., 2003; Zhang et al., 

2004). The TNF-α also attracts E. histolytica trophozoites through chemotaxis (Blazquez 

et al., 2006), which may aid the parasite in the process of tissue invasion and colitis. 

Although not statistically significant, the present study showed that the CC genotype of 

the SNP -1031T/C was greater in children with Giardia lamblia as compared to healthy 

control. Zhou et al. (2007) showed that TNF-α plays an important role in the early control 

of giardiasis. Our results also showed that homozygous CC genotype of the SNP -

1031T/C was significantly higher among children with Cyclospora and overall parasitic 

infection with diarrhea and acute lower respiratory infection, indicating that CC genotype 

may be a factor for Cyclospora. These findings are in agreement with a previous study 

by Akman et al. (2006) who showed that TNF-α -1031CC genotype was also associated 
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with a significantly higher serum TNF-α level in Behcet's disease. Another study by Sohail 

et al. (2008) also revealed that TNF-α -1031CC genotype was also associated with a 

significantly higher serum level of TNF-α in malaria patients. Although no significant 

association was observed, heterozygous TC genotype of the SNP -1031 was greater 

among the children with Cryptosporidium infections as opposed to the control group. A 

previous study carried out by Nourian et al. (2017) demonstrated similar results with 

regards to the TC genotype which increased in patients with IBD in an Iranian population 

nonetheless no significant association was discerned. 

 

Conclusion: The present study shows for the first time that -1031 (T/ C) polymorphism 

of the TNF-α promotor gene is associated with pathogenic parasitic infections, particularly 

Entamoeba species and Cyclospora infections. In particular, the heterozygote genotypes 

were associated with protection against Entamoeba infections while the homozygote 

genotypes seemed to be more common among participants with more infections. 

However, this polymorphism of TNF-α promotor gene was not associated with 

Cryptosporidium species, Giardia lamblia and Balantidium coli, suggesting that 

polymorphism might not have an impact on the occurrence of these infections among 

children. 
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CHAPTER 6 

General conclusions and recommendation  

6.1 Conclusions 

Intestinal parasitic infection that causes diarrhea remains a significant cause of morbidity 

and mortality in developing countries. Diarrhea diseases are more common in humans in 

different parts of the world and are responsible for deaths worldwide each year, especially 

in children less than five years. The investigations of prevalence and distribution of 

Entamoeba species and other parasites in this study, reveal a high prevalence of 

Entamoeba species and other intestinal parasites. This study also reports the first 

evidence of E. moshkovskii infection in humans’ stool in Dzimauli community in Limpopo 

province. 
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This study also reveals for the first time that the -1031(T/C) polymorphism of TNF-α 

promotor gene is associated with diarrhea and acute lower respiratory infection, 

Cyclospora, overall parasitic infection with diarrhea, among the children in Dzimauli 

community, while -308(G/A) was associated with vomiting and overall illness.  

 

 

 

6.2 Recommendations and future studies 

The findings from this study suggested that it would be noteworthy to consider further 

studies on diagnosis of intestinal parasites in order to understand their impact on the 

health of children who live in Dzimauli community. Suggesting the need to pursue more 

studies with a larger number of samples to understand the risk factors associated with 

the transmission of E. moshkovskii in the population. The screening programs on parasitic 

infection should also be prioritized following possibility of lack of information concerning 

the infection and its devastating long-term consequences. Vaccination should also be 

prioritized so that the community can be protected against this debilitating burden of 

disease. Therefore, candidate molecules that can be used as vaccine targets should be 

urgently identified, studied and tested. More studies with sufficient sample size are 

recommended in future studies to confirm the results and study the influence of TNF-α 

gene polymorphisms on therapeutic response. Finally, strict measures should be taken 
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to ensure that there is no contamination of water and food. However, there is need for 

long-term control measures to improve living conditions and sanitary in the population. 
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