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ABSTRACT 

 

This study aims to investigate the molecular epidemiology and risk factors of 
Entamoeba histolytica, Entamoeba dispar, and Entamoeba moshkovskii infection 
among Orang Asli school children in Perak. Stool samples were collected from 544 
school children and the DNA extracted were amplified using nested multiplex PCR. 
The univariate and multivariate regression analyses were then used to determine the 
risk factor associated with Entamoeba species infection. The overall prevalence of 
Entamoeba complex infections was 21.3% (116/544). The total of school children 
infected with E. moshkovskii was 10.7% (58/544) followed by 9.0% (49/544) of E. 
dispar and 5.0% (27/544) of E. histolytica. One sample was positive for the mixed E. 
histolytica and E. dispar infection, five samples were positive for the mixed E. 
histolytica and E. moshkovskii infection, and 12 samples were positive for the mixed 
E. dispar and E. moshkovskii infection. As a result of the univariate analysis, there 
were 19 statistically significant factors, but only one remained a significant risk factor 
for E. histolytica infection in the logistic regression model, namely not washing hands 
after using the toilet. Meanwhile, risk factors for E. moshkovskii infection were school 
children older than 10 years old, possessed high BMI, stayed with working mother, 
have uneducated mothers, absence of toilet in the house, not washing hands after 
using the toilet, and having clinical symptoms of fever. On the other hand, drinking 
water from the river, well, and rain was associated with a decreased risk of E. dispar 
infection. In conclusion, these findings showed a high prevalence of Entamoeba 
species infection among Orang Asli school children in Perak. Thus, the implication of 
this study shows that elucidation of species-specific risk factors will be the key in 
reducing protozoan parasite transmission among Orang Asli children.  
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KEKERAPAN DAN FAKTOR RISIKO JANGKITAN SPESIES ENTAMOEBA 

DALAM KALANGAN MURID-MURID ORANG ASLI DI PERAK 
 

ABSTRAK 

 

Kajian ini bertujuan untuk menyiasat epidemiologi molekul dan faktor risiko 
jangkitan Entamoeba histolytica, Entamoeba dispar, dan Entamoeba moshkovskii 
dalam kalangan murid sekolah Orang Asli di Perak. Sampel najis dikumpulkan 
daripada 544 murid sekolah dan DNA yang diekstrak telah diamplifikasi 
menggunakan nested multiplex PCR. Analisis univariat dan regrasi multivariat 
kemudiannya digunakan untuk menentukan faktor risiko yang berkaitan dengan 
jangkitan spesies Entamoeba. Keseluruhan prevalens bagi jangkitan kompleks 
Entamoeba ialah 21.3% (116/544). Jumlah murid-murid sekolah dijangkiti oleh E. 
moshkovskii ialah 10.7% (58/544), diikuti 9.0% (49/544) oleh E. dispar dan 5.0% 
(27/544) oleh E. histolytica. Satu sampel positif untuk jangkitan campuran E. 
histolytica dan E. dispar, lima sampel positif untuk jangkitan campuran E. histolytica 
dan E. moshkovskii, dan 12 sampel positif untuk jangkitan campuran E. dispar dan E. 
moshkovskii. Hasil daripada analisis univariat, terdapat 19 faktor yang signifikan 
secara statistik, namun didapati hanya satu yang kekal sebagai faktor risiko penting 
untuk jangkitan E. histolytica dalam model regresi logistik, iaitu tidak mencuci tangan 
selepas menggunakan tandas. Manakala, faktor risiko jangkitan E. moshkovskii adalah 
murid-murid sekolah berumur melebihi 10 tahun, mempunyai BMI yang tinggi, 
tinggal bersama ibu yang bekerja, mempunyai ibu yang tidak berpendidikan, 
ketiadaan tandas di rumah, tidak mencuci tangan selepas menggunakan tandas, dan 
mempunyai simptom klinikal seperti demam. Sebaliknya, meminum air dari sungai, 
perigi, dan hujan dikaitkan dengan penurunan risiko jangkitan E. dispar. 
Kesimpulannya, dapatan ini menunjukkan prevalens jangkitan spesies Entamoeba 
yang tinggi dalam kalangan murid sekolah Orang Asli di Perak. Oleh yang demikian, 
implikasi kajian ini menunjukkan bahawa penentuan faktor-faktor risiko spesies-
spesifik akan menjadi kunci dalam mengurangkan penularan parasit protozoa dalam 
kalangan kanak-kanak Orang Asli. 

 

 

 

 

 

 



vii 
 

 
 

 

 

CONTENTS 

        

                    Page 

DECLARATION OF ORIGINAL WORK         ii 

DECLERATION OF DISSERTATION                    iii 

ACKNOWLEDGEMENTS iv 

ABSTRACT              v 

ABSTRAK             vi     

CONTENTS vii     

LIST OF TABLES xi 

LIST OF FIGURES xiii 

LIST OF SYMBOLS AND ABBREVIATIONS xv 

APPENDIX LIST xvii 

CHAPTER 1 INTRODUCTION  

1.1 Background of the study 1 

1.2 Problem statement 5 

1.3 Significance of the study 7 

1.4 Objectives of the study 8 

 1.4.1 General objective 8 

 1.4.2 Specific objective 9 

1.5 Research hypothesis 10 

CHAPTER 2 LITERATURE REVIEW  

2.1 Overview of Entamoeba complex 11 



viii 
 

 
 

2.1.1 Entamoeba histolytica 11 

2.1.2 Entamoeba dispar 12 

2.1.3 Entamoeba moshkovskii 13 

 2.1.4 Classification of Entamoeba complex 14 

 2.1.5 Morphology of Entamoeba complex 15 

2.2          The life cycle of Entamoeba complex                                                  19 

2.3 Mode of transmission 21 

2.4 Clinical manifestation of amoebiasis 23 

 2.4.1 Asymptomatic carrier 23 

 2.4.2 Intestinal amoebiasis 23 

 2.4.3 Extraintestinal amoebiasis 24 

2.5 Laboratory diagnosis of amoebiasis 28 

 2.5.1 Microscopy examination 28 

 2.5.2 Culture 29 

 2.5.3 Isoenzyme analysis 30 

 2.5.4 Antigen detection test 31 

 2.5.5 Antibody detection test 32 

 2.5.6 Molecular methods 35 

 2.5.7 Loop-mediated isothermal amplification (LAMP) 37 

2.6 The global prevalence of amoebiasis 45 

 2.6.1 Prevalence of amoebiasis in developed countries 47 

2.6.2 Prevalence of amoebiasis in developing countries 48 

2.6.3 Prevalence of E. histolytica, E. dispar, and E. moshkovskii in  

  Malaysia 58 

2.7 Treatment of amoebiasis                                                                       67 



ix 
 

 
 

2.8 Prevention and control of amoebiasis                                                   70 

2.9 Indigenous people in Malaysia                                                             71 

CHAPTER 3 METHODOLOGY  

3.1 Ethical consideration 74 

3.2 Study design 75 

3.2.1 Study areas 75 

3.2.1.1 Selection of study areas 76 

3.2.2 Study population 78 

3.2.2.1 Selection of subjects 78 

3.2.2.2 Sample size 79 

3.3 Pre-testing of questionnaire 82 

3.3.1 Development of questionnaire 82 

3.3.2 Validity and reliability of the questionnaire 84 

3.4 Data and sample collections 88 

3.4.1 Administration of questionnaire 88 

3.4.2 Stool collection and processing 89 

3.5 Molecular characterization of parasite 90 

3.5.1 Genomic DNA extraction 90 

3.5.2 Quantification of extracted DNA 90 

3.5.3 DNA amplification by nested multiplex PCR assay 91 

3.5.4 PCR product analysis 92 

3.5.5 Purification of PCR products 92 

3.5.6 Sequencing of PCR products 93 

3.5.7 Phylogenetic analysis 93 

3.6 Data management and statistical analysis 94 



x 
 

 
 

3.7 Quality control 95 

CHAPTER 4 RESULTS  

4.1 General characteristics of the study population, water, sanitation,     102 
and hygiene condition in the schools  

 
4.2 Prevalence and distribution of E. histolytica, E. dispar, and              104 

E. moshkovskii infections  
 

4.3 Associated risk factors with E. histolytica, E. dispar and  113 
E. moshkovskii infections-univariate analysis  

 
4.4 Association of clinical signs and symptoms with E. histolytica,  114 

E. dispar and E. moshkovskii infections - univariate analysis  
 

4.5 Risk factors of E. histolytica, E. dispar and E. moshkovskii 115 
 infections – multivariate analysis  

 
CHAPTER 5 DISCUSSION  

5.1 Prevalence and distribution of E. histolytica, E. dispar and               143 
E. moshkovskii infections  

 
5.2 Socio-demographic risk factors associated with the prevalence  136 

of E. histolytica, E. dispar and E. moshkovskii infections  
 

5.3 Behavioural and environmental factors risk factors associated  141 
with the prevalence of E. histolytica, E. dispar and E. moshkovskii 
infections  

 
5.4 Clinical signs and symptoms risk factors associated with the  145 

prevalenceof E. histolytica, E. dispar and E. moshkovskii infections  
 
CHAPTER 6 CONCLUSIONS AND RECOMMENDATIONS  

6.1 Conclusion 147 

6.2 Recommendations 149 

6.3 Limitations of the study 151 

REFERENCES 152 

APPENDICES 181 

 
 



xi 
 

 
 

 

 

LIST OF TABLES 

 

Table No.                  Page 

2.1 Seven Entamoeba species discovered from 1875-2012 15 

2.2  Two different stages of Entamoeba and its morphological 
description 
 

17 

2.3 Several antigens’ assays use for detection of Entamoeba species 
 

33 

2.4 Antibodies detection assays for detection of Entamoeba species 
 

34 

2.5 Type of PCR tests and parameters used for diagnosis of 
amoebiasis 
 

40 

2.6 Sensitivity of each diagnosis method for amoebiasis 46 

2.7 Global prevalence of amoebiasis in developing and developed 
countries 
 

57 

2.8 Summary of prevalence of Entamoeba species in Malaysia 67 

2.9 The drug treatment for asymptomatic carrier, intestinal and 
extraintestinal amoebiasis 
 

73 

2.10 Total population and distribution of Orang Asli according to the 
ethnic group 
 

79 

3.1  Definition of variables in the questionnaire 89 

3.2 Level of agreement Cohen's Kappa 91 

3.3 Measure of agreement (Kappa) for content validity 92 

3.4 Reliability values of the instruments 93 



xii 
 

 
 

4.1 General characteristics of Orang Asli school children 106 

4.2 Water, sanitation, and hygiene conditions of Orang Asli primary 
schools in Perak, Malaysia 
 

108 

4.3 Distribution of Entamoeba species infection among the school 
children according to age and gender 
 

112 

4.4 Univariate analysis of socio-demographic factors behavioural 
and environmental factors associated with E. histolytica infection 
among school children 
 

123 

4.5 Univariate analysis of socio-demographic factors behavioural 
and environmental factors associated with E. dispar infection 
among school children 
 

128 

4.6 Univariate analysis of socio-demographic factors behavioural 
and environmental factors associated with E. moshkovskii 
infection among school children 
 

133 

4.7 Univariate analysis of clinical signs and symptoms associated 
with E. histolytica infection among school children 
 

138 

4.8 Univariate analysis of clinical signs and symptoms associated 
with E. dispar infection among school children 
 

140 

4.9 Univariate analysis of clinical signs and symptoms associated 
with E. moshkovskii infection among school children 
 

142 

4.10 Multivariate analysis of risk factors associated with E. 
histolytica, E. dispar and E. moshkovskii infections among 
school children 
 

144 



xiii 
 

 
 

 

 

LIST OF FIGURES 

 

No. Figures                         Page 

2.1 a) Morphological description of trophozoite of E. histolytica 
with ingested red blood cells 
 

18 

 b) Chromatoid bodies with blunt, rounded ends 18 

 c) Mature cysts have four nuclei with centrally located 
karyosomes and distributed peripheral chromatin 
 

18 

2.2 The life cycle of Entamoeba histolytica and the other non-
pathogenic Entamoeba species 
 

20 

2.3 a) Gross specimen of liver tissue with an abscess (white) 
caused by E. histolytica infection 
 

26 

 b) "Anchovy sauce-like" pus drained from ALA 26 

 c) Imaging results 26 

2.4 List of techniques commonly used for diagnosis of intestinal 
and extraintestinal amoebiasis 
 

27 

2.5 Global prevalence and geographical distribution of amoebiasis 48 

2.6 Categories of ethnics of Orang Asli in peninsular Malaysia 78 

3.1 Geographic map shows the location of the study areas in 
Malaysia 
 

83 

3.2 Flow chart of studied population 87 

3.3 Flow chart of the study 103 

4.1 The true prevalence of Entamoeba complex infections among 
Orang Asli school children in Perak, Malaysia 

113 



xiv 
 

 
 

4.2 Agarose gel electrophoresis of the amplification of 
Entamoeba species-specific DNA 
 

114 

4.3 Prevalence of E. histolytica, E. dispar and E. moshkovskii 
infections in each school detected using species-specific 
nested multiplex PCR assays 
 

115 

4.4 Overall prevalence of E. histolytica, E. dispar and E. 
moshkovskii infections in each school 
 

116 

4.5 Phylogenetic analysis of Entamoeba species using Neighbor 
Joining (NJ) method based on the SSU rRNA gene 
 

118 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



xv 
 

 
 

 

 

LIST OF SYMBOLS AND ABBREVIATIONS 

 

AOR Adjusted Odds Ratio 

ALA Amoebic Liver Abscess 

BLAST Basic Local Alignment Search Tools 

bp Base pair 

CDC Centers for Disease Control and 
Prevention 
 

CI Confidence Intervals 

DNA Deoxyribonucleic acid 

E Entamoeba 

ELISA Enzyme-Linked Immunosorbent Assay 

Gal/GalNAc Galactose/N-Acetyl-D-Galactosamine 

HLY6 Haemolycin gene 

IgG Immunoglobulin G 

IHA Indirect Heamagglutination 

JAKOA Jabatan Kemajuan Orang Asli 

KPM Kementerian Pendidikan Malaysia 

Mg Milligram 

MSM Men Sex with Men 

Ml Millilitre 

OR Odd Ratio 

PCR Polymerase Chain Reaction 



xvi 
 

 
 

qPCR Real-time PCR/quantitative PCR 

RM Ringgit Malaysia 

RT-PCR Reverse Transcription-Polymerase Chain 

Reaction 

rRNA Ribosomal RNA 

SPSS Statistical Package for Social Science 

spp. Species 

SSU rRNA Small Subunit Ribosomal RNA 

US$ US Dollar 

WHO World Health Organization 

µl Microliter 

oC Degree Celsius 

% Percentage 

> Larger than 

< Less than 

≥ Equals or larger than 

≤ Equals or less than 

  

 

 

 

 

 

 

 



xvii 
 

 
 

 

 

APPENDIX LIST 

 

A Human Research Ethics Approval 

B KPM-JPNP Approval 

C JAKOA Approval 

D Overview of collection data 

E Questionnaire 

F Consent and accent form 

G Procedure of sample collection 

H Photographs of Sekolah Kebangsaan Pos Bersih 

I Photographs of Sekolah Kebangsaan Pos Tenau and Pos Tenau Village 

J Photographs of Sekolah Kebangsaan Batu 14 and source of drinking 
water at Sekolah Kebangsaan Pos Raya 
 

K Photographs of Sekolah Kebangsaan Ulu Geruntum and toilet facilities 
at Sekolah Kebangsaan Batu 7 
 

L Common buffer reagents, preparation of reagents for nested multiplex 

PCR and agarose gel electrophoresis 

M List of publications and presentations 

 

 
 

 

 

 
  
 



 

 
 

 
 

CHAPTER 1  

 

 

 

 

INTRODUCTION 

 

 

 

 

1.1 Background of the study 

 

In 1997, WHO convened a meeting in Mexico City to discuss the implications of the 

separation of two species of Entamoeba (WHO 1997). The definition of amoebiasis 

was reaffirmed as "infection with Entamoeba histolytica, with or without clinical 

manifestations," but the name E. histolytica is now to be used for the pathogenic 

species, which is clearly distinguished from E. dispar. Recent research has identified 

E. moshkovskii in humans, which is morphologically indistinguishable from E. 

histolytica and E. dispar, as well as significant genetic diversity within each of these 

species and virulence heterogeneity among E. histolytica strains. The redescription of 

E. dispar, as well as the recovery of E. moshkovskii from humans, has had a 

significant impact on the understanding clinical and epidemiologic implications of the 

disease.



2 
 

 
 

 Amoebiasis caused by Entamoeba histolytica is one of the neglected tropical 

diseases that has remained a health problem in developing countries since its 

discovery 160 years ago (Carrero et al., 2020). This disease is estimated to affect 50 

million people annually and result in 100,000 deaths worldwide each year (WHO, 

1997, Atabati et al., 2020; Carrero et al., 2020). Humans can get infected by ingesting 

food and/or drinks contaminated with Entamoeba cysts. It might also be transmitted 

through oral-anal contact among homosexuals, immigrants, and travellers from 

endemic areas (Hung et al., 2008; Stark et al., 2008). Individuals infected with E. 

histolytica may show various clinical manifestations, from asymptomatic colonization 

to invasive complications such as amoebic dysentery and extraintestinal amoebiasis 

that commonly forms an amoebic liver abscess (ALA) (Ximénez et al., 2009).  

 

 The highest prevalence of amoebiasis was reported in developing countries, 

particularly in tropical and subtropical regions, where a large proportion of the 

population lacked sanitary and hygiene conditions and poor socioeconomic with a 

high severity rate among children and young adults (Stanley, 2003; Hegazi et al., 

2013; Costa et al., 2018; Cui et al., 2019). According to Adeyeba and Akinlabi (2002-

add to ref list) many studies have identified residence, age, eating raw vegetables, a 

lack of toilet facilities, and the quality of drinking water as important risk factors. A 

study conducted in Ethiopia, Entamoeba species infections are more common in rural 

areas due to poverty, illiteracy, poor hygiene, a lack of access to potable water, and 

the hot and humid tropical climate (Mengistu and Berhanu, 2004). Several studies on 

Entamoeba species conducted in Malaysia revealed a high prevalence rate (13.4-75%) 

of human infections, with low socioeconomic status and poor environmental and 

personal hygiene practises being the primary risk factors. 
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 Determining the true prevalence of the E. histolytica infection is vital in 

predicting the clinical impacts of amoebiasis and avoiding unnecessary treatments. 

Unfortunately, there is no accurate prevalence of Entamoeba spp. infections, since 

most epidemiological studies that had been conducted were based on microscopic 

methods. Therefore, those studies cannot distinguish E. histolytica from other non-

pathogenic species such as E. dispar and E. moshkovskii (Anuar et al., 2012a). 

Furthermore, almost all of the previous studies in Malaysia relied on microscopic 

stool analysis, contributing to the lack of reliable reference for the epidemiology of  

Entamoeba species. Reliable data were only obtained when researchers used 

molecular tools to distinguish Entamoeba spp. at the DNA level (Pritt and Clark, 

2008; Ximénez et al., 2009). In addition, these methods play an essential role in 

diagnosis, epidemiological surveillance, and outbreak studies (Shnawa, 2017). 

Moreover, there is a lack of information on the risk factors related to amoebiasis and 

data on the true prevalence of the E. histolytica, E. dispar, and E. moshkovskii 

infections among Orang Asli school children.  

 

 Conventionally, amoebiasis was diagnosed by finding E. histolytica in human 

samples using microscopic examination of fixed or fresh stool samples (WHO, 1997; 

Tanyuksel and Petri, 2003). Although the microscopic examination is easy to perform, 

this technique cannot differentiate between E. histolytica, E. dispar, and E. 

moshkovskii (Fotedar et al., 2007; Baxt and Singh, 2008). Therefore, a correct 

diagnosis of infection is necessary to avoid undue treatment for amoebiasis of patients 

infected with the non-pathogenic species. Compared to the sensitivities of 

microscopy, enzyme-linked immunosorbent assay (ELISA) antigen in stool, antibody 

detection, and molecular method have been proven to be the most sensitive test for 
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detecting E. histolytica in the stool (Stark et al., 2008; Saidin et al., 2019). Many 

methods such as nested and real-time PCR have been developed to accurately identify 

the Entamoeba species (Tanyuksel and Petri, 2003). 

 

 Determining the true prevalence of the E. histolytica infection is vital in 

predicting the clinical impacts of amoebiasis and avoiding unnecessary treatments. 

Unfortunately, there is no accurate prevalence of Entamoeba spp. infections, since 

most epidemiological studies that had been conducted were based on microscopic 

methods. Therefore, those studies cannot distinguish E. histolytica from other non-

pathogenic species such as E. dispar and E. moshkovskii (Anuar et al., 2012). 

Furthermore, almost all the previous studies in Malaysia relied on microscopic stool 

analysis, contributing to the lack of reliable reference for the epidemiology of 

Entamoeba species. Reliable data were only obtained when researchers used 

molecular tools to distinguish Entamoeba spp. at the DNA level (Pritt and Clark, 

2008; Ximénez et al., 2009). In addition, these methods play an essential role in 

diagnosis, epidemiological surveillance, and outbreak studies (Shnawa, 2017). 

Moreover, there is a lack of information on the risk factors related to amoebiasis and 

data on the true prevalence of the E. histolytica, E. dispar, and E. moshkovskii 

infections among school children of Orang Asli.  
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1.2 Problem statement 

 

Intestinal parasitic infections (IPIs) are a major public health concern and can be 

categorized into helminthic and protozoan diseases (Elmonir et al., 2021; Hassan et 

al., 2022). Amoebiasis is a well-known human IPI, primarily caused by E. histolytica 

(Haque et al., 1997; WHO, 1997; Kantor et al., 2018). It is prevalent among 

disadvantaged groups in developing countries, especially in communities with low 

personal and environmental hygiene practices which causes widespread mortality and 

morbidity (Khan, 2022). Globally, 34 to 50 million symptomatic amoebiasis cases are 

reported yearly, with an annual rate of 0.1 million deaths (WHO, 1997; 

Tharmaratnam et al., 2020). Although the mortality is due to pathogenic E. histolytica 

infection, however the prevalence data on this species is overestimated since they 

were first collected before the pathogenic E. histolytica where they were separated 

from the non-pathogenic E. dispar or E. moshkovskii (Tanyuksel and Petri, 2003; 

Kantor et al., 2018; Hajissa et al., 2022).  

 

 In Malaysia, waterborne and foodborne diseases, including amoebiasis, also 

continue to pose serious health problems in rural settlements, particularly among 

Orang Asli communities due to their low personal and environmental hygiene 

practices (Anuar et al., 2012b; Ngui et al., 2020). Entamoeba spp. can infect people of 

all ages; however, it affects children less than 15 years of old age, with a significantly 

increase among the aged between 5 to 9 years old, due to their poorer personal 

hygiene practices and weaker immune system (Roegner et al., 2021; Hassan et al., 

2022). Moreover, an acute and severe infection caused by pathogenic E. histolytica 

can lead to fatal diarrhoea, especially among children (Fletcher et al., 2012; Kantor et 
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al., 2018). In addition, the relationship between epidemiological factors and the 

prevalence of infections with Entamoeba spp. in Orang Asli children has not been 

thoroughly investigated and there is a lack of organized control programs targeting 

transmission factors (Anuar et al., 2012; Cui et al., 2019). Several studies on 

Entamoeba spp. in Malaysia revealed high prevalence rates (13.4-75%) of human 

infections (Ngui et al., 2011; Anuar et al., 2012 a, Anuar et al., 2012b; Adli and Abd. 

Ghani, 2020; Saidin et al., 2020). The primary risk factors reported were caused by 

low socioeconomic status, poor environmental conditions, and lack of personal 

hygiene practices. Unfortunately, most of the studies that have been conducted relied 

solely on microscopic stool examination, which is unable to differentiate the 

pathogenic E. histolytica from the non-pathogenic E. dispar and E. moshkovskii; thus, 

the true prevalence of each species is unknown (Van Den Broucke et al., 2018; 

Carrero et al., 2020; Calle-pacheco et al., 2022). The correct discrimination of E. 

histolytica, E. dispar and E. moshkovskii is extremely critical to the clinical 

management of infected individuals. Therefore, further studies using sensitive 

molecular identifications are necessary to determine the true prevalence of species-

specific Entamoeba infections.  

  

 The prevalence of Entamoeba spp. using molecular methods has not been well 

investigated in Malaysia; only six studies among Orang Asli communities have been 

published (Anuar et al., 2012a, Anuar et al., 2012b; Ngui et al., 2012; Lau et al., 2013; 

Chin et al., 2016; Ngui et al., 2020). However, instead of detecting the species among 

school children, those studies only aimed to understand the Entamoeba spp. infections 

among Orang Asli communities (Noor Azian et al., 2007; Anuar et al., 2012a; Anuar 

et al., 2012b; Ngui et al., 2012, Lau et al., 2013; Chin et al., 2016). To date, there is 
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only two school-based study that has been conducted among Jahai sub-ethnic school 

children in Perak, i.e., in the Northern area. This study highlighted a high incidence of 

E. histolytica infection (14.4%-46.6%), albeit via the insensitive microscopic 

examination (Gee Hoon Tang 2020; Abd Ghani and Jeyaprakasam, 2021). Therefore, 

this recent study was conducted to aim at understanding the epidemiology of 

Entamoeba complex infection, particularly among a population of aboriginal school 

children in South Perak, Malaysia. Moreover, this data would benefit health 

policymakers in developing effective control and intervention programs for 

amoebiasis in the community. 

 

 

1.3 Significance of the study 

 

Entamoeba complex infection, especially E. histolytica, plays a vital role as a 

pathogen that significantly affects human health, specifically aboriginal communities 

in Malaysia. Therefore, there is an urgent need to implement an integrated control 

program to reduce the significant prevalence of Entamoeba complex infections. At the 

same time, this current study is one of the primary key solutions to prevent Orang Asli 

school children from the drawback of parasitic infections as part of the strategies to 

improve their quality of life.  

  

 Furthermore, adequate knowledge of the risk factors that influence the 

prevalence of E. histolytica, E. dispar and E. moshkovskii infection is essential for 

effective control of infection in at-risk populations. Therefore, the new prevalence 

data using molecular-based methods will provide beneficial information on the 
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epidemiology of these species’ infections in Malaysian indigenous peoples, especially 

among school children from different areas and backgrounds. This present study is 

expected that the finding will assist public health authorities, school administrations, 

and the Department of Orang Asli Development Malaysia (JAKOA) in designing and 

implementing an effective control measure among the targeted populations.  

 

 The present study also represents the first to report on the molecular detection 

of amoebiasis among Semai tribe Orang Asli school children in the Southern area of 

Perak. Therefore, this novel finding will also serve as baseline data for further studies 

on the prevalence of E. histolytica, E. dispar and E. moshkovskii infections in 

Malaysia. Moreover, it will assist in revising the global overestimation of each 

Entamoeba species distribution and improve the quality of life of the aboriginal 

community.  

 

 

1.4 Objectives of the study 

 

1.4.1 General objective 

 

To determine the prevalence of E. histolytica, E. dispar and E. moshkovskii infections 

and risk factors among Orang Asli school children in selected Orang Asli primary 

schools in Perak. 
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1.4.2 Specific objective 

 

i. To determine the magnitude and distribution of the E. histolytica, E. dispar, and 

E. moshkovskii infections in the studied population using nested multiplex PCR 

assay. 

 

ii. To identify demographic, socioeconomic characteristics and other possible risk 

factors associated with E. histolytica, E. dispar, and E. moshkovskii infections 

among Orang Asli school children. 

 

iii. To associate the clinical sign and symptoms with the presence of E. histolytica, 

E. dispar, and E. moshkovskii infections among Orang Asli school children. 

 

iv. To identify the risk factors of E. histolytica, E. dispar, and E. moshkovskii 

infections among Orang Asli school children. 
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1.5 Research hypothesis 

 

H01 : The prevalence of the E. histolytica, E. dispar, and E. moshkovskii infections 

are high among Orang Asli school children in three districts in Perak, Malaysia. 

 

H02 : There are no significant associations between prevalence of the E. 

histolytica, E. dispar, and E. moshkovskii infections with demographic, 

socioeconomic characteristics, and other possible risk factors among Orang Asli 

school children. 

 

H03 : There are no significant associations between prevalence of the E. 

histolytica, E. dispar, and E. moshkovskii infections with the clinical sign and 

symptoms among Orang Asli school children. 

  

H04 : There are no significant risk factors of E. histolytica, E. dispar, and E. 

moshkovskii infections.  

 

 




