



Prevalence and genetic diversity of Entamoeba histolytica strains isolated from patients in health facilities in the Buea Health District
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ABSTRACT

	Aims: Amoebiasis remains a significant cause of diarrheal disease in regions with limited sanitation. In this study, we aimed at investigating the prevalence and genetic diversity of Entamoeba histolytica strains circulating in the Buea Health District.
Study design: A cross-sectional study.
Place and Duration of Study: This study was carried out in 8 health facilities in the Buea Health District (BHD), Cameroon, between January 2024 and June 2024.
Methodology: Overall, 265 participants (162 females and 103 males) aged 1–90 years were randomly selected from eight health facilities in the Buea health district. Stool samples were collected and examined for the presence of Entamoeba histolytica (E. histolytica) cysts using the formol-ether concentration technique and wet mount microscopy. DNA was extracted and polymerase chain reaction targeting the SSU rRNA gene was done for all microscopy-positive samples for confirmation. Genetic diversity was investigated using polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP). Data analysis was performed using R software version 4.2.3 (RCore Team, 2023) and statistical significance was set at P < .05. 
Results: The prevalence of Entamoeba histolytica in the BHD was 11.7%. Of the 265 samples, 35 were positive by microscopy and 31 microscopy positive samples were confirmed positive by PCR. The prevalence was significantly higher among children aged 1–5 years (27.04%, P = .02). Female participants recorded a slightly higher prevalence of 12.35% compared to males (10.68%), although this difference was not significant (P = .08). The highest prevalence was obtained from samples collected from the Tole Integrated Health Center. The serine-rich E. histolytica protein was amplified in 28 samples, Out of these, 5 different band profiles were obtained following AluI digestion of the nested-PCR serine-rich E. histolytica protein products. 
Conclusion: These findings confirmed notable prevalence and the genetic heterogeneity of E. histolytica in the district. This diversity could influence clinical presentation and complicate control efforts, underscoring the need for strain-specific surveillance using more advanced genotyping methods.as PCR-RFLP provides limited information about genetic variation. Further work is needed using more robust molecular techniques. 
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1. INTRODUCTION 
Diarrhea is the third leading cause of death among children 1-59 months of age and each year it kills more than 400 000 children below the age of 5 years, the majority of them in sub-Saharan Africa (WHO, 2024). Entamoeba histolytica, a protozoan parasite, belongs to the most frequent pathogenic agents responsible for diarrhea in children in sub-Saharan Africa. Several species of the genus Entamoeba infect humans, including Entamoeba histolytica, Entamoeba dispar, Entamoeba Bangladeshi, Entamoeba moshkovskii, Entamoeba coli, Entamoeba hartmani, Entamoeba polecki, and Entamoeba gingivalis (‎Philips et al., 2018). However, only E. histolytica is pathogenic and can cause life threatening and invasive infections such as amoebic dysentery and liver abscess (Sateriale et al., 2011). Infection occurs through the fecal-oral route and begins when humans ingest quadri-nucleated cysts in contaminated water or food (Stanley et al., 2011). Once ingested, cysts transit through the gastrointestinal system into the bowel, and undergo excystation, during which each cyst produces eight vegetative forms or trophozoites, which are the motile forms of the parasite (Ximenez et al., 2011). Trophozoites multiply by binary fission; some of them may encyst and be excreted with stools. In asymptomatic infections, the trophozoites live as commensals, feeding on colonic microbiota and nutrients of the host and forming cysts that pass through stools to perpetuate a new life cycle by fecal–oral spreading (Vaisusuk et al., 2021).

Amoebiasis is the third most important parasitic disease; ~50 million cases of infection occur annually with ~100,000 deaths (WHO, 2010). The morbidity and mortality rates are higher in developing countries where the major cause of transmission is poor sanitation (Norhayati et al., 2003). In Africa, over half of the population has no access to safe drinking water and are constantly faced with food insecurity and shortage, contributing to infections caused by E. histolytica and other enteric parasites. ssssIn Cameroon, according to hospital morbidity records, the South West, Littoral, and West Regions are endemic for amoebiasis. Further, according to a study carried out by Ntonifor et al., (2021), the prevalence of E. Histolytica in the West Region was 54.26%. In a similar study conducted by Mbuh et al., (2010), a prevalence of 24.4% was established in the Southwest Region. 
Transmission is typically associated with sanitation related issues and depends on the prevalence of asymptomatic carriers. The Buea Municipality is characterized by questionable sources of water and poor sewerage systems which are factors that favor the transmission of E. histolytica. Due to the inadequate water supply, majority of the population relies on untreated and highly contaminated water bore holes and running streams. In addition, due to an inefficient control chain for food security, not every food vendor is subjected to the inspection by local administration which further endangers the consumers.  Despite its medical importance, there is a notable lack of information regarding the genetic diversity of E. histolytica strains in this region. The genetic diversity of Entamoeba histolytica has implications on the diagnosis, pathogenesis treatment and control of amoebiasis. Different strains may exhibit different virulence factors or drug resistance profiles, which could affect the pathogenesis, clinical presentation and effective treatment of the disease. Understanding the prevalence and genetic diversity of E. histolytica is crucial for assessing its impact on public health. By identifying high-risk areas and populations, we can better manage and prevent amoebic infections. By characterizing the different genotypes of E. histolytica found in this endemic region, the current study provides valuable data that can help design more efficient preventive and therapeutic strategies against amoebiasis.

2. material and methods 

[bookmark: _Toc172710725][bookmark: _Toc172710724]2.1 Study Design and Population

A hospital based cross-sectional study was carried out from the month of January to June 2024 by collecting stool samples from participants in 8 health facilities in the Buea Health District (BHD), aged 1–90 years .

2.2 Study Area

Buea is the administrative headquarters of the South West Region of Cameroon, with an estimated population of over 200,000 inhabitants (Nji et al., 2020). Buea has a coastal equatorial climate with temperature range between 20–28°C and experiences 2 major seasons; a rainy season that usually begins in March and ends in October, and a dry season that begins in November and ends in February with annual rainfall of about 3000-5000 mm (Egbe et al., 2015). As this district is home to some of the region's most prominent higher institutions of learning, it is predominantly populated by youths. The BHD consists of 7 health areas. Using a multistage sampling technique, one health facility was selected from each health area, except for the Muea health area were 2 facilities were selected due to its larger catchment population, yielding a total of 8 facilities: Buea Regional Hospital, Muea Sub-divisional hospital, Mile 16 Integrated Health Center (IHC), Molyko IHC, Bova IHC, Bueatown IHC, Bokwaongo IHC, and the Tole IHC.

[bookmark: _Toc172710727]


2.3 Inclusion and Exclusion criteria
Individuals aged 1–90 years who were present at the selected health facilities and gave consent were included in this study. We excluded participants on anti-parasitic drugs prior to sample collection and those who were unable to provide stool samples.

[bookmark: _Toc172710728]2.4 Sample size and sampling technique

The sample size was calculated using the Lorentz formula (Charan et al., 2013)
n = Where;
n= minimum sample size; Z = 1.96; Critical Z value ay 95% confidence interval
P = Expected proportion = 0.22 (22%) from a study in Littoral Region by Eyong et al., (2021)
d = acceptable margin of error = 0.05 (5%)
Thus, n =  = 263.68 (~264 participants)
A total of 265 participants were recruited. 

[bookmark: _Toc172710731]2.5 Study Procedure

[bookmark: _Toc172710732]2.5.1 Sample Collection

Fresh stool specimens were provided by the participants using sterile leak-proof wide-neck labeled stool containers given to them. The specimens were triple-packaged and transported to the Molecular Parasitology Laboratory, University of Buea Center for Drug Discovery (UB-CeDD) and refrigerated at -20°C until use. 

[bookmark: _Toc172710733]2.5.2 Formol-ether concentration technique and Microscopy

The formol-ether (ethyl acetate) stool concentration technique was used to enhance the detection of parasites in stool samples by concentrating them thereby increasing the sensitivity of microscopy. This technique is based on the principle of sedimentation. The denser parasites settle at the bottom while the less dense fecal debris and fats were separated using ethyl acetate. In a suitable container, 2–5 g of stool was fixed in 7 ml of 10% formalin for 30 min. The mixture was strained through a double layer of gauze into a centrifuge tube to remove large debris and 3–4 ml of ethyl acetate was added to the filtrate. The tube was capped and shaken vigorously for about 30 s to thoroughly mix the contents. The mixture was then centrifuged at 500 x g for 3 m. This step separated the mixture into four layers; a top layer of ethyl acetate, a layer of fat and debris, a layer containing dissolved fecal material, and a bottom sediment layer containing concentrated parasites. The top three layers were decanted leaving the sediment at the bottom. A small amount of saline was added to the sediment to resuspend it. A drop of the sediment was placed on a microscope slide, stained with lugol’s iodine, and examined under the microscope at objective 10X and 40X to identify Entamoeba histolytica cysts which are round/oval in shape, usually 10-20 µm in diameter, and contain 2–4 nuclei. 
 
[bookmark: _Toc172710734]2.5.3 DNA Extraction

DNA was extracted from the positive stool samples, identified by microscopy, using the Nucleospin® DNA stool kit (MACHEREY-NAGEL, Germany). The extraction protocol was carried out following the guidelines provided by the manufacturer and the DNA stored at -20°C (Appendix I). 
[bookmark: _Toc172710735]2.5.4 Conventional Polymerase Chain Reaction (PCR)
Following DNA extraction, nested PCR was performed on all microscopy-positive stool samples for confirmation. PCR primary amplification was performed using genus-specific primers, EG-1F/EG-2R, in 20 µl volumes with the final reaction mix (RM) containing 2 µl of DNA template from each isolate, 7 µl of nuclease free water, 10 µl 2X mastermix (dNTPs, Taq polymerase, buffers; New England Biolabs, Inc., OneTaq Quick-Load 2X Master Mix with Standard Buffer, Cat. No. M0486S), and 0.5 µl of each primer EG-1F/EG-2R (Table 1). The amplification was set at initial denaturation for 2 min at 94°C, followed by 30 cycles at 94°C for 1 min, annealing at 56°C for 1 min, extension at 72°C for 1 min 30 s, and final extension at 72°C for 7 min. 

Table 1. Primer sequence
	Parasite
	Amplified gene/specie
	Primer name
	Primer sequence
	Amplified size (bp)

	Entamoeba histolytica
	(SSUrRNA)
	EG-1F
EG-2R
	5´-TAAGATGCACGAGAGCGAAA-3´
5´-GTACAAAGGGCAGGGACGTA-3´
	887-898

	
	E. histolytica
	EH-1
EH-2
	5´-AAGCATTGTTTCTAGATCTGAG-3´
5´-AAGAGGTCTAACCGAAATTAG-3
	439

	Entamoeba histolytica
	Initial SREHP
	SREHP5
SREHP3
	5´-GCTAGTCCTGAAAAGCTTGAAGAAGCTG-3´
5´-GGACTTGATGCAGCATCAAGGT-3´
	549

	
	Nested SREHP
	nSREHP5
nSREHP3
	5´-TATTATTATCGTTATCTGAACTACTTCCTG-3´
5´-TGAAGATAATGAAGATGATGAAGATG-3
	450



[bookmark: _Toc172710907]The secondary amplification was carried out using E. histolytica specie specific primers, EH1/EH2, (Table 1) with the same concentration of reagents as the primary reaction except that 2 μl of the primary amplicons was used as template instead of genomic DNA. The PCR was run under the same cycling conditions as noted above; however, annealing was done at 48°C for 1 min. PCR amplification was carried out using a thermocycler (Bio-Rad Laboratories, Inc., USA) and the products were resolved on a 1.5% gel electrophoresis for 35 min, 120 V and 400 mA using a using a Bio-Rad electrophoresis system (Bio-Rad Laboratories, Inc., USA). After electrophoresis the gel was removed and visualized using a UV transilluminator (Molecular Imager® Gel Doc™ XR+ Imaging System; Bio-Rad Laboratories, Inc., USA)  for gel documentation and results were compared with a standard molecular weight marker (1 kb Plus DNA Ladder; Thermo Scientific, USA) and recorded. 
[bookmark: _Toc172710738]
2.5.5 Restriction Fragment Length Polymorphism (RFLP)

Genetic diversity among E. histolytica positive samples was assessed by analyzing polymorphism in the serine-rich gene using nested PCR followed by restriction digestion with AluI. While SREHP is effective for genotyping, more robust molecular techniques such as sequencing of species-specific genes have been shown to provide higher resolution, greater accuracy and the ability to detect subtle strain diiferences (Fotedar et al., 2007).  PCR amplification of the serine-rich E. histolytica protein (SREHP) gene was accomplished as described previously (Ayeh-Kumi et al., 2001) using specific primers (see table 1). The primary PCR amplification was carried out in a 20 µL final volume containing 2 µl of DNA template from each isolate; 7µl of nuclease free water; 10 µl 2X mastermix (dNTPs, tag polymerase, buffers); and 0.5 µl of each primer (SREHP1 and SREHP2) (Table 1). The cycling conditions were as follows: initial denaturation at 94°C for 15 min followed by 35 thermal cycles of 94°C for 1 min 30 s, annealing at 48°C for 1 min, followed by extension at 72°C for 1 min and final extension at 72°C for 5 min. This step was followed by a secondary PCR using 2 µL of a 1:50 dilution of the primary amplicons as the template DNA. All conditions remain the same except the annealing temperature which was changed (from 50 to 55 °C) for the nested PCR.

[bookmark: _Toc172710739]2.5.6 AluI digestion of the SREHP nested PCR products

The nested SREHP PCR products were further analyzed by digestion with the restriction endonuclease AluI. The digestion mix was carried out in a 30 µL final volume containing 16 µl nuclease free water; 3 µl AluI buffer; 1 µl AluI enzyme, and 10 µl template (SREHP nested PCR products). The products of the SREHP nested PCR were digested for 1 h at 37 °C according to the manufacturer’s recommended procedure. Following digestion, the reaction mixtures were treated with 6X loading buffer and the restriction fragments separated by electrophorese in 2% agarose gel at 120 V for 45 min and the resulting gel was visualized with a Gel-documentation system (Molecular Imager® Gel Doc™ XR+ Imaging System; Bio-Rad Laboratories, Inc., USA). 

[bookmark: _Toc172710740]2.6. Data management and analyses 

All data was reviewed, entered into, and managed using Microsoft Excel. Statistical analysis was performed using R software version 4.2.3 (RCore Team, 2023). To compare prevalence rates with respect to socio-demographic characteristics and potential risk factors, chi square analysis and the Fisher’s exact tests were used. Statistical significance was set at P < .05. Descriptive statistics were used to estimate the prevalence of the disease in the population. Logistic descriptive statistics was used (frequency and percentage) for non-numerical data (socio-demographic characteristics of the participants) and generated using Microsoft Excel. 

3. results and discussion

3.1 results


[bookmark: _Toc136755014][bookmark: _Toc172710743][bookmark: _Toc121812949]3.1.1 Socio-demographic characteristics of the Study Participants.
A total of 265 participants from 8 health facilities comprising of 162 females and 103 males were enrolled in this study. Most participants came from the Buea Regional Hospital. The age group distribution showed that most participants were young adults (20-34 years) (Table 2).

[bookmark: _Toc172710911]Table 2. Socio-demographic characteristics of study participants

	Variables
	Modalities
	Number (%)

	Health facilities
	BRH
	119 (44.9)

	
	MSDH
	46 (17.36)

	
	TIHC
	24 (9.05)

	
	Bt IHC
	21 (7.9)

	
	Mk IHC
	19 (7.16)

	
	M16 IHC
	14 (5.28)

	
	Bo IHC
	12 (4.52)

	
	Bov IHC
	10 (3.77)

	Age (years)
	1–5
	37 (13.96)

	
	6–10
	18 (6.79)

	
	11–19
	28 (10.56)

	
	20–34
	102 (38.49)

	
	35–54
	44 (16.60)

	
	55–90
	36 (13.59)

	Gender
	Female
	162 (64.90)

	
	Male
	103 (35.09)


[bookmark: _Toc136755015]
BRH, Buea Regional Hospital; MSDH, Muea Sub divisional hospital; M16 IHC, Mile 16 integrated health center; Mk IHC, Molyko integrated health center; Bov IHC, Bova integrated health center; Bt HC, Bueatown integrated health center; Bo IHC, Bokwaongo IHC; TIHC ; Tole integrated health center

[bookmark: _Toc172710744]3.1.2 Prevalence of E. histolytica by Microscopy
Microscopic examination revealed 35 positive samples with E. histolytica cysts (35/265) giving a prevalence of 13.21%.


[bookmark: _Toc172710745]3.1.3 Verification of the microscopy-based Prevalence of E. histolytica by Nested PCR
Gel electrophoresis of the PCR product confirmed the presence of E. histolytica, as evidenced by the clear bands at 439 bp on gel electrophoresis (Fig. 1). Of the 35 stool samples positive by microscopy, 31 samples were positive by PCR. The prevalence of E.histolytica was 11.7% as detected by microscopy and confirmed by PCR.
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Fig. 1. Agarose gel electrophoresis of secondary amplicons from nested PCR of the SSU rRNA gene of Entamoeba histolytica indicating amplicon sizes at ~439 bp. M = DNA ladder, lane 2 = Negative control, Lane 1, 3 and 4 = positive samples

[bookmark: _Toc172710746]3.1.4 Prevalence of E. histolytica by Age group
[bookmark: _Toc172710912]The prevalence of E. histolytica was examined across different age groups. The highest prevalence was observed in the 1–5 years group (27.04%), with the lowest prevalence in the 56–90 years (2.78%) group (Table 3).

Table 3. Age-related prevalence of E. histolytica in the study

	Age group
	Number of samples
	positives
	negatives
	Prevalence
	Chi-squared
	P value

	1–5
	37
	10
	27
	27.04%
	13.51
	P = .02

	6–10
	18
	2
	16
	11.1%
	
	

	11–19
	28
	3
	25
	10.7%
	
	

	20–35
	102
	13
	89
	12.75%
	
	

	36–55
	44
	2
	42
	4.55%
	
	

	>56
	36
	1
	35
	2.78%
	
	


[bookmark: _Toc172710747]



3.1.5 Prevalence of E. histolytica by gender
The prevalence of E. histolytica was analysed with respect to gender. Out of the 162 female samples, 20 were positive giving a prevalence of 12.35%. Among the 103 male samples, 11 were positive (10.68%). The results indicate a slightly higher prevalence in females than males. However, the difference was not significant P= .08 (Table 4).

[bookmark: _Toc172710913]Table 4. Gender-related prevalence of E. histolytica in the study

	Gender
	Number of samples
	Positive
	Negatives 
	Percentage
	chi-squared
	P value

	Males
	103
	11
	92
	10.68%
	
	

	females
	162
	20
	142
	12.35%
	0.0618
	P = .08


[bookmark: _Toc172710748]
3.1.6 Prevalence of Entamoeba histolytica by sample collection site (health facilities) 
Prevalence rates varied across health facilities in the BHD. The Tole IHC reported the highest prevalence at 29.2% (Fig. 2).

[bookmark: _Toc172710749]Fig. 2. Prevalence of E. histolytica by health facilities in this study

3.1.7 Genetic diversity of E. histolytica strains in the Buea Health District
[bookmark: _Toc172710750]3.1.7.1 PCR targeting the polymorphic SREHP gene 
Nested PCR amplification of the SREHP gene was accomplished as described previously (Ayeh-kumi et al., 2001) using specific primers (Table 1). The SREHP gene was successfully amplified in 28 of the 31 samples positive using PCR (Fig. 3).
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Fig. 3. Agarose gel electrophoresis showing amplification of the polymorphic SREHP gene. M = molecular weight marker (1 kb Plus DNA Ladder; Thermo Scientific, USA). Lanes 1, 2, 3, 7, 8, and 9 represent positive samples (~450 bp). SREHP = serine-rich Entamoeba histolytica protein. 

[bookmark: _Toc172710751]3.1.7.2 RFLP of SREHP products by digestion in AluI
Nested PCR of the SREHP gene and digestion with restriction endonuclease AluI gave different band patterns (Fig. 4). Most isolates had bands at approximately 300 bp region with additional band patterns of 700 bp, 550 bp, 400 bp, 200 bp, and 120 bp (Table 5). 
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[bookmark: _Toc172710914]Fig. 4. Restriction fragment length polymorphism (RFLP) analysis of SREHP nested PCR amplicons following AluI digestion, showing band patterns of approximately 120 bp, 200 bp, 300 bp, 400 bp, 550 bp, and 700 bp. M = molecular weight marker (1 kb Plus DNA Ladder; Thermo Scientific, USA). Lanes 1–13 represent test isolates. 

Table 5. Variation in restriction fragment patterns of Entamoeba histolytica isolates after AluI digestion. 

	DNA pattern number
	Band pattern following AluI digestion
	Frequency 

	1
	300 bp
	14

	2
	200 bp, 120 bp	
	5

	3
	400 bp
	4

	4
	550 bp, 700 bp
	3

	5
	120 bp, 400 bp, 700 bp
	2




[bookmark: _Toc370139882][bookmark: _Toc370139961][bookmark: _Toc135865073][bookmark: _Toc135865205][bookmark: _Toc135865337][bookmark: _Toc136284759][bookmark: _Toc172710754]3.2. DISCUSSION 

Amoebiasis is a significant but often overlooked health issue in tropical and subtropical areas. In this study, we investigated the prevalence and genetic diversity of E. histolytica strains isolated from participants in 8 health facilities in the BHD, Cameroon. Microscopy was used to examine all samples for the presence of E. histolytica cysts. Overall, 265 stool samples were analyzed and 35 samples tested positive by microscopy. In order to further specify the nature of the parasites, positive samples were analyzed by nested PCR following DNA extraction. Microscopy is not reliable and cannot be used to differentiate between species of Entamoeba. For example, cysts of E. histolytica and Entamoeba dispar are morphologically identical under the microscope (El-Dib, 2017). Therefore, polymerase chain reaction was used to confirm the results of microscopy. All stool samples that tested positive by microscopy were subjected to PCR analysis. Of the 35 microscopy-positive samples, 31 were confirmed positive by PCR. This discrepancy is likely due to the presence of morphologically identical cysts of non-pathogenic Entamoeba species (e.g. E. dispar)under the microscope. Based on the confirmation by PCR of the microscopy-positive samples, an overall prevalence of 11.7% was recorded in this study which is similar to the 12% prevalence reported by Samie et al., 2020 in South Africa where a multiplex PCR assay was used. However, the prevalence rate in this study is lower than the 25.4% reported among school aged children of Bui division and Belo sub-division, North West Region of Cameroon (Cho et al., 2021) and 18.4% in Muyuka South West Region of Cameroon (Njunda et al., 2015). Contrarily, the prevalence rate in this study is higher than the 7.52% prevalence reported in the West Region of Cameroon by Nkenfou et al. (2013). The observed differences across geographical locations might be attributed to factors, such as variation in socio demographic characteristics of the study population, availability of public health infrastructures, food handling practices and methodological differences.

We observed a higher prevalence of 27.04% in the 1–5 years age group. This finding is consistent with that of Amaechi et al. (2014), who reported a prevalence of 27.1% among young children. The higher prevalence in this age group may be attributed to factors such as immature immune systems, poor hygienic practices, and increased environmental exposure, as children in this age range are more likely to play with soil and place contaminated objects in their mouths. 
Considering gender based prevalence, 12.35% of females were infected. This prevalence is slightly higher than the 10.68% infection rate observed in males. However, the association between gender and prevalence of amoebiasis was not significant. A good number of studies have reported similar findings; Mbuh et al. (2009) reported a 29.7% prevalence in females and 26.4% in males, Ntonifor et al., 2022 reported 7% in females and 4% in males. Contrarily, a study carried out in Iraq by Hassan et al. (2023) demonstrated a higher prevalence among males 67.43% than among females 32.56%. This is in accordance with a study on sexual dimorphism and gender in infectious diseases by Gay L et al. (2021) which describes how females generally having a stronger immune response due to biological factors, making them less susceptible to many infections.

In this study, prevalence rates varied across sample collection sites (health facilities) with the Tole IHC having the highest prevalence (29.2%). Although not significant, this variation across health facilities can be attributed to factors, such as the availability of public health infrastructures, differences in sanitation and health practices, socioeconomic factors, and health seeking behavior of the population. 
Using the polymorphic SREHP gene, we sought to determine the strains of Entamoeba histolytica present in the study area. PCR-RFLP analysis of the SREHP gene using AluI enzyme revealed significant genetic diversity among E. histolytica strains. The digestion pattern varied between samples with most samples producing fragments of approximately 300bp, with additional band patterns at 120 bp, 200 bp, 500 bp, and 700 bp. This diversity suggests the presence of multiple E. histolytica strains within the study population. These findings are similar to those reported in a study carried out in the Philippines where the presence of 5 distinct DNA band patterns were identified 120 bp, 200 bp, 300 bp, 500 bp, and 700 bp (Windel et al., 2006). However, the profile numbers were lower than those observed in other studies. In Turkey, 12 distinct band patterns were identified among isolates (Tanyuksel et al., 2006). Ayeh-kumi et al., (2001) reported 34 patterns among 54 isolates in Virginia. A study carried out in South Africa revealed 13 different profiles among 23 E. histolytica isolates from Zimbabwe, Cameroon, and South Africa (Samie et al., 2006). This difference may be due to the small sample size used in this study, strain variation across different geographical areas, or constant SREHP gene polymorphism over time.


4. CONCLUSION
Although the RFLP analysis provides a strong hint for the genetic diversity of the parasite population analyzed in this study, the sequencing of the amplified gene fragments that was not possible in this study due to limited funding, would be necessary to finalize the characterization and classification of those genotypes. Also, because of the limited funding the DNA isolation of all samples was not possible and only those samples tested positive by microscopy were further analyzed by PCR. It is well possible that PCR analysis after DNA isolation of all samples could yield a different result because PCR is more specific and more sensitive than microscopy and may be able detect submicroscopic amount of parasite. Notwithstanding, our results provide a valuable reference study for the prevalence and genetic diversity of E. histolytica in the Buea municipality.
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ABBREVIATIONS

BokIHC: Bokwango Integrated Health Center 
BoIHC: Bova Integrated Health Center 
BHD: Buea Health District
BRH: Buea Regional Hospital 
BtIHC: Buea Town Health Center 
E. histolytica: Entamoeba histolytica
IHC: Integrated Health Center
M16IHC: Mile 16 Integrated Health Center 
MkIHC: Molyko Integrated Health Center 
MSDH: Muea Sub divisional Hospital
SREHP: Serine Rich Entamoeba histolytica Protein 
TIHC: Tole Integrated Health Center 
PCR: Polymerase Chain Reaction
RFLP: Restriction Fragment Length Polymorphism
WHO: World Health Organization


References
Ayeh-Kumi, P. F., Ali, I. M., Lockhart, L. A., Gilchrist, C. A., Petri, W. A., Jr., & Haque, R. (2001). Entamoeba histolytica: Genetic diversity of clinical isolates from Bangladesh as demonstrated by polymorphisms in the serine-rich gene. Experimental Parasitology, 99(2), 80-88. https://doi.org/10.1006/expr.2001.4652
Charan, J., & Biswas, T. (2013). How to calculate sample size for different study designs in medical research? Indian Journal of Psychological Medicine, 35(2), 121-126. https://doi.org/10.4103/0253-7176.116232
Cho, F. N., Ngala, H. N., Bongazi, R. T., Kinsam, R. S., Tata, B. T., Aji, D. L., Fru, P. N., & Jokwi, P. K. (2021). Effects of Soil-Transmitted Helminths and Intestinal Protozoan Infections on Haemoglobin Levels among School-Aged Children in Belo and Bui, North West Cameroon: A Cross-Sectional Study. Journal of Parasitology Research. https://doi.org/10.1155/2021/8873555
Egbe, T.O., Omeichu, A., Halle-Ekane, G.E., Tchente, C.N., Egbe, E.N., & Oury, J.F. (2015). Prevalence and outcome of teenage hospital births at the Buea health district, South West Region, Cameroon. Reproductive Health, 12, 118. https://doi.org/10.1186/s12978-015-0109-5
El-Dib, N. A. (2017). Entamoeba histolytica: an Overview. Current Tropical Medicine Reports, 4(1), 11-20.
Samie, A., Obi, C. L., Bessong, P. O., Houpt, E., Stroup, S., Njayou, M., Sabeta, C., Mduluza, T., & Guerrant, R. L. (2008). Entamoeba histolytica: genetic diversity of African strains based on the polymorphism of the serine-rich protein gene. Experimental Parasitology, 118(3), 354-361. https://doi.org/10.1016/j.exppara.2007.09.008
Eyong, E. E. J., Sylvie, M., Tiburce, G., & Wenceslas, Y. (2020). Prevalence rate of intestinal parasites/malaria co-infections and their associated risk factors in Melong and Denzo, Littoral Region-Cameroon. International Journal of Tropical Disease & Health, 41(22), 26-44. https://doi.org/10.9734/ijtdh/2020/v41i2230410
Fotedar, R., Stark, D., Beebe, N., Marriott, D., Ellis, J., & Harkness, J. (2007). Laboratory diagnostic techniques for Entamoeba species. Clinical microbiology reviews, 20(3), 511–532. https://doi.org/10.1128/CMR.00004-07
Gay, L., Melenotte, C., Lakbar, I., Mezouar, S., Devaux, C., Raoult, D., Bendiane, M-K., Leone, M., & Mège, J-L. (2021). Sexual dimorphism and gender in infectious diseases. Frontiers in immunology, 12, 698121. https://doi.org/10.3389/fimmu.2021.698121
Hasan, H. K., Mero, W. M. S., & Mohammed, A. B. (2023). Prevalence of amoebiasis and associated risk factors among population in Duhok city, Kurdistan Region, Iraq. Journal of Infection in Developing Countries, 17(4), 542-549. https://doi.org/10.3855/jidc.17478
Mbuh, J. V., Ntonifor, H. N., & Ojong, J. T. (2009). The incidence, intensity and host morbidity of human parasitic protozoan infections in gastrointestinal disorder outpatients in Buea Sub Division, Cameroon. The Journal of Infection in Developing Countries, 4(1), 38-43. https://doi.org/10.3855/jidc.82
Nji, C. P., Assob, J. C. N., & Akoachere, J. T. K. (2020). Predictors of urinary tract infections in children and antibiotic susceptibility pattern in the Buea Health District, South West Region, Cameroon. BioMed Research International. https://doi.org/10.1155/2020/2176569
Njunda, A. L., Fon, S. G., Assob, J. C. N., Nsagha, D. S., Kwenti, T. D. B., & Kwenti, T. E. (2015). Coinfection with malaria and intestinal parasites, and its association with anaemia in children in Cameroon. Infectious Diseases of Poverty, 4(1), 43. https://doi.org/10.1186/s40249-015-0078-5
Nkenfou, C. N., Nana, C. T., & Payne, V. K. (2013). Intestinal parasitic infections in HIV infected and non-infected patients in a low HIV prevalence region, West-Cameroon. PLoS ONE, 8(2), e57914. https://doi.org/10.1371/journal.pone.0057914
Norhayati, M., Fatmah, M. S., Yusof, S., & Edariah, A. B. (2003). Intestinal parasitic infections in man: A review. Medical Journal of Malaysia, 58(2), 296-305. https://www.e-mjm.org/2003/v58n2/Intestinal_Parasitic_Infections.pdf
Ntonifor, N. H., Tamufor, A. S. W., & Abongwa, L. E. (2022). Prevalence of intestinal parasites and associated risk factors in HIV positive and negative patients in Northwest Region, Cameroon. Scientific Reports, 12(1), 16747. https://doi.org/10.1038/s41598-022-20570-4
Philips, S. A., Manochitra, K., Padukone, S., & Parija, S. C. (2018). Detection of Entamoeba Species: A comparative analysis of nested multiplex PCR and Recombinase Polymerase Amplification. International Journal of Current Microbiology and Applied Sciences, 7(3), 1803-1808. https://doi.org/10.20546/ijcmas.2018.703.212
Rivera, W. L., Santos, S. R., & Kanbara, H. (2006). Prevalence and genetic diversity of Entamoeba histolytica in an institution for the mentally retarded in the Philippines. Parasitology Research, 98(2), 106-110. https://doi.org/10.1007/s00436-005-0024-8
Samie, A., Mahlaule, L., Mbati, P., Nozaki, T., & ElBakri, A. (2020). Prevalence and distribution of Entamoeba species in a rural community in northern South Africa. Food and Waterborne Parasitology https://doi.org/10.1016/j.fawpar.2020.e00076
Sateriale, A., & Huston, C. D. (2011). A sequential model of host cell killing and phagocytosis by Entamoeba Histolytica. Journal of Parasitology Research. https://doi.org/10.1155/2011/926706
Stanley, S. L., Jr. (2003). Amoebiasis. Lancet, 361, 1025-1034. https://doi.org/10.1016/S0140-6736(03)12830-9
Tanyuksel, M., & Petri Jr., W. A. (2003). Laboratory diagnosis of amebiasis. Clinical Microbiology Reviews, 16(4), 713-729. https://doi.org/10.1128/CMR.16.4.713-729.2003

Vaisusuk, K., & Saijuntha, W. (2021). Intestinal Protozoa: Their Role as Human Pathogens and Zoonoses. In H. Mehlhorn & T. N. Petney (Eds.), Biodiversity of Southeast Asian Parasites and Vectors causing Human Disease (pp. 35-61). Springer International Publishing. https://doi.org/10.1007/978-3-030-71161-0_3
[bookmark: _GoBack]World Health Organization. (2010). Amoebiasis.72, 97-100.
World Health Organization. (2024). Diarrhoeal disease. https://www.who.int/news-room/fact-sheets/detail/diarrhoeal-disease
Ximénez, C., Morán, P., Rojas, L., Valadez, A., Gómez, A., Ramiro, M., Cerritos, R., González, E., Hernández, E., & Oswaldo, P. (2011). Novelties on Amoebiasis: A neglected tropical disease. Journal of Global Infectious Diseases, 3(2), 166-174. https://doi.org/10.4103/0974-777X.81695.

APPENDIX
DNA Extraction Protocol
Approximately 200 mg of stool was weighed and transferred into a NucleoSpin® Bead Tube Type A (Macherey-Nagel GmbH and Co. KG, Germany). Subsequently, 850 µl of Buffer ST1 (lysis buffer) was added to the bead tube containing the stool sample. The tube was shaken horizontally for 1–2 min and incubated at 70°C in a water bath for 5 min to enhance lysis. The NucleoSpin® bead tubes were then vortexed vigorously at room temperature for 10 min to ensure thorough mixing and mechanical disruption of the stool matrix. After lysis, the tubes were centrifuged at 13,000 × g for 3 min, and 600 µl of the supernatant was transferred into a new 2 ml microcentrifuge tube. Next, 100 µl of Buffer ST2 (binding buffer) was added to the tube, mixed by vortexing for 5 s, and incubated at 2–8°C for 5 min. The mixture was then centrifuged at 13,000 × g for 3 min. A NucleoSpin® Inhibitor Removal Column (red ring) was placed in a new 2 ml collection tube, and 550 µl of the clear lysate was transferred onto the column and centrifuged at 13,000 × g for 1 min. The inhibitor removal column was then discarded. Subsequently, 200 µl of Buffer ST3 (binding buffer) was added to the lysate and vortexed for 5 s. A NucleoSpin® DNA Stool Column (green ring) was placed in a 2 ml collection tube, and 700 µl of the sample was loaded onto the column and centrifuged at 13,000 × g for 1 min. The flow-through was discarded, and the column was returned to the same collection tube. The DNA stool column was washed sequentially with 600 µl of Buffer ST3, 550 µl of Buffer ST4, and 700 µl of Buffer ST5, each followed by centrifugation at 13,000 × g for 1 min, discarding the flow-through after each step. A final centrifugation at 13,000 × g for 2 min was performed to remove residual wash buffer. The NucleoSpin® DNA Stool Column was then placed into a new 1.5 ml microcentrifuge tube, and 80 µl of Buffer SE (elution buffer) was added directly to the membrane. The tube was tightly closed and centrifuged at 13,000 × g for 1 min to elute the DNA. The eluted DNA was briefly vortexed for 2 s and stored at –20°C until PCR analysis.
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