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Risk factors for Giardia lamblia, Entamoeba histolytica, and Cryptosporidium parvum co-infection amongst youthful malaria patients attending hospitals in the Buea health district, Cameroon


Abstract
Background: Co-infection of malaria with gastrointestinal parasites alter host immune responses, contribute to anemia, and affect clinical presentation and treatment outcomes. 

Aim: This study investigated the prevalence and risk factors of Giardia lamblia, Entamoeba histolytica, and Cryptosporidium parvum co-infection among malaria patients aged 0–20 years attending hospitals in the Buea Health District, Cameroon.

Method: It was a hospital-based cross-sectional study conducted at Buea Regional Hospital, Muea Sub-Divisional District Hospital, and Family Care Clinic between January 5 and June 25, 2025. A total of 121 consenting malaria-confirmed patients were enrolled in the study. A structured questionnaire was administered to collect socio-demographic, environmental, and behavioral data. Fresh stool samples were collected from all 121 participants and analyzed by direct wet mount microscopy and 48 randomly selected samples from the 121 collected stool samples were further subjected to nested PCR targeting the 18S rRNA gene (E. histolytica), triose phosphate isomerase (tpi) gene (G. lamblia), and Cryptosporidium oocyst wall protein (COWP) gene (C. parvum). Data were analyzed using Microsoft Excel 2019 and SPSS version 25.0, with associations assessed by chi-square test and multivariate logistic regression. 

Results: Microscopy detected only E. histolytica, with an overall prevalence of 27.3% (33/121). Nested PCR revealed significantly higher prevalence rates; E. histolytica 52.1% (25/48), G. lamblia 8.3% (4/48) and C. parvum was not detected. E. histolytica infection was significantly (0.028) associated with flush toilet users (35.0%), compared to participants who use pit toilets (12.2%). 

Conclusion: These findings highlight the critical need to integrate molecular diagnostic techniques into routine gastro-intestinal parasite diagnosis and underscores the need for better hygienic practices amongst flush toilet users in Buea Health District.
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Introduction
[bookmark: OLE_LINK29][bookmark: OLE_LINK30]Gastrointestinal parasitic infections and malaria are among the leading causes of morbidity and mortality in children, particularly in low- and middle-income countries where poor sanitation, limited access to clean water, and inadequate healthcare prevail [1]. Children under the age of 10 are particularly vulnerable due to their underdeveloped immune systems and frequent exposure to contaminated environments through unsafe water, poor hygiene practices, and improper waste disposal [2]. Previous studies in sub-Saharan Africa have highlighted the overlapping risk factors for malaria and parasitic infections, which include; poverty, poor sanitation, and environmental conditions conducive to disease transmission [3]. While other studies have reported the prevalence of gastrointestinal parasites in different parts of Cameroon, but there is a dearth of specific data addressing their prevalence and associated risk factors among malaria patients in the Buea Health District. 
In regions like the Buea Health District, malaria is highly endemic and remains a major public health challenge, with children under five being the most affected demographic [4]. Co-infections with gastrointestinal parasites such as Giardia lamblia, Entamoeba histolytica, and Cryptosporidium parvum further complicate health outcomes. These infections are known to cause severe malnutrition, anemia, diarrhea, and increased susceptibility to other infections [5]. Both symptomatic and asymptomatic malaria patients may harbor gastrointestinal parasites, with asymptomatic carriers serving as hidden reservoirs for continuous transmission and often go undiagnosed and untreated [6,7]. This gap in epidemiological knowledge hinders the implementation of targeted and effective public health interventions. Therefore, this study aimed to assess the prevalence of gastrointestinal parasites among malaria patients aged 0 to 20 years in the Buea Health District and to identify socio-demographic, environmental, and behavioral risk factors associated with these co-infections.
Materials and methods
[bookmark: _Toc193142797][bookmark: _Toc201292097][bookmark: _Toc201292160][bookmark: _Toc206286438][bookmark: _Toc203066473]Study Area 
The study was conducted in the Buea Health District, located in the South West Region of Cameroon. The district is endemic for malaria, and its population faces significant challenges with portable water and hygiene. The area has a tropical climate with high rainfall of 2000 mm [8] and a humidity of 70 to 80%, creating favorable conditions for the transmission of gastrointestinal parasites and malaria. The economic activity of the area includes farming of Tomatoes (Solanum lycopersicum), beans (Phaseolus vulgaris), huckleberry (Solanum scabrum) cocoyam (Xanthosoma sagittifolium), okra (Abelmoschus esculentus), cassava (Manihot esculenta), and groundnut (Arachis hypogea), Banana (Musa acuminate), Bitter leaf (Vernonia amydalina) huckleberry (Solanum scabrum), teaching, driving and more. With regards to weather conditions, Buea is characterized by two seasons [9]; dry season (4 months) and a rainy season (8 months). The annual rainfall is about 2,000 mm per annum [8]. Healthcare facilities in the district include hospitals, health centres, and clinics, which served as data collection points for this study. 
[bookmark: _Toc201292098][bookmark: _Toc201292161][bookmark: _Toc203066474][bookmark: _Toc206286439]Study Design
The study was a hospital based cross sectional study on the prevalence and risk factors of gastrointestinal parasites (Giardia lamblia, Entamoeba histolytica, and Cryptosporidium parvum) in malaria patients aged 0 to 20 years in the Buea Health District. It was conducted at three health facilities within the district, from January 2025 to June 2025. These facilities were Buea Regional Hospital, Muea Sub Divisional District Hospital, and Family Care Clinic. Participants were consenting patients diagnosed with malaria who met the age criteria. After a parent or guardian signed the consent form, patients aged 7 to 20 years also gave assent to indicate their willingness to participate in the study. A questionnaire was administered to all consenting participants (Fig. 1). Stool samples were collected and analyzed in hospital laboratory for intestinal parasites by microscopy. Amongst the collected samples, 48 were randomly selected for molecular diagnosis of Giardia lamblia, Entamoeba histolytica, and Cryptosporidium parvum by PCR technique.
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[bookmark: _Toc206456964]Figure 1: Flow chart of study design

[bookmark: _Toc203066476][bookmark: _Toc206286441]Sample size determination
Sample size was determined by using the Cochran formula based on a prevalence of 8% obtained in Moi Teaching and Referral Hospital (MTRH) in Eldoret, Kenya in 2015 [10].

Where:
n= required sample size
z = Z score for desired confidence level of 1.96 that corresponds to 95% confidence level.
p = estimated prevalence of 0.08 (8%)
d = margin of error of 0.5
Substituting the values in the formula;


n = 113
Therefore, n=113 (Calculated), but rounded to 121.
[bookmark: _Toc201292124][bookmark: _Toc201292180][bookmark: _Toc203066477][bookmark: _Toc206286442]Ethical consideration
Ethical approval was obtained from the South West Regional Delegation of Public Health and administrative authorization was obtained from the South West Regional Delegation of Public Health ref. No. P42/MINSANTE/SWR/RDPH/RCB.PT/454/565. A written consent was obtained from each patient’s parent/guardian and assent from the patients themselves before administration of questionnaire and sample collection. All data collected were treated with confidentiality and used purposely for this study only.
[bookmark: _Toc201292100][bookmark: _Toc201292163][bookmark: _Toc203066478][bookmark: _Toc201811934][bookmark: _Toc193086164][bookmark: _Toc206286443]Inclusion criteria
Patients between the ages of 0 and 20 years who presented to any of the three selected medical facilities in the Buea Health District and were clinically diagnosed with malaria by microscopy or Rapid Diagnostic Test (RDT) were eligible to participate in this study. All patients in this age group were included regardless of the presence or absence of gastrointestinal symptoms.
[bookmark: _Toc201292101][bookmark: _Toc201292164][bookmark: _Toc203066479][bookmark: _Toc201811935][bookmark: _Toc193086165][bookmark: _Toc206286444]Exclusion criteria
Participants were excluded if they were outside the age range of 0 to 20 years, did not have a confirmed malaria diagnosis, or declined to provide informed consent or assent. Patients who were unavailable or inaccessible for sample collection during the study period were also excluded.
[bookmark: _Toc193142802][bookmark: _Toc201292105][bookmark: _Toc201292168][bookmark: _Toc203066481][bookmark: _Toc206286446]Questionnaire administration
A structured questionnaire was administered to parents/guardians, or participating patients themselves to obtain socio-demographic, environmental, and behavioral information. It was designed to assess the risk factors of gastrointestinal parasites in patients aged 0 to 20 years with malaria in the Buea Health District. The questionnaire collected demographic information such as the age and sex of the patient, and the caregiver’s relationship to the patient. Household data, included; the number of people living in the home, main sources of drinking water, and if the water was treated, in order to evaluate environmental risk factors. Sanitation and hygiene practices were assessed through questions on the type and cleanliness of toilet facilities and hand washing habits.
The questionnaire also covered recent health history, which included; if the patient had been treated for malaria, had experienced diarrhea, had received deworming medication, or had been recently tested for parasites. Questions on malaria prevention methods were included, along with items to assess knowledge and awareness of intestinal parasites, their symptoms, and modes of transmission. 
Clinical data were collected from stool samples provided by patients diagnosed with malaria at the selected healthcare facilities. Stool samples were analyzed using microscopy and polymerase chain reaction (PCR) to detect Giardia lamblia, Entamoeba histolytica, and Cryptosporidium parvum, while malaria was confirmed using microscopy at the health facility laboratory. Additional clinical information, included symptoms, stool characteristics, and prior treatment history of gastrointestinal parasite infection, were also recorded.
[bookmark: _Toc193142807][bookmark: _Toc201292110][bookmark: _Toc201292173][bookmark: _Toc203066485][bookmark: _Toc206286450][bookmark: OLE_LINK13][bookmark: OLE_LINK14][bookmark: OLE_LINK15]Collection and laboratory analysis of stool samples
The parent or guardian of each participant was provided with a clean, sterile, wide-mouthed plastic container and instructed to collect a fresh stool specimen directly into the container without contaminating it with urine. Immediately after collection, the stool specimens were transported to the hospital laboratory for initial processing. Each specimen was examined macroscopically to assess its consistency (formed, semi-formed, soft, or watery) and to check for the presence of mucus or visible blood. The samples were processed for direct microscopic examination of intestinal parasites. 
For each stool sample, a direct wet mount preparation was performed using normal saline and Lugol’s iodine solution. On a clean glass microscope slide, a drop of normal saline was placed on the left side of the central area, while a drop of Lugol’s iodine solution was placed on the right side. Using a sterile applicator stick, a small portion of the stool specimen was collected and mixed thoroughly with the saline on one side and the iodine on the other, producing two separate mounts. The prepared slide was examined under a compound light microscope, first using the ×10 objective lens for scanning, and the ×40 objective lens for detailed observation. Identification of intestinal protozoa and helminths was based on standard morphological characteristics [11]. Samples were considered positive when cysts or trophozoites of intestinal protozoa; Entamoeba species, Cryptosporidium species or Giardia lamblia were detected. Afterwards, the samples were transported to the Laboratory of Emerging Infectious Diseases at the University of Buea and stored in a refrigerator at 4°C pending DNA extraction.
[bookmark: _Toc193142810][bookmark: _Toc201292112][bookmark: _Toc201292175][bookmark: _Toc203066487][bookmark: _Toc206286452]Molecular Analysis
[bookmark: _Toc193142811][bookmark: _Toc201292113][bookmark: _Toc201292176][bookmark: _Toc203066488][bookmark: _Toc206286453]Genomic DNA extraction and isolation from stool
Genomic DNA from Giardia lamblia, Entamoeba species, and Cryptosporidium species were extracted from stool samples using Quick-DNA™ Fecal Microbe Miniprep Kit, California, USA. About 100 - 150 mg of stool sample was added into a ZR BashingBead™ Lysis Tube of bead sizes 0.1mm beads. These beats helped to break apart the sample. Next, 750 µl of BashingBead™ Buffer was pipetted and added into the ZR BashingBead™ Lysis Tube and the mixture was then tightly capped to avoid leakage during homogenization. This buffer helps to lyse the cells in the sample, releasing their contents, including DNA. The samples in the ZR BashingBead™ where lysed mechanically by vortexing the ZR BashingBead™ for 10 minutes at a speed of 2000rpm ensuring thorough disruption of cells in the fecal matrix.  The ZR BashingBead™ lysis tubes where then centrifuged at ≥10,000 × g for 1 minute using a benchtop microcentrifuge. This step allowed the separation of the lysate from the debris and beads. The supernatant, which contained the crude DNA, was carefully collected and 400µl of the supernatant was transferred to a Zymo-Spin™ III-F Filter column fitted into a Collection Tube and centrifuged at 8,000 × g for 1 minute to remove any residual particulate matter. One thousand two hundred microliters (1,200 µl) of Genomic Lysis Buffer was pipetted and added to the resulting filtrate, in the collection tube then mixed thoroughly to promote DNA binding during the following step. From this mixture, 800 µl was loaded onto a Zymo-Spin™ IICR Column placed in a fresh Collection Tube and centrifuged at 10,000 × g for 1 minute. The flow-through was discarded, and the remaining volume of the lysate mixture was transferred to the same column and centrifuged again under the same conditions to ensure maximum DNA capture. The column was then washed with 200 µl of DNA Pre-Wash Buffer and centrifuged at 10,000 × g for 1 minute. This was followed by a second wash with 500 µl of g-DNA Wash Buffer, centrifuged again at 10,000 × g for 1 minute to eliminate remaining contaminants. For elution, the Zymo-Spin™ IICR Column was placed into a clean 1.5 ml microcentrifuge tube. Then, 100 µl of DNA Elution Buffer was applied directly to the column matrix, and the column was centrifuged at 10,000 × g for 30 seconds to recover the purified DNA. To further purify the eluted DNA and remove PCR inhibitors, a Zymo-Spin™ III-HRC Filter was first prepared by adding 600 µl of Prep Solution to the column in a clean Collection Tube, followed by centrifugation at 8,000 × g for 3 minutes. The eluted DNA from the previous step was then transferred to the prepared HRC Filter, placed in a new 1.5 ml microcentrifuge tube, and centrifuged at exactly 16,000 × g for 3 minutes. The final eluted DNA was ascertained by agarose gel electrophoresis and stored at −20°C until further use in PCR analysis.
[bookmark: _Toc201292114][bookmark: _Toc201292177][bookmark: _Toc203066489][bookmark: _Toc206286454]Agarose Gel Electrophoresis
Agarose gel electrophoresis was carried out to ascertain the presence of DNA in the eluted solution, using Tris-Borate-EDTA (TBE) buffer to separate and visualize DNA fragments. A 2% agarose gel was prepared by weighing 2 g of agarose powder and added to 100 mL of 0.5 × TBE buffer in a clean, heat-resistant conical flask. The mixture was gently swirled to suspend the powder uniformly, after which the flask was heated in a microwave oven for 2 minutes, with intermittent swirling, until the agarose was completely dissolved and the solution became clear. After complete dissolution, the solution was allowed to cool to approximately 50–60°C for 20 – 60 seconds. Three microliters (3 µL) of a 10 mg/mL stock solution of ethidium bromide was added to achieve a final concentration of ~0.3 µg/mL. The solution was mixed gently to ensure even distribution of the stain. The gel casting tray was fixed and the comb positioned to form wells. The slightly cooled agarose solution was poured into the tray, avoiding air bubbles. The gel was left to set at room temperature for 20 to 30 minutes until fully solidified. Once set, the comb was carefully removed and the gel tray was placed in the electrophoresis chamber. Three microliters (3 µL) of the DNA was added into the 2 µL of the loading buffer and both were mixed and added into each well on the gel tray. A molecular ladder was added into one of the wells. The samples mixed with loading buffer, introduced into the other wells and electrophoresis was carried 240volt for 20 minutes.  Presence of DNA was confirmed by observing ethidium bromide stained gel on a transilluminator.
[bookmark: _Toc201292116][bookmark: _Toc201292178][bookmark: _Toc203066490][bookmark: _Toc206286455]Nested PCR detection of Entamoeba histolytica, Giardia lamblia, and Cryptosporidium parvum
Nested Polymerase Chain Reaction (PCR) was used to detect Entamoeba histolytica, Giardia lamblia, and Cryptosporidium parvum in DNA extracted from stool samples. The method involved two rounds of amplification using target-specific primers for each parasite. All PCR procedures were carried out under sterile conditions.
[bookmark: _Toc201292117][bookmark: _Toc203066491][bookmark: _Toc206286456]Primer Preparation and PCR Reaction Mixture
All primers were initially diluted prior to PCR setup. A 1/10 dilution was performed by mixing 20 µl of primer stock with 180 µl of nuclease-free water, followed by vortexing to ensure homogeneity. From this dilution, 27.5 µl of each diluted primer was pipetted into 180 µl of sterile nuclease-free water in a clean 1.5 ml Eppendorf tube. To this, 247.5 µl of 2× OneTaq® Quick-Load® Master Mix was added, bringing the total volume in the tube to 455 µl. The mixture was vortexed gently to ensure uniform distribution of the components. For each individual PCR reaction, 8 µl of this final working mix was dispensed into pre-labelled PCR tubes. Also, 2 µl of extracted DNA (for the primary PCR) or 1 µl of primary PCR product (for the nested PCR) was added to each reaction tube, bringing the total reaction volume to 10 µl per sample. All reactions were prepared on ice to maintain enzyme stability prior to thermal cycling. To monitor for potential contamination and validate the PCR results, a negative control containing nuclease-free water instead of template DNA and all other components of the PCR reaction was included in each amplification run.
[bookmark: _Toc201292118][bookmark: _Toc203066492][bookmark: _Toc206286457]Amplification of Entamoeba histolytica DNA
Amplification of E. histolytica DNA targeted the 18S ribosomal RNA gene using two primer sets. The primary PCR employed primers E-1 (5’-TAA GAT GCA CGA GAG CGA AA-3’) and E-2 (5’-GTA CAA AGG GCA GGG ACG TA-3’), and the nested PCR used EH-1 (5′-AAG CAT TGT TTC TAG ATC TGA G-3′) and EH-2 (5′-AAG AGG TCT AAC CGA AAT CG-3′). The expected size of the final amplicon was 439 base pairs. Thermal cycling was carried out in a Bio-Rad T100™ thermal cycler. The PCR program was initiated with denaturation at 94°C for 3 minutes, followed by 30 cycles of 94°C for 60 seconds, annealing at 56°C for 60 seconds, and extension at 72°C for 1 minute. The program concluded with a final elongation step at 72°C for 5 minutes [12].
[bookmark: _Toc201292119][bookmark: _Toc203066493][bookmark: _Toc206286458]Amplification of Giardia lamblia DNA
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]The Giardia lamblia detection, targeted the tpi (triosephosphate isomerase) gene. RH11 (5′-CAT CCG GTC GAT CCT GCC-3′) and RH4 (5′-AGG AGA GGC TGA AGA GGA-3′) served as the primary primers [13], while GiarF (5′-CTG GTC GAG CGC CTG CTG GA-3′ and GiarR (5′-CTC CTC AGA ACT TTC TCG CCG C-3′) were used in the nested PCR [14]. The final amplicon was 292 base pairs. The PCR protocol was consistent with that used for E. histolytica, with the only variation being the annealing temperature, which was set to 50°C. The reaction ran for 30 cycles as follows: initial denaturation at 94°C for 3 minutes; 30 cycles of 94°C for 60 seconds, 50°C for 60 seconds, and 72°C for 1 minute; with a final extension at 72°C for 5 minutes.
[bookmark: _Toc201292120][bookmark: _Toc203066494][bookmark: _Toc206286459]Amplification of Cryptosporidium parvum DNA

Detection of Cryptosporidium parvum was achieved by targeting the Cryptosporidium oocyst wall protein (COWP) gene. The first-round PCR used primers Cry-5 F (5’-GGCTCCAAGGCCAATTTGTG-3’) and Cry-6 R (5’GCATGCCCTGCAGGATATGC-3’) but there was no second round since no band was detected at the expected product size of 553 base pairs. PCR cycling conditions of the primary PCR composed of a total of 30 cycles, a denaturation at 94°C for 3 minutes, followed by 30 cycles of denaturation at 94°C for 30 seconds, annealing at 60°C for 30 seconds, and extension at 72°C for 1 minute [15]. The reaction was completed with a final elongation at 72°C for 5 minutes.
[bookmark: _Toc201292121][bookmark: _Toc203066495][bookmark: _Toc206286460]Agarose Gel Electrophoresis
The amplified PCR products were resolved on a 2% agarose gel prepared in 1× TBE buffer. A total of 2 µl of each nested PCR product was mixed with loading dye and loaded into the wells alongside a 100 bp DNA ladder as a size reference. Electrophoresis was conducted at 240 volts for approximately 20 minutes. The stained DNA bands were visualized under a Bio RAD Gel Doc. Band sizes were estimated by comparing them with the molecular weight marker.
[bookmark: _Toc193142812][bookmark: _Toc201292123][bookmark: _Toc201292179][bookmark: _Toc203066497][bookmark: _Toc206286461][bookmark: OLE_LINK19][bookmark: OLE_LINK20]Data Analysis
All collected data were first compiled and entered into Microsoft Excel 2019 for cleaning and organization. The cleaned dataset was subsequently imported into the Statistical Package for the Social Sciences (SPSS), version 25.0, for statistical analysis. A significance level was set at p < 0.05 for all statistical tests.  Descriptive statistics, including frequencies, percentages, means, and standard deviations, were used to summarize participant characteristics and determine the prevalence of gastrointestinal parasitic infections among the study participants. 
[bookmark: OLE_LINK35][bookmark: OLE_LINK36]To identify risk factors associated with the presence of gastrointestinal parasites, Chi-square (χ²) tests and multivariate logistic regression analyses were performed. Independent variables that showed associations of p  0.2 in the bivariate analysis were entered into the multivariate logistic regression model to control for potential confounders and identify independent predictors of infection risk. Associations with a p-value less than 0.05 were considered statistically significant.
Results
Prevalence of Giardia lamblia, Entamoeba histolytica, and Cryptosporidium parvum infection amongst malaria patients, based on microscopy
A total of 121 stool samples were examined using microscopy for Entamoeba, Cryptosporidium and Giardia lamblia of which 33 were positive for Entamoeba histolytica and 88 were negative Fig 2. This gives a prevalence of Entamoeba histolytica infection of 27.3% (33/121) in the studied population. The prevalence of Cryptosporidium and Giardia lamblia were 0% by microscopy.

Fig 2: Prevalence of Entamoeba histolytica amongst malaria patients by microscopy
Bivariate analysis of factors associated with Entamoeba histolytica
Most socio-demographic variables, including respondent age (p = 0.682), relationship to child (p = 0.705), patient age (p = 0.235), sex (p = 0.422), and household size (p = 0.766), were not significantly associated with Entamoeba histolytica infection Table 1. Amongst environmental factors, drinking water source was significantly (p = 0.044, χ² = 4.065) associated with Entamoeba histolytica infection, with higher prevalence among participants drinking borehole/stream water (33.3%) compared to tap/Supermont water users (16.3%). Toilet type was also significantly (p = 0.008, χ² = 7.108) associated with Entamoeba histolytica infection, with higher prevalence amongst flush toilet users (35.0%) than pit latrine users (12.2%). However, treatment of water (p = 0.804), water treatment method (p = 0.873), and toilet cleaning frequency (p = 0.208) were not associated with Entamoeba histolytica infection.
Regarding behavioral and health-related factors, handwashing after toilet usage, showed a significant association (p = 0.044, χ² = 4.072), with higher prevalence among those reporting proper hygiene (33.8%) compared to improper hygiene (17.0%). No significant associations of Entamoeba histolytica infection were observed, with recent malaria episode (p = 0.383), malaria prevention methods (p = 0.550), recent diarrhea (p = 0.970), diarrhea frequency (p = 0.970), recent deworming (p = 0.935), knowledge of intestinal parasites (p = 0.911), known symptoms (p = 0.412), nor knowledge of transmission (p = 0.274).
Table 1. Chi square analysis of risk factors associated with Entamoeba histolytica infection amongst malaria patients, based on diagnosis by microscopy
	Variable
	Category
	Negative n (%)
	Positive n (%)
	Total n (%)
	Chi-square (χ²)
	p-value

	Respondent Age Group
	>30
	39 (70.9%)
	16 (29.1%)
	55 (100%)
	0.168
	0.682

	
	0–29
	49 (74.2%)
	17 (25.8%)
	66 (100%)
	
	

	
	
	
	
	
	
	

	Relationship to Child
	Parent/guardian
	72 (73.5%)
	26 (26.5%)
	98 (100%)
	0.143
	0.705

	
	Self
	16 (69.6%)
	7 (30.4%)
	23 (100%)
	
	

	
	
	
	
	
	
	

	Patients Age Group
	0–10 years
	48 (77.4%)
	14 (22.6%)
	62 (100%)
	1.411
	0.235

	
	11–20 years
	40 (67.8%)
	19 (32.2%)
	59 (100%)
	
	

	
	
	
	
	
	
	

	Patient Sex*
	Female
	45 (72.6%)
	17 (27.4%)
	62 (100%)
	2.81
	0.422

	
	Male
	43 (72.9%)
	16 (27.1%)
	59 (100%)
	
	

	
	
	
	
	
	
	

	Household Size
	>4 people
	48 (73.8%)
	17 (26.2%)
	65 (100%)
	0.089
	0.766

	
	1–4 people
	40 (71.4%)
	16 (28.6%)
	56 (100%)
	
	

	
	
	
	
	
	
	

	Drinking Water Source
	Borehole/stream
	52 (66.7%)
	26 (33.3%)
	78 (100%)
	4.065
	0.044

	
	Supermont/tap
	36 (83.7%)
	7 (16.3%)
	43 (100%)
	
	

	
	
	
	
	
	
	

	Water Treatment*
	No
	60 (73.2%)
	22 (26.8%)
	82 (100%)
	0.437
	0.804

	
	Yes
	28 (71.8%)
	11 (28.2%)
	39 (100%)
	
	

	
	
	
	
	
	
	

	Water Treatment Method
	Safe
	28 (73.7%)
	10 (26.3%)
	38 (100%)
	0.026
	0.873

	
	Unsafe
	60 (72.3%)
	23 (27.7%)
	83 (100%)
	
	

	
	
	
	
	
	
	

	Toilet Type
	Flush toilet
	52 (65.0%)
	28 (35.0%)
	80 (100%)
	7.108
	0.008

	
	Pit toilet
	36 (87.8%)
	5 (12.2%)
	41 (100%)
	
	

	
	
	
	
	
	
	

	Toilet Cleaning Frequency
	Daily/Weekly
	59 (69.4%)
	26 (30.6%)
	85 (100%)
	1.583
	0.208

	
	None
	29 (80.6%)
	7 (19.4%)
	36 (100%)
	 
	 




	Variable
	Category
	Negative n (%)
	Positive n (%)
	Total n (%)
	Chi-square (χ²)
	p-value

	Handwashing After Toilet
	Improper hygiene
	39 (83.0%)
	8 (17.0%)
	47 (100%)
	4.072
	0.044

	
	Proper hygiene
	49 (66.2%)
	25 (33.8%)
	74 (100%)
	
	

	
	
	
	
	
	
	

	Recent Malaria
	No
	2 (100.0%)
	0 (0.0%)
	2 (100%)
	0.763
	0.383

	
	Yes
	86 (72.3%)
	33 (27.7%)
	119 (100%)
	
	

	
	
	
	
	
	
	

	Malaria Prevention Methods
	Nets/insecticide/protective clothing
	48 (70.6%)
	20 (29.4%)
	68 (100%)
	0.358
	0.55

	
	None
	40 (75.5%)
	13 (24.5%)
	53 (100%)
	
	

	
	
	
	
	
	
	

	Recent Diarrhea
	Yes
	45 (72.6%)
	17 (27.4%)
	62 (100%)
	0.001
	0.97

	
	No
	43 (72.9%)
	16 (27.1%)
	59 (100%)
	
	

	
	
	
	
	
	
	

	Diarrhea Frequency (Past Month)
	1–4 times
	45 (72.6%)
	17 (27.4%)
	62 (100%)
	0.001
	0.97

	
	No diarrhea
	43 (72.9%)
	16 (27.1%)
	59 (100%)
	
	

	
	
	
	
	
	
	

	Recent Deworming
	No
	26 (72.2%)
	10 (27.8%)
	36 (100%)
	0.007
	0.935

	
	Yes
	62 (72.9%)
	23 (27.1%)
	85 (100%)
	
	

	
	
	
	
	
	
	

	Knowledge of Intestinal Parasites
	No
	47 (72.3%)
	18 (27.7%)
	65 (100%)
	0.012
	0.911

	
	Yes
	41 (73.2%)
	15 (26.8%)
	56 (100%)
	
	

	
	
	
	
	
	
	

	Known Symptoms
	None
	42 (76.4%)
	13 (23.6%)
	55 (100%)
	0.672
	0.412

	
	Symptoms present
	46 (69.7%)
	20 (30.3%)
	66 (100%)
	
	

	
	
	
	
	
	
	

	Transmission Knowledge
	None
	39 (78.0%)
	11 (22.0%)
	50 (100%)
	1.194
	0.274

	 
	Aware (water/hygiene)
	49 (69.0%)
	22 (31.0%)
	71 (100%)
	 
	 


Multivariate analysis of factors associated with Entamoeba histolytica infection amongst malaria patients
In the multivariate logistic regression analysis, only toilet type remained significantly (p=0.028) associated with Entamoeba histolytica infection. Participants using flush toilets had higher odds of infection compared to those using pit latrines (aOR = 3.689, 95% CI: 1.153–11.807, p = 0.028). Drinking water source showed a borderline association, with increased odds among those drinking borehole/stream water compared to tap/Supermont water users (aOR = 2.544, 95% CI: 0.966–6.696, p = 0.059). However, toilet cleaning frequency (aOR = 0.752, p = 0.635) and handwashing after toilet use (aOR = 0.603, p = 0.351) were not significantly associated with Entamoeba histolytica infection.
Table 2: Multivariate logistic regression of factors associated with Entamoeba histolytica infection amongst malaria patients
	Variable
	Category
	Negative n (%)
	Positive n (%)
	χ² (Wald)
	aOR
	95% CI (Lower–Upper)
	p-value

	Drinking Water Source
	Borehole/stream
	52 (66.7%)
	26 (33.3%)
	3.574
	2.544
	0.966 – 6.696
	0.059

	
	Supermont/tap
	36 (83.7%)
	7 (16.3%)
	
	
	
	

	
	
	
	
	
	
	
	

	Toilet Type
	Flush toilet
	52 (65.0%)
	28 (35.0%)
	4.838
	3.689
	1.153 – 11.807
	0.028

	
	Pit toilet
	36 (87.8%)
	5 (12.2%)
	
	
	
	

	
	
	
	
	
	
	
	

	Toilet Cleaning Frequency
	Daily/Weekly
	59 (69.4%)
	26 (30.6%)
	0.225
	0.752
	0.232 – 2.442
	0.635

	
	None
	29 (80.6%)
	7 (19.4%)
	
	
	
	

	
	
	
	
	
	
	
	

	Handwashing After Toilet
	Improper hygiene
	39 (83.0%)
	8 (17.0%)
	0.871
	0.603
	0.208 – 1.746
	0.351

	
	Proper hygiene
	49 (66.2%)
	25 (33.8%)
	 
	 
	 
	 




Prevalence of Entamoeba histolytica, Giardia lamblia and Cryptosporidium parvum infection by diagnosis with PCR
Of the 48 samples that were randomly selected from the 121 samples for molecular diagnosis of Giardia lamblia, Entamoeba histolytica, and Cryptosporidium parvum 4 were positive for Giardia lamblia and 44 were negative, using PCR technique Fig 3. This corresponds to a Giardia lamblia prevalence of 8.3% (4/48) within the studied population. The prevalence of Cryptosporidium parvum by PCR was 0%, while that of Entamoeba histolytica was 52% (25/48).

Figure 3. Prevalence of Giardia lamblia infection amongst malaria patients base on PCR technique
Discussion
Microscopic examination of 121 stool samples revealed an E. histolytica prevalence of 27.3%. This moderate prevalence aligns with results from previous research work in Buea, Cameroon and other sub-Saharan African countries. A gastrointestinal protozoan infection prevalence of 24.4% was reported among children in Buea, Cameroon, using microscopy, and Entamoeba histolytica was among the predominant parasites identified [16], also, a systematic review and meta-analysis of intestinal protozoan infections in African schoolchildren reported an overall microscopy-based prevalence of 22.7%, which was drawn from studies across multiple sub-Saharan African countries [17]. Microscopy, however, has well-documented sensitivity limitations of 10–60% for E. histolytica, and cannot distinguish the pathogenic E. histolytica from non-pathogenic species such as E. dispar and E. moshkovskii under light microscopy [18, 19]. The true burden of pathogenic infection may therefore be underestimated by microscopy alone.
[bookmark: OLE_LINK21][bookmark: OLE_LINK22]When nested PCR targeting the 18S rRNA gene was applied to 48 of the DNA samples extracted from collected stools, the prevalence of E. histolytica increased to 52.1%, nearly doubling the estimate obtained by microscopy, a discordance that is well recognized in the literature. This difference is further supported by findings from a study in Western Kenya in which PCR identified 29.3% E. histolytica from stool samples, and amongst the PCR positive samples, microscopy correctly identified only 64.2% (sensitivity = 64.2%; specificity = 83.6%), meaning microscopy missed approximately one in three true E. histolytica infections in resource-limited settings [20]. In like manner, novel nested multiplex PCR assay in Puducherry, India, achieved a sensitivity of 94% and specificity of 100% for diagnosis of E. histolytica from morphologically identical non-pathogenic species, while microscopy reported 34.6% E. histolytica and 65.4% were non-pathogenic species; E. dispar or E. moshkovskii [12].​​​​​​​​​​​​​​​​ The high prevalence obtained by PCR in this study results from the inclusion of both asymptomatic and symptomatic gastrointestinal parasite  patients of which asymptomatic patients often harbor low parasite density and often go undetected by microscopy but maintain transmission within the community [6]. Malaria-induced immune compromise may further facilitate clinical E. histolytica manifestation, as a study in Gedeo Zone, Southern Ethiopia, reported a helminth infection prevalence of 27.3% among primary school children and observe that co-infected patients had significantly higher rates of anemia compared to those with malaria alone [21]. The WHO recommends PCR as the reference method for distinguishing E. histolytica from non-pathogenic species [19], a recommendation strongly supported by the findings of this study.
[bookmark: OLE_LINK43][bookmark: OLE_LINK44][bookmark: OLE_LINK11][bookmark: OLE_LINK12][bookmark: OLE_LINK9][bookmark: OLE_LINK10]Nested PCR targeting the triphosphate isomerase (tpi) gene detected G. lamblia in 4 of 48 stool DNA samples (8.3%), but none of these cases were identified during the initial microscopic examination, confirming the superior sensitivity of PCR for Giardia detection, over microscopy. The sensitivity of conventional microscopy for Giardia ranges from approximately 38–64%, depending on the method, and factors such as low cyst counts, irregular shedding, and use of a single stool sample which can contribute to false-negative microscopy results. In a study carried out in Western Kenya, diagnosis of  Giardia lamblia by PCR showed a higher sensitivity and specificity of 100% contrary to 64.4% sensitivity and 86.6% specificity obtained by microscopy [20] and real-time PCR can detect Giardia at concentrations as low as the equivalent of a single cyst per reaction, far below the threshold reliably detectable by conventional microscopy [22].​​​​​​​​​​​​​​​​ The 8.3% prevalence of Giardia lambia by PCR technique observed in this study, is consistent with published reports from comparable settings; including a hospital-based Giardia prevalence of 5.8 among children in Accra, Ghana [23], and an overall G. lamblia prevalence of 7.75% reported in a PCR-based study in Limpopo and Gauteng provinces, South Africa, using the same tpi gene target, with diarrheic patients recording higher prevalence than non-diarrheic patients [24].​​​​​​​​​​​​​​​​
The detection of G. lamblia in malaria patients is clinically significant given that Giardia co-infection can worsen malabsorption, nutritional deficiencies, and diarrhoeal disease in individuals already immunocompromised by malaria. It has been demonstrated in a Turkish cohort study of children aged 0–5 years that Giardia-infected children had significantly lower height-for-age and weight-for-age z-scores and poorer psychomotor development scores compared to uninfected controls [25].​​​​​​​​​​​​​​​​ A clinical review further noted that Giardia intestinalis infects an estimated 200 million people globally, with 500,000 new cases occurring each year mainly in children, and the highest infection burden concentrated in children within developing countries where prevalence rates of 20–30% are commonly reported compared to just 2–5% in developed nations, and it contributed disproportionately to stunting and chronic malnutrition [26].
No Cryptosporidium parvum was detected in any sample. PCR targeting the COWP gene was performed; however, no amplification product was observed in the first round of PCR, and a second (nested) amplification was therefore not carried out. Single-round PCR is approximately 10–100 times less sensitive than nested PCR. Comparing multiple PCR primer sets for Cryptosporidium parvum detection in a USA laboratory study, nested PCR targeting the COWP gene had a detection limit as low as one oocyst per reaction, while single-round PCR required substantially higher oocyst concentrations to produce a positive signal [27], and may fail to detect samples with low oocyst concentrations, particularly in immunocompetent patients who are often in the recovery phase when parasite loads decline rapidly. A comprehensive Africa-wide review of Cryptosporidium infection in humans and animals, reported prevalence range as wide as from 1% to over 30% depending on the diagnostic method used, with microscopy-based studies typically yielding lower estimates than PCR-based ones and that oocyst shedding is frequently intermittent and episodic, which further limits the sensitivity of single-sample microscopy [28].
[bookmark: OLE_LINK27][bookmark: OLE_LINK28]Seasonal and geographic variation in Cryptosporidium transmission may also explain this result, as strong associations between Cryptosporidium infection in Cameroonian children and rainy season sampling have been reported, with a prevalence of 8.1% and infection rates significantly higher during rainy months than the dry season in the Centre and Littoral regions of Cameroon [29].​​​​​​​​​​​​​​​​ A multi-regional study in Cameroon confirmed that Cryptosporidium prevalence ranges from 8.5–15.4% by PCR, with Cryptosporidium hominis and C. parvum as the predominant species identified in diarrheic children across multiple regions, suggesting the parasite is present in Cameroon but may be highly localized and seasonally driven [30], and future studies should incorporate nested PCR for the COWP gene or alternative targets such as the 18S rRNA gene to improve detection sensitivity.
[bookmark: OLE_LINK31][bookmark: OLE_LINK32]Use of borehole or stream water was significantly associated with E. histolytica infection by microscopy. Borehole and stream water sources in peri-urban Cameroon are frequently subject to faecal contamination. This is evident from a study in the Buea area that documented an overall protozoa contamination prevalence of 62.6% across 155 drinking water samples collected from boreholes, springs, taps, and wells in Molyko and Bomaka communities. In that study, spring water were the most contaminated source (85.7%), and Entamoeba species and Cryptosporidium parvum (45.8%) were the most predominant protozoa, alongside Entamoeba histolytica (16.8%) among the eight enteric protozoan species identified [31]. A systematic review and meta-analysis demonstrated that lack of access to safe drinking water and sanitation facilities significantly increased the odds of Entamoeba spp. infection, with adults facing a notably higher risk (OR: 2.76) compared to other age groups [32].
In multivariate analysis, toilet type was the only independent predictor of infection; flush toilet users had significantly higher odds of infection compared to pit latrine users. In the Buea Health District, it is common practice for households to have shared flush toilets which facilitate faecal-oral transmission of intestinal parasites. A high prevalence of intestinal helminth and protozoa of 15.2% has been reported among residents in Douala, Cameroon with a pathogenic E. histolytica/E. dispar prevalence of 8.9%, and parasite prevalence was significantly influenced by poor sanitation, poor hygiene behaviors, and household clustering [33].
The association between handwashing and E. histolytica infection observed in bivariate analysis (p = 0.044) did not persist in multivariate analysis, likely reflecting social desirability bias in self-reported hygiene behaviors. This has been demonstrated in a cluster-randomized WASH intervention trial in western Kenya where structured observations revealed that actual handwashing with soap after latrine use occurred in only 32–38% of observed events in intervention schools and as low as 3% in control schools, and the figures substantially lower than what participants self-reported. This discrepancy between self-reported and observed compliance is large enough to mask the true association between hygiene behaviors and infection outcomes [34].
The substantial discordance between microscopy and PCR prevalence estimates for both E. histolytica and G. lamblia confirms that reliance on microscopy alone leads to significant under-diagnosis of gastrointestinal parasitic co-infections in malaria patients. The WHO recommends molecular methods for specific Entamoeba diagnosis, and the findings of this study strongly support integration of PCR-based diagnostics into routine surveillance in resource-limited settings. The identification of drinking water source and toilet type as significant risk factors underscores the need for targeted water, sanitation, and hygiene (WASH) interventions and routine co-screening of gastrointestinal parasites among malaria patients in the Buea Health District.
Conclusion
This study demonstrates a substantial burden of gastrointestinal parasitic co-infections among malaria patients aged 0–20 years in the Buea Health District, with PCR diagnosed Entamoeba histolytica prevalence of 52.1%, microscopy-based Entamoeba prevalence of 27.3%, and PCR-diagnosed Giardia lamblia prevalence of 8.3%. Cryptosporidium parvum was not detected in this study population using single-round COWP PCR. The marked discordance between microscopy and PCR prevalence estimates for E. histolytica and G. lamblia confirms the superior diagnostic sensitivity of molecular methods and highlights the critical need for integration of PCR-based diagnostics into routine gastrointestinal parasitology surveillance in resource-limited settings. Environmental factors particularly drinking water source and toilet type emerged as significant risk factors for Entamoeba infection, emphasizing the role of inadequate WASH infrastructure in sustaining gastrointestinal parasite transmission within the Buea Health District. 
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