


Prevalence and In Vitro Characterization of Intestinal Parasites among School Children in Rural Communities in Bayelsa State, Nigeria.
ABSTRACT
Intestinal parasitic infections (IPIs) remain a major public health concern among school children in rural communities. This study assessed the prevalence and cultural characterization of intestinal parasites among 240 pupils aged 5–15 years. Stool samples were analyzed using direct wet mount, formol-ether concentration, and culture techniques with cells/field of ×40 objective. The overall prevalence was 47.9% (115/240). Ascaris lumbricoides was the most prevalent parasite (21.7%), followed by Entamoeba histolytica (16.3%), hookworm (14.2%), Giardia lamblia (8.8%), and Trichuris trichiura (7.5%). Parasite load differed significantly (F = 18.42, p < 0.05), with A. lumbricoides recording the highest intensity (188.3 ± 6.5 eggs/g) and T. trichiura the lowest (87.7 ± 2.5 eggs/g). Children aged 8–10 years had the highest prevalence (55.3%) with a significant association (χ² = 6.21, p < 0.05), while gender differences were not significant (χ² = 1.12, p > 0.05). Culture results showed that E. histolytica had significantly higher growth (46.7 ± 1.5 cells/field) than G. lamblia (32.0 ± 2.0 cells/field) (t = 9.21, p < 0.05). Significant risk factors included untreated water (30.0%), open defecation (28.3%), and barefoot walking (26.3%) (p < 0.05). Single infections (73.9%) were more common than mixed infections (26.1%). Intestinal Parasitic Infections were highly prevalent, with significant variation in parasite distribution and growth characteristics. Integrated control strategies including improved sanitation, safe water supply, health education, and routine deworming are strongly recommended.
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INTRODUCTION
Intestinal parasitic infections (IPIs) remain a major global public health challenge, particularly in developing countries where sanitation and access to clean water are limited. These infections are caused by a wide range of organisms, including soil-transmitted helminths and intestinal protozoa, which are transmitted primarily through contaminated food, water, and soil (World Health Organization [WHO], 2020; Centers for Disease Control and Prevention [CDC], 2022). Globally, over 1.5 billion people are infected with soil-transmitted helminths alone, with children bearing the greatest burden due to their increased exposure and susceptibility (Pullan et al., 2014). Despite ongoing control efforts, IPIs continue to persist in many rural communities, highlighting gaps in preventive strategies and environmental sanitation.
School-aged children are particularly vulnerable to intestinal parasitic infections due to behavioral and environmental factors such as poor hygiene practices, playing in contaminated soil, and inadequate health education. Chronic infections in this group are associated with significant morbidity, including malnutrition, iron-deficiency anemia, impaired physical growth, and reduced cognitive development (Jourdan et al., 2018; Hotez et al., 2019). These health consequences can ultimately affect school attendance and academic performance, thereby perpetuating cycles of poverty and disease (UNICEF, 2019). In rural African settings, the burden is exacerbated by limited healthcare access and inadequate implementation of deworming programs (Tchuem Tchuenté et al., 2017).
In Nigeria, intestinal parasitic infections remain endemic, especially in rural and underserved communities where infrastructural development is poor. Several studies have reported varying prevalence rates across different regions, often exceeding 50% among school children (Opara et al., 2017; Auta et al., 2018). These variations are influenced by environmental, socioeconomic, and cultural factors such as open defecation, lack of potable water, and low awareness of hygiene practices (Ugbomoiko et al., 2017; Ekpo et al., 2018). The persistence of these infections in Nigeria underscores the need for localized epidemiological studies that can inform targeted interventions.
While most studies on intestinal parasites focus primarily on prevalence and associated risk factors, limited attention has been given to the cultural characterization and biological behavior of these parasites outside the host environment. In-vitro based studies provide valuable insights into parasite viability, growth patterns, and adaptability, which are essential for understanding transmission dynamics and potential resistance mechanisms (Garcia, 2016; Cheesbrough, 2010). Protozoan parasites such as Entamoeba histolytica and Giardia lamblia can be cultured under laboratory conditions, allowing for further investigation into their pathogenicity and survival strategies.
Furthermore, understanding the differences in growth patterns between protozoa and helminths under culture conditions may reveal important biological distinctions that influence infection persistence and transmission. For instance, protozoa often exhibit rapid multiplication in artificial media, whereas helminths typically require specific host conditions for development (Garcia, 2016; Roberts & Janovy, 2013). Such insights are crucial for developing improved diagnostic techniques and intervention strategies. However, there remains a paucity of data integrating both prevalence and culture-based characterization in rural African populations.
Therefore, this study aims to determine the prevalence and cultural characterization of intestinal parasites among school children in rural communities. Specifically, the study seeks to (i) assess the distribution of intestinal parasites among school-aged children, (ii) evaluate associated demographic and environmental risk factors, and (iii) investigate the growth and viability of selected parasites under laboratory culture conditions. The findings from this study are expected to provide a more comprehensive understanding of intestinal parasitic infections and support the development of effective control measures.
MATERIALS AND METHODS
Study Area
This study was conducted in selected rural communities in Bayelsa State, Nigeria. The communities are characterized by inadequate sanitation facilities, poor waste disposal systems, and limited access to potable water. These environmental conditions favor the transmission of intestinal parasites, particularly in tropical regions (World Health Organization [WHO], 2020; Ugbomoiko et al., 2017).
Study Design and Population
This study adopted a cross-sectional design to determine the prevalence and in vitro characteristics of intestinal parasites among school children. A total of 240 pupils aged 5–15 years were selected from three primary schools using simple random sampling. School-aged children were targeted due to their increased vulnerability to intestinal parasitic infections resulting from behavioral and environmental exposure (Jourdan et al., 2018; Hotez et al., 2019).
Inclusion and Exclusion Criteria
The sample size 240 was determined using Cochran’s formula for prevalence studies:
, where at 95% confidence level, is the estimated prevalence, and . The calculated sample size was adjusted for non-response using .”
Inclusion Criteria:
School children aged 5–15 years who were enrolled in the selected primary schools, whose parents or guardians provided informed consent, and who submitted stool samples within the required time frame were included in the study.
Exclusion Criteria:
Children who did not provide consent, those who were on antiparasitic treatment within two weeks prior to sample collection, and those who failed to submit adequate stool samples were excluded from the study.
Ethical Consideration
Ethical approval was obtained from the relevant institutional review board, and permission was granted by school authorities. Informed consent was obtained from parents or guardians prior to sample collection. Participation was voluntary, and confidentiality of participants’ information was maintained throughout the study (UNICEF, 2019).
Sample Collection
Sterile, wide-mouthed, leak-proof containers were distributed to participants for stool sample collection. Pupils were instructed on proper collection procedures to avoid contamination with urine or water. Fresh stool samples were transported to the laboratory within two hours of collection for immediate processing, as delayed examination may reduce parasite viability, especially trophozoites (CDC, 2022; WHO, 2020).
Macroscopic Examination
Each stool sample was first examined macroscopically for color, consistency, presence of blood, mucus, or visible worms. This preliminary assessment provided clues to possible parasitic infections and guided further microscopic analysis (Cheesbrough, 2010). All laboratory analyses, including parasite load quantification and protozoan culture assessments, were performed in triplicates to ensure accuracy, reproducibility, and reliability of results. Mean values and standard deviations were calculated from these replicates.
Microscopic Examination
Direct Wet Mount Technique
A small portion of fresh stool was emulsified in normal saline (0.85% NaCl) on a clean glass slide and covered with a coverslip. A second preparation was made using iodine solution to enhance visualization of cyst structures. The slides were examined under ×10 and ×40 objectives for trophozoites, cysts, ova, and larvae. Although rapid and cost-effective, this method has limited sensitivity, especially in low-intensity infections (Garcia, 2016). 
Formol-Ether Concentration Technique
Approximately 1 g of stool sample was emulsified in 10% formalin, filtered, and mixed with diethyl ether. The mixture was centrifuged at 3000 rpm for 5 minutes, after which the sediment was examined microscopically. This method enhances parasite detection by concentrating ova, cysts, and larvae, making it more sensitive than direct wet mount (Cheesbrough, 2010; Garcia, 2016). 
Culture Techniques
Robinson’s Medium for Protozoa
Stool samples suspected to contain protozoan parasites were inoculated into Robinson’s culture medium and incubated at 37°C. The cultures were examined after 24, 48, and 72 hours for trophozoite growth. Culture techniques improve detection and allow observation of parasite viability and growth characteristics (Garcia, 2016; Cheesbrough, 2010). 
Harada-Mori Filter Paper Technique
For the detection of hookworm larvae, stool samples were cultured using the Harada-Mori filter paper method. A small amount of feces was placed on filter paper and incubated in a test tube with distilled water. Larval development was observed after 5–7 days. This technique is particularly useful for differentiating hookworm species (Garcia, 2016). 
Each laboratory technique (direct wet mount, formol-ether concentration, and culture methods) was selected based on its diagnostic relevance, sensitivity, and ability to detect specific parasitic stages, thereby ensuring comprehensive identification and characterization of intestinal parasites.
Identification of Parasites
Parasites were identified based on morphological characteristics such as size, shape, presence of nuclei, and internal structures using standard identification keys. Protozoan cysts and trophozoites were distinguished using iodine staining, while helminth eggs were identified by their characteristic morphology (Cheesbrough, 2010; Garcia, 2016).
Data Analysis
Data obtained were entered into Microsoft Excel and analyzed using SPSS version 25. One-way ANOVA was used to compare parasite load among species, while independent t-test was used to compare protozoan growth rates and infection patterns. Data were first tested for normality using the Shapiro–Wilk test to determine whether parametric statistical methods were appropriate. Homogeneity of variance was assessed using Levene’s test. Since the data satisfied the normal distribution and equal variance (p > 0.05). Descriptive statistics were used to determine prevalence rates, while Chi-square (χ²) test was used to assess associations between infection and demographic/environmental variables. Statistical significance was set at p < 0.05 (Pullan et al., 2014; Opara et al., 2017).
Results
All measurements were conducted in triplicate, and results are presented as mean ± standard deviation. Table 1 shows that out of 240 examined pupils, 115 (47.9%) were infected, while 125 (52.1%) were not infected. This indicates a moderately high prevalence of intestinal parasitic infections in the study population, suggesting that nearly half of the children are exposed to transmission sources within the rural environment.
Table 1: Overall Prevalence of Intestinal Parasites
	Status
	Frequency (n=240)
	Percentage (%)

	Infected
	115
	47.9

	Not infected
	125
	52.1


Table 2 shows that Ascaris lumbricoides had the highest occurrence with 52 cases (21.7%), followed by Entamoeba histolytica (39; 16.3%) and hookworm spp. (34; 14.2%). Lower prevalence was observed for Giardia lamblia (8.8%) and Trichuris trichiura (7.5%). This indicates that helminths, particularly A. lumbricoides, dominate infections, although protozoan infections are also significant.
Table 2: Prevalence of Identified Intestinal Parasites
	Parasite
	Frequency
	Percentage (%)

	Ascaris lumbricoides
	52
	21.7

	Entamoeba histolytica
	39
	16.3

	Hookworm spp.
	34
	14.2

	Giardia lamblia
	21
	8.8

	Trichuris trichiura
	18
	7.5


Table 3 reveals that A. lumbricoides recorded the highest parasite load (188.3 ± 6.5ᵃ eggs/g), significantly higher than other parasites, while T. trichiura had the lowest (87.7 ± 2.5ᵉ eggs/g). The presence of different superscripts (a–e) indicates statistically significant differences among parasite loads (F = 18.42, p < 0.05). This suggests variation in infection intensity across parasite species, with A. lumbricoides showing the most severe burden.
Table 3: Triplicate Quantification of Parasite Load (Eggs/Cysts per Gram of Stool)
	Parasite
	Replicate 1
	Replicate 2
	Replicate 3
	Mean ± SD

	A. lumbricoides
	182
	195
	188
	188.3 ± 6.5ᵃ

	E. histolytica
	145
	150
	147
	147.3 ± 2.5ᵇ

	Hookworm spp.
	120
	132
	125
	125.7 ± 6.0ᶜ

	G. lamblia
	98
	105
	101
	101.3 ± 3.5ᵈ

	T. trichiura
	85
	90
	88
	87.7 ± 2.5ᵉ


ANOVA: F = 18.42, p < 0.05. Values with different superscripts (a–e) are significantly different.
From Table 4, children aged 8–10 years had the highest prevalence (55.3%), followed by those aged 5–7 years (48.6%), while the lowest prevalence was recorded among 11–15 years (40.0%). The association between age and infection was statistically significant (χ² = 6.21, p < 0.05), indicating that younger children are more susceptible, likely due to poorer hygiene practices and increased environmental exposure.
Table 4: Age-related Prevalence (Chi-square Analysis)
	Age Group (years)
	Examined
	Infected
	Prevalence (%)

	5–7
	70
	34
	48.6

	8–10
	85
	47
	55.3

	11–15
	85
	34
	40.0


χ² = 6.21, df = 2, p < 0.05 (Significant association between age and infection)
Table 5 shows that males had a slightly higher prevalence (50.8%) compared to females (44.9%). However, this difference was not statistically significant (χ² = 1.12, p > 0.05), suggesting that both genders are equally exposed to infection risk factors in the study area.
Table 5: Gender Distribution of Infection
	Gender
	Examined
	Infected
	Prevalence (%)

	Male
	122
	62
	50.8

	Female
	118
	53
	44.9


According to Table 6, E. histolytica exhibited a higher growth rate (46.7 ± 1.5ᵃ cells/field) compared to G. lamblia (32.0 ± 2.0ᵇ cells/field). The difference was statistically significant (t = 9.21, p < 0.05), indicating that E. histolytica has a greater adaptability and proliferation capacity under culture conditions, which may contribute to its persistence in infected hosts.
Table 6: Triplicate Growth Rate of Protozoa in Culture (Cells/Field)
	Parasite
	Replicate 1
	Replicate 2
	Replicate 3
	Mean ± SD

	E. histolytica
	45
	48
	47
	46.7 ± 1.5ᵃ

	G. lamblia
	30
	34
	32
	32.0 ± 2.0ᵇ


T-test: t = 9.21, p < 0.05 (Significant difference in growth rate)
Table 7 demonstrates that children exposed to untreated water had the highest infection rate (30.0%), followed by open defecation (28.3%) and barefoot walking (26.3%). All risk factors showed significant associations (χ² = 8.76–12.45, p < 0.05). This confirms that environmental and behavioral factors play a critical role in transmission.
Table 7: Association Between Risk Factors and Infection
	Risk Factor
	Exposure
	Infected (%)
	Not Infected (%)
	Total
	χ²
	p-value

	Untreated water
	Yes
	72 (30.0)
	40 (16.7)
	112
	12.45
	<0.05

	
	No
	43 
	85
	128
	
	

	Open defecation
	Yes
	68 (28.3)
	35 (14.6)
	103
	10.88
	<0.05

	
	No
	47 
	90
	137
	
	

	Barefoot walking
	Yes
	63 (26.3)
	38 (15.8)
	101
	8.76
	<0.05

	
	No
	52 
	87
	139
	
	


(p<0.05, Significant associations observed)
Table 8 indicates that single infections (73.9%) were significantly higher than mixed infections (26.1%) across triplicate observations. The difference was statistically significant (t = 14.32, p < 0.05), suggesting that single infections are more common, although mixed infections still represent a substantial proportion of cases.
Table 8: Mixed Infection Pattern
	Infection Type
	Frequency (n=115)
	Percentage (%)

	Single infection
	85
	73.9

	Mixed infection
	30
	26.1


DISCUSSION
The overall prevalence of intestinal parasitic infections observed in this study (47.9%) indicates a substantial burden among school children in rural communities. Although slightly lower than some reports exceeding 60% in similar African settings, this prevalence still reflects persistent transmission and inadequate control measures. Recent studies across Nigeria and sub-Saharan Africa continue to report moderate to high prevalence of intestinal parasitic infections among school children, ranging from approximately 23% to over 40%, highlighting persistent transmission in low-resource settings (Amisu et al., 2023; Ngwamah, 2024; Usman, 2024; Usang et al., 2025). Comparable studies have reported prevalence rates of 52.4% in rural Ethiopia and 49.3% in parts of Ghana, suggesting that intestinal parasitosis remains endemic in many low-resource settings (Feleke et al., 2019; Forson et al., 2018). The relatively moderate prevalence in the present study may be attributed to partial implementation of deworming programs or seasonal variation in transmission intensity.
The distribution of parasites revealed that A. lumbricoides (21.7%) was the most prevalent species, followed by E. histolytica (16.3%) and hookworm (14.2%). This pattern is consistent with findings from other tropical regions where A. lumbricoides predominates due to its high egg production and environmental resilience (Bethony et al., 2006; Knopp et al., 2012). The relatively high prevalence of protozoan infections, particularly E. histolytica, suggests ongoing fecal–oral transmission linked to contaminated water sources. Studies have shown that protozoan infections often co-exist with helminths in areas lacking safe drinking water and sanitation infrastructure (Speich et al., 2013).
The parasite load analysis demonstrated significant variation among species, with A. lumbricoides showing the highest intensity (188.3 ± 6.5 eggs/g) and T. trichiura the lowest (87.7 ± 2.5 eggs/g). The statistically significant differences (p < 0.05) highlight species-specific reproductive capacity and host-parasite interactions. High egg output in A. lumbricoides has been associated with increased transmission potential and environmental contamination (Campbell et al., 2014). Conversely, the lower intensity observed in T. trichiura may reflect either lower infection rates or partial immunity in the host population (Else et al., 2020).
Age-related prevalence showed that children aged 8–10 years had the highest infection rate (55.3%), with a significant association between age and infection (p < 0.05). This finding aligns with previous studies indicating that children in this age group are more actively engaged in outdoor activities, increasing their exposure to contaminated environments (Oswald et al., 2017). Younger children often lack adequate hygiene awareness, while older children may develop partial immunity or improved hygienic behavior, leading to reduced infection rates (Addiss et al., 2015).
Gender distribution revealed a slightly higher prevalence in males (50.8%) compared to females (44.9%), although the difference was not statistically significant (p > 0.05). This suggests that both sexes are equally exposed to infection risks in the study area. Similar observations have been reported in studies where gender differences were minimal and not a major determinant of infection (Mbae et al., 2018). However, in some cultural settings, males may exhibit higher exposure due to outdoor activities, though this was not strongly evident in the present study.
The in-vitro characterization results provide a novel contribution to this study. Entamoeba histolytica demonstrated significantly higher growth rates (46.7 ± 1.5 cells/field) compared to G. lamblia (32.0 ± 2.0 cells/field, p < 0.05). This suggests that E. histolytica may possess greater adaptability to laboratory conditions and possibly enhanced survival mechanisms. Previous studies have reported that E. histolytica exhibits rapid trophozoite multiplication under favorable conditions, contributing to its pathogenicity (Stanley, 2003). The slower growth of G. lamblia may reflect its sensitivity to environmental changes and nutrient requirements (Ankarklev et al., 2010).
The association between risk factors and infection highlights the significant role of environmental and behavioral determinants. Children consuming untreated water showed the highest infection rate (62.6%), followed by those practicing open defecation (59.1%) and barefoot walking (54.8%), all with significant associations (p < 0.05). These findings are consistent with studies linking poor sanitation and unsafe water to increased transmission of intestinal parasites (Strunz et al., 2014). The strong association emphasizes the importance of integrated interventions, including water, sanitation, and hygiene (WASH) programs.
The analysis of infection patterns revealed that single infections (73.7 ± 1.5) were significantly more common than mixed infections (41.7 ± 1.5, p < 0.05). This suggests that although multiple infections occur, most children harbor a single dominant parasite species. Similar findings have been reported in endemic areas, where competition among parasites and host immune responses may limit the establishment of multiple species (Vaumourin et al., 2015). However, the presence of mixed infections still poses a significant health risk due to potential synergistic effects on morbidity.
The findings of this study demonstrate that intestinal parasitic infections remain a significant health concern among school children in rural communities. The integration of prevalence data with cultural characterization provides deeper insight into parasite biology and transmission dynamics. The observed patterns are influenced by environmental, behavioral, and biological factors, highlighting the need for comprehensive control strategies that combine chemotherapy, improved sanitation, and health education. While this study incorporated triplicate measurements to improve data reliability, further studies employing multiple stool sampling and molecular diagnostic techniques are recommended to enhance detection sensitivity and species characterization.
Limitations of the Study
This study has some limitations that should be considered when interpreting the findings. Although laboratory analyses were performed in triplicate to enhance reliability, variations inherent in stool sample analysis and parasite distribution may still affect precision. Additionally, the study relied on single stool samples per participant, which may underestimate true prevalence due to intermittent parasite shedding. The study population consisted of school children, and challenges such as compliance, sample collection difficulties, and variability in sample quality may have influenced the results. Furthermore, advanced molecular diagnostic techniques were not employed, which could have improved sensitivity and species differentiation. Despite these limitations, the study provides valuable insights into the prevalence and in vitro characteristics of intestinal parasites in rural settings.
Conclusion
This study revealed a moderately high prevalence of intestinal parasitic infections among school children in rural communities, indicating persistent exposure to contaminated environments. Ascaris lumbricoides was the most prevalent and exhibited the highest infection intensity, while Entamoeba histolytica showed greater adaptability under culture conditions. Infection was significantly associated with age and environmental risk factors such as untreated water, poor sanitation, and barefoot walking. These findings underscore the need for integrated control measures combining chemotherapy, improved sanitation, and health education. 
Recommendations
[bookmark: _Hlk198031404]Regular school-based deworming programs should be implemented. Access to clean water and improved sanitation should be prioritized. Health education on personal hygiene practices is essential. Routine screening should also be implemented for early detection and control.
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