Prevalence, Intensity, and Associated Risk Factors of Ascariasis Among Primary School Pupils in Anam Community, Anambra State, Nigeria

ABSTRACT
Ascariasis remains a substantial public health problem globally, with over 700 million people infected. In Nigeria, school children are the most vulnerable group due to their geophagic behaviour. This cross-sectional study evaluated the prevalence, intensity, and associated risk factors of ascariasis among pupils in Anam, Anambra State, between June and July 2024. Stool samples from a total of 127 pupils (63 males and 64 females), aged between 5 and 16 years from Unity Primary School Anam (classes 1-6), were collected and examined using the Kato-Katz technique. Structured questionnaires were used to gather information on socio-demographic factors, behavioral attitudes, and knowledge of the disease among the pupils. Data was analyzed using Chi-square, and p≤0.05 was considered significant. The findings revealed an overall prevalence of ascariasis as 45(35.4%). Females had the highest prevalence (39.1%) than males (31.7%), but the result was not statistically significant (p > 0.05). Pupils in Primary 3 had the highest prevalence (50%), followed by Primary 1 (43.8%), while school pupils in Primary 6 had the lowest prevalence (8.3%). In terms of age, pupils aged 14-16 years recorded the highest prevalence rate (60.0%) compared to the other age groups. The infection observed showed a moderate intensity (6480 EPG) for both sexes and age groups. Risk factors found to influence the spread of Ascariasis in the study area include inadequate sanitation, poor hygiene and health facilities, sewage systems, as well as lack of awareness of the parasite's mode of transmission. This study proves that deworming alone is not sufficient to curb the spread of the parasite. Though the study recorded a moderate prevalence of ascariasis, it remains a public health concern because reinfection can occur due to poor hygiene practices. Continuous monitoring, health education, and the implementation of WASH (Water, Sanitation, and Hygiene) practices in the community are highly recommended.
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Introduction  
Ascariasis, a prevalent form of soil-transmitted helminths, is a major public health issue affecting people worldwide, especially school-age children in resource-poor countries. Ascariasis is the most common human helminthic infection globally and is caused by Ascaris lumbricoides, the largest nematode inhabiting the human intestinal tract (Nwoke, 2018). Ascaris lumbricoides has a nearly worldwide distribution, and pigs are a major animal reservoir, especially in industrialized societies. Environmental conditions such as high rainfall, low humidity, and temperature contribute to the spread of the infection (Ikeh et al., 2024). On the other hand, risky behaviours such as ingestion of faecally contaminated food and water as well as consuming unwashed fruits and vegetables also contribute to the spread of the infection (Ajakaye and Obimakinde, 2021; Aribodor et al., 2018). These helminths infections often manifest with symptoms such as diarrhea, malnutrition, physical and mental impairments, delayed growth in children, weight loss, and fatigue (Tyoalumun et al, 2016). A systematic review and meta-analysis covering data from 2010 to 2021 across 81 countries revealed that approximately 732 million people were infected with Ascaris lumbricoides in 2021, which correlate with a global prevalence of 11.01% (Else et al., 2022). Like the other soil-transmitted helminthiases, the prevalence of ascariasis is highest in poor regions of the world without proper sanitation and access to clean water. According to Holland et al. (2022) global prevalence of ascariasis is estimated to be 11.01% (95% CI: 10.27-11.78%), translating to approximately 732 (682-782) million people harboring Ascaris infections worldwide as of 2021. The regions with the highest prevalence are Melanesia (Oceania): 28.77% (7.07-57.66%), Central & Southern Asia: 12.91% (10.01-16.13%), Latin America & Caribbean: 12.75% (10.75-14.88%) and Sub-Saharan Africa: 11.66% (10.56-12.81%); while the regions with the lowest prevalence include Eastern Asia: 1.39% (1.07-1.74%), Northern Africa: 4.01% (0.85-9.20%), Western Asia: 1.71% (1.14-2.38%). According to the Centres for Disease Control (CDC, 2024a), most cases occur in tropical and subtropical areas of Asia, sub-Saharan Africa, and the Americas, especially in areas with inadequate sanitation. This infection is generally rare to absent in developed countries, but sporadic cases may occur in rural, impoverished regions of those countries. Some instances where human transmission is negligible in these areas have direct epidemiologic associations with pig farms (CDC, 2024b). Infections caused by A. lumbricoides can lead to conditions such as anemia, vitamin A deficiency, malnutrition, impaired growth, delayed development, and intestinal blockages (Simon-Oke et al., 2014). Studies have indicated a decrease in infection rates among children as they age, possibly due to improved awareness of personal hygiene practices (Umeh et al., 2015). In developing countries like Nigeria, children are particularly vulnerable to soil-transmitted helminths infections (Achi et al., 2017). According to Karshima (2018), Ascariasis is the most prevalent parasitic infection in Nigeria, with a national prevalence of 44.6% among children. These infections severely impact children's growth, both intellectually, physically, and mentally, depriving them of a healthy life (Ito and Egwunyenga, 2023). The clinical manifestations of Ascaris infection are primarily related to the effects of larval migration and the activities of adult worms. Symptoms may include fever, cough, dyspnea, and Urticarial rash may also occur. Pulmonary manifestations can lead to a Loeffler’s pneumonia-like syndrome (Arora and Arora, 2014). Adult Ascaris worms can cause mild abdominal pains, which tend to be more severe in heavily infected children. Symptoms in patients may include restlessness, loss of appetite, occasional vomiting, intermittent loose stools or constipation, and passing worms through the anus or mouth. Common symptoms also include colicky pain, abdominal distention, and stomach sounds (Nwoke, 2018). Ascariasis can cause severe problems in affected individuals, including lactose intolerance, vitamin absorption issues, intestinal perforation, and bowel infarction. These severe symptoms, caused by the aggregation of adult worms in the ileum or small intestine, are most frequently found in young children and can lead to potentially fatal peritonitis (Siviero et al., 2024). Despite its low mortality rate, soil-transmitted helminths contribute significantly to Disability Adjusted Life Years (DALYs), making it a major health concern globally (Ohiolei et al., 2017). However, there is a glaring dearth of specific and thorough data on the infection in Anam area, which can inform prompt interventions and also assist healthcare providers in managing the infection effectively. Therefore, this study was carried out to determine the prevalence, intensity and associated risk factors of ascariasis among primary school children in Anam community, Anambra State.
MATERIALS AND METHODS
Study Area 
This study was conducted in Anam, a mega rural community located in Anambra West Local Government Area of Anambra State. Anam lies on 6°10′49″N 6°46′38″E. Anam Community is a mega community of eight villages bounded on the west by River Niger, on the east by river Omambala, on the northeast by river Ezichi and Eziagulu Out and on land by Echeno, Ika and Omabo. The entire landmass of Anam is estimated to be in the region of 240 square kilometers. The people are predominantly arable farmers who farm round the season producing up to 70% of the whole foodstuff in Anambra State. Major crops produced in Anam in large quantities include yam, cassava, rice, corn, groundnut and potatoes.
Study Design 
This is a cross-sectional school-based study involving primary school children in Anam community, which commenced on the 10th of June and was concluded on the 13th of July, 2024. 
Study Population
The study population consisted of 397 primary school age pupils from primary classes 1-6 enrolled in Unity Community Primary School, a public school in Anam community, Anambra West LGA of Anambra State.
Determination of Sample Size
Sample size was estimated using the sample size estimation formula by Yamane (1967):
 n = N/ (1 + N (e)^2)
Where: 
n is the sample size
N is the population under study
e is the margin error (it could be 0.10, 0.05, or 0.01)
The sample size of the population under study will be:

n = 397/ (1 + 397 (0.10) ^2))

n = 397/ (1 + 397 (0.01))

n = 397/ 4.97

n = 79.87 ≈ 80

Therefore, the minimum sample size for this study was calculated as 80. However, the sample was increased to 115 to mitigate cases of last-minute withdrawals as well as enhance a larger sample coverage. 
School Enrollment
There were preliminary visits to meet with the school headteachers and parents of pupils in various schools. Detailed explanations about the nature and importance of the study were given to them. Printed materials about ascariasis were also given to them to enhance their understanding and awareness of the subject matter. Only the consented school (Unity Primary School) was used for the study.

   
Collection of demographic information
Surveillance visits, oral interview and Structured questionnaire that had also been pre-tested were used for the overall assessment of risk factors of Ascaris lumbricoides infections among pupils selected for the study. Basic demographics such as age, gender, class and other risky behavioural information were obtained through the use of questionnaires.
Stool Sample Collection 
Properly labeled plastic specimen containers with tight lids bearing the sample number, gender and class was provided to each pupil, with the instruction to provide a small quantity of freshly passed stool in the morning hours and come along with it to school. The stool samples were collected and arranged in a sample box containing ice packs and was transported to the Zoology laboratory of Nnamdi Azikiwe University Awka, Anambra State, for laboratory analysis.  
Parasitological Examination
The Kato-Katz technique was used for the laboratory examination of the stool samples according to manufacturer’s instructions. Briefly, a small amount of stool was pressed through a mesh sieve to obtain fine particles and remove the faecal debris. The sieved stool was placed on a slide, typically using a template that delivers a specific volume (41.7 mg of stool). The stool was then covered with a cellophane strip that had been soaked in methylene blue solution which clears the stool, making it easier to identify parasite eggs, while the dye provided good contrast. After air drying for 30 minutes, the slides were examined under a microscope using 10x and 40x objectives for the presence of the parasite eggs. The number of eggs were counted, and the intensity of infection was estimated by multiplying the egg count by a conversion factor to estimate eggs per gram (EPG) of stool. 
Statistical Analysis
The data generated from this study was subjected to statistical analysis using SPSS software version 21. Prevalence rates were calculated and expressed as percentages. The Pearson Chi square test was used to determine the difference between the studied variables and P-values ≤ 0.05 were considered significant.
RESULTS
The prevalence and intensity of Ascariasis in the sampled population are shown in Table 1. Out of 127 pupils examined, 45 (35.4%) were infected with Ascaris lumbricoides. The mean intensity of ascariasis in the area was found to be 6480 eggs per gram (EPG).
Table 1: Overall Prevalence and Intensity of Ascariasis in the Area
	School  
	Parasite sp.
	No. Examined
	No. Infected
	Prevalence (%)
	Mean Intensity (EPG)

	UPS
	Ascaris lumbricoides
	127
	    45
	35.4
	6480



Ascariasis was present in all the classes examined in the school, as shown in Table 2. However, prevalence varied from one class to another. Pupils in Primary 3 had the highest prevalence of Ascaris lumbricoides infection (50.0%), followed by pupils in Primary 1 (43.8%), while pupils in Primary 6 had the least prevalence of Ascaris infection (8.3%). The difference in the prevalence rate of ascariasis across the different classes was found to be statistically not significant (p > 0.05). 
Table 2: Prevalence of Ascariasis among pupils with respect to class 
	Class
	No. Examined
	No. Infected
	Prevalence (%)
	ꭓ2
	P-value

	Primary 1
Primary 2
Primary 3
Primary 4
Primary 5
Primary 6
Total
	16
19
22
17
41
12
127
	7
4
11
5
17
1
45
	43.8
21.1
50.0
29.4
41.5
8.3
35.4
	9.015
	0.108



Ascaris infection was also present in all age groups, as shown in Table 3, and the prevalence varied from one age group to another. The 14-16 years age group had the highest prevalence of ascariasis (60.0%), while the 5-7 years age group had the lowest infection prevalence (30.0%). Chi-square test showed the difference in prevalence among the age groups to be statistically not significant (p > 0.05).
Table 3: Prevalence of Ascariasis among pupils according to age
	Age group (yrs) 
	No. Examined
	No. Infected
	Prevalence (%)
	ꭓ2
	Pvalue

	5-7
8-10
11-13
14-16
Total                            
	10
49
63
5
127
	3
17
22
3
45
	30.0
34.7
34.9
60.0
35.4
	1.467
	0.690



[bookmark: _Hlk194769322]The prevalence of ascariasis with respect to gender in the sampled population is shown in Table 4 below. Female pupils recorded the highest prevalence of ascariasis (39.1%) while male pupils recorded the lowest infection prevalence (31.7%). Chi-square test showed that there was no significant difference in prevalence rate among pupils with respect to gender (p > 0.05).
Table 4: Prevalence of Ascariasis among pupils based on gender
	Gender
	No. Examined
	No. Infected
	Prevalence (%)
	ꭓ2
	P-value

	Male
Female
Total
	63
64
127
	20
25
45
	31.7
39.1
35.4
	0.743
	0.389



The study examined various risk factors responsible for the infection among the pupils in the area, revealing significant insights into sanitation, hygiene practices, and health awareness, as shown in Table 5. The results showed that 53.9% of pupils have functional toilets at home, while 35.7% lack any toilet facilities, and 1.7% have non-functional toilets. Additionally, 87% of the pupils have toilets in their school. At home, 20% of pupils use pit latrines, and 35.7% use modern/water cisterns, while the rest utilize the bush. At school, 41.7% used pit latrines, and 40% used modern/water cisterns. Furthermore, at home, 60% always used toilets, 19.1% sometimes, and 10.4% never used them. At school, 41.7% never used toilets, while 33.9% sometimes used them, and only 9.6% always used them. Also, 34.8% always defaecated openly, 29.6% never did, while 19.1% sometimes did. In terms of hygiene practices, all pupils were found to clean themselves after toilet/defecation: 46.1% used tissue paper, 28.7% used regular paper, 10.4% used water, while 6.1% used plant leaves. The study showed that 62.6% used borehole water, 13% relied on tap water, and smaller percentages used sachet water (7.8%), river/stream water (5.2%), or well water (1.7%). Additionally, 54.8% reported having sewage facilities available in their school, 47% used handwashing facilities at school while 43.5% did not. The study equally revealed that 73.9% washed hands after using the toilet, 44.3% always washed, 29.6% sometimes did, and 6.1% never washed. In addition, 83.5% washed hands before eating, while only 13% did so after breaktime: also, 70.4% washed fruits before consumption. About 54.8% maintained clean nails while 35.7% did not. Also, whereas 87% owned shoes or sandals, only 60.9% wore them regularly. In terms of health awareness and deworming, 45.2% played on or ate sand; 50.4% were aware of worm infections, but 82.6% lacked knowledge on prevention. Additionally, 60.9% had been dewormed, with varying times since their last treatment. Recent deworming occurred for varying durations such as: last year (19.1%), other than last year (10.4%), between three to four months ago (16.5%), three to four weeks ago (7%), one to two months ago (7%), and one to two weeks ago (3.5%).
Table 5: Sociodemographic factors influencing Ascariasis
	Risk factors
	
	Frequency
	Percentage (%)

	Toilet at school
Yes
No
Toilet at home
Yes
No
Not functional
Toilet type at school
Pit
WC
Bush
Toilet type at home
Pit
WC
Bush 
Open defecation
Always
Never
Others
After toilet use
Tissue
Water
Others 

Source of water
Tap
Well
Borehole
River
Sachet water

Hand washing facilities at school
Yes
No

Washing of hands before eating
Yes
No

Washing of hands after going to toilet
Yes
No 
 
Washing of hands after breaktime
Yes
No 

Nail hygiene
Yes
No

Playing with sand
Yes
No

How often do you use footwear
Always
Never
Sometimes

Heard of worm infection
Yes
No

Aware of mode of infection
Yes
No

Deworming status
Yes
No

When last were you dewormed
1-2 weeks ago
3-4 weeks ago
1-2 months ago
3-4 months ago
Last year
Others 
	
	
100
1

62
41
2

48
46
5

23
41
41

40
34
28
53
12
40


15
2
72
6
9



54
50



96
7



85
20



15
89


63
41


52
52




70
2
33



58
47



10
95


70
34



4
8
8
19
22
12
	
87.0
0.9

53.9
35.7
1.7

41.7
40.0
4.3

20.0
35.7
35.7

34.8
29.6
24.3
46.1
10.4
34.7


13.5
1.7
62.6
5.2
7.8



47.0
43.5



83.5
6.1



73.9
17.4



13.0
77.4


54.8
35.7


45.2
45.2




60.9
1.7
28.7



50.4
40.9



8.7
82.6


60.9
29.6



3.5
7.0
7.0
16.5
19.1
10.4



         DISCUSSION
[bookmark: _Hlk200363275][bookmark: _Hlk200351916][bookmark: _Hlk200317733][bookmark: _Hlk200314140][bookmark: _Hlk195803850][bookmark: _Hlk200317312]Over the years, infections due to Soil Transmitted Helminths continue to ravage the global population, especially in poor countries with inadequate sanitary conditions. The African continent is one of those regions hit hardest by these parasitic infections, and it is predominantly among primary school children due to their low level of hygiene. Ascariasis caused by Ascaris lumbricoides was found to be endemic in the study area among the studied population of school pupils. The findings of this study revealed an overall prevalence of 35.4% of Ascaris lumbricoides infection among the school pupils sampled at Unity Primary School (UPS), Anam, Anambra West Local Government Area of Anambra State. This result is higher than the 20.59% Ascaris lumbricoides infection prevalence in Awka North, Anambra State by Ikeh et al. (2024), 21.0% ascariasis prevalence reported in Mubi South, Adamawa State by Musa et al. (2024) as well as the 27.83% prevalence reported by Okoh et al. (2021) among children in Makurdi, Benue State. On the other hand, the overall prevalence of the present study (35.4%) is far lower compared to the finding by Ugbogu and Asogu (2013), who recorded a higher prevalence (79%) rate of Ascariasis among primary school children in Uwana, Afikpo, Ebonyi State, Southeastern Nigeria. The relatively low prevalence rate of 35.4% in the current study may be attributed to the presence of a functional water cistern toilet facility and access to pipe-borne drinking water, both of which reduce the likelihood of infection. This supports findings from the World Health Organization (WHO, 2016), which reported that in communities with poor sanitary conditions, prevalence rates as high as 80% or more have been recorded. An infection intensity of 6480 eggs per gram (EPG), suggested a moderate infection burden among school pupils in the study location. According to the World Health Organization guidelines, this figure falls within the light-to-moderate intensity range, emphasizing the need for both treatment and preventive strategies. Eyamo et al. (2022) research on Soil Transmitted Helminth infections among school children in Ethiopia similarly reported light-to-moderate infection burdens, with an overall mean EPG of 464.53. These variations highlight the influence of regional, environmental, and socioeconomic factors on infection rates. Factors such as host immunity, exposure to infective stages of the parasite, and general health status were found to be associated with infection intensity. The difference in the prevalence of A. lumbricoides across the different classes was not statistically significant. Primary 6 had the lowest prevalence (8.3%), while Primary 3 had the highest (50.0%). In contrast, a report by Ikeh et al. (2024) reported the highest prevalence (31.58%) among pupils in primary four, while primary one pupils, interestingly, had the lowest prevalence (12.19%) among primary school pupils studied in Awka North LGA of Anambra State, Southeastern Nigeria. The result reports varying prevalence rates across different age groups, but the differences were not statistically significant. Children aged 14-16 years had the highest prevalence (60.0%), while those aged 5-7 years had the lowest infection prevalence (30.0%). This trend may be due to behaviours such as playing in the sand, not observing personal hygiene after breaks, or failing to wash hands after using the toilet. Sufyan et al. (2024) reported that children aged 11-20 years had the highest infection rate of Ascaris lumbricoides at 34% in District Karak, Khyber-Pakhtunkhwa, Pakistan. This result aligns with Mamman & Maikenti (2014), who observed that students aged 14-16 years had a high infection prevalence of 6.47% for Ascariasis in Akwanga, Central Nigeria, suggesting that younger children may have less knowledge of hygiene practices. The finding of the present study however, contradicts the work of Elkanah et al. (2017) who reported that the 14-16 years age bracket had the lowest infection rate 0f 7.4% in Zing Local Government Area of Taraba State, Nigeria, and Gbonhinbor et al. (2022), who also observed that the 14-16 years age group had a relatively low prevalence of 12.60%, which was the least among the age groups studied. These reports highlight that older primary school children are more prone to Ascaris lumbricoides infections. This increased susceptibility may be due to factors such as greater outdoor activity and increased hand-to-mouth behaviors. Although ascariasis occurred in all genders, female school children were the most infected compared to male pupils. This discovery is in line with Aribodor et al. (2018), who also reported higher prevalence among female students, attributing it to increased involvement in chores that expose them to parasites, such as sweeping, toilet cleaning, and fetching water. The higher prevalence among female pupils reported in this study, however, disagrees with findings reported by Awotokun et al. (2024), Ikeh et al. (2024), and Igbodika et al. (2022), who all reported a higher infection rate among male school children compared to female children in their respective studies. The male prevalence documented in other studies suggests that behavioral factors such as boys' engagement in outdoor activities and poorer hygiene practices may play a role. The diverse gender prevalence of ascariasis by different researchers further indicates that infection may not be gender specific, but may depend on each level of exposure to infective sources or risky behaviours. The relationship between certain risk factors and the prevalence of ascariasis is strong. Inadequate sanitation, including open defecation (reported by 34.8% of participants), allows human faeces to contaminate soil and water, increasing environmental exposure to Ascaris eggs. According to Montresor et al. (1998), faecal contamination is the primary transmission route for helminths, making good hygiene and regular handwashing essential preventive measures of diseases. Contaminated food and water further elevate the risk. The use of untreated human feces as fertilizer also perpetuates transmission. De-worming remains a cost-effective strategy to reduce helminth-related morbidity (WHO, 2012). Awareness of helminth parasites modes of transmission and the importance of deworming can help an individual to take precautionary measures.  However, Truscott et al. (2014) concluded that de-worming and awareness alone are insufficient to prevent ascariasis as reinfection can occur because community members are not included in school-based de-worming programs. Only 60.9% of participants in this study reported having been de-wormed, with many not being de-wormed recently. This gap increases the risk of recurrent infections. Additionally, the area's frequent flooding, due to its proximity to the river, creates an environment favorable for parasite survival and transmission. Compared to adults, younger children such as those reported in this study are more frequently affected due to behaviors such as playing in contaminated soil, putting unwashed hands in their mouths, walking barefoot, and consuming unclean food and water (Chukwuma et al., 2009). These risk factors contribute significantly to the observed 33.9% prevalence of ascariasis. The interplay of environmental conditions (e.g., flooding), socioeconomic factors (e.g., poverty), and behavioral habits (e.g., poor sanitation and hygiene) directly influences the burden of this disease.
[bookmark: _Hlk200365591]CONCLUSION 
[bookmark: _Hlk200365694]Ascaris lumbricoides infection was found to be endemic in the study area among the sampled children. The overall prevalence of Ascariasis in the area was relatively moderate, indicating that efforts have been made to reduce the infection among the primary school children, although more can still be done. Risk factors such as age, gender, and class of study were found to be associated with infection prevalence. Behaviours ranging from poor hygiene practices, ignorance, sewage systems, poor health facilities, inadequate sanitation, and lack of deworming were also found influencing the spread of Ascariasis in the study area. This study shows that Ascariasis remains a public health concern and that deworming alone is not adequate to curtail the spread of the parasite, since re-infection can still take place due to unhygienic practices. Continuous surveillance, health education, and the implementation of Water, Sanitation, and Hygiene (WASH) practices in the community are crucial in mitigating the burden of the infection in the area.  
RECOMMENDATIONS
Based on the findings of the present study, the following three-step preventive measures, as recommended by WHO (2017), are suggested for implementation in the following order:
· Regular de-worming to eliminate the presence of worms.
· Health education of the masses to prevent re-infection.
· Enhancing water, sanitation, and hygiene (WASH) practices to decrease soil contamination with infective eggs of the parasite.
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