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Prevalence and associated risk factors of soil-transmitted helminthes infections among pregnant women in Onitsha, Anambra State, Nigeria.


Abstract
Pregnant women in resource-scarce countries are vulnerable to helminthic infestations. The objectives of this study were to determine the prevalence and associated risk factors of soil-transmitted helminthes (STHs) infections among pregnant women in Onitsha Metropolis. A cross-sectional study was conducted from September 2024 to May 2025 among pregnant women attending ante-natal clinics at four health facilities in Awka Metropolis. A total of 325 pregnant women were enrolled for the study and 325 fecal specimens collected and analyzed using direct faecal smear and formol-ether sedimentation techniques for estimation of prevalence. In-depth interviews, focus group discussion and pretested questionnaire were used in determining the predisposing risk factors of STHs infections among pregnant women studied.  Of the 325 fecal specimens examined, 161 (49.5%) were positive with one or two STHs parasites. The parasites recovered were Ascaris lumbricoides 93(28.6%), Hookworm 29(8.9%), Trichuris trichiura, 32(9.8%) and Strongyloides stercoralis 7(2.2%). A total of 9(2.8) had mixed STHs infections. Pregnant women less than twenty years old had significantly the highest prevalence of STHs infections (61.0%) while those who are more than 40 years old had least STHs infections (30.3%). Primigravid women were significantly infected 84(65.6%) than secundigravid women 47(47.0%) and multigravid ones 30(30.9%). The highest prevalence of STHs infections was observed among those in their second trimester (49.0%). Pregnant women who were traders had the highest prevalence of STHs infections (68.9%), the least prevalence was observed among those who were civil servants (18.5%). Pregnant women who had primary education significantly had the highest prevalence of STHs infections (69.1%). Those who defecate in the bush (72.9%) harbor significantly highest infection rate. Increased and significantly highest infection rate was recorded among those whose source of drinking water was shallow well (89.1%). Source of food intake, food and handwashing hygiene, footwearing, handwashing after defecation, washing of fruits and vegetables were significantly associated with STHs infections among the pregnant women studied.  Guidelines should be developed for implementation of routine fecal examination screening procedure for all pregnant women attending antenatal clinics so that mass management can be offered to all pregnant women.






INTRODUCTION
Soil-transmitted helminthes (STHs) infections are among the most common infections worldwide and affect the poorest and most deprived communities. They are a group of nematodes that infect more than a billion people worldwide (WHO, 2023) particularly in marginalized, low-income and resource-constrained regions of the world (Anunobi et al., 2019; WHO, 2022).  Approximately 1.5 billion people or 24% of the world’s population are infected with STHs globally (WHO, 2019). Infections are widely distributed in tropical and subtropical areas, with the greatest numbers occurring in sub-Saharan Africa, the Americas, China and East Asia. Infections in countries in these widely distributed areas account for over 56% of the infection globally (Ohioleiet al., 2017).
 In sub-Saharan Africa (SSA), 866 million people were estimated to be infected with STH as indicated by; the respective number (prevalence) of people infected by hookworm, A. lumbricoides and T. trichiurawas 117 million (13.6%), and 100.8 million (11.6%) respectively (Nigeria Centre for Disease Control, 2017). Thus, STHs infect nearly 2 billion people of world’s population with children being the most affected (Achi et al., 2017). People or groups at risk include: preschool children, school-age children, women of childbearing age including pregnant women in the second and third trimester and breastfeeding women, adults in certain high-risk occupations such as tea-pickers or miners (WHO, 2017). More than 880 million children are infected globally (WHO, 2018) with over 267 million being preschool-age children and over 568 million school-age children living in areas where these parasites are intensively transmitted and are in need of treatment and preventive interventions (WHO, 2019).
 Nigeria has the highest total number of people infected with STHs in sub-Saharan Africa (Federal Ministry of Health) (FMoH, 2014) report as cited by Oluwole et al. (2015) with school-age children having the highest intensity of infection (Kedebeet al., 2022).The disease is most prevalent in warm and moist climates where sanitation and hygiene are poor and waters are unsafe, including the temperate zones during warmer months. Thousands of rural and impoverished villagers throughout the tropics and sub-tropics are often chronically infected with several different species of parasitic worms (Wekesaet al., 2014).
The prevalence of STHs infections is especially high among populations with poor environmental sanitation (Tsegaye et al., 2015). Other practices such as hand washing, disposal of refuse, personal hygiene and wearing of shoes when not done properly, may contribute to the infection or picking of infective forms of the worm from the environment (Feleke and Jember, 2018). 
Of particular worldwide importance are the roundworms (Ascaris lumbricoides), whipworms (Trichuris trichiura) and hookworms (Necator americanus and Ancyclostoma duodenale) (Wekesa et al., 2014). Other soil-transmitted helminthes include the threadworm (Strongyloides stercoralis). Hookworm infection occurs in almost half of sub-Saharan African people with low access to sanitation facilities, including 40 - 50 million school-aged children and 7 million pregnant women in whom it is a leading cause of anemia (Adewale et al., 2018) while recent estimates suggest that 819 million people worldwide are infected with A. lumbricoides, 465 million with T. trichiura, and 439 million with hookworm (Pullan et al., 2014).
Infections with A. lumbricoides, T. trichiura and hookworm especially A. duodenale are transmitted through ingestion of the eggs in the soil contaminated through excrements (Pullan et al., 2014).  Hookworms can also be transmitted through skin contact with free-living larvae in the soil. Environmental survival of STHs eggs and larvae including hatching and embryonation are determined by warm temperatures and adequate moisture (Derso et al., 2016).
The risks of the individuals suffering from soil-transmitted helminths (STHs) infections- related morbidity appear to be a joint function of the number of species harbored and/or the infection intensity of any species (Hurlimann et al., 2014). This is even more among the vulnerable populations such as pregnant women with suppressed immunity due to their pregnancy status. In many agricultural communities, women often acquire helminthes infections in the process of growing family’s food because of the constant contact with soil (Mohammed et al., 2021). Hookworm infection is an important etiological agent of anemia in women of reproductive age (Dersoet al., 2016). Given that the geographical distribution of STHs infections widely overlaps in sub-Saharan Africa, the occurrence of hookworm infection during pregnancy may contribute significantly to the degree of anemia in mothers and the new born (Mohammed et al., 2021). The high prevalence of STHs in sub-Saharan Africa alone has been documented, mainly in countries such as Nigeria (Karshima, 2018; Ohiolei et al., 2017), Ethiopia (Tefera et al., 2017), Democratic Republic of the Congo, Tanzania, Sudan, Angola, Ghana, South Africa, Côte d’Ivoire, Mozambique and Kenya (WHO, 2022). However, analysis has focused primarily on the general population and school children.
 Statement of problem
The high rates of STHs infections among pregnant women are mostly indicative of soil and domestic water supply around homes due to poor sanitation and improper sewage disposal (Amahet al, 2019). Pregnant women are also at high risk of infection because of their close relationship with children (Salawuet al., 2020). Pregnancy has been associated with an increase in prevalence of A. lumbricoides and T. trichiura infections compared to non-pregnant women (Hailu et al., 2013).
Targeted control on school children is often advocated and is usually the main operation in sub-Saharan Africa due to limited resources (Adewale et al., 2018). However, exclusion of other groups, oftentimes comprising the adult population including pregnant women, makes re-infection almost inevitable in low resource rural endemic regions of the developing countries (Salawu and Odaibo, 2014). These neglected groups (pregnant women inclusive) which are believed not to be sufficiently exposed to infection and often left untreated could serve as reservoirs of infection, bringing the distribution of the disease to pre-control level over time (Salawu and Odaibo, 2014).

1.1: JUSTIFICATION FOR THE STUDY 
The WHO global target to eliminate morbidity due to soil-transmitted helminthiases by 2020 focuses more on regular treatment of at least 75% (an estimated 873 million) of the children in endemic areas  (WHO, 2019). This has contributed to the numerous works done on school children both within and outside Nigeria such as the works of Omotola and Ofoezie, (2019) in Osun state; Emeka, (2013) in Nsukka, Enugu state, Alelign et al. (2015) in Ethopia; Apili et al. (2014) in Uganda etc.
Literatures are also available on soil -transmitted helminthes in other populations including pregnant women as seen in the works of Adewale et al. (2018) in Lagos, Nigeria; 
In Nigeria and in Anambra State in particular, deworming exercise is found in school children and other adults but not pregnant mothers, it is therefore necessary to take the pregnant women into consideration by checking the infection rate because of the decreased immunity in this group and possible effect on fetal wellbeing.
1.2 Aim and specific objectives
The aim of this study was to determine the prevalence of soil-transmitted helminthes and behavioral risk factors among pregnant women attending ante- natal clinics in Onitsha Metropolis, Anambra State, Nigeria.
The specific objectives of the study were to determine:
1. The prevalence of soil-transmitted helminthes infections among pregnant women attending ante-natal clinics in Onitsha Metropolis. 
1. Risk factors associated with intestinal parasites infections among pregnant women attending anti-natal clinics in Onitsha Metropolis.

3.1	Study Area:
The study was carried out in Onitsha, Anambra State, Southeast Nigeria. Onitsha is located on latitude 6.1667◦ N and longitude 6.7833◦E (Fig. 1). The climate is tropical with a high annual rainfall ranging from 1,400 mm in the north to 2500 mm in the south. It is concentrated in one season usually July, with about four months of dryness usually from November to February consequently resulting in tropical rainforest vegetation. It experiences two distinct seasons - a wet season of abundant rainfall which begins in April and ends in October or early November, and a practically rainless dry season which lasts from November to March. There are two rainfall peaks, one in July and the other in September, and annual precipitation is in excess of 2000mm. Temperature is high throughout the year with day time range of 23-35◦C. The weeks preceding the coming of the rains are a period of excruciating heat owing to the synergistic effects of high temperature and high relative humidity that prevail during that period. Onitsha is located along the banks of River Niger, from which the name Nigeria was coined and it is a vast city with the largest market (Onitsha Main Market) in West Africa. Onitsha is presently made up of two Local Government Areas namely Onitsha North and Onitsha South. Onitsha metropolis covers a land area of 52.719 km2 with a total population of 263,109 (NPC, 2006). Majority of the inhabitants of the city are traders, while some are civil servants, artisans and students. Some parts of the city have very poor sanitary condition.
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Fig 1: Map of Anambra state, showing Onitsha Metropolis (Google, 2024).

0. Study design
This was a laboratory based cross-sectional descriptive study conducted in three health facilities in Onitsha Metropolis offering ante natal care services. The sample population included all pregnant women aged 15 and above and who reside in the study area.
Exclusion Criteria
 The subjects who admitted to have received anthelmintics in three months prior to the study were excluded from the study. 
Inclusion Criteria
All pregnant women who have not taken anthelmintics within the past three months and also those who gave their consent were enrolled for the study. The objectives of the research and its implications were explained to the pregnant women with the consent form.  Participation was after signing the consent form and a participant could withdraw from the study at any time without consequences for her antenatal services. 

3.3	Ethical consideration
The approval for the study was obtained from the Ethics and Research Committee, Chukwuemeka Odimegwu Ojukwu University Teaching Hospital, Awka. 
3.4: Sample Size Determination
A formular for dample size determination as described by Yaman (1964) was used, thus 
N=N/1+N (e)2               where n=sample size
N=population size
E=error limit
1=constant
The expected sample size was but was made up to .

3.5: Collection of stool samples 
Prior to the stool sample collection, the pregnant women were guided on how to bring their stool samples not to mix with soil and urine. Each pregnant woman was provided with a dry, clean and leak-proof stool cup, labeled with the identification number of each woman and application stick. Samples after collection were preserved in 8ml of 10% formalin solution, and transported to the Department of Parasitology and Entomology Laboratory, Nnamdi Azikiwe University Awka, for processing. 
3.6 Examination of Sample Specimens
3.6.1 Macroscopic Examination of Stool Samples
The stool samples collected were physically examined for colour, consistency, presence of mucus or blood, adult parasites.
3.6.2 Microscopic examination of stool samples
The following techniques were adopted for examining the stool samples
3.4.2.1 Direct Smear/ Wet Preparation (Cheesbrough, 2000)
Five grammes of each stool sample were weighed out on a microscopic slide. This was emulsified with a drop of saline and spread with the aid of a wooden applicator until translucent. Prepared slide was then covered with a cover slip and examined under a microscope using x40 and x100 objectives. STHs eggs were identified using Cheesbrough (2000) guide and illustration.

3.6.2.2 Formol-ether Concentration technique (WHO, 2021).
An applicator stick was used to collect 1g of feces and emulsified in 4 ml of 10% formalin ether contained in a tube until a slightly cloudy suspension was formed. A gauze filter was fitted into a funnel and the funnel was placed on top the centrifuge tube. The fecal suspension was passed through the filter into the centrifuge until 7 ml mark was reached. The filter was removed and discarded with the lumpy residue. Four ml of ether was added and mixed well for a minute. The suspension was transferred back to the centrifuge tube and centrifuged at 1000 rpm for a minute. The fecal debris was loosened with an applicator stick and the supernatant was poured away quickly by inverting the tube. The tube was replaced in its rack and the fluid on the sides of the tube was allowed to drain down to the sediment. It was mixed well and a drop was placed on a slide and then covered with coverslip for examination under a microscope. x10 and x40 objectives lenses were used to examine the whole area under the cover slip for eggs and larvae of soil-transmitted helminthes (WHO, 2021). The eggs and larvae were identified with reference to Atlas of Parasitology (Cheesbrough, 2000).    

3.7 To determine the socio-economic factors and sanitation and hygiene practices of pregnant women to STHs infections. 
Indepth interviews, focus group discussions and questionnaires were used to determine the socioeconomic factors and sanitation/hygiene practices.
3.7.1 In-depth Interviews: In-depth interviews were held with pregnant women who attended ante natal care services. This was employed to elicit information on treatment-seeking behaviors of the pregnant women in relation to STHs infections.
3.7.2 Focus Group Discussions: Two FGDs were used to validate responses received through questionnaire method. The FGDs elicited information on their knowledge on causes, signs and symptoms, attitudes and management practices of pregnant women to STHs infections.
3.7.3 Structured Questionnaire: A total of three hundred and twenty-five pre-tested questionnaires were administered among the pregnant women studied. The questionnaire consisted of open–ended questions of discriminatory statements ondemographic, socio-economic, educational status, behavior, level of knowledge on causes, signs and symptoms, preventive measures and management practices of pregnant women in relation to STHs infections in Awka. The structured questionnaires were given to the women to fill and administered in the mother tongue (Igbo Language) for women who do not understand some of the questions in English language. Finally, accuracy and completeness of all the questionnaires were checked at the end of each data collection day. 
3.8	Data analysis
The data collected were fed into Microsoft Excel 2010 software and then copied into Statistical Programme for Social Sciences (SPSS) software version 22.0 for analysis. Chi-square test was performed to access the presence of any significant differences in the variables. Questionnaire results were also coded into SPSS and variables create






RESULTS
4.1	Prevalence of soil- transmitted helminthes
Of the 325 stools examined microscopically, 161 samples were positive for intestinal parasites infections giving a total prevalence of 49.5%. Four soil-transmitted helminthes parasites were identified. These were A. lumbricoides 93(28.6%), Hookworm 29(8.9%), T. trichiura 32(9.8%) and Strongyloides stercoralis 7(2.2%). 
Table 1: Overall prevalence of intestinal parasites infections among pregnant women attending ante natal clinics in Onitsha.
Total number Examined=325
Total number infected=161
	Soil-transmitted helminthes
	Frequency 
	% frequency

	Ascaris lumbricoides
	93
	28.6

	Hookworm 
	29
	8.9

	Trichuris trichiura
	32
	9.8

	
	
	

	Strongyloidesstercoralis
	7
	2.2

	Total 
	161
	49.5





4.2: Prevalence of mixed infections.
As shown in Table 2, a total of 9 pregnant women were infected with double infections giving a prevalence of 2.8% mixed infection. Four pregnant women had double infection of A. lumbricoides and T. trichiura giving a prevalence of 36.4%, three pregnant women had double infection of A.lumbricoides and Hookworm giving a prevalence of 27.3% and two pregnant women had double infections of T. trichiura and Hookworm giving a prevalence of 18.2%

Table 2: Prevalence of mixed infections.
	Mixed infection
	Frequency 
	% frequency

	A.lumbricoides+Hookworm
	3
	27.3

	T. trichiura+Hookworm
	2
	18.2

	A.lumbricoides+T. trichiura
	4
	36.4

	Total 
	9
	2.8




4.3: Prevalence and intensity of STHs parasites in relation to heath facility.
The summary of the prevalence intestinal parasites in relation to health facility among the pregnant women studied were presented in Table 3. The highest prevalence of STH infection was recorded among pregnant women who attended ante natal clinic in Holy Rosary Hospital (52.6%), Onitsha, followed by those who attended Iyi-Enu Hospital Ogidi (50.8%). The least prevalence (46.2%) was recorded among pregnant women who attended General Hospital, Onitsha.  Statistical analysis using Chi-square showed that the observed difference in the prevalence of STHs parasites was not statistically significant (p>0.05), P-value=0.087. 


Table 3: Prevalence and intensity of STHs parasites in relation to heath facility.
	Health facility
	Number Examined
	Number positive (%)

	General Hospital
	78
	36(46.2)

	Holy Rosary Hospital
St. Charles Borromeo Hospital
Iyi-Enu Hospital
	97
85
65
	51(52.6)
41(48.2)
33(50.8)

	Total 
	325
	161(49.5)




The summary of the prevalence intestinal parasites in relation to age among the pregnant women studied were presented in Table 4. Out of 325 pregnant women examined those less twenty years old had the highest prevalence of STHs parasites 25(61.0%) followed by those in age group 21-30 years 59(60.2%). And the least prevalence 20((30.3%) was recorded among those in the age group 41 and above. Statistical analysis using Chi-square showed that the observed difference in the prevalence of STHs parasites in relation to age was statistically significant (p<0.05), P-value=0.007. 
The distribution of the STHs parasites revealed that 93(28.6%) of those infected had A. lumbricoides infection. Of this, 64.0% were those that were less than twenty years old. The highest prevalence of T. trichiura was obtained in age group 31-40 years 15(26.3%) followed by those in age group 21-30 years (16.9%). The highest prevalence of hookworm 13(22.8%) was obtained among those in age group 31-40 years, and the highest prevalence of S. stercoralis 3(12.0%) was obtained from those that were less than twenty years old in the age group. No case of S. stercoralis was observed among those that were forty-one years and above. 







Table 4: Prevalence of STHs parasites among pregnant women in relation to age.
	Age (yrs)
	No. Examined 
	No. Inf. (%)
	A. lumbricoides (%)
	Hookworm (%)
	T. trichiura. (%)
	S. stercoralis (%)

	<20
	41
	25(61.0)
	16(64.0)
	2(8.0)
	4(16.0)
	3(12.0)

	21-30
	98
	59(60.2)
	37(62.7)
	10(16.9)
	10(16.9)
	2(3.4)

	31-40
	120
	57(47.5)
	27(47.4)
	13(22.8)
	15(26.3)
	2(3.5)

	41+
	66
	20(30.3)
	13(65.0)
	4(20.0)
	3(15.0)
	0(0.0)

	Total 
	325
	161(49.5)
	93(28.6)
	29(8.9)
	32(9.8)
	7(2.2)






4.5: Prevalence of STHs parasites among pregnant women in relation to trimester.

The prevalence of STHs parasites in relation to trimester among the pregnant women studied was presented in Table 5. The highest prevalence of STHs parasites was obtained among pregnant women in their second trimester (49.0%), followed closely by those in their first trimester (48.4%). The least prevalence was obtained among those in their third trimester (47.3%). Statistical analysis revealed that there was no significant difference in the prevalence of STHs among the pregnant women studied in relation to trimester (Chi-square=3.120, p>0.05; p-value=0.927).
 Prevalence of A. lumbricoides ranged from 54.1% in first trimester to 64.6% in second trimester. While that of T. trichiura ranged from 16.7% in those in their second trimester to 23.0% in those in first trimester. Hookworm was recorded highest among those in third trimester (19.2%). And S. stercoralis was observed highest among those in third trimester (5.8%). 



Table 5: Prevalence of STHs parasites among pregnant women in relation to trimester.
	Trimester 
	No. Examined 
	No. Inf. (%)
	A. lumbricoides (%)
	Hookworm (%)
	T. trichiura (%)
	S. stercoralis (%)

	First 
	126
	61(48.4)
	33(54.1)
	11(18.0)
	14(23.0)
	3(4.9)

	Second 
	89
	48(49.0)
	31(64.6)
	8(16.7)
	8(16.7)
	1(2.1)

	Third 
	110
	52(47.3)
	29(55.8)
	10(19.2)
	10(19.2)
	3(5.8)

	Total 
	325
	161(49.5)
	93(28.6)
	29(8.9)
	32(9.8)
	7(2.2)








4. 6: Prevalence of STHs parasites among pregnant women in relation to gravidity.
The prevalence of STHs parasites in relation to gravidity among the pregnant women studied was presented in Table 6. The highest prevalence of STHs parasites 84(65.6%) was obtained in primigravidae, followed by secundigravidae 47(47.0%). The least was found among those in multigravidae 30(30.9%). Statistical analysis showed that there was a significant difference in the prevalence of STHs parasites in relation to gravidity (Chi-Square=52.951, p<0.05; p-value=0.000).                                    
 Prevalence of A. lumbricoides ranged from 16.7% in multigravidae to 71.4% in primigravidae. Similarly, prevalence of T. trichiura ranged from 11.9% in primigravidae to 43.3% in secundigravidae. The highest prevalence of Hookworm was recorded among multigravidae (36.7), while primigravidae had the highest prevalence of S.stercoralis (5.6%). 



Table 6: Prevalence of STHs parasites among pregnant women in relation to gravidity.
	Trimester 
	No. Examined 
	No. Inf. (%)
	A. lumbricoides (%)
	Hookworm (%)
	T. trichiura (%)
	S. stercoralis (%)

	Primigravidae  
	128
	84(65.6)
	60(71.4)
	9(10.7)
	10(11.9)
	5(5.6)

	Secundigravidae
	100
	47(47.0)
	28(59.6)
	9(19.1)
	9(19.1)
	1(2.1)

	Multigravidae
	97
	30(30.9)
	5(16.7)
	11(36.7)
	13(43.3)
	1(3.3)

	Total 
	325
	161(49.5)
	93(28.6)
	29(8.9)
	32(9.8)
	7(2.2)









4.: Prevalence of STHs parasites in relation to socio-economic factors among the studied group.

4.7: Prevalence of STHs parasites among pregnant women in relation to occupation.
The highest prevalence of STHs parasites was observed among those who were traders (68.9%), followed by those who were artisans (56.7%). The least prevalence was observed among those were civil servants (18.5%) (Table 7).The observed difference in the prevalence of STHs parasites in relation to occupation among the subjects studied was statistically significant (p<0.05) (Chi-square=60.041;   p-value=0.000).
Among those infected with A. lumbricoides, students had a prevalence of 60.0%, followed closely by traders (58.8%). Surprisingly, the least prevalence was observed among those who were artisans (52.9%). T. trichiura was completely absent among the civil servants (0.0%).  However, the highest prevalence of hookworm was found among those who were students (20.0%).
Table 7: Prevalence of STHs parasites among pregnant women in relation to occupation.


	Occupation
	No. Exam.
	No. Inf. (%)
	A. lumbricoides (%)
	Hookworm (%)
	T. trichiura (%)
	S. stercoralis (%)

	 Civil servants
	65
	12(18.5)
	7(58.3)
	3(25.0)
	2(16.7)
	0(0.0)

	 Traders 
	148
	102(68.9)
	60(58.8)
	18(17.6)
	20(19.6)
	4(3.9)

	 Students 
	35
	10(28.6)
	6(60.0)
	2(20.0)
	2(20.0)
	0(0.0)

	Artisans 
	30
	17(56.7)
	9(52.9)
	3(17.6)
	3(17.6)
	2(11.8)

	Unemployed 
	47
	20(42.6)
	11(55.0)
	3(15.0)
	5(25.0)
	1(5.0)

	Total 	
	325
	161(49.5)
	93(28.6)
	29(8.9)
	32(9.8)
	7(2.2)





4.8: Prevalence of STHs parasites among pregnant women in relation to level of education.
In relation to educational level, the highest prevalence of STHs parasites was observed among those who had primary education 38(69.1%), followed by those with secondary education 98(51.6%). The least prevalence 25(31.3%) was observed among those with primary education (Table 8). Statistical analysis showed that there was a significant difference in the prevalence of STHs infection in relation to level of education among the studied subjects (p<0.05) (Chi-square=79.718, p-value =0.000). 	
Among those infected with A. lumbricoides, the highest prevalence was observed among those with secondary education (64.3%) followed by those with tertiary education (56.0%). The least prevalence was found among those with primary education (42.1%). On the contrary, S. stercoralis was completely absent in those without tertiary education. However, the highest prevalence of T. trichiura (26.3%) was observed among those with primary education (18.9%) followed by those with tertiary education (24.0%). 

Table 8: Prevalence of STHs parasites among pregnant women in relation to level of education.

	Level of education 
	No. Exam.
	No. Inf. (%)
	A. lumbricoides (%)
	Hookworm (%)
	T. trichiura (%)
	S. stercoralis (%)

	 Primary 
	55
	38(69.1)
	16(42.1)
	7(18.4)
	10(26.3)
	5(13.1)

	Secondary 
	190
	98(51.6)
	63(64.3)
	17(17.3)
	16(16.3)
	2(2.0)

	Tertiary 
	80
	25(31.3)
	14(56.0)
	5(20.0)
	6(24.0)
	0(0.0)

	Total 	
	325
	161(49.5)
	93(28.6)
	29(8.9)
	32(9.8)
	7(2.2)








4.9: Prevalence of STHs parasites among pregnant women in relation to type of toilet facility
The prevalence of STHs parasites in relation to type of toilet facility among the studied population was as presented in Table 9. The highest prevalence was observed among pregnant women who use bush (72.9%) followed by those who use pit latrine (52.2%). The least was observed among those who use water closet (35.7%). The observed difference was found to be statistically significant (p<0.05) (Chi-square=70.43; p-value=0.000). 
On A. lumbricoides infection, the highest prevalence was observed among those who use water closet (62.0%) followed by those who use pit latrine (61.7%) the least prevalence was found among those who use water closet (49.0%). However, the highest prevalence of T. trichiura was observed among those who use bush (27.5%) followed by those who use pit latrine (16.7%). Similarly, the highest prevalence (7.8%) of S. stercoralis was recorded among those who use bush.
Table 9: Prevalence of STHs parasites among pregnant women in relation to type of toilet facility.
	Toilet facility
	No. Exam.
	No. Inf. (%)
	A. lumbricoides (%)
	Hookworm (%)
	T. trichiura (%)
	S. stercoralis (%)

	Bush 
	70
	51(72.9)
	25(49.0)
	8(15.7)
	14(27.5)
	4(7.8)

	Pit latrine
	115
	60(52.2)
	37(61.7)
	11(18.3)
	10(16.7)
	2(3.3)

	Water closet
	140
	50(35.7)
	31(62.0)
	10(20.0)
	8(16.0)
	1(2.0)

	Total 
	325
	161(49.5)
	93(28.6)
	29(8.9)
	32(9.8)
	7(2.2)






4.10: Prevalence of STHs parasites among pregnant women in relation to source of drinking water.
The prevalence of STHs parasites in relation to source of drinking water among the pregnant women was as presented in Table 10. The results showed that the highest prevalence of STHs parasites occurred among pregnant women who source their drinking water from shallow well (89.1%), followed by those who source their own from borehole (41.9%). The least prevalence was obtained from those who get their drinking water from packaged water (35.4%). The observed difference was found to be statistically significant (p<0.05) (Chi-square=77.209; p-value=0.000).
Prevalence of A. lumbricoides was found to be highest among those who source their drinking water from borehole water (69.3%), followed by those get their own from packaged water (65.5%). On the contrary, the highest prevalence of T. trichiura was observed among who source their water from shallow well (33.3%). The highest prevalence of hookworm and S. stercoralis were recorded shallow well (21.1% and 7.0% respectively). 
Table 10: Prevalence of STHs parasites among pregnant women in relation to source of drinking water. 
	Source of water
	No. Exam.
	No. Inf. (%)
	A. lumbricoides (%)
	Hookworm (%)
	T. trichiura (%)
	S. stercoralis (%)

	Borehole 
	179
	75(41.9)
	52(69.3)
	15(20.0)
	6(8.0)
	2(2.7)

	Shallow well
	64
	57(89.1)
	22(38.6)
	12(21.1)
	19(33.3)
	4(7.0)

	Packaged 
	82
	29(35.4)
	19(65.5)
	2(6.9)
	7(24.1)
	1(3.4)

	Total 
	325
	161(49.5)
	93(28.6)
	29(8.9)
	32(9.8)
	7(2.2)





4.11: Prevalence of STHs Parasites and its association with sanitation and hygiene Factors among Pregnant Women.
The various sanitation and hygiene practices associated with STHs parasites among the studied group were presented in Table 11. Out of two hundred and thirty-two pregnant women who stated that they cook food by themselves 94(40.5%). However, 67(72.0%) out of 93 who buy food outside were infected with STHs parasites. A total of 108(61.4%) out of 176 who occasionally observe food and hand hygiene were infected with STHs parasites, while 20(58.8%) out of 34 do not observe food and hand hygiene. On foot wearing hand, 16(61.5%) out of 26 were infected with STHs while 93(54.4%) out of 171 were infected with STHs.
Table 11 presented the prevalence of STHs parasites among the studied subjects in relation to washing of fruits and vegetables before eating. Prevalence ranged from 42.7% among those who affirmed that they always wash fruits and vegetables before eating to 50.9% among those who sometimes do so and (59.9%) those who never do so. Statistical analysis revealed a non-significant difference in the prevalence of STHs among pregnant women in relation to washing of fruits and vegetables before eating (p>0.05; X2=1.151; p-value=0.283).
 On proper hand washing before eating 21(22.3%) of 94 who affirmed that they always wash their hands properly were infected with STHs parasites (Table 11). Out of 55 subjects that stated that they never wash their hands before eating, 32(59.2%) were positive for STHs parasites. Statistical analysis showed a significant difference between prevalence of STHs among pregnant women studied and proper washing of hands before eating (p<0.05; p-value=0.003).
A total of 17(26.6%) out of sixty-four subjects affirmed that they wash their hands with soap. Of the 183 pregnant women that they sometimes wash their hands 91(49.7%) were infected were infected, while 53(67.9%) out of 78 that do not wash hands with soap were infected with STHs parasites. The observed difference revealed a statistical significant difference (p<0.05; X2=34.341; p-value=0.000).















Table 11: Prevalence of STHs parasites and its association with sanitation/hygiene practices among Pregnant Women
	Variable 
	No. Examined
	No. positive (%)
	No. negative (%)
	p-value

	Source of food  intake
	
	
	
	

	Cook by oneself 
	232
	94(40.5)
	138(59.5)
	0.03

	Buy outside 
	93
	67(72.0)
	26(28.0)
	

	Food and hand washing hygiene
	
	
	
	

	Religiously/regularly 
	115
	33(28.7)
	82(71.3)
	0.04

	Quite often/occasionally 
	176
	108(61.4)
	70(39.8)
	

	Not at all/never 
	34
	20(58.8)
	14(41.2)
	

	Foot wearing
	
	
	
	

	Religiously/regularly 
	128
	52(40.6)
	76(59.4)
	0.05

	Quite often/sometimes 
	171
	93(54.4)
	78(45.6)
	

	Not at all/never 
	26
	16(61.5)
	10(38.5)
	

	Hand washing after defecating
	
	
	
	

	Yes 
	275
	131(47.6)
	144(52.4)
	0.05

	No 
	50
	30(60.0)
	20(40.0)
	

	Wash vegetable and fruits before eating
	
	
	
	

	Always 
	103
	44(42.7)
	59(57.3)
	0.06

	Sometimes 
	173
	88(50.9)
	85(49.1)
	

	Never 
	49
	29(59.2)
	20(40.8)
	

	Wash hands before eating
	
	
	
	

	Always 
	94
	21(22.3)
	73(77.7)
	0.04

	Sometimes 
	176
	108(61.4)
	68(38.6)
	

	Never 
	55
	32(58.2)
	23(41.8)
	

	Wash hands with soap
	
	
	
	

	Always 
	64
	17(26.6)
	47(73.4)
	0.02

	Sometimes 
	183
	91(49.7)
	92(50.3)
	

	Never 
	78
	53(67.9)
	25(32.1)
	







DISCUSSION
The prevalence of STHs parasites (49.5%) recorded in this study highlights the increased susceptibility of pregnant women to STHs infections which has been attributed to pregnancy –induced reduction in cellular and humoral immunity (Adewale et al., 2018) which is essentially physiological. The decreased STHs parasites could be due to mass drug administration (MDA) which reduces prevalence and intensity of STHs infection. The adverse effects of increased prevalence of STHs constitutes a major public health problem which makes the realization of the millennium development goals (zero infectious diseases) in the state a herculean task if adequate measures are not taken to control the scourge.
 The prevalence of STHs parasites in this study was higher than the prevalence of 14.3% reported in Ghana by Abaka-Yawson et al. (2020), 25.8% reported among pregnant women in Kenya by Nyambura and Gicheru (2022). However, the prevalence was lower than 51.0% reported by Dimejesi et al. (2014) in Abakaliki, Ebonyi State; 73.9% reported by Alula et al. (2021) in Ethiopia; 53.4% recorded by Alli et al. (2011) in Ibadan.The high occurrence of STHs detected in this study could also be indicative of fecal pollution of soil and domestic water supply around homes due to poor sanitation and improper sewage disposal. Studies in many parts of Nigeria (Usip et al., 2017; Akimbo et al., 2015; Salawu et al., 2020; Ojurongbe et al., 2015) have highlighted the hyperendemicity of STHs among school children. Women of reproductive age are at high risk of STHs infection due to their close relationship with children (Yadav et al., 2020).
The STHs parasites encountered in this study were Ascaria lumbricoides Hookworm, Trichuris trichiura and Strongyloides stercoralis. The high prevalence of Ascaria lumbricoides in this study may among other factors be favored by the physical and chemical composition of the soil, level of environmental pollution of the soil, intense human exposure to the infective stage (Iwueze et al., 2014; Apili et al., 2020). Moreover, the high prevalence of Ascaris may be attributed to the high biotic potential of Ascaris lumbricoides and the enormous capacity of the embryonated egg to withstand extreme environmental factors (Hotez et al., 2020). Furthermore, Ascaris eggs are coated with a mucopolysccharides that render them adhesive to a wide variety of environmental surfaces. This feature accounts for their adhesivenesss to everything from door handle dust, fruits and vegetables, paper money and coins, (Akimbo et al., 2015; Salawu et al., 2020). Similar reports were published by different researchers (Imakwu et al., 2020; Iwueze et al., 2014; Obiukwu et al., 2008). Conversely, prevalence of T. trichiura was unexpectedly low in this study (9.8%) in spite of the similar environmental conditions for development and the same transmission pattern shared with Ascaris lumbricoides. This may also be adduced to the rate of effective contact between individuals and the number that were eventually infected. The low prevalence of T. trichiura in this study was lower than that obtained by Idowu et al. (2019) who reported a prevalence of 14.0% among school age children in Lagos State. However, the prevalence of T. trichiura was higher than that reported by Dimejesi et al. (2014) who reported a prevalence of 1.5% in Abakaliki and Alli et al. (2011) who reported a prevalence of 2.9% among pregnant women in Ibadan. 
In this study, the overall prevalence of mixed infections was 2.8%. The coinfections of A. lumbricoides and T. trichiura were also obtained in previous study (Ndamukong et al., 2011) in Cameroon and Sitotaw et al. (2021) in Ethiopia. This reflects the similar mode of transmission of these parasites and might indicate a synergistic relationship between the two species. Besides, the population dynamics of Ascaris lumbricoides and T. trichiura are similar. Both species are transmitted via the feco-oral route and infections reflect the poor sanitary/ hygienic conditions of a community.
STHs infections were more prevalent in pregnant women less than twenty years old where a prevalence of 61.0% was obtained. Infection seemed to decrease with increase in age. The observed difference was not statistically significant. The significantly higher prevalence of STHs infections among the younger age groups of pregnant women when compared to older age groups might indicate higher susceptibility of younger women to STHs infections. Age variations in STHs infection prevalence is believed to be due to differences in natural immunity to infection which has been reported to increase with age (Taghipoun et al., 2021; Tesfaye et al., 2015).
Furthermore, the slight increased prevalence in the second trimester (49.0%) of pregnancy when compared to first trimester (48.4%) and third trimester (47.0%) was consistent with previous reports (Dimejesi et al., 2014; Wale et al., 2014; Woinishet et al., 2022). The increased prevalence is believed to result from reduction of acquired immunity at this stage. This situation seemed to reverse during third trimester when the prevalence was lowest. Previous studies suggest that susceptibility to infections reduces significantly during third trimester (Iwueze et al., 2014; Tulu et al., 2014). This may be attributed to physiological status of the pregnant women and variations to environmental factors.
The significantly increased prevalence of STHs infections among primigravid women (65.6%) when compared to secundigravid women (47.0%) and multigravid women (30.9%) also suggests increased susceptibility of this group of women to STHs infections. This could be due to the development of the new immunologically naïve utero-placental vasculature during the first pregnancy. This was consistent with previous reports in Nigeria (Dimejesi et al., 2014; Akimbo et al., 2015; Ojurongbe et al., 2018), in Tanzania (Speich et al., 2013), in Ethiopia (Tefera et al., 2015). Multigravid women have higher acquired immunity, reduced susceptibility consequently reduced incidence of acquiring parasitic infections.
The significantly increased prevalence among pregnant women (68.9%) who were traders when compared to other occupational groups was found to be consistent with previous studies (Abaka-Yawson et al., 2020; Ohuche et al., 2016; Speich et al., 2013;Obiukwu et al., 2008). Many of them were mere petty traders who were not educated enough to see the need for good personal and environmental hygiene. Conversely, the low prevalence observed among the public/civil servants was an indication of high level of personal and environmental hygiene and use of anthelmintic drugs. It is of interest to note that the civil servants also have access to health facilities.
Increased STHs infection prevalence in women with primary education highlights the importance of mass literacy in the war against STHs infections. The more educated the people, the better equipped they are to take measures to avoid STHs transmission. Education is also a measure of the socio-economic class and will help to determine the major type occupation and accommodation, two factors which influence STHs infection transmission and prevalence.
In this study, the prevalence of STHs parasites in relation to type of toilet facility was also investigated. Improper disposal of human wastes was positively associated with STHs infections. This has been previously reported in different parts of Nigeria (Okafor et al., 2023; Alula et al., 2021; Akimbo et al., 2015; Adewale et al., 2018; Omotola and Ofoezie, 2019). However, it was observed some individuals who have water closet sometimes prefer to defecate in bushes and farmlands around their houses. This affirms the fact that parasitic disease transmission is promoted by poor environmental sanitation. 
Infection rate was found to be highest among those who use shallow well (89.1%) while the least was observed among those who use package water (35.4%). The reason for this is not far- fetched. These shallow wells most times are not protected and are subject to contamination by cysts and ova of parasites. The seeming high rate of STHs infections observed among pregnant women who use shallow wells was similar to the findings of Yesuf et al. (2019) in Ethiopia. It is possible that those who use shallow wells also make use of borehole water. Again it is possible that use of unprotected water and the absence of water treatment were markers for soil exposure. Ultimately, transmission through water contaminated with soil may be an additional infection route.
The study revealed a significantly higher prevalence among those who affirmed that they wash their hands after using the toilet facility (47.6%) than those who declared that they do not do that (60.0%). The non-washing of hands after toilet could be attributed to ignorance and poor supply of water. Hand-washing as a good hygiene practice especially after toilet would eliminate any potential pathogen that would go a long way in preventing further transmission of intestinal parasitic infections (Adewale et al., 2023; Akinseye et al., 2013; Amah et al., 2019). 
The study revealed that those who not wash their fruits and vegetables were significantly highly infected (50.9%) than those who affirmed that they wash fruits and vegetables before consumption (42.7%). Unfortunately the hygiene nature of these fruits and vegetables is questionable both from their source of growth where human and animal excreta is largely employed as manure and to the point of consumption. Similarly, several authors have reported passive transmission of enteric pathogens and parasitic ova by fruits and vegetables (Okoro et al., 2023; Yusof et al., 2017). It is not the availability of soap but the frequency of its usage that prevents the contact of STHs infection.
The significantly increased prevalence of STHs infections among those who sometimes wash hands properly (61.4%) and who never wash hands (58.2%) when compared to those who always do so (22.3%) is consistent with previous studies (Iwueze et al., 2014; Dimejesi et al., 2014).  This may have to do with poor knowledge personal hygiene because man acquires infections by accidentally ingesting embryonated eggs in contaminated hands. This is true because some parasitic eggs example Ascaris lumbricoides eggs can adhere to surfaces for a long time, and are coated with mucopolysaccharide substances that enable them to adhere firmly to different surfaces (Ogbaini-Emovon et al., 2014;Shifera et al., 2017).
Washing of hands have been a strong protective factor from acquiring soil-transmitted helminths, this have been proven by several studies who reported a higher prevalence of  soil-transmitted helminth infection from those who did not wash their hands either occasionally or not than those who washed their hands, (Okereke et al., 2015; Oluwole et al., 2015). The population studied had a higher level of personal hygiene which was observed in their response, as majority of them claimed that they washed their hands (comprising of after defecation and before eating anything), while few said that they washed their hands occasionally. The high prevalence among those who claimed to have washed their hands always may suggest that the pregnant women did not wash their hand properly with soap after using the toilet or did not maintain adequate hand hygiene at other times such as before eating anything. This is in agreement with the study carried out in Uga, by Umeh et al. (2015) and in Lagos State, by Idowu et al. (2019).
In this study, pregnant women with a habit of walking barefoot were more infected bySTHs infections than who wear shoe regularly. This finding was comparable with the study conducted in Mecha district, Hosanna, South Ethiopia and Anbesame, North West Ethiopia where not wearing shoesregularly increases the odds of infection higher than their counterparts. This is because the larvae ofhookworm penetrate exposed human skin from contaminated soil.
Conclusion
The prevalence of soil-transmitted helminths infections in pregnant women is still high in Awka. This study supports the fact that pregnant women are one of the groups at greatest risk of the morbidity of infection as also found by studies of Adewale et al. (2018) and Omorodion et al. (2012). This may necessitate initiation of preventive treatment of helminth infections during pregnancy, so, focus should be on this group of adults during antenatal periods with regards to giving proper education on the need to observe good personal hygiene and environmental sanitation. In addition, routine examination and treatment of these gastro-intestinal infections in pregnant women is recommended. Ante-natal clinics should also incorporate safe water, sanitation and hygiene practices in their health education to the pregnant women.
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