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Gastrointestinal helminthiasis among Nigerian farmers in Delta North communities
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Department of Animal and Environmental Biology, Faculty of Science, Delta State University, Abraka, Nigeria

ABSTRACT

Objective: To investigate the prevalence of gastrointestinal 
helminth infections among farmers of different age groups and the 
risk factors influencing disease transmission in different geographic 
settings with intermittent treatment in Delta North Agricultural Zone 
in Nigeria.

Methods: This cross-sectional study was carried out among all age 
groups in some farming communities in freshwater swamp forest 
and lowland rainforest of Delta North Agricultural Zone. Kato Katz 
method was used to detect gastrointestinal helminth infections in 
stool samples. Study participants totalled 20 698 including 11 215 
(54.2%) males and 9 483 (45.8%) females. Additionally, diagnostic 
tests performance for Schistosoma mansoni using Kato Katz and 
PCR were compared.
Results: This study identified six parasites namely, Schistosoma 
mansoni, Ascaris lumbricoides, hookworm, Trichuris trichiura, 
Enterobius vermicularis and Strongyloides stercoralis, with a total 
prevalence of 21.6%. The freshwater swamp forest had a slightly 
higher prevalence (21.8%) with six parasite species than that of the 
lowland rainforest (21.0%) with five species, but the difference was 
not statistically significant (P > 0.05). Factors that influenced disease 
transmission include sex, age, behaviour, type of infection, culture and 
environment, with vulnerabilities higher among children and females 
(P < 0.05). Additional investigation comparing Kato Katz method 
and PCR using Schistosoma mansoni 121 bp primer on 120 samples 
showed prevalence of 0.0% for Kato Katz and 4.2% for PCR.
Conclusions: This study revealed persistent gastrointestinal 
helminth infections in areas where there is intermittent mass 
antihelminthic administration. This underscores the need for 
integrated control of gastrointestinal helminthiasis in farming 
communities.

KEYWORDS: Gastrointestinal helminthiasis; Delta North 
Agricultural Zone; Farmers; Risk factors

1. Introduction

  Gastrointestinal helminthiasis is a major cause of morbidity, 

which may result in health complications and even death[1,2]. The 

disease, caused by different gastrointestinal helminths, impacts on 

the general wellbeing of individuals and families[3]. The common 

and globally distributed gastrointestinal helminths are soil-

transmitted helminths (STHs) and Schistosoma(S.) mansoni. The 

STHs include Ascaris(A.) lumbricoides, hookworms, Trichuris(T.) 

trichiura and Strongyloides stercoralis[4,5], and parasites infections 

occur mostly through the faecal-oral route and skin penetration, 

depending on the parasite species. Helminthiasis is prevalent 
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Significance

Gastrointestinal helminthiasis is endemic in Delta State, Nigeria. 

While most studies on this disease focused on prevalence among 

children, this study focused on prevalence in communities un-

der intermittent treatment. We observed the highest prevalence 

among children, found six parasites in freshwater swamp forest 

and five in lowland rainforest, and identified unavoidable risk 

factors that promote reinfection. Thus, the study underlines the 

need for integrated control of gastrointestinal helminthiasis in 

farming communities.
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among the poor, particularly children in tropical and subtropical 

countries[6-10]. Worldwide, the estimated population infected 

with one or more STHs is about 1.5 billion (24.0%)[5], and Africa 

has the second highest burden of A. lumbricoides, T. trichiura and 

hookworms[11]. Intestinal schistosomiasis majorly caused by S.  

mansoni in Africa, occurs through contact with unsafe water and 

may lead to liver pathology[1]. 

  Disease indicators include poor access to safe water, sanitation 

and hygiene. Globally, Nigeria ranks among the first three countries 

that lack access to clean water and sanitation,  and the second 

among countries that practice open defecation[12],  having the 

highest number of cases of common STHs in Africa[7,10,13]. In 

accordance with the World Health Organization (WHO) strategies 

to reduce morbidity, the Nigerian government initiated the National 

Schistosomiasis Control Programme in 1988, the Soil-Transmitted 

Helminths control programme in 2007[14,15], and improved the 

WASH (water, sanitation and hygiene) sector[12,16,17]. Despite 

government efforts, only 10.0% of Nigerians access WASH 

services[17,18]. In Delta State, about 23.0%-26.0% of the population 

use basic WASH[17]. 

  Other factors that promote gastrointestinal helminth infections 

include environment such as soil type, rainfall, temperature, flooding 

and ensuing pools of stagnant water where children play[6,7,10,19,20], 

age, sex and occupation[4,7,10]. Additionally, diagnostic challenges 

result in underestimation of prevalence[11,20-23], while cultural bias 

affects participation in investigations[9,22,24]. 

  The global and national goal to eliminate schistosomiasis 

and STHs as a public health problem by 2030[11], has yielded 

positive outcomes[25,26]. Of public health significance is still the 

persistence of infections in these areas including Delta State, 

Nigeria. This investigation aimed at providing data on prevalence of 

gastrointestinal helminth infections among farmers of different age 

groups in different geographic settings of Delta North Agricultural 

Zone, in areas with intermittent government control intervention. 

Also, the risk factors influencing the transmission of these neglected 

diseases are indicated in this study.

2. Materials and methods

2.1. Study design

  A cross-sectional study was carried out from July 2019 to 

December 2021. Delta State has three agricultural zones, of which 

Delta North agricultural zone has nine local government areas 

(LGAs). Three LGAs were selected purposively, based on their 

common boundary with the Niger River on the east, and Slovin’s 

formular was used to determine the sample size. The selected area is 

divided into two ecological zones[27], namely the freshwater swamp 

forest that comprised Ndokwa East and Oshimili South LGAs with 

a total land area of 2 120 sq km and a total population of 344 523, 

and the Oshimili North LGA in lowland rainforest, with 516 sq km 

land area and a population of 161 259. Nine farming communities 

were randomly selected and comprised seven communities in 

freshwater swamp forest and two in lowland rainforest. The number 

of recruited volunteers were 20 698 comprising 11 215 males 

and 9 483 females. Questionnaires administered on participants 

were used to collect socio-demographic information such as age, 

sex, education, occupation, water source, sanitation and hygiene 

practices.

2.2. Study area 

  The ecological zones have diverse water resources for domestic 

use, recreation, farming, fishing, transportation, other water related 

activities, while some communities are vulnerable to flooding[27]. 

The study locations are Abuator (5。35’46.9N, 6。31’05.8E), Onye-

Uku (5。39’02.9N, 6。32’07.7E), Ise-Onukpor (5。35’19.9N, 6。

34’21.8E), Iyede-Ame (5。27’36.1N, 6。25’01.6E), Ibrede (5。

33’29.9N, 6o23’31.4E), Oko-Anala (6。05’49.1N, 6。42’36.1E) and 

Oko-Amakom (6。07’53.8N, 6。44’25.7E) in the freshwater swamp 

forest, while Ugbolu (6。18’39.8N, 6。41’26.7E) and Ebu (6。

28’47.6N, 6。36’23.3E) are in the lowland rainforest (Figure 1). 

2.3. Study population
 

  The study population was predominantly subsistence crop farmers 

but they also carried out fishing and hunting, as well as local food 

processing and petty trading. Their occupations exposed them to 

open water sources especially, those in freshwater swamps areas 

that are prone to annual flooding. Study participants from all ages 

and different occupations were selected at random from among 

community members who because of communitymobilization, 

volunteered as participants. Those recruited in the study were 

resident in the communities, who gave their consent to participate 

and were willing to produce stool samples. Nonresidents and those 

unable to produce stool samples were excluded.

2.4. Sample collection and parasitological analysis
 

  Participants were instructed on the proper way to collect stool 

samples after which, each participant was given a 30 mL screw-
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covered plastic container bearing their identification number. 

Parents of younger children assisted in collecting their children’s 

stool samples to avoid contaminating stool with urine. Stool 

samples were examined macroscopically for parasites, soil, colour, 

consistency, blood and mucus. Samples were preserved in ice boxes 

and transported to the laboratory for parasitological tests using direct 

smear method and Kato Katz technique prepared with templates 

that produce 41.7 mg of stool[28,29]. Samples were prepared and 

read within two hours for easy identification of hookworm eggs and 

other intestinal helminths, and later reread for easy identification 

of S. mansoni eggs. The intensities of infections were determined 

according to WHO guidelines[30]. 

2.5. Polymerase Chain Reaction (PCR) for Schistosoma 
mansoni 

  PCR was carr ied on 120 urine samples of  randomly 

selected participants[23]. The 110 bp fragment from the 121-

bp tandem repeat was amplified using  forward primer 5’ 

GATCTGAATCCGACCAACCG 3’, and reverse primer 5’ 

ATATTAACGCCCACGCTCTC 3’ designed by Hamburger et al. 

(GenBank accession # M61098)[31]. Each tube had 20 µL reaction 

volume of made up of 4 µL firepole, 0.25 µL each of the forward and 

reverse primers, 5 µL of DNA and 10.5 µL of ddH2O. The profile for 

amplification involved denaturation for 5 min at 95 曟, then 40 cycles 

each for 30 s at 94 曟, then annealing for 30 s at 60 曟, followed by 

Figure 1. The ecological zones and study locations in three Local Government areas of Delta State in Nigeria.
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elongation at 72 曟 for 30 s and a final elongation step at 72 曟 for 

7 min.

  The PCR amplifications were carried out using a Thermal Cycler 

(SimpliAmp). The amplified products were visualized on a 1.5% 

agarose gel stained with ethidium bromide (0.5 µg/mL). A 50 bp 

ladder was included in the gel during electrophoresis to estimate 

band sizes for S. mansoni and bands highlighted around the 110 bp 

was considered positive for S. mansoni. Photo documentation was 

carried out using Gel Documentation and Analysis System (Clinx 

Science instruments, USA) and positive tests were recorded.

2.6. Statistical analysis

  Data were analysed using PAleontological STatistical Version 4.03 

(PAST Øyvind Hammer, University of Oslo) MedCalc Version 

20.115 (MedCalc Software, Belgium) was used to calculate odds 

ratio (OR) and 95% confidence interval (CI), Kappa’s coefficient 

and test agreement between diagnostic tests, and to calculate 

sensitivity, specificity, positive predictive value (PPV), negative 

predictive value (NPV), positive and negative likelihood ratio and 

accuracy. Categorical variables used were age groups and sex. Test 

of independence using Chi-squared test was used to determine 

the relationship between prevalence and categorial variables, 

to calculate risk factors and socio-demographic characteristics 

of participants. Statistical significance was determined at 5% 

significance level and at 95% CI .

2.7. Ethics approval and consent to participate

  The Delta State University Ethical Review Committee gave ethical 

clearance (REC/FOS/17/02) and additionally, the Ministry of Health 

Research and Ethics Committee gave ethics approval (HM/596/

T2/47) for this study to be carried out. Approval to use the facilities 

of the Primary Health Care Centers in study locations was obtained 

from the Delta State Primary Health Care Development Agency. 

Community leaders were visited and informed of the study. With 

their permission, community mobilization took place, where the 

purpose of the study was explained to community members and 

confidentiality with regards to information disclosed was assured. 

Participants comprised of volunteers who gave their consent by 

signing or thumb printing the consent form. Parents and guardians 

gave consent on behalf of their children and wards, while children 

gave consent by nodding.

3. Results

3.1. Socio-demographic profile of study participants

Study participants that submitted questionnaires and stool samples 

totalled 20 698, of which 11 215 (54.2%) were males and 9 483 

(45.8%) were females. The socio-demographic characteristics are 

shown in Table 1. About half of the participants comprised children 

0-9 years 5 358 (25.9%) and 10-19 years 5 089 (24.6%), while other 

age groups made up 49.5%. Most of the participants 14 913 (72.1%) 

depended on open water sources for household use, while 14 499 

(70.1%) had contact with open water. Sanitation was poor as 14 456 

(69.8%) practiced open defecation, while hygiene practices showed 

that 10 218 (49.4%) of participants walked barefoot. 

  Around 78.9% of participants in the freshwater swamp forest 

depended more on open water sources (11 529/14 619), while 

66.1% in lowland rainforest had better access to pipe-borne water 

(4 017/6 079). Sanitation was poor in freshwater swamp forest, 

where 72.4% (10 585/14 619)  defecated openly, while hygiene 

practices were similar in both forests, however, 19.3% children 

in the freshwater swamp forest played in puddles (2 815/14 619)  

compared to those in the lowland rainforest  (8.4%, 509/6 079).

3.2. Prevalence of gastrointestinal helminth infections 

  The summary of prevalence is presented in Table 2. Participants 

totalled 20 698, comprising 14 619 from the freshwater water 

swamp forest and 6 079 from the lowland rainforest. Participants 

infected with gastrointestinal helminth infections totalled 4 462 with 

a prevalence of 21.6%, comprising 3 187 (15.4%) from freshwater 

swamp forest and 1 275 (6.2%) from the lowland rainforest. The 

differences observed in prevalence had no statistical significance 

with ecological zone (OR 1.05; 95% CI: 0.98-1.13; P = 0.19). This 

study observed six gastrointestinal helminths, namely S.mansoni 

(0.9%), A. lumbricoides (14.7%), hookworm (3.6%), T. trichiura 

(1.5%), Strongyloides(S.) stercoralis (0.4%) and Enterobius(E.) 

vermicularis (0.4%)  which was observed only in the freshwater 

swamp forest. Intensity of infection was light for the observed 

helminths[30].

  Gender prevalence showed that males in both forests were less 

likely to develop infections (OR < 1) however, the observed 

difference was statistically significant only in freshwater swamp 

forest (P = 0.00).

  Prevalence of A. lumbricoides and S. mansoni had statistical 

significance in ecological zone (P < 0.05), and freshwater swamp 

forest participants had higher likelihood of developing infections 
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(OR > 1). Hookworm and T. trichiura infections equally depended 

on ecological zones (P < 0.05) however, lowland rainforest 

participants had higher likelihood of developing infections. The 

chances of developing Strongyloides stercoralis infections was 

higher in lowland rainforest, but the observed difference had no 

statistical significance (P > 0.05).  

  The prevalence of co-infection among gastrointestinal helminths 

was 0.9% (190/20 698), and it was higher in the lowland rainforest 

of 1.3% (79/6 079) than that in freshwater swamp forest of 0.8% 

(111/14 619). Freshwater swamp forest volunteers had five types of 

co-infection with two parasites. In lowland rainforest, three types 

of co-infection with two parasites and one co-infection with three 

parasites were observed.

3.3. Prevalence of gastrointestinal helminthiasis according 
to age

  Gastrointestinal helminthiasis cut across all age groups as presented 

in Table 3. The highest prevalence occurred among children 0-9 

years in both forests, 31.4% (OR = 1.00; 95% CI: 0.88-1.14; P = 

0.97), followed by children 10-19 years, 23.4% (OR = 1.05; 95% CI: 

0.91-1.22; P = 0.49) and prevalence had no statistical significance in 

ecological zone. Prevalence of participants of age groups 20-29, 40-

49, 50-59 and 60-69 years had statistical significance in ecological 

zone (P < 0.05), with freshwater swamp forest participants more 

vulnerable to infections  (OR > 1). Participants 30-39 and ≥70 

years in lowland rainforest had significantly higher likelihood of 

developing gastrointestinal helminthiasis (P < 0.05).

3.4. Comparison of diagnostic tests

  Comparison of S. mansoni prevalence using Kato Katz method 

and PCR, for a subset of the study sample size made up of 120 

participants, showed 0.0% prevalence using Kato Katz method, 

while 121 bp PCR showed amplification bands indicating S. 

mansoni infection as shown in Figure 2. Total PCR prevalence of 

4.2% was observed and composed of 4.5% for freshwater swamp 

forest and 3.7% for lowland rainforest. The 121bp PCR had 100% 

(95% CI: 47.82-100.00) sensitivity compared to Kato Katz test that 

had 0.00% sensitivity as shown in Table 4.  

  1   2    3    4    5   6    7    8    9   10  11 12 13  14  15  16  17  18 19  20  21

121 bp濚

Figure 2. PCR amplification of a highly repeated 121 basepair sequence 

of Schistosoma mansoni as shown by agarose gel stained with ethidium 

bromide. Lane 1: 50 bp of molecular weight markers. Lanes 2-14, 16, 18 and 

19: no amplifications. Lanes 15 and 17: amplifications. Lane 20: positive 

control; Lane 21: negative control. Amplifications below the base pair 

marker are primer dimers.

Table 1. Characteristics of freshwater swamp forest  and lowland rainforest  of Delta North agricultural zone [n (%)].

Category Variable
Freshwater swamp forest 

(n = 14 619)
Lowland rainforest 

(n = 6 079)
Total 

(n = 20 698)
Sex Male   7 993 (54.7) 3 222 (53.0)  11 215 (54.2)

Female   6 626 (45.3) 2 857 (47.0)    9 483 (45.8)
Age group (year) 0-9   3 921 (26.8) 1 437 (23.6)    5 358 (25.9)

10-19   3 662 (25.0) 1 427 (23.5)    5 089 (24.6)
20-29   1 737 (11.9)   689 (11.3)    2 426 (11.7)
30-39   1 637 (11.2) 596 (9.8)    2 233 (10.8)
40-49 1 175 (8.0) 589 (9.7) 1 764 (8.5)
50-59   983 (6.7) 560 (9.2) 1 543 (7.5)
60-69   860 (5.9) 499 (8.2) 1 359 (6.6)
≥70   644 (4.4) 282 (4.6)    926 (4.5)

Household water Lake, pond, river, stream 11 529 (78.9) 3 384 (55.7) 14 913 (72.1) 
Piped water   7 920 (54.2) 4 017 (66.1) 11 937 (57.7)

Water contact Yes 11 435 (78.2) 3 064 (50.4) 14 499 (70.1)
No  3 184 (21.8) 3 015 (49.6)   6 199 (29.9) 

Sanitation Pit   2 848 (19.5)               1 574 (25.9)   4 422 (21.4)
Water closet 1 186 (8.1)   634 (10.4) 1 820 (8.8)

Open defecation 10 585 (72.4) 3 871 (63.7) 14 456 (69.8)
Hygiene Wash hands before eating 12 596 (86.2) 5 305 (87.3) 17 901 (86.5)

Wash fruits before eating 11 349 (77.6) 4 526 (74.5) 15 875 (76.7)
Wash hands after eating 13 765 (94.2) 5 837 (96.0) 19 602 (94.7)

Walk barefoot   7 251 (49.6) 2 967 (48.8) 10 218 (49.4)
Wash hands after defecating 11 894 (81.4) 4 983 (82.0) 16 877 (81.5)

Play in puddles   2 815 (19.3) 509 (8.4)   3 324 (16.1)

Antonia Enudi et al./ One Health Bulletin 2024; 4(2): 76-84
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4. Discussion

  The overall prevalence of 21.6% and light intensity infections 

documented in this study denotes that the ecological zones are low 

risk areas. This level of endemicity may be related to the existence 

of intermittent antihelminthic mass drug administration put in place 

by the Federal Government. However, it would have been expected 

that infection would have reduced significantly given the annual 

deworming programme. 

  This study showed that prevalence of gastrointestinal helminthiasis 

did not depend on ecological zones however, the relatively higher 

number of parasites and cumulative prevalence observed among 

the participants in freshwater swamp forest was most likely due 

to the presence of numerous water bodies, which create humid 

environment for parasites to thrive and serve as recreational centers 

for children[7,20]. 

Table 2. Gastrointestinal helminthiasis prevalence in freshwater swamp forest and lowland rainforest according to species.

Parasites
Freshwater Swamp Forest Lowland Rainforest

EZ 
(n=20 698) OR (95% CI) PMale 

(n=7 993)
Female 

(n=6 626)
Total

 (n=14 619)
Male

 (n=3 222)
Female 

(n=2 857)
Total 

(n=6 079)
Mono-infection
A. lumbricoides 1 115 (13.9) 1 099 (16.6)  2 214 (15.1)   411 (12.8)   418 (14.6)   829 (13.6)    3 043 (14.7) 1.13 (1.04-1.23) 0.01
Hookworm 261 (3.3) 220 (3.3)   481 (3.3) 135 (4.2) 133 (4.7) 268 (4.4)    749 (3.6) 0.74 (0.63-0.86) 0.00
T. Trichiura 113 (1.4) 89 (1.3)   202 (1.4)   56 (1.7)   53 (1.9) 109 (1.8)    311 (1.5) 0.77 (0.61-0.97) 0.03
S. mansoni 58 (0.7) 98 (1.5)   156 (1.1)   30 (0.9)    9 (0.3)   39 (0.6)    195 (0.9) 1.67 (1.17-2.38) 0.00
E. vermicularis 52 (0.7) 35 (0.5)    87 (0.6)     0 (0.0)    0 (0.0)    0 (0.0)     87 (0.4) 0.00
S. stercoralis 18 (0.2) 29 (0.4)    47 (0.3)   15 (0.5)   15 (0.5)   30 (0.5)    77 (0.4) 0.65 (0.41-1.03) 0.07
Total 1 617 (20.2) 1 570 (23.7) 3 187 (21.8)   647 (20.1)   628 (22.0) 1 275 (21.0) 4 462 (21.6) 1.05 (0.98-1.13) 0.19
OR (95% CI) 0.82 (0.75-0.88) 0.89 (0.79-1.01)
P 0.00 0.07 
Co-infection
Sm + Al   10 (0.1) 10 (0.2)    20 (0.1) 10 (0.3)   2 (0.1) 12 (0.2)   32 (0.2) 0.69 (0.34-1.42) 0.31
Al + Hw   26 (0.3) 26 (0.4)    52 (0.4) 29 (0.9) 28 (1.0) 57 (0.9) 109 (0.5) 0.38 (0.26-0.55) 0.00
Al + Tt   11 (0.1)   6 (0.1)   17 (0.1)   0 (0.0)   0 (0.0)   0 (0.0)   17 (0.1)
Al + Ev    9 (0.1)   4 (0.1)   13 (0.1)   0 (0.0)   0 (0.0)   0 (0.0)   13 (0.1)
Hw + Tt   7 (0.1)   2 (0.0)    9 (0.1)   3 (0.1)   1 (0.0)   0 (0.0)   13 (0.1) 0.94 (0.29-3.04) 0.91
Al + Hw + Tt   0 (0.0)   0 (0.0)    0 (0.0)   4 (0.1)   2 (0.1)   6 (0.1)    6 (0.0)
Total 63 (0.8) 48 (0.7) 111 (0.8) 46 (1.4) 33 (1.2) 79 (1.3) 190 (0.9) 0.58 (0.43-0.78) 0.00
OR (95% CI) 1.09 

(0.75-1.59)
1.24

 (0.79-1.94)
P 0.66 0.35
OR=odds ratio; CI=confidence interval; Sm=Schistosoma mansoni; Al=Ascaris lumbricoides; Hw=Hookworm; Tt=Trichuris trichiura; Ev=Enterobius 
vermicularis; EZ=Ecological Zones

Table 3. Gastrointestinal helminthiasis in freshwater and lowland rainforest according to age.
Age group
(year)

Freshwater swamp forest participants
Prevalence

[n (%)]
Lowland rainforest participants

Prevalence
[n (%)]

Total
[n (%)] OR (95% CI) P

0-9 3 921 1 230 (31.4) 1 437 450 (31.3) 1 680 (31.4) 1.00 (0.88-1.14) 0.97
10-19 3 662   865 (23.6) 1 427 324 (22.7) 1 189 (23.4) 1.05 (0.91-1.22) 0.49
20-29 1 737   244 (14.0)   689 51 (7.4)   295 (12.2) 2.04 (1.49-2.80) 0.00
30-39 1 637   206 (12.6)   596 178 (29.9)   384 (17.2) 0.34 (0.27-0.42) 0.00
40-49 1 175   187 (15.9)   589 68 (11.5)   255 (14.5) 1.45 (1.08-1.95) 0.01
50-59   983   181 (18.4)   560 54 (9.6)   235 (15.2) 2.11 (1.53-2.92) 0.00
60-69   860   165 (19.2)   499 62 (12.4)   227 (16.7) 1.67 (1.22-2.29) 0.00
≥70   644   109 (16.9)   282 88 (31.2)   197 (21.3) 0.45 (0.32-0.62) 0.00

Table 4. Evaluation of sensitivity, specificity, likelihood ratios, disease prevalence, predictive values and accuracy for schistosomiasis diagnostic tests. 

Diagnostic test
Sensitivity

(%)
Specificity

(%)

Positive 
likelihood 

ratio

Negative 
likelihood 

ratio

Prevalence
(%)

Positive 
predictive value 

(%)

Negative predictive 
value (%)

Accuracy 
(%)

Kato Katz 0.00 100.00 1.00
0.0 100.00

100.00
(95% CI) (0.00-52.18) (95.55-100.00) (1.00-1.00) (95.80-100.00)
PCR 100.00 100.00

0.00 4.2 100.00 100.00
100.00

(95% CI) (47.82-100.00) (95.55-100.00) (95.80-100.00)
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  In this investigation, females had higher prevalence than males, 

especially with Ascaris, hookworm and S. mansoni infections. 

This pattern could be attributed to female engagement in domestic 

activities such as cleaning their environment, food preparation, 

and walking on barefoot within and around the home environment 

that may be contaminated by parasite eggs and larvae[6]. Likewise, 

their role as caregivers exposes them to infection through 

caring for infants and children who play around the homes 

and environments[9,32,33]. Livelihood activities such as food 

processing and petty trading of fruits and vegetables, which may be 

contaminated with gastrointestinal parasites may be contributing 

factors. Cultural factors also played a role because girls often 

accompany and assist their mothers, take care of their younger 

siblings and acquire basic domestic skills. 

  In both ecological zones, children had the highest prevalence 

indicating the vulnerabilities of preschool-age and school-age 

children to gastrointestinal infections. This observation accords 

other numerous studies[4,32,34,35], while Bolaji et al.[36], observed 

higher prevalence among children 14-17 years. Although children 

had low prevalence of S. mansoni in this study, water contact 

activities such as bathing and swimming influenced transmission. 

Another important factor contributing to this pattern of infection is 

poor hygiene practices among children[6,9,37]. 

  The freshwater swamp forest, where subsistence farming is 

practiced alongside fishing was the observed foci for E. vermicularis 
infection. Although E. vermicularis is associated with young 

children, in this study, infection cut across different age groups as 

observed by  Pezzani et al., in Argentina[38]. The low prevalence 

could be an underestimation of the actual prevalence because 

detection of eggs in stool is not a sensitive test for E. vermicularis, 
compared to the scotch tape technique. The observation of infection 

in only one ecological zone could be an indication of poor sanitation 

and hygiene practices of the participants, and because freshwater 

swamp forest is more humid.

  The report on S. stercoralis infection has public health significance 

because it reproduces within its host, can autoinfect the host and 

infection may last a lifetime if not adequately treated[3,4]. The 

implication is the need for a sustained Strongyloides control in our 

study area. This low prevalence may be an underestimation due to 

the use of Kato Katz technique for parasitological analysis, which 

is not very sensitive to S. stercoralis and hookworm infections. 

Various studies reported poor sensitivity of diagnostic techniques to 

Strongyloides infection thus, the need for combining techniques for 

effective parasite detection[21,22,39,40]. A study carried out in Ifedore 

district of Nigeria[19], reported the presence of Strongyloides larvae 

in soil samples, and the negative correlation between high soil 

temperature and larvae. This finding supports that of our study on S. 

stercoralis occurrence at low prevalence.

  Intestinal schistosomiasis had an overall low prevalence compared 

to findings from a study in Tanzania, where overall prevalence 

was 15.1%[41], and 90.6% in Nyamikoma village, Tanzania[42]. 

Parasitological methods have been reported to underestimate S. 
mansoni prevalence[23,43]. In this study, the observed low S. mansoni 
prevalence might be an underestimation based on the comparison 

of prevalence between the PCR using 121 bp primer and Kato Katz 

technique. PCR detected infection whereas, Kato Katz technique 

detected none. This observation could be compared to findings by 

Bolaji et al.[36], in Osun State, Nigeria, where S. mansoni prevalence 

was 3.6% using microscopy and 10.1% using PCR. 

  This study adopted the Kato Katz technique, thus a likely 

underestimation of prevalence. Secondly, study communities were 

not easily disposed to giving stool samples because of cultural 

beliefs and social malaise. Community mobilization helped to allay 

fears however, we cannot rule out the possibility of skepticism on 

the part of some residents. 

  The observed prevalence irrespective of the intermittent mass drug 

administration, underscores the need for disease monitoring using 

sensitive diagnostic tool such as the PCR to identify gastrointestinal 

helminthiasis foci for disease control, provision of pipe borne water 

and health education to improve household sanitation and hygiene. 
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