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Abstract: This study aimed to assess the epidemiology of urinary schistosomiasis in freshwater swamp forest and lowland
rainforest of Delta North agricultural zone. A cross-sectional study, conducted from July 2019 to December
2021, among 24,615 participants in some farming communities under treatment coverage detected infection
using microscopy, microhaematuria and urine turbidity. Additionally, this study compared the efficacy of some
diagnostic tests in diagnosing infections in 120 urine samples. Overall prevalence was 8.5% of which
freshwater swamp forest had 7.3% and lowland rainforest 1.2%. Freshwater swamp forest participants had
approximately three times the likelihood of developing schistosomiasis (OR = 3) compared to lowland
rainforest, using microscopy, microhaematuria and urine turbidity as diagnostic indicators. Age group 0-9 years
had the highest prevalence (14.8%) followed by 10-19 years (12.7%). Males had significantly higher
prevalence than females (P < 0.05) and adolescent males 10-19 years had higher odds ratio than their female
counterparts, compared to males and females 0-9 years because adolescent females were less likely to play in
water due to puberty. Analysis of diagnostic tests showed that PCR had the highest prevalence (35.0%) with
no false negative result. These findings showed that schistosomiasis is an indicator of socioeconomically
disadvantaged areas, and requires sensitive monitoring tools to effectively identify hotbeds for strategic

intervention.
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Introduction

Schistosomiasis is a public health issue among the poor in
tropical and subtropical countries in Africa, the Caribbean,
South America and Asia. Close to 800 million people spread
across 78 countries are at risk of the disease, with about 250
million people including 135 million school-aged children in
need of preventive chemotherapy, while an estimated
280,000 deaths occur (Atalabi et al., 2018; Nelwan, 2019;
WHO, 2022). Schistosomiasis, with a global burden of about
3.3 million disability-adjusted life years, is the second
highest cause of morbidity following that of malaria (Boko
et al., 2016; Nelwan, 2019), and is targeted for elimination
as a public health problem by 2030 (WHO, 2022). The major
schistosome parasites of public health importance in Nigeria
are Schistosoma haematobium which is associated with
urinary pathologies, and S. mansoni which affects the
intestine and related organs (Nmorsi et al., 2007; Ojo et al.,
2021; WHO, 2017). Infection and reinfection occur through
human contact with open water infested with schistosome
cercariae released by Bulinus and Biomphalaria snails.
Disease transmission is enforced by lack of safe water and
poor sanitation, which are commonplace in rural
communities (Nelwan, 2019; WHO, 2022). Major water
contact activities include farming, fishing, fetching water,
bathing, swimming, laundry and dredging (Nwosu et al.,
2009; Ugbomoiko et al., 2010). High endemicity of urinary
schistosomiasis, led to the launch of a schistosomiasis
control program in 2004, at Abuator, Ndokwa East Local
Government Area (LGA) of Delta State (The Carter Center
Global Health News, 2005). Studies on schistosomiasis in
Delta State include those by Nwabueze & Opara (2007),
Ekwunife er al. (2009), Onyeneho et al. (2010), Ito &
Egwunyenga (2015), Ito (2019).

Low disease transmission due to treatment has been reported
in Nigeria however, reinfection is continuous because of
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unavoidable contact with schistosome infested water
(Atalabi et al., 2018; Emukah et al., 2012; Kittur et al., 2017,
Oyeyemi et al., 2020). With Nigeria ranked second in the
world for open defecation, and an estimated 90% of the
population lack basic water, sanitation and hygiene services
(WASH) (FMWR et al., 2022), rural communities may serve
as reservoirs of disease despite interventions (Ajayi et al.,
2015; Ezeh et al., 2019; Oyeyemi et al., 2020).

With the federal and state government policy programmes to
boost agriculture, more people are venturing into farming
and fishing thereby, increasing the population at risk of
developing schistosomiasis (Ajayi et al., 2015). This study
assessed transmission of urinary schistosomiasis in
freshwater swamp forest and lowland rainforest of Delta
North Agricultural zone.

Materials and Methods

Study Area

This investigation was carried out in Delta North agricultural
zone, which is divided in two major ecological zones,
namely lowland rainforest and freshwater swamp forest
(Balogun & Onokerhoraye, 2022). The study locations in
freshwater swamp forest are Abuator (5°35°46.9N,
6°31°05.8E), Ise-Onukpor (5°35°19.9N, 6°34°21.8E), Onye-
Uku camp (5°39°02.9N, 6°32°07.7E), Ibrede (5°33°29.9N,
6°23°31.4E) and Iyede-Ame (5°27°36.IN, 6°25°01.6E) in
Ndokwa East LGA, in addition to Oko-Anala (6°05°49.1N,
6°42°36.1E) and Oko-Amakom (6°07°53.8N, 6°44°25.7E) in
Oshimili South LGA. Ugbolu (6°18°39.8N, 6°41°26.7E) and
Ebu (6°28°47.6N, 6°36°23.3E) in Oshimili North LGA are in
lowland rainforest. The climate of Delta State is equatorial,
with rainy and dry seasons, average annual rainfall range of
1,500 in the northern parts to 4,500 in the southern parts, and
an average annual temperature range of 25°C to 28°C. The
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study area experiences annual flooding of rain from
September to November. Map of the study area is presented

in Figure 1.
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Figure 1. Map of Nigeria, Delta State and study locations

Study Procedure

The study was cross-sectional and conducted monthly from
July 2019 to December 2021, excluding months of annual
flooding when communities could not be accessed, and the
Covid-19 pandemic lockdown when fieldwork was not
carried out. The sample size was calculated using Slovin’s
formular. This study applied purposive sampling procedure
to select communities. Delta North agricultural zone has
nine LGAs of which the three LGAs bounded by the lower
Niger River on the east, were selected. The northernmost
LGA, Oshimili North, has a land size of 516 sq. km and a
population of 161,259, while Oshimili South and Ndokwa
East LGAs have a land size of 2,120 sq km and a population
of 344,523 (MoEP, 2018). With the assistance of the Delta
State Primary Health Care staff, nine communities in
proximity to the Niger River or open water were randomly
selected: two from lowland rainforest and seven from
freshwater swamp forest. Preliminary visits to the
communities were made, and permissions to carry out the
study were obtained from the community leaders who also
played a part in community mobilization (Dawaki et al.,
2015). Participants were made up of selected male and
female volunteers from all age groups who were resident in
the communities. Data were obtained through structured
questionnaires administered on volunteers who gave their
informed consent by signing or thumb printing the consent
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form (children gave consent by nodding their heads). A total
of 24,615 volunteers who gave informed consent and
produced urine samples, participated in the study, while the
age categorization was adapted from the new WHO World
Population Standard (Ahmad et al., 2001) for comparison of
prevalence across age groups.

Study Population

Subsistence farming of crops such as cassava, rice, yam and
assorted vegetables is the major occupation of the people.
Other economic activities include fishing, agro-processing,
petty trading and hunting. In Ibrede, Oko, Ugbolu and Ebu,
the population combine the use of pipe-borne water and open
water, and have the added advantage of government
healthcare services, while the population in Iyede-Ame,
Abuator, Ise-Onukpor and Onye-Uku camp depend on lakes.
Open defecation is practiced in all the communities however,
some homes have toilet facilities. Additionally, the study
communities are under annual treatment with praziquantel
and children from 5 to 15 years are the major target
populations (Emukah et al., 2012).

Sample Collection and Laboratory Analysis

Each volunteer received a 30 mL prelabelled screw-covered
plastic container. Parents and caregivers assisted in the
collection of urine samples of infants and younger children,
while women under menstruation were excluded to avoid
false positive haematuria. Samples collection took place
from 10:00 am to 2:00 pm. Urine samples were first
examined macroscopically for haematuria, clearness and
turbidity, and then tested for microhaematuria and
proteinuria using Medi-Test Combi 9®, Macherey-Nagel
GmbH & Co. KG. The dipsticks were read about one minute
after insertion into freshly passed urine, to avoid false
positives and in accordance with the manufacturer’s
instruction. Samples were preserved in ice boxes and
transported to the Animal and Environmental Biology
laboratory at the Delta State University Abraka, for
parasitological analysis that was carried out using the
sedimentation technique in line with established protocol
(Cheesbrough, 2009). Intensity of infection per 10 mL of
urine was recorded as uninfected, 1-49 eggs as light and >50
eggs as heavy, according to the WHO categorization.

Urine samples preserved for PCR were transported to the
Nigerian Institute of Medical Research (NIMR) Yaba,
Lagos, for molecular investigations using the Dral 121 bp
DNA fragment. Samples were centrifuged for 10 minutes at
5,000 g after which, the supernatants were decanted. The
pellets were washed thrice with 25 ml phosphate buffered
saline (PBS) (0.8% NaCl, 2.7 mM KCl, 1.8 mM KH2PO4,
8 mM Na2HPO4, pH 7.4), spun with each washing and the
supernatant discarded. Pellets were stored at -80°C pending
DNA extraction, which was carried out using NIMR
extraction kit and followed established protocol (Ajayi et al.,
2015; Akinwale et al., 2011).

Statistics

Data were subjected to statistical analysis using
PAleontological STatistical Version 4.03 (PAST @yvind
Hammer, University of Oslo) to compute relationship
between categorical variables. Odds ratio and Chi-squared
test were calculated at 5% statistical significance and 95%
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confidence interval. Also, MedCalc Software Version 22.013
(MedCalc Software, Belgium) was used to calculate Kappa’s
coefficient to test agreement between diagnostic tests, and to
calculate sensitivity, specificity, positive and negative
predictive values, positive and negative likelihood ratios and
accuracy. Microscopy result was the reference standard for
evaluating diagnostic results.

Results

Prevalence of urinary schistosomiasis

A prevalence of 8.5% was encountered among 24,615
volunteers as shown in Table 1. Overall, males 13,291 had
higher prevalence (5.5%) than females 11,324 (3.0%).
Additionally, freshwater swamp forest volunteers had higher
prevalence 1,808 (7.3%) than those in lowland rainforest 291
(1.2%). Water contact activities and open defecation were
higher in the freshwater swamp than in lowland rainforest
and the observed differences were statistically significant (P
< 0.05). Knowledge of disease had significant relationship
with forest, whereby 24.0% of freshwater swamp forest
participants knew about schistosomiasis as against 7.6% in
lowland rainforest.

This study highlighted the variations in the epidemiology of
schistosomiasis in two ecological zones, which may be
overlooked if prevalence is aggregated for the purpose of
delivering interventions (Aagaard-Hansen & Chaignat,
2010). The lowland rainforest communities are semi urban,
participants had more access to pipe borne water and
sanitation. This forest has well-drained terrains, flowing
water sources and hilly topography. The combination of
these factors makes this agricultural zone less suitable for
Schistosoma snail vectors and thus, less exposure of
participants to parasites, compared to the waterlogged soil,
with temporary and permanent water bodies, and rural
villages in the freshwater swamp forest. .

The study area is under annual treatment with praziquantel
nevertheless, the persistent water contacts for domestic,
occupational and recreational activities, and poor sanitation
especially in freshwater swamp forest could be major factors
sustaining reinfection (Chisango et al., 2019; King &
Bertsch, 2013; Senghor et al., 2016; N’Goran et al., 2001).
The overall low prevalence of 8.5% for urinary
schistosomiasis is comparable with that of a previous study
in Katsina State, Nigeria that recorded an overall prevalence
of 8.68% (Atalabi et al., 2018) and with findings of Ekpo et
al.(2013) that predicted a prevalence of < 10% for Delta
State but contrasts with findings from a study on
schistosomiasis in Tanzania that recorded an overall
prevalence of 0.83% (Mazigo et al, 2021). Our
investigations indicated that other factors that predisposed
participants to infection include age and sex, as reported in
similar studies (Opara et al., 2021; Mazigo et al., 2021;
Ismail et al., 2014; Aagaard-Hansen & Chaignat, 2010).

Urinary schistosomiasis prevalence according to gender
and age

The gender and age prevalence are shown in Table 2. Total
prevalence across age groups reduced as age increased in
freshwater swamp forest but was inconsistent in lowland
rainforest. Although in both forests age group 0-9 years had
the highest prevalence, freshwater swamp forest participants
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of 0-9 years had the highest overall prevalence of 17.0%.
Gender prevalence in both forests had statistical significance
(P <0.05) and males had higher odds of developing disease
(OR > 1.5).

This study observed that children of 0-9 years had the
highest prevalence, followed by adolescents 10-19 years.
Male children were predisposed to infection because they
spent more time outdoors swimming and playing in water
bodies. This finding could be compared to findings by Ismail
et al. (2014) in a study at the White Nile River Basin, where
children of 7-9 years old had the highest prevalence but
contrasts with the highest prevalence observed among
children > 10 years in other studies (Ugbomoiko et al., 2010;
Ito, 2019; Nwosu et al., 2006). A comparison of male and
female odds ratio in age groups 0-9 and 10-19 showed that
the odds of males 10-19 years developing disease relative to
their female counterparts, was greater than the odds of males
0-9 years relative to their female counterparts. This could be
because at adolescence, females have less water recreation
than their male counterparts due to the developmental
changes in their body. This finding however, differs from a
study in Delta State (Ito, 2019) and in Osun State (Ojo et
al., 2021), where female children had higher prevalence
because they spent longer hours in water as a result of
fetching water and other domestic responsibilities.

Prevalence of morbidity indicators

Morbidity indicators of urinary schistosomiasis are
presented in Table 3. The freshwater swamp forest had
higher prevalence of morbidity indicators than the lowland
rainforest. It had 6.7% prevalence of light infections (< 50
eggs/10 mL urine) and 4.0% prevalence of heavy infections
(= 50 eggs/10 mL urine), as well as higher likelihood of
developing microhaematuria and urine turbidity than the
lowland rainforest. Morbidity according to sex showed that
in both forests, males had higher morbidity than females.
The observed intensity of infection, microhematuria and
urine turbidity further confirmed that freshwater swamp
forest participants are more vulnerable than those from
lowland rainforest thus, indicating the usefulness of indirect
morbidity indicators in diagnosing infection. These
observations are comparable with previous studies on the
efficacy of microhaematuria and urine turbidity as indicators
of S. haematobium infection (Hassan et al., 2012; Houmsou
et al., 2011; Morenikeji et al., 2014; Ojo et al., 2021).
However, underestimation of prevalence using
parasitological methods and indirect morbidity indicators
have been reported in relation to the rhythmic release of
schistosome eggs, age of human host, and treatment
coverage (Lodh et al., 2014).

Analysis of diagnostic tests

Table 4 shows the relative detection rate of S. haematobium
infection in 120 urine samples analysed using parasitological
methods, indirect morbidity indicators and PCR. All S.
haematobium egg positive cases showed Dral amplification
bands hence, no case of false negative PCR. However, PCR
detected some positive cases that were egg negative using
microscopy. Conversely, some egg positive cases showed
negative results using indirect morbidity indicators.
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Freshwater swamp forest participants had higher odds of
developing  schistosomiasis  using  microhaematuria,
sedimentation and PCR methods (OR > 2) compared to
lowland rainforest participants, while urine turbidity and
proteinuria had OR ~1. However, only the PCR showed
significant difference in parasite detection between the two
forests (P =0.01).

The diagnostic tools used for comparison in this study
detected infection in both forests, however, PCR detected
more infections in freshwater swamp forest which did not

occur by chance, thus confirming this zone to be a high
urinary schistosomiasis transmission zone and the need for
sensitive tools for identification of hotbeds. The
comparatively higher prevalence of schistosomiasis in
freshwater swamp forest could be attributed to
environmental factors, poor water and sanitation that keep
the communities at constant risk of disease (Ismail ef al.,
2014; Ito, 2019; Nwosu et al., 2006; Ugbomoiko et al.,
2010).

Table 1. Comparison of Urinary schistosomiasis associated factors in freshwater swamp forest and lowland rainforest

Variable Freshwater Lowland Grand Total OR (95% CI) P Value
Swamp Forest (%) Rainforest (%)
Number examined
Males 9,235 4,056 13,291
Females 7,756 3,568 11,324
Total 16,991 7,624 24,615
Number Infected
Males 1,173 (12.7) 186 (4.6) 1,359 (5.5) 3.03 (2.58-3.55) 0.00
Females 635 (8.2) 105 (2.9) 740 (3.0) 2.94 (2.38-3.63) 0.00
Total 1,808 (10.6) 291 (3.8) 2,099 (8.5) 3.00 (2.64-3.41) 0.00
Overall Prevalence 7.3 1.2 8.5
Age Group
0-9 762 (17.0) 159 (9.2) 921 (14.8) 2.04 (1.70-2.44) 0.00
10-19 652 (16.1) 92 (5.2) 744 (12.7) 3.51 (2.80-4.40) 0.00
20-29 175 (8.0) 4(0.4) 179 (5.7) 20.25 (7.53-55.01) 0.00
30-39 95 (4.9) 23 (3.1) 118 (4.4) 1.61 (1.01-2.56) 0.04
40-49 74 (5.1) 0(0.0) 74 (3.4)
50-59 36 (3.1) 4(0.5) 40 (2.1) 5.98 (2.12-16.87) 0.00
60-69 8 (0.8) 9(1.5) 17 (1.1) 0.55(0.21-1.42) 0.22
>70 6 (0.8) 0(0.0) 6 (0.6)
Water contact
Yes 13,580 (79.9) 4,568 (59.9) 18,148 2.66 (2.51-2.83) 0.00
No 3,411 (20.1) 3,056 40.1) 6,467
Toilet
Pit 3,186 (18.8) 1,709 (22.4) 4,895 0.65 (0.61-0.69) 0.00
Water closet 1,263 (7.4) 693 (9.1) 1,956 0.80 (0.73-0.88) 0.00
Open defecation 12,542 (73.8) 5,222 (68.5) 17,764 1.30 (1.22-1.38) 0.00
Knowledge of
Schistosomiasis
No 12,906 (76.0) 7,046 (92.4) 19,952 3.86 (3.52-4.23) 0.00
Yes 4,085 (24.0) 578 (7.6) 4,663
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Ao No. Examined No. Infected Odds Ratio P Value
Male Female Total Male (%) f‘;limle Total (%) 95% CI)
0
Freshwater 9,235 7,756 16,991 1173 635 (8.2) 1808 (10.6)  1.63 (1.47-1.81) 0.00
Swamp 12.7)
Forest
Age groups
0-9 2,478 1,999 4,477 463 (18.7) 299 (15.0) 762 (17.0) 1.31 (1.11-1.53) 0.00
10-19 2,182 1,879 4,061 417 (19.1)  235(12.5) 652(16.1) 1.65 (1.39-1.97) 0.00
20-29 1,198 991 2,189 112 (9.3) 63 (6.4) 175 (8.0) 1.52 (1.10-2.09) 0.01
30-39 1,085 859 1,944 79 (7.3) 16 (1.9) 95 (4.9) 4.14 (2.40-7.14) 0.00
40-49 765 694 1,459 61 (8.0) 13 (1.9) 74 (5.1) 4.54 (2.47-8.34) 0.00
50-59 616 558 1,174 33(5.4) 3(0.5) 36 (3.1) ;2;‘1) (3.19- 0.00
60-69 535 440 975 8 (1.5) 0(0.0) 8(0.8) 0.01
>70 376 336 712 0(0.0) 6(1.8) 6(0.8) 0.01
Lowland 4,056 3,568 7,624 186 (4.6) 105 (2.9) 291 (3.8) 1.59 (1.24-2.02) 0.00
Rainforest
Age groups
0-9 915 822 1,737 103 (11.3) 56 (6.8) 159 (9.2) 1.74 (1.23-2.44) 0.00
10-19 975 807 1,782 63 (6.5) 29 (3.6) 92 (5.2) 1.85(1.18-2.91) 0.01
20-29 513 428 941 0(0.0) 4(0.9) 4(0.4) 0.09 (0.00-1.71) 0.11
30-39 380 364 744 8(2.1) 15 4.1) 23 (3.1) 0.50 (0.21-1.19) 0.12
40-49 385 354 739 0(0.0) 0(0.0) 0(0.0)
50-59 406 354 760 4 (1.0) 0(0.0) 4 (0.5) 7.93 (0.43-47.75) 0,17
60-69 307 296 603 8(2.6) 1(0.3) 9(1.5) 7.89 (0.98-63.50)  0.05
>70 175 143 318 0(0.0) 0(0.0) 0(0.0)
Table 3. Morbidity indicators of urinary schistosomiasis according sex in freshwater swamp forest and lowland rainforest
Freshwater Swamp Forest Lowland Rainforest Odds Ratio P Value
Variable Male (%) Female (%) Total (%) Male (%) Female (%) Total (%) (95% CI)
n=9,235 n=7,756 n=16,991 n=4,056 n=3,568 N=7,624
Intensity
<50 eggs/10 mL urine 729 (7.9) 404 (5.2) 1133 (6.7) 113 (2.8) 58 (1.6) 171 (2.2) 3.11 (2.65-3.67)  0.00
>50 eggs/10 mL urine 444 (4.8) 231 (3.0) 675 (4.0) 73 (1.8) 47 (1.3) 120 (1.6) 2.59(2.13-3.15) 0.00
Microhaematuria
Light (+) 300 (3.2) 170 (2.2) 470 (2.8) 31(0.8) 21 (0.6) 52 (0.7)
Moderate (++) 459 (5.0) 242 (3.1) 701 (4.1) 74 (1.8) 43 (1.2) 117 (1.5)
Heavy (+++) 440 (4.8) 249 (3.2) 689 (4.1) 73 (1.8) 39 (1.1) 112 (1.5)
Total 1,199 (13.0) 661 (8.5) 1,860 (10.9) 178 (4.4) 103 (2.9) 281 (3.7) 3.21(2.82-3.65) 0.00
Urine turbidity
Cloudy 874 (9.5) 507 (6.5) 1381 (8.1) 135(3.3) 86 (2.4) 221 (2.9)
Cloudy and bloody 170 (1.8) 115 (1.5) 285 (1.7) 41 (1.0) 15(0.4) 56 (0.7)
Total 1,044 (11.3) 622 (8.0) 1,666 (9.8) 176 (4.3) 101 (2.8) 277 (3.6) 2.88(2.53-3.28)  0.00
Table 4. Analysis of diagnostic tests across ecological zones
Variable Total (%) FWSF (%) LLRF (%) OR (95% CI) P Value
No. samples 66 54
Urine turbidity 24 (20.0) 13 (19.7) 11 (20.4) 0.96 (0.39-2.35) 0.93
Microhaematuria 18 (15.0) 13 (19.7) 5(9.3) 2.40 (0.80-7.24) 0.12
Proteinuria 27 (22.5) 15 (22.7) 12 (22.2) 1.03 (0.43-2.44) 0.95
Sedimentation 20 (16.7) 15 (22.7) 5(9.3) 2.88(0.97-8.53) 0.06
Dral PCR 42 (35.0) 30 (45.5) 12 (22.2) 2.92 (1.31-6.52) 0.01
FWSEF: Freshwater Swamp Forest, LLRF: Lowland Rainforest, OR: Odds ratio.
Table S. Diagnostic tests agreement statistics
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Tests Kappa coefficient 95% CI Level of agreement
PCR vs UT 0.43 0.26 to 0.60 Moderate
PCR vs MH 0.41 0.25 to 0.57 Moderate
PCR vs PU 0.34 0.17 to 0.52 Fair

PCR vs Sed 0.54 0.39 t0 0.70 Moderate

Sed vs UT 0.56 0.36 to 0.75 Moderate

Sed vs MH 0.69 0.51 to 0.87 Substantial
Sed vs PU 0.39 0.19 to 0.60 Fair

UT vs MH 0.83 0.70 to 0.96 Almost perfect
UT vs PU 0.73 0.58 t0 0.88 Substantial
MH vs PU 0.65 0.48 t0 0.82 Substantial

Sed: Sedimentation; UT: Urine Turbidity; MH: Microhematuria; PU: Proteinuria.

Table 6. Estimation of sensitivity, specificity, likelihood ratios, disease prevalence, predictive values and accuracy for diagnostic

schistosomiasis
Diagnostic Sensitivity Specificity Positive Negative  Disease PPV (%) NPV (%) Accuracy
test Likelihood Likelihood Prev

(%) (%) Ratio Ratio (%) (%)
Sed 47.62 100.00 0.52 16.7 100.00 90.52 91.27
(95% CI)  (32.00-63.58) (95.38-100.00) (0.39-0.75) (87.73-92.72)  (84.72-95.65)
PCR 100.00 100.00 0.00 35.0 100.00 100.00 100.00
(95% CI)  (91.59-100.00) (95.38-100.00) (96.97-100.00)
MH 40.00 97.50 16.00 0.62 133 71.11 91.35 89.84
95% CI) (24.86-56.67) (91.26-99.70)  (3.87-66.20) (0.48-0.79) (37.29-91.06) (89.11-93.17) (82.99-94.60)
uT 45.24 93.59 7.06 0.59 15.8 57.03 90.09 85.94
95% CI) (29.85-61.33)  (85.67-97.89)  (2.84-17.55) (0.44-0.77) (34.80-76.75) (87.28-92.33) (78.41-91.61)
PU 42.86 88.46 3.71 0.65 15.0 39.59 89.77 81.62
(95% CI)  (27.72-59.04) (79.22-94.59)  (1.83-7.53)  (0.49-0.85) (24.43-57.06)  (86.96-92.02) (73.52-88.10)

Sed: Sedimentation method; MH: Microhematuria; UT: Urine Turbidity; PU:

Predictive Value; NPV: Negative Predictive Prev: Prevalence.

Measurement of agreement

At Table 5 is the comparison of diagnostic tests. Kappa value
Kk was used to measure the level of agreement between the
diagnostic methods given the differences observed in the
number of positive cases detected. The strength of
agreement was categorized as: 0.00-0.20 as slight, 0.21-0.40
as fair, 0.41-0.60 as moderate, 0.61-0.80 as substantial, 0.81-
1.00 as almost perfect McHugh (2012). PCR had the
strongest agreement with sedimentation method (0.54) and
least with proteinuria (0.34), while urine turbidity had an
almost perfect agreement with microhaematuria (0.83).

This study observed that PCR and sedimentation method had
the closest agreement confirming that presence of eggs was
more indicative of infection than positive cases of
microhaematuria, proteinuria and urine turbidity (Lodh et
al., 2014). Likewise, sedimentation method agreed the most
with  microhaematuria  thus, the application of
microhaematuria for estimating S. haematobium infection
(Emukah et al., 2012).

Sensitivity, specificity, likelihood ratio, predictive value and
accuracy of diagnostic tests
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Proteinuria; CI: Confidence Interval; PPV: Positive

In Table 6, PCR identified more positive cases compared to
other technique thus, a sensitivity, specificity, predictive
values and accuracy of 100.00%. This was followed by
sedimentation method with a sensitivity of 47.62% (95% CI:
32.00%-63.58%) but high specificity, predictive values and
accuracy. Microhematuria had the least sensitivity, while
proteinuria had the least specificity and accuracy.

From the diagnostic tests performance, PCR proved to be a
more sensitive tool for detecting S. haematobium infections,
followed by microscopy. This result is also in consonance
with studies on the sensitivity and specificity of PCR in
detecting Schistosoma infection in low disease transmission
and in treatment settings (Siqueira et al., 2015; Lodh et al.,
2014). The false negative cases detected by indirect
morbidity indicators might be due to the absence of
pathological changes in the bladder because of treatment,
while the false positive cases might be due to infections other
than that of S. haematobium (Houmsou et al., 2011).

Conclusion
This study observed that urinary schistosomiasis still persists
despite decades of treatment. The overall prevalence was
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low, with geographical variations due to socioeconomic
factors, variations in gender and age prevalence largely due
to behaviour, and variations using different diagnostic tools.
This study therefore provides information that is useful for
advocacy in agricultural zones, towards improving access to
clean water and adequate sanitation, and for disease
monitoring using sensitive diagnostic tools, in order to
identify foci for strategic delivery of interventions towards
achieving the 2030 elimination goal.
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