
Heliyon 8 (2022) e10440
Contents lists available at ScienceDirect

Heliyon

journal homepage: www.cell.com/heliyon
Research article
Urogenital schistosomiasis transmission, malaria and anemia among
school-age children in Northern Ghana

Sylvester Dassah a,b, Gideon K. Asiamah a,c, Valentine Harun c, Kwaku Appiah-Kubi d,
Abraham Oduro e, Victor Asoala a, Lucas Amenga-Etego a,f,*

a Department of Biomedical Sciences, Navrongo Health Research Centre, Navrongo, Ghana
b Department of Biochemistry and Forensic Sciences, C. K. Tedam University of Technology and Applied Sciences, Navrongo, Ghana
c Department of Applied Biology, University for Development Studies, Navrongo, Ghana
d Department of Applied Biology, C. K. Tedam University of Technology and Applied Sciences, Navrongo, Ghana
e Department of Clinical Sciences, Navrongo Health Research Centre, Navrongo, Ghana
f West African Centre for Cell Biology of Infectious Pathogens (WACCBIP), Department of Biochemistry, Cell and Molecular Biology, College of Basic and Applied Sciences,
University of Ghana, Legon, Ghana
A R T I C L E I N F O

Keywords:
Urogenital schistosomiasis
Schistosoma haematobium
Malaria
Anemia
Northern Ghana
* Corresponding author.
E-mail address: lamengaetego@ug.edu.gh (L. Am

https://doi.org/10.1016/j.heliyon.2022.e10440
Received 18 May 2021; Received in revised form 1
2405-8440/© 2022 The Author(s). Published by Els
nc-nd/4.0/).
A B S T R A C T

Background: In sub-Saharan Africa, co-morbidity with malaria, schistosomiasis, and soil transmitted helminths
(STH) is common among young children. The current study investigated malaria, urinary schistosomiasis and
their co-infection and anemia among school-age children in an endemic community, Nakolo in the Kassena-
Nankana East District of northern Ghana.
Methods: A cross-sectional survey of 336 school-age children, 5–16 years was undertaken. Urine samples were
examined for Schistosoma haematobium ova using microscopy. Finger prick blood samples were examined for
Plasmodium parasites using microscopy and haemoglobin concentration measured with HemoCue Hb301
photometer.
Results: The mean age was 10.52 (Standard deviation: �2.27; range: 5–16 years), of which 50.6% (170/336) were
males. The overall prevalence of urinary schistosomiasis and Plasmodium (P.) falciparum was 12.8% (43/336) and
37.8% (127/336), respectively with 6.0% (20/336) coinfection. Participants with only P. falciparum infection had
17.8% (19/107) of moderate anemia whilst 21.7% (5/23) of children infected with only S. haematobium had
moderate anemia and 4.3% (1/23) had severe anemia. 5.0 % (1/20) of moderate anemia was observed in con-
current infections of P. falciparum and S. haematobium. Use of open water bodies was associated with increased
risk of S. haematobium infection (OR ¼ 1.21; 95% CI ¼ [1.06–1.39]; p ¼ 0.001), with females being at reduced
risk (OR ¼ 0.93; 95%CI ¼ [0.87–0.99]; p ¼ 0.005). Absence of self-reported haematuria had 0.81 times reduced
odds of S. haematobium infection (OR ¼ 0.81; 95%CI ¼ [0.74–0.87]; p < 0.001).
Conclusion: This study has revealed that urinary schistosomiasis remains prevalent in Kassena-Nankana East
district and suggests that urinary schistosomiasis may contribute to moderate anemia among school-age children
as compared to asymptomatic malaria infection. These findings call for an evaluation of the annual mass drug
administration of Praziquantel among in-school children to ascertain its impact on urinary schistosomiasis
prevalence across the district.
1. Introduction

Malaria and schistosomiasis (bilharzia) are responsible for childhood
morbidity and mortality in sub-Saharan Africa (sSA) [1]. Schistosomiasis
is an acute-on-chronic parasitic worm infection caused by blood flukes
(trematodes) of the genus Schistosoma [2]. It is estimated that at least
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90% of people requiring treatment for schistosomiasis reside in sSA [3].
Schistosomiasis presents either as urogenital or intestinal disease. Uro-
genital schistosomiasis is caused by Schistosoma haematobium whilst the
intestinal form is due to infection with a variety of species including
S. mansoni, S. japonicum, S. mekongi, S. guineensis or S. intercalatum [4].
S. haematobium infection may lead to urological complications among
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school children such as lesions of the urinary tract, calcified bladder,
deformity of the ureter and hydronephrosis [5, 6], anemia, and growth
retardation among young children [7].

Schistosomiasis andmalaria are often co-endemic in most parts of sSA
with huge socioeconomic cost [8, 9]. The concurrence of Plasmodium
falciparummalaria with other parasitic infections such as soil transmitted
helminths and Schistosome infections are common across sSA [10, 11,
12, 13]. Such a concurrence of parasitic infections often results in anemia
among school-age children with serious consequences on their health
and significant reduction in school attendance [8, 14]. Ghana has been
implementing mass drug administration (MDA) campaigns for school age
children (SAC) for schistosomiasis since 2008 [15]. Notwithstanding the
paucity of data on a national evaluation of the program, previous as-
sessments from various endemic communities across the countries show
that the MDA for SAC had a significant impact on schistosome preva-
lence, particularly prevalence of S. haematobium, bringing prevalence
rates down to<15% [16]. Notably, MDA for SACwith Praziquantel in the
Asuogyaman District of Eastern Region of Ghana is reported to have
contributed in reducing the prevalence of urinary schistosomiasis to
about 10.4%. However, uptake of Praziquantel is highly variable and
important foci of high prevalence (>19%) remain [16, 17, 18], raising
the question of expanding the program to include pre-school children,
community-based treatment of out of school children and adults [15].
Also, previous evidence associates specific risk factors with the likelihood
of increased schistosome infection. Key among these factors include age,
sex, socio-economic status (though not universal), access and contact
with infested water bodies for swimming, bathing and fishing [19].

Prior to the introduction of annual in-school MDA of Praziquantel
against schistosomiasis, the overall prevalence of urinary schistosomiasis
(S. haematobium) was estimated as 18.9% in the Kassena-Nankana Dis-
tricts of northern Ghana [4], where malaria transmission is high and
co-endemic with schistosomiasis. It is expected that the scale up of MDAs
nearly two decades ago following the landmark World Health Assembly
in 2001 (WHA 54.19) for control of schistosomiasis and soil-transmitted
helminthiasis [20], and the general decline in malaria transmission
across sSA [21], within this period will reduce the burden of the
co-morbidity imposed by these parasites, particularly anemia among
school children. However, there is little to no post-MDA intervention data
to show the effect of these intervention activities on the prevalence of
schistosome(s) single infection, and P. falciparum coinfection and the
parasitic attributable burden of anemia in this northern Ghanaian pop-
ulation. Intermittent preventive treatment of malaria and deworming
reduced the prevalence of anemia among children in this region [22]
Therefore, the current study sought to determine the prevalence of uri-
nary schistosomiasis among school-age children and to explore
P. falciparum malaria co-infection and assess demographic and behav-
ioral risk factors for urinary infection among SAC in northern Ghana.

2. Materials and methods

2.1. Ethical considerations

Ethical approval for useofhumanparticipants in this studywasobtained
from the Institutional Review Board of the Navrongo Health Research
Centre. Written parental informed consent was obtained from parents (or
guardians) of children 5–16 years attending District Assembly (D/A) and
English and Arabic (E/A) primary schools in Nakolo. Additional assent was
obtained from children 10–16 years. Permission for the study was obtained
from the District Education Office as well as Heads of the two schools. The
survey was conducted with the support of the school “Health-Teachers”.
Children who tested positive for schistosomiasis and/or malaria were
facilitated to receive the recommended single dose of praziquantel (40mg/
kg body weight) for urinary schistosomiasis or advised to visit the nearest
Health Centre for treatment of malaria as per Ghana Health Service pro-
tocolswhen theydevelop fever. As per currentmalaria treatment guidelines
in Ghana, asymptomatic infections are not eligible for treatment.
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2.2. Study design and population

A cross sectional survey of school children attending two schools
located in Nakolo was conducted between September and October 2018.
Figure 1 below shows the study recruitment procedure and enrolment
criteria. A total of 336 children (males¼ 170, females¼ 166), 5–16 years
of age, were recruited. Children in this age category who were apparently
healthy, had no serious chronic condition, were willing to participate and
had their parent/guardians contacted for informed consent for a malaria
blood smear, capillary blood for Hb measurement, and a urine sample
collection were eligible for study participation. Children were sampled
by convenience and of the total number of school children screened,
71.1% (239/336) came from the D/A primary school and 28.9% (97/
336) were children attending the E/A primary school.

The District Assembly (D/A) primary school in Nakolo is a govern-
ment public school under the management of the Kassena-Nankana West
District (KNWD) Assembly located in Paga near Ghana's border with
Burkina-Faso. Nakolo English and Arabic (E/A) primary school is a faith-
based public school under the joint management of the Muslim mission
and KNWD. These sister schools located next to each other in the Nakolo
community.

The study site, Nakolo, is a farming community in the KNWD of the
Upper East Region of Ghana. The KNWD is located approximately be-
tween latitude 10.97o North and longitude 01.10o West (Figure 2). The
main occupation of the inhabitants of Nakolo is subsistence farming and
rearing of ruminants. Nakolo is one of several communities that form the
framework for the Navrongo Health and Demographic Surveillance
System [23]. Though rainfall in this area is variable, the average annual
rainfall in the district is about 850 mm and occurs almost entirely be-
tween the months of June–October [24]. There is one major dam, the
Tono irrigation dam, and several smaller dams and dug-outs dotted
around the study area, which provide water for limited vegetable culti-
vation and for animals during the long dry season. Clinic attendance
records had shown cases of urinary schistosomiasis in this region but
there is little to no data on the current prevalence of the infection. Pre-
vious studies had shown that Bulinus globosus and B. truncates were
prevalent in this area and are the intermediate host snails of
S. haematobium with human prevalence of 3.8% in school-age children
[4]. It was assumed that following almost two decades of mass drug
administration against the infection in school-age children in the area,
there will be at least 15% decrease in S. haematobium infection among
children of school-age. Giving an estimated prevalence of 3.8%, it was
estimated that a minimum sample size of 351 was sufficient to give a
power of 80% to detect infection with alpha error margin of 5%.

2.3. Urine analysis for S. haematobium ova

Urine samples collected from participants in schools between 10:00
am and 2:00 pm were transported to the Navrongo Health Research
laboratory and analysed using the microscopy method [25]. The samples
were allowed to rest on the bench for approximately 30 min. The urine in
each bottle was then carefully drawn off and discarded, leaving about 10
mL in each bottle. The content of each bottle was then resuspended by
gently shaking and the sediments transferred into a 20 mL centrifuge
tube. The tubes were centrifuged at 1000 rpm for 5 min. The supernatant
was discarded, and the residue put on a clean glass slide, covered with a
cover slip and examined for S. haematobium ova (Supplementary
Figure S1) using 10x objective lens of the microscope. Intensity of
infection was estimated by counting the number of eggs per 10 mL of
urine.

2.4. Examination of blood smear for malaria infection

Thin and thick blood films were prepared from a finger prick. The thin
film was fixed with methanol for a few seconds. Both blood films were
then stained with 10% Giemsa stain for 15 min for malaria parasite



Figure 1. A flowchart of study recruitment procedure and enrolment criteria.
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identification and quantification. The stained blood smears were rinsed
with running tap water for about 10 s and allowed to air dry. Malaria
parasite species identification was performed by examining the thin film.
Malaria parasite density was scored as parasites (trophozoites or game-
tocytes) per 200 white blood cells (WBCs) on the thick film. 200 high
power fields of the thick films were examined at x100 magnification to
assign a negative result. Parasite counts were converted to parasites/μL
assuming 8000 W BCs/μL of blood.
2.5. Determination of haemoglobin concentration

Haemoglobin (Hb) was determined in the field using a portal
HemoCue Hb301 photometer (HemoCue AB, Angelholm, Sweden).
Blood drops from finger prick were collected to fill the microcuvette and
inserted into the photometer as per manufacturer's instructions. Hae-
moglobin concentration was measured in g/dL. Haemoglobin concen-
tration was grouped based on the severity of anemia as Hb < 7.0 g/dL
(severe anemia), 7.0–11.0 g/dL (moderate anemia) and �11.0 g/dL
(normal).
2.6. Questionnaire administration

A semi-structured questionnaire was designed, pre-tested and upda-
ted. Data on water contact activities (bathing, washing of clothes and
swimming in streams and the like) were collected using the semi-
3

structured questionnaire. The questionnaire was also used to capture
school enrolment status and demographic information. The children
were also asked if they have ever seen blood in their urine. All data forms
were checked for completeness and any omissions corrected in the field
before being entered into an EpiData version 3.1.
2.7. Statistical analysis

Data analysis was done using the open source statistical software R
(version 3.4.1) [26]. Difference between means was analysed using the
Wilcoxon signed ranked test with continuity correction since the data
was not normally distributed. In order to assess the association of
childhood activities, demographic factors and clinical symptoms with
risk of schistosomiasis single infections and co-infection with malaria, a
multi-variable logistic regression was implemented with a Poisson error
distribution. Estimates were considered statistically significant at ∝
<0.05.

3. Results

3.1. Demographic and clinical characteristics

The study screened a total of 336 participants with mean age of 10.52
(Standard deviation: 2.27; range: 5–16 years), of which 50.6% were
males. The overall prevalence of urinary schistosomiasis and



Figure 2. A map of Ghana showing location of the Kassena-Nankana East and West Districts within the Upper East Region: Expanded district map showing Nakolo
community highlighted with a circle.
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P. falciparummalaria were 12.8% and 37.8%, respectively. About 6.0% of
participants were coinfected with both S. haematobium and P. falciparum
parasites. There was a statistically significant difference between the
mean age of male (10.8) and female (10.2) participants (p-value ¼
0.029). The mean haemoglobin level of female was (12.18 � 1.33) g/dL
and male was (12.07 � 1.06) g/dL. The difference was however not
statistically significant (p ¼ 0.39). Table 1 shows the prevalence of
anemia based on WHO cutoffs for anemia definitions [27]. The overall
prevalence of moderate anemia (Hb < 11.0 g/dL) among study partici-
pants (infected and non-infected) was 14.0% (47/336). Out of the total
study participants who were only infected with P. falciparum (n ¼ 107),
17.8% (19/107) had moderate anemia and none had severe anemia,
21.7% (5/23) of children infected with only S. haematobium had mod-
erate anemia, and 4.3% (1/23) had severe anemia. Of the children who
had concurrent P. falciparum and S. haematobium infections none had
severe anemia and only 5.0% had moderate anemia (Table 1).

3.2. Intensity of S. haematobium infection

The overall mean S. haematobium egg count was 25 (range: 1 to 203
eggs)/10 ml of urine. The mean egg count for females (24 eggs/10 ml)
was lower than males (26 eggs/10 ml), but the difference was not sta-
tistically significant (p¼ 0.930). The intensity of infection was highest in
children less than 10 years with mean egg count of 34 eggs/10 ml of
urine.
Table 1. Prevalence of anemia in children with malaria, urinary schistosomiasis or c

Disease group Mean Age (SD)* No. of children

Malaria 10.85 (2.15) 107

Schistosomiasis 10.50 (2.84) 23

Co-Infected 10.40 (2.52) 20

* SD ¼ Standard Deviation. Mean age is recoded in completed years.
** n ¼ Number of children.
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3.3. Comparison of hemoglobin levels between co-infections, single
infections and non-infected children

The median haemoglobin of children who were infected with only
P. falciparum or S. haematobium was (12.13 � 1.25) g/dL and (11.64 �
1.68) g/dL respectively whilst that for non-infected and concurrently
infected children was (12.27 � 1.09) g/dL and (12.48 � 1.27) g/dL
respectively. Despite the comparatively lower median Hb concentration
of children with single S. haematobium infection compared to non-
infected children, a pairwise comparison of the median hemoglobin
concentrations between the two groups was not statistically significant (P
¼ 0.13). Likewise, the comparison of medians between malaria only (p¼
0.33) or coinfected (p ¼ 0.27) groups with the non-infected group
(Figure 3) was not statistically significant.

3.4. Risk factors for urinary schistosomiasis infections

Table 2 shows the association of childhood activities, demographic,
and clinical factors with the risk of S. haematobium infection. It was
observed that compared to males, female children had a significant
reduced risk of urinary schistosomiasis in this region of northern Ghana
(OR ¼ 0.93; 95%CI ¼ [0.87–0.99]; p ¼ 0.005). In addition, the use of
open water bodies such as dams, dug outs, and streams was found to be
associated with a significant increased risk of urinary schistosomiasis
infection (OR ¼ 1.21; 95% CI ¼ [1.06–1.39]; p ¼ 0.001). Furthermore,
oncurrent infections.

Haemoglobin (Hb) concentration (g/dL)

Hb < 7.0 n** (%) Hb < 11.0 n** (%) Hb � 11.0 n** (%)

0 (0.0) 19 (17.8) 88 (82.2)

1 (4.3) 5 (21.7) 16 (69.7)

0 (0.00) 1 (5.00) 19 (95.00)



Figure 3. Median haemoglobin concentration in non-infected, malaria infected, Schistosoma infected and co-infected children from the KNED. Coinfected: Children
infected with both P. falciparum and S. haematobium; Malaria: Children infected with only P. falciparum; Non-infected: Children not infected by both P. falciparum and
S. haematobium; Schistosomiasis: Children infected with only S. haematobium. Pairwise estimates of differences in means are Wilcoxon p-values.

Table 2. Clinical, Demographic and childhood activities and associated risk of
urinary schistosomiasis infection.

Characteristic OR LCI UCI P-value

Sex (Female) 0.93 0.87 0.99 0.005

Use of open water bodies1 1.21 1.06 1.39 0.001

Frequency of activities/day

1 to 2 times 1.24 1.12 1.36 <0.001

Between 3 to 5 times 1.10 1.01 1.20 0.027

Greater than 5 times 1.22 1.06 1.40 0.005

Absent from school 1.05 0.98 1.13 0.14

Location (E/A) 0.92 0.85 0.99 0.046

No blood in urine2 0.81 0.74 0.87 <0.001

1 Open water bodies included streams, dam, dugouts/ponds and rice paddies.
Activities include bathing, washing of clothes, utensils etc; OR, odds ratio; LCI
and UCI is lower, and upper 95% confidence intervals respectively.

2 children who did not report seeing blood after passing urine.
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the frequency of these activities was found to significantly increase the
risk of infections. Absence from school was associated with 1.05 times
increased risk of urinary schistosomiasis but this was not statistically
significant (OR ¼ 1.05; 95%CI ¼ [0.98–1.13]; p ¼ 0.14). Location was
observed as marginally significant in the risk of urinary schistosomiasis.
Children within the catchment area of the E/A school were found to have
a reduced risk of urinary schistosomiasis (OR ¼ 0.92; 95%CI ¼
[0.85–0.99]; p ¼ 0.046) than those of D/A primary school. Self-reported
absence of haematuria had 0.81 times reduced risk of S. haematobium
infection (OR ¼ 0.81; 95%CI ¼ [0.74–0.87]; p < 0.001) among the
children [Table 2].

4. Discussion

In the current study, the prevalence of S. haematobium single infection
and co-infection with P. falciparum among school age children was sur-
veyed. We observed the prevalence of S. haematobium infection to be
5

12.8%, which is a lower rate of infection compared to previous estimates
of 18.9% within the study communities in the northern part of the
Kassena-Nankana District by Anto et al in 2014 [28]. Despite over a
decade of annual mass drug administration (MDA) with Praziquantel
targeted at mainly in-school children, our findings suggest persistence of
high focal urinary schistosomiasis in the phase of this intervention pro-
gram. This may be attributed to several factors, key among these being
poor coverage of MDA target group below the WHO benchmark of 75%–

100% of school-age children at risk of morbidity to have been achieved
by 2010 [29], and/or sub-optimal treatments due to reduced Prazi-
quantel efficacy either as a result of resistance or under dosing resulting
from poor weight estimates by school health teachers. The poor coverage
may be due to absenteeism in schools in the area and programme chal-
lenges such as irregular drug supply. Indeed, our data shows that
absenteeism in Nakolo D/A and E/A primary schools were 53.9% and
46.4% respectively during the period of sampling. Therefore, a signifi-
cant proportion of children in the study area are unlikely to have received
the MDA treatment year in year out. Similar surveys in other parts of
Ghana, have shown that average uptake of Praziquantel targeted at
school age children (SAC) can go as low as 41% but varies to as high as
85% [16]. Therefore, others have argued for an expansion of the MDA for
SAC to include adults, pre-school children and school-aged children who
are out of school using community-based distribution, though this has
been difficult to implement due to logistic challenges including inade-
quate supply of drugs.

In addition, interventions that include Water, Sanitation and Hygiene
(WASH) have been shown to be highly effective in reducing exposure to,
and transmission of eggs and larvae for Schistosomiasis [30, 31].
Therefore, in order to drive down the prevalence of urinary schistoso-
miasis in these endemic communities, it may be necessary to augment
MDA chemotherapy with WASH and other interventions such as health
promotion to achieve prevention of reinfection [30].

The study area is malaria endemic with perennial P. falciparum ma-
laria transmission and significant seasonal fluctuation in intensity. The
high prevalence (37.8%) of P. falciparum malaria observed in this study
was no surprise but the 6.0% prevalence of concurrent infection by both
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parasites is of public health concern since these asymptomatic carriers act
as reservoirs that continue to fuel malaria transmission and urinary
schistosomiasis transmission by contaminating fresh water bodies with
their excreta that contain schistosome eggs. Similar studies in peri-urban
communities in Greater Accra, where malaria transmission is much lower
reported 12.9% prevalence of P. falciparum mono-infections and 4.7%
S. haematobiummono infection [32]. The prevalence of co-infection with
both parasites was under 1%. In Ghana, malaria transmission is heter-
ogenous, with parasite prevalence reflective of the three varying
ecological zones, with the lowest prevalence along the Coastal areas [33].
Therefore, these conflicting reports may reflect the influence of the
varying transmission dynamics of these two parasites, with transmission
intensity being higher in the Kassena-Nankana Districts compared to
Accra [34]. In addition, because malaria transmission is seasonal across
Ghana, the potential for co-infection with both parasites may differ
markedly between surveys depending on the season of the school survey.
Nonetheless, such local foci of parasite co-infection when unidentified,
may undermine intervention efforts at controlling the two parasitic dis-
eases of topmost public health importance in Ghana. Identifying such
local ‘hotspots’ of high prevalence for endemic pathogens such as these is
critical for targeting of limited resources to interrupt transmission.

Though previous reports have shown that children who are concur-
rently infected with malaria and urinary schistosomiasis were found to
have lower haemoglobin (Hb) concentration compared to those with
single infections and uninfected, we did not observe any significant dif-
ferences in the mean Hb concentration between children co-infected with
S. haematobium and P. falciparum and uninfected children (Figure 2).
Rather, children who were infected with only S. haematobium had lower
Hb concentrations compared to those diagnosed with malaria or con-
current infections of S. haematobium and P. falciparum. 21.7% of children
who had urinary schistosomiasis alone had moderate to severe anemia,
suggesting that chronic urinary schistosomiasis may be an important
cause of childhood anemia as compared to asymptomatic malaria in this
population. Indeed, soil-transmitted helminth (STH) studies, in the
middle-belt of Ghana showed that children with low-intensity hookworm
infections had reduced risk of anemia [35], and successful treatment of
hookworm infection was associated with improved haemoglobin levels
in children [36]. Coinfections with malaria was a significant predictor of
hookworm infection but not anemia in these studies conducted in the
middle belt of Ghana [37]. These contrasting findings are indicative of
the gross nature of anemia as a phenotype, which could have other
underlining courses other than parasitic infections. Indeed, the current
study was conducted at the time of harvest, when food is abundant and
children in these settings generally show improved wellbeing which
could potentially ameliorate the effects of these infections on Hb levels in
the comparison groups. In addition, we found no significant correlation
between S. haematobium egg counts/intensity and Hb levels, though a
study in Ethiopia by Deribew et al. [8] found a significant correlation
between egg counts and Hb concentration. The current study also shows
age variation in the intensity of S. haematobium infection with children
less than 10 years having the higher mean egg counts. Exposure to
contaminated water alone cannot explain these findings, which have also
been reported elsewhere, and that slow acquisition of immunity may play
role [38]. In tandem with several studies that could not establish any
significant difference between the intensity of infection among females
and males [39, 40, 41], we found higher intensity of infection among
males than females but the difference was not statistically significant.

We explored risk factors for urinary schistosomiasis and observed that
female children had a reduced risk of S. haematobium infection than
males (Table 2). This is consistent with previous studies in northern
Ghana and other schistosomiasis endemic areas, which showed that the
risk of schistosomiasis was higher in males than in females [42, 43, 44]. It
is plausible that differences in gender roles due to cultural norms may
result in relatively higher frequency of exposure to infection for male
than females. It was not surprising that childhood activities such as use of
streams, dams, dugouts and other open water bodies for various activities
6

including bathing, recreational activities such as swimming significantly
increased the risk of urinary schistosomiasis (Table 2). These findings are
corroborated by several studies that have reported proximity to cercariae
infested fresh water bodies as risk factor for school-age children [39, 43,
45, 46, 47]. As observed in other studies conducted in this area [44], the
present study shows that children who were involved in activities that
frequently exposed them to these open water bodies had an increased
individual risk of urinary schistosomiasis infection (Table 2). Interest-
ingly, our data also shows that there was increased risk of urinary
schistosomiasis infection among children with more school absence,
though not statistically significant. However, location significantly
influenced individual risk of infection. Children who attended the E/A
school were less likely to have urinary schistosomiasis compared to those
attending the D/A school. Risk of schistosome infection may vary
depending on the number and type of open waters within a particular
locality. The current study area has a non-uniform distribution of stag-
nant open waters some of which often dry up during the long dry season.
Thus, affecting the risk and distribution within the present study area. It
was observed that self-reported absence of haematuria significantly
reduced the risk of children from S. haematobium infection, which is
biologically plausible because of the ability of S. haematobium eggs to
penetrate the urinary tract and cause damage resulting in blood in urine
when urinating [1, 14]. Therefore, haematuria remains a key symptom
for diagnosis of urinary schistosomiasis in rural settings where laboratory
diagnosis is not possible.

5. Conclusion

This study has revealed that urinary schistosomiasis remains preva-
lent in Kassena-Nankana districts with significant variation in the risk of
infection among school-age children depending on locality. The findings
suggest that chronic urinary schistosomiasis alone may contribute to
moderate anemia among school-age children as compared to asymp-
tomatic malaria infection. These findings call for an evaluation of the
annual mass drug administration of Praziquantel among in-school chil-
dren to ascertain its impact on urinary schistosomiasis prevalence across
the district. Also, the current data points to an urgent need for the District
Health Management Team in this area to focus attention on out of school
children and scale up of water, sanitation and hygiene activities and
health education in order to interrupt transmission of schistosomiasis in
this area where co-morbidity with P. falciparum is common.

6. Limitations of the study

The current study is limited in scope and therefore, the level of uri-
nary schistosomiasis reported could be an understatement of the actual
prevalence among school-age children. A well-designed randomized
study of school age children within the Kassena-Nankana districts is
required to uncover the actual prevalence of urinary schistosomiasis and
to estimate co-infection with Plasmodium spp in the study population.
Several studies have shown improved sensitivity of the 10 ml urine
filtration method for detection of S. haematobium ova when multiple
urine samples or slides are used. However, due to limited funding (self-
funded), two consecutive samples were examined before declaring a
participant negative. Therefore, S. haematobium egg density estimates
might have been adversely affected by the limited number of urine rep-
licates processed in this study. In addition, for logistic reasons the study
sample size was small and aimed at being representative of children 5–16
years in schools sampled rather than the community. Indeed, the small
sample size might have limited the power of the current study to detect
any correlation of these parasitic infections (either mono- or co-
infections) with anemia. Notwithstanding these limitations, our find-
ings provide a reappraisal of the prevalence of urinary schistosomiasis,
and co-morbidity with malaria in the district for evidence-based decision
making and calls for study design evaluation of these intervention
programmes.
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