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Abstract

Background

Schistosomiasis is a neglected tropical disease that continues to cause morbidity and mor-
tality in Sub Saharan Africa. Due to its endemicity, co-infection with malaria is common. The
diseases cause anaemia and impaired nutritional status among children. We investigated
the prevalence of intestinal schistosomiasis and its association with malaria, anaemia and
nutritional status among school children.

Methods

This was a cross sectional survey among 830 children in Nyamikoma village along Lake Vic-
toria in Tanzania. A pre-tested questionnaire was used to collect socio-demographic data,
history of drug use, and clinical data. Two faecal samples were collected on two consecutive
days and analyzed using thick smears Kato Katz method. Diagnosis of malaria was done by
malaria rapid diagnostic test, and haemoglobin concentration was determined using Hemo-
Cue. Nutritional status was assessed by anthropometric measurements.

Results

The overall prevalence of intestinal schistosomiasis was 90.6% (95% Cl = 88.6% - 92.6%).
Intensity of infection was light 24.1% (200/830), moderate 38.4% (319/830) and heavy
28.1% (233/830). Pre-adolescents (<12 years) were more infected with intestinal schistoso-
miasis (93.2%) than adolescents (>12 years) (84.7%) (p < 0.001). Prevalence of malaria
was 1.7% (14/824), and that of intestinal schistosomiasis—malaria co-infection was 1.6%
(13/824). The overall prevalence of anaemia was 24.6% (95%CI = 18.7% - 30.5%). Severe
anaemia was found in 2.3% (19/824) of study participants. The prevalence of stunting and
wasting were 29.0% and 11.3%, respectively. On both univariate and multivariate regres-
sion analysis, only lower age was significantly associated intestinal schistosomiasis
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infection, but not anemia, malaria, stunting or wasting. However among those infected, a
negative binomial regression analysis indicated independent significant association of male
sex, loose stool consistency, and stunting with high eggs count/gram of stool.

Conclusions

Despite several rounds of annual mass praziquantel administration, intestinal schistosomia-
sis is highly prevalent among school children particularly in younger children living in the
study area. Biannual targeted mass praziquantel treatments or alternative regimens may be
considered in future in the study area to redress the situation.

Introduction

Schistosomiasis is a Neglected Tropical Disease (NTD) that continues to cause morbidity and
mortality to many people [1]. Schistosomiasis is caused by a parasite of the genus Schistosoma.
There are two species of major public health importance in Sub Saharan Africa (SSA), namely
Schistosoma mansoni and Schistosoma haematobium, which cause intestinal and urogenital
schistosomiasis, respectively [2]. Tanzania is ranked second to Nigeria in terms of schistosomi-
asis burden among the African countries [3]. In Tanzania, both urogenital schistosomiasis (S.
haematobium) and intestinal schistosomiasis (S. mansoni) are endemic throughout the coun-
try, with the latter being highly prevalent around the Lake Zone where a prevalence of up to
100% have been reported [4].

Among the parasitic diseases, schistosomiasis ranks second to malaria in terms of number
of cases and those at risk [3]. Globally, it is estimated that 779 million people at risk, and more
than 207 million people infected with schistosomiasis worldwide [3, 5]. Apart from its health
consequences, schistosomiasis is associated with negative social and economic impacts [5]. In
SSA, despite ongoing control interventions, schistosomiasis contributes to more than 90% of
the global schistosomiasis burden [6]. Schistosomiasis causes a loss of about 4.5 million Dis-
ability-Adjusted Life Years (DALYs) and 150,000-280,000 deaths annually in the region [5].

The disease mostly affects school-aged children in low-income communities, but all age
groups can be victims due to different water contact activities such as fishing and domestic
water use [1]. Infected children have poor school attendance, poor concentration in class and
poor academic performance in school either due to illness itself or associated morbidities such
as anaemia, fatigue, poor growth and poor cognitive development [1, 7]. For adults, the
infected become less productive to their families and communities.

Like other NTDs, schistosomiasis is linked to the Sustainable Development Goals (SDGs);
and its control is associated with direct impact on achieving the goals; such goals include
reduction of poverty (SDG1), ensure healthy lives and promote well-being for all at all ages
(SDG3) and attaining quality education to children (SDG4) [5, 8-10]. A study done in Kenya,
reported an increase in school participation among school children and an increase in produc-
tivity among workers who had a history of receiving mass praziquantel treatments while in
school [11]. Due to their global burden and impact on development, in 2015 the United
Nations General Summit recognized and gave special attention to NTDs under the list of
SDGs, Goal number 3.3: “ending the epidemic of NTDs by 2030” [12]. Schistosomiasis is
among the 17 NTDs earmarked for elimination globally [13]. Apart from delaying the achieve-
ment of the SDGs, NTDs such as schistosomiasis are associated with a negative impact on core
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components of the human development index (HDI), which include the standard of living,
educational attainment and years of schooling, and years of life lived with good health [14].

The World Health Organization (WHO) promotes five main public health interventions
against schistosomiasis; which include preventive chemotherapy, vector control, access to safe
and clean drinking water, basic sanitation and hygiene services, and health education [15]. In
Tanzania, the use of mass praziquantel treatments as preventive chemotherapy was initiated in
2004-2005 and is the main strategy for schistosomiasis prevention and control targeting
school-aged children. By 2016, Tanzania had reached 100% geographical coverage in terms of
praziquantel mass drug administration targeting school-aged children.

Malaria continues to be a disease of the global concern contributing to 445,000 deaths
annually [16]. In African countries, malaria is reported to account for between 13% and 50%
of the medical reasons for school absenteeism among school children annually [17]. In Tanza-
nia, the trend of malaria prevalence has increased from 9% in 2011-2012 to 14% in 2015-2016
with the high prevalence reported around the Lake Zone [18]. The Lake Zone is one of the
high transmission areas for malaria in the country where a prevalence of more than 40% has
been reported [18]. Like in schistosomiasis, when the prevalence and burden of malaria
increase, children are more affected.

Due to their endemicity, geographical overlap, and presence of water bodies (breeding site
for vectors of both diseases), co-infection of malaria and schistosomiasis is common [19]. Co-
infection of the parasitic infections of schistosomiasis and malaria results in more severe and
prolonged morbidity especially in children [20, 21]. Therefore, a regular assessment of the
prevalence of the diseases, and diseases-associated negative health outcomes such as anaemia
and impaired nutritional status especially among school children is necessary to inform the
national diseases control programs. With regard to the reported high prevalence of S. mansoni
in previous studies around Lake Zone in Tanzania but also the fact that praziquantel has been
reported to be more efficacious against S. haematobium [22] than S. mansoni [23] therefore,
this study was focused on assessing S. mansoni epidemiology. We investigated the prevalence
of intestinal schistosomiasis, and its association with malaria, anaemia, and undernutrition, if
any, among school-aged children residing in a rural area along the shores of Lake Victoria in
North-Western Tanzania.

Materials and methods
Study setting and population

The study was conducted in Busega district, Simiyu region, North-Western Tanzania between
February and May 2017 in collaboration with the National Institute for Medical Research
(NIMR) Mwanza Research Centre, Tanzania. Busega district is located along the Lake Victoria
basin and borders the Lake to the North. The district receives two round of rainfall per year,
light rains around October to December and heavy rains around March to May of every year.
The average annual rainfall ranges from 700 mm to 1000mm. The mean temperature in the
district ranges between 18°C to 20°C during rainy season and up to 32°C during dry season.
Transmission of both schistosomiasis and malaria infections is facilitated by the presence of
rainfall. The two diseases are among the top 10 causes of morbidity and mortality in the dis-
trict. The district had received five rounds of mass praziquantel treatments in 2005, 2007,
2013, 2014 and 2015. No mass praziquantel treatment was administered in 2016, a year before
data collection for this study was done. The national treatment coverage for mass drug admin-
istration has increased from 77% in 2015 to 90% in 2016 (4.71 million out of 5.22 million
school-aged children received treatment) [24]. As per the national population and housing
census of 2012, the district had a population of about 203,597 people [25]. The dominant tribes
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in the district include Sukuma, Kurya and Jita. The main economic activities around the dis-
trict include farming of both animal husbandry and crops, and fishing in the Lake Victoria.
School children aged 5-19 years from Nyamikoma village attending Fogofogo primary
school participated in this study. The school/village is located approximately one kilometre
from the Lake Victoria that serves as a main water source for all human needs in the village.

Study design, sample size, and sampling procedures

This was a cross-sectional study nested within a longitudinal randomized clinical trial (regis-
tration number PACTR201612001914353) that was aimed at assessing the efficacy and safety
of combination of praziquantel and artemisinin-based combination therapy on parasitological
cure rate and egg reduction rate among S. mansoni infected school children.

Therefore, the sample size was calculated based on the WHO recommended formula [26]
for calculating the number of children to be screened for evaluation of efficacy of antihel-
minthic drug based on the number of infected children required, compliance rate and preva-
lence of the disease. Six hundred schistosomiasis infected children were to be recruited in the
longitudinal clinical trial. We used a prevalence of 85.6% reported by a recent study done
among school children along the shores of Lake Victoria in a nearby region [6], and the com-
pliance rate at 90%. The minimum sample size for the survey was calculated to be 830 school
children.

One school (n = 1959) was purposively selected for the longitudinal randomized trial.
School children from grades one to six were randomly selected for enrolment. In each grade,
systematic random sampling was applied to enroll 130-140 children while keeping an equal
number of the children in both sexes. After obtaining the sampling interval (K) and the start-
ing point for each sex, every K™ child was sampled until the required number of children was
reached. The sampling procedure was done carefully to ensure age and gender representation
in the study were balanced.

Inclusion and exclusion criteria

School children who reside/attend the selected village/school, whose parents/guardians gave
informed consent for their participation, and who provided assent to participate were included
in the study. Children who had a history of being treated with praziquantel within the past 6
months and/or antimalarial drug(s) e.g. Artemether-Lumefantrine (ALu) within the past 2
weeks before commencement of data collection were excluded.

Data collection methods

A pre-tested structured questionnaire was used to collect socio-demographic information such
as age (from school registry), gender, and grade, presenting symptoms, history of using prazi-
quantel and/or antimalarial drugs and clinical data such as haemoglobin concentration and
anthropometric measurements (body weight and height).

Parasitological examination of intestinal schistosomiasis infection

Enrolled children were given information on the proper way to collect stool samples. Stool col-
lection containers were given to children on the same day of sample collection. Two fresh stool
samples were collected on two consecutive days from each enrolled participant. On each day,
stool samples were collected at the temporary field site laboratory for processing. From each
stool sample, two thick Kato Katz smears/slides were prepared using a 41.7 mg template [27].
The prepared Kato Katz smears/slides were transferred to NIMR Mwanza laboratory for
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examining the presence of schistosome’s eggs. The examination of the slides was done 24
hours after preparation to allow adequate coloration of the eggs for proper visibility under the
microscope [27]. Microscopic examination of the slides was done by two trained and experi-
enced technicians independently from NIMR Mwanza Research Centre laboratory. Other soil-
transmitted helminths (STH) were not examined in this study.

A mean egg count from the four slides was calculated for each participant and recorded.
The obtained mean egg counts were multiplied by 24 (constant factor) to obtain eggs count
per gram of stool sample (epg) i.e. infection intensity for each participant. About 20% of the
randomly selected Kato Katz slides were subject to quality assurance by an external technician
who had been blinded of the results of the two study team technicians.

Malaria diagnosis and haemoglobin concentration estimation

A finger prick blood was collected for malaria diagnosis and estimation of haemoglobin con-
centration. Malaria was diagnosed using SD BIOLINE Malaria Ag P.f/Pan MRDT (SD Stan-
dard Diagnostics, Inc, Korea), and results were recorded as either positive or negative.
Haemoglobin concentration (in g/dL) was determined using HemoCue Hb 201+ machine
(HemoCue AB Angelholm, Sweden) [28]. Presence or absence of anaemia was defined and
categorized according to the WHO guideline; haemoglobin concentration < 11.5g/dL was
considered as mild anaemia, haemoglobin concentration between 8.0 and 11.4g/dL was con-
sidered moderate anaemia, and haemoglobin concentration < 8.0g/dL was considered severe
anaemia [29].

Anthropometric measurements

Body weight was measured in kilogram (kg). The weighing scale was calibrated on a daily basis
and body weight was measured to the nearest 0.1 kg. Height was measured in centimeter (cm).
The anthropometric measurements were converted to height for age Z score (HAZ) and body
mass index (BMI) for age Z score (BAZ) using WHO Anthro-Plus software version 1.0.4 for
assessment of the nutritional status of the children [30]. Children whose HAZ and BAZ scores
were less than 2 standard deviations were considered stunted and wasted/thin, respectively.

Data management and statistical analysis

Data were double entered into the Census and Survey Processing System (CSPro) software
(US Census Bureau, USA), cleaned and then analyzed using Statistical Package for Social Sci-
ences (SPSS) for Windows version 20. Data analysis was done for 830 children who had com-
plete data for intestinal schistosomiasis, stunting and thinness/wasting, and 824 children who
had complete data for malaria and haemoglobin concentration. Infection intensity of each par-
ticipant was calculated as an arithmetic mean of the four prepared thick Kato Katz smears.
Schistosoma mansoni infection intensity (egg per gram of stool) was classified according to
WHO classification [15] i.e. light infection (epg < 100), moderate infection (epg 100-399) and
heavy infection (epg > 400). Descriptive statistics was used to calculate the proportion of chil-
dren infected with intestinal schistosomiasis, malaria, and undernutrition, the median infec-
tion intensity and haemoglobin concentrations of the studied population. Pearson’s chi-square
test or Fishers exact test was used to compare proportions depending on the test appropriate-
ness. Independent samples t-test was used to compare means between two groups. Wilcoxon-
Mann-Whitney U-test was used to compare the median haemoglobin concentration between
those with and without Schistosoma mansoni infection, age groups and sex. Negative binomial
regression model was used to assess the predictors of eggs count/gram of stool among those
infected. Univariate and multivariate logistic regression were used to identify predictors of
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intestinal schistosomiasis infection. Variables with p < 0.2 from the univariate analysis were
included in the multivariate analysis model. Spearman correlation test was used to check the
relationship between eggs intensity (epg) and haemoglobin concentration (g/dL). A p-value

of < 0.05 was considered statistically significant.

Ethical considerations

The study was approved by Institution Review Board of Muhimbili University of Health and
Allied Sciences (MUHAS) (Ref:2016-5-25/AEC/V0l.X/03) and the Medical Research Coordi-
nation Committee (MRCC) of National Institute for Medical Research (NIMR), Tanzania
(NIMR/HQ/R.8a/Vol.IX/2343). Before commencement of the study, permission to conduct
the study was granted from all relevant Busega district authorities (District Executive Director
(DED), District Medical Officer (DMO), District Education Officer (DEO), Village Leaders,
School board and administration). Finally, written informed consent and assent from parents/
guardians and children were obtained.

Results

A total of 830 children were enrolled in the study. Nearly half of the participants 49.8% (413/
830) were males. The mean age of the study participants was 11.7 years (1.9 SD) and the
median age was 12 years (7-19). At enrolment, 18.7% (155/830) of the enrolled children were
complaining of pre-treatment abdominal pain. Table 1 summarizes the sociodemographic and

baseline characteristics of the studied population.

Prevalence and intensity of intestinal schistosomiasis infection

Of the 830 screened children, 90.6% (752/830) were infected with intestinal schistosomiasis.
Pre-adolescents (<12 years) were more infected with intestinal schistosomiasis (93.2%) com-
pared to adolescents (>12 years) (84.7%) (¥° = 15.031, p < 0.001). There was no significant dif-
ference in the prevalence of infection between sex (¥ = 0.271, p = 0.603). Children presenting

Table 1. Sociodemographic and baseline characteristics of the studied population in Nyamikoma village.

Characteristic

Age (years)

Mean age + SD

<12

>12

Sex

Male

Female
Mean weight + SD
Mean height + SD

Abdominal pain

Present

Absent

Stool consistency

Formed

Soft

Loose

https://doi.org/10.1371/journal.pone.0228770.t001

Studied population

N (%)

11.7+1.9
575 (69.3)
255 (30.7)

413 (49.8)
417 (50.2)
309+7.7
137.1+ 158

155 (18.7)
675 (81.3)

459 (55.3)
266 (32.0)
105 (12.7)

Schistosomiasis +ve

N (%)

11.6+1.9
536 (64.6)
216 (26.0)

372 (44.8)

380 (45.8)

30.7 £7.4
137.0 + 144

140 (16.9)
612 (73.7)

381 (45.9)
266 (32.0)
105 (12.7)

Schistosomiasis -ve
N (%)

12.6 £2.0
39 (4.7)
39 (4.7)

41 (4.9)
37 (4.5)
3324104
138.1+25.3

15(1.8)
63 (7.6)

78 (9.4)
0 (0.0)
0 (0.0)
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with loose or soft stools at enrolment had a high prevalence of infection compared to those
with formed stools (” = 69.585, p < 0.0001). Having abdominal pain at enrollment was not
associated with intestinal schistosomiasis infection (y° = 0.018 p = 0.89) (Table 2). Though no
significant association was found between abdominal pain and intensities of intestinal schisto-
somiasis infection (y° = 3.106, p = 0.37), abdominal pain was observed more in children with
moderate (35.5%) and heavy infection (33.5%).

The median infection intensity (epg) of the studied population was 204 (IQR 54-457). The
distribution of infection intensities was as follows; 24.1% (200/830), 38.4% (319/830) and
28.1% (233/830) had a light, moderate and heavy infection, respectively. Children with loose
stools were found to have higher mean eggs count per gram of stool compared to those with
formed or soft stools (Fig 1). There was no statistically significant difference in the median
infection intensity between age groups (p = 0.77). Though not significant (y° = 5.130,

p =0.16), boys had more heavy infections of intestinal schistosomiasis (54.9%) compared to
girls (45.1%). However, on negative binomial regression model male sex, loose stool consis-
tency, and stunting were significantly associated with high eggs count/gram of stool

(p < 0.05). Deviance for goodness of model was 1.16 and Omnibus test p < 0.0001 (Table 3).

Prevalence of malaria, co-infection and association with intestinal
schistosomiasis infection

Of the 824 participants tested for malaria, 1.7% (14/824) were infected with malaria. There was
no significant difference in malaria prevalence between age groups (pre-adolescent and adoles-
cent) (° = 1.500, p = 0.48) and between sex (’ =1.758, p = 0.46). Of the 14 children infected
with malaria, 1.6% (13/824) were co-infected with intestinal schistosomiasis. The rate of co-
infection among those with malaria was 92.8% (13/14). Of the 13 children with co-infection
five had light, six had moderate, and two children had heavy intestinal schistosomiasis

Table 2. Association of socio-demographic characteristics, malaria, anaemia and nutritional status with intestinal schistosomiasis infection among study

participants.

Variable

Age (years)

Sex

Malaria

Anaemia

Abdominal pain

Stool consistency

Stunting (HAZ)

Wasting (BAZ)

<12

>12
Male
Female
Positive
Negative
Anaemic
Not anaemic
Present
Absent
Loose
Soft
Formed
Present
Absent
Present
Absent

Schistosomiasis +ve Schistosomiasis-ve p-value
N (%) N (%)

536 (93.2) 39 (6.8) < 0.001
216 (84.7) 39 (15.3)

372 (90.1) 41 (9.9) 0.60
380 (91.1) 37(8.9)

13 (92.9) 1(7.1) 0.13
735 (90.7) 75 (9.3)

181 (89.2) 22(10.8) 0.36
567 (91.3) 54 (8.7)

140 (90.3) 15 (9.7) 0.89
612 (90.7) 63 (9.3)

105 (100) 0(0.0) < 0.001
266 (100) 0(0.0)

381 (83.0) 78 (17.0)

216 (89.6) 25 (10.4) 0.54
536 (91.0) 53 (9.0)

83 (88.3) 11 (11.7) 0.42
669 (90.9) 67 (9.1)

BAZ- body mass index (BMI) for age Z score, HAZ -height for age Z score

https://doi.org/10.1371/journal.pone.0228770.t002
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20001

1500 A p <0.001

1000 A

500

Mean eggs count/gram

Stool consistency

Fig 1. Infection intensity versus stool consistency. The Mean eggs count per gram of stool among children with loose
stool was higher than in children with soft or formed stool.

https://doi.org/10.1371/journal.pone.0228770.g001

infection. There was no statistically significant association between intestinal schistosomiasis
and malaria (y° = 3.675, p = 0.13).

Prevalence of anaemia and association with intestinal schistosomiasis
infection

Of the 824 screened children with complete data on haemoglobin concentration, 24.6% (203/
824) were found to be anaemic. Mild, moderate and severe anaemia were 10.1% (83/824),
12.3% (101/824) and 2.3% (19/824), respectively. Out of the 19 children with severe anaemia,
10 children had moderate to heavy intestinal schistosomiasis infection. The median haemoglo-
bin concentration of the studied population was 12.6 g/dL (IQR = 11.5-13.5g/dL). The median

Table 3. Negative binomial regression model for predictors of eggs count/gram of stool among the study population.

Parameter B
Constant 6.30

Age -0.01

Sex -0.18
Anaemia 0.05
Malaria 0.27

Stool consistency -0.50
Abdominal pain -0.10
Stunting (HAZ) -0.31
Wasting (BAZ) 0.14

https://doi.org/10.1371/journal.pone.0228770.t003

Parameter estimates

Std Error 95% (B) Wald Chi-square p-value
0.47 5.39-7.22 180.80 <0.0001
0.02 -0.03-0.05 0.33 0.56
0.07 -0.32--0.03 5.63 0.02
0.09 -0.12-0.21 0.28 0.59
0.28 -0.28-0.82 0.95 0.33
0.05 -0.60- -0.41 111.83 <0.0001
0.09 -0.28-0.08 1.18 0.28
0.08 -0.47--0.14 13.29 <0.0001
0.12 -0.09-0.37 1.51 0.22
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Fig 2. Haemoglobin concentration (g/dL) versus intestinal schistosomiasis infection. The median haemoglobin
concentration (g/dL) of children with no intestinal schistosomiasis infection was slightly higher than children with
intestinal schistosomiasis infection.

https://doi.org/10.1371/journal.pone.0228770.9002

haemoglobin concentration was found to be higher in adolescent age group (13.0 g/dL) com-
pared to pre-adolescent age group (12.4g/dL) (p < 0.001). There was no significant difference in
the median haemoglobin concentration between sex (p = 0.38). Children who were not infected
with intestinal schistosomiasis had slightly higher median haemoglobin concentration (12.8g/
dL) compared with those who were infected (12.5g/dL) (Fig 2). There was no statistically signifi-
cant association between intestinal schistosomiasis infection and anaemia (3 = 0.838, p = 0.36).
There was a negative correlation between eggs count per gram of stool (epg) and haemoglobin
concentration (Spearman correlation coefficient = - 0.05, p = 0.15 (Fig 3).

Prevalence of undernutrition (stunting and wasting) and its association
with intestinal schistosomiasis infection

Of the 830 screened children, 29.0% (241/830) were found to have stunting, and 11.3% (94/
830) were found to be wasted. There was no statistically significant association between intesti-
nal schistosomiasis infection and stunting (y° = 0.380, p = 0.53) or wasting (y° = 0.661,

p = 0.41). However, on negative binomial regression model, stunting was found to be a signifi-
cant predictor of high eggs count/gram of stool and not wasting (Table 3).

Predictors of intestinal schistosomiasis infection

On univariate and multivariate logistic regression, lower age group was significantly associated
with intestinal schistosomiasis infection. Age (years) and haemoglobin concentrations (g/dL)
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Fig 3. Scatter plot of eggs count per gram (epg) versus haemoglobin concentration (g/dL). A negative correlation
between eggs count per gram of stool and haemoglobin concentration (Spearman correlation coefficient = -0.05).

https://doi.org/10.1371/journal.pone.0228770.9003

were included in the multivariate regression model (adjusted Odd Ratio model). The Hosmer
and Lemeshow test for the goodness of fit for the multivariate analysis was a good fit (y° =
13.54, p = 0.09) (Table 4).

Discussion

In the present study, we conducted a cross-sectional study to investigate the prevalence and
intensity of intestinal schistosomiasis, malaria, anemia, malnutrition and combination thereof
among school-aged children residing in Nyamikoma village in Busega district, Simiyu Region,
north-western Tanzania. Our main findings indicate a high prevalence of intestinal schistoso-
miasis infection (90.6%) among school children in the study area despite five rounds of
national mass praziquantel administration, anaemia (24.6%), stunting (29.0%) and wasting
(11.3%), but a lower prevalence of malaria infection (1.7%) and malaria-intestinal schistoso-
miasis co-infection (1.6%) in the studied population.

The regular annual mass praziquantel treatment at the study area was interrupted in 2016
and this might have contributed to the observed high prevalence of the disease. Accordingly,
skipping such important preventive chemotherapy in the area of high transmission for schisto-
somiasis may have a negative impact on the prevalence and intensity of the disease. Other fac-
tors that might have contributed to the observed high prevalence of intestinal schistosomiasis
infection as reported by previous studies include close proximity of the school/village to the
Lake [20, 31], lack of clean and safe water supply [32], poor sanitation and hygiene [33], and
low knowledge about mode of transmission and prevention of the disease [34, 35]. Since the
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Table 4. Univariate and multivariate logistic regression analysis of the predictors of intestinal schistosomiasis in the studied population.

Variable Schistosomiasis +ve Univariate analysis Multivariate analysis
N (%) cOR 95% CI p-value aOR 95% CI p-value
Age (years) <12 536 (93.2) 2.48 1.54-3.97 < 0.001 2.43 1.51-3.92 <0.001
>12 216 (84.7) 1? 12
Sex Male 372 (90.1) 0.88 0.55-1.40 0.60 - - -
Female 380 (91.1) 1? - - -
Malaria Positive 13 (92.9) 1.32 0.17-10.28 0.78 - - -
Negative 735 (90.7) 17 - - -
Anaemia Anaemic 181 (89.2) 0.78 0.46-1.32 0.36 - - -
status Not anaemic 567 (91.3) 1? - - -
*Haemoglobin conc (g/dL) - - 1.09 0.96-1.25 0.16 1.11 0.98-1.26 0.10
Abdominal pain Present 140 (90.3) 0.96 0.53-1.73 0.89 - - -
Absent 612 (90.7) 1? - - -
Stool consistency Loose 105 (100) 3.3X10% - - -
Soft 266 (100) 3.3X10% - - -
Formed 381 (83.0) 1? - - -
Stunting (HAZ) Present 216 (89.6) 0.85 0.51-1.41 0.54 - - -
Absent 536 (91.0) 1* - = -
Wasting (BAZ) Present 83 (88.3) 0.75 0.38-1.48 0.42 - - -
Absent 669 (90.9) 17 - - -

N-Total number of participants belong to the category
1% reference category, aOR: adjusted odds ratio, cOR: crude odds ratio

*—continuous variable

https://doi.org/10.1371/journal.pone.0228770.1004

study area has the history of receiving repeated mass praziquantel treatment, poor efficacy of
praziquantel to the immature (juvenile) stage of the parasite may be another reason to explain
the continued and reported high prevalence of the disease around the study area [36]. After
mass praziquantel treatment, the prevalence of schistosomiasis is expected to go down because
the adults’ worms, which lay eggs, get killed by the drug and hence contamination of the envi-
ronment decreases. Afterwards (mainly 4-6 weeks), juvenile worms grow and start laying
eggs, contamination of the environment resume, and the prevalence goes up to the initial pre-
treatment levels to continue transmission [1].

The observed prevalence of intestinal schistosomiasis in this study is higher than what was
reported from previous studies conducted in other regions around the Lake in Northern Tan-
zania i.e. in Mara region (>80.0%) [6, 37] and Mwanza region (64.3%) [20]. The difference in
prevalence between our study and other studies may be attributed to the focal nature or distri-
bution of the disease. Another reason for the difference is that this study involved only one vil-
lage, while the studies from other regions involved more than one village. The difference in the
level of awareness, knowledge of disease transmission and prevention, and attitude towards
the disease between the village residents may have contributed to the observed prevalence dif-
ferences. On the other hand, our findings are similar to a recent study done in Madagascar
where a higher prevalence of intestinal schistosomiasis infection (93.7%) was reported [38].
The slight difference observed in schistosomiasis prevalence between our study and a study
done in Madagascar may be due to the different detection methods used i.e. Kato Katz tech-
nique versus Circulating Cathodic Antigen (CCA), respectively. A slightly lower prevalence
(76.8%) was reported in Western Kenya using the same detection method i.e. Kato Katz tech-
nique [39].
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The high prevalence of intestinal schistosomiasis infection found in the current study and
in the previously reported studies indicate an urgent need for targeted interventions in addi-
tion to the current mass praziquantel treatment program for prevention and control of schisto-
somiasis around the Lake Zone and other endemic settings in the SSA region. Re-evaluation of
the preventive chemotherapy being deployed by the National NTD Control Programs in SSA
including the mode of delivery of annual mass praziquantel treatment such as giving repeated
praziquantel doses may be considered [40] or research on alternative regimens such as com-
bining praziquantel with artemisinin-based combination therapy targeting both the adult and
juvenile parasites is recommended [41]. Apart from preventive chemotherapy, the provision
of clean and safe water, improvement in sanitation and hygiene, and practical health education
to school-aged children and the community is equally important in the study area.

The majority of the children had moderate (38.4%) to heavy (28.1%) schistosome infection
as reflected by the observed high disease prevalence. This finding reflects a high exposure and
transmission rate of the disease in the study area. The infection intensities observed may also
reflect high level of contamination to the environment and the Lake that serves as the main
source of water for all human needs in the study area. The observed infection intensity is con-
trary from that reported in Western Kenya where the majority of their participants had light
(35.5%) to moderate infection (25.2%) [31, 39].

In this study, pre-adolescents were found to be more infected than adolescents. The pre-
adolescents may have low immunity compared with the adolescents thus contributing to more
susceptibility to infection. We also speculate that the observed high prevalence of the disease in
the pre-adolescents may be a carry-over since the pre-school children are not part of the mass
praziquantel treatment campaigns in Tanzania. The findings are similar to studies conducted
in other localities around the Lake Victoria basin [32]. However, our results were different
from reports from other studies where age was not significantly associated with intestinal
schistosomiasis infection [39].

The present study has found no sex difference in the prevalence of intestinal schistosomiasis
infection, although males (54.9%) were found to be more heavily infected than females
(45.1%). Both boys and girls may be exposed to the same contaminated environment in the vil-
lage/school and the Lake thus contributing to the same level of infection. A similar finding has
been reported in Western Kenya [39]. Stool consistency was found to be associated with intes-
tinal schistosomiasis infection and a significant predictor of eggs count/gram of stool among
those infected. Children with loose stool were found to be more and heavily infected than
those with soft or formed stool.

Our study has found a very low prevalence of malaria (< 2%) among the screened children
in the study area. The observed low prevalence of malaria was probably due to the ongoing
research on the effect of indoor residual spraying (IRS) around the study area, which started
before data collection for this study has commenced. The finding indicates the importance of
effective IRS in preventing malaria transmission together with other measures such as use of
long-lasting insecticide-treated nets and effective case management.

Since the prevalence of malaria was found to be very low, and the association between intes-
tinal schistosomiasis and malaria infection did not reach significance. The co-infection rate of
malaria and intestinal schistosomiasis in the studied population was very low (1.6% of the
screened children had malaria-S. mansoni co-infection). However, the rate of co-infection for
those who had malaria was very high 92.8% (13 out of 14 malaria cases). This might be due to
a high burden of intestinal schistosomiasis observed in the study area. Previous studies done in
Tanzania [6, 20] and in Uganda [42] reported an average of 20-25%, and 13.1% in Kenya [39]
of co-infection in the studied populations but a similarly high rate of co-infection among those
with malaria [6]. On the other hand, the rate of co-infection observed in this study was similar
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to a study done in the Democratic Republic of Congo where a co-infection prevalence of 1.5%
was reported [43]. Our study did not found a significant association between intestinal schisto-
somiasis and malaria contrary to report from other studies [44]. It has been reported that
Schistosoma mansoni infection affects the immunological protection of malaria by changing
Th1 and Th2 immune responses thus increase susceptibility to malaria [45-47]. The insignifi-
cant association found in this study may be contributed by the small number of children who
were co-infected with malaria and intestinal schistosomiasis infection.

In this study, about one-quarter of the screened children (24.6%) were found to have anae-
mia, and the majority of them had mild to moderate anaemia. The observed burden of anae-
mia among school children may be greatly attributed to poor nutrition among the study
participants in the study area. The findings are similar to the ones reported within the country
by Munisi et al [48] where a prevalence of anaemia of 29.4% was reported. Other studies; Tan-
zania (34.4%) and Angola (> 40%) reported a higher prevalence of anaemia compared to our
study [49, 50]. There was no significant association found between intestinal schistosomiasis
infection and anaemia, similar to the findings reported by other studies done in African chil-
dren [48, 51]. The prevalence of anaemia may also depend on food availability, endemicity of
other parasitic infections such as malaria and hookworms in the regions.

In the present study, more than a quarter of the screened children (29.0%) were found to
have stunted growth. Since there was no significant association found between intestinal schis-
tosomiasis infection and stunting in this study, stunting may be a consequence of poor nutri-
tion to the children. However, it was found that stunting significantly predicts infection
intensity among those infected. Previous study done in North-Western of Tanzania [48] has
reported a much higher prevalence of stunting of 38.2% among school children. A similar
finding has been also reported in Northern Angola (32.2%), despite the differences in diet, cul-
ture and environment between populations studied [49]. A study done in the Mara region of
Tanzania reported a slightly lower prevalence of stunting (21.6%) [6]. On the other hand,
11.3% of the children were found to have wasting. Wasting was not significantly associated
with intestinal schistosomiasis infection or intensity. A study done in the North-Western zone
of Tanzania reported a slightly higher prevalence of wasting of 14.4% compared to our study
[48]. As explained above, these forms of undernutrition may be greatly attributed to poor
nutrition to the children as elucidated by others [52].

Conclusions

We conclude that intestinal schistosomiasis is still highly prevalent among school children in
the study area despite the ongoing national mass praziquantel treatments. Prevalence of
malaria was found to be very low, but undernutrition and anaemia continues to be a burden
among school children. Although there is a need for further research (i.e. randomized clinical
trials) on preventive and control measures to address schistosomiasis burden in Tanzania, pro-
vision of clean and safe water, improvement in sanitation and hygiene, practical health educa-
tion to school children is equally important. The mode of delivery of mass praziquantel
treatments needs re-evaluation to look for the most effective way or alternative regimens to
achieve disease control.
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