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ARTICLE INFO ABSTRACT
Keywords: Background: Pediatric schistosomiasis has been recognized as a public health concern in schis-
Schistosoma mansoni tosomiasis endemic areas of sub-Saharan Africa, including Tanzania. However, there is limited

Pre-school children epidemiological information relating to pediatric schistosomiasis in Tanzania. Therefore, this

KaFo Katz . . . ) current focused on assessing the geographical prevalence of S. mansoni infection and its associated
Point-of-Care circulating cathodic antigen . . . . .
Tanzania risk factors in pre-school children (PreSAC) in southern and north-western Tanzania.

Methods: A total of 1585 PreSAC aged 1-6 years were enrolled in a cross-sectional study. A single
urine and stool sample were obtained from each child and processed using point-of-care circu-
lating cathodic (POC-CCA) antigen and Kato Katz (K—K) technique. The overall prevalence of
S. mansoni infection based on K—K technique and POC-CCA test were 18.6% (95%CI:16.7-20.6)
and 28.3% (95%CI:26.1-30.6), respectively. The overall geometrical mean eggs per gram of
faeces was 110.38epg (95% CI:97.3-125.3). The age group 4-6 years had the highest prevalence
(P < 0.01) of S. mansoni in both diagnostic tests and infection intensity (t = —2.8398, P < 0.005)
using K—K technique. On multivariable analysis, only Ukerewe district was associated with
S. mansoni infection based on K—K technique (aOR = 2.8 (95%CI:2.1-3.9), P < 0.001). Based on
POC-CCA test, age group (4-6 years), aOR = 1.7, 95%CI:1.3-2.2, P < 0.001), Nyasa (aOR = 6.2,
95%CI:3.0-12.5, P < 0.001), Geita (aOR = 4.2, 95%CI:2.1-8.2, P < 0.001) and Ukerewe (aOR =
28.9, 95%CI:15.0-55.8, P < 0.001) districts remained independently associated with S. mansoni
infection.

Conclusion: Schistosoma mansoni is a public health concern among PreSAC in the study districts
and its prevalence varies from one geographical setting to another. These findings strongly
support the need to include pre-school aged in preventive chemotherapy.
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Fig. 1. Study districts in north-western and southern Tanzania.
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1. Background

Schistosoma mansoni which cause intestinal schistosomiasis is endemic in Tanzania, with its prevalence varies from one
geographical setting to another (Mazigo et al., 2012; Mazigo et al., 2022). The south-eastern and south-western sides of the Lake
Victoria has been widely studied and evidence indicate that S. mansoni infection is widely distributed in these areas (Mazigo et al.,
2012; Mazigo et al., 2022; Mueller et al., 2019; Mugono et al., 2014). There is limited information about the geographical distribution
of S. mansoni infection in southern Tanzania, especially along the large water bodies. A recent survey along villages bordering Lake
Nyasa shoreline reported the presence of S. mansoni infection at varying prevalence between studied villages (Mazigo et al., 2021). In
Tanzania, studies on S. mansoni have been carried out mainly in school aged children (SAC) (Mazigo et al., 2012) and adult individuals
(Malenganisho et al., 2008; Mazigo et al., 2014). For long time, Pre-school aged children (PreSAC) have been considered to have low
risk of acquiring S. mansoni infection compared to SAC and adult individuals, (Mduluza and Mutapi, 2017). Partly, the use of the Kato
Katz technique to estimate infection prevalence and intensity in this age group may have grossly under-estimated the infection levels
(Ruganuza et al., 2015). This led to the belief that the PreSAC are at lower risk of the S. mansoni infection compared to other age groups.
PreSAC are known to carry low intensity of infection and the Kato Katz technique is known to have low sensitivity in detecting in-
dividuals carrying low infection intensity (Ruganuza et al., 2015). Thus, the use of this technique in this age group needs to be
complemented with other sensitive diagnostic test, such as Point-of-Care Circulating cathodic antigen (POC-CCA) test (Ruganuza et al.,
2015).

In the past two decades, attention has focused on this age group (Mduluza and Mutapi, 2017; Osakunor et al., 2018b; Stothard et al.,
2013). Data from epidemiological studies indicate that out of 120 million children affected by schistosomiasis worldwide, approxi-
mately 50 million are PreSAC (World Health Organization, 2002b, 2012). Evidence from epidemiological studies which focused on
quantifying schistosomiasis morbidities in PreSAC have shown that S. mansoni infection is of clinical significance (Nalugwa et al.,
2017; Osakunor et al., 2018a; Ruganuza et al., 2015). calling for the need to ensure that PreSAC are part of the mass drug adminis-
tration (MDA) offered to SAC and other community members (World Health Organization, 2021a). The new guidelines for schisto-
somiasis control have recommended the inclusion of PreSAC from the age of two years (>2 years) using the currently available
praziquantel drug (Mutapi, 2015; World Health Organization Expert Committee., 2002; World Health Organization, 2021a). However,
this drug is licenced for individuals aged from >4 years of age. There is a global efforts to address this gap and a new praziquantel drug
formulation for PreSAC population is expected to be available in the near future (Stothard et al., 2013). Pending the roll-out of the
pediatric praziquantel formulation, it remains important to understand the level of infection in PreSAC living in different geographical
settings in order to identify areas where treatment will be needed most. In that context, the present study focused in determining the
prevalence and infection intensity of S. mansoni among PreSAC living in southern and north-western Tanzania, the areas surrounding
the Lake Victoria and Lake Nyasa. Tanzania is expected to be among the first countries in sub-Saharan Africa to receive the pediatric
formulation of PZQ, therefore it remains important for the country to understand which areas should be prioritized when the drug will
be available.

2. Methods
2.1. Study sites

The study was conducted in four districts: Nyasa, Uyui, Ukerewe and Geita (Fig. 1). Nyasa district is located along the shoreline of
Lake Nyasa (latitudes 10015'N and 1103'S and longitudes 34024'W and 350,228'E) in southern Tanzania. Ukerewe district is an island,
part of the Mwanza region, located at 2°S and 33°E, at an altitude of 1100 m above the sea level. Uyui district is part of the Tabora
region and is located at 4°55'0”S and 32°49'60"E, south-west side of the Lake Victoria. Lastly, Geita rural district is part of the Geita
region located on the western side of the Lake Victoria. The main economic activities of the inhabitants of these districts are mainly
subsistence farming growing cassava, livestock keeping, paddy, maize and sweet potatoes and fishing. Nyasa, Ukerewe, Uyui and Geita
districts were purposively selected for this study because are known to be endemic for intestinal schistosomiasis (Mazigo et al., 2012).
Preventive mass chemotherapies using PZQ in these districts are organized within the school environments and target SAC, while other
community members including PreSAC outside the school environment, are not considered.

2.2. Study design, inclusion, and exclusion criteria

The current analytical cross-sectional study was conducted between September — October 2019 among PreSAC selected from
purposively selected villages of Nyasa, Uyui, Geita and Ukerewe districts. The study included PreSAC aged 1-6 years old, born in the
selected study villages, parents/guardians reported to have lived in the selected villages for more than two (2) years and provided
informed consent for their children to participate in the study. The exclusion criteria were reported reported having a medical con-
dition example sickle cell disease, cancer, febrile illness at the time of sample collection by parents/guardians which made children
unfit to participate in the study.

2.3. Sample size and sampling procedures

A single proportion sample size formula for categorical variables (proportion outcome) was used to estimate the sample size
(Cochran, 1963.). Considering the prevalence of intestinal schistosomiasis among PreSAC of 40% based on KK-technique (Ruganuza
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et al., 2015), at 95% confidence interval and margin of error 4+ 3%, the minimum sample size required was 1024 children.

Based on POC-CCA test from the same study (Ruganuza et al., 2015), the prevalence of S. mansoni infection was 80%, at 95%
confidence interval and precision error of +3%, the estimated sample size was 683 PreSAC. We aimed at a large sample size based on
KK-technique and a total of 1024 PreSAC were required to be enrolled into the study. However, the available resources supported
recruitment and enrollment of 1585 pre-school children.

At each study village, a community leader was asked to invite caregivers with children aged 1-6 years by blowing a whistle/by
using a loud speaker one day before the day of sample collection. Caregivers were asked to bring their children on the day of screening
at the agreed site within the village. Participate who responded to the call and were willing to allow their children to participate in the
study were included.

2.4. Data collection

2.4.1. Collection of study participants demographic information

A pre-tested questionnaire in Kiswahili language was used to collected demographic and anthelminthic treatment history from
parents/guardians/caregivers. The questionnaire collected demographic information (age, sex) history of taking any anthelminthic in
the past six months, any reported medical condition, and if the child had diarrhea on the day of sample collection.

2.4.2. Parasitological examination of stool sample for Schistosoma mansoni infection using Kato Katz technique

A single stool sample was collected from each child using a clean container from which, two KK thick smears were prepared from
different sites of the stool sample using a template of 41.7 mg (Vestergaard Frandsen, Lausanne, Switzerland) following a standard
protocol (Katz et al., 1972). Twenty four hours after preparation, all prepared KK-thick smears were examined by two independent
laboratory technicians at the Parasitology laboratory of the Catholic University of Health and Allied Sciences (Katz et al., 1972). For
quality assurance, 10% of all the negative and positive KK thick smears were re-examined by a third technician.

2.4.3. Examination of Circulating Cathodic Antigens using point-of-care Circulating Cathodic Antigens tests

All collected urine samples were examined for presence of Circulating Cathodic Antigens (CCA) using the POC-CCA urine cassette
assay, (Rapid Medical Diagnostics, Pretoria, South Africa (http://www.rapid-diagnostics.com/) (Sousa-Figueiredo et al., 2013;
Standley et al., 2010). The POC-CCA detect active infection by measuring the CCA produced by live worms in the blood vessels and
excreted in urine of infected individuals (Van Dam et al., 2004). Preparation and examination of test results followed the manufac-
turer's instructions (Sousa-Figueiredo et al., 2013; Standley et al., 2010). All laboratory technicians involved in examining the POC-
CCA cassettes, were not involved in preparation and examination of the KK thick smears.

2.5. Data analysis

Data were double entered in a Microsoft excel sheet (Microsoft cooperation, US), cleaned, and exported to Stata version 15 (Islam
et al., 2017) for analysis. The focus of the analysis was to determine the prevalence of S. mansoni based on KK technique and POC-CCA
test with their 95% confidence interval. Continuous (age, eggs intensities) variables were summarised using mean =+ standard devi-
ation (SD). Frequencies/proportions/categorical variables were compared using Chi-square (y2) or Fisher's exact tests and continuous
variables were compared using t-test. For S. mansoni eggs, arithmetic mean egg counts were obtained from the counts of two KK thick
smears and multiplied by 24 to obtain the individuals' eggs per gram of feaces. The mean egg counts for S. mansoni between sex and age
groups were compared using either t-test (two groups) or ANOVA (for more than two groups). Intensity of infection was categorised
according to WHO criteria, 1-99 epg, 100-399 epg and > 400 defined as low, moderate and heavy intensities of infection (World
Health Organization., 2002a). Bivariate and multivariate logistic regression models were used to assess the factors associated with
S. mansoni infection based on the diagnostic test used. At bivariate analysis, all variables which had P-value of <0.2 were considered
for multivariate analysis. The level of significant was set at P-value <0.05.

Table 1
Distribution of sex and age of the study participants from the four districts of southern and north-western Tanzania.
Variable Study districts x2, P-value
Geita Nyasa Ukerewe Uyui
Sex
Female 257 (51.4%) 121 (44.3%) 277 (49.2%) 107 (49.2%) x> = 6.6379
Male 243 (48.6%) 152 (55.7%) 286 (50.8%) 142 (57%) P =0.08

Age groups in years
1-3 260 (52%) 104 (38.1%) 231 (41%) 121 (48.6%) X2 = 20.0093
4-6 240 (48%) 169 (61.9%) 332 (58.9%) 128 (51.45) P =0.001
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3. Results
3.1. Demographic characteristics of study participants

A total of 1585 PreSAC from Geita, Uyui, Ukerewe districts and Nyasa districts were recruited into the study (Table 1). Of these,
48.1% (n = 762/1585) and 51.9% (823/1585) were female and male respectively. The mean age of the study participant was 3.58 £+
1.5 years. The distribution of age, sex and districts are shown in Table 1.

3.2. Prevalence of Schistosoma mansoni and infection intensity

Based on KK-technique, a total of 1544/1585 (97.4%) PreSAC had complete parasitological results. The overall prevalence of
S. mansoni infection was 18.6% (95%CI: 16.7-20.6), with no sex difference (female = 18.2% versus male = 18.9%, X2 =0.1658, P =
0.68). In relation to age groups, the older age group, 4-6 years had the highest prevalence of S. mansoni infection compared to the
youngest age group (1-3 years) (x? = 6.0060, P = 0.014). Table 2 shows the prevalence of S. mansoni infection based on KK-technique
categorised by sex and age of the study participants.

The overall geometrical mean eggs per gram (epg) of faeces was 110.38epg of faeces (95%CI:97.3-125.3) with no sex difference in
mean epg of feaces (t = 0.7494, P = 0.4537). Majority of the infected PreSAC had mild (49.8%) to moderate (39.4%) intensity of
infection, with only 10% having heavy intensity of infection. In term of age, the age group 4-6 years had the highest geometrical mean
eggs counts per gram of faeces compared to the youngest age group (51 GMepg versus 26.1GMepg, t = —2.8398, P < 0.005).

3.3. Prevalence of Schistosoma mansoni infection based on point-of-care Circulating Cathodic Antigen rapid test

A total of 1556/1585 (98.2%) of the study participants had complete results for POC-CCA test. The overall prevalence of S. mansoni
infection was 28.3% (95%CL: 26.1-30.6). There was a significant difference in S. mansoni infection prevalence between the age groups,
with the age group 4-6 years having the highest prevalence (64% versus 35.6%, y2 = 25.5823, P < 0.001). In relation to sex of the study
participants, there was no significant difference (47.4% versus 52.6% in female and males respectively, X2 =0.1876, P = 0.66). Overall,
56.9% of the PreSAC who had egg positive KK slides, were also positive on POC-CCA tests. In relation to intensity of infection, 57.8%,
55.8% and 58.1% of the children who had S. mansoni infection based on POC-CCA test had mild, moderate, and heavy intensity
infection based on KK technique. Fig. 2 shows the prevalence of S. mansoni infection categorised by age groups using both POC-CCA
and KK techniques.

3.4. Factors associated with Schistosoma mansoni infection among study participants

Based on the KK technique results, at bivariate level analysis, age group 4-6 years (OR = 1.4, 95%CI:1.1-1.8, P < 0.02) and
Ukerewe district (OR = 2.9, 95%Cl:2.2-4.1, P < 0.001) were associated with S. mansoni infection (Table 3). On multivariable analysis,
only Ukerewe district (aOR = 2.8, 95%CI:2.1-3.9, P < 0.001) remained independently associated with S. mansoni infection. Table 3
shows factors which were associated with S. mansoni infection based the KK technique results.

Table 4 shows factors associated with S. mansoni infection based on POC-CCA test results. On bivariate analysis, age group 4-6
years (OR = 1.8, 95%CI = 1.4-2.3, P < 0.001) and study district, Nyasa (OR = 6.3, 95%CI:3.1-12.8, P < 0.001), Geita (OR = 4.0, 95%
CI:2.0-7.9, P < 0.001) and Ukerewe (OR = 28.8, 95%CI:15.0-55.5, P < 0.001) compared to Uyui district were associated with
S. mansoni infection. On multivariable analysis, the same factors remained independently associated with S. mansoni infection. Table 4
shows factors associated with S. mansoni infection based on POC-CCA tests results.

3.5. Variation in geographical prevalence of S.mansoni based on Kato Katz technique and Point-of-Care Circulating Cathodic Antigen test
Based on the POC-CCA test, Nyasa (20.9%) and Ukerewe districts had the highest prevalence of S. mansoni infection compared to

Geita (14.4%) and Uyui (4%) districts (X2 = 319.7505, P < 0.001). Similarly, based on KK technique, Nyasa (16.5%) and Ukerewe
(31.9%) districts had the highest prevalence of S. mansoni infection compared to Geita (13.7%) and Uyui (0%) (X2 =130.7971, P <

Table 2
Prevalence of S. mansoni infection by Kato Katz technique categorised by age and sex.
Variable Schistosoma mansoni infection status ¥2, P-value
Positive Negative
Sex
Female 135 (18.2%) 608 (81.8%) x2 = 0.1658
Male 152 (18.9%) 649 (81%) P =0.68

Age in years (age groups)
1-3 110 (15.9%) 582 (84.1%) X2 = 6.0060
4-6 177 (20.8%) 675 (79.2% P =0.014
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Fig. 2. Prevalence of Schistosoma mansoni infection based on KK (grey bars) and POC-CCA test (blue) categorised by age among pediatric population
from Geita, Ukerewe, Nyasa, and Uyui, Tanzania. (For interpretation of the references to colour in this figure legend, the reader is referred to the
web version of this article.)

Table 3
Factors associated with S. mansoni infection among PreSAC based on the KK technique results.
Variable S. mansoni infection status Unadjusted Odd Ratio Adjusted Odd Ratio
Positive Negative OR 95%CI P-value aOR 95%CI P-value
Age groups in years
1-3 110(15.9%) 582(84.1%)
4-6 177(20.8%) 675(79.2%) 1.4 1.1-1.8 0.02 1.2 0.9-1.6 0.1
Sex
Female 135 (18.2%) 608(81.8%)
Male 152(18.9%) 649(81%) 1.1 0.8-1.4 0.6 1.1 0.8-1.5 0.4

Study district

Geita 63(13.7%) 398(86.3%) 1 1
Nyasa 45 (16.5%) 228(83.5%) 1.2 0.8-1.9 0.3 1.2 0.8-1.8 0.4
Ukerewe 179(31.9%) 382(68.1%) 2.9 2.2-4.1 0.001 2.8 2.1-3.9 0.001
Table 4
Factors associated with Schistosoma mansoni infection among PreSAC using point-of-care circulating cathodic antigen test.
Variable S. mansoni infection status Unadjusted Odd Ratio Adjusted Odd Ratio
Positive Negative OR 95%CI P-value aOR 95%CI P-value
Age groups in years
1-3 157(22.1%) 555(77.9%)
4-6 284(33.7%) 560(66.3%) 1.8 1.4-2.3 0.001 1.7 1.3-2.2 0.001
Sex
Female 209(27.8%) 542(72.2%)
Male 232(28.8%) 573(71.2%) 1.1 0.8-1.3 0.6 1.1 0.8-1.5 0.3

Study district

Uyui 10(4%) 239(95.9%) 1 1

Geita 51(20.9%) 193(79.1) 6.3 3.1-12.8 0.001 6.2 3.0-12.5 0.001
Ukerewe 308(54.7%) 255(45.3%) 28.8 15.0-55.5 0.001 28.9 15.0-55.8 0.001
Nyasa 72(14.4%) 428(85.6%) 4.0 2.0-7.9 0.001 4.2 2.1-8.2 0.001
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Fig. 3. Prevalence of Schistosoma mansoni among children underfives based on KK and POC-CCA techniques in each study districts.

0.001). Fig. 3 shows the prevalence of S. mansoni infection using KK technique and POC-CCA test in each district.
4. Discussion

The present study confirms that S. mansoni infection is common among PreSAC living in different geographical settings in Tanzania.
The study noted a geographical variation in prevalence of S. mansoni infection using both KK- technique and POC-CCA tests.
Considering the level of infection and intensity of infection observed in the current study population of PreSAC, our results support the
WHO call of including children from the age of two years (>2 years) into the treatment programme (Mutapi, 2015; World Health
Organization., 2021).

The results of the present study confirms the result of the previous studies along the Lake Victoria in north-western Tanzania
(Ruganuza et al., 2015), Uganda (Nalugwa et al., 2015) and Kenya (Chadeka et al., 2019; Sassa et al., 2020), which reported that
intestinal schistosomiasis is a public health concern among PreSAC living in schistosomiasis endemic areas of East Africa region. At
Ukerewe district, Ruganuza et al recorded the prevalence of 44.4% and 80.1% using KK technique and POC-CCA test in children aged
1-5 years (Ruganuza et al., 2015). Nalugwa et al in Uganda recorded a prevalence of 39.3% and 74.9% using KK technique in the same
age group, (Nalugwa et al., 2017; Nalugwa et al., 2015). In Western Kenya, Sassa et al recorded a prevalence of 3.6% and 90.5% among
PreSAC using both KK technique and POC-CCA test (Sassa et al., 2020) and Chadeka in the same area recorded a prevalence of 45.1%
(Chadeka et al., 2019). In general, our findings and those of other authors clearly demonstrate that KK technique have reduced capacity
to detect infection in young children who always carry low intensity of infection, this partly explain the low prevalence of S.mansoni
infection in most of these studies compared to POC-CCA test. In addition, the observed variation in prevalence of S. mansoni between
these studies partly can be explained by variation in risk factors and the level of exposure to risk areas among the population living in
those study settings.

On the other hand, we noted a significant discordance between the KK technique and POC-CCA tests. This was consistent with our
previous studies in adult (Mazigo et al., 2018), primary school children (Fuss et al., 2018) and PreSAC (Ruganuza et al., 2015). Similar
studies elsewhere in sub-Saharan Africa have recorded similar discrepancies in PreSAC (Coulibaly et al., 2013; Dawson et al., 2013;
Sassa et al., 2020). A number of factors have been described elsewhere to partly explain for the observed discrepancies between KK
technique and POC-CCA tests (Coulibaly et al., 2013; Kittur et al., 2016).

In the current study, a significant number of PreSAC were moderately and heavily infected with S. mansoni parasite. In Uganda,
22.7% and 19.4% of the PreSAC were moderately and heavily infected respectively (Nalugwa et al., 2017). On ultrasonographical
examination, liver fibrosis with distinct Symmer's pipe stems were noted in heavily-infected children (Nalugwa et al., 2017), indicating
that S. mansoni-related morbidities does develop at very young age. Cumulatively, the current findings and that of other authors
indicate that intestinal schistosomiasis is a serious public health problem in 1-5 years olds children living in different geographical
settings with different level of S. mansoni transmission intensities. These findings support the WHO call which recommends for the
need to include children from the age of two years and above (> 2 years) in treatment programme to prevent development of childhood
chronic form of intestinal schistosomiasis which can have negative health impact on children.

In relation to age groups, the age group 4-6 years had the highest prevalence of S. mansoni infection. This observation was
favourably compared with similar studies in the same age group in S. mansoni endemic settings (Coulibaly et al., 2013; Nalugwa et al.,
2015; Ruganuza et al., 2015). In established S. mansoni endemic areas, the age-prevalence curve shows that prevalence and intensity
infection peaks among children under the age of 15 years (Barakat et al., 2000). Alternatively, high exposure to risk environment
among the age groups increases the likelihood of infection among children aged <5 years. Children age 1-6 years have been frequently
reported by their caregivers to play in water (Kibira et al., 2019; Mutsaka-Makuvaza et al., 2019). Studies have noted the key role of
older children and caregivers in exposing Pre-SAC to infested water bodies (Kibira et al., 2019; Poole et al., 2014). High exposure to
risk environment and the fact that PreSAC are not part of the treatment programme could partly explain the high intensity of infection
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observed in the age group, which is observed to be higher than that recorded among school aged children and adults in some com-
munities (Nalugwa et al., 2015). Despite this fact, the long-term health impact of S. mansoni infection in PreSAC have received little
attention compared to SAC (Mutapi, 2015), even the currently recommended praziquantel to be used to treat PreSAC is not recom-
mended for children below 2-years of age. Considering the long-term health impact of S. mansoni infection observed in adult due to
chronic nature of the disease, we recommend future studies to examine the cumulative health impact of intestinal schistosomiasis on
PreSAC health.

Based on the two diagnostic tests used in the present study, a noted geographical variation in prevalence of S. mansoni infection was
observed. Ukerewe and Nyasa districts recorded the highest prevalence of S. mansoni infection than Uyui and Geita districts. Ukerewe
district is an island on the Lake Victoria in north-western Tanzania, the district has been repeatedly reported to be endemic for in-
testinal schistosomiasis (Kardorff et al., 1997; Mugono et al., 2014; Ruganuza et al., 2015), whereas Nyasa district is located along the
Lake Nyasa in southern Tanzania, recent survey has noted the occurrence of S. mansoni infection in SAC (Mazigo et al., 2021). Part of
the Geita rural district which borders the Lake Victoria to the north were involved in the study, however, the prevalence of S. mansoni
infection was lower than what was observed at Ukerewe and Nyasa districts. Partly, the geographical location of these districts along
the large water bodies which are preferred by the intermediate host of S. mansoni parasite (Handzel et al., 2003; Magendantz, 1972),
the genus Biomphalaria, the degree of exposure of communities living close to these water bodies, high local population density around
houses, and poor hygienic practices which is characterised by open defecation can explain the high S. mansoni prevalence observed in
these districts (Chadeka et al., 2019; Handzel et al., 2003; Nagi et al., 2014). In north-western Tanzania, the prevalence of S. mansoni
has been observed to decline with increase in distance from the shoreline of the Lake Victoria (Mazigo et al., 2012), with districts
located more south of the lake recording very low prevalence of S. mansoni infection (Mazigo et al., 2012). This may partly explain the
low prevalence of S. mansoni infection observed at Uyui district. These findings are compared favourably with what was observed in
Western Kenya, in which prevalence of S. mansoni infection decreased with an increased in distance from the lakeshore line (Handzel
et al., 2003). A recent study in Western Kenya noted a high degree of spatial heterogeneity in prevalence and intensity of S. mansoni
infection in PreSAC (Nagi et al., 2014), with some villages recording low prevalence and others recorded unexpectedly high prevalence
and intensity (Nagi et al., 2014).

On the other hand, on multivariable logistic regression, the geographical location of the study districts, specifically Ukerewe, Nyasa
and Geita districts and age group 4-6 years remained as the main predictors of S. mansoni infection in the current study population. The
geographical location of the district tends to determine the level of exposure of the population, with population living close to large
water bodies such as Lakes Nyasa and Victoria remaining at high risk of being infected and in fact these population carries highest
burden of the disease (Handzel et al., 2003; Mazigo et al., 2012). In our previous study among PreSAC, reported history of lake visits
and the proximity to the lake shore were significantly associated with S. mansoni infection whereas reported lake visit frequency (4-7
days/week) was associated with heavy intensities of S. mansoni infection (Ruganuza et al., 2015). In the north-western Tanzania, most
of the district bordering the Lake Victoria are known to be endemic for S. mansoni infection (Mazigo et al., 2012). High human
population densities in fishing villages, poor sanitation and hygiene, high water contacts activities and high population densities of the
intermediate hosts increases the risk for transmission of S. mansoni infection in all age structure in these districts (Mazigo et al., 2012).
Cumulatively, the findings indicate that Geita, Nyasa and Ukerewe districts representing districts bordering the two large water bodies
in Tanzania are geographical areas which needs to be given priority in term of schistosomiasis transmission especially in the pediatric
population currently not considered for mass drug administration. In the future, when pediatric praziquantel will be available, high-
risk areas such as Ukerewe, Geita and Nyasa districts should be given priorities.

We acknowledge that the study was not conducted without limitation. First, the study did not investigate other risk groups such as
SAC and adult to allow comparison of infection and intensity, S. mansoni infection in intermediate hosts snails, human behaviours
(water contacts behaviours), socioeconomic information and environmental factors associated with S. mansoni infection. Second, the
results of POC-CCA test were not categorised and all trace results were classified as positive and this may have resulted into over-
estimation of the S. mansoni infection prevalence. Irrespective of the mentioned limitation, these results add valuable evidence
aiming at better understanding the epidemiology of S. mansoni infection among PreSAC living in different geographical settings in
Tanzania and this contribute to further policy discussion.

In conclusion, we noted high prevalence of S. mansoni infection among PreSAC aged 1-6 years living in the four study districts.
There was a geographical variation in the prevalence of S. mansoni infection with districts (Nyasa, Ukerewe and Geita) bordering the
Lake Nyasa in the southern part and Lake Victoria in north-western part of the country having high prevalence as compared to others.
These high-risk areas will require an immediate attention in term of implementation of intervention measures, which will include
PreSAC in the treatment programme. In the future, when pediatric praziquantel will be available for use, these are some of the high-risk
areas to be considered. Lastly, we recommend further research in this area, looking into the long-term health impact of schistosomiasis
in pre-school aged children to add more evidence for policy discussion.
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