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ABSTRACT

Background: Schistosomiasis is a parasitic disease caused by worms of the genus Schistosoma.
Almost 85% of infected individuals live in Africa. Infection among preschool-aged children (1-5
years) in endemic areas was underestimated and is currently excluded from preventive
chemotherapy because of limited data on safety and efficacy, and partly due to a common thought

that schistosomiasis is not common in preschool-aged children (PSAC).

Objective: The aim of this study was to review evidences regarding the prevalence of
schistosomiasis and its treatment outcome among preschool aged children.

Methods: PRISMA guideline was followed during the conduct and reporting of this systematic
review and meta-analysis. A comprehensive search was carried out from PubMed, Cochrane
library, Google scholar and HINARI for studies published till April 2020. Extracted data in
preliminary table from papers selected for full-text review and passed eligibility criteria. Quality
assessment was based on Hoy 2012 tool using 10 criteria addressing internal and external validity.
Random-effects model was used to pool measures of effects and to construct 95% confidence
interval (Cl) around the pooled effect sizes. In addition, subgroup analysis was conducted to
improve the outcome.

Results: 38 studies were eligible for final systematic review and meta-analysis. Among the total
of 19592 children’s participated 18,509 examined and 5,143 were found to be infected with one
or more species of schistosomiasis yielding an overall prevalence of 27.7% (95% CI: 22.8-
33.5%). And the result shows there is significant variability between studies (Heterogeneity I
=98.252 with Chi-square =2002.59, DF 35 and a P-value < 0.001). The result of meta regression
showed diagnosis method used and study year had contributed significantly to the heterogeneity
study results. Regarding treatment outcome, the overall CR was 88.9% (95% CI: 83.5-92.7%) and
ERR 97.3% (95% ClI: 95.4-98.5%). The result of meta regression showed diagnosis method used
and study year had contributed significantly to the heterogeneity of study results.

Conclusion: this systematic review and meta-analysis showed there was a moderate prevalence of
schistosomiasis and also good treatment outcome of praziquantel in preschool-aged children;
indicating to review strategies to consider these age groups in mass drug administration

deworming programs until proper formulation accessible.

Keywords: Prevalence, Schistosomiasis, Treatment outcome, Preschool-aged children



1. INTRODUCTION
1.1. Background

The Tropical Diseases Research arm of the World Health Organization (WHO) classifies
schistosomiasis as one of the major neglected tropical diseases (Wang et al., 2016).
Schistosomiasis is severe human water-born parasitic disease caused by flukes of the genus
Schistosoma (Gryseels et al., 2006). It is a major infectious disease leading to a health problem in
some parts of Africa, South America and Asia which mainly affects people living in communities
where there is poor hygiene (water & environmental sanitation) and poor water source (Teresinha
et al., 2018). The disease found in 78 countries and endemic in 52 of them. Since it is a chronic
disease which is not easily noticed at an early stage and becomes a threat to development slowly

by disabling people during their most productive years (Ekpo et al., 2012).

Schistosoma hematobium, S. mansoni and S. japonicium are the three main species of
schistosomes that cause morbidity to humans. These species have similar life cycles. The worms
live within the veins of the human host and develop through a succession of stages (Shaker et al.,
2014). The parasite lives for an average of 3-10 years, and in some cases for 40 years, in human
hosts.

S. mansoni and S. haematobium are the main Schistosoma for the majority of human infections;
both are found in Africa and in some Middle East Countries. S. japonicium is common in Asia
mostly in China and somewhat in Philippines and Indonesia. The only species present in Latin
America is S. mansoni (Colley etal, 2015). Schistosomiasis is ranked second to malaria in terms
of mortality (Adenowo et al., 2015). It infects more than 200 million people worldwide and an
estimated 700 million people in 76 countries are at risk of infection. Almost 85% of those infected
live in Africa; 200,000 deaths annually are attributed to schistosomiasis worldwide (Colley etal,
2015; Shaker et al., 2014).

In schistosomiasis endemic regions the most dominant form is chronic schistosomiasis, resulting
from repeated exposure to the infectious larval stage (Colley etal, 2015). Children are often
infected at their 2 years of age and many of them remain chronically infected throughout their

school-age years (Van Der Werf et al., 2003).
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Figure 1: Map of global distribution of Human schistosomiasis.

v" Source: (Weerakoon 2015 Advances in the diagnosis of human schistosomiasis. Clinical microbiology reviews)



2. LITRATURE REVIEW

From the estimated greater than 200 million people infected by schistosomiasis; a significant
number (around 123 million) are children (Osakunor et al., 2018; WHO, 2010). And according
2017 WHO'’s report about 10% of those infected are children under 6 years of age. Also PSAC
are among the three high- risk groups mentioned in the report (WHO, 2017).

Schistosomiasis has negative impact on the infected child’s future activity and health. Among the
health impact include poor growth and cognition (Osakunor et al., 2018). Similarly epidemiologic
studies related to morbidity associated to Schistosoma infections indicated that it has adverse
impacts in growth, fitness, pediatric quality-of-life, deficits in cognitive function, academic
achievement, suboptimal child development, malnutrition and vitamin-A deficiency (Ezeamama
etal., 2018).

Chronic infection can also result in anemia, intestinal and liver fibrosis, splenomegaly and
neurological complications (Gryseels et al., 2006; Strickland, 1994).

The type of morbidity associated with schistosome infections in humans and their species-specific
symptoms are summarized in Table 1.

Table 1: Common adverse impact and morbidity of schostosome infection

S. haematobium S. mansoni General morbidity

v Hematuria v" Bloody diarrhoea v' Anaemia

v" Dysuria v’ Periportal fibrosis v" Malnutrition

v Genital lesions v’ Portal hypertension v’ Stunted growth

v Renal failure v Hepatosplenomegaly v Poor memory development
v' Bladder cancer v" Abdominal pain v Cognition impairment

v’ Supra-pubic pain v Decrease physical fitness
v' Urinary tract infections v’ Susceptibility to coinfections




2.1. Risk factors for schistosome infection in PSAC

Understanding the risk factors for schistosomiasis in Preschool-aged children (PSAC) is

important to design the appropriate control strategy for the disease. The most schistosomiasis

affected segment of the population is the poorest that live in remote areas. Among the risk factors

that contribute to schistosome infection in PSAC are; access to water (source of all domestic

water rely on wall water, families habit of bathing children in the river, washing clothes in

infected water, children playing and swimming in the river), irrigation of crops, educational status

(illiteracy) of the parents, gender (male are at high risk) (Kabuyaya et al., 2017; M’Bra et al.,

2018). These risk factors are summarized in Figure 2 for easy visual observation.

Key

Environmental  mm

Social

Biological ===

Increasing
age

Schistosome
infection in PSAC

History
of past

infection

Figure 2: Risk factors for schistosomiasis in preschool aged children



2.2. Diagnosis of schistosome infection

Currently available diagnostic methods for schistosomiasis include stool and urine microscopy
(i.e. Kato Katz (KK) and urine microscopy), serum antibodies, antigen detection and the detection
of DNA (RT-PCR). Although the last one is less frequently used in the diagnosis of schistosome
(Weifeng G et al., 2018).

2.2.1. Urine and Stool Microscopy

Stool Microscopy: -The World Health Organization recommends KK fecal smear method for
routine use in prevalence detection as part of procedure in endemic areas. (WHO, 2017) and is a
frequently used method for intestinal schistosomiasis worldwide (such as S. mansoni, S.
japonicum, and S. mekongi) (Ajibola et al., 2018). Due to its ease of application and a high
diagnostic specificity it has good performance in endemic areas. Its other advantage is being
cheap. However, KK test is not an accurate diagnostic method in cases where; part of a
population has been previously treated and low egg burden is present in stool, when applied in
non-endemic areas and its sensitivity is low (Ba“renbold et al., 2017).

Fecal concentration technique: - Another approach that is used in stool examination is the fecal
concentration technique (FECT). In this method fecal sample is suspended in formalin and ethyl
acetate centrifuge. The suspension sediments the parasite material in a pellet which can
subsequently be mixed with saline (or stained with iodine) for microscopy. The disadvantage of
this methods is being expensive compare to other microscopic tests (Utzinger et al., 2015).

Urine Microscopy: - it is a microscopic examination of parasite eggs in urine samples. About 10
mL of urine sample should be filtered, centrifuged, and the residue should be examined under a
microscope for parasite eggs. The number of eggs per 10 mL of urine is used to express infection
intensity. This method is used to detect urogenital schistosomiasis and it is the gold standard
method to detect S. haematobium eggs in endemic areas (Chadeka et al., 2017).



2.2.2. Antigen Based Detection Methods

This is the method of detecting adult worms and egg antigens in serum or urine. The antigens are
either circulating anodic antigen (CAA) or circulating cathodic antigen (CCA); (Ajibola et al.,
2018) . CAA in urine or serum recently been used in the screening of advanced S. japonica in
China (Utzinger et al., 2015). The POC-CCA used only for the detection of S. mansoni infection
in humans. It is rapid antigen-based detection method which is applied to urine samples (Lindholz
et al., 2018). Its advantage over KK test includes it has more improved sensitivity and the use of
urine samples instead of stool for diagnosis; increases the acceptability by patients and the

applicability for prevalence surveys in large populations (Da Silva et al., 2017).
2.2.3. Immunological Analysis Based Detection Methods

This method is relatively simple and it has high sensitivity. The standard is to monitor the antigen
and antibody release from schistosome. (Weerakoon et al., 2015) These include enzyme-linked
immunosorbent assay (ELISA), indirect immunofluorescence (IFAT), indirect hemagglutination
(IHA) and Dipstick Dye Immunosorbent Assay (DDIA) (Sulahian et al., 2005). These methods
are designed to detect antibodies in the serum of infected people. Among these methods ELISA is
the preferred test method with high sensitivity and specificity for diagnosis of schistosomiasis.

(Weifeng G et al., 2018)
+ Both serological and immunological test methods are helpful for diagnosis of those people
living in non-endemic/low transmission areas of schistosomiasis. It helps in showing

exposure to infection and the need for treatment and follow-up.



2.3. Treatment of schistosomiasis

Praziquantel is the currently used “gold standard” treatment and drug of choice for all types of
schistosomiasis (Vale et al., 2017). It is originally discovered by Merck (Germany) during 1970’s
for veterinary purposes (Aragon et al., 2009). It is available in tablet formulation (600 mg) with a
dose of 40 mg/kg which is safe and effective in adults and school-age children. It is generally a
well-tolerated and nontoxic drug with minimal side effects such as nausea, vomiting,
hepatomegaly, and headache in some patients (Montero & Ostrosky, 1997; Vale et al., 2017).
However, the concern of this medication for PSAC is that there is no clear evidence of safety on
these age group, difficulties of swallowing due to the large, cumbersome and bitter taste of the
tablet (Stothard et al., 2013) and risk of choking in Some children during swallowing (Kernell et
al., 2018).

2.3.1. Future opportunities /promises
Pediatric PZQ formulation/pediatric PZQ consortium

This PZQ consortium program was an international public-private partnership established in 2012
consists of seven partners including WHO experts (as an observer) that works on a not-for-profit
basis with a mission to develop, register and provide access to a suitable pediatric PZQ
formulation for treating schistosomiasis in PSAC. And developed an innovative child-friendly
formulation available as 150 mg tablet (L-PZQ) (PZQ consortium). It lacks the biologically
inactive D-PZQ enantiomer which is also responsible for the bitter taste of the drug (Olliaro et al.,
2014). The drug is under clinical trial (it is in phase Il b) that is more suitable for younger
children, including infants and toddlers (Goran et al., 2019). The formulation is smaller,
orodispersible (can be dispersible in water) and have better taste properties compared to the
approved PZQ 600 mg tablets. This new formulation if approved it will have benefit for pediatric
use both in management and in large scale preventive chemotherapy program (Reinhard-rupp &
Klohe, 2017). The phase Il trial was under progress in Kenya, Cote Divore and Zimbabwe but
currently, the trial is on hold from March 2020 due to the pandemic COVID-19.



3. STATEMENT OF THE PROBLEM

Infection among PSAC (1-5 years) in endemic areas is underestimated in every aspect of
prevalence and mass drug administration (MDA). Its burden is recognized only recently and its
negative effect on the health and development of PSAC is acknowledged. (Coulibaly et al., 2012)
There is an evidence that shows the prevalence of infection in infants and pre-school-aged
children (<6 years old) is increasing in sub-Saharan African countries. (Won et al., 2017)

Studies in Ethiopia (Alemu et al., 2016; Kemal et al., 2019), Mali (Dabo et al., 2011), Niger
(Garba et al., 2010), Nigeria (Ekpo et al., 2010), Uganda (Sousa-Figueiredo et al., 2010),
Zimbabwe (Wami et al., 2016), Kenya (Verani et al., 2011) and Cote d’Ivoire (Coulibaly et al.,
2012, 2013) reported a higher prevalence of both urogenital and intestinal schistosomiases in
PSAC ranging from 12% to 65%. Similarly, preliminary results showed that treatment with
praziquantel (PZQ) in preschool children had 96% cure rate (CR) and 99% egg reduction rate
(ERR) in Ethiopia (Kemal et al., 2019) 100% CR and 100% ERR in Zimbabwe (Wami et al.,
2016) , In Gabonese study (Dejon-Agobé et al., 2019) after the 3" dose of PZQ overall ERR was
95% and CR was 88%, but both ERR (100 vs 88%) and CR (90 vs 68%) were higher among

females than males after the first dose.

PSAC is currently excluded from preventive chemotherapy control campaigns. The focus is still
on school aged-children (SAC) and they are treated based on confirmation of infection, however,
they are recognized as a vulnerable group (Stothard et al., 2013).
The reasons for the exclusion include:

a. PSAC considered as being at low risk of infection (Verani et al., 2011)

b. Insufficiency of evidence in safety and efficacy of praziquantel for this age group (Won et

al., 2017)
c. Lack of a pediatric formulation (Coulibaly et al., 2012).



Since there is no published recommendation on the treatment of schistosomiasis in PSAC with
PZQ in population-based control programs, WHO support treatment trials in the area at high risk
of schistosomiasis in Mali, Sudan, Uganda, Niger, Zimbabwe and Egypt in 2009 on 3198 children
and organize a meeting in 2010 at Geneva to review the result of studies on the treatment of
schistosomiasis. The result showed that PZQ in tablet or suspension formulation was safe,
effective and acceptable against schistosomiasis. The meeting also recommends systematic
review(s) involving PSAC, or well-designed multi-country RCT using a standard protocol to
contribute further evidence since the studies reviewed in this report had some limitations of
design and methodology (WHO, 2010).

The high prevalence of schistosomiasis in PSAC in different countries especially in Africa and
underestimation of the need for preventive and curative efforts in these age group calls for
evidence-based policy intervention. Thus, the aim of this study is to systematically review and
conduct meta-analysis of existing evidence on the prevalence of schistosomiasis and treatment
outcome among PSAC. To the best of our knowledge, this review is the first of its kind in
estimating the pooled prevalence of schistosomiasis in PSAC.



4. OBJECTIVE
4.1. General Objective

The main objective of this meta-analysis and systematic review was to generative a conclusive

evidence on prevalence and treatment outcome of schistosomiasis in preschool-aged children.

4.2. Specific objectives

The specific objectives were to:

v Summarize existing evidence in the prevalence of schistosomiases in PSAC
v" Review outcome of medication used to treat schistosomiasis in PSAC.
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5. METHODS

This systematic review and meta-analysis followed the preferred reporting item for systematic
review and Meta-analysis (PRISMA) guideline (Moher et al., 2009).

5.1. Literature Search methods

Comprehensive literature searches of biomedical databases (PubMed, Science direct, Google
Scholar, HINARI) was made to locate studies published till April 2020 supplemented by manual
searches to identify relevant studies. The following search terms and their medical subject
headings (MESH) terms were used to identify relevant papers: “prevalence” AND
“schistosomiasis” OR “bilharzia” AND “preschool aged children” OR “under 7 aged children”
AND “treatment outcome” or “efficacy”.

The limit of language was English and the limit of study group was human. A manual search for
additional related studies using references from retrieved articles was also conducted to identify

original articles that might be missed.
The protocol was registered on PROSPERO with registration number “PROSPERO 178102”.

5.2. Selection/Eligibility criteria

All population-based studies which reported the prevalence of schistosomiasis and its treatment

outcome among preschool aged children using English language were included in the study.

Inclusion criteria:
Studies (papers) that deal with the prevalence of schistosomiasis in preschool-aged children and

treatment outcome published in English language till Apr. 2020.

- Studies reported the baseline prevalence of Schistosomiasis in preschool aged children.
- The study design was an observational study (prospective cohort, retrospective cohort, or
cross-sectional) and controlled clinical trial which documented the rate or proportion of

schistosomiasis prevalence.

Exclusion criteria:

- Papers deal on SAC (prevalence of schistosomiasis in school-age children) and adult human

- Studies of soil-transmitted helminth infections in PSAC where Schistosoma coinfection was
absent

11



- Studies which are not primary (such as review articles, conference abstract, editorials), case
reports, case series

- Studies that compared the sensitivity and specificity of different test methods used for
diagnosis of schistosomiasis and studies not reported either prevalence or incidence of

schistosomiasis as an outcome of interest.

Studies were examined for eligibility by reading their titles and abstracts. Relevant abstracts were
further assessed for inclusion in the list of full-length articles. During the article selection process,
studies that did not have full texts were excluded since it is not possible to assess the quality of
each article in the absence of their full texts.

The list of reference of all original articles that were included in the systematic review were
manually screened. This helps to identify publications that were missed during the database

searches. The search terms used might not be sensitive enough to pick all possible papers.

5.3. Operational definitions/definition of terms
- PSAC: — The term preschool was defined according to the original studies. Children of
age below 7 years (children between infancy and school-age) were considered.
- Prevalence: — Proportion of a population with a disease or a particular condition at a
specific point in time or over a specified period of time
- Treatment outcome: — Evaluation undertaken to assess/ observe the results or
consequences of management used in combating disease or illness in order to determine

the efficacy(CR), safety (drug resistance, side effects), of the treatment administered.
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5.4. Quality assessment of the included studies

Quality assessment was based on Hoy 2012 tool using 10 criteria addressing internal and
external validity (Hoy et al., 2012). The items included (1) representation of the population, (2)
sampling frame, (3) methods of participants’ selection, (4) non-response bias, (5) data collection
directly from subjects, (6) acceptability of case definition, (7) reliability and validity of study
tool, (8) mode of data collection, (9) length of prevalence period, and (10) appropriateness of
numerator and denominator. Each item was assessed as either low or high risk of bias. Unclear
was considered as high risk of bias. The overall risk of bias then scored according to the number
of risk of bias per study: low (< 2), moderate (3—4), and high (> 5).

For the included RCT studies quality of studies was assessed by Jaded scale with a description of
3 main characteristics: randomization, blinding, withdrawal, and dropouts. the highest score is 5,
and the lowest one is -2. The trial was judged to be of bad quality if the total score is < 3 (Jadad
etal., 1996).

5.5. Data extraction

Data extraction was based on preliminary excel table summarizing all included studies.
Information extracted from each paper was study author with publication year, study year, study
design, setting, sample size, egg positive (prevalence), type of the test method used, PZQ
treatment, efficacy (CR and ERR), infection intensity, age of the study participant, gender,

species type, follow-up period (if available) and the title of the article.
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5.6. Statistical analysis and synthesis

Data entry and analysis were done using Software CMA version 3.0. The variance of
schistosomiasis prevalence in each article was computed based on the binomial distribution
formula by extracting the sample size from published data (Altman DG, 1997). The summary of

the findings is presented in forest plots and tables.

The summary of pooled prevalence of S. mansoni and S. haematobium infection with
corresponding 95% confidence interval was calculated using random-effects model of
DerSimonian-Laird method (Dersimonian & Laird, 1986).

5.7. Subgroup analysis

Subgroup analysis was performed to improve heterogeneity of the outcome. The sub-groups
were; year of study (2000-2010 and 2011-2020), Schistosoma species (S. mansoni and S.
haematobium), type and number of laboratory diagnostic method used (Kato Katz, Double Kato
Katz, POC- CCA, and SEA-ELISA).

5.8. Heterogeneity and publication bias

The Cochrane Q test and I? test statistics (at least 50% considered to be significant) were used to
test heterogeneity among the studies (loannidis, 2008). The I? offers an estimated percentage of
the variability in effect estimates, that is due to heterogeneity rather than sampling error or
chance differences. The existence of heterogeneity was confirmed using Cochran’s Q test (P <
0.10 shows statistically significant heterogeneity). 1° test measures the level of statistical
heterogeneity between studies (values of 25 % low, 50 % medium and 75 % high heterogeneity)
(loannidis, 2008), (Rucker et al., 2008).

Begg’s Funnel plot were used to detect publication bias. P < 0.05 was considered statistically
significant publication bias. (“Cochrane Handb. Syst. Rev. Interv.,” 2019), (Egger et al., 1997).
A potential source of heterogeneity was investigated using subgroup analysis and met-regression.
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6. RESULTS
6.1. Identified studies

A total of 857 scientific papers were identified through electronic data based searches. After
critically reading the titles and abstracts in light of the eligibility criteria, 788 articles were
excluded. Full texts of the remaining 69 articles were evaluated for eligibility and, 38 studies

were included in the final analysis (Figure 3).

flow chart diagram describing for the selection of studies for systematic review and meta-

analysis on prevalence and treatment outcome of schistosomiasis in PSAC.

synthesis

1iviuucu

Records identified through Additional records identified
( ) data base search
= through other source=7 &
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Figure 3. flow chart diagram for the selection of articles used for meta-

analysis
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6.2. Characteristics of included studies

Thirty-eight studies (all of them from African countries and conducted between 2001 and 2020)
were included in this systematic review and meta-analysis with a total of 19,592 children
participated in the study (Table 2). The majority of the studies (n=23) were cross-sectional,
twelve were Cohort and three were interventional studies (RCT). One RCT and one cohort study
used egg positive participants in their intervention to compare treatment outcomes of different
doses of Praziquantel without reporting the prevalence of schistosomiasis. Hence the pooled
prevalence of Schistosomiasis was based on 36 studies. Of the 38 studies 17 reported about only
S. mansoni, 13 only S. haematobium and 8 both S. mansoni and S. haematobium infection.
Thirty-three out of thirty-eight studies were community-based and the remaining 5 were
institutional (school or health centers based). The sample size of the studies ranged from 41
(Rujeni et al., 2013) to 3612 (Won et al., 2017). The highest prevalence (80.1%) reported from
Tanzania (Ruganuza et al., 2015), the lowest (0.5% ) from Malawi (Poole et al., 2014) and 0.9 %
from South Africa (Sacolo-Gwebu et al., 2019).
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Table 2: Characteristics of the eligible studies on prevalence and treatment outcome of schistosomiasis

Preval _
study Study | Specie | Sample | ence E(%Q EfRf;/Cf"Cy
H (!
Author period Study region design | Stype | size (%) Lab test method Male Female ERR%
Kemal et al | 2016 Ethiopia Follow- S.m 236 25 Double kato katz 32/121 27/115 40
2019 (Erer, Somali up mg/kg 96.4 | 994
region)
Gebrehiwot et al | 2013 Ethiopia (Wonji) CS S.m 374 8.3 Single kato katz 10.8/179 6.7/195
2014 na na na
Alemu et al | 2015 Ethiopia CS S.m 401 11.2 Single kato katz 23/218 22/183
2016 (Dembia district) na na na
Coulibaly et al | 2011 Follow- | S.m 160 21.9 Quadruplicate kato k 19/78 16/82 40 88.6 | 96.7
2012 Co’te D’ivore up 48.7 POC-CCA mg/kg
(Azaguie district) 40
S.h 13.3 Urine filtration mg/kg 88.9 | 98
Nyantekyi et al | 2007 Ethiopia CS S.m 288 37.2
2010 (Wondo genet) Single kato katz na na na na na
Wami et al 2016 | 2012 Zimbabwe Follow- | S.h 109 7.34 40
(Murewa district) up Urine filtration na na mg/kg 100 100
Mutapi et al | 2008 Zimbabwe Follow- S.h 104 20.2 40
2011 (Mashonoland) up Urine filtration na na mg/kg na 99
Mutsaka- 2016 Zimbabwe S.h 535 133 36/291 35/244
Makuvanza et al (Medziwa area) Cohort Urine filtration 40 83.1 | 96.8
2018 mag/kg
Coulibaly et al S.m 42.7 Quadrplict kato k
2013 Co’te D’ivore 244 14.3 Single kato katz na na 40 na na
2011 (Azagui’ district) CS 45 POC-CCA mg/kg
S.h 12.4 Urine filtration
Dabo et al 2011 Mali 40
2008 (Diema district) CS S.h 338 51.2 Urine filtration 98/189 75/149 mg/kg na na
Garba et al 2010 Niger CS S.m 43.8 Double kato katz 40
2007 (western Sahl zone) S.h 282 55.5 Urine filtration na na mg/kg na na
Verani et al 17.6 Single kato katz
2011 2009 Kenya (Usoma) CS S.m 216 33.8 POC-CCA na na 40 na na
36.6 Both mg/kg
Davis et al Kenya 40
2015 2012 (Rusinga island) CSs S.m 201 44.9 Double kato katz na na mg/kg na na
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Preval

Author StUdy StUdy Specie Sample ence | F%Q Efficacy
Moyo et al Malawi
2015 2012 (Malengacheanz) CS S.h 143 13 Urine filtration 12/92 6/51 na na na
Ekpo et al 40
2010 2008 Nigeria S.h 167 58.1 Urine filtration 52/91 45/76 mg/kg na na
(llewo-orile) Cs
Sacolo- Gwebu Uganda
etal 2019 2012 (Bulisila and Mayuge | Cohort S.h 979 37.7 Double kato katz na na 40 56.4 | 89
district) 57.1 POC-CCA mg/kg
Poole et al Malawi S.m 0.5 Single kato katz 40
2019 2012 (Chikhiwawa district) | CS 208 9.1 POC-CCA na na mg/kg na na
S.h 10.7 Urine filtration
40
Rujeni et al 2010 Zimbabwe Cs S.h 41 13.2 Urine filtration na na mg/kg na na
2013 (Mashonlad East)
Culibaly et al 20 90.7 Na
2017 RCT mag/kg
Co’te Divore’ 40 94.8 na
2014- (district of Azague) S.m 660 24 Ssingle kato katz mg/kg
2015 Na Na 60 958 | na
mag/kg
Placebo | 80.1 | na
Nalugwa et al Uganda RCT S.m 1017 40
2015 2013 (Lake Victoria) Single kato katz na na mg/kg 84.3 | 98.9
Houmsou et al | 2014- Nigeria Follow S.h 63 Urine filtrtion na na 40
2018 2015 (Taraba state) up mg/kg 98.1 | 100
20 85.7 | 98.3
Culibaly et al RCT Urine filtration 79 91 mag/kg
2018 2015- Co’te Divore’ S.h 628 29.6 40 78 97.6
2016 (district of mg/kg
Adope) 60 68.3 | 96.5
mg/kg
placebo | 475 | na
Kimani et al | 2015 Kenya (Kwale) Cohort S.h 400 20 Urine filtration 47/195 33/195 40 86 96.9
2018 mg/kg
Sakari et al Kenya (Kirinyaga
2017 2014 country) CS S.m 361 5.54 Single kato katz na na na na Na
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study Preval
Author period | Study region Study | Specie | Sample | ence | Lab test method Male Female F;ftQ Clgzcacy
design | Stype | size (%) ERRY
Stothard et al Uganda (Bugoigo) 21.9 Double kato katz 40
2011 2009 CS S.m 242 42.6 POC-CCA na na mg/kg na na
45.9 ELISA-kit
Ruganuza et al Tanzania 444 Single kato katz 90/195 80/188
2015 2013 (Musozi village) CS S.m 386 80.1 POC-CCA 159/195 150/190 | na na na
Amin et al Sudan S.m 106 44.3 Single kato katz 40 994
2012 2009 (Gezira state) Cohort S.h 498 28.3 Urine filtration na na mg/kg na 96.4
(Tot=604) | (T.P=31)
Sousa-Figueir Zanzibar CS S.h 102 3.9 Urine filtration na na 40 na na
2008 2006 (Unguja island) mg/kg
Nalugwa et al Uganda (Shoreline)
2015 2013 CS S.m 3058 1203 Single kato katz 630/1545 | 573/1513 | na na na
Opera et al Nigeria
2007 2005 (cross river basin) CS S.h 126 19.8 Urine filtration 15/71 10/55 na na na
Niyituma et al Rwanda 0 Double kato katz
2017 2015 (Bugesra district) CS S.m 248 16.9 POC-CCA 25/129 17/119 Na Na Na
Said et al 2017 2015 Tanzania S.m 0 Single kato katz 40
(Dares Salaam) Cohort 310 15.2 POC-CCA 24/150 23/150 mag/kg Na Na
S.h 1 Urine filtration
Navaratnam et al Uganda 549 27 PzZQ 80.9 | 86.1
2012 2010 (Buliisa district) Cohort S.m 575 25.9 Single kato katz Na Na syrup
(1124) (26.4) PZQ 817 | 89
tab
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Table 2: Characteristics of the eligible studies on prevalence and treatment outcome of schistosomiasis (continued)

Study Study Specie | Sample | Preval PZQ | Efficacy
Author | period | Study region | design stype |size | ence% | Labtest method | Male | Female | Xt | CR
ERR
Bosompem Ghana S.m 80 0 Single kato katz
et al 2004 2002 (Okyereko village) Cs S.h 11.2 Urine filtration na na na na na
S.h 30 Dipstick
Armoo 190 25.3 Double kato katz
etal 2020 | 2017 Ghana S.m 160 244 PCR (DNA kit)
(Weija dam; CS 190 86.3 POC-CCA(L.tracce) | na na na na na
South Ghana) 31.6 POC-CCA(w/o L.t)
2012-
Won et al 2014 Kenya (Mbita Cohort S.m 3612 28% Single kato katz na na na na
2017 Subcounty) 50% ELISA-kit

CS — Cross Sectional:
RCT- Randomized Control Trial:
S. m — Schistosoma mansoni:

S. h— Schistosoma haematobium
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6.3. Prevalence of schistosomiasis

From the total of 18,509 children examined and reported in the included studies, 5,143 were
infected with one or more species of Schistosoma parasite according to the Der Simonian-laired
random-effect model yielding an overall prevalence of 27.7% (95% CI: 22.8-33.5%). Forest plot
derived from the meta-analysis (Figure 4) shows detailed information about an individual study
and the pooled prevalence estimate. There was significant variability between studies
(Heterogeneity 1° =98.252 with Chi square =2002.59, degree of freedom 35 and a P-value
<0.001).

6.4. Treatment outcome

Treatment coverage was reported in twenty-five studies out of the thirty-eight studies (65.8%)
positive participants treated with Praziquantel. And only 13 studies assessed efficacy (CR and
ERR) of the treatment.

Using data from these 13 studies the overall CR was 88.9% (95% CI: 83.5-92.7%) (Fig 5) and
ERR was 97.3% (95% Cl: 95.4-98.5%) (Fig.6). Level of Heterogeneity was very high (12
=97.17%, Chi square=424.059, degree of freedom=12, and P-value <0.001).

Ugandan preschool-aged children from 1-5 aged (Nalugwa et al., 2015) were randomized to
receive PZQ 40 mg/kg single dose or double dose (2 weeks apart). By week 4, no difference was
detected between treatment for CR (83.2 and 85.5%, P = 0.390, respectively) or ERR (98.9 and
99.3%, respectively) of both groups.

In 2 RCT studies which is conducted in Céte d’Ivoire (Coulibaly et al., 2017), (Coulibaly et al.,
2018) they compared the CR and ERR obtained with three different doses of praziquantel 20,
40, 60 mg/kg and placebo, in PSAC infected with both S. mansoni and S. haematobium. In both
studies, high dose of PZQ (60 mg/kg) had low CR and EER compare to the other doses for both

species.

21



Model

Fandom

Study name

Kemal etal 2013
G/hiwot etal 2013
Aleru etal 2016
Coulibaly etal 2012
Mivantekyi etal 2010
Wwiami etal 2016
Mutapi etal 2011
Mutsak a-Makuvaza etal
Coulibaly etal 2013 etal
Dabo etal 2011 2011
Garba etal 2013
Werani etal 2011
Daviz etal 2015

Mopo etal 2015
Ekpoetal 2010
Sacolo-Gwebu etal 2019
Mafiana etal 2003
Sousa-Figueireda etal
Poole H etal 2014
Fiujeni M etal 2013
Coulibaly etal 2017
Coulibaly etal 2018
Kimani etal 2018
Sakar etal 2017
Stothard etal 2011
Raganuza etal 2015
Amin etal 2012
Souza-Figueiredo etal
Malugwa etal 2015
QOpara etal 2007
Mivituma etal 2017
Said etal 2017
Mavaratnam etal 2012
Baozompern etal 2004
Armao etal 2020

Wion etal 2017

Event rate

0.250
0083
n1z
0438
nav2
0o73
n2oz
0133
0.426
ns12
0.545
0338
0.443
0126
0581
no1o
n7ie
0&#
0106
n1z2
0244
0.296
0.200
0.055
0426
nam
nan
0033
0333
0138
0163
0152
0264
0.300
0.863
0.500
0.277

Upper limit

Statistics for each study

Lower limit | £ alue
0.309 0153 7308
0118 0.054 12817
0147 0.085 -13.073
[0.565 041 03E
0429 0318 -4.311
0140 0.037 -B.904
0.250 0136 -B.EZE
0164 0107 1473
0.489 0.36E -2.296
0.565 0.459 0.435
0.602 0.487 1.530
0.404 0.2rg -4 674
0512 0.378 -1.619
019 0.081 -7 BE7
0.653 0.505 2.080
0.017 0.005 -15.2595
0775 0.653 B.072
0.602 0.540 4.427
0155 0.071 9468
0.281 0.052 4136
0.2ra 0.213 -12.480
0.333 0.282 4803
0.242 0164 -11.050
0.084 0.038 12,327
0,489 0.365 -2 308
0.837 0.758 10.509
0.349 0.278 -4.038
0100 0.015 -B.271
041 0.378 -11.6599
0.277 0138 -B.250
0221 0128 9393
0196 0116 -10.874
0.291 0.233 -15.133
0.409 0210 3473
0.905 0.8av 8725
0516 0.484 0.0a0
0.333 0227 7079

-t alue

0.000
0.000
0.000
0.752
0.000
0.000
0.000
0.000
n.0zz2
0.663
0126
0.000
0106
0.000
0.038
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.021
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.0
0.000
1.000
0.000

-1.00

-0.50

Event rate and 95% C|

0.00 0.50

|
¥

1.00

Weight [Fandom)]

Relative weight

284
274
283
283
288
242
269
267
267
289
268
2851
285
267
283
257
284
293
272
216
291 |
291 |
287
272
287
287
291
208
2941
2731
262
2683
292
269
275 |
294 |

Rezidual (Fandom]

017
-1LE0
-1.39

1.15
0.55

.83
0.51
116

0.84
1.28
1.45
0.36
0.9z

-1.19

1.62

-4.39

239
1.53

145
111
0z

niz

-0.54
-2.31

0.84
2.98
0.1

-2.40

068

-0.54
-0.79
-0.96
-0.03

ni4
247
1.23

Std Residual

Figure 4: Forest plot on prevalence of schistosomiasis in preschool aged children
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6.5. Subgroup analysis

Sub group analyses were carried out based on test method, type of species and year of study.

6.5.1. Prevalence based on the test method

For the diagnosis of S. mansoni 11 studies used different test methods and there was variation in
the reported prevalence. The prevalence of S. mansoni infection using a single Kato Katz
technique varied from 0.5% to 44.4%. Compared to all test methods ELISA-kit had a high
detection rate followed by POC-CCA.(Coulibaly et al., 2013), (Sousa-Figueiredo et al., 2012),
(Stothard et al., 2011), (Niyituma et al., 2017).

All the 20 studies that reported prevalence of S. haematobium used urine filtration method except
one study that used additional test method (Dipstick). And the pooled prevalence was 18.0%
(95% ClI: 12.2-25.6) (Table 4).

6.5.2. Prevalence based on species type
The overall prevalence of S. mansoni was 27.4% (95% CI. 22.9-32.5%), whereas that of S.
haematobium was 18.0% (95% CI: 12.2-25.6) as indicated in (Table 4)

Table 3: Subgroup analysis to compare the prevalence of schistosomiasis by diagnostic methods

Diagnosis Method ~ # of Prevalence% (95% Heterogeneity test
studies Cl) I? Q DF P

Double kato katz 7 32.5(25.8-40.2) 90.94% 55.22 5 <0.001
Single kato katz 16 17.6 (12-21.2) 97.59% 598.99 13 <0.001
ELISA-kit 2 49.1 (45.8-52.4) 0.00% 1.546 1 0.214
SAC (FECT) 1 3.2(1.8-5.6) 0.00% 0.00 0 1.000
POC-CCA 10 41.9 (27.5-57.9) 98.08% 540.25 9 <0.001
Quadruplicate 2 31.5(15.0-54.5 94.39% 17.85 1 <0.001
Dipstick 1 30.0 (21.0-40.9) 0.00% 0.00 0 1.000
Urine filtration 20 17.4 (11.6-25.3) 97.53% 769.19 19 <0.001
Overall 59 36.5 (34.1-39.0) 97.94%  2812.69 58 <0.001
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Table 4: Subgroup analysis to compare the prevalence of schistosomiasis by specie type

Species # of Prevalence%  (95% Heterogeneity test
studies CI) 12 Q DF P
S. Mansoni 25 27.4 (22.9-32.5) 98.21% 1908.51 34 <0.001
S. Haematobium 20 18.0 (12.2-25.6) 97. 39% 768.68 20 <0.001
Overall 36 25 (21.3-29.3) 98.01% 2761.11 55 <0.001

6.5.3. Prevalence based on year of study

All included studies grouped by 10 years’ difference which is from 2001-2010 &2011-2020.
From the included studies 15 studies were conducted from 2001-2010 and 20 studies from 2011-
2020. The prevalence of schistosomiasis was higher in the first 10 years 38.0% compare to 2" 10

years 21.5% and there was statistically significant difference P-value <0.001 (Table 5).

Table 5: Subgroup analysis to compare the prevalence of schistosomiasis by year of the study
conducted

Year #  of Prevalence% (95% Cl) Heterogeneity test

of study  studies I Q DF P
2001-2010 15 38.0 (30.3-46.4) 96.732% 428.42 14 <0.001
2011-2020 21 21.5 (15.6-28.8) 98.707% 1543.74 20 <0.001
Overall 36 29.2 (24.1-35.0) 98.244% 1992.74 35 <0.001
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Figure 7: Forest plot of sub group analysis by test method used on prevalence of schistosomiasis in preschool aged children
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Figure 8: Forest plot of subgroup analysis by type of species on prevalence of schistosomiasis in preschool aged children
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6.6. Meta-regression analysis

To understand the trend and source of heterogeneity and pooled the prevalence using CMA.

Table 6: Multivariable meta-regression model

Variables Coefficient P-value 95%

Study year category

2001-2010 (Reference) -0.5080 0.0198 -0.9353 to -0.0806
2011-2020 -0.7836 0.0061 -1.3438t0 -0.2234
Diagnostic method used

Single kato katz (Reference) -1.5114 0.000 -1.8699 to -1.1529
Double kato katz 0.7919 0.0370 0.0477 to 1.5362
Quadruplicate kato katz 0.9615 0.1080 -0.2110to0 2.1340
POC-CCA 1.4163 0.000 0.7735 to 2.0591
ELISA-kit 1.6571 0.0050 0.4992 to 2.8150
SAC -1.6678 0.0510 -3.3427 t0 0.0070
PCR (DNA-kit) 0.6067 0.4613 -1.0072 to 2.2206
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Figure 9: Forest plot of subgroup analysis by year of the study conducted
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Figure 10: Meta regression scatter plot of study year versus prevalence of schistosomiasis in
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6.7. Publication bias
The funnel plot which showed the effect estimate against its standard error shows that there is a

publication bias (Figure 12).

Funnel Plot of Standard Error by Logit event rate
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Figure 12: Funnel plots that assesses publication bias
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7. DISCUSSION

The aim of this systematic review and meta-analysis was to determine the prevalence and
intensity of schistosomiasis and treatment outcome of PZQ in PSAC. Different studies had been
carried out in different African countries at different time on the prevalence of schistosomiasis in
PSAC, however, there were no summarized data of this parasite infection to our knowledge; so
we believe this is the first pooled evidence on prevalence of schistosomiasis in PSAC. The
overall prevalence of schistosomiasis was 27.7% considered relatively moderate prevalence;
which is between 20 and 50% (Mitchell & Pagano, 2012). The findings are reliable with
emerging evidence that the burden of schistosomiasis is high in PSAC. The prevalence reported
were all from Africa showing that schistosomiasis is a public health problem in Africa though
there was some report on the prevalence of S. mansoni infection in Latin America (Teresinha et
al., 2018) and S. Japonium infection in China’s 10-13 years old children (Zhou et al., 2005),
and in all age (Raso et al., 2009) but not studied specifically on PSAC. Schistosomiasis is the
second most parasitic infection counting 34.61% of the reported neglected tropical disease in
Brazilian children and adolescents following cutaneous leishmaniasis (48.29%). (Brand&o et al.,
2017) In the present study, schistosomiasis in PSAC had a prevalence ranging from less than 1%
to 80%. The variation may be attributed to the difference in socio-ecological setting, hygiene &

sanitary facilities, diagnostic methods employed.

The prevalence of S. mansoni infection was 27.4 % (95% CI: 22.9%-32.5%) and prevalence of S.
haematobium infection was 18% (95% CI: 12.2%-25.6%) and higher compared to the study
conducted in Cote d’Ivoire in SAC for both S. mansoni and S. haematobium infection 6.1% and
14% respectively (Angora et al., 2019), from Ethiopia meta-analysis of S. mansoni 18.7% lower
compared to Tanzania study 90.6% (Hussein et al., 2020), Ethiopia 35% (Woldegerima et al.,
2019) both on SAC & S. mansoni, Mozambique aged 5-55 years 60.4% for S. haematobium.
(Phillips et al., 2018), Zambia study for S. haematobium age group of 11-15 years 60.7%
(Chomba & Mutale, 2014).

The pooled prevalence also had a variation on the results due to the choice of test methods;
Studies that compared the prevalence of S. mansoni infection based on different laboratory
diagnostic methods reported divergent results where higher percentage observed with the more
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sensitive test methods. The divergence was common especially with Kato Katz & POC-CCA
methods 17.6% vs 33.8% in Kenya (Verani et al., 2011), 0 vs 15.2% in Tanzania (Said et al.,
2017), 44.4% vs 80.1% in Tanzania (Ruganuza et al., 2015), 0 vs 16.9% in Rwanda (Niyituma et
al., 2017) and 25.3% vs 86.3% in Ghana (Armoo et al., 2020) respectively. Similarly Tanzanian
study on antiretroviral therapy in children; Kato Katz 10.7% vs 33.8% POC-CCA (Mazigo et al.,
2019). The recommend method by WHO is the Kato Katz fecal smear method (the gold
standard) for diagnosis of S. mansoni infection (WHO, 2017). However, this test method has
limitation in detecting light intensity load parasite and also at the initial/final stage of the disease.
In this kind of situation more sensitive diagnostic methods should be considered in detecting the
parasite. Other methods such as serological/ immunoassay techniques of antibodies, antigen or
DNA (RT-PCR) used to detect the parasite at the initial phase and in cases of light infections;
due to this they have higher sensitivity and specificity for diagnosis in certain stages of the
disease (Weerakoon et al., 2015).

The prevalence of schistosomiasis was higher in the first 10 years compared to 2011-2020. The
decline in prevalence was probably due to socio-economic development, improvement in water
quality & sanitation use of the community and campaign of a mass deworming program of their

older counterparts.

Regardless of age categories, only 12 studies reported the prevalence by age group; and in all of
them the prevalence was higher in older children 4-7 years old than their younger counterparts 1-
3 years old; The higher prevalence in the older age group was attributed to the frequent visit they
had made to the river/lake with their parents/caregivers or by themselves for bathing, fetching,
playing and swimming (Dabo et al., 2011; Kemal et al., 2019; Kimani et al., 2018; Moyo et al.,
2016; Nyantekyi et al., 2010; Olsen et al., 2015). And in most of the studies, the river/lake
stream was the only source for water supply in the community so that it was particularly

impossible to prevent the community from visiting the water streams.

Parents/ guardians understanding of schistosomiasis as a health problem (Coulibaly et al., 2013;
Mafiana et al., 2003) and poor knowledge on how the disease is transmitted (Olsen et al., 2015;
Sakari et al.,, 2017) was low, might which contribute to the increase prevalence of

schistosomiasis in the children.
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The other objective of this meta-analysis was to evaluate treatment outcome of the medication
(PZQ) in PSAC. From the thirteen studies that evaluated the efficacy we found high CR and
ERR 88.9% and 97.3%, respectively. This was comparable with the Ethiopian SAC study whose
CR was 90% & ERR 99.5% (Woldegerima et al., 2019). Meta-analysis done on previous studies
on PZQ efficacy in PSAC showed that CR of 87.3% and ERR of 97.1% for S. haematobium
infection and CR of 82% and ERR of 96.4% for S. mansoni infection (Zwang & Olliaro, 2017).
These rates were higher than the reports from Gabonese study carried out in (6-30 years old
participants) with CR of 78% and ERR of 93% (Dejon-Agobé et al., 2019). A previous study of
meta-analysis on PZQ efficacy in all ages S. haematobium infection had CR of 77.1% and ERR
of 94.16%, while S. mansoni infection had CR of 76.7% and ERR of 86.3% (Zwang & Olliaro,
2014). All studies carried out on treatment of schistosomiasis with PZQ showed a decrease in the

disease burden.

The intensity of the infection had also effect on the efficacy of PZQ; those children with light
and moderate-intensity would have high ERR &CR compared with heavy intensity participant’s;
(Mutapi et al., 2011), (Coulibaly et al., 2012), (Nalugwa et al., 2015). Additionally; those with
history of previous treatment had also a lower CR and ERR (41.7%, 72.8%) than treatment-naive
children (77.6 and 92.1%, respectively) (Sousa-Figueiredo et al., 2012). In Zimbabwe cohort
study reinfection was also higher with heavy infection intensity (Mutsaka-makuvaza et al.,
2018).

No difference in efficacy was observed in the Ugandan cohort study on egg positive PSAC who
randomly received PZQ syrup or crushed tablet with CR of (80.9 for the syrup vs 81.7% for the
crushed tablet) and ERR of (86.1 for the syrup vs 89.0% for the crushed tablet) (Navaratnam et
al., 2012). The syrup formulation PZQ was manufactured in Egypt for school children. This
formulation however, used aniseed as flavoring agent which was contraindicated in some
children, and had a large packing & storage volume and was expensive compared to the existing
tablet and offered no significant advantage over crushed/broken tablet; so WHO general
guideline recommends use of crushed tablet until an appropriate pediatric formulation gets
available (Stothard et al., 2011, 2013).

Studies conducted in Kenya on morbidity associated before and after treatment indicate; after

treating with PZQ there was a decrease in morbidity like malaria and rapid improvement from
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organomegaly (hepatomegaly and splenomegaly) which are schistosomiasis- associated hepatic
disorder (Davis et al., 2015). MDA of children with PZQ and treating children in addition to
reducing the prevalence it can also contribute to reducing the overall burden of disease and
improves liver morbidity regression in treated PSAC (Cleland et al., 2014)

Ease of administration, acceptability, accessibility, low cost, relative safety, and less abdominal
pain and diarrhea which gets resolved within 24 hours are some of the advantages of treatment
with PZQ (Aruleba et al., 2019). Most children, however, have difficulty in swallowing due to its
bigger size and bitter taste. To tackle the taste problem in most of the included studies in the
present systematic review, the study participants were given orange juice or bread with the

medication.

Regular deworming reduces both the morbidity caused by schistosomiasis and the occurrence of
severe complications (WHO, 2011). Deworming of PSAC have a positive impact on child
growth and decrease the risk of stunting and anemia (Lo et al., 2018). Although young children
(PSAC) still do not have satisfactory access to this medication and they are excluded from MDA
campaign program. (Sousa-figueiredo et al., 2012) Focus should be considered in solving this

unfortunate health inequity.
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8. LIMITATIONS OF THE STUDY

The present study has some limitations such as sample size variations, inconsistency of
laboratory diagnostic methods, inter country difference in the prevalence and heterogeneity
among the studies which was tackled by following a random-mixed effect model to pool data
and doing meta-regression on the test method and publication year. Therefore, our finding may
not represent/reflect the true burden of the disease.
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9. CONCLUSION

The emerging fact from this SR & MA shows there was a moderate level of prevalence of
schistosomiasis in PSAC. The prevalence of intestinal schistosomiasis (27.4%) was higher
compare to urogenital schistosomiasis (18%). And the disease is still a public health problem in
Africa. It can be concluded that the prevalence rate varies with the diagnostic methods employed.
Also in this review we have demonstrated treating PSAC affected by schistosomiasis with anti-
helminthic drug PZQ is effective though lack of appropriate formulation presents a challenge for

this age group.
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10. RECOMMENDATIONS

the prevalence rate of schistosomiasis in PSAC was unpredictably high. Also from the review of
included studies there was no major safety problem and good efficacy of PZQ observed in these
age group indicating to review strategies to consider these age group both in curative and
deworming program. Interventions such as protecting of the exposed community to
open/infected water to decrease schistosomiasis transmission, giving health education to

caregivers on the risk factors of schistosomiasis in PSAC.

There is a need for pediatric formulation with suitable dosing supported by pharmacokinetic and
pharmacogenetic evidence. we recommend including these age groups in MDA deworming

programs till proper formulation is accessible.

Funding: The research was funded by CDT—Africa, College of Health Science, Addis Ababa
University
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METHODS
Protocol and The protocol was registered on PROSPERO with registration
registration 5 number.178102 11
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rationale.
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