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The control and elimination of schistosomiasis have over the last two decades involved

several strategies, with the current strategy by the World Health Organization (WHO)

focusing mainly on treatment with praziquantel during mass drug administration (MDA).

However, the disease context is complex with an interplay of social, economic, political,

and cultural factors that may affect achieving the goals of the Neglected Tropical

Disease (NTD) 2021-2030 Roadmap. There is a need to revisit the current top-down and

reactive approach to schistosomiasis control among sub-Saharan African countries and

advocate for a dynamic and diversified approach. This paper highlights the challenges

of praziquantel-focused policy for schistosomiasis control and new ways to move from

schistosomiasis control to elimination in sub-Saharan Africa. We will also discuss an

alternative and diversified approach that consists of a Systems Thinking Framework

that embraces intersectoral collaboration fully and includes co-creating locally relevant

strategies with affected communities. We propose that achieving the goals for control and

elimination of schistosomiasis requires a bottom-up and pro-active approach involving

multiple stakeholders. Such a pro-active integrated approach will pave the way for

achieving the goals of the NTD 2021-2030 roadmap for schistosomiasis, and ultimately

improve the wellbeing of those living in endemic areas.
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INTRODUCTION

Schistosomiasis is a disease of poverty affecting over 250 million people worldwide (1). It is one
of the most common waterborne parasitic diseases in the world (2). There are six known species
that cause schistosomiasis in humans: Schistosoma (S) haematobium, S. mansoni, S. japonicum, S.
mekongi, S. intercalatum, and S. guineensis. Of these six species, S. haematobium and S. mansoni
are the most commonly found species in endemic-areas, with S. haematobium causing urogenital
schistosomiasis and S. mansoni causing intestinal schistosomiasis (3). S. haematobium has also been
implicated in susceptibility to human immunodeficiency virus (HIV) (4), human papillomavirus
(HPV) infections (5) and infertility (6).
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Schistosomiasis is found mostly in low-income countries
with the largest burden of disease in sub-Saharan Africa (1).
Sub-Saharan Africa accounts for ∼93% of the world’s ∼207
million schistosomiasis cases, with the highest prevalence found
in Nigeria, Tanzania, Ghana, Mozambique, and the Democratic
Republic of Congo. These 5 countries account for ∼78 million
cases (7, 8). Schistosomiasis commonly affects the poor living in
rural, underprivileged urban or peri-urban settings with limited
access to clean water, inadequate sanitation and hygiene services
(9). It is also more common in fishing and agriculture dominant
communities where direct interactions with water increase the
risk of contracting the disease. Water-related domestic activities
such as washing clothes and fetching water, as well as recreational
water activities also increase the risk of infection for women and
children (10).

Schistosomiasis does not only affect the health of infected
persons by causing systematic and organ-specific inflammation,
it also has social and economic implications for communities
(7, 11). The disease is known to cause anemia, growth stunting
and reduced productivity; and accounts for between 1.6 and 4.2
million disability-adjusted life years (DALYs) lost annually in
sub-Saharan Africa (8, 12). Currently, the mainstay of treatment
is with the use of praziquantel which is effective for the treatment
of all species of schistosomiasis (7).

The World Health Organization (WHO) has developed
several roadmaps for Neglected Tropical Diseases (NTDs), and
many sub-Saharan African countries have made significant
progress by rolling out national action plans and programmes
targeting schistosomiasis control and elimination (13). Despite
these efforts, schistosomiasis remains a huge problem in sub-
Saharan Africa with an unmet need for treatment (14).

CHALLENGES WITH THE CURRENT

STRATEGY FOR CONTROL AND

ELIMINATION OF SCHISTOSOMIASIS

Attempts made toward schistosomiasis control and elimination
have involved several strategies ranging from disease treatment
to managing complications and controlling disease transmission
(2, 13, 15, 16). Schistosomiasis is currently tackled with a
combination of preventive chemotherapy dispersed through
mass drug administrations (MDAs), and water, sanitation, and
hygiene (WASH) programs (13, 15). However, it appears that
the core focus of the WHO plan for schistosomiasis control
and elimination is on preventive chemotherapy, particularly
MDAs in sub-Saharan Africa. Based on this stance, progress
has been made on large scale treatments and partnerships
with donor foundations, other international organizations and
Merck, the producer of praziquantel (10, 13). Praziquantel is
the drug of choice for the treatment of schistosomiasis as it has
been considered cost-effective, relatively safe, inexpensive, and
effective; with donor organizations willing to provide the drug
at no cost (15). Despite these attributes, schistosomiasis is still
highly endemic in several countries (13, 14).

This strategy of using praziquantel as the key bullet for
schistosomiasis control and elimination in practice is reactive

instead of proactive and is an unavoidable consequence of a
one-size-fits-all approach. This reactive approach is limiting for
several reasons.

First, despite efforts at making praziquantel available to
those at-need and Merck KGaA’s commitment to praziquantel
donations, targets for MDA coverage have still not reached all
people at risk who require treatment (14). This may indicate
an under-representation or undercounting of cases based on
low-level awareness (11, 17, 18), migratory patterns in which
the disease is introduced to new or previously eliminated areas
(19, 20), and an assumption of homogeneity of the disease
transmission context across different regions and countries.
For example, some countries such as Nigeria have prioritized
praziquantel for school-aged children leaving adults and pre-
school children uncovered during MDA (18). Therefore, in this
context, it implies that schistosomiasis cannot be effectively
eliminated in communities where MDA treatment is on-going.

Second, although there is a commitment to the donation of
praziquantel, there is a high chance of recrudescence of disease
to pre-MDA levels once donations reduce or cease, or even
during MDA programmes (21, 22). Third, praziquantel itself
has not demonstrated 100% curative ability in both single-dose
and multidose regimens in various settings (23–25) implying
that relying only on praziquantel treatment use during MDA
is not an effective strategy for control and elimination of
this disease. Fourth, given the neglected nature of the disease
in most healthcare systems in sub-Saharan Africa, there is
currently inadequate funding for the disease from the national
governments which is likely to persist or worsen in the future
once the current external funding and support reduce. There is
also a potential for donor fatigue as current gains in treatment
can be reversed when donation stops, because countries do not
have sustainable strategies to own and incorporate programmes
within their current healthcare systems (26). Lastly, the disease
context is complex with an interplay of social, economic, political,
and cultural factors (20, 27) that may affect achieving the goals of
the NTD 2021-2030 Roadmap (28). In light of these challenges,
there is a need to revisit the current top-down approach to
schistosomiasis control among sub-Saharan African countries
irrespective of the level of endemicity.

There have been several resolutions over time by the WHO
geared toward the control and elimination of schistosomiasis
including renewing interest, addressing partnerships, and in
2012, the need to attach importance to both preventative and
control strategies by developing applicable plans with progressive
targets (2). In 2013, the “WHA66.12 resolution” on NTDs
focused on advocating for continuous country ownership of
programmes for NTD prevention, control, elimination, and
eradication (2, 13). The current roadmap for 2021–2030 for
NTDs also reiterates the importance of community-based and
applied research for effective NTD programmes. It highlights
the need to integrate mainstream approaches into national
healthcare systems, coordinate action across sectors (which has
been challenging to operationalize), and close coordination and
multisectoral action across all sectors (beyond health) (16).
However, it is unclear how sub-Saharan African countries
can achieve their targets beyond the desire for easy wins
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through the use of praziquantel as a reactive way to achieve
their aims. Clearly, attaining schistosomiasis control requires
a dynamic approach that incorporates more proactive and
holistic strategies beyond the current top-down approach
to one that incorporates the socio-cultural, epidemiological,
economic and geographical dynamics within each country
to create a mix-set of feasible strategies for schistosomiasis
control. The uptake and domestication of these strategies will
require an in-depth look into the dynamics of each region
and country.

DISCUSSION AND RECOMMENDATIONS

Achieving sustainable schistosomiasis control and elimination
requires an innovative design that incorporates a wide range
of factors and information influencing disease transmission
and intervention successes, which are interdependent and
interrelated, and which will benefit from a whole system context
(29, 30). Therefore, we propose a proactive and dynamic
approach with three broad strategies.

First, is the need to use a Systems Thinking Framework
with a particular focus on medical products and technology,
information and research, healthcare financing, and service
delivery. This is hinged on the premise that the control and
elimination of schistosomiasis, like all other NTDs, is affected
by a multitude of social, cultural, economic, geographical and
ecologic factors (28) which are interdependent, and for which
the current use of praziquantel alone cannot solve. These
interdependencies are best understood and addressed by looking
at the system as a whole with a particular lens on weak points
within the system (21, 26, 29).

Although the NTD 2021-2030 roadmap stresses the need for
well-structured operational and implementation investigations,
including community-based and applied research as the main
fulcrum (16), it is still unclear how sub-Saharan countries can
achieve this goal. As such, sub-Saharan countries need to identify
key areas, wherein available resources can sustainably reduce
schistosomiasis burden and also indirectly contribute to an
improved healthcare system in the long-term. Improving access
to medical products and technology includes drug procurement
and supply chain for praziquantel by making it readily available
for easy procurement and treatment of schistosomiasis in
partnership with donors and the private sector, as well as
investing in affordable, easy to use diagnostic tools which
can reduce delays in accessing treatment. A number of these
diagnostic tools, such as mobile phone-based technologies and
rapid diagnostic tests, are either currently available or undergoing
development (31–35).

There is also a need to manage information and promote
research into drivers of regional and local hotspots of
schistosomiasis (21, 22, 28). Service delivery has been one of
the problems of schistosomiasis control in several sub-Saharan
African countries with praziquantel mainly available during
MDAs and the difficulty of identifying non-acute cases of urinary
schistosomiasis (18). As such, we propose seeing schistosomiasis
in the same light as malaria and adding regular screening at the

primary care level for regions with a high prevalence to help
capture those who are not covered by the MDA programmes.
It is also important to capture NTDs diagnostics and treatment
into current healthcare financing plans. Communities with a
high incidence may benefit from specialized health insurance
plans that can absorb the cost of treatment. Alternatively,
it can be made mandatory through policies for coverage of
NTDs by health management organizations to reduce out of
pocket costs by persons with the disease. All these will require
viable research with generated data used in designing effective
communication interventions.

Second, strategies for schistosomiasis control and elimination
should be multisectoral as the disease is not only a healthcare
system problem but affects other areas of people’s lives as
well, such as livelihoods, recreation, and cultural practices.
The physical environment is one of the key determinants
of schistosomiasis infection and addressing issues related to
this requires an in-depth look into sectors that relate directly
to the physical environment, including socio-economic and
cultural aspects (36). In this context, beyond the health ministry
departments such as vector control, epidemiology, health
education, medicine, nursing and pharmacology departments;
other sectors/ministries/departments such as planning, statistics,
community development, water resources, animal health,
education, agriculture, environmental management, and finance
are critical and should work together as a team. Important
elements to consider for involvement include how these sectors
are affected or contribute to schistosomiasis, and how strategies
can be drawn up synergistically to minimize infection and re-
infection and help with control. Moreover, themultisectoral team
equally needs to fashion out innovative activities. For example,
the promotion of fish farming and raising of shrimps that are
known to eat the cercariae of schistosomes in highly endemic
areas can help reduce infection rates (37) and contribute to the
local economy. The introduction of shrimps that feed on the
Schistosoma cercariae may be more useful in riverine/swampy
communities, and molluscicides in inland communities and
localities that do not depend on rivers for economic activities.
Introducing and promoting the planting and use of natural
molluscicidal agents such as soapberry Endod (Phytolacca
dodecandra), which is also toxic to miracidia and cercariae and
doubles as a natural detergent for washing clothes (38, 39)
is illustrative.

Furthermore, since schistosomiasis is more common along
communities situated around dams (40), a percentage of
profits made from dam-derived services should be allocated
for the implementation of schistosomiasis control activities.
Although schistosomiasis is common in more rural areas;
rural-urban migration patterns, urban planning challenges and
overcrowding, and problems of rampant open defecation due
to poor sanitary facilities in sub-Saharan Africa have increased
the risk of schistosomiasis in urban communities implying poor
urban planning. The planning departments can also collaborate
with communities and community-based organizations to push
for clean water and improved hygiene and sanitary services.
Clean water provision, sanitation and hygiene (WASH) is
critical to schistosomiasis control and elimination by preventing
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contaminated feces and urine from reaching open water sources
such as rivers.

Third, there is a need to co-create locally relevant strategies
with affected communities and regions since the burden of
schistosomiasis is not equally distributed across most sub-
Saharan African countries and even within countries (7, 17, 41).
Therefore, affected regions and communities should be seen
as collaborators in dealing with schistosomiasis control and
elimination. For most control programmes, the government
attempts MDA as a broad strategy without looking in-depth
at the peculiarities of these communities and their challenges
which can be drivers of schistosomiasis infection and burden
(26, 28, 29). Thus, the current one-size-fits-all intervention using
a top-down approach may be a contributor to the limited
success of schistosomiasis control and elimination in sub-
Saharan Africa. This is due to the complex interplay of factors
and heterogeneity between individuals and their settings (28, 42,
43) making it difficult to understand drivers of schistosomiasis
within high-risk communities and inability to create potentially
useful and scalable solutions within these contexts. Consequently,
identifying contextual problems related to schistosomiasis and
developing localized solutions can go a long way in achieving
schistosomiasis control and elimination solutions. In this
context, the control and elimination of schistosomiasis should
not just be done for the people, but with the people as the NTD
2021-2030 Roadmap has clearly highlighted ownership as being
critical for schistosomiasis control and elimination. Ownership
should not only be seen at the government level through policies,
but there is also the need for communities to own these strategies
by viewing the people in these communities as collaborators in
the fight against schistosomiasis and co-creating strategies with
them (44). Co-creation takes into consideration the heterogeneity
(45) within countries that are based on social, behavioral, and
economic factors related to infection in the at-risk population.
Schistosomiasis control and elimination requires a participatory
approach involving both the at-risk population and the local
governance structure charting a path together for the control
and elimination for communities and regions (44). For example,
communities can use locally available materials and techniques
such as composting toilets for improved sanitation, thus reducing
open defecation and consequently reducing schistosomiasis
infection. Sincematerials can be locally sourced and are culturally
acceptable, they are more likely to be easily maintained and thus
contribute to local sustainability. This can also drive a sense
of ownership by communities to push for the elimination of
schistosomiasis within their localities.

Co-creation has also been documented to be effective in
reducing NTDs (44). The development and use of locally relevant
technologies and knowledge are critical to schistosomiasis
control and elimination within communities and endemic
regions. Put together, the strategies from all regions then
become the input to develop broad and comprehensive national
policies which are locally relevant for communities. Using this
proactive approach will increase the likelihood of sustainable
schistosomiasis control and elimination.

CONCLUSION

We propose that achieving the goals for control and elimination
of schistosomiasis requires a proactive approach involving a
range of stakeholders and a mixed-set of pluriform strategies
that consider heterogeneity at the national and regional levels, as
well as local transmission factors. These strategies should focus
on locally relevant and acceptable ways to increase awareness,
reduce transmission and infection, and equitable ways of treating
the disease.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included
in the article/supplementary material, further inquiries can be
directed to the corresponding author/s.

AUTHOR CONTRIBUTIONS

AO determined the overall structure of the paper with inputs
fromMB,OO, JD, and JV. All authors reviewed the interpretation
and recommendations for critical content and read and approved
the final manuscript.

FUNDING

AO and MB are being funded by NWO-WOTRO Science for
Global Development program, Grant Number W 07.30318.009
(INSPiRED - INclusive diagnoStics for Poverty REIated parasitic
Diseases in Nigeria and Gabon).

ACKNOWLEDGMENTS

We thank Delft Global Initiative and our collaborators within the
INSPiRED project who provided valuable support.

REFERENCES

1. Steinmann P, Keiser J, Bos R, Tanner M, Utzinger J. Schistosomiasis

and water resources development: systematic review, meta-analysis,

and estimates of people at risk. Lancet Infect Dis. (2006) 6:411–25.

doi: 10.1016/S1473-3099(06)70521-7

2. World Health Organization. World Health Assembly Resolution WHA 66.12

Neglected Tropical Diseases. Geneva: World Health Organization (2013).

Report No.: WHA 66.12.

3. Colley DG, Bustinduy AL, Secor WE, King CH. Human schistosomiasis.

Lancet Lond Engl. (2014) 383:2253–64. doi: 10.1016/S0140-6736(13)61949-2

4. Wall KM, Kilembe W, Vwalika B, Dinh C, Livingston P, Lee Y-M,

et al. Schistosomiasis is associated with incident HIV transmission

and death in Zambia. PLoS Negl Trop Dis. (2018) 12:e0006902.

doi: 10.1371/journal.pntd.0006902

5. Kjetland EF, Ndhlovu PD, Mduluza T, Deschoolmeester V, Midzi N,

Gomo E, et al. The effects of genital schistosoma haematobium on

human papillomavirus and the development of cervical neoplasia after

Frontiers in Public Health | www.frontiersin.org 4 February 2021 | Volume 9 | Article 622809

https://doi.org/10.1016/S1473-3099(06)70521-7
https://doi.org/10.1016/S0140-6736(13)61949-2
https://doi.org/10.1371/journal.pntd.0006902
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Onasanya et al. Schistosomiasis Control in Sub-Saharan Africa

five years in a Zimbabwean population. Eur J Gynaecol Oncol. (2010)

31:169–73.

6. Woodall PA, Kramer MR. Schistosomiasis and infertility in East Africa. Am J

Trop Med Hyg. (2018) 98:1137–44. doi: 10.4269/ajtmh.17-0280

7. Adenowo AF, Oyinloye BE, Ogunyinka BI, Kappo AP. Impact of human

schistosomiasis in sub-Saharan Africa. Braz J Infect Dis. (2015) 19:196–205.

doi: 10.1016/j.bjid.2014.11.004

8. Hotez PJ, Kamath A. Neglected tropical diseases in Sub-Saharan Africa: review

of their prevalence, distribution, and disease burden. PLoS Negl Trop Dis.

(2009) 3:e412. doi: 10.1371/journal.pntd.0000412

9. Hotez PJ, Fenwick A, Savioli L, Molyneux DH. Rescuing the bottom billion

through control of neglected tropical diseases. Lancet. (2009) 373:1570–5.

doi: 10.1016/S0140-6736(09)60233-6

10. World Health Organization. Schistosomiasis Fact Sheet. World Health

Organization (2020). Available online at: https://www.who.int/news-room/

fact-sheets/detail/schistosomiasis (accessed October 5, 2020).

11. King CH. Parasites and poverty: the case of schistosomiasis. Acta Trop. (2010)

113:95–104. doi: 10.1016/j.actatropica.2009.11.012

12. Umeh JC, Amali O, Umeh EU. The socio-economic effects of tropical diseases

in Nigeria. Econ Hum Biol. (2004) 2:245–63. doi: 10.1016/j.ehb.2004.04.001

13. Tchuem Tchuenté L-A, Rollinson D, Stothard JR, Molyneux D. Moving

from control to elimination of schistosomiasis in sub-Saharan Africa:

time to change and adapt strategies. Infect Dis Poverty. (2017) 6:42.

doi: 10.1186/s40249-017-0256-8

14. World Health Organization. Schistosomiasis: number of people treated

worldwide in 2018. Wkly Epidemiol RecWER. (2019) 94:601–12. Available

online at: https://www.who.int/wer/2019/wer9450/en/

15. World Health Organization. A Roadmap for Implementation: Accelerating

Work to Overcome the Global Impact of Neglected Tropical Diseases. Geneva:

World Health Organization (2012).

16. World Health Organization. Ending the Neglect to Attain the Sustainable

Development Goals – A Road Map for Neglected Tropical Diseases 2021–2030.

Geneva: World Health Organization (2020).

17. Ezeh CO, Onyekwelu KC, Akinwale OP, Shan L, Wei H. Urinary

schistosomiasis in Nigeria: a 50 year review of prevalence, distribution and

disease burden. Parasite. (2019) 26:19. doi: 10.1051/parasite/2019020

18. Van G-Y, Onasanya A, van Engelen J, Oladepo O, Diehl JC. Improving

access to diagnostics for schistosomiasis case management in Oyo

State, Nigeria: barriers and opportunities. Diagnostics. (2020) 10:328.

doi: 10.3390/diagnostics10050328

19. Marchese V, Beltrame A, Angheben A, Monteiro GB, Giorli G, Perandin

F, et al. Schistosomiasis in immigrants, refugees and travellers in an

Italian referral centre for tropical diseases. Infect Dis Poverty. (2018) 7:55.

doi: 10.1186/s40249-018-0440-5

20. Parker M, Allen T. Does mass drug administration for the integrated

treatment of neglected tropical diseases really work? Assessing evidence for

the control of schistosomiasis and soil-transmitted helminths in Uganda.

Health Res Policy Syst. (2011) 9:3. doi: 10.1186/1478-4505-9-3

21. Kittur N, Binder S, Campbell CH, King CH, Kinung’hi S, Olsen A, et al.

Defining persistent hotspots: areas that fail to decrease meaningfully in

prevalence after multiple years of mass drug administration with praziquantel

for control of schistosomiasis. Am J Trop Med Hyg. (2017) 97:1810–7.

doi: 10.4269/ajtmh.17-0368

22. Wiegand RE, Mwinzi PNM, Montgomery SP, Chan YL, Andiego K, Omedo

M, et al. A persistent hotspot of schistosoma mansoni infection in a five-year

randomized trial of praziquantel preventative chemotherapy strategies. J Infect

Dis. (2017) 216:1425–33. doi: 10.1093/infdis/jix496

23. El Ridi RAF, Tallima HA-M. Novel therapeutic and prevention

approaches for schistosomiasis: review. J Adv Res. (2013) 4:467–78.

doi: 10.1016/j.jare.2012.05.002

24. Hoekstra PT, Casacuberta Partal M, Amoah AS, van Lieshout L, Corstjens

PLAM, Tsonaka S, et al. Repeated doses of praziquantel in schistosomiasis

treatment (RePST) – single versus multiple praziquantel treatments

in school-aged children in Côte d’Ivoire: a study protocol for an

open-label, randomised controlled trial. BMC Infect Dis. (2018) 18:662.

doi: 10.1186/s12879-018-3554-2

25. Munisi DZ, Buza J, Mpolya EA, Angelo T, Kinung’hi SM. The efficacy

of single-dose versus double-dose praziquantel treatments on schistosoma

mansoni infections: its implication on undernutrition and anaemia among

primary schoolchildren in two on-shore communities, Northwestern

Tanzania. BioMed Res Int. (2017) 2017:7035025. doi: 10.1155/2017/7035025

26. Glenn J, Kamara K, Umar ZA, Chahine T, Daulaire N, Bossert T. Applied

systems thinking: a viable approach to identify leverage points for accelerating

progress towards ending neglected tropical diseases. Health Res Policy Syst.

(2020) 18:56. doi: 10.1186/s12961-020-00570-4

27. Parker M, Polman K, Allen T. Neglected tropical diseases in biosocial

perspective. J Biosoc Sci. (2016) 48:S1–15. doi: 10.1017/S0021932016000274

28. Mwanga JR, Kinung’hi SM, Mosha J, Angelo T, Maganga J, Campbell

C. Village response to mass drug administration for schistosomiasis in

Mwanza region, Northwestern Tanzania: are we missing socioeconomic,

cultural, and political dimensions? Am J Trop Med Hyg. (2020) 103:1969–77.

doi: 10.4269/ajtmh.19-0843

29. Krauth SJ, Balen J, Gobert GN, Lamberton PHL. A call for

systems epidemiology to tackle the complexity of schistosomiasis,

its control, and its elimination. Trop Med Infect Dis. (2019) 4:21.

doi: 10.3390/tropicalmed4010021

30. Sturmberg JP. The Value of Systems and Complexity Sciences for Healthcare.

Springer International Publishing (2016). Available online at: https://www.

springer.com/gp/book/9783319262192 (accessed September 30, 2020).

31. Agbana T, Oladepo O, Vdovin G, Oyibo W, Van G-Y, Diehl JC. Schistoscope:

towards a locally producible smart diagnostic device for schistosomiasis in

Nigeria. In: 2019 IEEE Global Humanitarian Technology Conference (GHTC).

Seattle, WA: IEEE (2019). p. 1–8. doi: 10.1109/GHTC46095.2019.9033049

32. van Grootveld R, van Dam GJ, de Dood C, de Vries JJC, Visser LG, Corstjens

PLAM, et al. Improved diagnosis of active Schistosoma infection in travellers

and migrants using the ultra-sensitive in-house lateral flow test for detection

of circulating anodic antigen (CAA) in serum. Eur J Clin Microbiol Infect Dis.

(2018) 37:1709–16. doi: 10.1007/s10096-018-3303-x

33. Agbana T, Nijman P, Hoeber M, Grootheest D van, Diepen A van, Lieshout

L van, et al. Detection of Schistosoma haematobium using lensless imaging

and flow cytometry, a proof of principle study. In: Coté GL, editor.

Optical Diagnostics and Sensing XX: Toward Point-of-Care Diagnostics.

Bellingham, WA: SPIE (2020).

34. Diehl JC, Oyibo P, Agbana T, Jujjavarapu S, Van G-Y, Oyibo W. Schistoscope:

smartphone versus raspberry Pi based low cost diagnostic device for urinary

schistosomiasis. In: 10th IEEE Global Humanitarian Technology Conference

(GHTC). Seattle, WA: IEEE (2020). p. 1–8.

35. Grootheest D van, Agbana T, Diehl J-C, Diepen A van, Bezzubik V, Vdovin

G. Large volume holographic imaging for biological sample analysis. J Biomed

Opt. (2021) 26:016502. doi: 10.1117/1.JBO.26.1.016502

36. Karunamoorthi K, Almalki M, Ghailan K. Schistosomiasis: a neglected

tropical disease of poverty: a call for intersectoral mitigation strategies for

better health. J Health Res Rev. (2018) 5:1–12. doi: 10.4103/jhrr.jhrr_92_17

37. Sokolow SH, Huttinger E, Jouanard N, Hsieh MH, Lafferty KD, Kuris AM,

et al. Reduced transmission of human schistosomiasis after restoration of a

native river prawn that preys on the snail intermediate host. Proc Natl Acad

Sci USA. (2015) 112:9650–5. doi: 10.1073/pnas.1502651112

38. Erko B, Abebe F, Berhe N, Medhin G, Gebre-Michael T, Gemetchu

T, et al. Control of Schistosoma mansoni by the soapberry Endod

(Phytolacca dodecandra) in Wollo, northeastern Ethiopia: post-intervention

prevalence. East Afr Med J. (2002) 79:198–201. doi: 10.4314/eamj.v79i

4.8878

39. Grimes JE, Croll D, Harrison WE, Utzinger J, Freeman MC, Templeton MR.

The roles of water, sanitation and hygiene in reducing schistosomiasis: a

review. Parasit Vectors. (2015) 8:156. doi: 10.1186/s13071-015-0766-9

40. Sokolow SH, Jones IJ, Jocque M, La D, Cords O, Knight A, et al. Nearly 400

million people are at higher risk of schistosomiasis because dams block the

migration of snail-eating river prawns. Philos Trans R Soc Lond B Biol Sci.

(2017) 372:20160127. doi: 10.1098/rstb.2016.0127

41. Lai Y-S, Biedermann P, Ekpo UF, Garba A, Mathieu E, Midzi N, et al.

Spatial distribution of schistosomiasis and treatment needs in sub-Saharan

Africa: a systematic review and geostatistical analysis. Lancet Infect Dis. (2015)

15:927–40. doi: 10.1016/S1473-3099(15)00066-3

42. Leask CF, Sandlund M, Skelton DA, Altenburg TM, Cardon G,

Chinapaw MJM, et al. Framework, principles and recommendations

for utilising participatory methodologies in the co-creation and

Frontiers in Public Health | www.frontiersin.org 5 February 2021 | Volume 9 | Article 622809

https://doi.org/10.4269/ajtmh.17-0280
https://doi.org/10.1016/j.bjid.2014.11.004
https://doi.org/10.1371/journal.pntd.0000412
https://doi.org/10.1016/S0140-6736(09)60233-6
https://www.who.int/news-room/fact-sheets/detail/schistosomiasis
https://www.who.int/news-room/fact-sheets/detail/schistosomiasis
https://doi.org/10.1016/j.actatropica.2009.11.012
https://doi.org/10.1016/j.ehb.2004.04.001
https://doi.org/10.1186/s40249-017-0256-8
https://www.who.int/wer/2019/wer9450/en/
https://doi.org/10.1051/parasite/2019020
https://doi.org/10.3390/diagnostics10050328
https://doi.org/10.1186/s40249-018-0440-5
https://doi.org/10.1186/1478-4505-9-3
https://doi.org/10.4269/ajtmh.17-0368
https://doi.org/10.1093/infdis/jix496
https://doi.org/10.1016/j.jare.2012.05.002
https://doi.org/10.1186/s12879-018-3554-2
https://doi.org/10.1155/2017/7035025
https://doi.org/10.1186/s12961-020-00570-4
https://doi.org/10.1017/S0021932016000274
https://doi.org/10.4269/ajtmh.19-0843
https://doi.org/10.3390/tropicalmed4010021
https://www.springer.com/gp/book/9783319262192
https://www.springer.com/gp/book/9783319262192
https://doi.org/10.1109/GHTC46095.2019.9033049
https://doi.org/10.1007/s10096-018-3303-x
https://doi.org/10.1117/1.JBO.26.1.016502
https://doi.org/10.4103/jhrr.jhrr_92_17
https://doi.org/10.1073/pnas.1502651112
https://doi.org/10.4314/eamj.v79i4.8878
https://doi.org/10.1186/s13071-015-0766-9
https://doi.org/10.1098/rstb.2016.0127
https://doi.org/10.1016/S1473-3099(15)00066-3
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Onasanya et al. Schistosomiasis Control in Sub-Saharan Africa

evaluation of public health interventions. Res Involv Engagem. (2019)

5:2. doi: 10.1186/s40900-018-0136-9

43. Sacolo H, Chimbari M, Kalinda C. Knowledge, attitudes and practices on

Schistosomiasis in sub-Saharan Africa: a systematic review. BMC Infect Dis.

(2018) 18:46. doi: 10.1186/s12879-017-2923-6

44. Beran D, Lazo-Porras M, Cardenas MK, Chappuis F, Damasceno A, Jha N,

et al. Moving from formative research to co-creation of interventions: insights

from a community health system project in Mozambique, Nepal and Peru.

BMJ Glob Health. (2018) 3:e001183. doi: 10.1136/bmjgh-2018-001183

45. Greenhalgh T, Jackson C, Shaw S, Janamian T. Achieving research impact

through co-creation in community-based health services: literature review

and case study.Milbank Q. (2016) 94:392–429. doi: 10.1111/1468-0009.12197

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Copyright © 2021 Onasanya, Bengtson, Oladepo, Van Engelen and Diehl.

This is an open-access article distributed under the terms of the Creative

Commons Attribution License (CC BY). The use, distribution or reproduction

in other forums is permitted, provided the original author(s) and the

copyright owner(s) are credited and that the original publication in this

journal is cited, in accordance with accepted academic practice. No use,

distribution or reproduction is permitted which does not comply with these

terms.

Frontiers in Public Health | www.frontiersin.org 6 February 2021 | Volume 9 | Article 622809

https://doi.org/10.1186/s40900-018-0136-9
https://doi.org/10.1186/s12879-017-2923-6
https://doi.org/10.1136/bmjgh-2018-001183
https://doi.org/10.1111/1468-0009.12197
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles

	Rethinking the Top-Down Approach to Schistosomiasis Control and Elimination in Sub-Saharan Africa
	Introduction
	Challenges With the Current Strategy for Control and Elimination of Schistosomiasis
	Discussion and Recommendations
	Conclusion
	Data Availability Statement
	Author Contributions
	Funding
	Acknowledgments
	References


