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ABSTRACT

Background: Onchocerciasis is a neglected tropical disease and the second most common
infectious cause of blindness worldwide, after trachoma. The vector which carries this parasite is
a blackfly from the simulium genus, the parasite is transmitted to humans through the bite of an
infected black fly during a blood meal. Alternative control strategies such as local vector control
have been employed to complement the mass administration of ivermectin. There remains no
synthesis of studies that have examined the use of vector control for onchocerciasis in the Sub-

Saharan African (SSA) region.

Objective: To examine the factors associated with vector control in the fight against

onchocerciasis in Sub-Saharan Africa as through synthesis of the literature.

Methods: A systematic search was conducted of the Cochrane Library, PubMed, Web of Science,
and Scopus databases to identify relevant studies. Studies had to be published in peer-reviewed
journals between January 2000 and March 2023. Data were extracted from the studies. Two
independent reviewers conducted quality assessments using the Joanna Briggs Institute (JBI)

critical appraisal checklist.

Results: Our search identified 343 studies of which 19 were included in this review. Several
factors were found to influence blackfly vector control programs. Programmatic factors include
intervention duration and effectiveness, implementation challenges, resource availability, and
larvicide application practices. Vector-related factors include blackfly susceptibility to larvicides,
species variation, and genetic mechanisms of resistance. Environmental factors such as rainfall
patterns, river size, and the presence of dams affect blackfly breeding sites. Human-related factors
encompassed community knowledge and engagement, commitment to sustainability, and human
activities that impacted breeding habitats. Overall, the quality of the included studies was found to

be high as per the quality appraisal tool.

Conclusion: This systematic review emphasizes the importance of considering multiple factors in
the design and implementation of effective blackfly vector control programs for onchocerciasis in

sub-Saharan Africa. Programmatic challenges, vector biology, environmental factors, and human



factors should be considered. Policymakers and public health practitioners should optimize

interventions based on these findings.

Keywords: Onchocerciasis, vector control, Sub-saharan Africa.
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1.0 INTRODUCTION

1.1 Background

The World Health Organization (WHO) uses the term "Neglected tropical diseases (NTDs)” as an
umbrella term for 20 different conditions that are mainly prevalent in tropical areas. There is high
risk of NTD in tropical regions which are close to the center of the globe i.e., the equator. These
areas experience hot weather throughout the year, conditions where vectors can thrive and transmit
diseases optimally (1). Examples of NTD include soil-transmitted helminthiases, Buruli ulcer,
dengue, dracunculiasis (Guinea-worm disease), leishmaniasis, leprosy (Hansen’s disease),
lymphatic filariasis, onchocerciasis (river blindness), human African trypanosomiasis (sleeping

sickness), schistosomiasis, and trachoma (2).

NTDs have great public health significance both in relation to burden and to their link to poverty
related conditions. Ina 2009 review of the burden of NTD in the Sub-Saharan Africa (SSA) Hotez
and Kamath suggest salient issues that persist until today. They not only suggest that the SSA
region accounted for most cases of NTDs, onchocerciasis and schistosomiasis globally, one-third
of soil-transmitted helminthes cases and all cases of human African trypanosomiasis and
dracunculiasis. Further they suggest that NTDs are related to conditions of poverty, a concept that

is further elaborated below (2).

The connection between neglected tropical diseases and poverty was further examined by
Magalhées and colleagues in a Brazilian dataset in 2023. They gave thought to proxies to measure
poverty which might include sanitation, demography, and income. They conceptualized these
proxies to be related to the onset of NTDs in their region and to represent a poverty related

experience. Variables such as lack of piped water, high population density or overcrowding and
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absence of toilets in a household were found to be related to the onset of NTDs as were eroding
vegetation cover (3). In addition, the public health significance is exemplified by NTDs link to
high morbidity but are not usually related to high mortality. Thus, their burden is measured in
terms of healthy life lost due to some form of disability or even premature death (i.e., DALY).

DALY is estimated to be approximately 20 million to 57 million DALYSs lost annually (4).

NTDs are referred to as ‘neglected’ because they are overlooked by research and are not prioritized
in the global health agenda. Over the years very little resources have been allocated towards
tackling these diseases since they affect a population with little political voice and representation
(5,6). However, NTDs did receive significant recognition in 2015 when they were incorporated
into the third sustainable development goal. Prioritizing the fight against NTDs will then generally
contribute to achieving the SDG goal 3, which is good health and wellbeing (7). In recognition of
the experience of poverty described above and how this influences NTD, the WHO recently
created a new and updated road map for 2021-2030 to control and eradicate NTDs. With “a target
of 90% reduction in people requiring a preventive chemotherapy, and a 75% reduction in DALY
lost due to NTDs and empower at least 100 countries to eliminate at least one NTD” (8). This road
map will encourage multi-sectoral collaboration, country ownership and universal health coverage
to follow an integrated cross-cutting approach towards controlling NTDs. The aim is to promote a
smooth and coordinated scale-up of key interventions through approach like individual case
management, preventive chemotherapy (PC), water, sanitation, and hygiene as well as vector

control (8).

The NTD of focus in this research report is onchocerciasis, a serious concern for public health
practitioners. Following trachoma, it is the second most prevalent infectious factor leading to

blindness globally (9,10). It is a multi-system disease mainly affecting the skin and eyes. It is



caused by a parasite called Onchocerca volvulus (O. volvulus). The vector which carries this
parasite is a blackfly from the simulium genus, the parasite is transmitted to humans through the
bite of an infected black fly during a blood meal. The parasite undergoes a two-stage life cycle as

illustrated in the figure below.

Onchocerca volvulus

Blackfly Stages Human Stages
o&lachﬂy (genus Simeliuwm) .
takes a blood meal
L3 kanvaed @rtar Dl wouind)

@ Migrate 1o head W’ - .

Subcutaneous tissuwes.

and blackfly's proboscas

7 Fpyee
L1 larvae
aﬂalah‘:m t:;::: o Adults produce unsheathed
microfilariae that typically are
lingpasts Mﬂ_lam:' found in skin and in ymphatics
e of connective tissues, but also
Microfilariae pentrate .
Ozt /i Y s
and migrate ko u i § il blood, wine, and sputum
thoracic muscles i
A  { —
= Infective Stage

ﬁ= Dragnosts Stage

Figure 1 The Life Cycle of Onchocerca volvulus

(Mustration by: Center for Diseases Control and Prevention, CDC (11))

In the human stage, an infected blackfly, belonging to the Simulium genus, introduces third stage
microfilaria larvae onto the skin of a human host during a blood meal. Within subcutaneous tissues,
these larvae mature into adult filariae, which can reside in nodules for up to 15 years. Some nodules
may contain a mixture of male and female worms, and while they are occasionally found in

peripheral blood, urine, and sputum, their typical locations are in the skin and lymphatics of



connective tissues. The blackfly stage commences when a blackfly ingests the microfilariae during
a blood meal. Following ingestion, the microfilariae move from the blackfly’'s midgut, through the
hemocoel, to the thoracic muscles, where they transform into first-stage larvae and eventually into
third-stage infective larvae. These third-stage infective larvae then migrate to the blackfly's
proboscis, where they can infect another human during the fly's subsequent blood meal. The black
fly is elaborated below as control strategies described in the literature review target different stages

of the black fly cycle (11).

1.2.1 Description of the Blackfly Vectors and Life cycle

Blackflies is an insect, belonging to the Simuliidae family, are widely distributed across the globe,
comprising more than 2,000 species in 25 genera (12,13). However, out of these 25 genera, only
three, namely Simulium, ProSimulium, and AustroSimulium, are known to bite humans. Among
these, Simulium is the most medically significant genus due to its association with several disease
vectors like avian malaria, loiasis and masonelliasis (12,14). In Africa, the transmission of
onchocerciasis is likely to be facilitated by the Simulium neavei group and the Simulium damnosum
complex. On the other hand, in Central and South America, the Simulium exiguum, Simulium
metallicum, and Simulium ochraceum complexes play a role in transmitting the parasitic nematode

Onchocerca volvulus (12-14).

The lifecycle of Simulium damnosum blackflies starts when they deposit their eggs on vegetation
that hangs over fast-flowing, well-oxygenated water (13). In contrast, Simulium. neavei blackflies
lay their eggs on amphibious Potamonautes crabs (12,15). The eggs are laid in batches, typically
containing around 100 to 900 eggs, and are attached to the substrate by mucus secretions, which
quickly moisten and cement the eggs (12,16). After approximately 1 to 2 days, the blackfly eggs

hatch, giving rise to larvae that remain attached to the substrate (12,13,15). The larvae obtain their
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nutrition through filter-feeding. The breeding of these blackflies is limited to habitats with fast-
flowing, well-oxygenated watercourses, as the larvae require oxygen and rely on filter-feeding for

sustenance (16).

A pictorial diagram presenting the lifecycle of blackfly described above is show in Figure 2 below.
During the spring or summer, the pupal stage of insects occurs, usually in the same location where
the last larval stage took place. However, in some cases, pupae may drift downstream with the
current. After spending time as pupae, adults emerge within a period of 4 to 7 days and have a

lifespan of a few weeks. Most species of insects are active from mid-May to July (17).

(0.20-0.560 mm long)

Laid in a mass of 200-500 eggs.
Laid in or on with flowing water
Direct hatching occurs in 4-30 days

Eggs of some species may diapause

Adult
(5-15 mm long)
Males and females emerge in late spring-early summer
Males and females feed on nectar and mate; males die

Females feed on blood and develop an egg mass General Life CycIe

of Black Flies
(see text for details)

Larvae
(Last stage is 5-15 mm long)
Pupa Develop in flowing water
(5-15 mm long) 4-9 larval stages, usually 7
Pupal stage completed in 4-7 days Larval period 1 month to 6 months

'\___—

Figure 2 General life cycle of black flies.



(Mlustration by: Scott Charlesworth, Purdue University, based in part on Peterson, B.V., IN:
Manual of Nearctic Diptera, Vol.1)

Onchocerciasis is referred to as river blindness as the black fly vector thrives and breeds in fast
flowing or turbulent rivers. Therefore, those who work near rivers are at high risk of the disease

as suggested by previous studies in Guatemala (18,19).

Symptoms of the disease range from severe itching, disfiguration of the skin to some form of eye
impairments and finally to permanent or irreversible blindness (20). While onchocerciasis is
endemic in South America and the Yemen, in Africa more than 120 million are said to be at risk
of onchocerciasis, and around 26 million are infected so far (21). Among these infected persons
about 4 million of them have skin related onchodermatitis and more than 265,000 of these infected
people are blind (5,22). Another comorbidity associated with onchocerciasis is epilepsy. Fodjo
and colleagues explored the relationship between epilepsy and onchocerciasis in a meta-analysis.
They pooled data from West African based cross-sectional studies suggesting that high burden of

onchocerciasis and short control procedures were associated with epilepsy (23).

Furthermore, onchocerciasis has psychological consequences and has been found to cause serious
disabilities, stigmatization, social exclusion, and discrimination (8,24). Qualitative focus group
discussions by Okoye and Onwuliri in the Northeastern parts of Nigeria found that participants

with onchocerciasis feared social isolation linked to their illness (25).

The literature review below elaborates on various focal points for onchocerciasis and its control

and why there is a need for a systematic review focusing on this disease.



1.2 Literature Review

1.2.1 Epidemiology of Onchocerciasis in Sub-Saharan Africa.

As far back as 1987, a prevalence study was conducted in Kwara State, Nigeria to estimate the
prevalence of onchocerciasis. This household survey suggested that Kwara was experiencing a
moderate burden of onchocerciasis. Prevalence (estimated at 54.6%) was found to be higher in
adults than in children and in males compared to females. Farmers were considered a high-risk
occupational group given proximity to black fly breeding sites. Symptoms in this sample included
blindness and elephantiasis which suggested that the condition had been endemic for some time.

Some recent epidemiological studies were published between 2020 and 2022 (26).

According to the WHO in 2022, a disproportionate amount (i.e., 99%) of people infected with
onchocerciasis live in 31 African countries mainly in the SSA region. These include Nigeria,
Ethiopia, Cameroon, Malawi Cote d’Ivoire, Democratic Republic of the Congo, Ethiopia, Malawi,
Mali, Tanzania (27). This disproportionate burden was confirmed by a geospatial analysis by

Schmidt and colleagues (28). Figure 2 below presents the global burden of onchocerciasis.
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Figure 3 Map of the burden of onchocerciasis.

(Source : Elhassan E, Zhang Y, Richards F et al.) (29)

1.2.2 Onchocerciasis Control and Elimination

The World Health Organization (WHO) defines the elimination of a specific pathogen or disease
as the complete reduction of new infections caused by that particular pathogen in a clearly defined
geographic region, accompanied by a minimal risk of reinfection. Onchocerciasis control is
defined in line with a public health control paradigm for all NTDs i.e., the reduction in the burden,

incidence, severity of disease, morbidity and/or mortality of disease (17).

Several studies have reported on vector control, nodule removal and mass drug administration with

ivermectin as intervention strategies for onchocerciasis since the start of the onchocerciasis
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Control Program (OCP) in 1974. The Onchocerciasis Control Program was a large-scale public
health initiative established to combat onchocerciasis, which was implemented in 11 countries in
west Africa within the Sahel region (31). These strategies are currently employed by WHO AFRO
states and many studies examining their efficacy have been conducted in the SSA region (32-34).
Uganda was one of the pioneering nations to act against onchocerciasis transmission by using
chemicals to control the Simulium species, which is the vector for the disease. Effective control
campaigns were carried out to target both Simulium neavei s.s. and Simulium damnosum sensu lato
in the Victoria Nile and Budongo areas. These efforts proved to be remarkably successful, leading
to a reduction in the problem of insect bites and allowing for increased utilization of land in these

regions of the country (35).

Vector control is an umbrella term for several interventions including aerial larviciding where
helicopters are used to spray breeding sites with a chemical substance called temephos or ground
larviciding that involves the application of larvicides/chemical substance directly to non-extensive
larval habitats on the ground. There were no effective and safe anti-parasitic agents for human use
at the time (36). Larvicides were used on the breeding sites (i.e., fast flowing rivers) for a period
of 14 years. Furthermore, Benjamin Jacob and colleagues employed a community-based vector
control method known as "Slash and Clear" to reduce Simulium sirbanum transmission in Maridi,
South Sudan, where community members were mobilised to cut down trailing vegetations along
fast flowing rivers which usually serves as ideal habitats/attachment sites for black flies (34).
Boatin and colleagues reported that people who were already infected with the disease could not
benefit from this intervention because the intervention could only prevent the spread of the disease

but not useful to treat infected persons (37).



However, when the African Programme for Onchocerciasis Control (APOC) began its operation
in 1995, ivermectin was introduced in 16 countries. Infact the aim of the APOC was to provide a
sustainable ivermectin programme for onchocerciasis (38). When ivermectin was combined with
larviciding, there was direct positive impact on already infected persons as well as reduced

transmission rate of the disease (39)(40)(41-44)(45).

In areas of high vector densities, mathematical models predicted by Wilma and colleagues suggests
that ivermectin being used alone is insufficient to completely interrupt transmission and control
the spread of the disease (46). In addition, recent data from field studies conducted by Moses et al
in Cameroon and Uganda showed that ivermectin MDA has been ineffective in eliminating or
halting the transmission of onchocerciasis after 15 (in Cameroon) and 18 years (in Uganda)

(47,48).

The co-endemicity of Loa loa with onchocerca volvulus in most part of Africa also poses a
significant challenge to mass drug administration of ivermectin. Loiasis is another disease caused
by the Simulium by transmitting the Loa loa parasite. According to a study conducted by Twum-
Danso et al, there are incidence of severe adverse effects resulting from use of ivermectin in people
with high parasitemia levels of Loa loa (49). Another study reported that effective control of
onchocerciasis has been achieved using larvicides on the breeding sites and supplemented by mass
drug administration of ivermectin. This has brought about notable socioeconomic improvement
including agricultural productivity and practices due to back-migration/relocation of people back

to fertile and fallow areas free of the vectors and the disease (36).
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1.2.4 Approaches in Controlling Vectors of Onchocerciasis

According to a study, when the Onchocerciasis Control Program (OCP) started in 1974 the use of
insecticides on breeding sites was the choice of action in the control of the disease. This was either
through aerial or ground larviciding using insecticides (36). Wu and colleagues stated in a study
analyzing the predicted prevalence of onchocerciasis infections (i.e., a prediction using a host-
parasite model) versus the observed prevalence of the disease after 14 years of vector control. The
results suggested that the prevalence of onchocerciasis infections declined to almost zero in all
villages where the Onchocerciasis Control Program vector control programs were being

implemented, such that they even considered stopping the use of larvicides (50).

Over the years, vector control has proved to be an effective approach to tackling the spread of the
onchocerciasis due to the lifespan and characteristics of the parasite. Furthermore, another study
also reported that vector control was significant in controlling transmission of the disease in many
regions, indicating why vector control should still be considered as an effective strategy for the

control of the disease in endemic regions (36).

1.2.5 Factors Associated with Vector Control of Onchocerciasis

Vector control has been successfully used in combating the spread of onchocerciasis in many areas
in Africa and in the Americas. A range of potential limiting factors have been identified,
challenging the upscale of this type of intervention globally. Cost of implementing the vector
control programs and diversity of the vectors in different areas are some of the biggest challenges
to the use of vector control globally (51). Other vector specific properties such as resistance to
larvicides and the temporary recolonization by migrating vectors have also been identified as
potential barriers (52-54). In addition, the adverse effects of larvicides on other organisms in the

11



environment and the in-migration of infected persons from other areas were discussed by Hougard
et al as important factors to be considered when deciding to use vector control (55). The impact of
the chemicals used as larvicide were found to be deleterious to fishes, other insects, and beneficial

organisms as well as the source of water and vegetation (56-59).
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1.3 Problem Statement

The Sub-Saharan African region has an excessive burden of onchocerciasis, with more than 99%
of infected persons living in this region. This in turn has resulted in significant financial losses and
costs in direct health costs, as well as loss in productivity, reduced educational attainment and
resultantly makes families and communities remain in the vicious cycle of poverty (60). Despite
their adverse health and economic impact, NTDs are mostly ignored and not adequately prioritized
in the global health policy agenda like other diseases because they afflict the world’s poorest and
most vulnerable populations (61). The current major strategy to control onchocerciasis is the
community-directed treatment with ivermectin through mass drug administration (MDA). This
requires minimum coverage of 80% as recommended by WHO (20), ivermectin use is
supplemented by vector control in some settings. However, it is estimated that 2.5 million DALY's
were lost annually on account of onchocerciasis before the onset of mass drug administration
(2990), this figure declined to 1.4 million in 2020, and it is projected that further decline will need
to be achieved to 691 thousand by 2030 (62). Factors that are linked to the sub-optimal control of
onchocerciasis are not fully understood. To my knowledge and from the extensive literature review

conducted above there is no synthesis of studies examining vector control for onchocerciasis.

1.4 Justification

Models indicate that in circumstances with high annual biting rates, vector abundance must be
considered because ivermectin use might not be effective and sufficient in the long run to achieve
the goal of elimination alone (63,64). Other challenges facing the elimination efforts of
onchocerciasis in Africa include high blackfly vector densities in rural areas, the co-endemicity

with the eyeworm loa loa, the relatively long-life span of the adult worms of onchocerca volvulus

13



(approximately 14 years). Because of this and the severe anaphylactic reactions (mazotti) linked
to the abrupt death of mature worms in the human host, it is difficult to eliminate the disease in
one go. This makes it even more challenging to deal with (49,65,66). Therefore, there is a need for
an alternative treatment strategies like local vector control that is economical, environmentally
safe, and suitable for much of rural Africa as a complement to mass drug administration. However,
there are still many uncertainties regarding "where, when, how frequently, for how long and how
vector control should be implemented™. Thus, the findings from this study will provide synthesis
of evidence on the use of vector control as a strategy and factors (barriers and facilitators)
associated with the use of vector control in the fight against onchocerciasis in Sub-Saharan Africa.
The results will be disseminated and used to support policy and advocacy, resource mobilization
and enhance human resource capacity building to deliver integrated strategies within health

systems in the fight against onchocerciasis and other NTDs in Africa.

1.5 Research Question
What are the factors that are associated with vector control for onchocerciasis in Sub-Saharan

Africa as evidenced from a synthesis of the literature?

1.6 Aim

To synthesize and review studies that examine factors that are associated with vector control for

onchocerciasis in Sub-Saharan Africa.

1.7 Objective
To examine the factors associated with vector control in the fight against onchocerciasis in Sub-

Saharan Africa as evidenced by synthesis of the literature.
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2.0 METHODOLOGY

2.1 Study design

This systematic review follows the reporting guidelines of the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) statement (67). The systematic review
protocol was registered with the International Prospective Register of Systematic Reviews

(PROSPERO) on 28 November 2022 (with the registration number CRD42022376792).

2.2 Study Area

Africa is the second largest continent in the world and is located within the boundaries of the red
sea on the north-east end, the Indian ocean on the east side, the Mediterranean Sea on the north
and the Atlantic Ocean on the western front (68). The Sub-Saharan African region typically
consists of all income level countries (i.e., from low, lower-middle, upper-middle- and high-
income countries (69,70). Sub-Saharan Africa is a diverse region characterized by distinct climate
patterns, varied vegetation types, and a range of economic activities. In terms of economic activity,
countries in the region have economies that rely on sectors such as agriculture, mining,
manufacturing, and services. Agriculture is particularly important and takes the center stage as the
largest economic activity, with subsistence farming and cash crop production playing a significant
role (70). The climate in Sub-Saharan Africa varies widely, encompassing arid and semi-arid
regions, savannas, tropical rainforests, and highland areas. The vegetation in the region includes
the Sahara Desert, the Sahel region, vast savannas, equatorial rainforests, coastal mangroves,
mountainous forests, and wetlands. These different vegetation zones contribute to the region's rich
biodiversity. Additionally, the region is rich in mineral resources, and there is growing focus on

developing sectors like renewable energy, tourism, and information technology.
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2.3 Inclusion and Exclusion Criteria

This review included a synthesis of studies reporting onchocerciasis control using vector control
in Sub-Saharan Africa, and the factors associated with vector control. Vector control was defined
as any intervention describing methods focused on eradicating the insect ‘Simulium specie’ (i.e.,
black fly) responsible for transmitting onchocerciasis, through habitat or environmental, chemical,

or biological methods.

Selected studies were observational and experimental designs of vector control which were peer
reviewed and published in peer reviewed journals from the year 2000 till 2023. The rationale
behind including both types of study designs was based on the context of vector control programs.
The preliminary searches found that some studies evaluated vector control programs through a
observational studies, while the majority were quasi-experimental study designs. The
observational studies identified important factors which affect various vector control methods.
This chosen date range aligns with the need to provide a comprehensive and current overview of
factors associated with vector control for onchocerciasis. It ensures the inclusion of the latest
research, addresses emerging challenges, and contributes to the ongoing efforts to reduce the

burden of this neglected tropical disease.

On the other hand, studies reporting other NTD treatments without onchocerciasis control and
other communicable and non-communicable diseases were excluded from this review. | also
excluded case reports, conference/poster presentations, commentaries, review articles, case studies
and systematic reviews. Studies reported in other languages aside English were excluded from this
review. This decision to exclude studies reported in languages other than English is justified by
the need for rigorous quality control, the constraints of language proficiency, and the efficient
allocation of resources. While it does limit the scope of the review to some extent, it is a practical
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approach to ensure the review's accuracy and overall effectiveness. (See table 1 below presenting

the full PICOT table whereas table 2 shows the inclusion and exclusion criteria).

Table 1: PICOST Table

P Population Blackflies in Sub-Saharan African
countries

| Intervention Vector control methods

C Comparator N/A

@] Outcome Vector control (observed in the
control of onchocerciasis/number of
disease cases as well as number of
bites)

S Studies Observational and  experimental
studies.

T Timeline 2000-2022

Table 2 Table presenting inclusion and exclusion criteria.

Criteria Inclusion Exclusion

Time period 1%t January 2000 — 31 March 2023 | Before 1% January, 2000

Language English Non- English

Type of studies Peer reviewed, experimental and | Case reports, conference/poster
cross-sectional. presentations, reviews

(scoping/systematic/narrative), case
studies

Study area/setting

Africa, sub—Saharan Africa

QOutside Africa
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2.4 Search Strategy

Multiple systematic searches of the following databases were conducted by the researcher:
Cochrane, PubMed, Web of Science, and Scopus. We employed a broad systematic approach
through the inclusion of all possible synonyms and abbreviations for the terms of interest,
including ‘MeSH’ and ‘EmTree’ terms. These keywords combination we used were
“onchocerciasis” OR “control”, “onchocerciasis” AND “elimination”, “onchocerciasis” AND
“vector control”, “river blindness”, “onchocerca volvulus”, “simulium sirbanum”, “simulium
damnosun”, “factors” OR “determinants”. The search strategy was refined continuously by

rearranging the search terms and employing different permutations. (The search strategies for some

the databases are in Appendix - 2)

2.5 Data Management

Rayyan, (rayyan.ai) a web-based software was used for study selection and organizing the yield
from the search above, as well as to remove duplicates. Articles selection was carried out following
the PRISMA guidelines (67). Title and Abstract screening were completed initially using the
inclusion and exclusion criteria, and ineligible studies were taken out. This was followed by
screening full text of relevant literatures to assess their eligibility. The screening process was
conducted by two independent reviewers (both candidates for the Master of Science in
Epidemiology) for consistency, and a third reviewer was involved to settle any disagreements

between them (71).

18



2.6 Data Extraction and Analysis

After screening and reading of full text articles, the data were extracted from the result section of
the selected papers into a worksheet on Microsoft Excel, and this was conducted in duplicate.
Neither “vector control methods” or “factors” were prespecified. The relevant headings were title
and year of publications, authors’ names, study design, information on the intervention such as the
geographic coverage, the vector control method used, and the factors associated with those

methods (71).

We conducted a narrative synthesis of the evidence extracted following guidelines outlined in the
"Guidance on the Conduct of Narrative Synthesis in Systematic Reviews" by Popay, J. et al (72),
and those used in other similar studies (73). This approach allowed us to organize and interpret the
diverse findings from the selected studies, providing a nuanced understanding of the collective
evidence and contributing to the robustness and coherence of our systematic review. The narrative
synthesis included an iterative process of reading through the selected papers and intermittently

discussing the data with my supervisors.

2.7 Quality Appraisal and Assessing the of ‘risk of bias.

The Joanna Briggs Institute (JBI) critical appraisal tool for systematic review of quasi-
experimental and analytical cross-sectional studies (74) were used to assess methodological quality
and the quality of evidence from various studies included in the review. The quality appraisal was
conducted by two independent reviewers (both candidates for the Master of Science in
epidemiology and vaccinology respectively). In the event of disagreement, a third reviewer was

called in to resolve (75).
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3.0 Results

3.1 Literature Search and Screening

The search for relevant literature was conducted on four online databases, which yielded 343
records. After removing 122 duplicates, 221 papers were screened based on their titles and
abstracts, resulting in 35 reports after the exclusion of 186 records. The search was further
extended by identifying 9 additional papers through reference mining. This reference mining
involves systematically analyzing the references cited in a particular publication or across a body
of literature to identify other related studies of interest. From a total of 44 full-text articles screened
for eligibility, 26 were excluded because they focused on different hosts, were of the wrong study
designs, or had inappropriate designs. (See table of excluded and the justification for their
exclusion in appendix 6). Ultimately, 18 studies met the inclusion criteria and are listed in Table
2. The results of the search strategy are presented in the PRISMA diagram in Figure 3 below to

provide a clear overview.
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Figure 4 PRISMA flow diagram for the search strategy.
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Table 3: Data extraction table presenting included studies’ characteristics.

Author/Country/ Year of Study Design Summary of Findings Factors Identified
Publication/Reference
B. G. Jacob Et Al, Uganda 2018 (34) Quiasi- Slash and Clear resulted in 89-99%

experimental

declines in vector biting rates.
The effect lasted up to 120 days post
intervention.

Re-colonization of blackflies after treatment
of breeding sites.

A K. Kalinga Et Al, Tanzania 2007 (53)

Quasi-
experimental

standard diagnostic dose of 1.25mg/I
attained a mortality rate of 100%.

The LC50 was from 0.129 —
0.34mg/1 (95% ClI, P<0.05)

After two years of intermittent
treatment with temephos, larval
mortality rate of 100% was 1.25mg/I

Blackfly Vector susceptibility to larvicides
(innate or acquired resistance due to
exposure to agricultural insecticides).
Incomplete vector elimination
Cross migration/re-colonization of treated
breeding sites by new or residual.
Populations migrating from nearby breeding
areas.
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Author/Country/ Year of Study Design Summary of Findings Factors Identified
Publication/Reference
D. Loum Et. Al, Uganda 2019 (76) Quiasi- The mean fly collections per trap is | Trap locations- inconsistent with

experimental

4-fold to 26-fold greater than HLC
Deployment of the traps reduced the
biting rate in classes by 91%.

At the farm fields, each optimized
trap collected on average 17 times
more than the HLC.

The optimization process resulted in
a dramatic improvement in the
performance of the EWT.”

effectiveness.

Use of baits and types of baits.

Political instability.

Difference in species

No availability of trap design materials.

R. Ekanya Et Al, Cameroun 2022 (54)

Quiasi-
experimental

A mortality of 100% was recorded at
concentrations between 0.5 and 0.1
mg/l.

As the concentration of temephos
decreased, mortality of larvae also
decreased.

Ground larviciding with temephos was
facilitated with the fact that the larvae is
susceptible to temephos and this temephos
was found not to be harmful to other aquatic
fauna.

The availability of fast-flowing rivers in this
basin contributes to the large numbers of
black files necessary for high transmission
which may further require more larvicide
that may end up harming the non-target
aquatic fauna.

R. M. Young Et Al, Burkina Faso 2015
(77)

Quiasi-
experimental

29 compounds were common to all
three individuals.

Several short chain carboxylic acids
and aliphatic alcohols were
stimulatory to S. damnosum s.I. and
S. ochraceum s.l. respectively.

Technical and entomological capacity,
variation among species of vector black
flies.
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Author/Country/ Year of Study Design Summary of Findings Factors Identified
Publication/Reference
I. M. A. Zarroug Et Al., Sudan 2019 (78). | Quasi- The dam complex has produced a Dames alter the pattern of disease

experimental

positive effect by reducing the
breeding sites of black flies in the
area.

Breeding sites of black flies were
reduced due to construction of dams.

transmission, causing issues with public
health.

B. K. Olkeba Et Al, Ethiopia 2022 (79)

Cross-sectional

Important drivers of the blackfly
population include Altitude,
Electrical conductivity, Hardness and
Depth of water, Turbidity, Alkalinity

Knowledge of blackfly's ecological
preference (e.g., Simulium damnosum
larvae more likely present in habitats near
shrub). Biotic factors (like predation and
competition).

I. Routledge Et Al, Ghana 2018 (80)

Quiasi-
experimental

The estimated efficacy of large-scale
aerial larviciding in the savannah
was greater than that of ground-
based larviciding in the forest.
Larviciding is more likely to succeed
in areas with lower water
temperatures and where blackfly
species have longer gonotrophic
cycles.

At 93% larvicidal efficacy x 10
consecutive weekly larvicidal
treatments would reduce DBRs by
96%.

At 70% efficacy x 10 weekly
applications, the DBR would
decrease by 67%

Duration, frequency/interval of larviciding.
River volume and flow; Temperatures;
cytospecies identities, population dynamics
and vector ecology.

Larvicide efficacy or concentration.
programmatic difficulties. Poor
implementation process and inaccessible
breeding sites.

Seasonal feasibility of implementation,
vector ecology, and the susceptibility of the
aquatic stages of the local vector species
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Author/Country/ Year of
Publication/Reference

Study Design

Summary of Findings

Factors Identified

I. M. A. Zarroug, Sudan 2016 (81)

Cross-sectional

In Abu-Hamed, blackflies appeared
in November- April, then declined in
wet and flooding months June-July
and disappeared from August to
October.

In the Galabat focus, blackflies
appeared in July - December, then
decreased in the dry months
(February-June).

Black fly vector ecology, distribution and
biting activity has obvious implications.
Microclimate, seasonality, and proximity of
breeding sites to collection sites.

S. Traoré Et Al, Equatorial Guinea 2009

(21)

Quiasi-
experimental

The biting catches also showed a
dramatic fall. At the eight regular
capture sites no biting flies were
collected or seen for the following 3
years.

Accessibility to the breeding sites.
Re-colonization/re-invasion of vectors.
inadequately treated breeding sites due to
vegetation and insufficient insecticide.

T. L. Lakwo Et Al, Uganda 2006 (38)

Quiasi-
experimental

After river treatment, a drastic fall
mean number of flies/hours from 3
flies/h in 2001 to O flies/h in 2003.
The annual biting rates were reduced
from 14 235 flies in 2001 to only 730
flies in 2003.

There was also a reduction in the
number of anthropophilic Simulium
infection and infective rates.

Lack of useful data on transmission rates
and elimination efforts may have prevented
a comparison on the transmission rates prior
to the river treatments.

Prospects of success are higher in isolated
regions (since there is no repopulation of
vectors after treatment).
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Author/Country/ Year of Study Design Summary of Findings Factors Identified
Publication/Reference
S. Raimon Et Al, Sudan 2021(82) Quiasi- These monthly biting rates decreased | The need to repeat the “slash and clear”

experimental

drastically by 99% immediately after
the “slash and clear” intervention.
However, 2- months post-
intervention, MBR spiked in all three
sites.

Although a rise in MBR was
observed from the seventh month, it
was not comparable to baseline
figures.

intervention in the future every 7 months.
Inadequate resources for costly larviciding.
Lack of adequate entomological workforces.
Local commitment and involvement.

R. Garms Et Al, Uganda 2009 (83)

Quiasi-
experimental

No immature stages were found on
494 crabs examined in January to
March 1997.

Vector assessment in
February/March 2003 confirmed its
interruption.

No infested crabs have been found
since then anywhere in the focus.

The concentration of the larvicide.
Efficiency of the larviciding process.

G. Crosa Et Al(A), Guinea 2001 (84)

Quiasi-
experimental

No evidence of long-term trend in
invertebrate community structures
were present.

There was evidence of medium-term
variation for all 3 rivers and reflects
seasonal changes in invertebrate
densities.

Low densities in results of
invertebrate communities were
identified after a short period.

Effect of larvicide on other biological
organisms
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Author/Country/ Year of Study Design Summary of Findings Factors Identified
Publication/Reference
G. Crosa Et Al (B), Guinea 2001 (85) Quiasi- A long-term trend is seen, but the hydrological and seasonal conditions. The

experimental

fluctuation mainly reflects the
seasonal variation of invertebrate
densities.

There were also seasonal, flow-
related variations, showing low
values during the high flow periods
and high values during the dry
seasons.

two Guinean rivers were full and fast
flowing rivers that contained a lot of fish,
this facilitated the evaluation of fish
densities before and after the intervention to
see if the larviciding was harmful.

M. D. Wilson Et Al, Ghana 2012 (86)

Quiasi-
experimental

The catchers who used NO MAS
caught (224 flies over 11 days -
mean DBP of 20.4 flies per person.
The duration of complete protection
(time to first bite) achieved with NO
MAS was 5 h (range = 5-7 h).

The estimated overall protection
achieved with NO MAS was 80.8%.

Actual protection will vary based on
conditions such as temperature, perspiration
and water exposure, and repellency may be
compromised.

Occupation of users influence the duration
of repellency.

T. Lakwo Et Al, Uganda 2017 (87)

Quiasi-
experimental

Vector control trials using temephos
revealed a reduction in crab
infestation from 51% in July 2003 to
1.6% in February 2004.

Environmental factors (like deforestation
and agriculture have led to the temporary
disappearance of freshwater crabs.

Type of vector species and intensity of
transmission.
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Author/Country/ Year of Study Design Summary of Findings Factors Identified
Publication/Reference
B. G. Jacob, Uganda 2021(33) Quiasi- The biting rate was reduced by an vector control using insecticides is

experimental

average of 82% following the first
treatment (slashing 0-1 km from a
community) 21-42 days later.

The bite rate was reduced by 99%
overall after the second treatment
(slashing 1-2 km away from the
communities).

Slashing the breeding sites within 0—
2 km of the communities in all
intervention communities decreased
the mean daily biting rate to less than
1 bite/day. However, none of the
intervention villages' vector
populations had fully recovered by
the start of the subsequent rainy
season.

expensive and ecologically detrimental.
Time of the season in which the (slash and
clear) intervention is being conducted. i.e.,
seasonal variation of rainfall
Entomological capacity is an important
factor

Willingness of community members and
community ownership of programs

Timing and frequency of slash and clear
treatments

Very large and dangerous rivers or in areas
where the breeding sites are too small to be
easily targeted by slash and clear

LC50 - Lethal Concentration 50; Cl — Confidence interval; HLC -Human Landing Catch; EWT — Esperanza Window Trap; DBR — Daily Biting Rates; MBR — Mean Biting Rates; NO

MAS (NM) — A brand of insect repellent
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3.2 Evidence Synthesis

Among the studies included in the review, there were a range of study designs. These included 16
quasi-experimental studies and 2 cross-sectional studies. Out of the studies included, the highest
number were conducted in Uganda (n = 6), followed by Sudan (n = 3), Guinea (n = 3), and Ghana
(n = 2). Tanzania, Cameroon, Ethiopia, and Burkina Faso each had one study included in the
analysis. The number of study sites varied between three and ten for both study designs in terms

of sample sizes.

The studies included in the synthesis cover various aspects of onchocerciasis control, including
vector control strategies, larviciding interventions, and the evaluation of different approaches.
Some of the studies included a preparatory phase before the actual study or data collection began.
For example, in 2007, Kalinga and colleagues who work in 3 districts in Southwest Tanzania
selected larval sampling sites from rivers known to have considerable levels of S. damnosum s.
They were guided by a previous study by Pedersen & Maegga who in 1985 identified sites where
adult flies were caught to monitor and reduce transmission of onchocerciasis in the area (53).
Similarly, Lakwo and colleagues searched rivers in the Western Ugandan region of Mpamba-—
NKkusi for crabs carrying early stages of infection with S. neavei s.s (38). This assisted them with
examining the extent of infection and how to proceed with larviciding. Ecological characteristics
of the rivers were taken. Thereafter, the process was assisted by local fieldworkers who were able

to collect information on the vectors.

In terms of vector control methods, some studies explored the effectiveness of larviciding in
reducing transmission. For instance, Garms and colleagues focused on the elimination of the vector

Simulium neavei from the Itwara onchocerciasis focus in Uganda through ground larviciding (83).
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These studies demonstrated the potential of larviciding as an effective approach for controlling

onchocerciasis transmission.

Other studies examined specific aspects related to vector ecology and behaviour. Loum et al.
evaluated the effectiveness of the Esperanza Window Trap in reducing biting rates of Simulium
damnosum sensu lato in Northern Uganda. This study highlighted the importance of understanding
the ecological preferences and biting behaviours of vector black flies to develop targeted control
methods (76) Similarly, Kebede Olkeba and colleagues investigated the habitat preference of
blackflies in the Omo Gibe River basin in Ethiopia, which provided insights for onchocerciasis
elimination and control efforts (79). Furthermore, a study by Zarroug in 2016 investigated seasonal
variations in biting rates and the population dynamics of Simulium damnosum sensu lato, the
vector of Onchocerca volvulus, in Sudanese foci. These studies emphasized the need to consider

seasonal factors and vector ecology when implementing control strategies (81).

The synthesis also includes studies that focused on the assessment of larvicide susceptibility and
the impact of larviciding on aquatic fauna. Kalinga and colleagues in 2019 examined the
susceptibility of Simulium damnosum complex larvae to temephos in southwest Tanzania (53). In
2012, the effects of larvicide treatment on invertebrate communities in Guinean rivers was
evaluated by Crosa et al, providing important insights into the potential ecological consequences

of larviciding interventions (85).

Overall, the synthesis of these studies shows the significance of a comprehensive and
multidimensional approach to onchocerciasis control. The studies highlight the importance of
preparatory phases, the efficacy of larviciding interventions, the consideration of vector ecology

and behaviour, and the potential ecological impacts of control measures. This synthesis provides
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valuable insights for developing effective strategies for the elimination of onchocerciasis in

different regions. The figure 5 below shows a conceptual diagram developed from this evidence

synthesis.

/
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Figure 5 Conceptual Diagram
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The findings from this review identified various factors which contribute to the success or failure

of blackfly vector control programs. They include programmatic factors, vector ecology and

biology, environmental factors, and human related factors which could either be technical
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(entomology) capacity or deal with community involvement and commitment as presented in the

conceptual framework above.

Programmatic factors refer to different elements essential for the successful and effective
implementation of vector control programs. One of these concerns is the duration of effect after a
specific type of intervention such as ‘slash and clear’ (33,34). If this is too short it can lead to a re-
colonization of blackflies after treatment of breeding sites (21,53,88). Other program
implementation factors such as difficulties faced during implementing specific vector control
activities like implementation cost, could impact the availability of resources for costly larviciding
programs are important determinants of the success of blackfly control programs. Additionally,
the timing and frequency of interventions (80,89), larvicide concentration used during the vector
control activities (21,80,83), poor implementation, and re-invasion of vectors into inadequately
treated sites can limit the success of vector control programs (21,53,80,83). Wrong implementation
of larviciding process can lead to incomplete vector elimination from breeding sites (53,83,84).
Also, very high concentrations of larvicide could have deleterious effects on other biological

organisms and thus must be taken into significant considerations (53,83,84).

The biological and ecological characteristics of blackflies vectors and their interactions with the
environment have been identified by several studies as important determinants of successfully
implementing vector control programs (53,54). Blackfly vector susceptibility to larvicides was
mentioned in two studies as chief determinants to the success of vector control programs (53,54).
The development of resistance which generally occurs innately or acquired through exposure to
agricultural insecticides is a significant challenge to the use of larvicides in vector control
programs (53,54). Variation among species of black flies is also considered important in vector

control programs, this is because the type of species and cytospecies identities differs widely

32



among the Simulium genera (76,77,80,87). The species determines the intensity of transmission,
their ecological preference, population dynamics, distribution, and biting activity (76,77,79—

81,87).

Understanding these variations, knowing their habitat preference, the biting activity, and genetic
mechanisms underlying insecticide resistance in blackflies is essential for developing effective
strategies to combat resistance and tackle onchocerciasis. Other biological factors like natural
predation and competition may have some consequences in the relative abundance of blackfly
vectors (78). Another category relates to the effect of larvicide on other biological organisms and
risks of ecological pollution(54,84,89). Particularly in areas with fast-flowing rivers that require

higher doses of larvicide, which may end up harming non-target aquatic fauna (54).

Factors related to the environment can also have significant impact on the success or failure of
vector control programs in Africa. Seasonal variation of rainfall is one important determinant of
seasonal feasibility of vector control interventions(80,81,84,85,89). When the rainfall is high, it
leads to large rivers bodies and fast flowing rivers which makes it difficult to reach breeding
sites(54,80,89). For instance, during the wet and rainy seasons, river volume increases which
makes it dangerous or difficult to target some sites. The rivers could be very large and dangerous
in areas where the breeding sites are too small to be easily targeted by slash and clear or
larviciding(81,88). Also, the presence of dams can change the pattern of disease transmission by
altering the speed and distribution of river flow, as well as creating varying pockets of breeding
sites thereby creating more public health problems (78). Isolation of regions or breeding sites such
as islands can be considered an important criterion for achieving higher success. After a successful

vector control program and a complete elimination is achieved, isolated areas (i.e., Bioko Island)
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are protected from re-invasion of blackflies from other regions thus facilitating vector elimination

(21,38).

Human related factors such as technical and entomological capacity of those involved in rolling
out various vector control programs in Africa are part of the most important determinants of the
success of vector control programs for blackfly (33,77,82). Entomological knowledge involves
understanding blackfly's ecological preference, their distribution and biting activity, knowing this
will aid in the technical planning and preparatory phase for vector control programs as these could
have significant implications (33,77,79,82). For example, Simulium damnosum larvae more likely

present in habitats near shrub (79).

On the other hand, local commitment, willingness of community members and community
ownership of programs have been identified by several studies to be factors associated with vector
control (33,82). Other factors like presence of vegetation and shrubs are also mentioned, for
instance, deforestation and agricultural activities have led to the temporary disappearance of
freshwater crabs which are intermediates hosts to the blackfly larvae (21,53,87). Political
instabilities and insecurity have also hampered the sustainability and success of vector control
activities in some regions (76). These challenges disrupt operations, limit funding and resources,
weaken health systems, hinder surveillance, and reporting, impede community engagement, and

create coordination issues.

Overall, this study reviews the complex interplay of various factors that affect the success or
failure of blackfly control programs. A comprehensive understanding of these factors is essential

for designing effective control strategies and achieving long-term elimination of onchocerciasis.
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3.3 Quality Appraisal

Table 4 Quality Appraisal.

Study ID Methodology/Study Design Overall score
Benjamin G. Jacob et al, Uganda 2018 (34) Quasi- experimental 9
A.K. Kalinga et al, Tanzania 2007 (53) Quasi- experimental 8
Dennis Loum et. al, Uganda 2019 (76) Quasi- experimental 7
Relindis Ekanya et al, Cameroun 2022 (54) Quasi- experimental 4
Ryan M. Young et al, Burkina Faso 2015 (77) Quasi- experimental 8
Isam M. A. Zarroug et al., Sudan 2019 (78). Quasi- experimental 4
Beekam Kebede Olkeba et al, Ethiopia 2022 (79) Cross-sectional 2
Isobel Routledge et al, Ghana 2018 (80) Quasi- experimental 8
Isam M. A. Zarroug, Sudan 2016 (81) Cross-sectional 5
S. Traoré et al, Equatorial Guinea 2009 (21) Quasi- experimental 5
T. L. Lakwo et al, Uganda 2006 (38) Quiasi- experimental 7
Stephen Raimon et al, South Sudan 2021(82) Quiasi- experimental 7
R Garms et al, Uganda 2009 (83) Quasi- experimental 5
Giuseppe Crosa et al(A), Guinea 2001 (84) Quasi- experimental 7
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Study ID Methodology/Study Design Overall score
Giuseppe Crosa et al (B), Guinea 2001 (85) Quasi- experimental 6
M D Wilson et al, Ghana 2012 (86) Quasi- experimental 9
T Lakwo et al, Uganda 2017 (87) Quasi- experimental 6
Benjamin G. Jacob, Uganda 2021(33) Quasi- experimental 7

The JBI quality appraisal tools for quasi-experimental and cross-sectional studies were employed
for evaluating the quality of the included studies and gaining insights into the limitations of the
evidence (74). This transparency in assessing study quality enhances the credibility and reliability
of our research findings. In the process of quality assessment, studies scoring between 1 and 3
were categorized as having low quality, those falling within the range of 4 to 6 were classified as
medium quality, and studies receiving a score of 7 or higher were deemed high-quality research.
Majority of the studies received scores indicating medium to high quality. These studies
demonstrated a clear definition of cause and effect, with no confusion regarding the temporal
relationships. They also involved pre- and post-measurements of the outcome in a reliable way
and employed appropriate statistical analysis methods. Some of these studies further strengthened

their design by including control groups for comparison.

However, only one of the studies that scored low, indicating poorer quality. The absence of control
groups or group comparisons in these studies made it difficult to assess the true impact of the
therapies. Some studies also had issues with the definition and measurement of exposure and

outcome variables, raising concerns about the validity and reliability of their findings.
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Additionally, a study conducted without statistical analysis and another study lacking a valid

comparison were identified as lower-quality studies.

In general, since the majority of the included studies indicated a moderate to high level of quality,

the implication is that the findings from this review are somewhat reliable.
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4.0 Discussion

This review sought to investigate what factors are associated with vector control for onchocerciasis
in Sub-Saharan Africa. The result from the review suggested that several factors contribute to the
success or failure of blackfly vector control programs in Africa, and they include programmatic

factors, vector ecology and biology, environmental, and human-related factors.

The results suggested that several factors related to the implementation or roll-out of vector control
programs clearly affect the success of these programs. For instance, the cost of rolling out new
interventions or sustaining an existing vector control program is a big challenge in many sub-
Saharan African countries (33,34). This is largely due to scarce resources for aerial or ground
larviciding programs, which implies that, rural communities cannot start and sustain larviciding
activities without external financial support. This finding was supported by a study conducted in
Tanzania, which stated that the start-up costs for implementing a larviciding program can be high
and requires international technical and financial support (90). ‘Slash and clear’ of trailing
vegetations along fast flowing rivers are considered the cheap alternative intervention to costly
larviciding programs (82). Unfortunately, ‘slash and clear’ are only effective for few months
before the re-growth of the vegetations and thus requires regular repetition of this activity to keep
the blackfly vectors away (33,34,82). There is a big risk of re-invasion of the treated sites after a
short period of time when the vegetations re-grow (21). This means that sustainability of such
program is demanding and depends hugely on the commitment of community members who carry
out the slashing activity (33,82). Many studies have found that community commitment,
motivation and ownership are major factors related to the success of health programs (33,91). This

refers to the level of dedication, involvement, and active participation of community members in
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health programs. It involves their willingness to invest time, resources, and efforts to support and

sustain the program's objectives and activities.

Our results also reveal that poor implementation of vector control activities/programs like
improper application of larvicides or use of sub-optimal concentration could lead to an incomplete
elimination of vectors as well as result in the development of insecticide resistance (53). This
finding also emerged with a study conducted in South Africa, at the Orange River downstream of
Vanderkloof Dam where poor control of blackfly led to an enquiry which confirmed the
development of resistance to temephos, one of the most popularly used larvicides in blackfly vector
control programs (58). On the other hand, using excessive amount of larvicides can adversely
affect other beneficial organisms within the ecosystem. This is supported by the findings from
previous studies which demonstrated that, overuse of chemical larvicides leads to disruptions in
eco-diversity, pollution, and extinction of aquatic organisms (56,58,59,84,85). For example, if a
larvicide is used in a water body where other aquatic organisms like fish, frogs, or aquatic insects
are present, it can Kill them. Moreover, some larvicides can persist in the environment for a long
time and accumulate in the food chain, leading to bioaccumulation and biomagnification (92). This
means that higher organisms in the food chain, such as fish or birds, can accumulate the toxic

substances over time, leading to toxic effects and potential harm to the health of these animals.

From the results, there was evidence that vector characteristics and their interactions with the
environment also determines the success or failure of vector control programs. This is because the
various species and cytospecies among the Simulium genera have individual genetic make-up, and
behave differently in terms of their biting activities, the kind of habitat they prefer and their
mechanism of resistance (76,77,79-81,87). Our findings agree with existing literatures which

described various species of blackfly and the evolution of their resistance mechanisms, the
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interplay of their distribution, competence, and ability to transmit the disease (93-95).
Understanding the biology and ecology of blackflies is essential for developing effective vector
control strategies. Blackflies have specific habitat requirements, including clean flowing water for
their larvae to develop. This can have a significant implication in informing the design of
interventions such as environmental management strategies that disrupt or eliminate breeding sites.

This highlights the need for entomological surveillance and technical expertise.

Entomological research capacity is the expertise required for studying the role of insects in
ecosystems, as well as for developing methods of pest control, disease prevention, and
conservation of insect species. Insecticide resistance is a significant challenge for vector control
programs, thus, technical knowledge of the vector’s competence and biology such as the genetic
mechanisms underlying resistance is essential for selecting appropriate interventions (96). Overall,
an understanding of vector biology and ecology is crucial for the development and implementation
of effective vector control programs for onchocerciasis. By considering the factors related to vector
biology and ecology, interventions can be tailored to the specific characteristics of blackflies in
different regions, leading to more successful outcomes. Thus, it is imperative to equip community
members with entomological and technical capacity to improve their commitment and support for
programs (33,82). Communities could utilize control and monitoring tools that make use of the

natural attraction of hosts to enhance their ownership of vector control within their territories.

The environment also plays a big role in the success of vector control programs, it involves factors
within and around the environment such as climate, rainfall, temperature, vegetation, location of
breeding sites, geography, and size of rivers. High rainfall causes vast river bodies and swift river
currents, making it challenging for interventions to reach breeding sites (54,80,89). For instance,

as river volume rises during the wet and rainy seasons, certain small breeding sites become

40



inundated, stagnant pools or temporary water bodies become submerged. This aligns with other
studies which discussed how high-water volumes causes inaccessibility of breeding sites and
makes them difficult to target by slash and clear, which involve physically removing vegetation or
debris from the breeding sites (21,34,57). Our result show that high rainfall can result in swift
currents in rivers, which can disperse larvae from their original breeding sites (54,57). This is
supported by several studies conducted in Nigeria which demonstrated that fast flowing rivers
provide conducive environment for blackfly breeding and dispersion of larvae makes it
challenging to effectively target and treat specific breeding sites using larviciding techniques (97—
100). The fast-moving water can carry the larvae away before the larvicides take effect. In addition,
Fast river currents can also pose safety risks for intervention teams as it may be hazardous for
personnel to access breeding sites located in areas with strong currents, further complicating
intervention efforts. In contrast, two studies conducted in Guatemala and Nigeria have posited that

fast flowing river currents can wash away larvae, thereby reducing the fly population (101,102).

Our results also concur with studies that highlighted how the activities of humans can promote
breeding of black flies. For instance, larvae and pupae of blackfly vector can use structures like
concrete dams and stream channels as good growth environments (17,103). Furthermore, the
presence of dams influences the pattern of disease transmission by altering the pace and
distribution of river flow, as well as producing different pockets of breeding grounds (103). Some
studies have examined how dams affect the dynamics of onchocerciasis transmission in African.
According to certain reports (104,105), onchocerciasis is the main issue with environmental health
near dams in Africa. There have been linkages made between the building of hydroelectric dams
and the proliferation of black flies (106,107) and many new vector breeding sites have been

discovered close to dams (108).
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Other factors such as isolation of regions (i.e., islands), political instabilities and insecurity were
identified in as potential determinants. From our results, after successful roll-out of a vector control
program and complete elimination was achieved, an isolated island was protected from re-invasion
of blackflies from other regions thus facilitating vector elimination (21,38). Political instabilities
and insecurity have also hampered the sustainability and success of vector control activities in
some regions (76), describing onchocerciasis control in a post-war environment, where they

highlighted political unrest and instability supports the findings from this study.

Overall, this study examined the intricate interactions between many elements that determine
whether blackfly management efforts are successful or unsuccessful. Understanding and
addressing these factors are essential for developing effective strategies to combat blackfly vector-
borne diseases and for the successful implementation of vector control programs in Africa. The
presence of well-trained, motivated, and properly financed local entomologists is crucial in leading

entomological operations and vector research to ensure vector control capacity.

4.1 Limitations

There are a few potential limitations to consider in this review. Firstly, the availability and quality
of studies included in the analysis may have influenced the comprehensiveness and reliability of
the findings. The limited number of studies addressing specific factors or interventions in certain
regions may have affected the generalizability of the results. Additionally, the review focused
specifically on factors associated with vector control for onchocerciasis in Sub-Saharan Africa,
which may limit the applicability of the findings to other regions or vector-borne diseases. Further
research is needed to explore the factors influencing vector control efforts in different geographical

contexts.
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Furthermore, several African countries use French as their official language, thus there is a
possibility of missing data from studies conducted in those countries and reported in languages
other than English. Also, limited access to unpublished data, and the disparities in data collection

and reporting methods could be potential bias in this study.

5.0 CONCLUSIONS

In conclusion, this systematic review has identified several key factors associated with vector
control for onchocerciasis in Sub-Saharan Africa. The success or failure of blackfly vector control
programs in the region is influenced by various programmatic, environmental, vector-related, and

human-related factors.

Programmatic factors such as the cost of implementing and sustaining vector control interventions
pose significant challenges in many sub-Saharan African countries. Scarce resources for
larviciding programs and the high start-up costs for implementing such programs highlight the
need for external financial support and international technical assistance. Alternative interventions
like "slash and clear" of trailing vegetations along rivers are considered cost-effective but require
regular repetition and community commitment. Implementation of vector control activities,
including incorrect application of larvicides or sub-optimal concentration, can lead to incomplete
elimination of vectors and the development of insecticide resistance. Also, overuse of chemical
larvicides can disrupt eco-diversity, cause pollution, and harm beneficial organisms within the

ecosystem.

The biology and ecology of blackflies also play a crucial role in the success of vector control
programs. Understanding the genetic makeup, biting activities, habitat preferences, and resistance

mechanisms of different species of blackflies is essential for developing effective control
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strategies. Entomological research capacity and technical expertise are equally necessary for
selecting appropriate interventions and addressing insecticide resistance. The environment,
including climate, rainfall, temperature, vegetation, and river characteristics, also influences the
success of vector control programs. High rainfall and swift river currents during wet seasons make
breeding sites inaccessible and larvae dispersion challenging. Dams and human activities, such as
the construction of concrete dams, can promote blackfly breeding and alter the distribution of

breeding grounds.

5.1 Recommendations
Based on the findings of this review, several recommendations can be made to enhance vector

control for onchocerciasis in Sub-Saharan Africa:

1. Increased investment: Adequate financial resources should be allocated to support the
program implementation and long-term viability for vector control, including larviciding
interventions. International support and technical assistance should be provided to assist
countries and communities with limited resources.

2. Community engagement and ownership: Community commitment, motivation, and
ownership are crucial for the success of vector control programs. Community members
should be equipped with entomological and technical capacity to improve their
understanding and support for interventions.

3. Proper implementation: Proper application of larvicides at optimal concentrations should
be ensured to avoid incomplete elimination of vectors and the development of insecticide
resistance. Careful consideration should be given to the potential ecological impacts of

larvicides to prevent disruptions in eco-diversity and harm to beneficial organisms.
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Understanding vector biology: Comprehensive knowledge of blackfly species, their
genetic makeup, biting activities, and habitat preferences is essential for the development
and implementation of effective control strategies. Entomological research capacity and
technical expertise should be strengthened to support vector control efforts.

Environmental management: Considering the environmental factors, such as climate,
rainfall, and river characteristics, strategies that disrupt or eliminate breeding sites, taking
into account the specific characteristics of blackflies in different regions, should be

developed.

Addressing political instabilities and insecurity: Political instabilities and insecurity can
hinder the sustainability and success of vector control activities. It is important to address
these challenges and create a stable and secure environment for effective implementation
of vector control programs. Collaboration between government agencies, international
organizations, and local communities is crucial in navigating and overcoming these

obstacles.

Strengthening surveillance and monitoring: Regular entomological surveillance should be
conducted to monitor blackfly populations, their distribution, and resistance mechanisms.
This will enable early detection of changes in vector behaviour and inform timely
interventions. Continuous monitoring of environmental factors, such as rainfall patterns

and river conditions, can also guide adaptive vector control strategies.

Capacity building: Building and strengthening local capacity in entomology and vector
control is essential for long-term success. This includes training and equipping local
entomologists with the necessary skills and resources to lead entomological operations,

conduct research, and provide technical support for vector control programs. Collaboration
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with academic institutions and research organizations can facilitate knowledge exchange

and capacity building initiatives.

9. Integrated approach: Adopting an integrated approach that combines multiple interventions
can enhance the effectiveness of vector control programs. This may include a combination
of larviciding, environmental management, community engagement, and surveillance.
Tailoring interventions to the specific characteristics of blackflies in different regions and

considering local contexts and resources can maximize the impact of vector control efforts.

10. Research and innovation: Continued research and innovation in vector control technologies
and strategies are vital for addressing emerging challenges and improving the effectiveness
of interventions. This includes exploring alternative and sustainable methods, such as
biological control, as well as evaluating the impact of new interventions on the

environment and non-target organisms.

In summary, addressing the complex factors associated with vector control for onchocerciasis in
Sub-Saharan Africa requires a multifaceted approach that considers programmatic, environmental,
vector-related, and human-related aspects. By strengthening financial support, community
engagement, technical expertise, and environmental management, the success of vector control
programs can be improved, leading to a significant reduction in the burden of onchocerciasis in
the region. However, it is important to acknowledge the potential limitations of the available
evidence and further research is needed to expand our understanding and optimize vector control

strategies in Africa and globally.
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5.2 Source of funding for research

This research work will be funded by TDR, the Special Programme for Research and Training in
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UNICEF, UNDP, the World Bank and WHO.

47



10.

11.

12.

13.

REFERENCES

Lafferty KD, Mordecai EA. The rise and fall of infectious disease in a warmer world. F1000Res.
2016 Aug 19;5:2040.

Hotez PJ, Kamath A. Neglected tropical diseases in sub-saharan Africa: review of their prevalence,
distribution, and disease burden. PLoS Negl Trop Dis [Internet]. 2009 Aug [cited 2022 Jul 9];3(8).
Available from: https://pubmed.ncbi.nim.nih.gov/19707588/

Magalhdes AR, Codecgo CT, Svenning JC, Escobar LE, Van de Vuurst P, Gongalves-Souza T.
Neglected tropical diseases risk correlates with poverty and early ecosystem destruction. Infect
Dis Poverty. 2023 Apr 10;12(1):32.

Hotez PJ, Molyneux DH, Fenwick A, Ottesen E, Sachs SE, Sachs JD. Incorporating a rapid-impact
package for neglected tropical diseases with programs for HIV/AIDS, tuberculosis, and malaria.
PLoS Med [Internet]. 2006 [cited 2022 Jul 9];3(5):576—84. Available from:
https://pubmed.ncbi.nim.nih.gov/16435908/

Working to overcome the global impact of neglected tropical diseases : first WHO report on
neglected tropical diseases. | Library of Congress [Internet]. [cited 2022 Jul 9]. Available from:
https://www.loc.gov/item/2011286663/

Feasey N, Wansbrough-Jones M, Mabey DCW, Solomon AW. Neglected tropical diseases. Br Med
Bull. 2010 Mar 1;93(1):179-200.

World Health Organization. Neglected tropical diseases -- GLOBAL [Internet]. [cited 2022 Jun 26].
Available from: https://www.who.int/health-topics/neglected-tropical-diseasestftab=tab_1

Neglected tropical diseases -- GLOBAL [Internet]. [cited 2022 Jul 6]. Available from:
https://www.who.int/health-topics/neglected-tropical-diseases#tab=tab_3

Koroma JB, Sesay S, Conteh A, Koudou B, Paye J, Bah M, et al. Impact of five annual rounds of
mass drug administration with ivermectin on onchocerciasis in Sierra Leone. Infect Dis Poverty.
2018 Apr 6;7(1).

Gyasi ME, Okonkwo ON, Tripathy K. Onchocerciasis. The Ecology of Health and Disease In
Ethiopia [Internet]. 2022 Sep 19 [cited 2022 Nov 9];367-74. Available from:
https://www.ncbi.nlm.nih.gov/books/NBK559027/

Center for Disease Control and prevention. Onchocerciasis - Causal agent and Life cycle
[Internet]. 2017 [cited 2023 Oct 23]. Available from:
https://www.cdc.gov/dpdx/onchocerciasis/index.html

Levin ML. Medical Entomology for Students, 5th Edition. Emerg Infect Dis. 2014 Aug;20(8):1430-
1430.

Ribeiro JMC, Valenzuela JG. CHAPTER 8 - Vector Biology. In: Guerrant RL, Walker DH, Weller PF,
editors. Tropical Infectious Diseases: Principles, Pathogens and Practice (Third Edition) [Internet].

48



14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24.

25.

Edinburgh: W.B. Saunders; 2011. p. 45-51. Available from:
https://www.sciencedirect.com/science/article/pii/B9780702039355000082

Berenger JM, Parola P. 12 - Arthropod Vectors of Medical Importance. In: Cohen J, Powderly WG,
Opal SM, editors. Infectious Diseases (Fourth Edition) [Internet]. Fourth Edition. Elsevier; 2017. p.
104-112.el. Available from:
https://www.sciencedirect.com/science/article/pii/B9780702062858000125

Takaoka H. 5) Review of the Biology and Ecology of Adult Blackflies in Relation to the
Transmission of Onchocerciasis in Guatemala. Trop Med Health. 2015;43(SUPPLEMENT):71-85.

Gillespie SH, Pearson RD, Whitworth J. Principles and Practise of Clinical Parasitology. Gillespie
SH, Pearson RD, editors. Chichester, UK: John Wiley & Sons, Ltd; 2001.

Hill CA, Platt J, Macdonald JF. BLACK FLIES: BIOLOGY AND PUBLIC HEALTH RISK Public Health
Department of Entomology [Internet]. Available from: http://ohioline.osu.edu/hyg-
fact/2000/2167.html

Lindblade KA, Richards M, Richards J, Gonzalez RJ, Cruz-Ortiz N, Zea-Flores G, et al. Exposure of
seasonal migrant workers to Onchocerca volvulus on coffee plantations in Guatemala. Am J Trop
Med Hyg. 2009 Sep;81(3):438-42.

CDC. CDC - Onchocerciasis - Epidemiology & Risk Factors [Internet]. 2019 [cited 2023 Jun 20].
Available from: https://www.cdc.gov/parasites/onchocerciasis/epi.html

WHO. Guidelines for stopping mass drug administration and verifying elimination of human
onchocerciasis : criteria and procedures. Who [Internet]. 2016;36. Available from:
http://apps.who.int/iris/bitstream/10665/204180/1/9789241510011_eng.pdf?ua=1

Traoré S, Wilson MD, Sima A, Barro T, Diallo A, Aké A, et al. The elimination of the onchocerciasis
vector from the island of Bioko as a result of larviciding by the WHO African Programme for
Onchocerciasis Control. Acta Trop. 2009 Sep;111(3):211-8.

Lagatie O, Merino M, Batsa Debrah L, Debrah AY, Stuyver LJ. An isothermal DNA amplification
method for detection of Onchocerca volvulus infection in skin biopsies. Parasit Vectors [Internet].
2016 Dec 1 [cited 2022 Jul 17];9(1):1-9. Available from:
https://parasitesandvectors.biomedcentral.com/articles/10.1186/s13071-016-1913-7

Siewe Fodjo JN, Remme JHF, Preux PM, Colebunders R. Meta-analysis of epilepsy prevalence in
West Africa and its relationship with onchocerciasis endemicity and control. Int Health. 2020 May
1;12(3):192-202.

Ib O, Onwujekw O, Uzochukw B, Ajub M, Okonkw P. Exploring Consumer Perceptions and
Economic Burden of Onchocerciasis on Households in Enugu State, South-East Nigeria. PLoS Negl
Trop Dis [Internet]. 2015 Nov 30 [cited 2022 Jul 17];9(11):e0004231. Available from:
https://journals.plos.org/plosntds/article?id=10.1371/journal.pntd.0004231

Okoye IC, Onwuliri CO. Epidemiology and psycho-social aspects of onchocercal skin diseases in
northeastern Nigeria. Filaria J. 2007 Dec 3;6(1):15.

49



26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

Edungbola LD, Watts SJ, Kayode OO. Endemicity and striking manifestations of onchocerciasis in
Shao, Kwara State, Nigeria. Afr J Med Med Sci. 1987 Sep;16(3):147-56.

WHO. WHO. [cited 2022 Jul 7]. Onchocerciasis. Available from: https://www.who.int/news-
room/fact-sheets/detail/onchocerciasis

Schmidt CA, Cromwell EA, Hill E, Donkers KM, Schipp MF, Johnson KB, et al. The prevalence of
onchocerciasis in Africa and Yemen, 2000-2018: a geospatial analysis. BMC Med. 2022 Sep
7;20(1):293.

Elhassan E, Zhang Y, Bush S, Molyneux D, Kollmann MKH, Sodahlon Y, et al. The role of the NGDO
Coordination Group for the Elimination of Onchocerciasis. Int Health [Internet]. 2018 [cited 2022
Nov 7];10:97-101. Available from:
https://academic.oup.com/inthealth/article/10/suppl_1/i97/4868658

EXECUTIVE SUMMARY - Guidelines for Stopping Mass Drug Administration and Verifying
Elimination of Human Onchocerciasis - NCBI Bookshelf [Internet]. [cited 2022 Jul 9]. Available
from: https://www.ncbi.nlm.nih.gov/books/NBK344104/?report=reader

Le Berre R, Walsh JF, Philippon B, Poudiougo P, Henderickx JEE, Guillet P, et al. The WHO
Onchocerciasis Control Programme: Retrospect and Prospects [and Discussion]. Philos Trans R
Soc Lond B Biol Sci [Internet]. 1990;328(1251):721-9. Available from:
http://www.jstor.org/stable/55372

Katabarwa MN, Eyamba A, Nwane P, Enyong P, Kamgno J, Kueté T, et al. Fifteen years of annual
mass treatment of onchocerciasis with ivermectin have not interrupted transmission in the west
region of cameroon. J Parasitol Res. 2013;2013:420928.

Jacob B, Loum D, Munu D, Lakwo T, Byamukama E, Habomugisha P, et al. Optimization of Slash
and Clear Community-Directed Control of Simulium damnosum Sensu Stricto in Northern
Uganda. Am J Trop Med Hyg. 2021 Apr 7;104(4):1394-403.

Jacob BG, Loum D, Lakwo TL, Katholi CR, Habomugisha P, Byamukama E, et al. Community-
directed vector control to supplement mass drug distribution for onchocerciasis elimination in
the Madi mid-North focus of Northern Uganda. PLoS Negl Trop Dis. 2018 Aug;12(8):e0006702.

Davies JB. Sixty Years of Onchocerciasis Vector Control: A Chronological Summary with
Comments on Eradication, Reinvasion, and Insecticide Resistance. Annu Rev Entomol. 1994
Jan;39(1):23-45.

James ER. Onchocerciasis Control by Insecticides and Chemotherapy Stimulates Agricultural
Development in Central West Africa. http://dx.doi.org/101300/J096v01n01_02 [Internet]. 2010
[cited 2022 Sep 8];1(1):3—-17. Available from:
https://www.tandfonline.com/doi/abs/10.1300/J096v01n01_02

Boatin B. The Onchocerciasis Control Programme in West Africa (OCP). Ann Trop Med Parasitol.
2008 Sep;102(SUPPL. 1).

50



38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

Lakwo TL, Ndyomugyenyi R, Onapa AW, Twebaze C. Transmission of Onchocerca volvulus and
prospects for the elimination of its vector, the blackfly Simulium neavei in the Mpamba-Nkusi
focus in Western Uganda. Med Vet Entomol. 2006 Mar;20(1):93-101.

Guillet P, Seketeii A, Alley ES, Agoua H, Boatin BA, Bissan Y, et al. Impact of combined large-scale
ivermectin distribution and vector control on transmission of Onchocerca volvulus in the Niger
basin, Guinea. 1995;

Aziz MohammedA, Diop IbaM, Diallo S, Lariviere M, Porta M. EFFICACY AND TOLERANCE OF
IVERMECTININ HUMAN ONCHOCERCIASIS. The Lancet. 1982 Jul;320(8291):171-3.

Tekle AH, Zouré HGM, Noma M, Boussinesq M, Coffeng LE, Stolk WA, et al. Progress towards
onchocerciasis elimination in the participating countries of the African Programme for
Onchocerciasis Control: epidemiological evaluation results. Infect Dis Poverty. 2016 Dec
27;5(1):66.

Gebrezgabiher G, Mekonnen Z, Yewhalaw D, Hailu A. Reaching the last mile: main challenges
relating to and recommendations to accelerate onchocerciasis elimination in Africa. Infect Dis
Poverty. 2019 Dec 4;8(1):60.

Verver S, Walker M, Kim YE, Fobi G, Tekle AH, Zouré HGM, et al. How Can Onchocerciasis
Elimination in Africa Be Accelerated? Modeling the Impact of Increased lvermectin Treatment
Frequency and Complementary Vector Control. Clinical Infectious Diseases. 2018 Jun
1;66(suppl_4):5267-74.

Traore MO, Sarr MD, Badji A, Bissan Y, Diawara L, Doumbia K, et al. Proof-of-Principle of
Onchocerciasis Elimination with lvermectin Treatment in Endemic Foci in Africa: Final Results of a
Study in Mali and Senegal. PLoS Negl Trop Dis. 2012 Sep 13;6(9):e1825.

Ejere HO, Schwartz E, Wormald R, Evans JR. lvermectin for onchocercal eye disease (river
blindness). Cochrane Database of Systematic Reviews. 2012 Aug 15;

Stolk WA, Walker M, Coffeng LE, Basafiez MG, De Vlas SJ. Required duration of mass ivermectin
treatment for onchocerciasis elimination in Africa: a comparative modelling analysis. Parasit
Vectors [Internet]. 2015 Oct 22 [cited 2022 Aug 31];8(1):1-16. Available from:
https://parasitesandvectors.biomedcentral.com/articles/10.1186/s13071-015-1159-9

Katabarwa MN, Eyamba A, Nwane P, Enyong P, Kamgno J, Kueté T, et al. Fifteen Years of Annual
Mass Treatment of Onchocerciasis with lvermectin Have Not Interrupted Transmission in the
West Region of Cameroon. J Parasitol Res [Internet]. 2013 [cited 2022 Aug 31];2013:12. Available
from: /pmc/articles/PMC3652197/

Katabarwa MN, Lakwo T, Habomugisha P, Agunyo S, Byamukama E, Oguttu D, et al. Transmission
of Onchocerca volvulus continues in Nyagak-Bondo focus of northwestern Uganda after 18 years
of a single dose of annual treatment with ivermectin. Am J Trop Med Hyg [Internet]. 2013 Aug

[cited 2022 Aug 31];89(2):293-300. Available from: https://pubmed.ncbi.nlm.nih.gov/23690555/

Twum-Danso NA. Loa loa encephalopathy temporally related to ivermectin administration
reported from onchocerciasis mass treatment programs from 1989 to 2001: implications for the

51



50.

51.

52.

53.

54.

55.

56.

57.

58.

future. Filaria J [Internet]. 2003 Oct 24 [cited 2022 Aug 31];2 Suppl 1(Suppl 1):S7. Available from:
https://pubmed.ncbi.nlm.nih.gov/14975064/

Wu L, Zhang H, Zhang J, Ding J. The predicted and observed decline in onchocerciasis infection
during 14 years of successful control of Simulium spp. in west Africa. Bull World Health Organ
[Internet]. 1990 Jul [cited 2022 Sep 9];68(3):1105—14. Available from:
https://pubmed.ncbi.nlm.nih.gov/2393979/

Rebollo MP, Zoure H, Ogoussan K, Sodahlon Y, Ottesen EA, Cantey PT. Onchocerciasis: shifting
the target from control to elimination requires a new first-step—elimination mapping. Int Health
[Internet]. 2018 Mar 1 [cited 2022 Sep 12];10(suppl_1):i14-9. Available from:
https://academic.oup.com/inthealth/article/10/suppl_1/i14/4868660

Lakwo T, Garms R, Wamani J, Tukahebwa EM, Byamukama E, Onapa AW, et al. Interruption of
the transmission of Onchocerca volvulus in the Kashoya-Kitomi focus, western Uganda by long-
term ivermectin treatment and elimination of the vector Simulium neavei by larviciding. Acta
Trop. 2017 Mar 1;167:128-36.

Kalinga AK, Mweya CN, Barro T, Maegga BT. Susceptibility of Simulium damnosum complex
larvae to temephos in the Tukuyu onchocerciasis focus, southwest Tanzania. Tanzan Health Res
Bull [Internet]. 2007 [cited 2022 Dec 19];9(1):19-24. Available from:
https://www.researchgate.net/publication/6289672_Susceptibility_of Simulium_damnosum_co
mplex_larvae_to_temephos_in_the_Tukuyu_onchocerciasis_focus_southwest_Tanzania

Ekanya R, Obie ED, Hamill L, Thorogood S, Abong RA, Njouendou AJ, et al. The preparatory phase
for ground larviciding implementation for chocerciasis control in the Meme River Basin in South
West Cameroon: the COUNTDOWN Consortium alternative strategy implementation trial. Parasit
Vectors. 2022 Dec 1;15(1).

Hougard J, Poudiougo P, Zerbo G, Meyer R, Guillet P, Agoua H, et al. [Control of onchocerciasis
vectors in West Africa: description of the logistics adapted for a large-scale public health
program]. undefined. 1994,

Derua YA, Kahindi SC, Mosha FW, Kweka EJ, Atieli HE, Wang X, et al. Microbial larvicides for
mosquito control: Impact of long lasting formulations of Bacillus thuringiensis var. israelensis and
Bacillus sphaericus on non-target organisms in western Kenya highlands. Ecol Evol. 2018 Aug
6,8(15):7563-73.

Palmer RW, De Moo FE. Annotated records of blackfly (Diptera: Simuliidae) distribution in
southern Africa.

Palmer R.W. AND Rivers-Moore NA. Evaluation of larvicides in developing management
guidelines for long-term control of pest blackflies (Diptera: Simuliidae) along the Orange River,
South Africa. Onderstepoort Journal of Veterinary Research [Internet]. 2008 May;75:299-314.
Available from: http://www.scielo.org.za/scielo.php?script=sci_arttext&pid=5S0030-
24652008000400004&nrm=iso

52



59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

Vieira Santos VS, Caixeta ES, Campos Junior EO de, Pereira BB. Ecotoxicological effects of larvicide
used in the control of Aedes aegypti on nontarget organisms: Redefining the use of pyriproxyfen.
J Toxicol Environ Health A. 2017 Feb 1;80(3):155-60.

Lenk EJ, Redekop WK, Luyendijk M, Rijnsburger AJ, Severens JL. Productivity Loss Related to
Neglected Tropical Diseases Eligible for Preventive Chemotherapy: A Systematic Literature
Review. 2016; Available from: http://www.gatesfoundation.org/.

NIH. Neglected Tropical Diseases | NIH: National Institute of Allergy and Infectious Diseases
[Internet]. [cited 2022 Jun 26]. Available from: https://www.niaid.nih.gov/research/neglected-
tropical-diseases

Vinkeles NVS, Id M, Id WAS, Id WVL, Id RB, Id MEM, et al. The burden of skin disease and eye
disease due to onchocerciasis in countries formerly under the African Programme for
Onchocerciasis Control mandate for 1990, 2020, and 2030. 2021;1-18.

Duerr HP, Raddatz G, Eichner M. Control of onchocerciasis in Africa: Threshold shifts, breakpoints
and rules for elimination. Int J Parasitol. 2011 Apr 1;41(5):581-9.

Verver S, Walker M, Kim YE, Fobi G, Tekle AH, Zouré HGM, et al. How Can Onchocerciasis
Elimination in Africa Be Accelerated? Modeling the Impact of Increased Ivermectin Treatment
Frequency and Complementary Vector Control. Clin Infect Dis [Internet]. 2018 Jun 6 [cited 2023
Mar 16];66(Suppl 4):5267. Available from: /pmc/articles/PMC5982715/

Amazigo U, Noma M, Bump J, Benton B, Liese B, Yaméogo L, et al. Onchocerciasis. Disease and
Mortality in Sub-Saharan Africa [Internet]. 2006 [cited 2022 Jul 18]; Available from:
https://www.ncbi.nlm.nih.gov/books/NBK2287/

Campillo JT, Boussinesq M, Bertout S, Faillie JL, Chesnais CB. Serious adverse reactions associated
with ivermectin: A systematic pharmacovigilance study in sub-Saharan Africa and in the rest of
the World. PLoS Negl Trop Dis [Internet]. 2021 Apr 1 [cited 2022 Jul 18];15(4):e0009354.
Available from: https://journals.plos.org/plosntds/article?id=10.1371/journal.pntd.0009354

Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020
statement: an updated guideline for reporting systematic reviews. BMJ [Internet]. 2021 Mar 29
[cited 2023 Oct 23];372. Available from: https://www.bmj.com/content/372/bmj.n71

Africa: Human Geography | National Geographic Society [Internet]. [cited 2022 Jul 19]. Available
from: https://education.nationalgeographic.org/resource/africa-human-geography

Africa Overview: Development news, research, data | World Bank [Internet]. [cited 2022 Jul 19].
Available from: https://www.worldbank.org/en/region/afr/overview

Africa’s path to growth: Sector by sector | McKinsey [Internet]. [cited 2022 Jul 19]. Available
from: https://www.mckinsey.com/featured-insights/middle-east-and-africa/africas-path-to-
growth-sector-by-sector

Nana-Djeunga HC, Domche A, Niamsi-Emalio Y, Moungui HC, Walker M, Basanez MG, et al.
Situation analysis of onchocerciasis in Cameroon: A protocol for systematic review of
epidemiological studies and impact of disease control interventions. Syst Rev. 2020;9(1):1-6.

53



72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

Jennie Popay, Helen Roberts, Amanda Sowden, Mark Petticrew, Lisa Arai, Mark Rodgers, et al.
Guidance on the Conduct of Narrative Synthesis in Systematic Reviews. . Economic and Social
Research Council Methods Programme . 2006;

Vissoci JRN, Shogilev DJ, Krebs E, Andrade L de, Vieira IF, Toomey N, et al. Road traffic injury in
sub-Saharan African countries: A systematic review and summary of observational studies. Traffic
Inj Prev. 2017 Oct 3;18(7):767-73.

Joanna Briggs Institute. Critical Appraisal Checklist for Systematic Reviews and Research
Syntheses. [Internet]. 2021 [cited 2023 Oct 23]. Available from:
https://joannabriggs.org/sites/default/files/2021-08/JBI_Critical_Appraisal-
Checklist_for_Systematic_Reviews2021.pdf

Munn Z, Moola S, Lisy K RD. Munn Z, Moola S, Lisy K, Riitano D, Tufanaru C. Chapter 5: Systematic
reviews of prevalence and incidence. In: Aromataris E, Munn Z (Editors). JBI Manual for Evidence
Synthesis. JBI, 2020. Available from https://synthesismanual.jbi.global. https://doi.org [Internet].
[cited 2022 May 6]. Available from: https://pharmaceutical-journal.com/article/feature/fatal-
mistakes-why-do-ten-fold-medication-errors-in-children-keep-happening

Loum D, Cozart D, Lakwo T, Habomugisha P, Jacob B, Cupp EW, et al. Optimization and evaluation
of the Esperanza Window Trap to reduce biting rates of Simulium damnosum sensu lato in
Northern Uganda. PLoS Negl Trop Dis. 2019 Jul 1;13(7).

Young RM, Burkett-Cadena ND, McGaha TW, Rodriguez-Perez MA, Toé LD, Adeleke MA, et al.
Identification of Human Semiochemicals Attractive to the Major Vectors of Onchocerciasis. PLoS
Negl Trop Dis. 2015;9(1).

Zarroug IMA, Elaagip A, Gumaa SG, Ali AK, Ahmed A, Siam HAM, et al. Notes on distribution of
Simulium damnosum s. |. along Atbara River in Galabat sub-focus, eastern Sudan. BMC Infect Dis.
2019 Dec 28;19(1):477.

Olkeba BK, Mereta ST, Goethals PLM, Yewhalaw D, Debesa G, Ambelu A, et al. Habitat preference
of blackflies in Omo Gibe river basin (southwest Ethiopia): Implications for onchocerciasis
elimination and control. PLoS One. 2022 Mar 4;17(3):e0264750.

Routledge I, Walker M, Cheke RA, Bhatt S, Nkot PB, Matthews GA, et al. Modelling the impact of
larviciding on the population dynamics and biting rates of Simulium damnosum (s.l.): Implications
for vector control as a complementary strategy for onchocerciasis elimination in Africa. Parasit
Vectors. 2018 May 29;11(1).

Zarroug IMA, Hashim K, Elaagip AH, Samy AM, Frah EA, EIMubarak WA, et al. Seasonal Variation
in Biting Rates of Simulium damnosum sensu lato, Vector of Onchocerca volvulus, in Two
Sudanese Foci. PLoS One. 2016 Mar 4;11(3):e0150309.

Raimon S, Lakwo TL, Sebit WJ, Siewe Fodjo JN, Alinda P, Carter JY, et al. “Slash and Clear”, a
Community-Based Vector Control Method to Reduce Onchocerciasis Transmission by Simulium
sirbanum in Maridi, South Sudan: A Prospective Study. Pathogens. 2021 Oct 1;10(10).

54



83.

84,

85.

86.

87.

88.

89.

90.

91.

92.

93.

94,

95.

Garms R, Lakwo TL, Ndyomugyenyi R, Kipp W, Rubaale T, Tukesiga E, et al. The elimination of the
vector Simulium neavei from the Itwara onchocerciasis focus in Uganda by ground larviciding.
Acta Trop. 2009 Sep 1;111(3):203-10.

Crosa G, Yaméogo L, Calamari D, Kondé F, Nabé K. Effects of larvicide treatment on invertebrate
communities of Guinean rivers, West Africa. Hydrobiologia 2001 458:1 [Internet]. 2001 Aug 15
[cited 2022 Dec 19];458(1):151-8. Available from:
https://link.springer.com/article/10.1023/A:1013169120020

Crosa G, Yaméogo L, Calamari D, Diop ME, Nabé K, Kondé F. Analysis of the effects of rotational
larviciding on aquatic fauna of two Guinean rivers: the case of permethrin. Chemosphere. 2001
Jul 1;44(3):501-10.

Wilson MD, Osei-Atweneboana M, Boakye DA, Osei-Akoto I, Obuobi E, Wiafe C, et al. Efficacy of
DEET and non-DEET-based insect repellents against bites of Simulium damnosum vectors of
onchocerciasis. Med Vet Entomol. 2013 Jun;27(2):226-31.

Lakwo T, Garms R, Wamani J, Tukahebwa EM, Byamukama E, Onapa AW, et al. Interruption of
the transmission of Onchocerca volvulus in the Kashoya-Kitomi focus, western Uganda by long-
term ivermectin treatment and elimination of the vector Simulium neavei by larviciding. Acta
Trop. 2017 Mar 1;167:128-36.

Jacob BG, Loum D, Lakwo TL, Katholi CR, Habomugisha P, Byamukama E, et al. Community-
directed vector control to supplement mass drug distribution for onchocerciasis elimination in
the Madi mid-North focus of Northern Uganda. PLoS Negl Trop Dis [Internet]. 2018 Aug 1 [cited
2022 Aug 4];12(8). Available from: /pmc/articles/PMC6128654/

Jacob B, Loum D, Munu D, Lakwo T, Byamukama E, Habomugisha P, et al. Optimization of Slash
and Clear Community-Directed Control of Simulium damnosum Sensu Stricto in Northern
Uganda. Am J Trop Med Hyg. 2021 Apr 7;104(4):1394-403.

Rahman R, Lesser A, Mboera L, Kramer R. Cost of microbial larviciding for malaria control in rural
Tanzania. Tropical Medicine & International Health. 2016 Nov;21(11):1468-75.

Dambach P, Traoré |, Kaiser A, Sié A, Sauerborn R, Becker N. Challenges of implementing a large
scale larviciding campaign against malaria in rural Burkina Faso — lessons learned and
recommendations derived from the EMIRA project. BMC Public Health. 2016 Dec 29;16(1):1023.

Pathak VM, Verma VK, Rawat BS, Kaur B, Babu N, Sharma A, et al. Current status of pesticide
effects on environment, human health and it’s eco-friendly management as bioremediation: A
comprehensive review. Front Microbiol. 2022 Aug 17;13.

Vajime CG, Gregory WG. Species complex of vectors and epidemiology. Acta Leiden. 1990;59(1—
2):235-52.

Adler PH, Cheke RA, Post RJ. Evolution, epidemiology, and population genetics of black flies
(Diptera: Simuliidae). Infection, Genetics and Evolution. 2010 Oct;10(7):846—65.

Procunier WS. Cytological approaches to simuliid biosystematics in relation to the epidemiology
and control of human onchocerciasis. Genome. 1989 Aug 1;32(4):559-69.

55



96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

Tirados I, Thomsen E, Worrall E, Koala L, Melachio TT, Basafiez MG. Vector control and
entomological capacity for onchocerciasis elimination. Trends Parasitol. 2022 Jul 1;38(7):591—
604.

Usip L, Udonsi J, Ibanga E, Opara K. A survey of breeding sites and variation of &It;i&gt;Simulium
damnosum&aIt;/i&gt; in Ini L.G.A. of Akwa Ibom, Nigeria. Nigerian Journal of Parasitology. 2007
Jan 16;24(1).

Ibeh OO, Nwoke BE, Adegoke JA. Distribution and ecology of breeding sites of &lt;i&gt;Simulium
damnosum s.l.&It;/i&gt; in south-eastern primary health zone of Nigeria. Nigerian Journal of
Parasitology. 2007 Aug 6;28(1).

Anosike JC, Onwuliri COE. Studies on filariasis in Bauchi State, Nigeria. 1. Endemicity of human
onchocerciasis in Ningi Local Government Area. Ann Trop Med Parasitol. 1995 Feb 15;89(1):31-8.

Crosskey RW. A review of Simulium damnosum s.l. and human onchocerciasis in Nigeria, with
special reference to geographical distribution and the development of a Nigerian national control
campaign. Tropenmed Parasitol. 1981 Mar;32(1):2-16.

Hashiguchi Y, Kawabata M, Tanaka |, Okazawa T, Flores OC, Recinos MM. Seasonal variation in
the microfilarial skin density of Onchocerca volvulus and in the biting activity of Simulium spp. in
Guatemala. Trans R Soc Trop Med Hyg. 1981 Jan;75(6):839-45.

Adeleke MA, Olufemi Sam-Wobo S, Olatunji Olatunde G, Akinwale OP, Ekpo UF, Mafiana CF, et al.
ORIGINAL RESEARCH BIOECOLOGY OF SIMULIUM DAMNOSUM THEOBALD COMPLEX ALONG
OSUN RIVER, SOUTHWEST NIGERIA [Internet]. Vol. 10, Southwestern Nigeria Article in Journal of
Rural and Tropical Public Health. 2011. Available from:
https://www.researchgate.net/publication/273831797

Zarroug IM, Elaagip AH, Abuelmaali SA, Mohamed HA, EIMubarak WA, Hashim K, et al. The
impact of Merowe Dam on Simulium hamedense vector of onchocerciasis in Abu Hamed focus -
Northern Sudan. Parasit Vectors. 2014;7(1):168.

Girmay Y. Assessing the Environmental Impacts of a Hydropower Project: The case of
Akosombo/Kpong Dams in Ghana. In 2006.

Babalola O. Ocular onchocerciasis: current management and future prospects. Clinical
Ophthalmology. 2011 Oct;1479.

Myburgh E, Nevill EM. Review of blackfly (Diptera : Simuliidae) control in South Africa.
Onderstepoort Journal of Veterinary Research [Internet]. 2003;70(4):307-16. Available from:
https://journals.co.za/doi/abs/10.10520/EJC86137

Myburgh Ernest, South Africa. Water Research Commission. Factors that influence adult blackfly
(Diptera : Simuliidae) survival along the lower Orange river, South Africa. Water Research
Commission; 2002.

Kuzoe FAS, Hagan KB. The control of Simulium damnosum Theobald (Diptera, Simuliidae) in the
region of the Volta Dam. Ann Trop Med Parasitol. 1967 Sep 15;61(3):338-48.

56



57



APPENDIX 1: Plagiarism declaration report

UNIVERSITY OF THE é FACULTY OF
WITWATERSRAND, / HEALTH SCIENCES
JOHANNESBURG

PLAGIARISM DECLARATION TO BE SIGNED BY ALL HIGHER DEGREE STUDENTS
SENATE PLAGIARISM POLICY: APPENDIX ONE

| Elakpa, Daniel Ngbede (Student number: 2606026 ) am a student

¢ MSc Epidemiology(Implementation Sc.)

registered for the degree o in the academic year 2022

| hereby declare the following:

- | am aware that plagiarism (the use of someone else’s work without their permission and/or
without acknowledging the original source) is wrong.

- | confirm that the work submitted for assessment for the above degree is my own unaided work
except where | have explicitly indicated otherwise.

- | have followed the required conventions in referencing the thoughts and ideas of others.

- lunderstand that the University of the Witwatersrand may take disciplinary action against me if
there is a belief that this is not my own unaided work or that | have failed to acknowledge the
source of the ideas or words in my writing.

- | have included as an appendix a report from “Turnitin” (or other approved plagiarism detection)
software indicating the level of plagiarism in my research document.

DA

Signature: Date: 12/ July, 2023

58



APPENDIX 2: Search Strategy

Table 5 Search Strategy for PubMed.

Search

number

Query

1

(onchocercias* OR river blindness OR onchocercal disease) AND (Vector manag* OR vector
control) AND (Sub-saharan africa OR Africa) AND onchocerca volvulus AND (simulium

sirbanum OR simulium damnosum)

(onchocercias* OR river blindness OR onchocercal disease) AND (Vector manag* OR vector
control) AND (Sub-saharan africa OR Africa) AND onchocerca volvulus AND (simulium

sirbanum OR simulium damnosum)

((((*Onchocerciasis"[Mesh] OR "Onchocerciasis, Ocular'[Mesh]) AND "Insect
Control"[Mesh]) AND "Africa South of the Sahara"[Mesh]) AND "Onchocerca
volvulus”[Mesh]) AND "Simuliidae"[Mesh]

((((""Onchocerciasis"[Mesh] OR "Onchocerciasis, Ocular'[Mesh]) AND "Insect
Control”[Mesh]) AND "Africa South of the Sahara"[Mesh]) AND "Onchocerca
volvulus”[Mesh]) AND "Simuliidae"[Mesh]

((((*Onchocerciasis"[Mesh] OR "Onchocerciasis, Ocular'[Mesh]) AND "Insect
Control"[Mesh]) AND "Africa"[Mesh]) AND "Onchocerca volvulus"[Mesh]) AND
"Simuliidae"[Mesh]

(((("Onchocerciasis"[Mesh] OR "Onchocerciasis, Ocular'[Mesh]) AND "Insect
Control”[Mesh]) AND "Africa"[Mesh]) AND "Onchocerca volvulus“[Mesh]) AND
"Simuliidae"[Mesh]

((onchocercias™* OR river blindness OR onchocercal disease) AND (Vector manag™* OR vector
control) AND (Sub-saharan africa OR Africa) AND onchocerca volvulus AND (simulium
sirbanum OR simulium damnosum)) AND ((onchocercias* OR river blindness OR
onchocercal disease) AND (Vector manag* OR vector control) AND (Sub-saharan africa OR

Africa) AND onchocerca volvulus AND (simulium sirbanum OR simulium damnosum))
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((onchocercias* OR river blindness OR onchocercal disease) AND (Vector manag* OR vector
control) AND (Sub-saharan africa OR Africa) AND onchocerca volvulus AND (simulium
sirbanum OR simulium damnosum)) AND ((onchocercias* OR river blindness OR onchocercal
disease) AND (Vector manag* OR vector control) AND (Sub-saharan africa OR Africa) AND
onchocerca volvulus AND (simulium sirbanum OR simulium damnosum)) AND
((((("Onchocerciasis"[Mesh]  OR  "Onchocerciasis, Ocular'[Mesh]) AND  "Insect
Control”"[Mesh]) AND "Africa South of the Sahara"[Mesh]) AND "Onchocerca
volvulus"[Mesh]) AND "Simuliidae"[Mesh]) AND ((((("Onchocerciasis"[Mesh] OR
"Onchocerciasis, Ocular'[Mesh]) AND "Insect Control*[Mesh]) AND "Africa South of the
Sahara"[Mesh]) AND "Onchocerca volvulus'[Mesh]) AND "Simuliidae"[Mesh]) AND
((((("Onchocerciasis"[Mesh] OR  "Onchocerciasis, Ocular"[Mesh]) AND  "Insect
Control"[Mesh]) AND "Africa"[Mesh]) AND "Onchocerca volvulus"[Mesh]) AND
"Simuliidae"[Mesh]) AND ((((("Onchocerciasis"[Mesh] OR "Onchocerciasis, Ocular"[Mesh])
AND "Insect Control'[Mesh]) AND "Africa"[Mesh]) AND "Onchocerca volvulus"[Mesh])
AND "Simuliidae"[Mesh])

(onchocercal skin disease OR onchoderm*) AND (Vector manag* OR vector control)

10

#8 AND #9

11

#1 AND #9

12

#2 AND #9

13

#3 AND #9
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Table 6 Search strategy for Web of Science

ID Search Hits
#1 MeSH descriptor: [undefined] explode all trees 0
#2 [**Error**]==> (((("Onchocerciasis"[Mesh] OR "Onchocerciasis,

Ocular"[Mesh]) AND "Insect Control"[Mesh]) AND "Africa South of the

Sahara"[Mesh]) AND "Onchocerca volvulus”[Mesh]) AND

"Simuliidae"[Mesh]
#3 MeSH descriptor: [Onchocerciasis, Ocular] explode all trees 21
#4 MeSH descriptor: [Onchocerciasis] explode all trees 156
#5 MeSH descriptor: [Insect Control] explode all trees 268
#6 MeSH descriptor: [Africa South of the Sahara] explode all trees 7571
#7 MeSH descriptor: [Onchocerca] explode all trees 75
#8 MeSH descriptor: [Simuliidae] explode all trees 6
#9 #3 OR #4 AND #5 AND #6 AND #7 AND #8 22
#10 |#30OR#4 156
#11 | #5 AND #10 1
#12 | #6 AND #11 1
#13 | #7 AND #12 1
#14 | #8 AND #13 1
#15 | ((onchocercias* OR river blindness OR onchocercal disease) AND (Vector 1

manag* OR vector control) AND (Sub-saharan africa OR Africa) AND

onchocerca volvulus AND (simulium sirbanum OR simulium

damnosum)):ti,ab,kw (Word variations have been searched)
#16 | ((onchocercias* OR river blindness OR onchocercal disease) AND (Vector 0

manag* OR vector control) AND (Sub-saharan africa OR Africa) AND

onchocerca volvulus AND (simulium sirbanum OR simulium

damnosum)(onchocercias* OR river blindness OR onchocercal disease) AND

(Vector manag™* OR vector control) AND (Sub-saharan africa OR Africa) AND

onchocerca volvulus AND (simulium sirbanum OR simulium

damnosum)):ti,ab,kw (Word variations have been searched)
#17 | (onchocercias* OR river blindness OR onchocercal disease) AND (Vector 0

manag* OR vector control) AND (Sub-saharan africa OR Africa) AND

onchocerca volvulus AND (simulium sirbanum OR simulium damnosum)
#18 | onchocercal skin disease OR onchoderm 12
#19 | onchocercal skin disease OR onchoderm AND #15 12
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APPENDIX 5: PICOS Table

PICOST Table

P Population Blackflies in Sub-Saharan African
countries

| Intervention Vector control methods

C Comparator N/A

o Outcome Vector control (observed in the
control of onchocerciasis/number of
disease cases as well as number of
bites)

S Studies Observational and  experimental
studies.

T Timeline 2000-2022
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APPENDIX 6: Table of Excluded Studies

STUDY

REASON FOR EXCLUSION

Long-term, large-scale biomonitoring
Of the unknown: Assessing the Effects
of

Insecticides to Control River Blindness
(Onchocerciasis) in West Africa. (By
Resh et al,)

No study design. No results/outcomes were reported.

Accelerating river blindness
elimination by supplementing MDA
with a vegetation “slash and clear”
vector control strategy: a data driven
modeling analysis. (By: Smith et al)

This article was a data driven modelling analysis, had no
study design.

Vector control and entomological
capacity for onchocerciasis elimination
(by: 1. Tirados et al)

A review assessing achievements and pitfalls of vector
control interventions and has no study design

Longitudinal evaluation of repellent
activity of Ocimum

gratissimum (Labiatae) volatile oil
against Simulium damnosum

(By: Usip et al)

An evaluation study and did not focus on the scope of our
research question.

Historical Elimination of
Onchocerciasis from Victoria Nile
Focus in Central Uganda Verified
Using WHO Criteria

(by: Katabarwa et al)

A routine program-monitoring activity (evaluating the
historical effectiveness of vector control from 1974)

Factors affecting onchocerciasis
transmission: lessons for infection
control. (By Cheke)

This article is a discussion piece/expert commentary

Bacteriome Diversity of Blackflies’ Gut
and Association with Onchocerca
volvulus, the Causative Agent of
Onchocerciasis in Mbam Valley (Center
Region, Cameroon)

(by Ekangouo et al)

Focused on bacteriomes of blackflies and does not answer
our research question.
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Refocusing vector assessment towards
the elimination

of onchocerciasis from Africa: a review
of the current status

in selected countries. (Boakye et al)

A review, and has no primary data nor study design.

Implementation of test-and-treat
with doxycycline and temephos
ground

larviciding as alternative strategies
for accelerating onchocerciasis
elimination

in an area of loiasis co-endemicity:
the COUNTDOWN consortium
multi-disciplinary

study protocol. (By Waniji et al)

A protocol for an ongoing research, thus has no primary
data to answer our research question

‘Slash and clear’ vector control for
onchocerciasis elimination and
epilepsy

prevention: a protocol of a cluster
randomised trial in

Cameroonian villages (Fodjo et al)

A protocol for an ongoing research, thus has no primary
data to answer our research question

The impact of ivermectin treatment
alone and when in parallel

with Simulium neavei elimination on
onchocerciasis in Uganda (by
Ndyomugyenyi et al)

This study was comparing effectiveness and did not answer
our research question

An 18S ribosomal DNA barcode for the
study of Isomermis lairdi, a parasite of
the blackfly Simulium damnosum s.1.
(Crainey et al)

Focused on exploring a parasite's potential role in reducing
blackfly vector population densities, thus not relevant to our
study.

Onchocerca volvulus infection and
serological prevalence, ocular
onchocerciasis and parasite
transmission in northern and central
Togo after decades of Simulium
damnosum s.l. vector control and
mass drug administration of
ivermectin (Kolman et al)

This was an assessment study and not relevant to our
review

Onchocerciasis in West Africa after
2002: a challenge to take up. (Hougard
et al)

This article was a discussion piece. Not relevant to our
study/wrong type of study

Control of onchocerciasis (By Boatin
et al)

This article was a discussion piece. Not relevant to our
study/wrong type of study
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Review of the National Program for
Onchocerciasis Control in the
Democratic Republic of the Congo. (By
Bof et al)

This study was a review. Not relevant to our study/wrong
type of study

The geographic distribution of
onchocerciasis in the 20 participating
countries of the African Programme
for Onchocerciasis Control: (1) priority
areas for ivermectin treatment. (By
Noma et al)

This was a mapping study. Not relevant to our study/wrong
type of study

Deforestation and the spatio-temporal
distribution of savannah and forest
members of the Simulium damnosum
complex in southern Ghana and south-
western Togo (By Wilson et al)

This was a mapping study. Not relevant to our study/wrong
type of study

Potential effects of warmer worms and
vectors on onchocerciasis transmission
in West Africa (By Chek at al)

This was a mapping and modelling study. Not relevant to
our study/wrong type of study

Population Fluctuations and Effect of
Climatic Factors on the Relative
Abundance of Simulium damnosum
Complex (Diptera: Simuliidae) (By
Oforka et al)

This study was an assessment study and not focused on
vector control. Not relevant to our study/wrong type of
study

Onchocerciasis Elimination: Progress
and Challenges (By Lakwo et al)

This study was a review of the current status the disease.
Not relevant to our study/wrong type of study

Identification of Human-Derived
Attractants to Simulium damnosum
Sensu Stricto in the Madi-Mid North
Onchocerciasis Focus of Uganda. (By
Cozart et al)

Outcomes not relevant to our study

Indices of onchocerciasis transmission
by different members of the Simulium
damnosum complex conflict with the
paradigm of forest and savanna
parasite strains. (By Chek at al)

Outcomes not relevant to our study/wrong type of study

Integrated rapid mapping of
onchocerciasis and loiasis in the
Democratic Republic of Congo: impact
on control strategies. (By Tekle et al)

This is a mapping study and impact evaluation

Identification of the onchocerciasis
vector in the Kakoi-Koda focus of the
Democratic Republic of Congo. (By
Post et. al)

Outcomes not relevant to our study
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Onchocerciasis control in the Outcomes not relevant to our study
Democratic Republic of Congo (DRC):
challenges in a post-war environment.
(By Bof et al)
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