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and utilize drone‑based remote sensing 
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Abstract 

Despite the ongoing onchocerciasis control program that has been in place in Mahenge for more than two decades 
using the Community Directed Treatment with Ivermectin (CDTI) strategy, the persistent transmission of onchocer-
ciasis has been observed, proving that CDTI alone is unable to interrupt the transmission. This letter aims to highlight 
how drone-based remote sensing technology can be utilized for Simulium surveillance and control in Mahenge and 
suggest measures that can be employed to initiate the vector control intervention using the proposed technology in 
Mahenge. The drone-based technology in Mahenge could assist in the identification of Simulium breeding sites even 
in inaccessible parts of rivers and streams, mapping the microenvironmental composition, and suggesting potential 
control measures, including whether to apply larviciding using drones or where the ground control effort of slash-
ing and clearing should be prioritized. Therefore, now is an opportune time to combine CDTI and Simulium control 
interventions to achieve sustainable onchocerciasis control in Mahenge.
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Background
Onchocerciasis, commonly known as river blindness, 
is an eye and skin parasitic disease caused by the filarial 
worm Onchocerca volvulus (O. volvulus) and transmitted 
by repeated bites of infected  blackflies (Simulium  spe-
cies) (WHO 2022). Onchocerca species that infect 
domestic and wild animals, such as O. lupi, O. dewittei 
japonica, O. cervicalis, O. jakutensis, and O. gutturosa, 
have been reported to infect humans in 40 cases with 

clinical manifestations similar to those caused by O. 
volvulus (Cambra-Pellejà et  al. 2020). Blackflies usually 
breed in fast-flowing and oxygen-rich streams and rivers 
hence the high prevalence of onchocerciasis in villages 
along or near the fast-flowing streams and rivers (WHO 
2022).

Each larva of Onchocerca species stays as a single 
male or female and grows until it becomes a mature 
worm, which remains separated in the skin or collected 
together in subcutaneous fibrous nodules because of 
the immunological reaction of the host; females pro-
duce microfilariae, which invade the skin, travel in it, 
and very often reach the eye. Hence, responsible for 
dermatological, ophthalmological, and neurologi-
cal manifestations in infected individuals (Gyasi et  al. 
2022). Dermatological manifestations such as skin 
lesions are induced with inflammatory reactions due to 
the dying/death of microfilariae, causing onchocercal 
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dermatitis (Brattig 2004; Gyasi et  al. 2022). Adult 
worms are responsible for causing onchocercomas 
(subcutaneous nodules) over bony prominences. The 
subcutaneous nodules are pretty benign and cause dis-
figurement with no pain. However, occasionally the 
nodule can degenerate to form an abscess, or the worms 
can become calcified (Murdoch et al. 2002; Gyasi et al. 
2022). Ophthalmological manifestations, such as ocular 
lesions, develop when microfilariae invade the cornea 
(Gyasi et  al. 2022). The inflammatory reactions in the 
cornea due to the dying/death of microfilariae perpetu-
ate visual impairment and river blindness (Burnham 
1998; Gyasi et  al. 2022). Neurological manifestations 
such as nodding and nakalanga syndromes character-
ized by repeated head nodding attacks, epilepsy, cogni-
tive dysfunction, neurological deterioration, retarded 
growth, postural development, poor muscle develop-
ment, and delayed puberty have been reported in chil-
dren aged 3 to 18 years in onchocerciasis endemic areas 
(Colebunders et al. 2021). The exact pathophysiological 
mechanism of how O. volvulus  causes epilepsy is still 
unknown. The postulated mechanisms are microfilariae 
invasion of the central nervous system, an autoimmune 
disorder due to crossreactivity between  O. volvu-
lus proteins and Leiomodin-1 antibodies, and neuronal 
dysfunction brought by the deposition of pathogenic 
tau protein in the brain (Hadermann et al. 2023).

Burden of onchocerciasis and associated morbidities
It is estimated that about 198 million people in 36 coun-
tries reside in areas where onchocerciasis is prevalent, 
close to fast-flowing rivers and streams, placing them at 
risk of contracting the disease in 2017 (WHO 2022). In 
addition, more than 20.9 million people were onchocer-
ciasis infected, with over 14.6 million having onchocer-
cal dermatitis and 1.15 million people having vision loss 
(WHO 2022). The highest prevalence of onchocerciasis 
has been documented in the African region, with 99% 
of the infected individuals residing in 31 countries in 
Africa. Additionally, Yemen and Latin America (Brazil 
and Venezuela) have reported persistent transmission 
(WHO 2022). It is estimated that more than 381,000 
people live with onchocerciasis associated epilepsy 
(OAE) and the condition is responsible for 10–13 years 
of life with disability (Vinkeles Melchers et  al. 2018). 
The prevalence of OAE varies across the regions in 
Africa, example: in South Sudan, it ranges from 4.1 to 
22.4%, Cameroon (15.6–47.6%), Democratic Republic 
of Congo (0.8–8.5%), Uganda (3000–6000 cases), Tan-
zania, (1.02–10.2% prevalence of nodding syndrome) 
(Idro 2018; Mmbando et  al. 2018; Morin et  al. 2021; 
Raimon et al. 2021).

Onchocerciasis control approaches
The current control of onchocerciasis is through CDTI 
or a combination of CDTI and vector (Simulium) con-
trol. Ivermectin use started in 1987, aiming at killing the 
microfilariae, relieving skin itching, and halting the pro-
gression to blindness (Crump and Omura 2011). How-
ever, the ivermectin does not kill the adult worms until 
they die naturally within their life span. Hence ivermectin 
must be taken yearly within 16–18  years, correspond-
ing to the parasite’s life span (Klager et  al. 1993). Vec-
tor control is the oldest control strategy compared with 
ivermectin. Its implementation started in 1975 through 
aerial larviciding of fast-flowing rivers and streams, tar-
geting the larvae stage (Garms et al. 1979). However, this 
control strategy faced challenges like the emergence of 
insecticide resistance, Simulium cross-border migration, 
and implementation costs (Kurtak et  al. 1987). Recently 
the community-directed vector control approach involv-
ing slashes and clearing of the vegetation that serves as a 
substrate of Simulium  immature stages in the fast-flow-
ing rivers and streams was introduced (Siewe Fodjo et al. 
2021).

Onchocerciasis situation in Tanzania
Tanzania is among the sub-Saharan African countries 
with ongoing transmission of onchocerciasis, with more 
than 6 million people at risk of acquiring the disease in 
six endemic regions (Mushi et al. 2020). The first discov-
ered heavily infected focus for onchocerciasis in Tan-
zania was the Mahenge in the Morogoro region, with 
nodule prevalence of 95–100% in some communities and 
microfilariae prevalence of 60–87% (Mwaiko et al. 1990). 
As a result, the CDTI was established in 1997 to combat 
onchocerciasis and has been implemented for more than 
two decades (NTDCP, 2017). Despite two decades of 
annual CDTI, there is a persistent transmission of oncho-
cerciasis (Mushi 2018) and an increase in the incidences 
of OAE (Mmbando et al. 2018), demonstrating unequiv-
ocally that an annual CDTI could not interrupt disease 
transmission in Mahenge. Unfortunately, there has been 
no attempt at Simulium control in the Mahenge (Häuser-
mann 1969), contributed by its mountainous nature with 
hard-to-reach fast-flowing rivers and streams.  Hence, 
there is a need to implement vector control strategies 
in Mahenge that will be complimented with bi-annual 
CDTI, which started in 2019 to accelerate the control of 
onchocerciasis.

How can drone‑based remote sensing technology be used 
for Simulium control in Mahenge?
The drone-based remote sensing technology is a 
recent novel technology that can be combined with 
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mathematical/predictive modeling for the risk assess-
ment, incidence detection, and identification of the 
disease transmission hotspots for the vector-borne path-
ogens (Stanton et al. 2021; Carrasco-Escobar et al. 2022). 
The use of drone technology could play a crucial role in 
the successful Simulium surveillance and control pro-
grammes in Mahenge in the following ways;

	 i.	 The Simulium surveillance programs could use 
drones with high magnification cameras and reso-
lution to survey the fast-flowing rivers and streams 
and take high-quality pictures for the Simulium 
breeding sites identification. Additionally, the 
drones could aid in the inspection and visualization 
of the immature stages of Simulium for planning 
appropriate control measures based on precisely at 
what part of the river or stream a particular imma-
ture Simulium stage can be found.

	 ii.	 The microenvironmental composition that facili-
tates Simulium breeding, survival, and growth 
from eggs to adults could be mapped using drone-
based technologies. The mapping will predict Sim-
ulium abundance, species composition, distribu-
tion, diversity, and resting places that will be used 
to indicate type of Simulium control intervention 
(chemical control or environmental manipulation 
or modification) needed.

	iii.	 The drones could be utilized for  Simulium  larval 
source management (LSM) through larviciding of 
the Simulium breeding habitats, which will destroy 
the immature stages of the Simulium. Commercial 
drones for larviciding can carry up to 30 L of the 
larvacide, covering a large part of the breeding hab-
itat. LSM using eco-friendly larvacides can reduce 
the abundance of Simulium and biting rates while 
continuing to preserve the rivers and streams for 
water supply, agricultural and domestic activities.

Where should we start in terms of Simulium control 
at Mahenge?
It is an opportune time to complement bi-annual CDTI 
in Mahenge with  Simulium  control interventions to 
accelerate the onchocerciasis control fight, especially 
knowing drone-based technology could assist.  The fol-
lowing should be done to start the Simulium surveillance 
and control;

	 i.	 The Neglected Tropical Diseases Control Pro-
gramme should conduct operational feasibility 
studies to determine whether drones can access 
areas that are typically inaccessible, whether they 
can capture and process high-quality images to 

identify breeding sites, whether they can dispense 
larviciding to fast-moving rivers and streams, and 
whether their use will lower Simulium abundance, 
densities, and biting rates. The feasibility studies 
should also take into account the Mahenge com-
munity’s acceptance of drone technology, the safety 
of drone operation, and the cost of flying drones 
compared to terrestrial entomological investiga-
tions.

	 ii.	 The Neglected Tropical Diseases Control Pro-
gramme should create a multidisciplinary team 
with the required skills to carry out the  Simu-
lium  surveillance and control using drones who 
will work together in the feasibility and field trial 
studies and future on the actual implementation. 
Also, the Neglected Tropical Diseases Control Pro-
gramme could collaborate with the organizations 
such as Tanzania Flying Labs and research insti-
tutes, such as the Zanzibar Malaria Elimination 
Program in the country, which has been successful 
in mosquito control using drone-based technology.

	iii.	 The Ministry of Health, through the Neglected 
Tropical Diseases Control Programme, should 
mobilize the resources, both human and financial, 
for the surveillance and control activities via the 
proposed technology. In addition, the mobilized 
team should undergo training to acquire the neces-
sary competence and skills to carry out the control 
activities. The financial resources will facilitate pur-
chasing the required drones and larvicides, training 
the team, and conducting feasibility studies. Eco-
nomically speaking, compared to manual Simulium 
surveillance and control, the investment in this 
technology will be less expensive, highly accurate, 
and easier to access remote rivers and streams.

Conclusions
In conclusion, I would like to emphasize that given the 
lack of vector control in Mahenge, it is more impor-
tant than ever to begin the vector control interventions. 
Drone-based technology could facilitate the survey by 
possibly identifying the Simulium breeding site, mapping 
its microenvironmental composition, and controlling it. 
The vector control interventions in Mahenge will be cru-
cial to complement the ongoing bi-annual CDTI, hence 
hastening the onchocerciasis control.

Abbreviations
CDTI	� Community directed treatment with iveremctin
LSM	� Larval source management
OAE	� Onchocerciasis associated epilepsy
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