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Abstract

Background and Aim: Vector-borne diseases are the major causes of morbidity and mortality in several regions, especially
in tropical and subtropical countries. This study aimed to compare the relative abundance, diversity, monthly biting rates,
and parity rate of onchocerciasis vector collected from three small rivers in Southwest Ethiopia.

Materials and Methods: Adult Simulium were collected using human landing catch with protected by the Mosq Tent for 4
consecutive days per month from 7 a.m. to 6 p.m. from January 2018 to December 2018 at three communities: Dizi, Agalo
Uka, and Haro Magela. Chi-square test was used to determine the association between study site villages and abundances
of the Simulium diversity.

Results: During the study period, a total of 15,264 Simulium belong to two species Simulium damnosum sensu lato and
Simulium neavei were collected. The monthly dynamics of S. damnosum sensu lato shows that the highest density of flies
was observed in August, followed by July, whereas the lowest was observed in April. On the other hand, the highest peak
biting hour was observed between 4 p.m. and 6 p.m., while the lowest hourly activity of the fly was recorded from 7 a.m. to
8 a.m. Furthermore, the highest parity rate was observed 82.2% in July followed by 80.9% in August while the lowest rate
was observed 43.7% in January.

Conclusion: This information on onchocerciasis vectors seasonal variation, diversity, parity, and biting time are important
factors that to be considered for noticeable suggestions in monitoring transmission levels to guide the regional and national

onchocerciasis elimination programs in Ethiopia.
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Introduction

Blackflies are arthropods found in order Diptera,
family Simuliidae consists of 2189 species (2177 liv-
ing and 12 fossils) in 19 genera, of which more than
40 are of medical and veterinary importance. Of these,
approximately 60 Simulium damnosum theobald com-
plex sibling species and cytoforms are documented
in Africa [1]. Some of the most important genera of
this family are Simulium, Prosimulium, Parasimulium,
Australosimulium,  Cnephia, and  Gigantodax.
Simulium species may transmit different microorgan-
isms to human and animal hosts; for example, the virus
causing vesicular stomatitis and the avian protozoan
Leucocytozoon. They also act as vectors for Dirofilaria,
Onchocerca, Mansonella, and Splendido filarial in
humans, bears, cattle, ducks, and goose [2,3]. About 54
Simulium species have a role in biting and also trans-
mitting of onchocerciasis in humans [4].
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In Ethiopia, S. damnosum theobald complex
which is widely distributed through an endemic and
non-endemic area of the country is incriminated as the
principal vector of onchocerciasis [1,3].

According to the Global Burden of Disease Study
estimate, there were 20.9 million prevalent Onchocerca
volvulus infections worldwide in 2017: 14.6 million of
the infected people had skin disease and 1.15 million had
vision loss. More than 99% of infected people live in 31
African countries. In 2017, more than 142 million people
were treated in Africa where the strategy of community-di-
rected treatment with ivermectin was implemented, rep-
resenting approximately 69.6% coverage of the number
of people who require treatment globally [5]. In Ethiopia,
people who live in fertile land of Southwest and Northwest
Ethiopia who have extensive agricultural farming area and
people who live and settle near to river banks were more
vulnerable for onchocerciasis infection [6,7]. On the basis
of Rapid Epidemiological Mapping of Onchocerciasis
(REMO) [6] Southwest Ethiopia, including our current
study area, is found endemic to onchocerciasis which is
known by having many rivers with vegetation which cre-
ate suitable habitat for onchocerciasis vector breeding site.

For successful disease elimination surveillance
of adult vector biting activity, seasonal variation in
vector density, abundance, and parity is pre-requisites
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in understanding vector-based epidemiology that
serves for planning of effective vector control and
mapping the target intervention area as sentinel area
that serves as monitoring and surveillance of the
vector. Therefore, this study was aimed to assess the
monthly dynamics of onchocerciasis vector, parity,
and biting behavior in the study area.

Materials and Methods

Ethical approval and informed consent

Ethical approval was obtained from Mettu
University Research Affairs, Directorates Research
Ethics Committee. No tissue samples were taken
from human subjects; however, local data collectors
were involved Simulium collections according to
Nascimento-Carvalho et al. [8]. Signed informed con-
sent was obtained from all individuals concerned after
detailed explanations in their local languages Afan
Oromo about the study.

Study areas and period

The study was conducted in Bure, Alle, and
Nopha (Figure-1) districts of the southwest parts of
Ethiopia. They are located around 500-700 km range
from Addis Ababa in [lu Aba Bor administrative zone.
The districts are characterized by two rainy seasons,
June-September — the main rainy season and March-
May — the small rainy season and receive between
1300 and 1800 mm of annual rainfall and have a mean
annual temperature of 19°C. The collection of the flies
was carried out from January 2018 to December 2018.

Study site selection for Adult Simulium sampling

In the localities, year-round streams and rivers were
selected for sampling. The selection of the regions was
based on characteristics such as nearby house, biocli-
matic zone, mass drug administration (Mectizan/DEC/
Albendazole) distribution history, and variability, vil-
lage size, and the features of the bank of the river. All
information were gathered by visual observation and
scored as either the absence or the presence of logs,

trailing vegetation, and presence and absence of human
activities.

Sampling and identification

The human landing catches with protected by
the MosqTent were used for catching Adult Simulium.
Fly catching was started from 7 a.m. to 6 p.m. for 4
consecutive days per month from January 2018 to
December 2018. At breeding site selected, two fly
catchers worked alternately for 6 h to make a total
of 12 h per catching day. In each catching hour, they
were rest for 15 min. The fly collectors were sitting at
the bank of the river followed the protocol adopted by
Do Nascimento-Carvalho et al. [8]. Collected speci-
men of Simulium species was pooled according to the
hour of the collection in each collection sites. The col-
lected specimens were identified to species level on
morphological basis keys [1,9]. Furthermore, the col-
lected Simulium was labeled (including place, species
name, date, and sampling method) and individually
preserved in Eppendorf tubes.

Adult Simulium parity determination method

The flies caught on the 1* day of every sam-
pling were dissected for parity. The fresh Simulium
with chloroform was placed on a microscope slide
with a drop of phosphate-buffered saline solution
surrounding the posterior part of the abdomen. On
the sixth or seventh segments, dissection was made
in the abdomen and the contents were pulled out gen-
tly. The ovaries were left on the slide to be dry. The
ovaries were then studied under the microscope to
determine whether they were nulliparous or parous.
The nulliparous condition is indicated by the tightly
coiled endings to the tracheoles (skeins) while the
parous female has uncoiled endings. The female
Simulium that has taken a blood meal and has laid
their eggs at least once is parous, while those that
have not taken a blood meal and laid their eggs are
nulliparous [10].
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Figure-1: Onchocerciasis vector study sites.
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Results

Species diversity and abundance of Simulium

A total of 15,264 flies belong to two species
S. damnosum s.1. and Simulium neavei were collected
from Dizi4873 (31.84%), Haro Magela 5191 (33.92%),
and Agalo Uka 5241 (34.24%), respectively, S. dam-
nosum s.l. was predominant species 14,960 (97.75%)
followed by S. neavei 345 (2.25%) (Tables-1 and 2).
The Chi-square test revealed that there is no associ-
ation (Chi-square=88.80, df=90, p=0.516) between
study site villages and abundances of the Simulium
diversity.
Temporal dynamics of Simulium

The monthly dynamics of S. damnosum s.l.
shows that the highest density of flies was observed
in August followed by July, whereas the lowest was
observed in April. On the other hand, S. neavei den-
sity was shown more or less similar trends between
months (Figure-2).

Hourly peak biting time of Simulium

The highest peak biting hour was observed
between 4 p.m.-5 p.m. and 5 p.m.-6 p.m. while the low-
est hourly activity of the fly was recorded from 7 a.m.
to 8 a.m. Furthermore, the high activities of Simulium
start from 3 p.m. — goes to the peak (Figure-3). On the
other hand, the highest commutative monthly based
peak hourly biting activities of S. damnosum s.1. were
observed at 10 a.m.-11 a.m. (Figure-4).

Monthly parity rate of S. damnosum s.l. and infectivity
The highest parity rate was observed in July

82.2%, followed by August 80.9%, while the lowest

rate was observed in January 43.7% mean (Table-2).

Discussion

There is no association between study site and
abundance of Simulium in the study area, this may be

due to the uniform suitability of the area for vector
breeding, the distance between the rivers and commu-
nity settlement, and the water current are similar and
could be the factors of their association, this finding
is agreed with Guacaneme ef al. [11]. The highest
number of Simulium was sampled in August, July, and
September, this might be due to relatively high rainfall
and relative humidity present in the period because it
is rainy season for the study area. During rainy season,
the amount and current of water in the rivers would
increase more it may create conducive environment
for the proliferation and growth of Simulium larvae in
the river since the larvae are filter feeders that depend
on the water current of the rivers, streams, and spring
this finding in lined with Chikezie ef al. [12] study. On
the other hand, the predominant Simul/ium in the study
area is S. damnosum s.1 even though in the complex
level, the group encompasses primary river blindness
vectors in which almost all the cases reported else-
where belong to this Simulium group [13,14].

The diurnal biting activities of S. damnosum s.1.
showed a similar pattern both spatially and temporally
in each habitat type and study period, respectively.
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Figure-2: Monthly density of Simulium in the study areas,
Ilu Aba Bor zone, Southwest Ethiopia, 2018.

Table-1: The Simulium abundance and diversity between the study sites Ilu Aba Bor zone Southwest Ethiopia, 2018.

Villages Dizi Haro Magela Agalo Uka Total Percentage
Simulium damnosum s.| 4,758(31.09%) 5,065(33.09%) 5,137(33.56%) 14,960 97.75
Simulium naevei 115(0.75%) 126(0.82%) 104(0.68%) 345 2.25
Total 4,873(31.84%) 5,191(33.92%) 5,241(34.24%) 15,305 100.00

Table-2: The parity rate of Simulium damnosum s.l. in the study period Ilu Aba Bor zone, Southwest Ethiopia, 2018.

Month Total dissected Parous Nulliparous Failed Parity rate (%)
April 60 27 33 45
May 74 40 34 54
June 66 33 33 50
July 90 74 16 82.2
August 110 89 18 3 80.9
September 100 63 35 2 63
October 78 56 22 71.8
November 55 23 33 1 41.8
December 48 24 24 50
January 48 21 27 43.7
February 51 23 27 1 45.1
March 49 18 31 36.7
Total 829 491 333 55.4
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Figure-3: Diurnal hourly density of Simulium damnosum s.l. of Ilu Aba Bor zone, Southwest Ethiopia, 2018.
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Figure-4: Monthly diurnal biting activities of Simulium in Ilu Aba Bor zone, Southwest Ethiopia, 2018.

Nevertheless, the high tendency of the highest peak
biting hours was observed between 4 p.m.-5 p.m. and
5 p.m.-6 p.m [15] when high activities such as fetch-
ing water, collecting firewood, conducting agricul-
tural activities, and keeping cattle were the most com-
mon activities which were conducted by inhabitants.
This might be the behavioral evolution exhibited by
the vector [9] because both the host and vector activi-
ties synchronized at the similar time which might have
high probability of being bitted as well as infected by
the onchocerciasis [16].

The parity rate of S. damnosum s.1. at each month
showed more than 50%, which means the majority of
them were older Simulium found on the period. The
more old population of Simulium found in the area
the more probability of maturity of the parasite in the
vector; this means that there is a high chance of being
infected by the diseases. Because the more parous
Simulium is found in the population high longevity
of the vector also increases if long-lived Simulium
more in the study area and period infection of the dis-
ease increase, on the other hand, parous vector often
shows at least one, the vector had fed blood from
the host. Our investigations on parity patterns of the
S. damnosum s.1 showed that the highest parous flies
were observed in the period furthermore, the high-
est density of Simulium obtained in July and August
months. High probability of infection again may
happen in this month’s which permit, together with

O. volvulus infection rates reported elsewhere [17]
which makes our current study area conducive envi-
ronment for Simulium breeding site [7,18]. Therefore,
having knowledge on peak biting time and high
parous rate provides useful information for the design
of entomological evaluation protocols for the moni-
toring of onchocerciasis vector control and onchocer-
ciasis elimination programs.

Conclusion

The current finding showed that S. damnosum
s.l is the predominant Simulium species in the area.
Since this fly is the primary vector and responsible
for majority cases of onchocerciasis, elsewhere hence
every responsible body from government to indi-
vidual should take care and find the possible vector
control methods to reduce the risks in the study area.
On the other hand, the highest peak biting time of the
Simulium was started from 4 p.m. to 6 p.m., whereas
the rainy season including June to September was the
time with the highest density and parity being regis-
tered, respectively. This information lets the clue time
to which intervention should be taken and supports
the national and regional onchocerciasis elimination
programs in Ethiopia. Furthermore, the local commu-
nity should care for themselves by wearing protective
close while they go to river for fetching water, partic-
ularly the time and season that flies density become
peaked.
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