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ABSTRACT: Identification of the sibling species of the blackfly,
S. damnosum complex using their polytene chromosomal banding
patterns in Oji river system was carried out with the aim of
accurately identifying the particular sibling species of S.
damnosum complex involved in the transmission of
onchocerciasis in Qji-river LGA and environ. Simulium
damnosum complex larvae were collected monthly in forty eight
(48) breeding sites in four sampling units for three years in the
Oji river system in wet and dry seasons. Collected larvae were
preserved in cold Carnoy’s solution prior to processing. Salivary
gland chromosomes were extracted, processed and analyzed
microscopically for polytene chromosomal banding patterns.
Three sibling species of Simulium damnosum complex that breed
in the Oji river system were identified in varying degrees. They
included S. squamosum, S. yahense and S. damnosum sensu
stricto (s.s.). Variation in the occurrence of the sibling species
was statistically significant. Dry and wet season catches for all
the sibling species in the sampling units were found to differ
statistically. The identified sibling species of S. damnosum
complex are known to be vectors of Onchocerca volvulus, the
causative agent of onchocerciasis, a disease highly prevalent in
Oji-river LGA and environ.

KEYWORDS: Onchocerca volvulus, Onchocerciasis,
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INTRODUCTION

The blackfly, Simulium damnosum complex is the vector of Onchocerca volvulus, the causative
agent of river blindness (onchocerciasis) in West Africa. Onchocerciasis constitutes serious
public-health and socio-economic problems in many rural parts of the world including Nigeria
(Adeleke et al., 2010). Nigeria is one of the most onchocerciasis endemic countries in the world
and accounts for one quarter of the global onchocerciasis infection (Oyibo and fagbenro, 2003).
The disease causes significant morbidity, psychosocial problems (Ubachukwu, 2001) with
reduced agricultural productivity in populations affected by the disease (Ubachukwu and Anya,
2001). In West Africa, including Nigeria, S. damnosum complex is found breeding in rapid
sections of rivers and streams wider than 4 metres (Crosskey, 1990). The prevalence of
infection could be attributed to the fact that many rivers and streams with favourable breeding
sites abound in the affected areas and local farming practices make Simulium/human contact
easy (Akogun and Onwuliri, 1991), (Abdullahi and Oyeyi, 2003).

S. damnosum complex has six main sibling species in West Africa. They are S. damnosum
sensu stricto (s.s.), S. sirbanum, S. sanctipauli, S. soubrense, S. yahense and S. squamosum
(WHO, 1995 and Post et al., 2007). Different species of S. damnosum complex are known to
predominate the major vegetation zones (savannah and rainforest) in West Africa. S.
damnosum s.s. and S. sirbanum for example are found mainly in the savannah regions and are
therefore termed savannah species while the other four found in the rainforest zones of West
Africa are termed rainforest species. The savannah forms transmit the parasite that causes
mainly the eye-blinding type of onchocerciasis and the rainforest forms transmit the parasite
that causes skin disease with less eye-blinding ((Mafuyai et al., 1996 and Ibeh et al., 2006).

The initial control of onchocerciasis focused on vector control by eliminating Simulium larvae
in their breeding places using Dichloro-Diphenyl-Trichloroethane (DDT) - an organochlorine
insecticide. DDT was found to be effective, and a good measure of success was recorded in the
Onchocerciasis Control Programme (OCP) areas (WHO, 1995). However insect resistant
biotypes that appeared wherever DDT was used regularly and intensely as well as the
environmental hazards posed by the long persistence of DDT in the environment made its
continued use unattractive. Nevertheless, vector control with the less persistent
organophosphate insecticides is still in place (WHO, 1995).

Availability of ivermectin for human use since 1987 revolutionized onchocerciasis control in
the sense that onchocerciasis became treatable and has been reported to have enormous clinical
benefits (Borsboom, 2003). For onchocerciasis to be eliminated as a public-health problem, a
combination of prophylactic (vector control) and chemotherapy (treatment with ivermectin) is
needed (WHO, 1995).

The starting point of any vector control programme is proper identification of the target
insect(s). In the case of Simulium damnosum complex with many sibling species, proper
identification of the sibling species present will make the planning and actual management of
the vector more targeted. Thus, the development and application of vector control will benefit
more from a better understanding of the epidemiology of the disease, which will take into
account the differences between the vector sibling species (Postet al., 2011). There are marked
differences in the chromosomal banding patterns (Albert, 2008) of individual species of S.
damnosum complex which could predict their innate ability to resist or be susceptible to
insecticides.
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There were several reports of cytotaxonomic identification studies of the S. damnosum complex
in Nigeria. Cytotaxonomic analysis of larvae of S. damnosum complex collected from twenty-
three sites across four bioclimatic zones in Nigeria revealed the presence of five sibling species
which included S. damnosum s.s., S. sirbanum, S. squamosum, S. yahense and S. soubrense
(Mafuyai et al., 1996). S. sirbanum was identified in Okpara River on the Nigeria-Benin border
(Fiasorgbor and Cheke, 1992). In their studies, Ibeh et al. (2007) reported three species (S.
squamosum, S. yahense and S. damnosum s.s.); Ugwuanyi et al. (2015) reported four species
(S. squamosum, S. yahense, S. damnosum s.s. and S. sirbanum) while Akoh et al. (1987)
identified five species (S. squamosum, S. yahense, S. damnosum s.s., S. sirbanum and S.
sanctipauli).

The purpose of this study therefore, is to accurately identify the particular sibling species of S.
damnosum complex in Oji river system which are involved in the transmission of
onchocerciasis in Oji-river LGA and environ. The findings will make the actual management
of S. damnosum complex more targeted in the area.

MATERIALS AND METHODS
Study area

The study area runs along the Oji river system in Oji-river Local Government Area (L.G.A.)
of Enugu State, southeast, Nigeria. Oji-river LGA is a semi-urban area located in the rainforest
zone of southeast Nigeria. The geographical coordinates are 06°16'N 07°16'E. There are two
seasons: wet (April-October) and dry (November-March) seasons. Wet season has two rainfall
peaks in July and September with a dry spell in August.

Four sampling units were selected along the Oji river system to search for larvae of Simulium
damnosum complex. These were Adu-Achi (06°19'N 07°34'E), Ahani-Achi (06°20'N 07°
32'E), Oji-urban (06°26'N 07°27'E) and Okwe, Ugwuoba (06°27'N 07°25'E).

Search for the larvae of S. damnosum complex.

Larval searches were carried out in twelve breeding sites in each sampling unit, and altogether,
forty eight (48) breeding sites were extensively searched for the larvae of S. damnosum
complex in the four sampling units monthly for three years (November 2015 — August 2018):
November- March for dry season and April - August for wet season.

Simulium larvae attach themselves on submerged vegetation. Larval search therefore involved
examining all the submerged life and dead vegetation in the breeding sites and all larvae found
were picked using fine forceps and preserved in universal bottles containing cold Carnoy’s
solution (absolute ethanol and glacial acetic acid mixture of 3:1v/v). Carnoy’s solution has the
property of precipitating chromatin and prevents decomposition of the chromosomes (Boakye,
1993). The bottles were carefully labeled with the names of the breeding site and sampling unit
where the larvae were collected. The larvae were then taken to the laboratory for morphological
identification and analysis.
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Morphological identification of S. damnosum complex

The larvae were first examined under a dissecting microscope to ensure that they all belonged
to S. damnosum complex and not other Simuliid flies. A diagnostic feature of S. damnosum
complex larvae is the possession of protruding dorsal tubercles (Crosskey, 1960); presence of
protruding dorsal tubercles was then used to isolate all S. damnosum complex larvae. Only
mature larvae (4" - 6" instar larvae) were used for further work.

Processing of larvae for chromosome preparation

Processing of larvae for chromosome preparation was carried out using standard protocol
modified by (Boakye, 1993). The larvae collected from each breeding site were dropped in a
crucible containing 5ml of distilled water and washed by stirring the water gently for a minute
with a stirring stick. Thereafter, the water was decanted and larvae were placed on a filter paper
to blot excess water. Using fine forceps, each larva was picked and dropped into a labeled 10
ml specimen bottle containing lacto-acetic orcein stain for staining. The staining was allowed
for three hours in a dark corner to increase the intensity of staining. Thereafter, the larvae were
washed again in a crucible containing 5ml of distilled water. Each larva was picked and placed
on a clean slide containing a drop of 50% glacial acetic acid. Under a dissecting microscope,
the salivary gland of the larva was punctured with a fine entomological pin (No. 2) and the
nuclei containing the polytene chromosome were pressed out with the entomological pin. The
nuclei were then transferred onto another clean slide containing a drop of 50% glacial acetic
acid with the entomological pin and covered with a cover slip. By applying gentle pressure on
the cover slip using the thumb, the polytene chromosome strands were distended to reveal its
banding patterns.

Identification of the sibling species of S. damnosum complex

The distended polytene chromosomal strands were observed under a high powered stereo
microscope (Motic BA 310) to check for their banding patterns. The observed banding patterns
were compared with the chromosomal banding patterns in a pictorial guide by Boakye (1993)
and the larvae were sorted into the sibling species they belonged to.

Data analysis

The data obtained from the studies were analyzed using Statistical Package for Social Sciences
(SPSS version 21.0). One-way analysis of variance (Anova) was used to test the abundance of
the sibling species of S. damnosum complex in the sampling units while chi-square was used
to test the seasonal distribution of the sibling species of S. damnosum complex in the sampling
units. Statistical significance was set at P < 0.05.

RESULTS

A total of (n = 603) sibling species of S. damnosum complex which included S. damnosum s.s.
S. squamosum and S. yahense were identified across the four sampling units in the study area.
The abundance of these species in the sampling units shows that the highest population was
identified in Adu-Achi followed by Ahani-Achi and Okwe, Ugwuoba. The least population of
the sibling species identified was in Oji-urban. The difference in the abundance of the sibling
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species of S. damnosum complex identified across the four sampling units was statistically
significant (P = 0.0007) (Table I).

Table I: Abundance of the sibling species of S. damnosum complex in the sampling units.

Sampling units S. damnosums.s. | S.squamosum ‘n’ | S.yahense | Total ‘n’ (%)
‘n’ (%) (%) ‘n’ (%)
Adu-Achi 27 (32.14) 133 (32.92) 25 (21.74) | 185(30.68)
Ahani-Achi 23 (27.38) 109 (26.98) 39 (33.91) | 171 (28.36)
Oji-urban 17 (20.24) 52 (12.87) 18 (15.65) 87 (14.43)
Okwe, Ugwuoba 17 (20.24) 110 (27.23) 33(28.70) | 160 (26.53)
Total 84 (13.93) 404 (67.00) 115 (19.07) 603 (100)

There was significant difference (P = 0.029) in the distribution of the sibling species of S.
damnosum complex in dry and wet seasons across the sampling units (Table I1).

Table I1: Seasonal distribution of the sibling species of S. damnosum complex in the
sampling units.

Sampling Season | S.damnosums.s. | S.squamosum | S.yahense | Total ‘n’
units ‘n’ ‘n’ ‘n’ (%)

Adu-Achi Dry 11 18 06 35 (18.92)
Wet 16 115 19 150 (81.08)

Ahani-Achi Dry 08 18 06 32 (18.71)
Wet 15 91 33 139 (81.29)

Oji-urban Dry 08 08 09 25 (28.74)
Wet 09 44 09 62 (71.26)

Okwe, Dry 05 13 03 21 (13.12)
Ugwuoba Wet 12 97 30 139 (86.88)

The seasonal distribution of the sibling species of S. damnosum complex in the study area
shows that greater numbers of the sibling species were identified in wet season than in dry
season (Figure 1).
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Figure 1: Seasonal distribution of the sibling species of S. damnosum complex in the
study area.

The sibling species of S. damnosum complex were identified in varying degrees in the study
area with S. squamosum being the most abundant species followed by S. yahense and S.
damnosum s.s. (Figure 2).

= S.squamosum = S.yahense = S.damnosum s.s

Figure 2: Percentages of the sibling species of S. damnosum complex identified in the
study area.
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DISCUSSION

Out of the six sibling species of S. damnosum complex known to occur in West Africa, only
three sibling species were identified in varying degrees in the study area. These were S.
squamosum, S. damnosum s.s. and S. yahense (Figure 2). S. squamosum which was the most
abundant sibling species collected in the study area differed significantly (P = 0.0007) at 0.05%
with the populations of the other two sibling species (Table 1). The pattern of species
distribution in this study follows the local ecology of the area which is a rainforest area. This
result agrees with the findings in similar studies by (lbeh et al., 2007 and Ugwuanyi et al.,
2015) where S. squamosum was reported as the dominant vector breeding. S. squamosum has
been known to be very widespread across Nigeria and is considered to be an efficient and
important vector of Onchocerca volvulus in West Africa (Traore-Lamizana et al., 2001). The
presence of S. damnosum s.s. (a savannah species) in the study area suggests that they could
have invaded the area by migration from the savannah areas of Nigeria, and are capable of
breeding in both rainforest and savannah areas. The implication of this finding is that both the
eye-blinding and non-eye blinding strains of Onchocerca volvulus would be causing
onchocercal disease in Oji-river LGA and environ.

There were seasonal variations in the abundance of the sibling species of S. damnosum complex
in the study area. Their abundance fluctuated drastically between dry and wet seasons and were
more in wet season than dry season (Figure 1). Dry and wet season catches for all the sibling
species in the sampling units were found to differ statistically (P = 0.029) at 0.05% (Table II).
This finding is consistent with reports of (Opara et al., 2008) who reported high populations of
S. damnosum complex in wet season but contrary to the findings by (Ugwuanyi et al., 2015
and lbeh et al., 2006 & 2007) who reported high populations of S. damnosum complex in dry
season. The high abundance of the sibling species of S. damnosum complex observed in the
wet season in the study area may be due to high water volume which increased the force of
water at the breeding sites leading to optimal reproduction of Simulium flies. Also in wet
season, more farming activities take place resulting in more fly/man contact to suck blood
which eventually leads to increased reproduction of Simulium flies. The high abundance of the
sibling species of S. damnosum complex recorded in three sampling units (Adu-Achi, Ahani-
Achi and Okwe, Ugwuoba) (Table Il) could be that these areas are agrarian areas. Most of the
inhabitants of these areas are farmers who stay long in their farms which are usually close to
the river. They do most of their domestic activities (washing of clothes, cassava, bathing,
fetching of water, etc.) in the river and these activities encourage fly/man contact which
promote blood sucking and egg laying leading to increased productivity of Simulium flies.

On the contrary, the low abundance of the sibling species recorded in dry season could be as a
result of the drying out of seasonal streams that feed the river which makes the force of water
at the breeding sites to reduce. In the dry season, there are less farming activities and less
fly/man contact to suck blood which leads to reduced reproduction of Simulium flies. The low
abundance of the sibling species recorded in Oji-urban sampling unit (Table 1) could be
attributed to the fact that Oji-urban is an urban area with other sources of water like well-water,
bore-hole, tap water etc. Many of the inhabitants of Oji-urban use these alternative sources of
water instead of going to the river for their domestic activities. This therefore reduces fly/man
contact which invariably reduces blood sucking and egg-laying by the flies leading to reduced
productivity. Being an urban area, Oji-urban is more populated with many economic activities
going on. The number of people living in an area is directly proportional to the waste they
generate (Egunjobi, 1996). Some of the wastes generated in this area might be washed into the
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river from their dump sites during the rains thereby polluting the water which make the
breeding sites non-conducive for the breeding of Simulium flies.

This study has revealed the breeding of three sibling species of S. damnosum complex which
are vectors of the eye-blinding and non-eye blinding strains of Onchocerca volvulus in the
study area. This finding will make the planning and actual management of the vector more
targeted during vector control operations in the area.

Intensive vector control programmes and public enlightenment especially on human activities
that encourage the breeding of blackflies are recommended. Further studies on the monitoring
of any trend of change in the sibling species composition of S. damnosum complex in the study
area and beyond are also recommended as knowledge of the species composition is a key to
control of the vectors as well as the disease pathogens they transmit.
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