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ABSTRACT 
 
Onchocerciasis is both public health hazard and socio-economic problem despite concerted efforts 
and high expenditure on control programme. To assist with certification of elimination, cross 
sectional study was conducted at Ibii and Lolo Rivers, breeding sites of Simuluim damnosum in the 
Imo River Basin from September 2015 to February 2016. S. damnosum were caught by human bait 
technique and assessed for parity, infection and infectivity status. Biting rates and transmission 
potentials were calculated by standard methods. Of the 591 flies caught/dissected, 0.88% (5/591) 
were infected with sausage (L1) and pre infective stage (L2) but no infective stage (L3). The 
distribution of O. volvulus at the two sites were insignificant (P>0.05). The diurnal biting activity 
exhibited a bimodal pattern with morning (9.00am and 10.00am) and evening (4.00pm and 5.00pm) 
peaks. Monthly biting rates (MBR) of 2,581 and 1877.25 bites / persons/ months were found for Ibii 
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and Lolo Rivers respectively. The monthly transmission potentials (MTP) for the two stations were 
zero, indicative of extremely low transmission. The public health implications of these findings are 
discussed in the context of the on going Community Directed Treatment with Ivermectin (CDTI) and 
elimination strategy of onchocerciasis in the state. 
 

 
Keywords: Onchocerciasis transmission; black fly vector; ivermectin treatment. 
 

1. INTRODUCTION 
 
Onchocerciasis caused by filarial worm, 
Onchocerca volvulus is both public health hazard 
and socioeconomic problems in affected 
countries despite a concerted effort and high 
expenditure on control programmes. In Nigeria it 
is transmitted by Simulium damnosum complex 
[1,2]. Edungbola [3] reported that Nigeria has the 
largest number of persons with Onchocerciasis 
accounting for about a third of the global 
prevalence. About 7 million are infected, 1.5 
million blind and 40 million at risk [4]. Mass drug 
administration (MDA) with ivermectin is the WHO 
recommended strategy for the control of 
Onchocerciasis [5]. Ivermectin is a microfilaricide 
that also has a limited effect on the viability and 
reproductive capacities of the adult onchocercal 
worms; females are able to regain their ability to 
produce microfilariae three to six months after 
ivermectin treatment [6]. Thus, repeated 
treatment is needed to suppress the 
manifestations of the infection overtime with 
recent evidence suggesting 5 to 15 years 
depending on treatment strategy [7]. 
 
In Nigeria recent efforts have been directed at 
establishing baseline data (on the prevalence, 
intensity and distribution of the disease) aimed at 
prioritizing control efforts. The Federal Ministry of 
Health through the National Onchocecasis 
Control Programme (NOCP) and Africa 
Programme for Onchocerciasis Control (APOC) 
are using Community Directed Treatment with 
Ivermectin (CDTI) approach. This establishment 
has led to research into the epidemiology [8-10] 
and transmission [1,11,12] in Nigeria. It was 
thought that mectizan clearance of O. volvulus 
microfilaria in human will disrupt the transmission 
chain and subsequently lead to gradual 
clearance of infective larval load by the vector. 
Epidemiological studies conducted prior and 
during the large scale distribution of Ivermectin in 
communities within the vicinity of some of the 
streams and rivers, confirmed endemicity of the 
disease at various levels [13,14]. However, 
vector activities including biting rates and 
transmission potentials of the disease by the fly 
from the endemic areas are rarely reported     

[11,15] especially in the Imo River Basin of South 
East, Nigeria. 
 
In Imo State, Rapid Epidemiological mapping of 
onchocerciasis (REMO) had placed the study 
areas in the hyper endemic zone [10] and 
treatment with ivermectin had been on going 
from 1994 till date.  However, the coverage had 
declined progressively in the number of eligible 
persons receiving mectizan each year in the 
endemic communities [16]. Prior to the initiation 
of this control, pre-control entomologic record of 
O. volvulus by the vector population was 
unknown. Besides there was paucity of data on 
the infection of black flies in the area despite 
prevalence of larvae and pupae report [17]. 
Certification of elimination by entomologic 
assessment to complement parasitological 
studies has become imperative. This study was 
therefore structured to obtain baseline data for 
evaluation of infection rates and quantify the 
effectiveness of drug control program in the 
study area. 

 

2. MATERIALS AND METHODS 
 

2.1 Study Sites and Selection 
 
The study was conducted on the river banks of a 
section of Ibii River and Lolo River in two rural 
communities (Umulolo and Amuro), Okigwe LGA 
Imo State, Nigeria from September 2015 to 
February 2016. The section of Ibii River is 
located within the National Horticultural Institute 
(NIHORT). These sites; Umulolo (Lat 05.85794 N 
and Long 007.26703 E) and Amuro (Lat 05. 
85794 N and Long 007. 26703 E) are drained by 
the Imo River, known breeding sites of the 
Simulium vector. It falls outside the middle Imo 
River Basin and had earlier been placed as 
hyper endemic [10]. They had received yearly 
doses of ivermectin for over 10 years. The study 
area has been described in details [8]. In brief, it 
lies in the tropical rainforest belt of southern 
Nigeria characterized by 2 distinct seasons; the 
rainy season (from April to November) and dry 
season (from December to March) with rainfall 
and temperature between 1700 2200 mm and 
20°C to 38°C (mean 29°C) respectively. The 
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villagers are mainly Christians engaged in 
occupational activities such as farming, fishing, 
hunting, palm wine tapping and petty trading. 
Advocacy visits was made to the study 
communities and the health facilities a week 
before the study commenced. This enabled the 
research team to sensitize the stakeholders. 
 

2.2 Ethical Consideration 
 
As part of Carter Centre South East stop MDA 
decision programme, the Imo State Ministry of 
Health and Post Graduate Board of Zoology 
Department Imo State University Owerri 
approved the study. Informed consent was 
obtained from individuals and the communities 
involved. 
 

2.3 Adult Black fly Collection 
 
Biting adult females were caught by human bait 
along the bank of “Lolo” river from Amuro and 
“Ibii” river from Umulolo. Each station was 
sampled four times a month and fly catching was 
between 7.00 am and 6.00 pm by two fly 
collectors working alternatively [18]. Each fly 
collector was dressed in short-sleeved shirt, 
knickers and no shoes and was seated or 
standing in shade. Any fly perching on the 
uncovered body parts was caught before they 
probe by inverting a small glass tube over it. The 
caps of the tubes were then immediately 
replaced. All tubes containing flies were then 
immediately labeled to show time, date and place 
of capture. Each fly was caught in a different 
tube. All captured flies were packed in a cold box 
containing ice packs to stop further micofilariae 
development in the flies before they were taken 
to the laboratory. 
 

2.4 Morphological Identification 
 
The morphological identification was done using 
[19] criteria. Adult flies were identified 
morphologically as savanna or forest species on 
the basis of colour of some anatomical pats of 
the fly viz the wing tuft, arculus, fore coxa and 
basal segments of the antenna as either pale for 
savanna or dark for forest species. 
 

2.5 Dissection and Assessment of 
Parity, Infection and Infectivity 
Status 

 
Standard protocol for dissection of black flies 
was adopted [20]. Flies were inactivated 

individually with chloroform and then placed on a 
clean glass slides containing a drop of 
physiological saline. Flies were denoted as 
parous or nulliparous (if they had not completed 
at least one gonotrophic cycle). Parous flies were 
further dissected to determine if they haboured 
stages of microfilariae in different anatomical 
sites (head, thorax and abdomen). The number 
of sausage-shaped larvae (L1) pre-infective (L2) 
and infective (L3) of Onchocerca species found 
were counted and their stages of development at 
these sites recorded. 
 

2.6 Entomological Indices (Biting and 
Transmision) 

 
The fly density and level of transmission of 
onchocerciasis were quantified by two 
entomologic indices; the monthly biting rates and 
transmission potentials. The monthly biting rates 
(MBR) were measured as the theoretical black fly 
bites received by a person stationed at a 
catching site during the 11 hours (7:00 am to 
6.00 pm) of the daylight for one month in a given 
community. The monthly transmission potential 
(MTP) was established as a total number of 
infective larvae (L3) that would be received in one 
month by an individual stationed at a capture 
point for 11hours of the daylight. Entomological 
indices were evaluated by established methods 
[18]. 
 

2.7 Data Analysis  
 
The monthly relative density of S. damnosum 
from the two sites was subjected to two way 
analysis of variance (ANOVA) and the difference 
in infection rate evaluated by Chi Square test. 
Prevalence was calculated as simple 
percentages. Probability level of <0.05 was 
considered significant. 
 

3. RESULTS 
 

3.1 Relative Abundance and Monthly 
Distribution of O. volvulus  

 
A total of 591 (341 at Ibii and 250 at Lolo) adult 
females S. damnosum were caught and 
examined for larval stages of O. volvulus during 
the 6 months study. Of this, 0.85% (5/591) were 
found to be infected though population of S. 
damnosum varied between the seasons, the 
distribution of O. volvulus in S. damnosum in the 
two sites showed no significant difference 
(P>0.05) (Table 1). The highest prevalence 
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(2.59%) was recorded in the month of October 
followed by the month of November (1.54%) 
while other months had no infection. 
 

3.2 Diurnal Biting Rate of Parous Flies 
 
The diurnal biting rate from the 2 sites is shown 
in Fig. 1. The biting cycle showed a bimodal peak 
of activity with morning (9.00 am and 10.00 am) 
and evening (4.00 pm and 5.00 pm) peaks. 
 

3.3 Monthly Biting Rates 
 
The monthly biting rates (MBR) of black flies in 
the sites were established for each month of the 
study period (Fig. 2, Table 2). The peak MBR 
was September (727.5 bites/person/month 
versus 502.5 bites/person/months) while the 
lowest MBR was recorded in February. A 
comparison of the MBRs showed that there was 
a significant difference between September and 
February MBRs (P<0.05). While September had 
no significant higher number than February, 

there was no significant difference in the biting 
rates between other months by LSD mean 
separation techniques. 
 

3.4 Monthly Transmission Potential (MTP) 
 
All the 591 flies caught were dissected to assess 
entomologic indices of O. volvulus (Table 2). At 
Ibii River in Umulolo 349 (57.69%) flies were 
dissected, 71.68% (243) were parous. A total of 
3 (0.88%) of the parous flies were infected (with 
L1 and L2 larvae) with O. volvulus while none   
was infective. The monthly entomologic 
parameters of transmission at Lolo River in 
Amuro shows that, of a total of 250 flies 
dissected, 67.20% (168) were parous. 2 (0.88%) 
of the parous flies were infected and none had 
infective larvae (L3 in the head) throughout the 
study (Table 2). Overall, in both sites, the 
percentage monthly black fly parity rates were 
high (above 50%) and MTP for the 6 months 
were zero. 
 

 
Table 1. Monthly distribution of O. volvulus in S. damnosum in the study Area 

 
Months  No of black flies  

Caught/dissected 
No (%) infected Relative percentage 

(%) 
September 164 0(0.00) 0.00 
October 116 3(2.59) 60.00 
November 130 2(1.54) 40.00 
December 84 0(0.00) 0.00 
January 58 0(0.00) 0.00 
February 39 0(0.00) 0.00 
Total  591 5(0.85) 100.00 

 

 
 

Fig. 1. Diurnnal biting rate of S. damnosun at the two stations (Ibii river and Lolo river) 
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Table 2. Summary of transmission indices of S. damnosm in the stations 
 
Classification of data Ibii river Lolo river Total 
Persons day worked 4 4 8 
Total (%) flies caught 349(57.69) 250(42.30) 591 
Average daily catch per person 85 63 148 
No (%) flies dissected 349(57.69) 250(42.30) 591 
No (%) of parous flies 243(71.68) 168(67.20) 411 
No (%) of Nulliparous flies 96(28.32) 84(33.60) 180 
Total (%) of flies infected 3(0.88) 2(0.80) 5 
Flies (%) with L1 and L2 3(0.88) 2(0.80) 5 
Flies (%) with L3 0(0.00) 0(0.00) 0 
Monthly Biting Rate (MBR) 2581 1877.25 4458.25 
Maximum monthly biting rate 727.5(Sept) 502.5(Sept) 1,230 
Minimum monthly biting rate 131.75(Feb) 170.5(Feb) 302.25 
Monthly Transmission Potential (MTP) 0 0 0 

 

 
 

Fig. 2. Overall monthly biting rates of black flies in the study sites 

 
4. DISCUSSION 
 
Assessment of potential onchocerciasis vectors 
and their infection levels by capture and 
dissection is advantageous and non-insidious 
means of assessing the success of control 
measures [21]. The degrees of transmission of 
O. volvulus in the sites were measured by 
evaluating the entomologic indices of 
transmission after repeated ivermectin 
intervention. Although the population of adult 
black flies are usually difficult to estimate (due to 
different sampling methods), we found seasonal 
variation in their relative abundance at the two 

sites. More flies were caught during rainy season 
(September - November) than the dry season 
population (December - February) as observed 
by previous studies [12,22,23]. The variation 
could be attributed to increased oxygen content 
of water during the rainy season which causes 
flies to emerge from pupae. Also, increased 
availability of pre-imaginal sites which help pre-
imarginal development could results in an 
increase in the adult population [Nwoke, 
pers.com]. The rainy season is known to be 
accompanied by flooding and phytoplankton 
blooms [24]. The latter forms food requirement 
by S. damnosun larvae development [22]. 
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The biting activity which exhibited a bimodal  
pattern with early morning (9.00 am and 10.00 
am) and evening (4.00 pm and 5.00 pm) as 
observed elsewhere [2,25] differs from the uni 
modal activity pattern reported in Liberia [26]. 
Although this phenomenon is poorly understood, 
an innate clock rhythm is indicated [22]. This 
activity is influenced by illumination and 
temperature [27,2]. Probably, the bimodal peaks 
was due to decreased temperature and 
illumination during the peak periods thus of 
epidemiological significance. The peak biting 
periods coincide with peak human outdoor 
activity with consequent impact on human-vector 
contact. For example farming, fishing, collection 
of wild fruits, small scale trading, palm-wine 
tapping etc. are the occupation of the majority of 
the habitants.  
 
Despite the observation on seasonal variation, 
no significant difference in the distribution of O. 
volvulus in the black flies monthly infection rate 
was recorded. Okonkwo et al. [28] and Adewale 
et al. [2] had made similar observation which 
contrasts that of Renz [23]. The MBR (maximum 
1,230 and minimum 302.25) bites/person/month 
when compared with the tolerable levels of 1,000 
bites/person/year is lower for hyper-endemic 
zone on treatment, hence biting nuisance by the 
flies. The results revealed that ivermectin could 
halt transmission to a level where infective larvae 
was undetectable by dissection. It is also 
remarkable that high parity status of the flies 
(access to blood meal and longevity to 
reproduce) did not reflect high transmission (L3 in 
the head) rather L1 and L2 (infected flies), thus a 
success to the onchocerciasis control efforts. 
This is because transmission dynamics is a 
function of the mf becoming infective ((L3) in the 
vector and perhaps, the mf density of the donors 
blood. Since assessment of infectivity rates was 
a standard for determining the level of 
transmission, it probably suggests possible 
interruption of transmission within the 
communities around the study area. Although no 
study was known to have been reported 
elsewhere, related study in Central Nigeria 
Community [14] has shown skin MF density 
reduction after 10 years ivermectin therapy. Both 
WHO and APOC entomologic criteria (for the 
Onchocerciasis stop MDA) requires results of at 
least 6,000 flies. Unfortunately, this demand is 
beyond our logistic capacity. We therefore 
recommend for new approaches for capturing 
flies if this guidelines are to be met by other 
programmes seeking to stop MDA for 
onchoceciasis in parts of Nigeria. By the on-

going CDTI, it is evidenced that onchocerciasis 
patients in the community had low mf in the skin 
due to MDA ivermectin therapy [29]. This could 
explain low infection rates by the flies as they 
could only pick few or no mf in the blood. 
However, until verified by other studies these 
findings should be treated with caution. The 
number of flies was too few to support any 
statement about evidence of ivermectin control of 
onchocerciasis transmission. Further work will be 
needed including longitudinal studies to validate 
this result. 
 

5. CONCLUSION 
 
Conclusively, black flies abundance and infection 
status suggested that vector control should be 
complemented with the ongoing ivermectin 
therapy. The integrated control would enhance 
the success of Onchocerciasis Control 
Programme (OCP) and facilitate quick 
elimination of mf from the skin [30]. 
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