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ABSTRACT
Background and objectives: Onchocerciasis is an important threat to public health in Nigeria, which in turn contributes sig-
nificantly to total world cases of the disease. This study determined the rate of transmission of onchocerciasis in Ahani-Achi, 
identified the principal vector groups of the disease in the study area and evaluated the relative abundance of black fly vectors 
and the various transmission indices. 
Methodology: Black flies were caught using human baits and were assessed for parity. Parous flies were further dissected to 
detect the presence of Onchocerca larvae. Biting rates and transmission potentials were calculated using standard methods. 
Results: A total of 836 adult female flies were caught in the community. These were identified as members of the forest species 
of the S. damnosum complex. The differences in relative abundance between the months were not significantly different (P > 
0.05). The monthly biting rate (MBR) was lowest in February but highest in October. There was no on-going transmission in the 
area studied as no infective fly was caught. Hourly variation in fly activities were observed and this was significantly different 
(P<0.01). 
Conclusions: The findings of this study signify that the forest black fly species are the major vectors of onchocerciasis in the 
area. Transmission in the study area is reduced but the presence of some larval stages of the filarial parasite in some flies signi-
fies the possibility of transmission. 
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INTRODUCTION

Onchocerciasis is a tropical parasitic filarial disease pos-
ing serious public health challenges. It negatively affects 
socio-economic development especially in Africa[1], and 
other negative impacts on areas that are endemic. The 
clinical manifestations of the disease include total loss 
of vision, partial visual impairment, skin lesions, hang-
ing groin, and hernia [2], among others. Results of recent 
epidemiological studies revealed that 37 million people 
are infected with onchocerciasis, and 90 million at risk in 

Africa [3]. Nigeria is one country with more people blind-
ed by onchocerciasis compared to any other country of 
the world [4]. It was estimated that 100,000 cases of the 
268,000 worldwide cases, as well as approximately 3.2 
million infections with O. volvulus occur in Nigeria [5]. 
Nigeria therefore accounts for more than one third of the 
total global onchocerciasis infection [6]. 

The genus Simulium comprises many species and com-
plexes. In West Africa, the most dorminant of such com-
plexes is the S. damnosum complex, comprising S. dam-
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nosum s.s., S. sirbanum, S. sanctipauli, S. soubrense, S. 
yahense, S. squamosum, S. leonense, S. konkourense and S. 
dieguerense [7] [8] [9] [10]. In Nigeria, 9 cytoforms of the Sim-
ulium damnosum complex have been reported from dif-
ferent parts of the country. These include: S. damnosum 
s.s, S. sirbanum, S. sudanense, S. squamosum Volta form 
[11], S. squamosum Enderlein, S. yahense, S. sanctipauli, S. 
soubrense and the Beffa form of S. soubrense [12]. [13] found 
the main vectors species in Nigeria to be S. damnosum s.s, 
S. sirbanum, S. sanctipauli, S. soubrense S. squamosum, S. 
yahense. However, a cytotaxonomic analysis of Simulium 
damnosum s.1 larvae collected from 23 sites across 4 bio-
climatic zones in Nigeria carried out by [14] revealed the 
presence of 5 cytospecies namely: S. damnosum s.str., S. 
sirbanum, S. squamosum, S. yahense and S. soubrense  (in-
cluding the Beffa form); excluding S. sanctipauli as one 
of the species found. Assessment of potential onchocer-
ciasis vectors and their infection levels through capture 
and dissection of adult flies is an advantageous and non-
insidious means for assessing the need for and success of 
various control measures [15]. It does therefore serve the 
purpose of monitoring levels and magnitudes of parasite 
transmission [16]. Fly infectivity rates vary with location. It 
is recognized that different cytospecies of the S. damno-
sum complex living in different biotypes may carry differ-
ent quantities and strains of Onchocerca volvulus [17] [18]. 

The Nigerian Federal Ministry of Health through the 
National Onchocerciasis Control Programme (NOCP) 
have continued the assessment of onchocerciasis bur-
den and frequency. Elimination of the disease as a pub-
lic health problem via annual distribution of ivermectin 
to communities with high incidences was the sole pur-
pose for establishing the NOCP. Its advent has remained 
a significant stimulus to research into the epidemiology 
and transmission of onchocerciasis in Nigeria [19] [20] [21] 

[22] [23] [24] [25] [16]. Onchocerciasis is indeed a disease of 
serious public health significance in Nigeria. A recent 
and comprehensive data of all communities with on-
going onchocerciasis transmission in Enugu State, and 
the nation at large is not available. However it is neces-
sary for monitoring the effectiveness of control efforts 
and successes especially that by the NOCP. The objective 
of this study therefore is to update this information and 
to supplement this paucity of data with entomological 
observations made during the study period. This study 
therefore was designed to determine the role of vec-
tor black flies in the transmission of onchocerciasis in 
Ahani-Achi, identify the principal vectors groups of the 
disease in the study area and to evaluate the relative 
abundance of black fly vectors and the various trans-
mission indices. 

MATERIALS AND METHOD

Study area
The study was conducted in Ahani community (Lat 060 

37’N, Long 070 52’E) of Achi town, Oji-River Local Gov-
ernment Area of Enugu State, Nigeria.  This is an oncho-
cerciasis meso-endemic community located along the Oji 
River basin [26]. It has an estimated population of 5,000 
people according to the 2006 national census and com-
prises mainly of farmers, civil servants and petty business 
men and women. The community has two health facili-
ties which include a Primary Health Care center and a 
private clinic. There are two seasons in the community 
namely: wet season (April to November) and dry season 
(December to March). The annual mean rainfall ranges 
between 1520-2030mm and the mean monthly tempera-
ture varies between 22.40C and 30.8°C [27], characteris-
tic of a tropical rainforest area. Oji River is a relatively 
large river, covered by dense forest and supplied with 
very minimal sunlight particularly so around the collec-
tion sites for this study. The study area is approximately 
45 km from Enugu, capital of Enugu State and it is a 
semi-urban settlement. All adult fly samples collected for 
the purpose of this study were taken to the laboratory for 
identification and dissection. 

At about one week before the commencement of the 
study, an advocacy visit was made to the study communi-
ty, and the health facility in the community. This avenue 
was used to sensitize these stakeholders. For reasons of 
assessibility of the breeding sites during the main rains, 
the study was carried out during the late rains of Octo-
ber-November 2011 (representing the rainy season), and 
January-February, 2012 (representing dry season). 

Collection of man-biting adult black flies
Adult flies were collected along the banks of the Oji Riv-
er basin at the designated community. Collection tubes 
were used for this purpose.  Two consented and trained 
fly collectors were used for the human landing collec-
tion of adult black flies between 6:00 and 18:00 hours 
GMT. Transmission parameters were determined from 
data generated from the fly catches. The collectors were 
dressed in knickers or trousers folded to the knee level 
to expose the legs.  They were very vigilant enough as to 
see and capture the black flies before they could blood-
feed. 

Morphological identification
Morphological identifications of adult female flies were 
carried out in a small field laboratory using dissecting 
microscope, and according to the morphological identifi-
cation keys of [28]. Adult black flies were identified mor-
phologically as savanna or forest species on the basis of 
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the colour of the 9th abdominal tergite setae, antennae, 
fore-coxae, scutella setae, wing arculus, and wing tufts.  
Those with pale wing tuft and pale procoxa were con-
sidered as savanna flies, those with pale or dark wing 
tuft and dark procoxa were considered as forest flies. 
Simulium damnosum s.s and S. sirbanum are considered 
savanna while other members of the complex were con-
sidered forest species. 

Dissection of adult flies
The flies collected were dissected after having been iden-
tified as savanna or forest species. The  dissection was 
carried out under a drop of physiological saline to prevent 
drying up and for easy visibility of the internal organs. 
All adult female flies collected were anaesthetized with 
chloroform to immobilize them before dissection. The 
flies were placed dorso-ventrally on a microscope slide 
containing a drop of physiological saline and dissection 
was carried out beginning from the posterio-ventral end 
of the abdomen to assess the ovaries and other internal 
organs for parity testing. Flies were recorded as parous 
or nulliparous indicating that they had, or had not taken 
at least one blood meal and had, or had not completed at 
least one gonotrophic cycle. Nulliparous flies had smaller 
and more compact ovaries, tightly coiled ovary tracheal 
systems, absence of follicular relics, and absence of re-
tained eggs as well as dark and unbroken malpighian 
tubules. Parous flies had larger and more flaccid ovaries 
which are less elastic, loosely stretched ovary tracheal 
system, follicular relics are present below the maturing 
oocytes. They also had broken malpighian tubules which 
progressively have the appearance of a pale colour, and 
may contain retained eggs [29] [30]. All parous flies were 
further dissected minutely to detect the presence of O. 
volvulus larvae. The number of sausage-shaped larvae 
(L1), pre-infective (L2) and infective (L3) of Onchocerca 
species found in the abdomen, thorax and head, respec-
tively were counted and their stages of development at 
these sites recorded. 

Entomological indices
The fly density and level of transmission of onchocer-
ciasis were quantified using two entomological indices, 
the monthly biting rates and transmission potentials. The 
monthly biting rates (MBR) were measured as the theo-
retical black fly bites received by a person stationed at a 
catching site during the twelve hours of the daylight for 
one complete month in a given community. The monthly 
transmission potential (MTP) was established as the to-
tal number of infective larvae (third stage larvae found 
in these black flies) that would be received in one month 
by an individual stationed at a capture point for 12 hours 
of the daylight. 

Monthly biting rate = NC*NDM/NCD 
Monthly transmission potential = (NC*NDM/

NCD)*(NIL/NDF), 
Where NC= number of flies caught; NDM= number of 
days in a month
NCD= number of catching days; NIL= number of infec-
tive larvae; 
NDF= number of dissected flies
The monthly relative abundance of S. damnosum were 
evaluated using the two-way analysis of variance (ANO-
VA). 

RESULTS

Relative abundance of adult female black flies 
A total of 836 adult female flies were collected in the 
study community during the entire study period. The 
highest number of flies (271) was caught during the 
month of October while February recorded the lowest 
number of 171 flies. A comparison of relative abun-
dance of black flies caught during the entire study period 
showed that there was no significant difference between 
the monthly collections    (P > 0.05). Table 1 shows the 
Summary of transmission indices of S. damnosum in the 
four collection months. In both rainy and dry seasons, 
the percentage monthly black fly parity rates remained 
high throughout the study. In each case, parity was above 
50 %.  

Diurnal biting rate
Hourly variations in diurnal pattern of fly biting activities 
were observed across the study period.  In general, the 
fly biting activities showed a characteristic bimodal pat-
tern, with morning and evening peaks. However, during 
unsteady weather conditions, there were other irregular 
and smaller peaks observed during the late mornings 
and early afternoons. The diurnal biting activities of S. 
damnosum in the study community is shown in Figure 1.

The month of October had three peaks of biting activities 
at 09:00, 11:00 GMT and 16:00 GMT; November had 
two peaks at between 10:00 - 11:00 and 17:00 GMT; 
January had another three peaks at 10:00, 13:00 and 
17:00 GMT. Fly biting activities for February peaked at 
11:00 and 17:00 GMT. The lowest number of flies was 
collected during the hour of 7:00 while the highest was 
collected during the hours of 16:00 and 17:00 GMT. The 
diurnal biting activities of black flies between the months 
were significantly different from each other (P < 0.01). 
The total number caught by 6:00 GMT was significant-
ly different from all other hours except 8:00 and 14:00 
GMT. There were also differences between the other 
hours of collection.

Monthly biting rates
The monthly biting rates (MBR) of black flies in the 
study community were estimated for each month during 
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the study period as shown in Figure 2. Throughout this 
period, the month of October recorded the highest MBR 
of 2032.5 bites/person/month while the lowest MBR of 
1197 bites/person/month was recorded in February. A 
comparison of the monthly biting rates showed that there 
was a significant difference between October and Febru-
ary MBRs (P < 0.01). October had a significantly higher 
MBR than February.  However, there was no significant 
difference in biting rates between the other months using 
LSD mean separation technique.

Figure 1: The diurnal biting activities of S. damnosum in the 
study community

Figure 2: The monthly biting rates of black flies in the study 
community. 

Monthly Transmission Potential (MTP)
All the 836 flies collected for the purpose of this study 
were dissected to assess the O. volvulus infection rate. 
Out of the total flies dissected, only 2 flies were infected 
with first and second larval stages of O. volvulus, all in 
the month of October. One of these flies had 2 L1 larvae 
in the abdomen and 1 L2 larva in the thoracic region 
while the other only had 1 L2 larva in the thorax. These 
represent 0.7 % of the total catches for that month. No 
infective fly (flies with L3 larvae) was found throughout 
the studies (See table 1). The monthly transmission po-
tentials for the four months were zero. 

Morphological Identification of Adult Black 
Flies
The result of morphological identification showed that 
all flies collected were of the forest origin, characterized 
by dark colour of the 9th abdominal tergite setae, anten-
nae, fore-coxae, scutella setae, wing arculus, and wing 
tufts.  However, there were variations observed in the 
colour of the wing tuft. Some flies had pale wing tufts 
while the rest of the features were dark. 

DISCUSSION

It is usually difficult to estimate the population of adult 
black flies, but this is needed for any meaningful vector 
control studies. Abundance indices are therefore gener-
ally based on density of females as determined from their 
landing and biting rates on man [31]. This is usually based 
on results of human landing catches. This method not 
only helps in determining population estimates but it is 
also a tool for monitoring disease transmission. 

Climatic and hydrological factors are known to affect 
adult black flies populations resulting in diurnal and sea-

Table 1: Summary of transmission indices of S. damnosum in the four collection months.

Characteristics October November January February Totals

Person’ days worked 4 4 4 4 16

Total flies caught (%) 271 (32.4) 189(22.6) 205 (24.5) 171 (20.5) 836

Average daily catch per person 68 47 51 43 209

No. of flies dissected (%) 271(100) 189 (100) 205 (100) 171 (100) 836

No. (%) of parous flies 157(58) 113 (60) 106 (52) 103 (60) 479

No. (%) of nulliparous flies 114(42) 76 (40) 99 (48) 68 (40) 357

Total no. of flies infected (%) 2 (0.7)  0(0) 0(0) 0(0) 2

Flies (%) with L1 and L2 2 (0.7) 0(0) 0(0) 0(0) 2

Flies (%) with L3 0 (0) 0(0) 0(0)  0(0) 0
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sonal variations in fly populations [32] [33]. The density and 
distribution of black flies in the study area were found 
to be influenced by the presence and number of breed-
ing sites, vegetation and other supports for larval and 
pupal attachment. There were also variations in the rela-
tive abundance of flies caught during different months 
of the study. The higher fly numbers observed during the 
month of October may be attributable to some physical 
parameters of the breeding sites such as water levels, pH 
values, water speed, availability of suitable rapids which 
created the necessary environment needed for develop-
ment and survival of the aquatic stages of members of 
the S. damnosum complex, among other reasons. The 
observed relationship between biting rates and water 
levels of breeding sites in the study area were similar 
to those observed by [34]. As the dry season approached, 
there were observed reductions in water level and suit-
able rapids for breeding of vectors and these may have 
contributed to observed relative abundance of black flies 
especially in February.

In this study, diurnal fly biting activities observed did agree 
with the bimodal biting activity reported by [35] and [20]. The 
month of January however showed a trimodal biting pattern 
and this is consistent with another report by [36]. These dif-
ferences could be due to illumination factors, temperature, 
humidity or other climatic factors. Two findings, one from 
Guatemala and the other from Jos plateau in Nigeria agree 
that these factors indeed influence fly biting activities[37] [38].  
Diurnal fly activities peaked in the morning between 9:00 
and 10:00 GMT and in the evening between 15:00 and 17:00 
GMT. These are periods of daylight for host seeking activities 
of black fly vectors in the community, coinciding with work-
ing habits of the people in the community, who are predomi-
nantly farmers, working usually close to the Oji River. They 
are therefore exposed to high risks of fly bites and infection 
from black flies. [39] and [40] observed a similar trend in fly ac-
tivities.

The minimum monthly biting rate (MBR) of (1197 bites/
person/month) and the maximum of (2032.5 bites/per-
son/month) black flies observed in this study were all 
greater than the World Health Organization tolerable 
value of 1000 bites/person/month for ABR. This goes 
to indicate the high level of biting nuisance residents 
of Ahani-Achi community are enduring. Sustained high 
level nuisance could translate to onchocerciasis transmis-
sion should that opportunity present itself. 

No on-going parasite transmission was observed in this 
study in the community. There was absence of infective 
larvae in the head of local black fly vectors. Assessment 
of fly infectivity rates was used as a tool for determining 
the level of transmission in the area. It is reassuring and 
noteworthy that transmission was low as no infective fly 
was found during the study period. However, there were 
two cases of non-infective but infected flies. This suggests 

a possible interruption of onchocerciasis transmission, 
and yet heightens the need for sustained mass Ivermec-
tin distribution in these areas to achieve local elimina-
tion of onchocerciasis. It also serves as a reminder for the 
necessity for more concerted research efforts to further 
monitor fly infectivity in the area due to the presence 
of L1 and L2 larvae in some flies. Such research stud-
ies may actually prove further the transmission status of 
Ahani-Achi community. The remarkably high parity rate 
of black flies found in this study may further be sugges-
tive of the success of onchocerciasis control efforts. This 
is because one would expect high transmission in a place 
with high parity rate as these parous flies may be harbor-
ing the infective larval O. volvulus.  It also shows that 
vector populations had access to blood meal, the source 
of which however wasn’t determined, and that they have 
high enough longevity to reproduce.  Areas with high 
presence of migratory flies in line with the [5] report as 
well as that of [41] may as well show high parity rate.

The WHO mass drug administration with Ivermectin has 
been a great boost to onchocerciasis control in Africa and 
the South and Central Americas [42]. For close to 25 years 
now, Ahani-Achi community has benefited immensely 
from this initiative through the Community Directed 
Treatment with Ivermectin (CDTI) [43]. As a good micro-
filaricide, the drug when administered clears approxi-
mately all the juvenile causative parasite. Ivermectin is 
administered annually in most parts of Nigeria where it 
is believed that adult female worms do not regain fully 
their maximum reproductive potential until about one 
year after treatment with ivermectin. With this treatment 
having lasted for close to two decades now in the study 
site, one will expect a significant decrease if not elimi-
nation of onchocerciasis in the area over time. There is 
a direct relationship between the presence and number 
of microfilariae on the subcutaneous tissues of the hu-
man host and parasite transmission by vector black flies. 
This is most likely an important factor that contributed 
to the low transmission status reported by the present 
study as vector black flies could not readily pick up mi-
crofilariae - infective stage of Onchocerca volvulus to the 
black flies, which eventually develop to the infective L3 
stage to man. Onchocerca volvulus and Onchocerca ochen-
gi can be co-endemic and both species cannot reliably 
be distinguished based on morphology alone. They are 
also vectored by the same black fly species. Interestingly 
however, no report of the co-endemicity of this two spe-
cies has been documented in Ahani-Achi.

The presence in this study of only members of the forest 
species of black flies is a good indicator of the strain of 
the parasite O. volvulus in that area and hence the form 
of onchocerciasis, recognizing strain differences in the 
parasite transmitted by local black fly species in West Af-
rica. This, together with the forested nature of the study 
area, suggests that cutaneous (mild) onchocerciasis may 
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be dominant in the area. Evidences were also found in 
some of the symptoms observed as well as reported dur-
ing the course of this study. The presence of dark ninth 
abdominal tergite setae in all samples examined may be 
pointing towards S. yahense since the characteristics of 
the breeding sites here is not quite different from that 
known already for this species [14]. Again, the presence 
of flies with pale wing tuft may possibly be suggestive of 
S. squamosum as this species has been reported to occur 
in large rivers in the Eastern Nigeria [29], a region of Ni-
geria corresponding to the area of this study. Wing tufts 
however are somewhat less reliable feature for morpho-
logical identification (personal observation) because of 
variability tendencies from environmental effects. 

CONCLUSION

The findings of this study signify that the forest black 
fly species are the major vectors of onchocerciasis in 
Ahani-Achi. Transmission in the area is reduced since 
the area had been mesoendemic to onchocerciasis [26] [44]. 
Presence however of non-infective larval stages of the 
causative parasite in some flies though not the infective 
stages, signifies the possibility of transmission. We have 
provided here a current baseline information on biting 
activities of the vectors in the area as well as the present 
nature of onchocerciasis transmission. 
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