
ONCHOCERCIASIS CONTROL.PROGRAMME IN WEST AFRICA 

PROGRAMME DE LUTTE CONTRE L'ONCHOCERCOSE 
EN AFRIQUE DE L'OUEST 

TRAINING MODULE FOR 

NATIONAL ENTOMOLOGISTS 
IN THE MANAGEMENT AND SUPERVISION OF 

ENTOMOLOGICAL ACTIVITIES IN 

ONCHOCERCIASIS CONTROL. 

i1tdl,1\ WORLD HEAL TH ORGANIZATION 
~ ORGANISATION MONDIALE DE LA SANTE 
~ 



«:> 2002 The World Health Organization 

All rights reserved. 

The names used in this publication and the presentation of the data given in it 
do not imply from the part of the World Health Organization any standpoint 
as to the layout of their borders or limits. The dotted lines on the maps 
represent approximate borders whose drawing may not have been the subject 
of a final agreement. 

The mention of any firms and commercial products does not imply that these 
commercial firms and products are approved or recommended by the World 
Health Organization, in preference to others of a similar nature. Errors and 
omissions excepted, an initial capital letter indicates that it is a trade name. 

The World Health Organization does not guarantee the exhaustiveness and 
infallible accuracy of the information contained in this publication and should 
in no way be held responsible for any damage suffered from the use of such 
information. 

389/0INCU/ADM/15.2 

2 



SUMMARY 

1. INTRODUCTION. 

2. NECESSARY PROFILE AND LEVEL. 

3. IDENTIFICATION OF THE TASKS. 

4. OBJECTIVES OF THE MODULE. 

5. BASIC CONCEPTS ON ONCHOCERCIASIS. 

6. INSECTICIDES AND CONTROL 
OF ONCHOCERCIASIS. 

7. CONTROL OF SIMULIUM NUISANCE. 

8. VECTOR AND PARASITE IDENTIFICATION. 

9. ENTOMOLOGICAL SURVEILLANCE OF 
RECRUDESCENCE OF ONCHOCERCAL 
INFECTION. 

10. IMPACT OF IVERMECTIN (MECTIZAN®) ON 
TRANSMISSION. 

11. WORK EQUIPMENT AND CONDITIONS 
OF USE. 

12. BIBLIOGRAPHY. 

3 



I INTRODUCTION I 
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Onchocerciasis is no longer a public health problem in 
the Participating countries of the Programme as a result of the 
activities of the Onchocerciasis Control Programme in West 
Africa (OCP), which was based on vector control and/or the 
distribution of ivermectin (Mectizan® MK 933). The major 
part of the area of intervention of OCP is today rid of the 
onchocerciasis disease, and thousands of children live in this 
area, without any risk of contracting the disease. Thus, OCP 
has removed a substantial obstacle to the occupation of 25 
million hectares of arable land in the l l West African 
countries that are covered by the Programme. 

With the process of devolution, the countries now have 
the responsibility of maintaining the transmission of the 
onchocerciasis at its current level, and to prevent any 
recrudescence, through their own human and financial 
resources. 

The foregoing considerations are a pointer to the fact 
that there is need for each country to have a national staff that 
is capable of ensuring that the following residual activities of 
OCP are carried out: 

epidemiological and entomological surveillance of 
onchocerciasis in the oncho-freed zones; 

the follow-up of trends of infectivity rates of the 
simulium in the zones under treatment with 
ivermectin; 

the control of nuisance due to the simulium. 

The onchocerciasis control campaign in West Africa 
has, during the period of operation, trained many 
entomologists from all the beneficiary countries of the 
Programme. However, before the end of its activities 
envisaged for 2002, OCP put together in a training Module, 
the elements that are key to the implementation and 
supervision of the entomological activities to be undertaken 
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under the control of onchocerciasis ( especially for the post 
OCP period). 

The Module is written in such a way that the 
Participating Countries can use it like a Guide for training 
national entomologists, to enable them acquire specific skills 
in handling the simulium and onchocerciasis. Workers 
already in the field will also be able to use it like a 
memorandum to back up their knowledge (theoretical, 
practical), and thus acquire real professional competence. 
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2. REQUIRED PROFILE AND LEVEL 

This Module is designed for national entomologists, 

who are currently working or will be involved in 

onchocerciasis control activities that are set up as part of the 

devolution of OCP activities to the beneficiary States. 
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I 3. IDENTIFICATION OF TASKS 

Conditions and tasks have been identified: to help 
successfully carry out the residual activities ofOCP. 

3.1. Assimilating basic conce ts of onchocerciasis 

Definition, background, distribution, disease (mode of 
transmission, clinical manifestations, diagnosis, treatment), 
control. 

3.2. Applying the principal technical actions likely to be 
carried out by an entomologist at work on black flies. 

Prospection of breeding sites; 
Preparation of camoy; 
collection and conservation of the larvae of 
simulium to be identified through cytotaxonomy; 
collection of nymphs (pupae) and conservation for 
obtaining neonate simulium; 
morphological identification of females of the S. 
damnosum s.I.; 
dissection of females of the S. damnosum s.I. ; 
collection and conservation of the simulium flies 
for detecting parasites in crushed simulium 
batches; 
collection and conservation of filaria larvae for 
identification by DNA probes; 
filling in of the entomological forms; 
reading of the river gauge; 
determination of the discharge of a river; 
determination of the geographical co-ordinates of a 
point on a map. 
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On request: 

colouring of salivary glands of S. damnosum s.I. 
larvae for cytotaxonomic identification; 
catching and maintaining alive onchocercal-gorged 
simulium; 
carrying out xenodiagnosis studies; 
conducting sensibility tests and bioassays; 
Black fly control. 

.3. Analyzing entomological data. 

quantification of entomological indices, 
interpretation of the data collected. 

:.J.4. Implementing the entomological plan of surveillance 
of recrudescence of onchocercal infection. 

selection of sites and the period of entomological 
activities, 
supervision of personnel involved m 
entomological surveillance. 

4. MODULE OBJECTIVES. 

4.1. General objective 

To train the national entomologist to be able to manage 
the technical aspects and to supervise the entomological 
activities which will be undertaken by the Participating 
Countries during the post OCP period. 
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4.2. Specific objectives of training according to tasks 

4.2.1. Assimilating basic concepts on onchocerciasis 

At the end of the theoretical training, the learner 
must be able to: 

define onchocerciasis; 
determine the medical importance of Simuliidae; 

choose a catching point; 
catch female flies ; 
identify the S. damnosum s.l. at its various stages 
(larvae, nymphs, adults); 
have acquired basic concepts in biology, the 
behavior and characteristics of vectors of the S. 
damnosum s.1.; 
identify the Onchocerca volvulus at its various 
stages (sausage, stage II, stage III) in the vector; 
establish the life cycle of 0 . volvulus 
determine the impact of the principal methods of 
onchocerciasis control; 
explain the advantages of insecticides rotation in a 
simulium control campaign; 
identify possible and suitable action to be taken to 
control simulium nuisance. 

4.2.2. Applying the principal technical actions carried out 
during work on black flies 

At the end of the practical laboratory and fieldwork, 
the learner must be able to: 

determine the geographical co-ordinates of a point, 
using a map; 
recognize a breeding site of Simulium 

damnosum s.l. ; 
prospect a breeding site for the collection of 
preimaginal stages of S. damnosum s.1. ; 
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distinguish the larvae and the nymphs of the 
Simulium damnosum s.l. from those of the other 
simulium species; 

- prepare a Carnoy solution; 
collect and preserve biological material (black flies: 
adults, larvae, parasites: L3 head) for identification 
(DNA, cytotaxonomy); 
use a pair of binoculars (magnifying glass); 
identify the species of the S. damnosum complex, 
using the morphological and morphometric 
characters; 
dissect black flies for establishing their parous rate, 
and to record the infestations; 
fill in the forms of the entomological results 
(prospection, dissection, ground larviciding); 
read a water gauge; 
determine the discharge (discharge) of a river 
with or without a water gauge; 
calculate the amounts of insecticide to be used for 
ground larviciding; 
determine the number of spraying points according 
to the carry of insecticide; 
carry out insecticide tests; 

- carry out xenodiagnosis tests; 
maintain alive in the laboratory onchocercal 
gorged simuliums; 
colour salivary glands of the larvae for the 
identification of the cytotypes of the 
S. damnosum s.l.. 

4.2.3. Analyzing entomological data 

At the end of theoretical and practical teaching, the 
learner must be able: 

to calculate the entomological indices of 
transmission (Annual Biting Rate: ABR - Weekly, 
Monthly and Annual Transmission Potentials: 
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WTP, MTP, ATP - Percentages of the parous flies, 
infected and infective females - the number of 
infective females for l OOO parous flies - the 
number of infective females for 1000 flies caught -
the number of Infective larvae for 1 OOO parous 
flies); 

to know the thresholds of the entomological indices 
and their meaning. 

4.2.4. Designing, carrying out and supervising an 
entomological surveillance plan 

At the end of the training, the learner must be able to: 

- define entomological surveillance and recrudescence; 
- explain the mechanisms of appearance of 

recrudescence; 
- identify possible and suitable measures to confirm 
and control recrudescence. 
- plan the activities of entomological surveillance; 
- work out the budget of an entomological surveillance 
programme; 
- coordinate the catching and routing of black flies to 
the DNA laboratory; 
- carry out all the tasks of the agents ( especially village 
technicians entomologists and catchers), which are 
prerequisites to an effective supervision. 
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I s. BASIC CONCEPTS ON ONCHOCERCIAS1s.1 

Filariae form a group of parasitic affections caused by 
Nematodes living in various parts of the host organism. 
Various affections make up this group: especially the 
lymphatic filariasis (Wucherioses, Brugioses), cutaneodermic 
(Loa Loa, Onchocerciasis, Dracunculosis, Filariae with 
Dipetalonema streptocerca and serous (Filariasis with 
Dipetalonema perstans and Mansone/la ozzardi) . 150 million 
subjects are affected in the world. The adults ( or macrofilaria) 
of these nematodes live under the skin or in the lymphatic 
system, while the embryos or rnicrofilaria are found in the 
blood and the skin. 

Through its complications leading to blindness and the 
large number of people affected, onchocerciasis ( or Volvulus) 
is undoubtedly the most significant of the filariae. 

5.1. Definition 

Onchocerciasis is a dermal filariasis due to the 
development of a nematode known as 'Onchocerca volvu/us 
"in the subcutaneous tissue of man (Leuckart, 1893). This 
viviparous filaria, whose longevity was estimated between 10 
and 15 years, emits millions of embryos or rnicrofilaria that 
are found primarily in skin. These are the microfilaria which 
are responsible for the pathogenicity of the parasite. The latter 
is transmitted to man by the bite of the dipterous females of 
the Simulium family. 

Onchocerciasis is a cumulative parasitic disease, i.e. its 
gravity is, on the whole, proportional to the degree of 
infection and the exposure of the individual to the pathogen, 
and hence to the biting density of the simulium vectors. The 
ocular lesions, the most severe clinical manifestations, are 
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seen in villages near and rapids where the vectors develop ; 
hence the name "River blindness". 

It is an exclusively rural disease, affecting small 
human communities because of the behaviour of the vector, 
and because of the less vector human contact in large human 
populations. 

Onchocerciasis, debilitating and invalidating as it is, is 
not a fatal disease. Due to its slow evolution relatively 
inapparent early manifestations, the victim is usually unaware 
of the disease. However because of the attacks on the general 
state of the onchocercal person and its clinical manifestations, 
this plague is frightening from the point of view of public 
health as well as on the socio-economic level. 

5.2. Background 

- The first work ( clinical studies) on onchocerciasis 
was carried out in 1571 by the Council of the New Spain on 
the Blacks from Africa and Jamaica. 

Onchocerciasis was associated in 1875 to 
onchocercal microfilarae by O' NEILL. He had discovered 
them in the skin of local patients of the Gold Coast (Ghana) 
who suffered from craw-craw, a disease which itches. 

In 1893, in Leipzig (Germany), Friedrich 
RUDOLPH LEUCK.ART examines nodules taken from the 
head and the thorax among inhabitants of the Gold Coast by a 
missionary Doctor. He finds there adult filaria or macrofilaria 
which will be called Onchocerca volvulus by Leuckart ( 1893). 

- In 1902, along the large rivers in the Province of 
Vele (RDC), BRUMPT collects the first specimens of 
simulium which will be described by Theobald in 1903, hence 
the name" Simulium damnosum Theobald (1903)". However, 
it is BLACKLOCK who, at the end of his investigations in 
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Sierra-Leone in 1926, established the vectoral role of this 
simulium in the transmission of the human onchocerciasis in 
Africa. 

- In 1913, ONZILLEAU presents the first description 
of skin lesions due to the African onchocerciasis. 

- In 1915, ROBLES established a relation between the 
parasitosis due to Onchocerca caecutiens and the ocular 
lesions. This observation was confirmed in 1918 by 
PA CHECO LUNA, who included blindness among the 
consequences of the disease. 

- It is only in 1920 that MONTPELLIER and 
LACROIX highlight the fact that the microfilaria accumulate 
in the derma. This accumulation had however already been 
announced by 0' NEILL in 1875. 

- 1931-1932: the observations of HISSETTE had 
changed completely the views as regards onchocerciasis. He 
notes that the serious ocular lesions leading to blindness are of 
filarial origin. They are caused by the Onchocerca volvulus in 
Africa, whereas the disease of ROBLES or Onchocerciasis of 
Central America was attributed to Onchocerca caecutiens. 

5.3. Geographical distribution of onchocerciasis. 

The geographical distribution of onchocerciasis in the 
world (figure 1) matches that of its vector, the simulium, 
whose preimaginal stages are aquatic, and develop in fast 
flowing waters (0.5 to 2 rn/s). The disease thus prevails 
primarily along the rivers, hence this African saying: " the 
proximity of the large rivers eats the eyes ". 

Onchocerciasis still remains endemic in 38 countries, 
including 6 in America, 2 in the Oriental Mediterranean 
(Arabic peninsula) and 30 in Africa. 
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Today, the general epidemiological situation of 
onchocerciasis has improved a lot in Africa. As a matter of 
fact, the intensity of infection reached a very low level with 
prevalence close to zero in several zones, and the reduction of 
ocular onchocerciasis is palpable in the OCP area. Two 
factors contributed to this favorable evolution: the first factor 
is the maintenance and gradual expansion of the vector 
control activities of OCP, and the second is the large-scale 
distribution of ivermectin for the treatment of onchocerciasis 
in the majority of the countries where the affection is 
endemic. It is worth to mention that since 1995, 
onchocerciasis control in the African countries, apart from 
OCP area, is carried out by the African Programme of 
Onchocerciasis Control (APOC, its English acronym). 

Figure 1. Geographical distribution of onchocerciasis 
in the world. 
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5.4. Clinical manifestations of onchocerciasis. 

Onchocerciasis is generally silent or asymptomatic. 
However, in the event of intense infestation, it is expressed by 
clinical manifestations ( or syndromes) whose frequency and 
severity are in close correlation, not only with the nature of 
the parasite (certain strains are more pathogenic than others), 
but also with the quantity of skin microfilaria. This last 
parameter is a function of the number of adult filaria, and on 
the basis of the number of infective larvae transmitted to the 
subject by the infective female bites of simulium. 

Three basic syndromes will be dwelt on (figure 2): 

5.4.1. Onchocercomata or nodules 

They are found primarily at the level of the pelvic and 
the costal areas. In some people (children in particular), these 
nodules are sometimes also present on the cranium. 

Onchocercomata is a sclerotic tumour in which 
lymphatic structure is no longer recognized. The typical 
nodules measure 0.5 - 2 cm in diameter; some are smaller 
while some are larger with a diameter exceeding 6 cm. In 
cross-section, one finds worms of the two sexes ( usually a 
male and two females) in the nodules, occupying the channels 
created in the fibrous tissue. 

5.4.2. Skin lesions : 

One notes a complicated intense pruritis of lesions 
from scratching, which generally end in: 

ulceration, and a depigmentation (leopard skin), 
a papulous, sometimes suppurating eruption; 
a pachydermy and a lichenification, 
a skin oedema, 
a dermal atrophy (aspect oflizard skin). 
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5.4.3. The ocular lesions from which one can distinguish 

• The corneal lesions, which are made up of 
punctuate or sclerosing keratitis: 

* The punctuate keratitis, are rounded opacities 
of approximately 0.5 mms in diameter, and are whitish or 
gray, or fuzzy. They are located in the cornea, mainly in the 
nasal or temporal or inter-palpebral zones. These reversible 
lesions are found around the dead microfilaria; 

* The sclerosing keratitis is an opacification, of 
a shining white, which begins at the nasal and temporal 
quadrants of the cornea. The lesions take a semi-lunar keratitis 
aspect, progresses toward the top, until it affects the visual 
axis. This blinding lesion is irreversible. 

• The lesions of the iris are basically found as 
anterior uveitis. The latter can be benign or cause, 
at a more advanced stage of inflammation, the 
formation of synechea which could lead to serious 
deformation of the pupil. 

• Chorio-retinal lesions ( chorioretinitis) and optic 
atrophies (post-neuritic optical atrophies). The term 
chorioretinitis comprises a whole set of very varied 
clinical aspects, of various combinations of 
atrophic and pigmentary lesions. The onchocercal 
optic atrophy does not have any particular 
character; the visual field is narrowed. 

However, the first ocular signs are the pricking of the 
eyes, watering of the eyes and photophobia. Thereafter, there 
is a gradual decreasing of vision, which could lead to 
blindness, whose major causes are sclerosing keratitis, 
iridocyclitis, combined or not, and the lesions of the posterior 
segment of the eye. 
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For information purposes, the other clinical 
manifestations of onchocerciasis are: 

lymphatic attacks (lymphatic oedema of the skin of 

the scrotum); 

adenitis ( inguinal lymphadenopathy and femoral); 

hernias; 

general body affection (loss of weight); 

systematic onchocerciasis (presence of microfilaria 
elsewhere other than in the skin: blood, liver, 
kidney, lung, spleen, urine, cervical smears, spittle, 
liquidate cephalo-rachidian, lymphatic system). 

20 



1 Persons suffering from onchocerciasis 
generally have have nodules on 
different parts of the body. 

2 The disease causes itching 
(lesions from scratching). 

3 Also causes skin 
depigmentation. 

4 Causes blindness 

Figure 2 : Principal syndromes of onchocerciasis 
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.5.5. Biological diagnosis of onchocerciasis 

5.5.1. Indirect arguments of presumption 

- Eosinophilia: it is often high usually reaching 20 
to 40%. This rate persists for a long time above 20%. 

- The MAZZOTTI test: it consists of giving to a 
suspected person, Yi to Yz tablet of Diethylcarbamazine 
(Notezin® or DEC). The latter, taken orally, will cause in 
carriers of microfilaria an intense allergic reaction 
accompanied by itching, due to the destruction of the 
parasites, and sometimes by fever and conjunctiva! irritation. 
This reaction is attenuated by corticoids and antihistamines. 
This test was used to detect a fraction of onchocercal patients 
who have neither palpable nodules nor skin microfilaria that is 
detectable by the snip test. 

- Immunological Tests: the immunological diagnosis 
is delicate because there are many cross reactions with other 
nematodes, which make interpretation difficult. The indirect 
immunofluorescence is one of the most used tests. In the 
Oncho control area of West Africa, the skin snip test is 
increasingly being replaced by the DEC patch test. This 
consists in applying to each iliac crest, a filter paper (3x2cm) 
soaked with a 20% Diethylcarbamazine solution (0.3ml). 
Reading is done 24 hours later. A positive test is allergic-like 
reaction with vesicular type eruption, the topical application of 
DEC on the skin, leads to the penetration of the active 
ingredient into the skin layers. This causes the regrouping of 
the white blood cells around the microfilaria whose death 
reveals papules on the surface of the skin. 

5.5.2. Arguments of certainty 

The demonstration of the parasite ( adult worms or 
microfilaria) in biological sampling remains the examination 
of certainty of the diagnosis of onchocerciasis. 
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S.S.2.1. Adult worms 

Nodulectomy, under local anaesthesia, followed by 
anatomopathologic sections of the nodules, makes it possible 
to recognize the adult of the 0. volvulus. 

S.S.2.2. Microftlaria. 

Several research techniques make it possible to detect 
the microfilaria in the dermis: 

- The skin snip test technique: it consists of cutting off, 
small bloodless fragments of skin from the iliac crest area, 
using a small curved scissors, or a pair of forceps of 
sclerotomy (Holth forceps). The skin pieces are placed in 
distilled water or physiological salt solution (to 9 per thousand 
of sodium chloride or NaCl) for at least 30 minutes. In the 
event of a positive test, one observes the free microfilaria with 
a binocular microscope. The negative samples are re
examined, after 24 hours incubation in physiological aqueous 
solution. 

- Scarification technique: four scarifications of 
approximately 8 mm in length and separated by 2mm are 
made on the external part of the arms, using sterile lancets. 
Dermal juice is collected on a slide and is covered with a 
cover slip. The examination is carried out under the 
microscope. In the event of a positive test, one removes the 
cover slip and the slide is stained with GIEMSA. The latter 
consists in: (1) immersing the smears for 45mn in a Giernsa 
solution at 2% ( or 20mn in a solution at 5%) with pH ranging 
between 6,8 and 7,2; (2) rinsing the smears for 3 to 5 minutes 
in a container of water with neutral pH or under running 
water; (3) letting the smears dry in a vertical position. The 
cytoplasm of the microfilaria is then coloured in blue and the 
somatic nucleus in red. 

- The microfilaria can also be highlighted at the time of 
an ophthalmologic examination, in particular the examination 
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with slit lamp. The parasites are present, either in the cornea, 
or in the anterior chamber of the eye. This method has the 
advantage of being noninvasive, but its use is limited to a very 
qualified personnel. 

- Exceptiomlly, one can find the microfilaria in urine 
and blood. 

5.6. Treatment of onchocerciasis. 

5.6.1. Curative treatment 

5.6.1.1. Chemotherapy: it helps to prevent the ocular 
complications and to reduce the parasite reservoir. Until 
recently, the chemotherapeutic scope was very limited. The 
only drugs in restricted use were Diethylcarbamazine (DEC) 
or Notezin® and Moranyl® or Suramin. 

Notezin® is a microfilaricide, which is administered 
orally, at 5 to 6 mg/kg/day for one to eight weeks. This 
treatment must be repeated 2 to 3 times in a year. The drug 
causes intense and painful allergic reactions qJrurits, oedema, 
headache, fever and pain). 

Suramin, is a macrofilaricide, which also has a good 
microfilaricide effect. It is administered intravenously, and at 
a rate of weekly injection of lmg for 5 or 6 weeks. Suramin 
treatment causes not only dermal and ocular reactions similar 
to those of Notezin®, but also ulcerations of the oral mucous 
membranes and diarrhoea. 

Notezin® and Moranyl® cannot be used in mass 
campaigns, because of the severe side effects they cause, and 
the long duration of treatment. Moreover, the patients treated 
with Moranyl®, must be placed under medical supervision. 

The discovery of the antihelmintic activity of 
ivermectin made this drug one of the choices in onchocerciasis 
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control. It is currently the principal the drug of choice. Thus, 
in certain countries like those under OCP, Notezin® is not 
use,d any more in the treatment of onchocerciasis. 

Ivermectin is a microfilaricide, which is administered 
orally, with a single dose of 150/ug/kg per year. This 
molecule, without significant side effects, causes a fast, 
significant and prolonged reduction in the number of 
microfilaria, which develop in the sub-cutaneous onchocercal 
tissues. It also acts on the adult worm, which shows a loss of 
fertility and especially a blocking of the release of the 
rnicrofilaria of the uterus. 

5.6.1.2. Surgical treatment: the removal of nodules can be 
useful to the individual, especially when the nodules are 
located on the head, and increase the risk of ocular 
complications. The effect could be only partial, because of the 
existence of deep-seated nodules. Nodulectomy can thus be 
only one therapeutic auxiliary in certain individual cases. 

5.6.2. Prophylactic treatment 

5.6.2.1. Individual disease prevention 

It is theoretically easy to be protected from the bites of 
the females of the simulium, by wearing suitable clothing 
(long trousers, long sleeves shirt, socks covering the lower 
limbs). But if the method can be recommended for persons, 
who temporarily frequent simulium foci, it is incompatible 
with working conditions in tropical regions. The same goes 
for the repulsive chemicals, in particular the N-N
diethylmetatoluarnide or D.E.E.T. (most popular and most 
used) whose cost, toxicity and duration of action are 
constraints to extensive use. It is thus essential to direct 
research towards the traditional repulsive materials, of natural 
origin, which are usually used by the rural populations. 

The chemoprophylaxis can be done using Mectizan® 
(Ivermectin) with the dose of 150 microgrammes/kg annually. 
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5.6.2.2. Collective Prophylaxis (Disease prevention) 

It consists in breaking the epidemiological chain, while 
resorting to vector control and/or to mass treatment of the 
onchocercal infection with ivermectin. 

Vector control is basically carried out by spraying non
residual larvicides on the breeding sites. The mass treatment 
of populations with ivermectin is currently under community 
control (CDTI: Community Directed Treatment with 
Ivermectin). 

5.7. Epidemiology of onchocerciasis 

Onchocerciasis is a disease transmitted by a vector in 
which man is the only vertebrate host. The infection is 
characterized by relationship between the degree of human 
infestation and the intensity of exposure to the infected 
vectors. However, the epidemiology of onchocerciasis is not 
uniform in all the geographical locations. 

It was in Nigeria and Cameroon, in the 1960s, where 
the major differences between the clinical manifestations of 
savanna and forest onchocerciasis were observed. Since then, 
these differences have continued to be of interest to 
epidemiologists and the clinicians. 

It is understood that the factors, which play a role in 
the epidemiology of onchocerciasis, are related to the host 
(behaviour, site of the villages, density of the human 
population), to the parasite (genotype) and the vector (density, 
trophism, genotype). In the absence of any control activity, 
three epidemiological types may be noted: 

- In the savanna zone, there is focal distribution in 
location and space which are separated by vast unaffected 
areas. The disease in this area is serious, and results in ocular 
manifestations, accounting for 10% of blindness in certain 
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hyper endemic villages. This type of onchocerciasis prevails 
in the North of the 9th parallel, in the Guinean and Sudanese 
savanna regions, where the dominant vectors ( even exclusive) 
in many sites are the S. damnosum s.s.- S. sirbanum. In these 
areas, the thresholds of transmission (ATP) and tolerable 
aggression are 100 and 1000 respectively. 

- In the forest areas, the foci are extremely wide 
starting from the original breeding sites of the vector. At the 
same degree of endemicity, onchocerciasis in the forest is 
much less serious than in the savanna region; the ocular 
disorders are less frequent and the cases of blindness are rare 
or do not exist at all. 

- Forest onchocerciasis, hitherto considered as benign, 
is limited to the areas from where S. damnosum s.s. and S. 
sirbanum are absent. 

- In the transition zone, where forest and savanna 
vectors are found together, the clinical picture of the disease is 
more or less serious, depending on the sites. Blindness can 
locally reach 2 to 5% of the population. 

For nearly 20 years, attempts have been made to 
explain the causes of the difference of pathogenicity of the 
disease. The entomological factors considered up to now, have 
not totally explained the geographical heterogeneity of the 
clinical manifestations. For example, the Simulium leonense 
(forest species depend on large rivers) prevails in an area of 
degraded forest in southern Sierra Leone, where the intensity 
of the infection and the rate of onchocercal blindness are 
relatively high, sometimes reaching 6% of blind men in 
certain points. 

Understanding the epidemiology of onchocerciasis 
requires taking into account, on one hand, the behaviors of the 
vectors and the human host, and on the other hand, the 
parasite-vector and man-parasite adaptations. 
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In 2002, the OCP area will be entirely under control 
(figure 3). Some sites located on Mafou, Tinkisso, Pru and 
the tributaries of the Oti (figure 4) will, however, have to be 
addressed in detail (especially, continuing treatments with 
ivermectin for some years). As a result of the control effort, 
the microfilarial load of the communities quickly decreased, 
and is currently nil or close to zero, almost everywhere. The 
risk of the development of ocular lesions became minimal or 
eliminated and several patients show a spontaneous 
improvement in their ocular disorders. The incidence of 
blindness is already practically zero. 
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5.8. Vectors of onchocerciasis. 

5.8.1. Medical and veterinary importance of Simuliidae 

The Simulium genus of the onchocerciasis vectors 
belong to the Arthropods, the class of insects, the dipterous 
group, the sub-group of Nematode and the family of 
Simuliidae. The preimaginal stages (eggs, larvae, nymphs) are 
aquatic and the imagoes or adults carry out an air life. Only 
the female is hematophagous. 

More than 1300 species of Simuliidae have been 
described in the world. They can be: 

A nuisance through their bites: According to the 
zoophilic or anthropophilic degree of the females, a large 
swarm can be the cause of considerable nuisance for the 
human population and domestic animals in certain places 
(Siberia, North and Central America, Madagascar, Marquesas 
Islands, Central Europe). 

Vermin by the toxicity of their bites: since the saliva of 
the simulium is toxic, the accumulation of the bites can cause 
serious allergic reactions, more particularly in animals: 

S. columbaczensis in Central Europe causes 
havoc in cattle. 
S. griseicolle causes the death of pigeons and 
donkeys in Sudan 
S. arcticum in North America is a danger for 
domestic animals. 

- Parasitic vectors. 

Table 1 shows the species of simulium vectors, the 
transmitted parasites, the type of disease caused and its area of 
distribution. It appears that about fifteen simulium species 
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convey the filaria (human and/or animal origin), protozoa or 
viruses. 

Table 2 summarizes the geographical distribution of 
the simulium vectors of Onchocerca volvulus 

In Africa and in the Arabic Peninsula, onchocerciasis 
is basically associated with the S. damnosum complex (3 
complexes: S. damnosum, S. sanctipauli and S. squamosum 
a dozen species) and, to a lesser extent, the S. neavei (3 
species). S. albivirgulatum the vector present in the focus of 
the " central Basin" of the Democratic Republic of Congo is 
the only vector species not belonging to these two complexes. 

The distribution of the Simulium spp (potential vectors 
and vectors) and that of the disease coincide in Africa but not 
in the Americas. As a matter of fact, in Africa, when an 
anthropophilic simulium of one or the other of the two vector 
complexes is present, the human population is more or less 
affected by onchocerciasis. On the other hand, in the 
Americas, the potential vectors are present in large numbers 
outside the onchocercal endemic areas. In addition, the 
primary and secondary vectors are much more widespread 
than in the onchocercal endemic situation. 
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Table 1: Parasitic vectors of Black fly species 
(filaria, protozoa, virus) 

Black fly 
Parasite Disease Species 

S. damnosum s.l. Onchocerca. Human 
S. neavei volvulus 

(filaria) 
onchocerciasis 

S. albivirgulatum O.ochengi Animal 
onchocerciasis 

S. ochraceum 0. volvulus Human 
S. metallicum onchocerciasis 
S. callidum 
S. ornatum 0. gutturosa Bovine 

onchocerciasis 
S. exigum 0. gutturosa Bovine 

onchocerciasis 
S. venustum Ornithofilaria Filariae of Ducks 

(allisensis 
S. venustum Leucocytowon Parasitosis of Ducks 

simondi 
(protozoaires) 

S. jenningsi L. smithi Parasitosis of Ducks 
S. occidentale 
S. nelatum Virus Myxomatosis of 

rabbits 
S. johannseni Virus EEV Encephalitis 
S. meridionale Eastern 

Encephalitis 
Virus 

32 

Area 

Africa 

America 

Europe 

America 

Canada 

Canada 

America 
(The USA) 
Australia 

America 
(The USA) 



Table 2: Black fly Vectors of the Onchocerca volvulus type and 
geographical distribution 

Tax on 
Africa and Arabic 
Peninsula 
S. damnosum complex 
S. damnosum sub
complex 
S. damnosum s.s. 

S. sirbanum 

S. rasyani 
S. dieguerense 

Main region 

West Africa up to 
Southern Sudan, 
Uganda 
West Africa up to 
Sudan 
Yemen 
West Africa 

S. sanctipauli sub-complex 
S. sanctipauli s.s. West Africa 

West Africa 

S. soubrense 
S. leonense 

S. konkourense 

West Africa, 
Guinea in particular, 
Sierra Leone 
West Africa 

S. squamosum sub-complex 
S. squamosum s.s. West Africa 
S. yahense West Africa 

S. mengense 

S. ldlibanum 

S. neavei complex 
S. neavei s.s. 
S. Woodi 

Cameroun 

Burundi, Malawi, 
Uganda, Republic of 
Tanzania-Zaire 

Uganda, Eastern Zaire 
United Republic of 
Tanzania-Zaire 
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Habitat/Epidemiology 

Savanna 

Dry Savanna 

Local vector 
Savanna 

Forest 
Forest 

Forest 

Mountains of Guinea 

Forest and mountains 
Forest of the highlands 

Vector, likely in forest 
habitat 

Local vector in mountain 
habitat 

Local Vector 
Local Vector 



Table 2 (suite) 

S. ethiopense South-West Ethiopia Local Vector 

S. albivirgulatum " Central Basin " of Zaire Local Vector 

Americas 
S. ochraceum s.l. Mexico, Guatemala Primary Vector in 

mountainous foci. 
S. metallicum s.l. Mexico, Guatemala Vector; secondary vector 

Northern Venezuela in Central America and in 
the southern parts 

S. callidum Mexico, Guatemala secondary vector 
S. exiguum s.l. Colombia, Ecuador, north of Vector; secondary vector 

Venezuela in the north of Venezuela 
S. guianense BraziW enezuela Primary vector in 

(Amazonia) mountains; 
Secondary in plains. 

S. incrustatum BraziWenezuela Secondary vector in 
(Amazonia) mountains; 

S. oyapockense s.l. BraziWenezuela Vector in plains 
(Amazonia) 

S. quadrivittatum CentralAmerica,Ecuador Secondary vector 
S. limbatum BraziWenezuela Vector presumed to be in 

(Amazonia) the mountains 

5.8.2 The Simulium damnosum complex 

In Africa, human onchocerciasis is primarily 
associated with Simulium damnosum s.l. and, to a lesser 
extent, with S. neavei and S. albivirgulatum species. In the 
OCP area, all the vector species belong to the S. damnosum 
complex 

The life cycle of the simulium consists of preimaginal 
stages (eggs, larvae, nymphs) and of the imago or adult. 
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5.8.2.1. Preimaginal bioecology 

a)~ (figure 5) 

They are stuck in sticky clusters on the supports 
(vegetation, rocks) immersed in the water current, or 
sometimes on emerged supports, but kept wet by the spray. A 
female usually lays from 400 to 600 eggs measuring from 
0.15 to 0.20mm large axis. The eggs are usually superimposed 
on several layers. The eggs, whitish in colour, get brownish on 
contact with the air; they are only a little resistant to 
desiccation. 

The duration of development between the laying of 
eggs and the hatching of the larvae varies inversely with the 
temperature of water; it is on the average from 30 to 36 hours 
at 26°C and 4 days at 21 °C. 

During hatching, the first stage larvae cuts out the hull 
of the egg using its frontoclypeate tooth. The exit of the larva 
starts with the head, then followed by the former pseudopodes 
and the remainder of the body. 

b) Larvae (figures 6, 7 and 8). 

The larvae of the S. damnosum s.l. are lengthened and 
reinflated out of bludgeon in the posterior part of the body. 
They measure between 0.6 and 0.7 mm in length at the first 
stage; 5 and 6.5 mm at the last stage. They are eucephalous 
i.e. the cephalic capsule is well differentiated and sclerotic. 

The antennas are short and thin. The thorax carries 
ventral pseudopodia that ends in concentric crowns of tiny 
hooks. The abdomen is lengthened, reinflated at the posterior 
third, and vaguely ringed; it also ends in crowns of very small 
hooks. Lastly, it has at its posterior end, trefoil and retractile 
rectal gills. It may be covered partially or completely by 
tegumentary scales. 
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The essential conditions for the establishment of the 
larvae in a river are as follows: 

the presence of supports, 
the existence of a satisfactory velocity of the water 
(0.5 to 2 m/s), 
the presence of food particles. 

These three conditions must be met simultaneously. 

The larval development comprises 7 stages separated 
by moults. The separation of these various stages (figure 9) is 
based on the size of the larva, the number of antenna 
segments, the presence or absence of the scales and the 
histoblastes (mesothoracic wings, legs, respiratory organs): 

Thus, the first two stages are very small larvae 
(less than 1.25 mm) which have an antenna with 1 
article (stage 1) or 2 articles (stage 2); 

stage 3 does not have scales on the body and the 
antenna has 3 articles; 

stage 4 has scales only on the 1/3 posterior of the 
abdomen; 

stage 5 has scales on the entire abdomen; in 
addition, the histoblastes of the wing and the 
mesothoracic leg are not amalgamated; 

stages 6 and 7 have scales on all the body 
(abdomen, thorax); the histoblastes of the wing and 
the mesothoracic leg are amalgamated; the 
histoblastes of the respiratory organs are pale at 
stage 6 and dark at stage 7. 

The duration of the larval development (8 to 10 days on 
the average) is inversely proportional to the temperature of 
water, like the quantity and quality of the larval food, which is 
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conveyed by the current. It is the fans that are carried by the 
premandibles, which are spread alternatively and used to filter 
the food particles (primarily diatoms, algae, microscopic 
fungi , bacteria). The larvae of the S. damnosum s.l. are 
mobile, but their movements are usually reduced. Each larva 
clings to the support, by virtue of its posterior crown of hooks 
anchored in a viscous silky drop. 

Simulium eggs 

Larvae of the S. damnosum s.l 

Figures 5: (Simulium eggs) and 6 (Larvae of the 
S. damnosum s.l) 
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Back view Side view 

LARY AE OF SIMULUDAE 
Last larval stage , according to GRENlER, 1953 

Front view 

HEAD OF THE SIMUUIDAE LARY AE 
According to GRENIER, 1953 

Figure 7: Morphological aspects of the Simuliidae larvae 

Figure 8: Morphological aspects of the Simuliidae larvae 
(According to Crosskey, 1990) 
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Figure 9 : Distinctive characters of the larval stages 
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c) Nymphs (figures 10 and 11). 

At the end of its seventh stage of development, the 
larva weaves a cocoon inside of which the nymph moult takes 
place. The cocoon of the S. damnosum s.l. is in the form of a 
Turkish slipper, provided with a heel. 

The nymphs generally look like the adult wrapped in a 
membrane. They are yellowish, when young, but become 
increasingly dark when growing old. At the old nymphs stage, 
the eyes have the same sexual dimorphism as in the adults. 
They do not feed, and are completely imbedded inside a 
cocoon fixed at the support, with the exception of the 
respiratory filaments. 

The thorax bears a pair of filamentous cuticular gills 
in the front at its dorsal end. The number, shape and the port 
of these respiratory filaments are very characteristic: 

2 widened basal filaments, which match the shape 
of the opening of the cocoon; 
3 internal thinner filaments, drawn up and forked; 
3 drawn up external filaments, thick and bent, one 
backwards and the two others forwards. 

The lifespan of the nymph varies according to the 
temperature; it is on the average 3-4 days. It is a little longer 
in the female than in the male. On hatching, the imago is 
drawn towards the surface of the water, enclosed in a bubble 
of air. 
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Figure 10 : Nymph of S. damnosum s.l. 
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Figure 11 : Morphological, physiological and bioecological aspects of the 
Simuliidae nymph (According to Crosskey, 1990) 
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5.8.2.2. Location and collection of preimaginal stages 

a) To Determine the geographical coordinates 
of breeding 

This has to do with locating the site of the point 
considered on a map, and with projecting a perpendicular line 
on the vertical scale of the latitudes up to the Northern 
latitude. Then another perdendicular on the horizontal axis of 
longitudes, by noting that it is a longitude east or west, 
compared to the Greenwich meridian (figure 12). 

Figure 12: Determining the geographical coordinates 
of a point. 
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b) Breeding site prospection. 

In the treated areas, prospection of a breeding site 
makes it possible to estimate the density of the residual 
preimaginal populations, and to assess impact of larvicide 
campaigns. 

In the untreated zones, it is possible to sample and 
identify the various species of simulium larvae, which are in a 
breeding site. 

Prospection may be carried out by road, by boat or by 
aircraft. It consists in attentively inspecting the plant and/or 
rock supports of the breeding site, to observe and take a 
sample of preimaginal stages (in particular larvae and 
nymphs) noted by the prospector. These collections are 
preserved in alcohol (70 - 80%) or Carnoy for sorting and 
identification at the laboratory. 

The sampled preimaginal stages are classified in three 
categories: young larvae (1), old larvae (L) and nymphs (N). 
Their respective densities are coded in the following way: 

negative breeding site, no larva or nymph was 
found on the supports, which seem favorable. 

+ 10 individuals at least. 
++ 11 to 50 individuals. 
+++ 50 individuals or more. 

The results of the prospections are recorded on a form 
(table 3) comprising the basin, the river, the breeding sites, the 
geographical co-ordinates of the breeding sites, the density of 
the preimaginal stages and the water flow. 
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Table 3: PROSPECTIONS RESULTS IN GUINEA (FEBRUARY - MARCH 1996) 

Basin 
Riven Stretches Breeding sites Coordinates 

S. Jamnosum s.J. 
YL OL N EC Flow T"Water°C Remarks 

SANKARAN! SN300 Mandiana Bae 10"9'N. s0 3rw +++ +++ +++ +++ Very good 27,S Sensibility Test 

SANKARANI 
SNIOO Kalafilila 9°57'N-8°9'15 ·w + + ++ ++ Verv•ood 25 Camov ofbreedin" sites 

DION DS400 Tere Aval I 26 
Tere Aval II 25 

GBANHALA GS200 Tere arnont 25 
KOURAJ KS200 Bolorosso 

~,,,., Lebala 
MILO MUOO Mori2bedouoou 

MILO ML~OO K~; ... 
WASSA Radier 
MALIK OUN A Balan 
M.a.l\J111al\JA ND""' B•nnn• 

ND300 Sassambava 
ND400 Raoids 
ND300 , ...... -
NDIOO Scierie 

t 
LOTOU ND~OI Sirioudou 
BODORO Yradou 

AmtYradou 
MYRAN PontM~-
NAYE Dembadou 

TINKISSO TINKJSSO TK500 Av.Ptdecaot. 
TK""' Arnt I'? 11e cant. 

KOBA HN801 Radier 
HN801 Overflow 

NIGER HNIOO !l,"adoula 
NIGER HN300 Balandouoou 

HN200 Mili"'" 1
"' 

MAFOU MAFOU MF200 Yalawa 
MF200 AmtYalawa 

KABA KABA KAIOO Kabanihove 
KAIOO Pont Kaba 

PENSELY KAIOI Pont Pense Iv 
M 0 MON GO M Sourna"ereQ 
KO LENTE KO LENTE KTIOO PnntKn)Pnt"' 

YL: Young larvae OL: Old larvae N:Nymphs EC: Empty Cocoons 



c) Collection oflarvae in Carnoy 

Camoy is a fixer in which the larvae of the S. 
damnosum s.l are preserved to be identified by cytotaxonomy. 
It is composed of a mixture of absolute alcohol (3 parts) and 
of acetic acid (l part). 

1 ° I Equipment for preparing Camoy and colouring 
salivary glands of the collected larvae: 1 icebox, 1 syringe of 
10 DC, 20 bottles of 28 ml, absolute alcohol, acetic acid, 
blotting paper, ice, 1 thermometer, hydrochloric acid ff Cl), 
distilled water, Feulgen, orceine, slides and Cover slides. 

2° I Processing of Carnoy and larvae collection: 

a) Using a syringe of 10 DC, put 21 ml of absolute 
alcohol in 10 bottles. 

b) Put ice in the icebox and deposit the bottles 
containing the absolute alcohol in it. In the absence of ice, put 
the bottles in water. 

c) Using the syringe, put 7 ml of acetic acid in 10 
other bottles. Do not put these bottles in the icebox. 

d) At the edge of the breeding site, open the bottle 
containing the absolute alcohol (21 ml) retrieved from the 
icebox and add to it the contents (7 ml) of a bottle of acetic 
acid; one thus obtains a bottle containing 28 ml of Carnoy. Be 
careful to stir up the bottle in order to have a homogeneous 
mixture. 

e) Remove the supports from the larval breeding site, 
and select those, which carry the most of S. damnosum s.l 
larvae. The latter recoil into a U-shape as soon as the support 
is out of water. On the other hand, usually the larvae of the 
other species of simulium move permanently. 
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f) Sponge the larvae of the selected supports, using a 
blotting paper, to avoid diluting the Carnoy. 

g) Plunge the sponged larvae in the bottle of Carnoy; 
then start again with another support, until the bottle contains 
approximately 50 larvae. 

h) Close the bottle again, label it (place, date) and put it 
back in the icebox containing ice, or in water, in the absence of 
an icebox. In the latter case, Camoy must be renewed, every 3 
hours after the collection of the larvae. 

i) Prepare the other bottles of Camoy (stages d to h) by 
making sure that the collected larvae plunge indeed in the 
solution of Carnoy. 

j) At the laboratory, place all the bottles of Camoy in a 
icebox. Under this condition, the larvae show readable 
chromosomes, even after 2 years of conservation. In the 
absence of a icebox, it is necessary to change Camoy once per 
week. 

3° I Sorting the larvae and mounting salivary glands 
for the identification of chromosomes: 

- Remove a bottle of Camoy from the icebox, pour the 
contents in a box of Petri dish and sort the S. damnosum s.l 
larvae. In cytotaxonomy, it is preferable to use stages V and 
VI (figure 9); 

- Open each larva of stage V or VI on the abdomen and 
remove the salivary glands from outside the cuticle, without 
detaching them from the remainder of the body of the larva; 

- Carry out colouring: 

. prepare a hydrochloric acid solution or HCl with 10% 
(1 part of HCl + 9 distilled water parts); 
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. heat the solution of HCl at 55 - 65°C; 

. plunge the dissected larvae in the bath of HCl at l 0% 
heat for 7 minutes; 

. remove the larvae and plunge them in distilled water 
for l to 2 minutes, to cut the action of the hydrochloric 
acid; 

. damp the larvae removed from the water on blotting 
paper, before placing them in the dye (Feulgen) for 3 
hours; 

. rinse the larvae with tap water to wash the surplus of 
the dye; 

. extract the salivary glands and assemble them on 
slides and Cover slides in acetic acid. 

If colouring is not clear, add a drop of orceine in the 
middle of the slides. 

4° I Reading of the slides. 

It must be carried out, preferably, by a 
Cytotaxonomist, or by a person who underwent training in 
cytotaxonomy. 

5.8.2.3. Adults of Simulium damnosum s.l 

a) Background. 

The imagoes (figure 13) are small-sized midges (l to 6 
mm), generally dark. Generally, they have a head carrying two 
short hairless and identical antennas (l l similar articles) in the 
male and female. 

The eyes have a sexual dimorphism. In the female the 
eyes are dichoptic, i.e. are separated by a forhead. In the male 
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they are holoptic, i.e. contiguous (absence of forhead) on the 
middle line of the head, of which they occupy the entire upper 
part. They are made up of small facets in their lower third and 
of large facets in the upper two thirds. 

The mesonotum is very developed and gives the insect 
its humped form. The postnotum is round The tegument is 
covered with a differently coloured pilosity (hairs), generally 
dark. The wings are broad; their inervation and their system of 
furrows are characteristic. The abdomen is short, squat, and 
conical and comprises 9 visible segments. The sternites are 
reduced. Adults of the S. damnosum complex are easily 
distinguished from the other West African species by their 
anterior tarses, which are strongly widened and flattened. The 
legs are black with a whitish- creamish band on the posterior 
basitarse, and the tarsal claws have a basal tooth. Like the 
majority of insects, the simulium breathes by a system of 
tracheas and tracheoles which emerge outside by marks. 

The female anatomy (figure 14) is as follows: 

- The digestive system is made up of the anterior 
intestine, the crop, the middle intestine and the posterior 
intestine, which ends in six rectal bulbs; 

- The salivary apparatus includes two thoracic salivary 
glands and a salivary pump; 

- The excretor is the same as in the larva; it consists of 
the malpighian tubes. However, according to the physiological 
age of the adult, these tubes can be opaque (semi-opaque) or 
light (semi-clear) in transmitted light; 

- The genital apparatus of the females includes: two 
ovaries, made up of many ovarioles, an additional 
spermathecal and accessory glands, which secrete the sticky 
substance which englobes the eggs; 
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The male genital apparatus is of the traditional 
type: two testicles with ligaments hangers, two vas 
deferenses, an ejaculatory canal and additional 
glands. 

Coupling of the simulium takes place immediately 
after hatching, and can be done in two ways: both insects rest 
on a support, or more frequently in flight in swarms. 
Coupling is generally fast (less than one minute) and 
fecundation is carried out by the intermediary of a 
spermatophore, which is introduced by the male into the 
genital apparatus of the female. Once the spermatophore is 
dissolved, it releases the spermatozoids, which are stored in 
the spermatheca. The female of the S. damnosum s.1. couples 
only once during its existence. However, it must at each time, 
take a blood meal to carry out in the long term, each of its 
ovarian cycles. During its life cycle (which is estimated at 23 
- 30 days), the female can have several gonotrophic cycles (3 
to 5) of each of which has one average duration from 3 to 5 
days. Whatever the bioclimatic zone and the group of species 
of the S. damnosum complex, the females generally lay 15 to 
90 minutes before twilight. 

The female of the S. damnosum s.1. is a thelmophage, 
i.e. it takes its blood meal starting from micro-hematomes 
coming from the dilacerations of subcutaneous tissues by the 
movements of the oral parts. 

When blood gets into the stomach of the simulium, it 
causes the formation of a particular structure called 
peritrophic membrane. It completely isolates the blood meal 
from the stomach epithelium. It thus plays a decisive role, 
because it is used as a barrier, which limits the passage of the 
microfilaria of the O volvulus introduced towards the 
hemocoele of the vector. However, only the microfilarias that 
arrive in the hemocoele can continue their development and 
become infective larvae, which will be transmitted at the time 
of biting. 
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The adults of both sexes live on sweetened juices of 
vegetable origin (nectars of flowers), which remain initially in 
the crop. This sweetened food is primarily a source of energy 
for the insect. Only the females are hematophagous, therefore 
they may only transmit the parasite that is responsible for 
onchocerciasis. The males don' t play any role in transmission. 
Their movements are reduced, for they are only meant for 
looking for females for coupling, and for juice for food. 

Fhmre 13: Adult of theS. damnosum s.l. 
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a = Internal organs "in 
situ" 

b = digestive 
system 

Internal anatomy of the female oftheS. damnosum s.l. 
(According to Lewis, 1953) 

Figure 14 : Anatomy of the female of the S. damnosum s.l. 

b) Evolution of vector populations 

The impact on the density of the preimaginal and 
imaginal populations of the S. damnosum s.l. , and the seasonal 
variations of the level of rivers, make it possible to distinguish 
four types of variations of simulium populations: 

- Synchronous variations with the level of water: this 
type often characterizes the large rivers in the forest regions of 
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West Africa, but also those in the savanna regions. The 
females appear at the beginning of the rainy season, reach 
their maximum on the highest water level and disappear just 
after the end of the flow, at the beginning of the dry season. 
In general, it is the quantity of the immersed plants, which 
determines the abundance of the simulium populations. 

- Inverse variations: This type is found in the savanna 
on certain rivers whose breeding sites exist only at low water 
level, when the rock of the bottom of the bed give rise to 
rapids. The larvae settle only in the dry season, when the river 
stabilizes downstream. 

- Bimodal variations: this type of variations is that of 
nvers that are more or less enclosed in savanna regions. 
There are preimaginal breeding sites, when the river is 
stabilized on its lower course (average simulium densities) or 
upstream (high densities). 

- Unimodal Variations: this type characterizes the 
rivers of dry savanna region, which, as of the resumption of 
the flow, carry preimaginal stages, and the period of the 
maximum of water corresponds to that of the highest 
similium productivity. The same goes for small forest rivers, 
for which the season of activity starts at the end of the rainy 
season, when the water level is stabilized; the single peak of 
activity is recorded at low water level, when a maximum of 
floating supports are colonized by the larvae. 

There is a direct relation between the amual variations 
of the preimaginal populations and those of the adult 
populations. In addition, it is the seasonal variation of the 
level of the rivers on the breeding sites, which are the 
fundamental factor determining the pattern of adult 
settlements in time and space. 
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c) Biting activity of the females of 
S. damnosum s.l. 

The activity of an insect· varies depending on the time 
of the day and night; one speaks about rate of activity. For 
hematophagous insects, the biting rate is of particular 
importance because it determines the catching method, and 
helps to explain the epidemiology of transmitted diseases. 

For black flies, biting is only during the day. Whatever 
the bait (man, animals), the temperature remains the principal 
limiting factor of the aforementioned activity; however, the 
females react differently to the variations of the temperature 
according to their age (the parous ones tolerate higher 
temperatures, as compared to the nulliparous ones). The 
climatic factors (wind, sun, temperature, rain) can, thus 
modify the number and the time distribution of catches. 

d) Movement of black flies 

With black flies, one generally observes three major 
types of movement: 

- Movements for purposes of physiological needs of 
the insect (in search of sweetened juice, a blood meal, a place 
for egg laying). They are of low amplitude. 

- Movements of dispersion, which are active and of 
average amplitude. Two types of dispersion are observed: 

* radiate dispersion, 
* linear dispersion. 

In the first case, the ecological conditions are such that 
the female of the S. damnosum s.1. can move in all directions 
around the original breeding site; the only factor limiting this 
area of dispersion is the capacity of flight of the simulium. In 
the second case, the simulium moves only along the river, and 
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in fact it is the extnns1c factors (climatology, type of 
vegetation) that play a limiting role. 

In the savanna zone, the movement of the females is of 
the linear type, in the dry season. The distances covered are 
not only variable, but decrease from South to North. In the 
rainy season, dispersion is radiate and may reach 20 or more 
kilometers. With respect to the savanna species, (S. damnosum 
s.s., S. sirbanum , dispersion has to do, primarily, with the 
nulliparous females, the proportion of which increases with the 
distance from the preimaginal breeding sites. 

In the forest zone, taking into account an always
favorable vegetation cover, dispersion is radiate in all seasons. 
It is, however, further reduced in the dry season compared to 
the rainy season. In the forest species (S. soubrense, S. 
sanctipauli), the dispersive females have a physiological age 
practically equivalent to that recorded on the breeding site. On 
the other hand, in the S. squamosum - S. yahense the parous 
females tend to disperse more than do the nulliparous ones. 

- Migratory movements are directed, generally passive 
and relate to a great number of individuals. The females of the 
S. damnosum s.l. can then go considerable distances (400 -
800 km) during flights, conditioned by the winds. 

There are two principal migratory movements, 
corresponding to the dominant seasonal winds in West Africa: 

A north-east/south-west migration, under the 
influence of the hot and dry harmattan wind blowing in the 
dry season; 

- A south-west/north-east migration, under the effect of 
the monsoon, a hot and wet marine wind blowing from the sea 
towards the land, right before the beginning of the rainy 
season. 
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By the help of these winds, the scales of movement 
are maximum and cause the seasonal reinfestation of the foci 
of nonpermanent preimaginal breeding sites by females of the 
S. damnosum s.l.. One speaks sometimes about reinvasion; it 
can be defined as being the arrival in a perimeter, which is 
regularly treated and cleaned of simulium that are not known 
to the said perimeter. The migrant simulium population is 
basically made up of females; the latter are gravid in their 
majority. The nongravid females and/or those captured on 
man are almost all parous. 

e) Trophic preferences of black flies 

Females of the S. damnosum s.l. are not exclusively 
anthropophilic; they are also zoophagous or zoophilic. The 
zoophilic aspects can be studied in a direct or indirect way. 
The direct method consists in observing and catching the 
females coming to take their blood meal on various animals. 
The indirect methods consists, at the time of the dissections, in 
noting the females infected by the animal filaria, and 
determining the origin of the blood meals when one meets 
some in the females. 

For West Africa, and in general, we may note the 
following: 

- In the sub-sahel and north-Sudanese zone, the S. 
sirbanum is primarily zoophilic, and preferably bites cattle. 

- In the savanna-sudanian and Guinean zones, the S. 
damnosum s.s. and S. sirbanum are primarily anthropophilic. 
However, in the absence of human hosts, these species can be 
completely zoophilic. 

- In pre-forest zones, the S. damnosum s.s. and S. 
sirbanum bite humans and animals. In this same zone and the 
case of the migrant simulium collected in the Guinean 
savanna, the S. soubrense - S. sanctipauli are clearly 
zoophilic. 
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- In forest belts, the females of the S. sanctipauli 
complex generally present an optional anthropophilic
zoophilic. The S. sanctipauli s.s. is nevertheless more readily 
zoophilic. On the other hand the simulium of under the S. 
squamosum complex species of the small rivers of forest or 
the zones of mountains, are primarily anthropophilic. Lastly, 
S. damnosum s.s. and S. sirbanum in the zone of forests of 
Liberia and the southernmost Sierra-Leone, are also 
anthropophilic. 

In East Africa, relatively clear correlations exist 
between the trophic preferences of the simulium and their 
cytogenetic characteristics. On the other hand, in West Africa, 
the situation is different, because the zoophilic status appears 
in very diverse areas and for the same species, the females can 
show food preferences that are very different according to 
conditions of the environment. Thus, even if in certain cases 
the females of the S. damnosum complex may have complete 
anthropophilic or zoophilic characteristics, in general, it is a 
question of optional anthropophilic-zoophilic status, each 
female being able to bite either man or the animal at any of its 
blood meals. 

5.9. The human onchocerciasis parasite in Africa: 
Onchocerca volvulus 

The Onchocerca volvulus is specifically a human 
parasite, although it could be transmitted experimentally to the 
chimpanzee. It is a round worm, of the order Nematodes, 
under the Filaroidea, the family of the Onchocercidae and the 
Onchocerca family. This filaria goes through several stages 
during a cycle of development, which takes place partly in 
man and partly in the simulium. 

In man: when an infective simulium bites a person for 
a blood meal, it deposits in the bite the infective larvae (L3 
head). These larvae, of approximately 650 microns in length, 

56 



penetrate the body; their development in the skin has yet to be 
properly elucidated. 

One to three years after infection, onchocercal 
nodules or cysts appear on the patient or in the thick layer of 
the skin and the sub-cutaneous tissues; these fibrous 
formations are due to the reaction of the host around the 
parasites. Generally, each of these cysts contains a male and 
two adult females of the 0. volvulus. The adult filaria can 
also live free in the derma. 

The adult of the O. volvulus is an elongated worm, 
frayed and whitish in colour. It lives for about fifteen years 
and has an accentuated sexual dimorphism: the female worms 
are between 30 to 80 cm long, 0.04 to 0.06 mm in diameter; 
the males measure from 2 to 5 cm in length, with a diameter 
of 0.02mm; the females have a bifide uterus, and lay large 
quantities of microfilariae (500,000 to 1 million per annum) 
during the 9 to 11 years of their sexually active life. These 
microfilariae have a hardly outlined anatomic organization; 
they are on average 330 microns long, over 8 microns in 
diameter, and live from 6 to 24 months. Deprived of a sheath 
in the intrakystic liquid, they can thus cross the tumoral 
fibrous formations and place themselves in the conjunctive 
tissue, settling preferably in the skin, but they also meet in 
various points of the eye and the optic nerve. A highly 
parasitized person can carry between 50 and 200 million 
microfilariae. The latter can continue their development only 
if they are introduced by a simulium vector. 

In the simulium: the cycle of the 0. volvulus in the 
female of the S. damnosum s.l. is well known (figure 15). 
After coupling or egg laying, the nulliparous or parous 
females need blood for the maturation of the eggs; at the time 
of this blood meal on an onchocercal patient, the female of the 
simulium can absorb hundreds of skin microfilariae of the 0. 
volvulus. The blood, in the digestive tract of the simulium, 
induces almost instantaneously, the formation of a peritrophic 
membrane. The latter and the microfilariae are digested at the 
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same time as the blood meal. But, a few parasites escape from 
the peritrophic membrane, cross the intestinal wall to continue 
their development. After the general cavity, they get to the 
indirect flight muscles. There, they undergo some 
transformation, which makes it possible to distinguish 
successively three types of larvae called: sausages, stage II, 
stage III and infecting larva (figures 16 and 17a, b, c). 

The criteria, which makes it possible to distinguish a 
sausage stage (stage I) from a stage II, are: size of the larva 
(stage I= 150 to 200 microns; stage II= 400 to 500 microns), 
but especially the shape of the tail. Indeed, the caudal point is 
long (25 microns) at stage I and short (10 to 12 microns) at 
stage II. Stage III has a decorated blunt tail of a median 
mucron and two lateral ventral mucrons; it is curved towards 
the ventral face. Lastly, the infecting larva is characterized by 
its physiological state: with the anal stopper and intestinal 
waste being expelled, the walls of the intestine are applied one 
against the other. 

Given its great mobility, the stage III larva after exiting 
from the muscles, preferably moves to the head and buccal 
parts. It is transformed there into infective larva (figure 17c), 
which will be possibly transmitted to man later at the time of a 
blood meail. Under natural conditions, the number of infective 
larvae in a simulium is generally lower than 10, the number 
varying according to the similium species. 

The cycle of maturation of the larva in the simulium 
lasts, on the average, 7 days at 24-25°C; but it can be 
prolonged up to 10-12 days at lower temperatures. 
Development stops when night temperatures go down below 
16°C. 
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Figure 15 : Life cycle the Onchocerca volvulus (ANONYMOUS, 1985) 
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Figure I 6 : Larval stages of Onchocerca volvulus (BAIN, 1969) 
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Figure 17: Stages II, III and infective larva of the 0. volvulus 

There are a number of different parasitic forms or 
"strains", one of which, (the savanna form of West Africa), is 
particularly associated with blinding ocular lesions. 

The current distribution of the strains of the 0. 
volvulus in the Programme area is as follows (figures 18, b): 

- The 0. volvulus of the savanna strain covers most of 
the area of the Programme. Its distribution corresponds to the 
northern limits of OCP. In the south, it is present in the zone 
with intermediate vegetation, between savanna and forest. It 
goes deep south in the "V Baoule" and in the "3v dahomean". 

In the mountainous areas of west Mali, Guinea, 
Ghana, Togo and Benin, the two strains are present in equal 
proportions. The same goes for the areas with intermediate 
vegetation. 

The forest strain is dominant in the areas covered by 
the forest in Guinea, in Sierra Leone, in Cote d'ivoire, in 
Ghana and Togo. 
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Figure 18 a: Distribution of Onchocerco sp. species over the OCP Programme area (01/10/98 a 30/09/99) 

Figure 18a : Distribution of Onchocerca sp. Species in the OCP 
Programme area (01/10/98 au 30/09/99) 

,,. 
Do. volvulus Foret 
• 0. volvulus Savana 

Fie.ore 18 b : Distribution of 0. volvu/usstrains over the OCP Proe.ramme area (01/10/98 a 30/09/99) 

Figure 18 b: Distribution of 0. Volvulus strains in the OCP 
Programme (01/10/98 au 30/09/99) 
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5.10. Transmission of onchocerciasis. 

To know the real intensity of onchocercal 
transmission, at a given place and time, one has to depend on 
the study of the natural infestation of the simulium 
populations. This consists in catching wild females and 
determining, by dissection, their physiological age (parous 
rate), their rate of infestation by the 0. volvulus (infected 
female, i.e. those containing the evolutionary larvae; infective 
females, those containing the infective larvae) and finally their 
parasitic loads (number of evolutionary larvae per infected 
female and number of infective larvae per infective female). 

These various parameters make it possible to 
establish the Monthly and Annual Biting Rates (MBR, ABR) 
and to consider the Weekly, Monthly and Annual 
Transmission Potentials, respectively called WTP, MTP and 
ATP. 

To appraise the vector potential of a given species, 
one can also use the method of experimental transmission. It 
consists in gorging females on selected onchocercal subjects, 
keeping them (females) alive and following the development 
of the parasites throughout the cycle by spaced-out 
dissections. This method makes it possible to know with more 
precision, the vector characteristics of a given simulium 
species, in the presence of a given strain of the 0. volvulus. 

5.10.1. Choice of catching point. 

The catching points are determined according to the 
epidemiological situation and of accessibility. The criteria of 
selection are: 

the catching point is located in a zone where the 
conditions of transmission of the infection are met: 
presence of man, parasite and vector; 

62 



1t 1s selected near a significant and productive 
breeding site; 
it is in the shade and sheltered or protected; 
it must be accessible all the year round; 
it should not be a place of human gathering, in 
order to avoid at the same time "dilution" and a 
drop in the vigilance of the catchers. 

In the OCP area, it is preferable to use the catching 
points close to the sentinel villages that are selected for the 
epidemiological surveillance. 

5.10.2. Catches on humans (figure 19) 

The catches made on humans make it possible to know 
the density of the populations of biting females of the S. 
damnosum s.1., in a given place and period, and to estimate it 
in the number of bites/man/day. 

The use of man as bait is common for catching many 
hematophagous insects. Thus, since 1926, this method has 
been used for catching the S. damnosum s.1.. 

If this process allows only one partial sampling 
( collection of biting females of the anthropophilic species 
only), for catching the populations of the S. damnosum s.1., it 
remains the most widespread process and the most effective, 
the results of which studies can be exploited for a better 
knowledge of the behavior of the S. damnosum s.1. and of the 
epidemiology of onchocerciasis. 

The principal characteristics, which allowed for the 
typification of the method, are as follows: 

- Each catching team is made up of two people who 
carry out catches of the simulium for one hour in turn. 

- It is known that the S. damnosum s.1. bite, preferably 
the lower limbs. Taking into account this low location of the 
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bites of females, only the legs of the catcher are stripped and 
exposed. The black flies that alight on him are immediately 
covered, then trapped in traditional hemolysin tubes, at a rate 
of one fly per tube. The black flies thus caught are, in theory, 
meant for a study on their infestation by the Onchocerca 
volvulus. Thus, it is absolutely necessary that the females, 
which come to bite, be caught before they start their process 
of biting, in order to avoid the loss of parasites, and the 
infection of the catcher. 

- On the other hand, when one wants to collect gorged 
females (in particular on onchocercal patients), any female 
which alights on the catcher and starts a blood meal is 
immediately covered by a tube. When the simulium is 
completely gorged, it is detached spontaneously from the skin 
and is collected into the tube. 

- Sampling is usually carried out on the basis of 7-18 
hours continuous catching day, which is the activity period of 
the simulium. 

- The various results are recorded on a catching 
form. (Table 4). 
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Figure 19: Catching females oftheS. damnosum s.l. on man 
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Table 4: 
WHO I OCP I VCU FORM N° 1 

SECTOR: NAME OF THE 
CATCHER ................................. . 

PLACE OF CAPTURE ................ . 

N° Code ...................................... . 

Dates Time of Number Catcher Remarks 
Catches cau2ht Initials (Wind -Rain) 

7h-8 h 

8 h-9 h 

.. ./ .. ./ ... 9 h-10 h 

10 h- 11 h 

11 h- 12 h 

112 h- 13 h I I I 
13h-14h 

.. ./ .. ./ ... 14h-15h 

15h-16h 

17h-15h 

17h-18h 

TOTAL 

RNER GAUGE READING ....................... . 

5.10.3. Dissection of black flies. 

All the biting females of the S. damnosum s.l. captured 
during the day, in theory, are dissected the same day. 
However, when the daily catch is more than 200 females, the 
surplus is preserved in alcohol at 70-80%. 

66 



For the dissection (figures 20), the females are 
anaesthetized beforehand with chloroform (or ether), and then 
placed one each on a slide and in a drop of physiological 
water with 9 per thousand of sodium chloride. One examines 
with the binoculars, using the lighting system above, the 
morphological characters that permit to identify the simulium. 
Then, with the lower lighting system (transmitted light), and 
using the needles for dissection, one pulls with a jerk on the 
end of the abdomen, in order to pull out, the abdominal organs 
(in particular, the digestive and reproductive systems). One 
determines the age by examining the ovaries, the malpighian 
tubes and abdominal fat. 

Dissection makes it possible to separate the sample of 
the S. damnosum s.l., into females that have never laid eggs 
(nulliparous females) from females that have gone through 
one or more gonotrophic cycles (parous females). The latter 
are dilacerated in the drop of physiological water, and 
thoroughly examined in search of the larvae of the 0. 
volvulus, which are distributed in the head (infective larvae), 
the thorax (sausage, L2, L3) and the abdomen (L3). 

The distinctive characters are as follows: 

Parous Females Nulliparous Females 

- Presence of laying relics. - Absence of laying relics. 
- Possible residual eggs. - No residual eggs. 
- Elastic ovaries. - Breakable ovaries. 
- Clear malpighian tubes - Opaque malpighian tube (semi). 
(semi-light). - Abundant abdominal fat. 
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Ground conditions that generally favour intense 
evaporation (especially in the dry season) that involves the 
fast appearance of salt crystals in the area of observation, lead 
to difficulty in determining the parturition of the females. 
Also, it is advisable to use either a salt solution at 4/1000 (4g 
of NACl in one liter of water), or a solution made up of a 
mixture of physiological water (50%) and distilled water 
(50%). 

The results of the dissection are recorded on the 
various forms (tables Sa, b, c). 
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··"'· l i;;m 

Qneral appearance of dissected fl ies 

~aspect in transmitted light 

MaJpighian rubes 
of the nulliparous fem..'lle 

The nulliparous ovary is generally clear 
with follicules that are bigger, more 
spheric and inflated. VolLUninous fatty 
~ 

The nulliparous ovaries Slretch only a little before 
suddenly breaking up. 

Malpighian tubes 

Aspect generaJly clear in trrumlitted light 

Malpighian hobes 
ofthe parou.s female 

1re JXUOLtc; ovary is gen:rally yellowish 
and spotted due to follicular relicts. The 
follicules are moch ~Jer and much 
more oval shaped Fatty 1:odies subs1ance. 

1re parous ovaries stretches up to 3 times their 
length. Their tear up slowly. 

Figure 20 : Differentiating the parous females from the nulliparous 
of the S. damnosum s.I. 
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Table 5a: CATCHES AND DISSECTIONS OF THE S. DAMNOSUM 
OCP/VCU FORM PAGE DE 

SECTOR:. . ................................... S/SECTOR: . WATERCOURSE:. 

CATCHING POINT: .. YEAR: 19 MONTH:DAY: 
(5-10) (11-12) (13-14) (15-16) 

No. OF HOURS TIMEOF No.OFS.D. 
OF CATCHING: DAY: CAUGHT: DISSECTOR: DATE DISSECTION : 

NUMBER OF LARY AE OTHER PARASITES NUMBER OF LARVAE OTHER PARASITES 

NO. WING 3• 0 NO. ~ ESPECE 3• OTHER 
SEG """' TUFF "' <TAGE z SEG. 

~~ 
STAGE MERMI FILARIA "' o"' 0 "' "' ~~ "' "' Q 

~t < • 0 ~~ ~gj 6 ~ REMARKS 
~~ • 0 TETE TH.& 6 

..., 
-~ TETE TH.& .,,e :,::5 Z"' ~ 

;:i:, 
"' N~ ABD. THIDES s ;ii 

f-,<( "' ABD. ::;:;~ bii: O<>l et: 0 "' 2: 
u .. c "' :I:< < ... 

8 ~ 
28-29 30-31 I 32-33 34 35-36 37-38 39-40 41-42 43-44 45-46 47 ~ SPECIES OTHERS 32-33 ..., 

"' 01 I I 

02 I I 

03 I I 

04 I I 

05 I I 

06 I I 

07 I I 

08 I I 

09 I I 

10 I I 

II I I 

~ 
DISSECTED PAROUS INFEC1ED no. of Fly H,YWITH NO. LARVESS 3 '" 

with Larvae LARVAE ST. IN THE HEAD REMARKS 
3,.SIHead 3RD STAGE 



OCP/VCU FORM2B 
(1-2) 

Table9b: NULL CATCH OR NO DISSECTION OF S. DAMNOSUM 

SECTOR: ......... .................. SISECTOR : . . ........................................................... 

WEEK .. . ....... FROM:. ... TO: .. 

CAPTURE POINT DATE 

"' "' 
WING A NUMBER DAILY REMARKS 

~ 
CODE ::, 0 YEAR MONTH DAY TUFT CAPTURED TOTAL 

NOM 0 ,_.;;,. 
19 :,: ~< 

<O 

3.4 5-8 9-10 11-12 13-14 15-16 17-18 20-21 22-25 
l 

I 

I 

l 

l 

l 

l 

l 

I 

I 

l 

l 

l 

I 

l 

I 

l 

I 

l 

l 

I 

I 

I 
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SECTOR OF BOUAKE (CL>TE D'IVOIRE) 1~101 
Table 9c: SUMMARY OF THE CATCHES, DISSECTIONS AND INFESTATIONS 

Week Period of:--------- To: ______ _ 

NUMBER OF NUMBER OF NUMBER IDENTIFICA TJON OF FEMALES 

CATCHING POINTS 
INFECTED 

INFECTIVE 
OF AND INFECTION BY SPECIES 

CODES DATES CAPT. DISSEC. PAROUS 
(and category) FEMALES FEMALES L3HEAD 

OBS. I I SA V I SOU/SQ I Y AH (08) 
106' 107) 

SUB/SECTOR: ODIENNE 

MASSADOUGOU © 1129 

1129 

DIOULA TIEDOUGOU © 1132 

2232 

BOROTOU© 1133 

1133 

VIALADOUGOU (A) 1134 

1134 ....--
NIAMOTOU© 1135 

1135 

N'GOLODOUGOU (A) 2305 

2305 

BAC SEMIEN (B) 2301 

2301 

SOROTANA(A) 2302 

2302 

BlANKOUMA (B) 2306 

2306 



5.10.4. Parous rate of species oftheS. damnosum 
complex 

It is understood that, for a given season, the rate of 
simulium parturity of the sampled simulium population is all 
the more significant, since it is the result of many dissections, 
spread out over the entire season under review, carried out on 
breeding sites in balance, in order to avoid the random 
fluctuations of average age, due to hydrological and weather 
variations. 

The extensive work carried out, in the absence of any 
vector control, makes it possible to note the following: 

- the average physiological age of the black fly 
populations is generally higher in the savanna than in the 
forest; 

whatever the zone (savanna, forest), the average 
physiological age in a given black fly population is higher in 
the dry season than in the rainy season; 

- in the savanna region, the average physiological age 
of a savanna population (S. damnosum s.s. - S. sirbanum) is 
around60%; 

- In forest areas, the average physiological age is 
generally between 20% and 40%, but it can reach 50% in the 
S. sanctipauli complex and 60% in the S. squamosum 
complex. 

5.10.5. Vector capacity 

At the end of the dissection, some data must be 
established to be used to determine the level of 
transmission: 
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- Calculation of the rate of parous females (parturity) 
Number ofparous black flies x 100 

Number of dissected black flies 

- Percentage of infected parous females: 
Number of infected females x 100 

Number of parous females 

- Percentage of infective parous females: 
Number offemales with infective larvae in the head x 100 

Number of parous females 

- Number of evolutionary larvae per infected female: 
Number of evolutionary larvae 

Number of infected females 

- Number of infective larvae per infective female: 
Number of infective larvae 
Number of infective females 

- Calculation of the Monthly Biting Rate (MBR): 
Number of black flies caught x 30 days in the month 

Number of catching days 

- Calculation of the Monthly Transmission Potential (MTP): 
MTP x numbers infective larvae 
Number of dissected black flies 

- Calculation of the Annual Transmission Potential ATP): 
ATP = sum of the 12 months ofMTP of the year. 

This method of calculating the MTP gives only one 
very approximate idea of the transmission, because it 
applies fully, only if the infections are distributed 
regularly in the month. To partly correct this phenomenon, 
the potentials of transmission are calculated on a weekly 
basis (New method): 
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- Weekly Transmission Potential (WTP): 
Number of black fljes caught/week x 7 x Number of infective larvae /week 

Number of days of capture/week Number of black flies 
dissected/week 

- Monthly Transmission Potential (MTP) 
Sum of the WTP x Number of weeks/months 

Number ofrounds per month 

- Annual Transmission Potential (ATP): 
Sum of the 12 months ofMTP 

- Number of infective females for 1000 parous 
Number of infective females x 1 OOO 

Number of parous females 

- Number of infective females caught for 1000 captured 
Number of infective females x 1 OOO 

Number of captured females 

- Number of infective larvae for 1000 parous 
Number of infective larvae x 1000 

Number of parous females 

The various data on the activities undertaken by the 
Vector Control Unit (VCU), under OCP, are listed in data 
banks: Monthly, Epicros, Morpho, Cyto, DNA-Base, Debit 
and Anabolim. The OCP data bank called Monthly, were 
obtained on the basis of the old method. 

5.10.6. Vectors natural and experimental capacities. 

5.10.6.1. Experimental Transmission 

It is carried out with females fed on onchocercal 
patients and maintained alive in the laboratory. It should be 
noted that all the species of the S. damnosum complex in West 
Africa, are able to transmit the 0. volvulus. Compatibility 
between vector and parasite, depends, however, on their 
respective origins. 
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Table 6 sums up the degrees of adaptation between 
vector species of the S. damnosum complex and of 0. 
volvulus strains. The following is the summary: 

- The experimental development of the forest parasite 
strains in savanna vectors is always very low. 

- The vector species of small forest rivers, the S. 
yahense and S. squamosum transmit their own parasitic strain 
well, but do so poorly with the savanna strains. The 
phenomenon is more rampant in the S. squamosum which, in 
the zones of wedged foci transmits the savanna parasitic 
strains poorly or does not at all. 

- The S. soubrense and S. sanctipauli can, 
experimentally, transmit the three onchocercal strains at a high 
level. 

- The S. leonense, previously called soubrense B, in its 
zone of origin, transmits to a high level a local strain of the 
blinding onchocerca. The latter is slightly transmitted or not at 
all by the S. squamosum, the S. yahense and S. sirbanum. 

- The S. leonense is not only an excellent vector of the 
local forest strain, but also good vector of the strain of the 
savanna 0. volvulus of Mali. 
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Table 6: Schematization of the various degrees of 
adaptation between vector species of the 
S. damnosum complex and strains of the 
0. volvulus of different geographical 
origins. 

Orie:in of 0. volvulus strains 
Vector species Large Small Savannas Forest in 
(and zones of forest forest southern 
experimentation rivers rivers Sierra 
) Leone 
S.sirbanum and Oor+ Oor+ ++ O or+ 
S. damnosum s.s. (normal 
(Savannah) situation) 
S.soubrense +++ +++ +++ * 
( forest + pre- (normal 
forest sector) situation) 
S.sanctipauli +++ +++ +++ * 
(forest) (normal 

situation) 
S.yahense ++ +++ +orO O or+ 
(forest) (normal 

situation) 
S.squamosum + +++ +orO + 
(forest) 
S.leonense * * +++ +++ 
(forest) 

O or + : no or insignificant Transmission 
+ : low Transmission 
++ : average Transmission 
+++ : high Transmission 

: Transmission not undertaken. 
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5.10.6.2. Maintaining alive gorged female blackflies on 
onchocercal patients. 

a) Technical equipment. 

The catching of gorged black flies (figures 21a, b) 
is carried out using tubes of breeding made of plastic, 53 
mm length and 13 mm in diameter. At the bottom of each 
tube, a Whatman paper disc is applied there, to absorb the 
moisture and possible secretions of the simulium. The tube 
is closed by a piece of mosquito net, then by a plastic 
stopper comprising a central hole (approximately 10 mms 
in diameter) blocked by an absorbent cotton buffer. The 
rest of the equipment includes: 

- floorcloth soaked with water, to wrap the batches 
of tubes containing the captured simulium; 

- Coleman icebox, to ensure transportation of the 
simulium under temperature and moisture conditions 
compatible with their survival; 

- rubber bands, to join together the catching tubes 
from different onchocercal patients in distinct batches; 

- paperboard labels (or paper), to avoid confusing 
the simulium from different onchocercal patients. 
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Catching gorged females 

Catching tubes 

Figures 21: a (Catching gorged females) and 21 b 
(Catching tubes) 

b) Method of maintaining alive gorged females 

It consists in using icebox of the Coleman type for the 
conservation of the gorged simulium at the laboratory. 

The simulium collected in the breeding tubes ( one 
black fly per tube) are held in batchs of ten with a rubber 
band. For a given onchocercal patient, the various batches of 
the same day are also held by a large rubber band to form only 
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one package. The latter is labeled and placed, (tubes in 
vertical position; stopper upwards), in the icebox, at the 
bottom of which a wet floor cloth is deposited beforehand. 
The lid of the icebox is then replaced and two other floor 
cloths, well soaked with water, are spread out above the lid. 

The black flies are fed once a day. The food consists in 
depositing two drops of a 10% saccharose solution on each 
absorbent cotton of the breeding tube stoppers. Controls are 
carried out once a day, in order to sort out dead simulium. The 
results of these sorting are recorded on breeding forms. 

Dissections are carried out each day, to follow the 
development of the parasitic cycle of the 0. volvulus until the 
appearance of L3 (Infective larvae). All the surviving females 
beyond this limit are identified and dissected for the 
enumeration and the collection of the Infective larvae. 

5.10.6.3. Natural transmission 

The vectors transmit the existing parasite in a given 
area. The latter varies according to the geographical location; 
0. volvulus of the forest and savanna type. The savanna and 
forest simulium find in their zones of origin, the savanna and 
forest parasite respectively. On the other hand, in the zones of 
transition, "forest-savanna" one meets, depending on the 
seasons, the savanna and/or forest species of the S. damnosum 
s.l. and a mix of the 0. volvulus of the forest and savanna 
hybrids. 

In natural transmission, it could be considered that the 
S. squamosum and S. yahense are the vectors of small river 
zones, forests and mountainous areas. On the other hand, the 
S. damnosum s.s and S. sirbanum are the vectors of the 
savanna area. Lastly, the S. soubrense - S. sanctipauli and S. 
leonense colonize the large forest rivers. 
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Table 7 swnmarizes natural transmission, i.e. the case 
of each group of species in its zone of origin and helps to note 
the following: 

- The S. squamosum, S. yahense and S. leonense have 
rates of infestations (high percentages of infected and 
infective parous females), while those of S. damnosum s.s. - S. 
sirbanum are average and those of S. soubrense - S. 
sanctipauli low. 

The parasitic loads (in partcular the number of 
larvae of L3 head/female) are highest in the S. leonense S. 
squamosum and S. yahense they are average with S. soubrense 
- S. sanctipauli and weak with the S. damnosum s.s. - S. 
sirbanum 

- Longevity (percentage of parous females) is shortest 
in the population of females of S. soubrense - S. sanctipauli 
followed by the females of S. leonense, S. squamosum and 
S. yahense and finally that of the females of S. damnosum s.s. 
- S. sirbanum. 

In short, the best natural vectors are the S. yahense and 
S. squamosum, but these females transmit a strain of the 0. 
volvulus that is not very pathogenic for man. On the other 
hand, the S. damnosum s.s., S. sirbanum and S. leonense 
transmit a very pathogenic strain, hence the appearance of 
severe clinical manifestations (in particular ocular lesions and 
blindness) in the savanna and forest areas respectively. For the 
S. soubrense and S. sanctipauli it could be noted that they are 
bad natural vectors. 
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Tableau 7: Parous rate of infestations and parasitic 
loads of females of the S. damnosum 
complex in their zones of origin. 

Zones Species % parous % % 
females infected infective 

females females 
Savanna S. damnosum 64% 6.8 2.5 

S. sirbanum 64% 14.9 8.9 
Large forest S. soubrense 40"/o 8 l 2 
Rivers S. sanctivau/i 20-30% 1.2 0.2 

S. leonense 40 8 l 2 
Small S. vahense 45% 26.7 10.6 
forest/mountain S. 45-50% 20 9 
Rivers squamosum 

5.10.7. Significance of the entomological indices 

5.10.7.1. ABR. 

No. ofL3 
head/fema 
le 
l.99 
2.14 
5 l 
-
6 
8.5 
6 

The simulium density in a site is quantified by the 
Annual Biting Rate (ABR). 

The ABR is the theoretical annual quantity of bites, 
which a person placed permanently in a given catching point 
would receive. It is calculated by summing up the Monthly 
Biting Rates (cf. 5.10.5 vector capacity). 

It is acknowledged that, in a savanna zone and in the 
OCP area, when the ABR is lower than 1 OOO bites, the zone is 
favorable for re-population. 

5.10.7.2. ATP. 

The Annual Transmission Potential (ATP) is the sum 
of the Infective larvae that cannot be morphologically 
differentiated from the 0. volvulus contained in the females of 
the S. damnosum complex, which would bite the catcher in 
one year, at a given catching point. It allows one to establish a 
relationship between the number of larvae of the 0. volvulus 
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received by the people exposed to the bites, and the gravity of 
onchocerciasis. 

In the context of the initial OCP area, it was estimated 
that the tolerable highest limit for occupation without risk, of 
the savanna valleys, was an ATP of 100. 

The following are given as an example: 

A TP < l 00 infective larvae/man/year = hypo-endemic 
zone. 
l 00 < ATP < 400 infective larvae/man/year = meso
endemic zone. 
400 < ATP < 2000 infective larvae/man/year = hyper
endemic zone. 
A TP > 2000 infective larvae/man/year = desertion. 

In the forest belt ( except the South of the Sierra
Leone ), another scale of appreciation remains to be found; 
indeed, there are zones where the ATP is by far higher than 
2000 Infective larvae per man/annum, without the disease 
being deemed to be intolerable. 

The generalization of the morphologic identification of 
the females of the S. damnosum complex and the use of new 
tools (DNA probes) for identification of onchocercal Infective 
larvae, made it possible: 

- to exclude from the calculation of the ATP, all the 
females carrying "non 0. volvulus " onchocercal larvae; 

- to distinguish two types of Annual Transmission 
Potentials: « savanna and forest" depending on whether the 
Infective larvae of the 0. volvulus come from the savanna or 
forest simulium. 

Taking into account the contribution of the DNA tool, 
and samples collected between l 994 and 1997 in the OCP 
area, the vector role of the various species of the damnosum 
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complex could be specified in the savanna zone (figure 22), 
forest (figures 23a, b) and in the intermediate zone (figure 
24a, b). 

5.10. 7.3. Rate of infectivity 

Epidemiological modelling indicates that for the 
infectivity rates, the acceptable thresholds are one infective 
female for 1 OOO parous ones, and 10 infective larvae for 1 OOO 
parous females . 

S. dan111osum s.s. S. sirbanum 

Figure 22 : Transmission of 0 . vo/vu/us by members of the 
Simulium damnosum complex 

in savanna area 

S. damnosum S. sirbanum 

Figure 23 a: Transmission of 0. vo/vu/us by members of the 
Simulium damnosum complex 

in mountain and forest areas 
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Figure 23b: Transmission of 0. volvulus by members of the 
Simulium damnosum complex 

in mountain and forest areas 

S. damnosum S.sirbanum 

Figure 24a : Transmission of 0 . volvulus by members of the 
Simulium damnosum complex 

in transition area 

S. sanctipauli S. yahense 

S. squamosum 

Figure 24 b: Transmission of 0. volvulus by members of the 
Simulium damnosum complex 

in transition area 
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6. INSECTICIDES AND ONCHOCERCIASIS 
CONTROL. 

By the end of the l 91
h century, the role of insects in the 

propagation of diseases was clearly established. Since then, 
vector control has become an integral part in the prevention of 
communicable diseases. 

In the particular case of onchocerciasis, in the absence 
of a drug that is easily usable in mass campaigns, the only 
form of control to break the cycle of transmission has, for a 
long time, been the control of the simulium vectors. The latter 
was primarily based on the use of larvicides, other than the 
other forms (adulticide, biological, ecological, genetic), which 
proved to be impracticable, unrealistic, and of limited interest. 

Control is based on the principle of repeated 
applications of insecticides which, in the long term, leads to 
the interruption of transmission, and finally the elimination of 
the parasites reservoir. 

6.1. Characteristics of a good larvicide. 

An insecticide is defined as a substance, which has a 
preferential toxicity for insects. The effect of this toxicity 
may be through contact, ingestion or inhalation. 

The insecticide is very seldom dispensed in its pure 
state. It is generally used with auxiliary substances or solvents, 
which give a better adaptation to the planned control. It is this 
formulation, which gives to the active substance its efficacy. 
The most available formulations on the market are: 
suspensions, powders, solutions, emulsions, pellets, aerosols 
and incenses. Whichever insecticide is used, the 
concentrations must imperatively have a lethal effect of 100% 
on the larval populations of simulium, which are affected by 
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the insecticide, and a negligible, if not a zero effect, on the 
non-target fauna. 

Consequently, a good larvicide must: 

have a high toxicity for the simulium larvae; 
have a great selectivity involving a good inocuity 
on non-target fauna; 
have, at low dose, total efficacy with respect to 
black fly larvae; 
have an acceptable stability to be stored under 
tropical conditions; 
have substantial carry; 
have a weak residual effect; 
be of a relatively low cost; 
offer less prospects for possible resistance; 
be quickly biodegradable; 
be available on the market; 
be safe for the handler. 

6.2. Principal insecticides available 

The various types of insecticide may be put in 4 main 
categories: 

1 mineral-based insecticides: they include 
Arsemiates, sulphides, fluorites; they are practically not used 
any more; 

2 - orgamc or synthetic insecticides, which can be 
divided into: 

a) Organochlorinated insecticides 
- DDT and related ones, whose major 
disadvantage is their excessive remanence 
(residual effect); 
- Other organochlorinated insecticides: 
chlordane, Andosulfan; 
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b) Organophosphorous compounds (example: 
temephos or Abate®, chlorphoxim): they are biodegradable 
and have practically replaced the organochlorinated ones; 

c) Carbamates: carbosulfan, carbanyl, 
Baygon; 

3 - The Pyrethrinoids q:,ermethrin, deltamethrin) 
are active at low dose; they are used in controlling 
glossina (tsetse); 

4 - Biological insecticides: they include hormone 
mimetics of insects (IGR) and Bacillus sp. 

These various categories of insecticides are sometimes 
divided into three broad families: 

- insecticides of mineral origin (Arsemiates, Fluorites, 
sulphides), 

- synthetic compounds, 
Organochlorinated insecticides, 
Organophosphorous compounds, 
Carbamates, 
Pyrethrinoids, 
Growth regulators. 

- pathogens: primarily Bacillus sp (Example: B.t H-14.) 

The simulium larvicides used by OCP, for their 
potency against the larvae of simulium, are listed in table 8. 
Figures 25 and 26, respectively indicate the time-frame of the 
introduction of insecticides into OCP, and the discharge
insecticide possible-cost correlation. Five insecticides were 
selected for the gradual withdrawal phase: temephos, 
pyraclofos, permethrin, etofenprox and Bacillus thuringiensis 
serotype H-14. 
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Table 8: Characteristics of the larvicides used in OCP for vector control operations. 

OPERATIONAL AMOUNT 
COMPOUNDS CLASS FORMULATION AND VOLUME (liter) OF MODE OF CARRY(km)in CARRY (km) in Cost 

CONCENTRATION FORMULATION BY ACTION period in low period of high (USD) 
TREATMENT OF 1 m3/s water (Q 15 m3/s) water level 

10100m3/s) 
TEMEPHOS (ABATE) EMULSIFIABLE 0.3 (Qm3/s > 10) 
(Cl6H2006P2S3) Only ORGANOPHOSPHOROUS CONCENTRATE 0.2 (11 <Qm3/s < 50) 

insecticide used of 1975 to 1979 COMPOUND 200 G of active matter per 1iter of 0.15 (Qm3/s> 50) CONTACT and 12 17 • •• 30 17.4 
formulation (EC 200 = CE20%) INGESTION 

(CHLORPHOXIM) · EMULSIFIABLE 
PHOXIM CONCENTRATE CONTACT and 

(C12HI4CN203PS) - ORGANOPHOSPHOROUS SOO G of active matter per 1iter of 0.15 INGESTION 3 6 
(Cl2HI5N203PS) COMPOUND formulation ( CE500 = CE50%) 

Chlorphx: 1980-89 replaced 
lw nhox: 1990 

PYRACLOFOS EMULSIFIABLE 
(Cl4Hl8CIN203P5S) ORGANOPHOSPHOROUS CONCENTRATE 

(Introduced in 1989-90) COMPOUND SOO G of active matter per Jiter of 0.12 CONTACT and 12 18 •• • 30 23 
formulation I CE500 = CE50%) INGESTION 

PERMETHRIN EMULSIFIABLE 
(CI2H20Cl203) CONCENTRATE 

(Introduced in 1985) 200 G of active matter activate per 0.045 CONTACT and Not used 7 9.55 
PYRETHRJNOIDS 1iter of formulation INGESTION 

ICE200 = CE20%l 
ETOFENPROX(VECTRON) EMULSIFIABLE 

(Cl5H2803) CONCENTRATE 
(Introduced in 1994) PSEUDO-PYRETHRJNOIDS 300 G of active matter per liter of 0.06 CONTACT and 4 7 21 

formulation INGESTION 
ICE300= CE30%l 

CARBOSULFAN EMULSIFIABLE 
(C20H32N203S) CONCENTRATE 

(Introduced in 1985) CARBAMATE 250 G of active matter per liter of 0.12 CONTACT and Not used 9 18.10 
formulation ICE250= CE25%) INGESTION 

BACILLUS THURENGIENSIS BIOLOGICAL INSECTICIDE 
serotype 

H-14 (B.t. H-14) SUSPENSION 0.72 (operat. dose.) INGESTION 2-5 • 5.74 
(Introduced in 1982) 28kDa68KDa (Toxin with 2%) 0.54 (Exp. dose.) (ONLY) 15 

(Vectobac 12AS) 125kDA 135kDa 5 · 5.92 
•Teknar HP-0\ 

( CE250) or (CE25%) = Emulsifiable concentrate containing 250 G of active matter per liter of formulation 
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Figure 25 : Introduction of insecticides in OCP 
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Figure 26 : River discharges and the insecticides 
used byOCP 
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6.3. Larviciding techniques . 

Larviciding supposes, as a preliminary stage, the 
location of the preimaginal breeding sites of the zone to be 
treated (and bordering areas). The location must be made of 
each of the characteristic periods of the hydrological nature of 
the rivers to be treated. This prospection can be done on foot, 
by boat (dugout, boat) or by air (plane, helicopter). 

The parameters to be taken into account during 
larviciding are: 

identity of the larvae and the females; 

the annual dynamics of imaginal and preimaginal 
populations of the simulium; 

local sensibility of the simulium larvae to 
insecticides; the determination of this parameter 
must be carried out by a specialized team, m 
particular in the case of chemical insecticides; 

hydrological data ( discharges in particular); 

hydrobiological data: fauna associated with the 
breeding sites of the S. damnosum s.1. 

After analysis of the various parameters, 
insecticide spraying can then be carried out on foot, by 
boat or by air. The choice of the spraying technique will 
be determined by the type of river (broad, narrow), the 
period (high or low waters), the surface to be treated, the 
nature of insecticide and financial means available. 
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6.4. Resistance of larvae to insecticides - Rotation of 
insecticides 

The large-scale use of insecticides for public health 
purposes or for crop protection brought about the emergence 
insect populations that are resistant to insecticides used, 
causing the failure of certain vector control campaigns. In any 
control campaign, it is thus always necessary to consider the 
risk of development of the phenomenon of resistance to 
insecticides. Indeed, the prolonged and intensive use of an 
insecticide facilitates the appearance of a resistance. The 
WHO/OCP Programme was confronted with this problem, 
and the appearance of resistance of the simulium to temephos 
and chlorphoxim are presented in figure 25. 

In case of any treatment failure, however, it 1s 
necessary for one to ask a number of questions: 

Formulation of insecticide: is it unsuited or faded? 
Poor passage of insecticide on the breeding sites 
due to poor selection of spraying points? 
Under dosage of the concentration? 
Resistance of larvae to insecticides? 

Resistance is the appearance in a strain of insects, the 
capacity to tolerate toxic amounts of substances, which 
hitherto, had proved to be lethal for the majority of individuals 
making up a normal population of the same species. It has an 
essential characteristic of being hereditary, because one can 
obtain in the laboratory strains whose descent is resistant, and 
which remain resistant at a more or less high degree. 

The various forms of resistance are: 

physiological resistance: it is a phenomenon which 
results from the selection of mutants that are 
naturally endowed with better physiological 
equipment; 

92 



behavioural resistance: it characterizes the 
resistance in which the insect adopts a behavioural 
movement by which it avoids absorbing the lethal 
amount which can kill it; 

strength tolerance: the insect has a low, nonspecific 
capacity, to tolerate various aggressions of the 
environment (in particular insecticide 
environment); 

Cross-resistance: it is caused by a well-defined 
insecticide, and then extends to other products 
from the same family. 

In order to mitigate the phenomena of resistance, one 
can change insecticide used, by choosing the 
replacement/alternative insecticide from another chemical 
group to avoid the effect of cross resistance. One can also 
resort to the rotation of insecticides. 

The strategy of insecticide rotation (figure 26) is meant 
to prevent the resistance of the simulium, and to limit the 
effects of treatments on non-target aquatic fauna. The 
insecticides are used, taking into account the restrictions 
relating to their toxicity, their cost-effectiveness, the levels of 
sensitivity of the simulium to insecticides (in particular to 
organophosphorous compounds, in the OCP area: temephos, 
pyraclofos, phoxim). 

The strategy of rotation implemented in OCP, and 
which has to do with seven insecticides, can be summarized as 
follows: 

- Dry season (low water level): the rivers are treated, 
preferably, with B. thuringiensis H-14 but the treatments are 
stopped, if possible. 

- Beginning of the rainy season (high water level): 
spraying of organophosphorous compounds, namely 
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temephos, phoxim and pyraclofos. To lower the risk of 
resistance, no organophosphorous compound is used for more 
than six successive weekly cycles. Etofenprox may be used 
between 15 and 100m3/s, and at a rate of one or of two cycles 
on populations resistant to organophosphorous compounds. It 
is advisable to avoid, on the other hand, using phoxim on 
populations that are resistant to temephos or alternate cycles 
of temephos with cycles of phoxim. 

- Peak rainy season (high waters): permethrin or 
carbosulfan ( 6 weeks per annum at the maximum for each 
one) are alternated with a long-carry organophosphorous 
compound (emephos or pyraclofos). Treatment is stopped, 
when possible. 

- End of the dry season and the beginning of the rainy 
season (low water level): the first two stages are carried out 
again, but in reverse direction, however, with less insistence 
on pyraclofos. 

6.5. Evaluation of the sensitivity of the larvae of 
S. damnosum s.l. to insecticides. 

The appearance of resistance in a similium control 
campaign may call for the revision of the entire strategy, and 
in particular the replacement of the larvicide which became 
ineffective by a new compound. It is thus important to know 
the initial sensitivity of the larvae of S. damnosum s.1. and to 
follow its evolution continuously. Thus, when the failure of a 
vector control operation is due to a phenomenon of resistance, 
this one could easily be highlighted. Precise and standardized 
methods were developed in order to allow the measurement of 
sensitivity or resistance of the target insects. 

By measurement of sensibility, we mean the evaluation 
of the degree of reaction of a population of insects to 
increasing concentrations of a given insecticide. The principle 
of the tests of sensibility is summarized as follows : 
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expose several batches of similium larvae to 
larvicide solutions of different concentrations; 

establish the increase in larvae mortality, in 
accordance with that of the concentration; 

determine LC 50 and LC 95, concentrations which 
destroy 50 and 95% respectively of the exposed 
larval populations. 

The purpose of a susceptibility test is to detect a 
possible resistance by analysis of the "amount-mortality" 
graph (regression curve) and particularly of the points LC 50 
and LC 95 of the curve. LC 50 is the most significant precise 
value; it represents the basic sensibility of the tested 
population. 

A test that may be carried out under ground conditions 
was developed; it is called "MOUCHET Test". It is 
applicable only to efficacious chemical insecticides by 
contact. To evaluate the sensibility of the larvae to chemicals 
which act only by ingestion (example Bacillus thuringiensis, it 
is necessary to resort to other methods; at OCP, the 
operational method is that of multi-agitators. 

The phenomenon of resistance in the OCP area is 
currently under control, as a result of the rotation of seven 
insecticides: Bacillus thuringiensis H-14, temephos, phoxim, 
pyraclofos, permethrin, carbosulfan and etofenprox. OCP has, 
for each one of these insecticides, a significant number of 
base data on sensibility of the various species of the S. 
damnosum complex. This information will have to be used by 
the beneficiary countries of the Programme, to organize 
permanent surveillance of the phenomenon of resistance. 

95 



6.6. Susceptibility Test or "MOUCHET Test". 

6.6.1. Equipment 

Icebox, ice, thermometer, bottle of 250 ml, plastic 
bags, pipettes (0,5 ml, 1 ml, 2 ml), bowls, secator, distilled 
water, spade, plastic bottles of 1 liter, bottles of 28 ml, 
alcohol 80%, a watch, pH measures, apparatus to measure 
conductibility, apparatus to measure turbidity, isothermal 
case, wooden plate of 30 X 30 cm pierced with 90 holes, 
wooden plates of 10 X l O cm comprising 3 holes. 

6.6.2. Collection of the S. damnosum s.l. larvae 

Larvae collection starts with prospection, which 
consists in locating the places of reproduction ( or breeding 
site) of the aquatic stages of the S. damnosum s.l.. Then, go 
through the following stages: 

Put ice in an icebox and cover with palm leaves or 
any other nontoxic leaves (avoid leaves which have 
a milky sap). 

Take the temperature of the water of the breeding 
site. 

Fill the 250 ml bottle with water of the breeding 
site. 

Note the time prior to starting the larvae collection. 

Cut the supports with shears and place them in the 
plastic bags. A void supports that are too colonized, 
because mortality is often significant. 

Put the plastic bags containing the larvae into the 
icebox. Note that the temperature inside the icebox 
must fluctuate between 20 and 25°C. 
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Note the time at the end of the larvae collection. 
Maximwn time between the beginning of larvae 
collection and the arrival at the laboratory is 3 
hours. 

6.6.3. Carrying out the susceptibility test 

This takes place in a shaded place. 

Prepare a table on which must be deposited the 
pipettes, the spade and alcohol 80% (pure alcohol: 
8 parts; distilled water: 2 parts). 

Prepare the isothermal case by putting in it a piece 
of ice at each angle, to maintain permanently the 
temperature around 20 - 22°C. 

Sort the large larvae (normally stages VI and VII) 
and put 30 of them per bowl. The latter contains, 
according to the tests, from 250 to 500 cc of 
distilled water. 

A void larvae that have an inflated and white 
abdomen, which usually are signs of the 
presence of mermis. 

The water in each bowl is emptied, ensuring that 
larvae fixed on the walls are left; this water is 
replaced immediately by the same quantity of an 
insecticide solution. 

The bowl is immediately placed in the isothermal 
case. 

For each concentration, it is necessary to keep a 
sample (reference solution). In addition, to avoid 
having to read all the concentrations at the same 

97 



time, it is necessary to plan for a time-lapse of at 
least five minutes between the concentrations. 

Conduct the analysis of the water of the breeding 
site to determine the pH, conductibility and 
turbidity. 

Prepare the plate provided with 3 holes, while 
placing a bottle of 28 ml filled with 80% alcohol in 
each hole. On request, some larvae can be 
preserved in Carnoy. 

After 3 hours of contact, remove each bowl, and 
sort the larvae into dead, moribund ( disorderly 
movements) and alive (they put themselves in a U 
position at the least shock). These larvae are 
distributed in the 3 bottles placed on the small 
board. 

For a given concentration, the results are recorded 
on labels (place, insecticide, concentration, date) 
and the bottles are transferred on the large board 
provided with 90 holes. 

6.6.4. Sorting of larvae 

At the laboratory, one can undertake the sorting of the 
larvae. They are divided into two groups: "rejected" (stages I 
to V) and "accepted" (stages VI and VII). 

The results are recorded on a test form (table 9). 
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Basins 

SANKARANI 

NIANDAN 

~ 

Table 10: SUMMARY OF SUSCEPTIBILITY TESTS RESULTS 

Rivers Stretches 

SANKARANI SN300 

NIANDAN ND300 

TEM: Temephos 
PYR: pyraclofos 
PHO: Phoxim 

Breeding sites Position 

MandianaB 10°9'NR -
8°37'W 

Gbassikro 9°38'NR-
9°54'W 

LC 100 OBSERVED (mg/I) 

TEM PYR PHO VEC 

0.3125 > 0.078 > 0.0625 > 0.01 
0.158 0.039 0.0312 

- > 1.25 0.078 > - -
0.039 

1.25 = LC I 00 without moribund 
0.0625 = LC 100 with nmibund 

-

-

PER CARB 

-

-

PER: Permethrin 
CARB: Carbosulfan 

VEC: Vectron > 0.3125 = LC 100 with moribund above 0,03125 mg/I 

Observations 

Normal 
susceptibi 1ity 

Temephos 
resistance 



17. CONTROL OF SIMULIUM NUISANCE 

The major part of the OCP area is today freed from 
onchocerciasis; in certain zones, the rural populations moved 
either spontaneously, or on the initiative of Development 
Organisations. 

In majority of OCP countries, the agro-industrial 
enterprises are generally near rivers which constitute 
favourable breeding sites, with the development of the 
preimaginal stages of simulium, which were thus under 
insecticide treatment. Any interruption of these larviciding 
treatments exposes, and will expose, the surrounding 
populations to many simulium bites. Thus, in the areas where 
vector control operations have ceased, the simulium returned 
everywhere in their numbers (400 to 600 bites per man/day, 
and even more). This means that in some areas, if 
onchocerciasis is no longer a threat, the nuisance caused by 
the simulium is, from now on, a very critical concern. In the 
intertropical zone, where the aggression generally spread over 
the entire year, the black fly nuisance can be incompatible, in 
certain cases, with tourism and especially farming activities. 
However, it is estimated that in 2002, approximately 250.000 
km2 of surrounding lands could be repopulated and cultivated 
to meet the food needs of millions of individuals. There is thus 
a significant economic component in the maintenance of these 
lands under simulium threat. This situation is so exacerbated 
that, the 12 million children born in the OCP area since 1974 
have never been exposed to high biting densities. 

OCP experience shows that the problem of simulium 
nuisance could be solved on the spot in the areas with socio
economic interests, by ground treatment of the breeding sites 
using larvicides, financed by the said areas. On the other hand, 
for the community's financial resources, the only solution 
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would be individual protection against the bites of black flies, 
using insect repellents or wearing protective clothing. 

7.1. Protection against simulium nuisance. 

Man, from time immemorial,has tried, by various 
means to fight against insect bites. Its initial reaction is to 
drive them away, failing crushing them at the time when they 
try to bite him. In certain communities, where the rate of bites 
of the simulium is intolerable and incompatible with a normal 
agro-pastoral activity, many local substances like repellents 
are used to drive away the biting insects. 

The majority of repellents on the market were selected 
for their effectiveness in protecting against mosquito bites. 
Some were tested in the laboratory, and in the field, for an 
evaluation of their efficacy on simulium flies, as in the case 
of DEET (N-N-Diethyl-Metatoluamide) in a 90% solution, 
which is considered as the type repellent. Thus, DEPA (N-N
Diethyl- Phenylacetamid) appeared to be as effective as DEET 
on mosquitoes and black flies; Cytronyl (3 Acetyl, 2 (2-6 
Dimethyl-5-Heptenyl Oxazolidin), NBP (N-Benzole 
Piperidin) and NTP (N-Tolyl Piperidin) have a time-lapse of 
8 hours protection, compared to that of DEET which is 6 
hours. 

In Africa, some positive results have been obtained 
with certain repellent formulations: DEET or N-N-Diethyl 
Metatoluamide, KIK or O Chloro-N-N-Diethyl Benzamide, 
3,7-Dimethyl-6-0ctenal Species of Citronella or/and 
"SIMNO" (repellent manufactured in Ghana from a mixture of 
four local plant extracts). Nevertheless, the use of repellents 
against simulium bites is not commonplace; moreover, it is 
not easily affordable on a daily basis for the populations. The 
high cost of these industrial repellents seems to be one of the 
principal handicaps to their promotion in Africa. 
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Considering the increased aggression of black flies, 
traditional recipes are re-emerging in the financially 
handicapped rural areas: Fumigation containing specific plants 
or of pieces of lemon peel, repeated applications of plant 
extracts or mixtures on the exposed parts of the body (legs, 
arm and face). The entomological effectiveness of these 
traditional methods remains to be proved. 

7.2. Ground larviciding oflarvae breeding sites. 

The large size of the OCP area, the complexity and the 
inaccessibility of some larval breeding sites, called for the use 
of helicopters and/or planes for the weekly spraying of 
insecticides. However, some larvae breeding sites can be 
controlled on the ground manually. It is, nevertheless, 
imperative to limit treatment to the areas where it can be 
sustainably effective. 

7.2.1. Choice of areas to be treated 

The zone selected for ground larviciding must: 

- Have socio-economic development project, because 
it then becomes imperative to fight against the nuisance, in 
order not to compromise the development of these Agro
Industrial units. The latter can, per regular financing, 
advantageously undertake sustainable ground larviciding. 

- Have a heavy human population: ground larviciding 
in the uninhabited areas are useless. 

Be accessible in any season, particularly during 
periods of high simulium productivity. 

The determination of the access points must be based 
on the knowledge of the ground by the technician. Access 
points must, preferably, correspond to breeding sites, bridges, 
and foundation rafts. 
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- Be an area with a high simulium density, because 
it is the cause of nuisance. 

7.2.2. Insecticides recommended for ground larviciding. 

Two insecticides are usually used for ground 
larviciding: Bacillus thuringiensis H-14 and Abate 
(temephos). 

Since some simulium populations have already proved 
to be resistant to temephos, OCP recommends that only 
Bacillus thuringiensis H-14 be used for ground larviciding of 
breeding sites. 

Bacillus thuringiensis H-14 is a biological insecticide, 
whose major disadvantages are: 

a high dose to be used (0.54 to 0.72 litres/m3/s of 
flow), 
a low carry capacity, hence the increase in spraying 
points. 

Besides, its advantages are as follows: 

formulation in aqueous suspension adapted to field 
conditions; 

- a selectivity for the simulium; 
- an absolute inocuity for non-target fauna; 
- a relatively low cost; 

a remarkable efficacy, because no simulium 
population has yet shown resistance to Bacillus 
thuringiensis. 

7.2.3. Quantity of insecticide to be sprayed 

The quantity of insecticide to be sprayed depends on 
the dose of insecticide, and the river discharge. The formula 
is: 
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Quantity (liters) 
(m3/s). 

Dose (litres/m3/s) X Discharge 

For Bacillus thuringiensis H-14, one usually uses the 
dose of 0,721/m3/s, but with the current formulations, the dose 
of 0.541/m3/s is applied, especially with Teknar HPD. It is 
always necessary, nevertheless, to determine the discharge of 
the river with precision. 

The discharge is the volume of water that runs through 
a river per unit of time (seconds); it is the principal factor, 
which characterizes its regime. The discharge is related to the 
height of water in the river, the velocity of the water and the 
width of the river. 

7 .2.4. Estimate of the discharge of a river 

7.2.4.1. Hydrology 

The role played by hydrology in onchocerciasis and/or 
simulium nuisance control is significant. The black flies are 
indeed dependent on running waters, which are, in fact the 
single efficacious form of control used against these midges. 

The knowledge of the discharges of the rivers to be 
treated is an essential factor of the quality and the 
effectiveness of larvicide applications. Under-doses are likely 
to be ineffective against the vectors, and to have serious 
epidemiological consequences; on the other hand, overdoses 
are detrimental to the environment. In both cases, there is 
insecticide wastage. 

In the context of improving the cost-effectiveness of 
treatments and the safe use of larvicides, hydrology allows: 

year optimization of the number and sites of 
spraying points; 
estimating discharge with more precision with or 
without a river gauge ; 
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improvement in the exact insecticide dosage. 

7.2.4.2. Estimating the discharge using the water gauge 

On rivers where there is a water gauge near the 
insecticide application point, it is recommended to use it to 
determine the discharge. A water gauge is made up of a series 
of vertical metal piles on which are graduated plates. Each 
plate measures 1 meter and is divided into units of 1 
centimetre. The reading is done upwards (figure 27). Once the 
height of water is known, it is necessary to find the 
corresponding flow, by using the scale of the water gauge 
(table 10) or the calibration curve (figure 28). 

When the height of water is below the lowest value of 
the scale, or of the calibration curve, in the absence of a water 
gauge, it is necessary to carry out a direct measurement of the 
flow. 

Figure 27 : Reading of a water gauge 
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Table 10: Scale of a water gauge 

Baoule River at Madina Diassa 
Height of 10 in 10 cm 

HE IG HT 

(M) 

0.0 
0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.7 
0.8 
0.9 
1.0 
I.I 
1.2 
1.3 
1.4 
1.5 
1.6 
1.7 
1.8 
1.9 

12.0 

Q 
(m38) 

FLOW HEIGHT 

RATE (M) 
(m3/s) 

2.0 
2. 1 
2.2 
2.3 
2.4 
2.5 

0.2 2.6 
0.5 2.7 
1.2 2.8 
2.2 2.9 
3.8 3.0 
5.8 
8.3 3.2 
10.6 3.3 
13.1 3.4 
15.6 3.5 
18 .5 3.6 
20.8 3.7 
23 .5 3.8 
28 .3 3.9 

I 29.0 I 4.0 

FLOW HE IGHT FLOW 

RATE (M) RATE (m3/s) 
(m3/s) 

29 4.0 116 
32 4. 1 120 
36 4.2 126 

38 4.3 130 
42 4.4 136 
46 4.5 142 
50 4.6 146 
54 4.7 152 

58 4.8 156 
62 4.9 162 
66 5.0 166 

5.1 172 
76 5.2 176 

80 5.3 182 
86 5.4 186 
90 5.5 192 
96 5.6 196 
100 5.7 202 
106 5.8 206 
110 5.9 2 12 

11 6 I 6.0 I 2 16 

+ 

20 ---- -- -- --- -- ----- - - - -- - --~~~~ 

1,711 

Figure 28: Example of a calibration curve 
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HEIG HT FLOW 

(M) RATE 

(m3/s) 
6.0 2 16 
6.1 222 
6.2 226 

6.3 232 
6.4 238 
6.5 242 
6.6 248 
6.7 252 
6.8 258 
6.9 264 
7.0 268 
7.1 272 
7.2 276 
7.3 284 
7.4 290 
7.5 294 
7.6 298 
7.7 302 
7.8 308 
7.9 314 

I 8.0 I 318 



7 .2.4.3. Direct measurement of the discharge of a river 

The calculation of the discharge of a river by direct 
measurement is undertaken, based on three parameters; 
the width, the average depth and the current velocity. 

It is recommended to choose a point of the river that could 
be crossed by fording, and where the flow is uniform and 
the bottom even. 

a) Measurement of the velocity of the river 

Two methods allow for measuring the speed of the 
current: the float method and the micromoulinet. 

The micromoulinet is an apparatus (figure 29), which is 
used to measure the current velocity at any point of the 
river. Unfortunately, its cost and brittleness are major 
disadvantages. It is, thus, usually preferable to use the 
float method. The latter consists in estimating the current 
velocity, thanks to a float (usually a pillulier partially 
filled with water), which is left adrift. 

The process is: 

choose a portion of the river with length L, 
determine the time used by the float to travel the 
distance L, 
carry out 3 successive measurements: Tl, T2 and T3 

Surface speed (Vs) is given by the formula: 

Vs is equal to: Outdistance L X 3 measurements 
T1 +T2 +T3 

Since the current velocity is faster on the surface, one 
has to use a coefficient of correction to have the mean velocity 
(VM). Vm = Vs x 0.8. 
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Figure 29 : Micromoulinet. 

Electrodes of the meter 

Graduated bar (cm) 
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b) Measuring the average width and depth of 
the river. 

These measurements must be carried out at the same 
place as that of the velocity. The process is as follows: 

- stretch a graduated rope across the river, 
perpendicular to the current; measure the width (1) while 
avoiding taking into account the edges where the current is 
insignificant; 

- cross the river, by carrying out 3 or 4 gaugings, and 
take the average, to determine the average depth (Ad). 

Ad is equal to: 01 + 02 + 03 + 04 
4 

c) Calculation of the discharge 

Flow (Q) is determined on the basis of the mean 
velocity (MV), the average depth (Ad) and the width (w) of 
the river, according to the formula: 

Q (m3 /sec.)= MV (second) x Ad (meter) x W (meter). 

7.2.5. Methods of insecticides application 

The choice of the method of application depends on 
the insecticide used, the size of the river and the configuration 
of the larval breeding sites. The insecticide selected is Bacillus 
thuringiensis H-14; this product must be applied immediately 
upstream of the first supports carrying the larvae. Two cases 
can arise: 

- if the river is narrow and not very deep, apply 
insecticide starting from the banks, or while crossing the river 
by fording upstream of the breeding site to be covered; 
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- if the river is broad and deep, use a boat ( dugout, 
boat). 

7.2.5.1. Application on foot starting from the banks 

This method of application uses a spraying machine 
(figure 30) made up of a small tank of lO liters, a pump and a 
flexible connection with a trigger, a rigid slide and a tube. 
This apparatus makes it possible to project the insecticide 
under pressure, in several rounds, and to cover all the width of 
the river. The maximum range of the jet of the apparatus is 10 
meters. 

In the absence of a spraying machine, one can use a 
watering can or a bucket. It is then a question of crossing the 
river by pouring the insecticide, while taking the precaution to 
place the watering can between oneself and the breeding site. 
In addition, for Bacillus thuringiensis H-14, it is necessary to 
raise less possible mud because it decreases the efficacy of 
this insecticide. 
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spray 

Spray rod 

Figure 30 : Diagram of a spraying machine 
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7.2.5.2. Treatment by boat 

Take care to use a reliable boat and a life jacket. 

The insecticide can be sprayed with a pulverizer 
(spraying machine) or a watering can, if the quantity is lower 
than lO liters. If not, it is necessary to use a barrel provided 
with a tap and a segment with pipe, which makes it possible to 
regulate the flow of the insecticide. This must be uniform, 
continuous and cover all the width of the river. A trial with an 
equivalent quantity of water is often useful for a better 
regulation of the spraying of the insecticide. 

7.2.6. Determination of spraying points 

For a good planning of the choice of spraying points, it 
is preferable to carry out a location of the larval breeding sites 
on a map. In the absence of a map, a prospection is necessary 
to locate the breeding sites. Each breeding site beyond the 
carry of treatment upstream will require a new application of 
insecticide. 

The carry is the length of the river, downstream from 
the point of treatment, where the simulium larvae are entirely 
killed 

In the dry season, the larvae breeding sites are usually 
isolated rock thresholds, separated by large basins where the 
water is stationary. Each threshold is then treated individually, 
with a full dose of Bacillus thuringiensis H-14, because the 
carry of the insecticide is almost zero. On the other hand, in 
periods of high waters, the carry and the spacing of the 
applications are most significant. 

7.2. 7. Frequency of larviciding 

The black flies complete their larval development in 8 
to lO days, and sometimes less (5 days), when the temperature 
is higher than 35°C. In theory, every week, breeding sites 
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should be treated, if one wants to prevent the larvae from 
completing their development between two treatments. 
However, treatments could be suspended over all the period 
when the presence of simulium does not bring about nuisance 
for the population. 

The results of manual treatments may be compiled on 
a weekly basis (Table 11 ). 

Tableau 11: Manual treatments 

WEEK: SUB-SECTOR: 

7.2.8. Evaluation of the efficacy of larviciding 

Since ground larviciding is usually for an unspecified 
duration, it may involve, in the long run, problems relating to 
toxicity, the mode of action and the cost of insecticides. It is 
thus important to evaluate the efficacy of treatments. When a 
breeding site is positive, it is necessary to estimate, before and 
after treatment, the density of the larvae of simulium and their 
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distribution in the breeding site, which helps to check that the 
treatments are efficacious, or to diagnose the causes of a 
failure. The density of the aquatic stages and their distribution 
in young larvae, old larvae and pupae are coded ( cf 5.8.2.1. 
and 5.8.2.2), hence the ease noticed at the time of 
comparisons. In this evaluation of insecticide efficacy, the part 
played by hydrobiology is significant. OCP has specific data 
on the composition of dul<;:aquicole fauna in the Programme 
area, and on the dynamics of the various species. This 
information is essential for interpreting the short-term effects, 
which appear after insecticide spraying and the long-term 
modifications of the ecosystem observable after several years 
of treatment. 

Bacillus thuringiensis H-14, the insecticide 
recommended for controlling simulium nuisance, is the most 
selective larvicide of all those tested by OCP. Its use entails 
only in Chironomidae (Dipterous), a drift that is slightly 
higher than the normal. 

Considering the increased aggression of black flies, the 
temptation to resort temporarily to an insecticide other than 
Bacillus thuringiensis H-14 is likely to arise sooner or later, 
with decision-makers of countries, which used insecticide 
rotation under OCP. Whatever the insecticide, it is imperative 
that its use be preceded by an attentive consultation of the 
hydrobiological data ofOCP (Hydrobiology Bank). 

7.2.9. Personnel involved in ground larviciding 

Ground larviciding is carried out by the technicians of 
the National Oncho Control Team. However, the male nurses 
of the health centres, the agricultural officers and the 
Community Health Workers (CHW) can, after training, be 
used for ground larviciding. 
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7.3. Simulium nuisance and socio-economic development. I 
In the OCP area, some populations have always associated the 
simulium with onchocerciasis. This disease is no longer a 
public health problem, but the presence of the simulium starts 
a reflex of fear in these populations. It is thus critical to help 
these people to understand the difference between "nuisance" 
and "presence of the disease". 

Sensitizing populations remains a significant aspect of 
the activities of national Coordinations. The reinforcement of 
collaboration with the specialized departments in Information
Education-Communication (IEC) is essential for the 
development of effective messages against the reflex of "fear 
of the black fly". It is, in addition, desirable that 
onchocerciasis is integrated into the action plans of these 
Departments, to become, as early as possible an aspect of their 
routine activities. 

The control of sirnulium populations, for nuisance 
control purposes, is thus not inevitably the best means of 
guaranteeing the sustainable development of the lands freed 
from onchocerciasis. This control is not justified in majority 
of the cases, in particular on the sites where the black flies 
really do not hamper development. In addition to insecticides, 
the use of the individual methods of protection remains 
another way, especially for the communities without financial 
resources, to face the problem of the simulium nuisance. 
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8. VECTOR IDENTIFICATION. 

There are several techniques of identification, 
according to the stage of development of the vector (figure 
31): 

- Cytotaxonomy allows, from the simulium larvae, to 
identify all the species of the savanna and forest groups. 

- using the morphology of the adults it is possible to 
separate the S. yahense from the savanna group (S. damnosum 
s.s.and S. sirbanum cannot be separated) and the forest groups 
(sub-complexes S. sanctipauli and S. squamosum cannot be 
separated). 

- With morphometry of the adults, the forest group, 
can be distinguished into two the vectors from S. squamosum 
sub-complex (S. yahense, S. squamosum) and to separate the 
S. sanctipauli sub-complex into two (type S. sanctipauli form, 
other forms of S. sanctipauli). For the savanna group, this 
technique makes it possible to distinguish the S. damnosum 
s.s. from the S. sirbanum. 

- Through electrophoresis of the adults it is possible to 
distinguish the S. squamosum and/or S. yahense from the other 
sub-complexes. It was used primarily to confirm certain 
morphological identifications. 

- Using DNA-DHA tool it is possible to identify the S. 
damnosum s.s., S. sirbanum type S. sanctipauli, the S. 
leonense, the S. squamosum s.s. and the S. yahense. 

Under the routine activities of the OCP and national 
teams, only the distribution of the savanna simulium and the 
forest females (S. yahense and others) is usually recorded on 
the dissection forms. This separation is only possible through 
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a good knowledge of the morphological characters of 
identification of the females. 

Figure 31: Technics of identification of the Simulium damnosum s.I. 
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8.1. Morphological identification of females of the 
S. damnosum s.l. 

Morphological identification starts with observation, 
with the binoculars (magnifying glass), of the following 
elements (figure 32): 

colour of the first article of the forefoot or procoxa, 
- colour of the antenna, 

colour of silks of the wing tuft and the arculus, 
colour of silks of the scutellum, 
colour of silks of the 9th abdominal tergite. 

The identifying criteria are as follows: 

- Savanna group (S. damnosum s.s.-S. sirbanum): 
procoxa, clearer than the thorax, 
pale antenna, 
pale wing tufts, 
pale arculus, 
pale silks of the scutellum, 
pale silks of the 9th abdominal tergite. 

- Forest group (S. yahense) : 
procoxa as dark as the thorax, 
antenna dark but first article generally pale, 
dark wing tufts, 
dark arculus, 
dark silks of the scutellum, 
dark silks of the 9th abdominal tergite. 

Forest group (S. squamosum, S. sanctipauli, S. 
soubrense) : 

. procoxa as dark as the thorax, 

. dark antenna, but articles 1 to 9 generally 
pale, 

. dark but sometimes pale or mixed wing tufts 
( only in S. squamosum), 
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brown arculus, 
pale or mixed silks of the scutellum, 
pale or mixed silks of the 9th abdominal 

tergite. 

OCP has povided the following codes for the electronic 
analysis of the results: 

savanna simulium (S. damnosum s.s. - S. 
sirbanum) : code 06. 
forest simulium (other than S. yahense) : code 07. 
forest simulium (S. yahense) : code 08. 

Colour of the silks of 
the scutellum 

abdominal gergite 

Figure 32 : Morphological identification of females of the 
Simulium damnosum s.l. 
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8.2. Morphometric identification of females of the 
S. damnosum s.l. 

At the end of the morphological identification, it may 
be useful to further specify the membership of the observed 
simulium flies into one or other of the species of the S. 
damnosum complex With morphometry (figure 33), which is 
the measurement of the various parts of the body of the black 
fly, it is sometime possible to use specific details to confirm 
its identification. 

On the whole, the following may be noted: 

- in the sub-complex of the S. damnosum, S. 
damnosum s.s. and the S. sirbanum, they may be distinguished 
from one another, in 80 to 90% of the cases, by measuring the 
thorax, the antenna, the basitarse and the femur; 

- in the forest group, the S. squamosum s.s. may be 
separated from the species of the S. sanctipauli sub-complex 
in 96 to 100% of the cases, as a result of the measurement of 
the antenna and the tibia; 

- in the sub-complex of the S. sanctipau/i type, S. 
sanctipau/i, it can be separated from the other forms of the 
complex, in 85 to 90% of the cases, as a result of the 
measurement of the femur, the tibia, the basitarse, the antenna 
and the thorax. 
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Figure 33 :Morphometric techniques for identifying females 
of the Simulium damnosum s.l. 

8.3. DNA tool and identification of vectors and parasites 

Right from 1990, the traditional identification of 
onchocerciasis vectors and parasites got to its limits, and so it 
became necessary to tum to the techniques of molecular 
biology, which had already proven reliable ( especially in 
agriculture). 

The molecular biology laboratory or DNA laboratory 
was installed in 1992, as part of insecticide research in OCP, 
to meet epidemiological needs. Indeed, before the use of DNA 
probes, it was impossible to separate, with certainty, Infective 
larvae of onchocerca of human origin from those of animal 
origin. It is worth recognizing that the value of the Annual 
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Transmission Potential (ATP) as an epidemiological indicator 
was approximate and probably always over-estimated. 

It is, henceforth, possible to eliminate animal 
onchocercas and to calculate only the A TP due to human 
onchocerciasis, the only reliable indicators of the efficacy of 
onchocerciasis control. 

In addition to the epidemiological component, the 
DNA tool found applications in entomology, and the 
objectives of the DNA became as follows: 

to determine the Northern limit of the human 
onchocerciasis in West Africa; 
to determine the limit between the human and 
animal filaria; 

- to identify vectors and parasites; 
to establish the vectorial role of species of the S. 
damnosum complex; 
to correct the Annual Transmission Potentials 
(ATP); 
to develop other diagnosis tools to address the 
limits of the skin snip test; 
to apply DNA probes to the other parasitic 
diseases. 

8.3.1. Available techniques 

8.3.1.1. Academic techniques of DNA probes. 

The tool used is the DNA probe, which is just a known 
DNA bit (sequence) and which is sought for in the batch to be 
determined. To identify the onchocercal larvae, the laboratory 
has 4 probes: 

- 2 specific species probes: 
OCH for Ochengi 

. OVS2 for 0. volvulus 

- 2 specific strain probes: 
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PFS ·1 for the strains of forest; 
PSS - lBT for the strains of savanna. 

The principle of identification consists in selecting a 
sequence (150 pairs of bases) DNA of the genomist to be 
identified, extract DNA, purify and amplify it by the 
Polymerase Chain Reaction method (PCR). The amplified 
sequence is separated from the remainder by electrophoresis 
on agarose gel, and then transferred onto a nylon membrane in 
order to be hybridized with each specific probe. Detection is 
then carried out by immunology. The duration of handling is 
approximately 4 days. 

To identify the simulium, one uses a DNA fragment 
from mitochondria. It is about a sequence of 238 pairs of gene 
bases of sub-unit 4 of the Dehydrogenase NADH. 

The simulium samples are collected and preserved 
under the same conditions as the larvae of the 0. volvulus. 

8.3.1.2. Heteroduplex technique 

This is based on the examination of a DNA fragment 
of the simulium, which is different from one species to 
another, but homogeneous for the same species. It is with the 
DNA of the mitochondria that such a fragment was identified. 

Heteroduplex allows an effective and fast 
identification of the various species of the S. damnosum 
complex at any stage of the evolutionary cycle, from egg to 
the adult, and starting from tiny fragments ( end of antenna for 
example). 

8.3.1.3. Pool screening technique 

This is the technique which uses the crushed simulium 
heads; it consists in detecting an infection in a batch of 
crushed heads of the simulium, by using DNA probes. 
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Given that rates of infectivity, recorded at the time of 
routine dissections, are statistically comparable to those 
obtained by examining the crushed simulium heads, pool 
screening is an invaluable tool for the Participating countries. 
This technique could be applied in: 

deciding on the final cessation of treatments in the 
areas under larviciding; 

following the evolution of the level of infectivity in 
order to ensure an early detection of recrudescence 
of infection in OCP countries; 

determining the trend of infectivity over several 
years in the areas that are solely under ivermectin 
treatment ( especially certain OCP areas and the 
APOC countries) in order to take suitable actions. 

8.3.2 Collection and conservation of infective larvae (L3 
head) and of the fragments of simulium on slides 
for identification by DNA probes 

During dissection, collected L3 heads are forwarded to 
the DNA Laboratory of OCP, where they are identified as 0. 
volvulus (savanna or forest) or animal onchocerca. These 
identifications allow for a better estimation of onchocerciasis 
transmission. 

The method of collection consists in preserving the 
samples (parasites, fragments of simulium) on a dry slide. 
This method is simple, fast and adapted to field conditions. It 
provides samples that are able to withstand the difficult 
ambient conditions of storage and carriage. It preserves the 
infective larvae and the fragments of simulium in a state 
allowing for laboratory treatment, because their DNA remains 
detectable with the PCR. Finally, the parasites are easily found 
on the slide and their recovery is easy at the laboratory. 
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The protocol of collection arrl conservation is 
summarized in figure 34. The principal defects of assembly 
are also listed in figure 35. 

NEEDED MAW.RIALS: DISSECllON NEEDU?.S - SLIDES - COVERSUDES - NAIL VARNISH 

INDELJBLE FELT PB',l - sum: COLI.ECTION BOX. 

I.ARVAE ABDOMEN 

\,,___-----,,_!_ 
~ \"" I --:? / ~- ~~ ..... ~ .. ~{/ 

/ • .r 

NAIL VARNISH 
AT4CORNERS 

WHEN PLACING COVERSLIDES LEA VE SUHl Cll:"NT MARGIN IN 
ORDER TO INSERT THE SLIDE INTO lllE COLLRTION BOX 

AS MUCI I AS POSSlBLE. LEAVE LABEL OF COLLECTION wrrn SLIDE. 

• DISSECrTHE SIMULIUM 

• SEPARATE 1l£E LARVAE 

• LEA VE 11-lE IARVAE 
IN UlE Cl:."NfER. 

• LEA VE THE ABOOMEN 
DEDRlS ON nm RIGHf. 

• THROW 11-IE HEAi) AND 
THORAX AWAY. 

• LEAVE TO ORY. 

• PLACE COVERSLIOES 

• SEALATTHE4CORNERS 

• LABEL 11-IE SLIDE. 

BE CARERJL TO INDICATE THE NUMBER OF l·l~ALE? ACCORDING TO FORM 21\. U: IT 
l>a.T-CONlllOL CAT0£ES, WRITE POST-CONllWL. 

Figure 34 : Collection and conservation of samples 
(L3 Head and blackflies) 
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'lbcrc is lack or covcrslidc with ovaries or the simulium 

Larvae 

2 Too much or debris, mb:edwith thcbrv11e and ovaries or the!.imulium. 

Larvae Ovaricsand malpighian IUbulCS 

3 Too much physioktgial w11tcr and ~ of l11rwc near thcco,·crslips 

Larvae Ovariernnd malpighian tubult!i 

Assemble the larvae in the centre of the slide with the 
ovaries and the Malpighian tubules on the right. 

Make a clean assembly. 
Conserve only larvae under coverslides 
Ovaries and malpighian tubules under the coverslides. 

Do not put too much physiological water. 

Leave water dry with lhe larvae and the ovaries before 
puning the coverslides. 

4Too much varnishdl1Tusi.n1,,rundcr 1hccovcrslidcand floodini:thcspocimcns. -----------------

1...Nvac Ovaricsi1Kl malpighian tubules 

5. Cover slide completely circled with varnish 

Larvae Ovaries :wid malpighian tubuks 

- 6L111hclstuckonslidc on cnliresurflllcc. 

z~:-r;) I 

Leave brush socked with varnish to dry 
before putting the varnish. 

Do not use glue to stick label orslide. 

Put only a cb"opof varnish at the extrenr left, 
on the lower face of slide and apply label there. 

Figure 35 : Main assembly defects 
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9. ENTOMOLOGICAL SURVEILLANCE OF 
THE RECRUDESCENCE OF ONCHOCERCAL 
INFECTION 

9.1. Definition 

By entomological surveillance, we mean the catching 
of simulium and searching, by traditional dissection or any 
other technique, for O volvulus, the pathogen of the disease .. 
This surveillance leads to the measurement of entomological 
indices whose interpretation makes it possible to make the 
right decisions to address a possible recrudescence of the 
onchocercal infection. 

Recrudescence is defined as a resumption of 
transmission, the level of which is capable of bringing about a 
development of infection and disease to unacceptable levels, 
in the absence of intervention. 

It may be caused by: 

the immigration of parasitized people, 
the reinvasion of contaminated vectors, 
the presence of a residual reservoir of infection. 

9.2. Objectives 

The ertomological detection of the recrudescence aims 
at: 

- checking and comparing the current level of 
infectivity of the simulium to its level, at the time of cessation 
of vector control; 
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- usmg 
epidemiological 
surveys). 

it as a signal to suggest the start of 
investigations ( especially parasitological 

9.3. The entomological detection tool: 

In a given human population that has low microfilaria 
loads ( case of the zones covered by the OCP), it is possible 
nevertheless, to presume Onchocerca volvulus parasite in man 
through the female of the S. damnosum s.l. Indeed, at the time 
of the blood meal, the simulium succeeds in absorbing the 
microfilaria. The crushed black flies were thus adopted as an 
entomological tool for the detection of recrudescence. This 
method detects new infections early and, thus makes for 
intervention as soon as possible. 

9.4. Selection of sites and periods of activity. 

The prevention of recrudescence applies only to 
areas where control measures have eliminated ( or nearly 
so) the parasite reservoir. 

The study site must: 

be found in an area at risk; 

be accessible all year round ( especially for the 
period of high simulium production); 

be close, if possible, to a sentinel village selected 
for epidemiological surveillance or, a zone with 
intense human activity. 

Concerning actions, they will have to : 

be carried out in a period of intense transmission; 
begin within five years after the cessation of 

control; 
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have a time-lapse controlled by the rate of 
infectivity, but at most every three- years on the 
same site. 

9.5. Resources for implementing work 

To carry out the entomological detection of 
recrudescence requires resources: 

9.5.1. Human resources 

Village fly catchers: they are responsible for 
collecting black flies on the catching points. They will have to 
be chosen and trained for catching on man. 

For Pool screening, we use bulk catches, i.e. time 
sections are not taken into account as is done during the 
collection of simuliurn meant for dissection. 

- A peripheral health worker: he is in charge of the 
surveillance at the national level, of the collection of simulium 
and their routing from the peripheral level to the central level 
(national Coordination). 

- A national Coordination officer: he is responsible 
for centralizing simuliurn flies corning from health workers, 
for checking the various batches ( especially place of 
collection, dates) and for forwarding them to the DNA 
laboratory. 

9.5.2. Equipment. 

The list is established as follows: 

Catching tubes: they are tubes with plastic 
hemolysis of 65 mm long and 12 mms in diameter. 
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28 ml bottles: the captured black flies are 
immediately transferred into a bottle containing 
70% alcohol. 

A pair of scissors. 

A pencil. 

Roneo paper (80g) to make labels. 

A watch: catching takes place from 7 to 18 hours to 
cover the activity life of the simulium. 

9.5.3. Financial resources. 

The collection and the transfer of simulium from the 
peripheral level to the DNA laboratory entails expenditure, 
which will have to be provided for in the budget of the 
National Coordination. 

Each country is encouraged to find, as soon as 
possible, the safest and the least expensive ways and means of 
collecting and conveying the simulium flies to the DNA 
laboratory. 

In addition to the national channels of routing official 
documents, other ways are to be explored: vehicles plying the 
weekly markets, transport companies that have a reliable and 
regular network of connections at the national level and/or 
between the state and Ouagadougou (Burkina Faso), 
headquarters of the DNA laboratory. 

9.6. Catching of black flies. 

A minimum of 8000 females per site is necessary. 
Also, the catches need to be carried out for 2 to 4 days per 
week, according to the length of the period of intense 
transmission, which generally corresponds to that of the 
intense pullulation of the simulium. 
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Each daily catch is transferred into a bottle containing 
70% alcohol. The latter is labeled ( catching point, basin, 
number of females, date) and is safely preserved in a cool 
place. 

The daily results of catches are recorded on a form 
(table 12a). The same goes for those for the collection and 
transfer of black flies (table 12b) and L3 head of Onchocerca 
spp (table 12c) from the countries to the DNA laboratory. 
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Table 12a: CATCHING OF SIMULIUM DAMNOSUM s.l. 
FOR THE ENTOMOLOGICAL DETECTION 
OF RECRUDESCENCE 

Sender: Area: 
Destination: Basin: 
No catch: 

Date of capture No. of females Remarks 
Caught 

TOTAL 

Table 12b: LIST OF ENTOMOLOGICAL EQUIPMENT 

Sender: _____________ ~ 

Destination:---------------

Description No. of batches Remarks 

Circulated: 
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Table 12c: FORM FOR THE COLLECTION OF SPECIMENS OF CONCHOCERCA SPP. 

SECTOR: _ _________ _ 
SUB-SECTOR: __________ _ YEAR: ____ _ _ 

NAME & CODES OF DISSECTOR: ______ _ MONTH: _ _____ _ 

PAGE: FROM: -Catching CATCHING POINT N° female Wing Morph. No.LI Dissect. 
date Tuff Id Code REMARKS DNA No. 

CODE I NAME I RIVER BASIN Seg. I Pag (00 to OS) (06 to 08) Head I Thorax. 

IOI IDOi IOI 
IOI IDOi IOI 
IOI IDOi IOI 
IOI IDOi IOI 
IOI IDOi IOI 
IOI IDOi IOI I 
IOI IDOi IOI I 
IOI IDOi IOI I 



9.7. Threshold ofinfectivity and decision-making. 

The determination of the rate of infectivity (RI) is 
based on the number of positive batches. The threshold 
selected is 0.5 infective females for 1 OOO caught females 
(0.5/1 OOO). 

As part of the surveillance for recrudescence, three 
decisions are possible, according to the rate of infectivity: 

if the rate of infectivity is lower than 0.5/1000 (fi 
< 0.5/1000), the results are good and surveillance 
will be conducted every 3 years; 

if the rate of infectivity is close to the threshold, 
the results are average and the study will have to be 
continued the following year; 

if the rate of infectivity is higher than the threshold 
(RI) > 0.5/1 OOO), the results are poor and it is 
necessary to immediately carry out epidemiological 
investigations ( especially parasitological 
confirmation). 

9.8. Possible applications of Pool screening. 

In addition to the surveillance for recrudescence, pool 
screening can be used in post-control studies and the follow
up of infectivity of the areas under ivermectin treatment only. 
In the first case, it is possible to determine the level of 
infectivity with the tool to help decide on final suspension of 
larviciding. In the second case, it makes it possible to follow 
the trend of infectivity over several years, in order to take the 
appropriate action. 

In the event classical dissections are also carried out, 
the rate of infectivity, compared to parous females, is 
expressed as follows: 
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- If at least 8000 parous females were dissected during 
two consecutive years, at a rate of 4000 per annum, and that 
the rate of infectivity is lower than 1 infective female for 1 OOO 
parous (Ti < 1 infective female/1000 parous ones): the results 
are good, and larviciding can be stopped; 

- Under the same conditions, if RI > 1 infective 
female/ I OOO parous ones: the risk of recrudescence is 
significant and larviciding must continue or be undertaken 
again if it had been stopped. 

10. IMPACT OF IVERMECTIN ON 
TRANSMISSION. 

For assessing the action of drugs on the microfilaria of 
0. volvulus a number of products were tested. In these 
experiments, only Notezin® and Suramin have been used in a 
restricted way. Indeed, these drugs cannot be used in mass 
campaigns, taking into account the severe side effects, which 
they cause and the need for a long-term treatment under 
medical supervision (cf. 5.6.). 

However, it requires the combination of parasite 
treatment and vector control; indeed, as long as the parasite is 
not eliminated from man (parasite reservoir), the risk of 
recrudescence of onchocerciasis remains. The search for a 
filaricide that could be used in mass campaign continued, and 
gave room for the development of Ivermectin or Mectizan® 
(MK-933). 

Ivermectin is a mixture of two disaccharides 
macrocyclic lactones, derived from macrolides (avermectins), 
natural product of the actinomycete Streptomyces avermitilis. 
It has a remarkable activity on many parasitic nematodes and 
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arthropods. Its mode of action is not entirely known, but it is 
understood that avermectins cause a neuromuscular paralysis 
on the parasite, due to an increase in membrane permeability 
to the chloride (cl -) ions. 

It is in India and in Tahiti that the microfilaricide 
activity of ivermectin was shown in the treatment of the 
lymphatic filariasis. The discovery of Bancroflan its 
antihelmintic activity gave this drug a place of choice in 
onchocerciasis control, of which it is currently the principal 
indication. 

The description of the feasibility of chemotherapeutic 
mass campaigns against onchocerciasis using ivermectin 
modified the strategy of the Campaign against Onchocerciasis 
in West Africa, which, until 1987, was based on simulium 
control operations. Currently, ivermectin is widely distributed 
in the OCP area, either only (in forest belts in particular), or in 
combination with vector control. Acceptability by the 
community is good, and the coverage of the target population 
is constantly on the increase. 

Of the many studies on the effects of ivermectin in 
man, and its incidence on the transmission of onchocerciasis, 
the following must be noted: 

- Repeated large-scale treatments make it possible to 
reduce parasite transmission: a considerable fall is recorded 
(90% approximately) of the parasitologic indicators 
(percentage of individuals carrying microfilaria; amount of 
microfilaria in subcutaneous tissues). 

With similar dermal microfilarial loads, the proportion 
of simulium introducing parasites is decreased, when the 
patients were treated with ivermectin. The same goes for the 
average number of microfilaria introduced, which is always 
lower on treated patients; this is referred to as under-ingestion. 
This phenomenon, whose duration is lower than two months, 
is due to a particular distribution of microfilaria in the derma, 
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after treatment, thus making their sampling more difficult by 
the simulium. 

Because of its short duration, under-ingestion can only 
have a moderate effect on the intensity of parasitic 
transmission. On the other hand, during the early months of 
chemotherapeutic campaign, this phenomenon plays a major 
role in the reduction of entomological indices. Thus, in the 
basin of the Niger, in Republic of Guinea, the large-scale 
distribution of ivermectin coupled with vector control made for 
an excellent control of transmission. Indeed, after three to four 
years of operations, the proportion of infective simulium and 
the number of infective larvae for l OOO parous females showed 
reduction ratios of 78.8% and 82.9% respectively. Besides, 
with an equal number of captured flies, transmission is much 
more intense in the areas where ivermectin is not distributed, 
even if vector control is effective and uninterrupted there. 
Admittedly, it is difficult to dissociate the effect of vector 
control from that of ivermectin, but in the original OCP area, 
there was need for six to eight years of vector control just to 
arrive at a reduction in simulium infestation, which is 
equivalent to that obtained in Guinea. 

- Treatment with ivermectin partially affects the 
potential of the microfilaria to cross the stomachic membrane. 
There is reduced passage, and among the assumptions evoked 
to explain this braking, is that of a probable reduction in the 
mobility of microfilaria. 

- Mass treatment with ivermectin causes a significant 
reduction in the number of simulium carrying L3, due to the 
fall in the quantity of microfilaria absorbed by the simulium, 
and to the reduction in the passage of microfilaria in the 
hemocoel. Mass treatment with ivermectin can, thus, have a 
"curative" effect by decreasing the microfilarial loads in 
treated people, and a community "preventive" effect, relating 
to the fall of the average number of L3 received by each 
inhabitant. 
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- The rates of infestations and parasitic loads, observed 
one year after treatment, are usually significantly lower than 
the initial rates. In addition, each treatment causes a new fall 
in the said rates. This fall is particularly significant in three 
months following the treatment. 

In short, the data confirms that, in spite of its lack of 
direct impact on the adult worms, ivermectin is effective and 
has opened new prospects in the conduct of onchocerciasis 
control operations. 

Ivermectin does not stop the transmission of 
onchocerciasis in the hyperendemic zones, nor in areas that 
have passed from hyper to mesoendemic status. On the other 
hand, a mass chemotherapeutic campaign would make it 
possible to control a possible recrudescence of transmission in 
a foci, where transmission would continue on a very low level, 
after the cessation of vector control operations. However, for 
mass treatment with ivermectin to be effective enough to 
control recrudescence, it would be necessary that the latter be 
detected early enough. Thus, ivermectin could be the 
principal long-term means by which OCP gains could be 
maintained. 

In addition to the surveillance of recrudescence, "pool
screening" can be used in the follow-up of the infectivity of 
the simulium in the areas under ivermectin treatment. In this 
case, it is used to track the trend of infectivity over several 
years, in order to take the appropriate action (cf. 9.8). 
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11. WORKING EQUIPMENT AND 
CONDITIONS OF USE. 

It should be noted that since electricity is not always 
available for field work, the optical material of the 
entomologist technician must be usable in the daylight, for 
observations in transmitted light ( examination of internal 
organs of the dissected simulium) as well as for those that 
could be carried out only in direct light ( examination of the 
morphological characters of the simulium before dissection). 

Thus, in tre list of equipment used for carrying out 
these various observations, the elements mentioned in 
connection with electric lighting of the binoculars (magnifying 
glass) are not indispensable. Thus, the technician must always 
be in possession of an ordinary flashlight, which will be used 
as soon as daylight becomes too faint to be used. 

With the flashlight it is possible to easily ensure any 
realizable operation in transmitted light. It is, however, not 
recommended, because it is not very effective, for the 
operations that are conducted only in direct light ( observation 
of the morphological characteristics of the simulium). 

11.1. Office e ui ment. 

11.1.1. A quite stable collapsible table: It must be at least 
0.75m high; l.30m long and 0.70m large. 

11.1.2. A collapsible chair of suitable height: the technician 
should not be obliged to bend forward for the observations 
with the binoculars (magnifying glass). 
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The morphological identification and the dissection of 
the females of the S. damnosum s.l. are entirely carried out 
under binoculars. The types of apparatus usually used are: 
Wild stereomicroscope (Model M3 or MSA) and Olympus 
Stereomicroscope (Model X). 

In order to build up knowledge on this optical 
equipment, it is highly recommended to read the guide, which 
comes with each pair of binoculars. 

11.2.1. Accessories for suitable use of the binoculars 

11.2.1.1. Directional mirror: it is incorporated in the base 
of the binoculars. This type of mirror is essential for slide 
lighting (transmitted light) from daylight. It also makes it 
possible to obtain the same type of lighting from an artificial 
light ( ordinary torch or any other electric lamp). 

11.2.1.2. Opaque central Plate (with black and white face) 
this type of plate is recommended for observations in direct 
light ( examination of the morphological characters of the 
simulium before dissection). 

11.2.1.3. Central plate with transparent glass {with frosted 
and smooth face) this type of plate is essential for 
observations in transmitted light ( examination of the internal 
organs of the simulium after dissection). 

11.2.1.4. lOx Eyepieces; these eyepieces give exactly the 
enlargements indicated on the drum of change of binocular 
enlargement (in general from 6 to 50). 

11.2.1.5. Micrometer (obiect and mounting reticle): the 
reticle is assembled in one of the eyepieces and makes it 
possible to take measurements which should be carried out 
only after calibration of the binocular, using the Micrometer 
object. These elements are thus essential for the 
morphological identification of the females. 
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11.2.2. Accessories for the electric lighting of the 
binoculars 

They are elements generally delivered at the same time 
as the binoculars. They are usable only when the technician 
has a generator, or when work is done in a room that is 
already electrified. 

11.2.2.1. Adiustable transformer and low voltage lamp 
(6V, lOw) with a fixed or adjustable lamp-holder. The low
voltage lamp makes it possible to work, without particular 
constraints, the identification (morphological and 
morphometric) and the dissection of the females. 

11.2.2.2. Lamp with direct connection the prolonged use of 
such a lamp can cause the heating of the base of the 
binoculars, and the fast deformation of the simulium, thus 
making morphological identification difficult and 
morphometry practically impossible. 

11.2.3. Accessories for the maintenance of the binoculars : 

11.2.3.1. Cover plastic and/or metal: these elements are 
usually sold with the magnifying glass, and are used to cover 
the binoculars when it is not used. 

11.2.3.2. Wooden box: 1t 1s a packing case, specially 
designed for the protection of the optical material for 
transportation. Olympus stereomicroscope (X) is delivered 
with such a packaging; this last can be locally manufactured 
for the transport of the Wild Stereomicroscope (M3 or MSA). 

11.2.3.3. Clean towel, rubber pear-shaped bulb and soft 
.!!!J!!!1: The towel can be used for dusting the binocular 
microscope and pear-shaped bulb, and/or the brush for the 
directly accessible optical parts ( eyepieces, objective and 
mirror). 
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N.B.: For the dusting and cleaning of the directly accessible 
optical parts, it is recommended to use only dry material. 
Sponge and cotton are absolutely not advisable. Only the 
technician, having received special training, and having the 
required material, is entitled to dismount the binoculars for 
cleaning the optical elements not directly accessible. 

11.3.1. Dissection needles 3 of which are mounted on a pair 
of chucks, needle carrier, a whetstone: the technician must 
have a reserve of some needles (at least ten) preserved 
preferably in a catching tube. 

11.3.2. Flexible forceps: these forceps are recommended for 
any operation consisting in immobilizing the simulium by 
anaesthesia, in order to transfer it from one place to another, 
especially from the catching tube to the slide. In the absence 
of this, hard forceps, but fine, can be used, while taking care 
not to traumatize the simulium. 

11.3.3. Slides and cover slides: each simulium is observed on 
a slide, in a drop of the salted solution. The cover slides are 
primarily used for assembling the onchocerca larvae from the 
dissected females on the slide. Sufficient quantities of slides 
(at least a package of 50) and cover slides (at least a box of 
100) must be available. 

11.3.4. Physiological water: it is used as medium of 
observation. A reserve of approximately 0.5 liters must always 
be available. 

11.3.5. A dropper of approximately 100 ml: for handling, a 
certain quantity of physiological water is put in this bottle. 

11.3.6. Chloroform (or ether) and a small bottle of 
anaesthesia: chloroform and ether are the anaesthetics 
usually used to kill (by emanations), without any 
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morphological or anatomical damage to the simulium to be 
observed. The small bottle of anaesthesia is a bottle of 
approximately 10 ml, stuffed with cotton; its opening must be 
equal or smaller than that of the tubes used for catching the 
simulium. The cotton contained in this bottle will be soaked 
with ether or chloroform for the conduct of anaesthesia on the 
females. 

11.3.7. Varnish of nails {red colour) and iacket slide 
holders or boxes of collection: the red varnish is 
recommended for the assembly of the onchocerca larvae 
between the slide and the cover slide. The preparations made 
are then placed in a jacket or a collection box for their 
transport to the DNA laboratory. 
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