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ABSTRACT
Studies on the anthropophilic bilackflies in the Gilgel Ghibe area with reference to the
transmission of onchocerciasis were conducted between April 1994 and March 1995.

The results of this study showed that onchocerciasis was of low endemicity in the area.
Parasitologically positive skin snips were recorded for 17.1% of the persons examined. The
prevalence of infection in males (19%) was higher than in females (14.9%). The geometric mean
number of microfilariae per skin snip was 11.14, and was higher in males than in females. Clinical
signs and symptoms were observed in 26.3% of the population examined- itching (18.4%),
pigmentary changes (3.5%), itching with pigmentary changes (3.07%) and itching with papular rash
(1.3%).

The collection of biting flies at four selected sites revealed Simulium damnosum complex to
be the predominant anthropophilic species in the locality followed by S, gthiopiense which appeared
in very small numbers.. Dissections of 6,483 S, damnosum complex showed an average parous rate
of 74.7%. The parous rate was observed to vary between the four sites, Parous rates of 87.8%,
62.4%, 56.9% and 41.4% were recorded at sites 1, 2, 3 and 4,respectively, suggesting a differential
dispersal of parous and nulliparous flies. Of the total 4,844 parous flies dissected, 1.8% were
harbouring L3 larvae morphologically indisti-n.guishable from O, volvulus. The average number of
L.3 O, volvulus per fly was 5.1. The infection rate at the different sites was, 2.32% (Site 1 ), 0.75%
(Site 2), 0.97% (Site 3) and 2.98% (Site 4).

The annual biting rate (ABR), the annual infective biting rate (AIBR) and the annual
transmission potential (ATP) was, 24,928.75, 328.7 and 1,669.5 respectively.

Of the total 5 specimens of_S, ethiopiense 60% (3) were parous and none of these were
infected. The species plays little or no role in the transmission of onchocerciasis in the Gilgel-Ghjbe

arca,




1. INTRODUCTION

Human onchocerciasis, or river blindness, 1s the
disease resulting from infection with the parasitic
filarial worm, Cnchocerca volvulus, transmitted from person
to person by the bites of blackflies, belonging to the
genus Simulium, which breeds in fast flowing streams and
rivers (Duke, 1990a). The species of Simulium that serve
as intermediate hosts and transmit the filarial worm to man
at the time they take a blood meal obtain their infection
from infected human beings in whose skin the microfiloriae

are migrating (Beaver et al., 1984).

The disease is endemic in intertropical regions,

having been found in most African countries, in Saudi
Arabia and North Yemen, and in six Latin American countries
{Brazil, Colombia, Ecuador, Guatemala, Mexico, and
Venezuela) (WHO, 1976) .

Although the disease does not directly result in
mortality, it causes extreme itching and incapacitating eye
lesions and way be the precipitating factor in reduced
social productivity and mass abandonment of agriculturally
fertile regions where the population is concentrated (WHO,
1987} .

It is extremely difficult to make accurate estimates
of the numbers of persons infected with Q. wvolvulus in any
country because the disease is one of remote areas and

relatively few reliable prevalence survey results are




available. The most recent global figures are those in the
third report of the WHO Expert Comittee on onchocerciasis
(WHO, 1987) :the estimated global total of persons living in
endemic areas, and thus exposed to the risk of infection,
was 85.6 million. Of them, 17.8 millien were infected,
336,400 were blind, and a similar number were thought to be
suffering severe visual impairment from ocular
onchocerciasis. Africa (and the Yemen) accounted for 17.7
million infected and 335,000 blind. The remainder being
from the six Latin American countries.

There is a wide spectrum of clinical manifestation
associated with onchocerciasis and there are marked
geographical variationa. In Africa, the worst endemic areas
of onchocerciasis occur in the western part of the

continent, being more serious in the savanna than in the

forest areas. This is due to the existence of forest and
savanna strains of 0. wvolvulus (Duke et al., 1966) and the

Savanna strain being more pathogenic and invasive (Duke and
Anderson, 1972).In the worst afflicted villages in the
savanna zone, up to 15% of the whole population and more
than 40% of the male populations of working age may be
blind from onchocerciasis (Duke, 199¢a). Communities
harassed by onchocerciasis to this extent cease to be
economically viable after a few years. Their inhabitants
move to a less dangerous area, deserting the fertile land
near the rivers in an exchange for a less preductive land

further away from the Simulium breeding sites.




1.1 The Parasite

The filarial aetiology and the skin lesions associated
with onchocerciasis were first recognized by John O Neill
in 1875 when he found microfilariae in the skin of patients
in West Africa. Later in 1893 the German Parasitologist
Leuckart described the adult worms for the first time from
subcutaneous nodules sent to him by a medical missionary
working in Ghana. However, it was several years before it
was realized that the skin lesions and microfilariae
described by O Neill were related to the adult worms
described by Leuckart (Nelson, 1991).

Onchocerca volvulus is predominantly a parasite of man
maintained in nature by inter-human transmission. The only
report o©of the parasite in an animal under n%tural
conditions is by Van den Berghe et al. (1964} when he found
an adult worm from a gorilla.

The adult worms of Q. volvulus are commonly located in
fibrous but well vascularized nodules in the subcutaneous
tissue, although at times they are so deeply situated that
they cannot be easily palpated (WHO, 1987). The 1living
worms are white, opalescent, and transparent, with distinct
transverse striations of the cuticle. The male worms are
relatively small and mobile, the females are long and thin
(Beaver et al., 1984).

Adult ©O. wvolvulus may 1live for 15 years and are
capable of producing many millions of living embryos, known

as microfilariae for at least (nine) to (ten) vyears




(Roberts et al., 1967; Duke, 1981). The biological
function of these microfilariae is to invade the skin and
awailt ingestion by a suitable female Simulium vector when
it comes to take a blood-meal from the human host. The
anatomical distribution and concentration of these
microfilariae in the hosgts skin is often related to the
site of the bite of the vector (Shelley, 1994).

1.2 The Disease

Chronic infection with 0. volvulus, causes
dermatologiec and ocular complications including blindness.
These disease manifestations are thought to be evoked by
the host's immune reaction to the parasite (Yarzabal,
1985) .

It is the microfilariae that are responsible for most
of the disease processes in human onchocerciasis. These
microfilariae are occasionally found in peripheral blood
and in the urine and sputum, but they are typically found
in the skin, eyes, and lymph nodes (WHO, 1976} .

There may be 50 - 200 million microfilariae present in
a heavily infected 0. volvulus carrier {Duke, 1990a), and
only a very small proportion of these are ingested by
feeding Simuliuw. The majority of microfilariae are never
ingested and they eventually die in the tissues causing
scarring and disease (WHO, 1976).

The «c¢linical ©picture of onchocerciasis includes
nodules, a wide variety of skin changes, ocular lesions,

lymphatic and systemic manifestations.




1.2.1 Nodul

The adult worms of Q. volvulug live either singly or,
more often, as coiled entangled masses in deep fascia and
gubcutaneous tissue. They become encapsulated by fibrous
tigsue to form discrete onchocercal nodules
(onchocercomata) of 0.5 cm to 10 cm or more in diameter in
the deep dermis and subcutaneous tissue {Beaver et al.,
1984; WHO, 1987).

The distribution of these nodules on the body varies
in different geographical regicns. Nodules that are visible
and palpable from the surface are found mainly over bény
prominence, while many others are deep and impalpable (WHO,
1987). Nodules may be used 1in the assessment of
onchocerciasis in an area.Nodules on the head may be very
dangerous since they produce abundant microfilariae near
the eye. Otherwise, they are usually painless and cause
the patient little or no inconvenience (WHO, 1976).

1.2.2 Dermal Onchogerciasis

The skin manifestations are common and due to their
social implications may be of major concern to the patient.
Their manifestations vary according to the microfilarial
density in the skin, immune response of the host and
duration of infection.

The lesions due to 0. volvulusg infection result from
inflammatory reactions around damaged or disintegrating
microflariae and are characterized by Pruritus, edema,

thickening and wrinkling, atrophy and altered pigmentation




of the skin. When the depigmentation is spotted, it is
known as "leopard skin" (Domonkos, 1983).

The lesions may be divided into two main groups, the
early and late skin lesions. The early skin lesions are
the distressing, itching urtico-papular rashes often
confined to one anatomical part of the body sSeen in
recently and reiatively lightly infected persons while the
late skin lesions develop as a result of prolonged heavy
microfilariae infection of the skin (Nelson, 1991). Here
after years of chronic infection of the skin, Pigmentary
changes, fibrosis and atrophy will be produced. *

Among the various types of skin changes observed in
infected individuals leopard skin is one. It is initiated
by a phase of variable duration characterized by a
progressive loss of pigment (Browne, 1960), Rapid

assessment of its prevalence in -a viliage population may

provide a preliminary estimatiéﬂuggfffﬁﬁq;2§?evgiéﬁée‘toﬁt
onchocerciasis (WHO, 1987} . X :n;;:;; E(i ,; :i?‘fiss“
Based on the observatioﬁ thatffﬁhéufiebéﬁfa‘:skiﬁ“
developed on his skin where blackflies gitiﬁim”%éméié;ffgm

€y ¢ o e

the shoulder where his microfilariae are concentrated,

Fugslang (1983} Observed the distribution of leopard skin
coinciding more with the favoured sites of Simulium bites
and concluded that the bites of blackflies, rather than
onchocercal dermatitis are the causes of hig leopard skin.
However, Connor and Palmieri (1985) noticed some patients

with onchocerciasis developing leopard skin at sites not




readily exposed to biting simuliids, suggesting that not
all depigmentaticn is explained by repeated Simulium bites.
These observations indicate that the causes of leopard skin
could be attributed either to the presence of microfilariae
in the skin or to the bites of blackflies.

1.2.3 ular rceiasi

The most disastrous public health and socio-economic
result of onchocerciasis is the damage microfilariae do in
the delicate ocular tissue which leads to severe ocular
disease and eventually to '"river blindness".The ocular
lesions of onchocerciasis are caused by living or dead
microfilariae and these organisms have been demonstrated in
all tissues of the eye (Thylefors, 1978} . Lesions of the
eye responsible for blindness due to onchocerciasis usually
build up over a long period (WHO 1976). In early and light

infection with 0, wvolvulug a few. nucrofllarlae may invade

Lo . ¢
¢ "t ©o

the cornea producing characterlst1c 1'\flhffy" or "srowflake“

L
v ' 3 | (f(. E‘

opacities which clear up spontaneoubly *o be.uuhceeded byj

‘r, oy
‘ t .

others. These opacities dlsappear‘ fdpldly :oliow1ng~(

=(
uk[ ¢¢ ¢

microfilaricidal treatment (Duke 199OaJL‘ Howéver,‘heav1“r

otk

L]

‘
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and more long-standing invasion of the eye by microfilériae.

can lead to any of the sgevere and potentially blinding
legsions in the anterior and posterior segment of the eye
{WHO, 1987). These lesions are in the cornea, the iris and
ciliary body, the retina and choroid, and the optic nerve.

Among the several lesions, sclerosing keratitis, the

to




result of massive invasion of the cornea by microfilariae
giving rise to permanent corneal damage, is the predominant
cause of onchocercal blindness in the Sudan-gavanna area of
Africa (Thylefors, 1978a}.
1.2.4. Lymphatic Lesions
In heavy microfilarial invasion of the skin, some of
the microfilariae may get into the lymph nodes draining the
area and produce a lymphadenitis with accompanying
fibrosis. The inguino-femoral nodes may enlarge grossly in
hanging pockets of skin (known as ‘'hanging groin")
predisposing to herniae and sometimes accompanied‘ by
elephantiasis of the scrotum (Duke, 1990a).

1.2.5. Systemic Onchocerciagis

In heavily infected patients, microfilariae of Q.

Volvulus have bheen found in the urine, blood and
cerebrosgspinal fluid. Eventhough,:ﬁhe=syst¢mic effects of

Ere [ AL

onchocerciasis are not fully understond;  cases of .dwarfism

< ‘

and epilepsy have been found asbocigkéd;Wiqhﬂthe‘diééaééj‘
(WHO, 1976). Recently, Gilbert (1951) 'ohserved ‘patients:

with positive skin snips in Maiéwi‘Weighing:éiéﬁffiqgnﬁly
less than persons with negative skin snips, suggéétihé'that\
onchocerciasis should no longer be considered a disease
affecting the eye and skin only but an infection which
produces systemic effects as well.

1.3 Host Immune 5

The majority  of persons resident in endemic

orichocercal areas do not present clinical manifestations of

L PR )




the disease, even when parasitologic examinations of the
skin reveal the presence of microfilariae (Anderson et
al.,1974). Similarly infections in hyper-endemic areas are
acquired early in life, but the density of microfilariae in
the skin does not rise indefinitely. Often it reaches a
plateau and some balance seems to be reached even during
apparently high levels of continuing exposure (WHO, 1976).
Ngu and Blackett (1976} suggest that this may be the
consequence of the immune response on the part of the host.

Eventhough information obtained from various studies
confirms the existence of different immune résponse
patterns to o, volvulus infection, the present
understanding of the immune response to O, volvulug
infection in man is quite limited. It is still not known
accurately what part cellular mechanismg and antibodies
play in the pathogenesis of onchocerciasis.

It is generally assumed that in onchocerciasis, the
immunologic fight begins at the moment the infective larvae
penetrate the skin, having been introduced by the vector.
These larvae possess inherent surface antigenic
determinants and are also 1likely to carry immunogens of
simuliid origin. It is ©possible that such antigens
stimulate the synthesis of diverse types of antibodies
{Yarzabal, 1985). It has also been shown by Ngu and
Blackett {1976} that infection with Q, volvulug stimulates
the synthesis of antibodies directed against antigenic

determinants of the different stages found in the human




host ( L3 larvae,microfilariae, and adults). These
antibodies belong fundamentally to the IgG, IgM, and IgE
classes of immunoglobulins. In many people with
onchocerciasis, particularly, the IgE levels are raised to
extremely high levels, and a greater proportion of IgE
antibody is directed against parasite antigen (WHO, 1987).
Likewise, Green et al. (1981) have demonstrated that
eosinophils and neutrophils from normal individuals have
the capacity to kill microfilariae of Q. wvolwvulug in vitro.
Similar results were alsoc obtained in experiments made with
fresh microfilariae and with cells from “infected

individuals. They have also observed that the addition of

fresh serum increases the lethal capacity: of the

polymorphonuclear cells, especially the eosinophils.
According to WHO (1987), the presence of degranulating
ecsinophils around dying microfilaria suggests that
eosinophils may be a major effector cells in antibody-
dependent killing of microfilariae. Eventhough they lack
in vivo evidence of this resistance, these experiments
indicate that there are humoral and cellular mechanisms
that assure the host of some resistance against onchocercal

infection.

1.4 Diagnostic Methods in Onchocerciasis
1.4.1 Parasitological

Parasitological methods are the most frequently used
techniques to assess the prevalence and severity of

onchocerciasis in an area. These methods could be employed
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both for the detection of the adult worms as well as the

microfilariae.

a) Nodules

The adult worms of O, yolvulus live in fibrous but
well-vascularized nodules. The nodules are found mainly
over bony prominences (Duke, 1990a}. The detection of

these nodules could be wused for the assessment of
onchocerciasis.

The detection of nodules, however, is of limited use
for establishing the diagnosis of onchocerciasis since some
people, especially those who are lightly infectéd}'do)not
have detectable nodules and some nodules are deep and
impalpable so that they cannot be detected. Besides this,
the presence of nodules in patients living in areas where
transmission has been interrupted for several years is less
conclusive since these nodules may contain only dead worms
{WHO, 1987).

b) Skin Snips

The detection of microfilariae in a bloodless skin
snip is by far the most widely used diagnostic method for
the diagnosis of onchocerciasis (Taylor et al., 1989).

Skin snips can be taken with various instruments,
including simple razor blades, sharp scissors and the
various types of scleral punches. Until recently, scleral
punches were most commonly used because they are less
painful and threatening to the patient than a razor blade

and, 1in practised hands, may give more uniform biopsies
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(WHO, 1987). However, with the advent of HIV, it has become
less popular in prevalence surveys. Instead, a razor blade
per person which shall be disposed after use is much safer
and cheaper.

In prevalence gurveys, atleast two gkin snips from
each person should be taken. The snips should be taken
from the sites most likely to be—heavily infected, which
vary depending on the geographical strain of the parasite.
According to WHO (1976) in Africa the preferred gite is
below the iliac crest, whereas, in Mexico the preferred
gsite 1is behind the shoulder and in Yemen the highest’
concentration of microfilariae occurs around the ankle.

The snips are usua;ly examined for living
microfilariae either in water or saline. Earlier the use
of distilled water for 30 minutes was recommended as a
standard method for field studies {Buck, 1974}. However,
Sowa and Sowa {(1975) got better results in saline water.
Schulz-Key (1978) from a comparative study of the emergence
of microfilariae showed that only 20% of the total number
were released after 30 minutes in distilled water, whereas,
50% emerged at this stage in isotonic saline. After 24
hours incubation in isotonic saline, 80% were found.

The skin snip test 1s a quantitative one and
microfilariae are usually quantified against the weight of
the skin snip from which the number of microfilariae per
milligram of skin can be calculated, and expressed

proportional to the weight of the snip.
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The disadvantage of skin snip method is that it often
fails to detect early and light infections. However, the
sensitivity is improved by taking additional snips. The
more skin snips that are taken, the more accurate the
diagnosis. Taylor et al. (1989} has found that the overall
sensitivity of 6 snips (i.e. 1 from each shoulder, hip, and
calf) per person was estimated to be 91.6%. When the
microfilariae density was 23.5 mff/mg, skin, there were no
false negatives, However, at lower microfilariae
densities, the sgensitivity declined markedly.

During skin snip examination most workers teased or
unteased skin snips. To determine the efficiency of these
methods, Tada et al (1973) after taking skin snip from
patients, teased some into small pieces and others roughly
into two pieces and thus left intact. After 22 hours of
incubation they observed high microfilarial density in the
intact skin snips and lowest in the teased snips.

The use of collagenase to digest the skin enables to
assess the total number of microfilariae in biopsies. And
the number of false negative skin snips can be reduced as
near to zero as possible {(Schulz-Key, 1978). However, when
compared to incubation in saline for 24 hours, this use of
collagenase incyeased the sensitivity of this test
significantly only in patients with very low parasite loads

(WHO, 1987).
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1.4.2 The Mazzotti Test

Diethylcarbomazine (DEC) which has proved to be of
great value for the control of lymphatic filariasis caused
by W. bancrofti, cannot kill adult O, wveolvulug. However,
it produces severe pruritic reaction as a result of the
death of microfilariae in the skin,. The recognition of
this'feaction by Mazzotti, 1948 (cited in Nelson, 1991)
forms the basis of a reliable diagnostic test, the so-
called Mazzotti test, which can be used to supplement the
bloodlegs skin snip method.

The Mazzotti test is a useful aid to the diagnosis of
0. volvulus infections in whom parasitological evidence of
infection cannot be detected.It is usually used in persons
in whom the diseases is suspected on clinical grounds but
the parasite cannot be found. The test consists of giving a
small dose of diethyl carbamzine (usually 50 mg for an
adult), and observing the development of the c¢linical
reaction in the skin, which results from the destruction of
microfilariae. The reactions include increased itching and
papular rash. These reactions in the skin may begin as
early as 15 minutes after the administration of DEC, or it
may be delayed up to 24 hours. Usually the test should be
read first, if possible, after about 3 hours, and again at
24 hours (WHOQ, 1976).

Eventhough this test is a useful aid in the diagnosis
of onchocerciasis when  parasitological evidence of

infection is a failure, the following disadvantages have
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been noted (Qomen, 1969a ; WHO, 1976).

1} Some individuals produce no c¢linically detectable
gskin reaction to DEC, despite the presence of microfilariae
in the skin, i.e. false negative resgults.

2) In Africa, patients harbouring microfilariae of
Dipetalonema Streptocera in their skins may react to doses
of DEC higher than 50 mg.

3) Severe reactions such as shock, collapse, loss of
consciousness and even death may result,

1.4.3 Immunodiagnosis

To circumvent some of the problems associated with the
classical methods of diagnosing onchocerciasis such as skin
snip and Mazzoti test, the potentials of immunological
tests have been investegated. However, wmost of these have
been hampered by poor specificity caused by immunological
cross-reactivity between 0O, wvolvulus and sympatric
parasites (Chandrashekar et al., 1991). According to Lobos
et al (1990) the specificity of antibody detection systems
can be improved by the use of low mwmolecular wieght
fraction.

Using low molecular weight parasite antigens Lobos et
al. (1990) have identified and characterized a
complementary DNA fragment coding for an 0O, wolwvulus
antigen (OV-16) which 1is highly immunogenic early in

infection and is also 0. volvulus specific. When purified

OV-16 was used in ELISA to analyze the antibody response of

41 onchocerciasis patients, they were able to detect 0OV-16
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specific antibodies in  90% of the patients with
onchocerciasis. Based on this observation, the Authors
claim that OV-16 can be exploited to identify the presence
of 0. yvolvulus parasites even in the early prepatent period
of infection when microfilariae in the skin or adults in
nodulegs cannot be detected. Likewise, Ogurinade et
al., (1993) have recently identified & characterized two
recombinant Onchocerca yolvulus antigens, OC 3.6 and OC
9.3, which appeared to be promising reagents for use in the
diagnosis of onchocerciasis on the basis of preliminary
results. While, 95% of serum specimens from patients with
onchocerciasis were reactive with OC 3.6; the reactivity
with OC 9.3 was 81% suggesting that these might be useful

for detecting prepatent infections in humans.

1.4,3.1 Skin Test

The use of 0. wvolvulus microfilarial antigens has made
cutaneous tests useful for sercepidemiological survey.
Using the crude extract of microfilariae, Hashiguchi et al,
(1979) found positive resgults 1in 85-86% patients with
onchocercriasis and false positive in 1-13% of subjects

without onchoceriasis,

1.5 The Simuliid Vectors of Onchocerciasis

The simuliidae, commonly known as blackflies,
constitute the family Simuliidae (Diptera, Nematocera).

Not all of them are black, some Neotropical species are
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even predominantly yellow or orange in color. They are
stout bodied, small (mostly 2 -6 mm long) flies with high
arched mesothorax and short broad and transparent wings.
The mouth parts of the female are adapted for blood-sucking
but male flies do not bite (Crosskey, 1973).

Blackflies are cosmopolitan in distribution being
found almost anywhere if there are suitable rivers and
streams for the developmental stages. The ocutlets of ponds
and lakes are also suitable habitats for filter feeding
larvae of Simulium (Davies et al., 1978). Generally
blackflies are absent from areas devoid of running;water
such as polar regions and deserts {(Crosskey, 1973).

The eggs of blackflies when first 1aid_are pale and
often whitish but darken to a brown or black color. They
are about 0.1 mm long, and are more or less triangular in
shape. Usually some 150 - 800 eggs are laid in sticky
masses or strings on a level with, or just below the water
line on submerged objects (Service, 1986).

The larvae which hatch from the eggs are always found
in free water, the almost universal =requirement being
moving usually fast-moving water. The larval 1life is
generally completed in about 10 days to a little to over
two weeks in the tropics whilst in the temperate zones the
period of development of the larva lasts about three to
four weeks. Temperature and seasonal influences have a
profound effect on the larvae. Pupation takes place in the

larval habitat. The pupal stage lasts twc or three days to
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a week but it may be prolonged with a lowering of
temperature (Crosskey, 1973; Gordon and Lavoipierre, 1962).

Blackflies bite by the day and in the open, although
Simulium ochraceum s.l. (Dalmat, 1955) and $. amazonicum,
and 8. pertipnax (Shelley, 1994) will bite in small numbers
in houses and at night fall when biting populations are
high.

Several of the anthropophilic species gselect
particular feeding sites on the human body (Gordon and
Lavoipierre, 1962). For instance females of 8. damacsum of
Africa tends to concentrate its attack on the lowér
extremities (Duke and Beesly, 1958) whilst the Central
America species, S. ochraceum, bites on the upper part of
the body (Shelley, 1988).,

Blackflies affect man and his domestic animals both by
their bites and as intermediate hosts of parasites (Dalmat,
1955). A few blackfly species cannot bite, but the great
majority of them bite and suck the blood of warm-blooded
vertebrates. Only about 10% (150 of the 1500 or so
species) bite man and his domestic animals (Crosskey,
1973). As a consequence of this feeding habit simuliids
are able to transmit several pathogenic organisms.

In both tropical and non-tropical areas of the world
simuliids can cause a very serious biting problem, since
their bites can be painful. Although the severity of the
reaction to bites differs in different individuals,

localized swelling and inflammation frequently occurs,
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accompanied by intense irritation lasting for several days
or even weeks {Service, 1986) .

Simuliids in addition, to being notoricus for their
blood sucking and consequent toxic effects, transmit
protozoan and nematode parasites to domestic and wild birds
as well as to mammals (Freeden, 1977). They may even play
some role as vectors of encephalitis viruses which they may
propagate ~among birds and transmit to humans (Anderson et
al., 1961). More importantly, the simuliidae are notable
for the transmission of filarial parasites to man, his
domestic animals and birds.

It is now known that nine filarial species are
transmitted by simuliids. These include Dirofilaria ursi
in bears, Mansonella ozzardi in man, Qunchocerca cervipedis
and O, trasicola in deer, Q, dukei, _0O. lienalig, and Q.
ochengi in cattle, o, volvulusg in man, and
Splendidofilaria fallisensis in ducks (Shelley, 1994).
Other filarial species undoubtedly have simuliids as
vectors because unidentified filariae are often found in
flies, especially in onchocerciasis areas in Africa (Duke,
1967; Nelson and Pester, 19%962; Voelker and Garms, 1977).
These unidentified species have been assigned to the genus
Agamofilaria (Voelker and Garms, 1977).

Eventhough 8Simuliids are known to transmit several
pathogenic parasites, their medical importance lies in

their ability to transmit the two human filariae,
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Mansonella ozzardi and QOnchocerca volvulus. Mansonella
ozzardil 1is restricted to tropical America,where it is also
transmitted by species of Culicoideg (Ceratopogonidae)
(Shelley et al., 1980). Onchocerca wolvulus _ is found in
Africa, Latin America, and Southern Arabia (WHO, 1976).

Of the two filarial species of medical importance Q.

volvulus, the causative agent of human onchocerciasis is
seriously pathogenic (Nelson, 1970). Blackflies are the
only vectors of human onchocerciasis. Their habit of

tearing and rasping the skin to rupture the blood
capillaries when obtaining a bloocd meal makes them
particularly,suited for the ingestion of microfilariae of
Q. wveolvulus (Gordon and Lavoipierre, 1962, Service, 1986).

In Africa, human onchocerciasis is transmitted by
members of Simulium __damnogum complex and species of
the S. neavel group (WHO, 1976). Simulium damnosum s.l.
is the most widely distributed and the most important
vector in the whole continent, members of the 8§, neavei
group transmit the disease only in East and Central Africa
(Raybould and White, 1979).

In Latin America, larger number of vector species are

involved. Simulium ochrac ' S. wetallicum, g.
gonzalezi, S. callidum, S. veracruzanun, and S,

haematopotum are anthropophilic and have been incriminated
in the transmission of the parasite 1in Central America

(Shelly, 1988).
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Because of the relative homogeneity of the family,
requiring the use of characters from wmore than one stage of
life cycle, the taxonomy of simulidae generally depends
upon a combination of larval, pupal and adult
characteristics (Raybould and White, 1979}).

Simulium damnosum which was formerly regarded as a
single but variable species by freeman and de Meillon
(1952) 1is now known to be a complex of forms which cannot
be distinguished morphologically except by the banding
patterns of the 1larval chromosomes (WHO, 1976). This
identification to c¢ytospecies level i3 of crucial
importance to fully understand transmission cycles and
their subsequent relevance to control programmes, because
different members of the complex show differences in
aspects of their biology with regard to vectorial capacity,
biting behaviour, and habitat preference (Shelly, 1394).

Since the discovery that, S. damnosum is a complex of
sibling species, a considerable number of distinct

cytotaxonomic categories have been recognized by Dunbar

(1966, 19569) and others within the conventional
morphological concept of "S. damnosum". Only some of these
categories have man-biting females. Simulium damnosum of
Africa is now known to consist of over 40 members. Of

these, twelve are vectors of O. wvolvulugs in Africa and one
in the Arabian Peninsula {(WHO, 1987). ©Nine cytospecies are
now known from larval chromosomes from West Africa and

these are divided into four sub-complexes: damnosum
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containing S. damnosum s.s., S. sirbanum, and S,
dieguerense, Sguamosum containing S. sguamosum and S.
yvahense, Sanctipauli containing S, sanctipauli, 8.

oubrenge, and S. sgoubrense B, and "Kibwezi" containing S.
menegnge (Post et al., 1991 cited in Shelley, 1994).
Regarding members of the complex from east Africa,
recently Procunier and Muro (1993) revealed the presence of
eight distinct taxa from central and northern Tanzania.
These cytoypes are Nyamagasani form, Nkusgi form, Sanje
form, Kiswani form, Kibewezi form - Kibewezi Al and
Kibewezi A2, Ketaketa form - Ketaketa Cl1 and Ketaketa C2.
Otherwise, the vernacularly named East African cytotaxa
remained inadequately described. From the West African
cytospecies, S. damnosum s.s. and S. giribanum, extend east
to the Nile System ({(WHO, 1987). In Ethiopia, a prelimanary
work has so far revealed the presgsence of at least three
forms (Raybould and White, 1979; WHO, 1987).

The Simulium neavel group of East Africa on the other
hand, includes all simuliids in which the larvae and pupae
live in phoretic association on river crabs of the genus
Po n {Raybould and White, 1979). The structural
uniformity of members of this group and the lack of any
cytological studies, makes identification of potential
vector species in the group difficult. However, at least
four species are recognized within the group (WHO, 1987).

These are S, ethiopiense, S. neavei s.s., 8. nvasalandicum,

and S. woodi. Their distribution in Africa is from
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Ethiopia southward to Malawi through the Zaire river basin
to Camercon and Liberia. No vector species extends into
West Africa. Recently Procunier and Muro {(1994) presented
detailed larval salivary gland polytene chromosome maps for
two taxa designated S. neavei Amani form A and S. neavei
Amani form B, which are probably synonymous with the
previous described morphospecies, 8, _nyasalandicum and S,
woodi respectively. However, extensive cytological work on
the 3, neavel group as a whole is still in need.

Work on vector sibling species in Latin America is at
a more preliminary stage. Of the eleven Q, yglzglﬁﬁzvéétor
species present, larval cytotaxonomy has established the
presence of species complexes in the followingt These
include three cytotypes in S. ochraceum (Hirai et al.,
1994}, eleven in S, _metallicum (Conn et al., 1989 cited
in Hirai et al., 1994}, four in S. exiguum, two in _ 8,
gonzalezi and two in _S. oyapockense (Shelley, 1994},

1.6 Development of O. volvulus in the vector and its

transmission to man

The first description of the development of 0.

volvulus in Simulium was that of Blacklock {1926} (cited by

Nelson, 1991). The position of Q. wvolvulus microfilariae in
the skin is an evolutiocnary adaptation for transmission by
the local vector (Nelson, 1970)}. They are spread in the
surface of the skin in the anatomical region most likely to

be bitten, and at the right depths where they can be easily
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ingested by the short proboscis of the vector (Kershaw et
al., 1954).

Microfilariae ingested with the Dblood during
infective feed pass down the alimentary canal to the
midgut, where digestive enzymes as well as the chitinous
peritrophic membrane are secreted. In S. damposum,
immediately after feeding, a peritrophic membrane begins to
form around the blood-meal in the dilated posterior portion
of the midgut. This membrane provides an impenetrable
barrier to Q. wolvulus microfilariae, and those trapped
within it die before it finally disintegrates (Dukeé  and
Lewis, 1964)

The peritrophic membrane forms initially within 30
minutes of feeding, and it has been shown that it severely
restrictgs migration of microfilariae to the hemocoel (Duke
and Lewig, 1964}. Successful penetration of the stomach by

microfilariae therefore, has to occur scon after their

entry into the gut. Laurence (1966} has shown that
microfilariae leave the blood-meal rapidly after
engorgement, 40 - 50% of them leaving the stomach within

the first 60 minutes, the first micro-filariae appearing in
the thorax after 20 minutes.

Having penetrated the stomach wall and entered the
insects hemocoel the microfilariae migrate to the flight
muscles in the thorax where they penetrate the muscle
cells. Development through the L1 and L2 to the L3 stage

then occurs 1if the parasite has been ingested by the
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appropriate vector (Nelson, 1991). The infective larvae
then appear in the proboscis as early as the sixth day
after the original ingestion of the microfilariae.
Temperature and humidity are important determinants for the
successful development of the organisms in the vector
(Nelson and Pester, 1962).

Transmission occurs when infected flies take a blood-
meal. Little is known of the exact mechanism by which the
infective stage (L3) pass from the mouth parts of the fly
into the skin of man, but very probably they penetrate
through the wound made when the fly bites, and thoSe‘which
fail to do so perish on the skin surface (Duke, 1973).
Very little is known again, abput the éubsequent
development of Q. wolwvulus in man, but it is assumed that
the parasites migrate through the subcutaneous tissue,
undergoing two further moults before they reach the adult

stage, six to twelve months after infection (Nelson, 1991).

1.7 The Existence of Non-human derived Filarial 1.3 Larvae
in Simulii ctor

Since no simuliid species is totally anthropophilic,
sympatric human and animal filariae can be found in the
same vector species. There i1s a variety of evidence from

the finding of non-human derived filarial larvae in §.

neavel group (Nelson and Pester, 1962) and in 8. damnosum
s.1. {Duke, 1967; Garms and Voelker, 1969; Gebre-

Michael, 1983; Gebre-Michael and Gemetchu, in press) showing

their =zoophilic behaviour to varying degrees. This can
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cause overestimates of vector competence in epidemiological

and control programmes for Q. volvulus. For example, the
cattle parasite, Onchocerca ochengi which 1is widely

digstributed in Africa have been found in 8. damnosum, the
vector of the human parasite, 0O, wveolwvulus. The L3 larvae of
both filariae are morphologically indistingishable (Trees,
1992). Other filariae of _animal origin which are quite
distinct from Q. wolwvulugs or bovine Qnchocerca spp. are
also known in simuliid vectors and have been assigned to
the genus Agamofilariae (Voelker and Garms, 1977).

The taxonomy and identification of filariae are Still
far from satisfactory because of their parasitic habit and
hence relative inaccesgsibility in their definitive and
intermediate hosts. Since the earlier work in Africa,
morphometric analysis have been used to distinguish 0.
volvulus from other filaria species found gympatrically in

8. domnosum (Duke, 1967; Nelson and Pester, 1962; Voelker

and Garms, 1977; McCall et al., 1992). Besides the
morphological, non-morphological methods, such ag
piochemical, histo-chemical and immuno-chemical methods

have been developed to distinguish both species and strains
of filariae with varying degrees of success. More recent
work on DNA sequences has provided a precise method of

identification for species as well as intraspecific

strains. Probes for separating 0. wvolvulus from O.
ibgsoni, ©O. ochengi, ©. guttur and 0. cervicalis as

well as savanna from forest strains of 0. yolvulus have now
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been developed (Shelley, 1994).

Despite the development of the non-morphological
methods, microscopic examination of vectors using
morphological characters for species, parasite number, and
life stage determination is the standard field technique
still in use. Morphometric examination in general has the
quality of siﬁplicity and applicability in any field study.
However, it suffers the disadvantage of not Dbeing
definitive in the case of individval L3, and of being
unable to identify L3, of other possibly occurring but, as
yet, undescribed Qnchocerca species (Trees, 1992). 'fhis
is why currently considerable effort has been directed to
molecular methods of identification.

1.8 Onchocerciasis Control

The Onchocerciagsis Control Programme {OCP} of the
World Health Organization in the Sudano-Guinean savanna
zone of West Africa has ben operational since 1974. Its
objectives are: (1) to put an end to onchocerciasis as a
disease of public health and socioeconomic importance and
{2} to ensure that there will be no recrudescence of the
digease thereafter (WHO, 1976). The strategy at first has
been to interrupt transmission through larviciding alone,
however, since the beginning of 1988, a second weapon, this
time chemotherapeutic, has become available for control of
onchocerciasis (Duke, 1990b).

When the programme started in 1974, it focussed on

African Sudano-Guinean gsavanna belt where blinding
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onchocerciasis 1is of sufficient public health importance
and hinderance to socio-econcemic development., At first, the
programme was centred in Burkina Faso and parts of the six
surrounding countries (Benin, Cote d'Ivoire, Ghana, Mali,
Niger and Toge) in the Volta River Basin areas (WHO, 1976}).
Later, it was extended into four other countriesg: Guinea,
-Guinea—Bissau, Senegal and Sierra Leone (WHC, 1987).

The insecticide selected for OCP was a biodegradable
insecticide tempehos (Abate) (WHC, 1976). Later, the
constant threat of insecticide resistance has necessitated
the use of four newly developed back up insecticides on a
rotational basis (Duke, 1990a).

The results of the OCP over the first ten years were
remarkably successful. After ten years of control
transmission was virtually interrupted over nearly 90% of
the original area. Progression of eye lesions in all but a
few of the worst cases was halted. The incidence of new
infections among three million children born in the
programme area during its first ten years of operation was
reckoned to be almost zero. The concentration of
micreofilariae in the skins and eyes o©of persons who were
already infected at the outset of the OCP had fallen
steadily (Remme et al., 1986).

Parasitological surveys carried out 14 vyears later
revealed that the community micreofilarial load (CMFL} was
close to zero in all villages, and prevalence of infection

declined at an accelerated rate particularly 1in those
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villages that had the highest level of endemicity during
the precontrol period (Remme et al., 1990} .

The incidence of onchocerciasis infection in children
born since the start of the vector control is one of the
indicators used in the epidemiological evaluation of the
QCP. The results of 14 years Simulium control in the OCP
area suggests that larviciding had achieved a 99% reduction
in the incidence of infection in children (DeScle and
Remme, 1991} . The results therefore, leave no doubt that
onchocerciasis has been eliminated as a problem of public
health importance from the central OCP afeéﬂfifahfﬁéii 14
years of vector control, the level of onchocerciasis has
fallen to such a low level that consideration is being
given to end larviciding without the risk of recrudescence
{DeSole and Remme, 1991).

Since the beginning of 1988, the Merck, Sharp and
Dohme (MSD) compound Ivermectin has been brought up to
registration in France, for use in human onchocerciasis
under the name of Mectizan. Many studies indicate that
Ivermectin is effective against Onchocerca wvolvulus as a

gingle dose, non-toxic, qguick acting microfilaricide as
g

well as micro-filarial suppressant of some three - twelve
months duration. Tt vradically changes onchocerciasis
prevalence and intensity {(Duke, 1990b). However, according

to Whitworth (1992) the use of Ivermectin alone cannot be
expected to achieve adeguate degree of transmission

control. There are many problems - for example, not
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everyone 1in endemic areas will be treated, not all
microfilariae are removed from the skin, some remaining
available for uptake by the vector. Ivermectin does not
kill blackflies, nor does it prevent filarial development
to the infective (L3) stage, and infected blackflies may
invade from untreated areas {Whitworth, 1992) .
Furthermore, as a means of control for onchocerciasis,
ivermectin needs to be regularly administered over a period
of not less than five years, usually at an annual frequency
(Taylor and Green, 1989). Therefore, in the control of
onchocerciasis both the control of Simulium through the use
of larvicides as well as the treatment of patients using
the chemotheraupetic agent, ivermectin, should be carried
out.
1.9 Onchocerciagis and Simuliidae in Ethiopia

The existence of human onchocerciasis and simuliid
vectors in the [Keffa region of Ethiopia has been
demonstrated for the first time in 1939 by Giagquinto Mira
(cited in  Oomen, 1969a) . Since then, extensive
epidemiological surveys conducted by several workers
(Oomen, 1967a, b; Oomen 1969 a, b; Iwamoto et al., 1973;
Lester and Tsega, 1974; DeSole and Walton, 1976; Mengesha
and Jembere, 19%877; Taticheff et al., 1987; Gundersen et
al., 1988 ; Yeneneh et al., 1989 ; Zein 1986, 1990, 1993}
have confirmed the presence of the disease, with varying
degrees of endemicity, in the south-western, western and

north-western parts of the country. The infection being
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particularly associated with coffee growing areas in the
south-west (WHO, 1987) and with cotton and ©il seed farming
areas in the north-west {Zein, 1986). The coffee growing
areas in the southwest are thought to provide suitable
ecological conditions for the vector as well as for the
parasite in the dense human populations associated with
coffee (DeScle and Kloos, 1576). Prevalence of the disease"
in Ethiopia ranges from a high of 82-84% in western and
southwestern endemic zones (Gunderson et al., 1988;
Workineh et al., 1993) through 56% in the south-west
(Iwamoto et al., 1973) to a low of 19.5% in the north-west
(Zein, 1986) . Therefore, based on WHO, s (1966)
clagsification of endemicity levels, thefe 7 are
hyperendemic, mesoendemic and hyperendemic areas in the
country. In general, prevalence of the disease is greater
in the lowlands.

Earlier Oomen (1969a) estimated the number of
microfilariae carriers in the endemic regions of Keffa,
Wollega and Illubabor (area of 132,000 km°) to be about
half a million, Later, WHO (1987) estimated the number of
people at risk in the onchocerciasis endemic areas to be
about 7.3 million out of which 1.38 millicon are infected
with O. wolvulus. Recently, Zein (1993) estimated about 10
,million of the Ethiopian population to be at risk from the
disease (in the endemic area covering about 200,000 km®}.

The clinical picture of onchocerciasis in Ethiopia has

been described as mild, invelving a wide variety of skin
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changes {Oomen, 1969 a, b; Iwamoto et al., 1973; Woodruff
et al., 1977; Zeiln, 1986) . It 1is believed that
onchocerciasis does not cause blindness in Ethiopia, the
main causes of blindness in the country being trachoma,
cataract, glaucoma and blindness of childhood (Budden,
1981; cited in Zein, 1988). However, since information on
blindness due to onchocerciasis in the -country is
inadequate, the findings of moving microfilariae in the
anterior chamber of the eyes {(Gundersen et al., 1988} and
Onchocercomata on the head (Zein, 1986} needs further and
extensive investigation gince these features of
onchocerciasis eventually lead to blindness.

Work on Ethiopian sgimuliidae carried out by (Van
Someren, 1944; Grenier and Ovazza, 1956; Oomen 1969a;
Tanaka et al., 1973; Raybould and White, 1979; Mebrahtu et
al., 1980) suggests that Simuliym flies, both
anthropophilic and non-anthropophilic, have wide
distribution in all regions of Ethiopia, extending beyond
the known endemic area of the western part of the country.
Of these, at least seven species show anthropophilic
tendencies, of which 8. damnosum s.1. and S. ethiopiense
(a member of the S. neavei group) are regarded as the
vectors of onchocerciasis in the country (Raybould and
White, 1979; WHO, 1976, 1987). A detailed checklist of the
gimuliidae of Ethiopia is given by Mebrahtu et al. (1980).

Simulium damnosum s.1. is widely distributed

throughout the endemic and non-endemic areas of the country
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and is regarded as the mostimportant vectvecceccctor

(Grenier and Ovazza, 1956; Oomen, 1969%a; Ravybould and
White, 1979 ; Mebrahtu et al.,1980). This has been
confirmed by more detailed sudies in some selected foci in
south-west Ethiopia {(Gebre-Michael, 1983; Gebre-Michael and
Gemetchu, in press).

According to WHO (1987) three chromosomal taxa of the
complex are recorded in the country. These are the
"Kisiwani", "Kulfo'" and "Jimma" forms. The "Jimma" form is
the only member of the S. damnosum known from the south-
west (Kaffa region) and might be the wvector (Rayb@iuﬁ and
White, 1979).

On the other hand, 8. thiQpignsg (a member of the 8.
neavei group) which has a limited distribution in the
smaller rivers of south-western midlands and highlands and
often sympatric with S. damnosum s.l. has long been
suspected of playing a secondary zrole. S. ethiopiense
shows a strong anthropophilic behaviour but its density is
often remain quite low at all seasons. As a result, it has
long been suspected of playing a secondary role in
onchocerciasis transmission in Ethiopia (Grenier and
Ovazza, 1956; Oomen, 1969 a,b; TenEyck, 1973; White, 1977;
Raybould and White, 1979). The few attempts to isolate
infective larvae resembling Q. volvulus from S. ethiopiense
in Gilgel Ghibe and Gojeb river valleys have so far been
unsuccesgsful (White, 1977; Gebre-Michael and Gemetechu, in

press). However, 1itse vector potentiality have only been
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shown by expermintal infection on patients (Schmidt, M.L.,
Pers. Comm. to White, G.B., 1977).
1.10 Chiectives of the study

The present study in the Gilgel Ghibe river area was
carried out with the following objectives.
1. To determine the prevalence and intensity of human
onchocerciasis in the study area.
2. To determine the annual transmission potential of
onchocerciasis (ATP) and its association with prevalence of
the disease in the area.
3. To investigate further on the relative importance of S.
damneosum complex and S. ethiopienge, and thereby determine
the role of the latter in the transmission of 0. ﬁblyulus

in the study area.
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2. MATERIALS AND METHODS

2.1. The Stu Ar I el ion of S i

Gilgel Ghibe river (1710 m a.s.l.), where the study is
conducted is located at a distance of 285 km along the
Addis Ababa - Jimma main road in the south-western part of
Ethiépia (Fig.1}.

Together with the Gojeb and the Gibbie Ennaraya the
Gilgel Ghibe river forms the right bank tributary of the
Omo/Gibbie river system which flows into Lake Turkana on
the Ethio-Kenyan border in the south. The GilgeiiGhibe
arising in the high rain fall region of western Ethiopia,
flows throughout the year and forms broad valleys which
contrast with the deep gorges of fhe northern plateaus
(Wolde-Mariam, 1972}.

The area around the Gilgel Ghibe river bridge where
the study 1is wundertaken is a flat plain with sparse
vegetation. According tc Gebre-Michael {(Pers. Ccmm.) ,the
natural vegetaticn at the river side was richer some 10-12
years agc, but is now greatly disturbed by increasing human
activity. The outstanding vegetation now found along the
river bank include, Acacia tortilis, Acacia seyal, Croton

macrostachys, OQurgus gurgus, Albizia spp, together with

other shrubs and grasses.
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Hippopotamus (Hippopotamug amphibus) , Colobus monkey
(Colobus polykomos), Warthog (Phacoerus aethiopicus) are
the most commonly observed wild animals in the area.

Few farms are found scattered along the river bank.
There is a saw mill factory in a small village of 400 - 500
inhabitants (Personal communiuncation with Ato Dinka,
Chairman of the Kebele Asgosation) at a distance of 300 -
400 metres from the river bank. The majority of adult
males of working age in the wvillage are labourers in the
facotry. The remainder are farmers and small merchants. The
females are usually housewives and children are either

students or look after cattle or farm.

2.2. Diagnosis for Human Opchocerciaisg

For the parasitological and clinical examination, the
purpose of the study was explained to the chairman of the
kebele and to few influential persons well ahead of time.
As é result, the study was conducted on subjects who
understood the purpose of the study and voluntarily
reported for examination. The aim at first was to examine
the whole population but only those willing were examined.

These accounted for about 46-57% of the total population.

2.2.1. Clinical Examination

A brief medical history was obtained from each
participant and recorded on a questionnaire form. The
questionnaire contained the name, sex, age group,

37




occupation, birth place and duration of residence in the
village (See Appendix).Each participant was specifically
asked if he/she experienced any itching and of so, to what
degree and for what length of time.

In the «¢linical examination, each individual was
visually examined for skin lesions as well as palpated for

Onchocerca subcutaneous nodules.

2.2.2. Parasitological Examination

(i) Collection of Specimen

The iliac crest was the gite of skin-snippiﬂg (WHO,
1987) and samples were obtained using a sterile needle and
razor blade which were discarded after use on each person.
From each person two skin snips, each 2 - 3 mm in diameter
were obtained from the pelvic girdle. The snips could not

be weighed since the appropriate balance was not available.

(ii) Examination of Specimeng

The two skin snips were placed in two separate wells
of a microtitration plate containing 100 micro litre of
normal saline. When all wells were full, the plate was
covered with adhesive plaster to reduce evaporation or
spillage and was kept for 24 hours at room temperature.
After 24 hours, the saline was pipetted onto slide and was
examined under a compound microgscope with the X110
objective. When microfilariae were detected, they were

counted using a talley counter and were expressed as the
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number of microfilariae per skin snip (mf/ss) for each

person.
2.3. En logical i
2.3.1. Simulium Sampling -

In the present study, Simulium population sampling was
carried on human baits using aspirators and/or test tubes.
Four catching sites of biting simuliids located at 0 to 400
mts away from the river banks were used throughout this
investigation (Fig 2). Site one was located on the river
bank, and site two and site three at disténces o%’3150
meters and 300 meters, respectively, away from the river
bank towards the village; all three were on ong,side of the
river. Site four was located at a distance of 400 meters
away from the bank of the river was on the other side. All
the catching sites were under shade of trees.

Twelve hours (from 0600h to 1800h)} collection of flies
attacking human baits for one day a month at each site
was conducted on four consecutive days every month for a
total period of 12 months starting from April 1994 tc March
1995. A pair of catchers/baits worked at each site.

The catchers/baits worked while seated together on low
chairs or “burchumas', with their trousers and shirt-
sleeves rolled well up above knees and elbows. For this
purpose it was initially intended to use infected Dboys but
skin positives could not be found in the few local boys

examined. Therefore apparently healthy individuals were
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Fig 2. Locatiorn of Biting Ceollection Sites



used as baits with appropriate precautions. For safety
reasons, flies were collected immedialetly after landing
and well before they commenced feeding on a bait/catcher.
To minimize boredom, the baits were replaced every six

hours at each site.

2.3.2. Identification and Parity Determination

At the end of every 30 minutes or an hour, flies were
transferred to test tubes plugged with cotton wool for
identification and dissection for age determination. Flies
were first killed with chloroform vapour andthen
transferred to a petridish with damp cotton wool. The
identification of the flies was then done under a binocilar
digsecting microscope using a key provided by Crosskey
{1973} . Then, the hourly batch of flies were immediately
digsected to determine parity.

Dissection for parity was performed on a drop of
physioclogical saline on a glass slide under a stereoscopic
microgcope. Using fine entomological needles, the abdomen
of the fly was severed near the last two or three posterior
tergites and the contents of the abdomen drawn out until
the ovaries and the hind gut associated with Malphigian
tubules were observed. Parous and nulliparous flies were
distinguished using the criteria recommended by WHO (1976).
The indicators used for this are the state of the ovaries,
Malpighian tubules, and fat body.

After the hourly catches were dissected and divided
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into nulliparous and parous, the parous flies were
preserved in 80% alcohol, in vials, for later staining and
dissection for filarial parasites. Nullipars were discarded

in the field,

2.3.3, i ial i D rminatj ' imuli

In"the Laboratory in Addis Ababa, the alcohol
preserved parous flies were stained in Mayer's acid
Haemalum according to the method recommended by WHO (1966).
Flies were first washed in descending dilutions of ethanol
(i.e. 70%, 50%, 30% and 15%) and finally in water for about
40 minutes in each case. Afterwards, the flies were
stained for three days in Mayer's acid Haemalum and then
differentiated in water for 3 days. Finally, the flies
were transferred to glycerol to await dissection,

To examine for Onchocerca wvolvulus or any other
filarial parasite, the head, thorax and abdomen were
separately dissected in separate drops of glycerol on a
slide, wusing fine entomological needles. The filariae
isolated from each region were mounted in glycerol on

slides and their number recorded.

2.3.4. Filariae Identification

The identification of filarial larvae was entirely
made by morphological examination and measurements from
camera lucida drawings of the 1infective larvae (third

stage) found in the head, thorax and abdowen. This was

42




based on the dimensions recorded for Onchocerca volvulus by
several investigators, Important distinguishing characters
were total length, oesophageal/intestinal ratio and the
anal ratio {(Nelson and Pester, 1962; Duke, 1967; Voelker
and Garms, 1977; McCall et al., 1992). All infective larvae
with dimensions falling in the ranges of Q. wolvulug given
by the above authors were identified as "morphologically

indistinguishable from 0. wvolvulug".

2.3.5. Collection of Crabs

To look for larvae and pupae of Simulium ethiopienge

{a member of the S. peavei group) collection of crabs was
performed, during the study period.

Perforated cans (8X8cms) suspended from a branch
hanging on the river and positioned under rocks (Fig.3)
were used for the collection of fresh water crabs. The cans
were baited with fresh wmeat and fish. |

The crabs collected after being marked with the name
of the catching place and the date of capture were placed

in Jars for later identification.
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3. RESULTS

3.1 Prevalence of Human_ Onchocerciasis in Gilgel Chibe

Area

The age and sex distribution of the 228 people
examined for onchocerciasis in this study in the Gilgel
Ghibe area is presented in Table 1. Of the total 228 people
examined, males constituted 53.,1% {121/228) while females
form 46.9% (107/228}). Most of the individuals examined are
from the age group 1-14 and relatively few from the age
group 50 and above. Microscopic examination of skin snips
from the iliac crests showed the existence of 0, wvolvulus
infections among the inhabitants of Gilgel Ghibe village.
Table 2 shows the parasitological results. The prevalence
of infection in males was 19% (23/121) and was higher than
in the females, 15% (16/107), but this difference was not
significant {X* = 0.40357; P»0.5). The overall prevalence
rate of onchocerciagis in the 228 persons examined in
Gilgel Ghibe area was 17.1% (39/228).

Generally, a higher rate of infection was chserved in
males of all age groups than in females of a corresponding
age group. There was a steep rise in prevalence with age in
both sexes until about age 29 and then tends toc stabilize
at older age {Table 2)}.

The age and sex specific infection rate shows that a

maximum infection rate is attained at age 15-29 by both
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Table 1 Number of persons in the study grouped by age

Males Females
Age group No. examtned % Total | No. examined % Total Towal No. % |
Years .
1-14 48 211 Jo 15.8 84(36.8)
15-29 25 11.0 38 16.7 63(27.6)
30-49 40 17.5 22 9.6 62(27.2)
> =50 8 3.5 it 4.8 19(8.3)
Total 121 531 107 46.9 | 228(100)
Table 2. Age and sex standardized prevalence of O,volvulug in Gilgel Ghibe area.
Males temales Total
Age group No. No. Pos(%) No. No.Pos(%) No No.Pos( %)
Years exam exam ° exam
1-14 43 2(4.2) 36 1(2.8) 84 3(3.6)
15-29 25 9(36) 38 2317 63 18(28.6})
30-49 40 10(25) 2 4(18.2) 62 14(22.6)
> =50 g 2(25) 1L 2(18.2) 19 4(21.1)
Total 121 23(19) 107 16(13) 228 39(17.1)
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males and females and the least infection was observed in
the age group 1-14 in both sexes. While 46.2% of the
positive cases are found in the age group 15-29, only 7.7%
are infected from the age group 1-14.

Out of the total 39 positive cases 74.4% or 29
individuals had micreofilariae in biopsies from both the
right and left iliac crest, while 25.6% 6r 10 individuals
had microfilariae from either the right or left iliac
crest.

3.1.1

The parasité load in the wvillage exprééééd as the
geometric mean of microfilariae per skin snip is presented
in Table 3. The commuhity microfilarial loéd ‘was 11.14
mf/skin snip. The microfilarial count ranged between 1 and
132 per skin snip. The mean microfilarial load was higher
in males (13.8 mwmf/ss) than in females (7.94 wf/ss),
althogygh this was not stastically significant (t=0,088,
d.f 66; p>0.05).

The mean microfilarial load in males was observed to
increase with age up to the age of 15%-29 and then
decreased. In females the mean microfilarial load continued
to rise with age up to the age of 15-29 and then decreased.
However, the greatest difference occurred in females aged
50 and above, where the load rose again. Of all the age
groups in both males and females the load in females of age

group of 50 and above was the highest.
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3.1.2 ff ration gf iden n_on iagi
infection

Table 4 shows the infection rate by duration of
residence. A higher rate of onchocercal infection 77%
(30/39) was found in individuals resident in the village
for more than 5 years than those with a residence period of
less than 5 years 23% (9/35). 0f those that have resided
for more than 5 vyears, 70% (21/30) were males and 30%
(9/30) were females. In individuals with a residence period
of less than 5 years 22.2% (2/9) are males and 77.8% (7/9)
are females.r
3.1.3 Clipnical manifestations

In the present investigation, signs and symptoms
suggestive of onchocerciasis were observed in 26.3%
(60/228) of the study population examined clinically. Of
these, 36.7% (22/60) were positive parasitologically. In
other words, of the 39 individuals with positive skin snip,
only 22 (56.4%) had typical signs and symptoms suggestive
of onchocerciasis. However, microfilariae with no clinical
sign of onchocerciasis were found in 17 (43.6%) of the
positive c¢ases, The frequency of clinical signs and
symptoms of onchocerciasis in the study population by age
and sex is presented in Table 5.

Itching was the most common complaint being observed
in 18.4% {42/228) of the people examined. Pigmentary
changes,itching with pigmentary changes and itching with

papular rash was observed in 3.5%, 3.07% and 1.3% of the
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Table 3 Geometric Mean and range of microfilarias density per skin snip

Males Females ] Total
Age group Pos. G.mean (range) Pos. | G.mean (range) Pos. G.mean | (range)
Years
I-14 2 15.85 @-37) ] 1 - 3 6.9 (130
15-29 9 16.98 (2-68) 9 10,72 (2-67) 18 13.49 (2-68)
30-49 10 {1.22 (1-86) 4 2.89 (1-13) 14 7.94 (1-86)
> =30 2 14.8 (6-61) 2 21.38 (4-132) 4 17.78 (4-132)
Total 23 13.8 (1-86) 16 7.94 (1-132) 350) 11.14 (1-132)
Table 4 Positivity by duration of residence in the village
Duration Duration
1-5 years >5 years
Age group
(years) Males (%) Females (%) Males (%) Females (%)
1-14 - 12.6) 2(5.1) ]
15.26 2(5.1) 5¢12.8) 7(17.9) 4(10.2)
30-49 - - 10(25.6) 4(10.2)
>=30 . 1(2.6) 25.1) 1(2.6)
Totat 2(5.1) 7(17.9) 21(53.8) 9(23.2)
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Table 5. The frequency ol clinical signs and symptoms by age and sex

0S

Pigmentary papular rash Nodules Itching and | liching and
changes | Pigmentary papular rash
changes

¥ M I’ M F M M F M F

oy - - - . - - - - .

82} 2(0) ) - - - 2(2) - - 2(2)

5(4) N - - - - 4(3) - 1(1) -

- I(1) 1{0) - - - - I(h - -

10 [ 6D 20y - - - 6(5) 1N 1(1) 2

( } = Numbers in parenthesis show

the No. of skin snip positives
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people examined, respectively. Of the 42 individuals
complaining of itching, 11 (26.2%) had 0. volvulus. Two
{25%) o©f the 8 patients with pigmentary changes, Six
(85.7%) of the 7 patients with itching and pigmentary
changes, and all 3 patients with itching and papular rash
were positive for Q. volvulug. Patients with nodules were

not found.

3.2 Entomelogical Findings in Gilgel Ghibe aresg

Results of the twelve months long (April 1994 - March

1995) collection of adult female blackflies on human baits
at 4 sites in Gilgel Ghibe river area show the presence of
two anthropophilic blackfly species, Simulium damnsoum s:1
and 8. ethiopiense, the overall catch being 6488 blackflies
{(Table 6). S. damnsoum s:1 was the most common and
important speciesg, comprising 99.92% of the total catch. S,
ethiopiense was caught in very small numbers, and accounted
for only 0.08% of the tetal biting catch., It appeared only

during the rainy season and all came from site 1.

3.2.2 Biting dengities, seasonal trends and the biting
rhythm

The biting density of S. damnosum s.1 flies caught at
all the sites 1is presented in Table 7. The total number of

flies caught, the number of flies per man per day and flies
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Table 6 Black fly species collected on human baits in the Gilgel Ghibe river area and the monthly
Meteorological data (April 1994 - March 1995)

Year Month | Max Min  Mean Rain fall No. §S.damnosum No. S.ethiopiens TOTAL
Temp Temp. Temp. (mm) (%) (%)
Apr 278 143 1.0 160.0 50(100) - 30
1994 May 26.4 14.1 20.3 113.2 206(100) - 206
Jun 24.4 14.4 19.4 257.4 778(99.87) 1(0.13) 779
Jul 23.6 14.4 19.0 190.6 2460(99.96) 1(0.04) 2461
Aug 233 14.5 8.9 303.1 2190(99.86) 3(0.14) 2193
Sep 24.6 11.5 19.1 131.7 408(100) - 408
Oct.™ | 27.3 2.0 19.7 7.0 56(100) - 56
Nov 27.7 11.4 19.6 13.5 28(28) - 28
Dec 28.5 8.5 18.5 0.0 22(100) - 22
1995 Jan 29.2 10.2 19.7 9.4 59(100) - 59
Feb 29.6 14.0 21.8 34.4 93(100) - 93
Mar -) (-) {-) (-) 133(100) - . 133
6483(99.92) 5(0.08) 6438.00

(-} Data not avatlable
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Iable 7. The biting density of Simulium damnosum s.1 at different sites in the Gilgel Ghibe river area (April 1994 - March 1995)

Site 1 Site 2 Site 3 Site 4 Total for all sites
Tot. Flies/ Flies/ Tot. Flies/ Flies/ Tot. Flies/ Flies/ Tot. Flies/ | Ehes/ Tot. Flies/ Flies/
Year Month no. man/ man/ no. man/ man/ no. man/ man/ no. man/ man/ no. man/ man/
flies day hour flies day hour flies day hour flies day hour flics day hour
1994 Apr. 43 21.5 1.8 7 3.5 0.29 i] 0 0 0 0 1] 50 6.25 0.52
May 166 83 6.9 34 17 1.42 5 2.5 0.20 i 0.5 0.042 206 25.75 | 2.15
Jua. 344 172 14.3 333 166.5 13.88 94 47 3.92 7 3.3 0.29 778 97.25 B.10
Jul. 1169 584.5 48.7 738 369 30.75 451 225.5 18.8 102 51 4,25 2460 307.5 25.63
Aug. 1117 558.5 46.5 714 357 29.75 320 160 13.33 39 19.5 1.63 2190 § 273.75 | 22.81
Sep. 283 141.5 11.8 78 39 3.25 34 17 1.42 13 6.5 0.55 408 51 4.25
Oct. 47 23.5 1.96 9 4.5 0.38 0 0 0 0 0 ¢ 56 7 0.58
Nov. 28 14 1.17 0 0 0 0 0 0 0 0 0 28 3.5 0.29
Dee. 22 bl 0.92 0 0 0 0 0 0 0 0 o] 22 2.75 0.23
1995 Jan. 46 23 .92 13 6.5 0.54 0 0 0 ¢ ¢ 0 59 7.38 0.62
Feb. 83 41.5 3.46 5 2.5 0.20 5 2.5 0.20 0 0 0 93 11.63 0.97
Mar. | 129 | 64.5 | 5.38 4 2 0.17 0 0 0 0 0 0 133§ 16.63 | 1.39
Total 3477 1738.5 l‘)ES 967.5 909 454.5 162 81 6483 R10.4
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per man per hour is given in Table 7. No such data are
presented for S, ethiopiense since the numbers were
extremely low,

It may be seen from Table 7 that the biting density of
S, _damnosum s.l flies vary between the four sites. With
more flies concentrating on the river bank, the biting
density was observed to decline as the distanée from the
river bank increases. While biting flies were caught
throughout the year at Site 1, they were less abundant and

gsometimes totally absent partlcularly during the dry

season from si es'z '3 'and 4. Thue highest biting densities 7

of S. damposum s.l1 flieg was observed at the river bank

(Site 1) and the lowest at-Site 4.

The highest biting density at site one was during the
middle of the rainy season in July, when 584.5
flies/man/day (or 48.7 flies/man/hour) were recorded, and
the lowest, 11 flies/man/day (or 0.9 flies/man/hour) was
recorded in December during the dry season. During the wet
geagon (April-September) the fly density ranged between
21.5 flies/man/day to 584.5 flies/man/day {or 1.79
flies/man/hour to 48.7 flies/man/hour). During the drier
months between October and March, the biting density ranged
between 11 flies/man/day to 64.5 flies/man/day (or 0.9
flies/man/hour to 5.4 flies/man/hour).

Similar trends of biting density were also observed at
sites 2, 3. and 4 where greater numbers of S, damnosum s.1l

bit during the rainy season and relatively few during the
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dry season, although densities at these sites were much
lower than at Site 1. In comparison with the other sites
the least biting density for S. damnosum was recorded at
site 4 where flies were caught only during the rainy
season.

Generally at all the sites the biting density of S,
damnosum s.1 flies was observea to exhibit a distinct
seasonal pattern. The seasonal fluctuation as percentage of

all flies caught at each site is depicted in Figs. 4 to 8.

It can be seen that hlghest biting densities at each- Blte

PR

occurréé dﬁrﬁng the rainy season.and the lowest,htl“_i*”
months. The peak biting densities in the wet months
correlated pdéftivéiy with rginfall (r=0.74)l { v
temperature (r= - 0.43).

The diurnal biting cycle of S, damneosum at each site
over the year 1is presented in Figs. 9 to 12. The biting
cycle at site 1 (Fig. 9) was esgsentially bimodal showing
two peaks, one in the morning from 800 hour-1200 hour and
the other in the afternoon from 1600 hour-1800 hour. The
biting activity was suppressed between noon and the early
part of the afternoon. The pattern during the rainy season
is somewhat different where the flies bit in guite large
numbers throughout the day with a smaller peak 1in the
afternoon.

The biting activity of S.damnosum s.l. at Sites 2, 3
and 4 was basically similar to Site 1, with two peaks, one

in the morning the other in the afternoon (Figs. 10 - 12).
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Fig. 4 Seasonal fluctuation in the population density of S, damnosum at

Site 1 (April, 1994 to March 1985)
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Fig. 7 Seasonal fluctuation in the population density of S. damnosum at

Site 4 (April, 1994 to March 1995)
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Fig. 9 The diurnal biting cycle of S. damnosum at Site 1 (April, 1994 to
March 1995)
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3.2.3 Parous rates of Simulium flies dissected.

a) Simulium damnosum.

The parous rate of S.damnosum flies at different sites
in the Gilgel Ghibe river area is given in Table 8.

Of the total 6,483 S._ damnosum s.l1 collected and
dissected for age determination during the study period,
the overall parous rate was 74.7% (4,844} while the
remaining 25.3% (1,639) flies were nulliparous. The parous
rate ranged from 70.6% in July tec 90.2% in March, with
significant seasonal difference (x? = 14.26; P<0.001). The
parous rate was observed to vary between the different
gites and there was a decrease in parous rates as the
distance away from the river bank increases.

The wmonthly parous rate at Site 1 ranged from 76.5% in
May to 92.47% in August with an average rate of 87.7% but
no seasonality in parous rates was observed (X2 = 0.0365,
P>0.5). The proportion of parous flies caugnt at Site 1 was
found to be significantly higher than all other sites: Site

2 (62.4%:X° = 476.6, p<0.001}; Site 3 (56.9%: X2 = 330.43,

P<0.001) and Site 4 (41.4%: X2 = 273.13, P<0.001). The
least parous rate was observed at Site 4 which was the
furthest site from the river bank. In other words, the
proportion of nulliparous flies were greater at the sites
away from the river bank.

b) Simulium hiopiens

Of the total 5 specimens of 8, ethiopienge caught and
dissected througout the study period, a parous rate of 60%

Was observed ( Table 9 }.
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Table 9 Parous rate of 5. ethicpiense in the Gilge! Ghibe river area

Year

Month

Ne. ot 5. ethiopiense
canght & dissected

Nulliparous
5. ethipiense

No. (%}

Parous
5. ethipiense
No. (%)

1594

1995

Apr.
May.
Jun.
Jul.
Aug.
Sept.
Oct.
Jan.
Feb.
Mar.
October
December
January

1{100)
1(33.3)

1(100)
2(66.7)

Total

G0 %)

&7




4.2.4 Filarial infection rate in Simulium damnosum

Filarial dissection results of §. damnosum at
each site is given in Tables 10-14. Out of the total 3052
parous flies dissected and examined for filarial at Site 1,
226 (7.4%) flies were infected with both developing (L1 and
L2) larvae (Figs. 13 a and b) and infective (L3) larvae
(Fig.14) {Table 10). Of these, 155 (5.1%) flies harbouréd
developing (L1 and L2) larvae and 71 (2.32%) flies
harboured infective larvae resembling Onchocerca volvulus
(L3) . The percentage of parous flies with developing larvae
ranged from 2.2% in August to 15% in January, and of parous
flies with infective (L3) Q, wolvylus like larvae from 0.5%
in August to 26.5% in April. The average number of (L3) O.
volvulusg larvae/fly was 5.1. Infection rates with L3 larvae
in the dry season was significantly higher (X*= 82.25,
p<0.001) than in the wet season but not significant
difference in infection with young (L1l and L2) larvae (X* =
3.076, p>0.05).

The dissection and examination of 1208 parous flies at
site 2 revealed 69 (5.7%) of the flies to be infected both
with developing (L1 and L2) larvae and L3 0. volvulus
larvae (Table 11). Of these, 60 (4.9%) were infected with
developing larvae and 9 (0.7%) with L3 Q. volvulus larvae.
The monthly infection rate with developing larvae ranged
from 1.2% in August to 14.3% in January and the rate with
L3 O._volvulus larvae ranged from 0.2% in August to 14.3%

in January. The average number of L3 Q, volvulus larvae/fly
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Tabls 10 Filarial dissection results of 3. dsjpporam st site 1 (Apnl 1994 -March 1495)

Apr May Jun Jul Aug Sep Oct Hov Dec Jan Feb Mar Tot.
Flics drasccied 43 166 344 1169 1117 283 47 28 22 46 #3 1% 47
No. Parous (%) 34 127 310 992 1033 48 39 22 1% 40 70 118 3052 -
79.1) (76.5) (0.1 (84.8) 92.4) (87.6) (32.9) (78.6) (86.4) 86.9) (84.3) ©1.5) (87.5)
No, (%) Per. flica with 4 6 16 84 3 0 4 3l 1 6 3 5 155
dev, (1.1 &L.2) Inrvae (11.8) 4.7 5. (8.5 (2.2) (10.3) (x5 (5.3 (15.0) (4.3} (4.2) ;.0
No. (%) Par. flica with 9 8 3 16 b 1} 2 3 2 2 17 4 71
L3 . volvulug Iarvae 26.5) (6.3) (0.96) (1.6) 0.5 5.1) (13.6) (10.5) 5.0) 24.3) a.49) Q2.3
Tot. No. of L3 n 39 10 70 §2 0 15 24 23 25 91 20 360
Q. volvujus larvae
Aversge No. of L) 1.4 4.9 b 4.4 2.4 0 7.5 L} 1.8 12.5 52 5 5.1
e

Q. yolvulus farvae
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Table 11 Filarial dissection results of S.damnogurp st site 2 (April 1994 -March 1995)

Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Tot.
Thes dissected 7 34 33 738 714 78 9 - - I3 5 4 1933
No. Parous (%) 2 18 163 465 488 55 5 - - 7 3 2 1208
(28.6) (52.9) (48.9) (63} (68.3) 70.5) (55.5) (53.8) (60.0) (50) (62.4)
No. (%) Par. Nies - - 9 44 & - - - - I - - 60
with (5.5) 9.5) (1.2) (14.3) 4.9)
dev. (L1 &L '
Jarvae
No. (%) Par. [lies - 2 1 4 i - - - - 1 - - 9
with (L1) (0.6) (0.9) (0.2) (14.3) (0.7
L3 Q. volvulus o
larvae
Tot. No. of L3 - 6 1 10 3 - - - - 23 - - 43
O. yolvulus larvae
Average No, of - 3 1 2.5 3 - - - - .23 - - 4.77

L3

0. volvulus larvae
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(b)

Figld. (a) Developing larvae (Ll) isclated from S.damnosum

(b) Developing larvae (L2) isolated from S.damposum
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Figl4. Infective stage (L3) larvae cf O.volvulus

isolated from S.damncsum
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was 4.77. Significant seasonal difference was observed in
infection rates with L3 Q. volvulus larvae (X’ = 8.24, p <
0.005) but not with with developing larvae (X* =0.05320,
p>0.5) .

out of the total 517 parous flies examined for
filariae at 8ite 3, 18 (3.48%) were infected with both
developing and L3 0O, velvulus larvae (Table 12). The number
and percentage of parous files with developing and L3 Q.
volvulus larvae was, 13(2.5%) and 5(0.97%) respectively.
The monthly infection rate with developing (L1 and L2)
larvae ranged from 2% in June to 2.9% in August, and the
monthly infection rate with (L3) Q._volvulus larvae ranged
from 0.5% in August to 1.7% in July. The average number of
(L3) Q. volvulus larvae per fly was 1.8.

Filarial dissection results of S. damnosum at site 4
is given in Table 13. Of the total 67 parous flies
dissected and examined for filariae at this site, 6 (8.95%)
harboured both developing larvae and L3 O._volvulusg larvae.
Flies with developing larvae were 4 (5.9%) and with L3 Q.
volvulus larvae were 2 (2.98%). The average number of L3 O.
volvulus larvae/fly was 11.

The results from all the sites show that the
proportion of parous flies infected with developing and L3
larvae at Site 1, was generally greater than the proportion
of parous flies infected with the larvae at sites 2, 3 and
4. There was a general decreasing pattern in infection

rates at sites further away from the river bank.
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Table 12 Filarial dissection results of S.damnosum at site 3 (April 1994 -March 1995)

Apr May Jun Jul Avg Sep Oct Nov Dec Jan Feb Mar Tot.
Fhes dissected - 5 24 451 320 34 - - - - 5 - 909
No. Parous (%) - 2 49 237 204 24 - - .- - 1 - 517
. (40) s2.1y | 2.5 | 63.8) | (70.6) . - - . (20) - (56.9)
No. (%) Par. flies - 1 6 6 - - 13
with (2.0) (2.5) (2.9) (2.5)
dev. (L1 &L2)
larvae
No. (%) Par. flies - o - 4 1 - - - - - - - 5
with ' a.7 0.5) (0.97)
L3 Q. volvulug
larvae
Tot. No. of L3 - - - 7 2 - - - - - - - 9
Q. volvulus Inrvae .
- - 1.7% 2 - - - - - - - 1.8

Average No. of
L3
Q. volvulug larvae
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Table 13 Filarial dissection results of S.damnagsum at site 4 (April 1994 -March 1995) )

Apr May Jun Jui Aug Sep Oct Nov Dec Jan Feb Mar Tot.
Flies dissected - 1 7 102 39 13 - - - - - - 162
No. Parous (%) - - 3 43 14 7 - - - - - - 67
(42.9) (42.2) (35.9) (53.8) (41.4)
MNo. (%) Par. flics - - - 3 1 - - - - - - - 4
with (6.9) a.n (5.9)
dev. (L1 &L2)
larvae Y
No. (%) Par. flies “ - - 2 - - - - - - - - 2
with (4.6) (2.98)
L3 0. volvulus
larvae
Tot. No. of L3 - - - 22 - - - - - - - - 22
O. volvulug larvae
11 - - - - - - - - 11

Average No. of
L3
Q. volvulus larvae
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The overall results of dissection carried out at all the
sites in Gilgel Ghibe area 1s summarized in Table 14. Out
of the total 4,844 parcus S._damnogum flies dissected and
examined for filariae at Gilgel Ghibe, 319 (6.58%) were
infected with both developing and infective larvae.
Developing larvae were isolated from 232 (4.74%) of the
parcus flies. The number of these larvae ranged from 1 to
35 per fly. Infective (L3) Q._volvulus larvae were found in
87 (1.8%) of the parcus flies dissected. They were found in
the head, thorax and abdomen. However 76.7% of the
infective (L3) Q. yolvulus larvae were isolated from the
head region alone. The average number of (L3) O._volvulusg
larvae per fly was 5.1. The infection rate measured by the
percentage of parous flies harbouring developing (L1 and
L2) larvae per month ranged from 2.1% in August to 14.9% in
January, and those of parous flies (L3) Q.volvulus larvae
ranged from 0.4% in August to 22.9% in February. The
monthly infection rate was observed to show a seasonal
trend. Infection rates with infective (L3} Q. voplvulug
larvae during the dry season was significantly higher than
the wet season (X* = 119.42, p>0.001). Similar trends were
also observed in the infection rate with young (L1 and L2)
larvae (X* = 4.083, p>0.05).

No infection was obgerved in the small number of

parous S. ethiopiense flies (n = 3) dissected.
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Table 14 Filarial dissection results of S.damnosum . Combined results of all four sites (April 1994 -March 1995)

Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Tot.
TTies dissocted 50 206 778 2460 2190 408 56 28 22 59 93 133 6483
No. Parous (%) 36 147 569 1737 1739 334 44 22 19 47 74 120 4844
(72} {71.4) (3.1 (70.6) (79.9) (81.8) (78.9) (78.6) (86.4) (79.7) (79.6) (90.2) (74.7)
No. (%) Par. flies 4 6 20 137 36 0 4 3 1 7 3 5 232
with (1.1 4.1) (4.6) (7.9) 2.1 “.1) (13.6) (5.3) (14.9) “.1) 4.2) (4.8)
dev. (L1 &L2)
Jarvae
No. (%) Par. flies 9 0 4 26 7 0 2 3 2 3 17 4 87
with (25) (6.8) (0.7} (4.6) (0.4) 4.9) (13.6) (10.5) (6.4) (22.9) 3.3) (1.8)
L3 Q. voivulus
larvae
Tot. No. of L3 31 45 19 109 17 0 15 24 23 48 91 20 442
O. volvulus larvae .
Average No. of 3.4 4.5 3.92 2.4 0 7.5 8 11.5 16 5.35 5 5.08
L3
0. volvujus larvae
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3.2.5 Onchgeerciagis transmission by S, damnosum

The monthly biting rate (MBR}), the monthly infective
biting rate {(MIBR) and the monthly transmission potential
(MTP) are indices used for expressing the transmission of
onchocerciasis in an area. These values for Gilgel Ghibe
area were calculated based on the following formula (WHO,

1987) .

MBR = f1i t d in n
No. of catching days

MIBR = MBR X No. of flieg with infective Q.volvulus larvae

No. of flies dissected

MTP = MIBR X No. of infective O.volvulus larvae isolated

No. of flies with infective larvae

The annual biting rate (ABR} is the sum of the 12
monthly biting rates for the year, the annual infective
biting rate (AIBR)}) is the sum of the 12 monthly infective
biting rates, and the annual transmission potential (ATP)
is the sum of 12 monthly transmission potentials. The
values of these transmission indices estimated for the
Gilgel Ghibe area are presented in Table 15,

The annual biting rate (ABR) was 249%28.75 flies, with
the MBR ranging from 85.25 flies in December to 9,532.5
flies in July. The MBR was observed tc show a seasonal
trend, with more adult Simulium damnosum s.l1 flies biting
in the wet season than in the dry season.

The annual infective biting rate (AIBR) was 328.7
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Table 15 The monthly and annﬁal biting rate and transmission potential of S.damnosum s.1 in Gilgel Ghibe river area (made from all the sites)

(April 1994 - March 1595)

Year Month No. of man days Monthly biting rate Monthly infective biting Monthly transmission
. (MBR) rate (MIBR) potential (MTP)
1994 Apr 8 187.5 33.75 116.25
May 8 798.25 38.75 174.4
Jun 8 2917.5 15.00 71.25
Jul 8 9532.5 100.75 422.4
Aug 8 8486.25 27.1 65.9
Sep 8 1530 o~ 0
Oct 8 217 7.75 58.1
Nov 8 105 11.25 90
Dec 8 85.25 7.75 85.1
1995 Jan 8 228.6 i1.6 186.1
Feb 8 325.5 59.5 318.5
Mar 8 515.4 15.5 77.5
Total 24928.75 328.70 1669.5
(ABR) (AIBR) {ATP)
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infective flies/year. The MIBR ranged from 0 in September
to 100.75 infective flies in July. In comparison with the

dry months, the highest MIBR was during the rainy season.

The monthly transmission potential (MTP} ranged from 0
in September to 422.4 in July. The MTP shows the
transmission of Q. wvolvulug in the Gilgel Gibe area to be
perrenial, with two peaks of transmission; one in July
{(422.4 13 0. yolvulus /man/month), and the other n

February during the dry season (318.5 L3 Q.

volvulus/man/month) could be transmitted. The annual
transmission potential (ATP) was 1669.5 infective
larvae/man/year.

3.2.6 Collection of crabs

A total of five crabs were collected during the study
period and were caught during the dry season. These were
probably Potomonautes (Lobopotomanaules) antheus which were
earlier collected by White {(1977) from ths game locality.
In spite of the close search using a harna lens no larvae

and vupae of Simulium were found attached to the crabs.
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4, DISCUSSION

The present parasitological investigation for
Onchocerca volvulus infections among the inhabitants of

Gilgel Ghibe village indicated the endemicity of the
disease in the area. Based on the presence of positive skin
snips an overall prevalence of 17.1% was found. During his
1967 survey in Agendabo, a village not far from the present
study area, Ocmen (1969a) found 16% of the males over 15
yvears of age to be positive for Q. weolvulus by skin snip
examination and suggested that onchocerciasis is of low
endemicity in this area. The prevalence rate of
onchocerciasis shown by the present study is low (17.1%)
and Gilgel Ghibe can be regarded as hypoendeimc according
to WHO's (1966) standard levels of endemicity. A similar
low level of endemcity was also reported in north-western
Ethiopia (Zein, 1986). Other studies carried out elsewhere
in the southwestern and western parts of the country have
reported onchocerciasis as hyper, hypoendemic or
mesoendemic (Taticheff et al., 1987, 1993; Gundersen et
al., 1988; Yeneneh et al., 1989).

The prevalence of infection in males (19%), though not
statistically significant (p<0.%), was found to be higher
than in females (14.9%) suggesting males to be at greater
risk of infection. This obsgervation ig consistent with the
findingg of other investigators in Ethiopia (Oomen, 1969a,
b; Taticheffl et al., 1987; Yeneneh et al.,1989) and
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elsewhere (McMahon et al., 1988; Porter et al.,1988). The
higher rate of infection observed in males may be due to
the sexual division of labour. Males are usually involved
in activities 1like farming and fishing which bring them
closer to the Simulium breeding sites. Contrary to this
females work a great deal of their time in their house and
don't frequent the rifer bank, thus they are probably less
exposed to the Simulium bites than males. Moreover, the
dresging habits of most females with long skirts which may
prevent the Simuljum bites could also expalin the low rate
of infection.

In this investigation higher rate of infection was
observed in individuals of age group 15-29 than others.
Moreover, the infection rate (26.5%) in people of working
age was higher than the prevalence of 16.9% 1in the
remaining age groups. Individuals of this age were observed
to frequently visit the river bank for fishing, washing,
swimming, or other activities. They prefer the early
morning or late afternoon part of the day for these
purposes. This indicates that individauals of this age are
therefore at highest risk of acquiring infection. The
observed diurnal biting c¢ycle of the Simulium species in
the area shows the biting activity of the vector to be the
highest during this part of the day. It is therefore more
probable that this way predispose them to the bites of
Simulium. The observation that the prevalence of infection

increases with age suggests that repeated exposure through
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years is required for onchocerciasis transmission.

Taylor et al (198%) suggested that the sensitivity of
skin snip could vary with the number of skin snips taken,
the more skin snips that are taken, the more accurate the
diagnosis. ©f the 39 positive cases, micrcofilariae were
detected in 74.4% in biopsies from the right and left iliac
crest wﬁile 25.6% were detected in biopsies taken from
either the right or left iliac crest. In other words, 25.6%
of the positive cases would have been missed if biopsies
were to be taken from either the right or left iliac crest.

The mean microfilarial locad per positive skin snip
which is a measure of parasite burden, was calculated to be
11.14 per snip for the community. In the Blue Nile Valley
of Western Ethiopia, a prevalence rate of 38% and a mean
microfilarial count of 12 per snip was recorded (Gunderson
et al., 1988). Workneh et al. (1993} recorded a mean
microfilarial count of 34 per snip among labourers in Teppi
Coffee planation Project (southwestern Ethiopia) where the
prevalence rate of onchocerciagis was 82.7%.

The mean parasite load was higher in males (13.8
mf/ss} than in females (7.9 mf/ss) and increased with age
up to ages 15-29% and declined thereafter with the exception
of one individual. Other investigators alsc reported higher
mean microfilarial count 1in males than females and an
increase in wicrofilarial count with age {(Budden, 1963,
McMahon et al.,1988, Gunderson al., 1988; Moyou Somo et

al.,1993). It has been speculated that hormonal factors
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which lead to the relatively high resistance of females may
be responsible for the observed differences between males
and females (WHO, 1976).

Differences in the prevalence of infection related to
the duration of residence period in the village was also
noted. The highest rate of infection, 77% of the positive
cases, was in individuals with a residence period of more
than five years while 23% of the infected individuals have
a regidence period of less than 5 years. This also suggests
that onchocerciasis infection requires repeated exposure to
Simulium bites which needs a prolonged residence period in
the endemic area. However, 1if the individuals are 1in the
prepatent stage of infection, there is the probability of
microfilariae being not detected in skin snips.

The prevalence of «c¢linical manifestation in the
present study, 26.3% was found to be higher than the
prevalence of positive skin snips, indicating the presence
of signs and symptoms suggestive of onchocerciasis in
individuals with negative biopsy. Similar observations have
also been noted by others in the country and this was
explained partly by the non specific nature of the symptomsg
(Oomen, 1969 a; Yeneneh et al., 1989). The most fregquent of
the clinical signs was itching. Of the 39 positive cases,
clinical findings suggestive of onchocerciasis were
observed in only 22 (56.4%) while the remaining 17 (43.6%)
of the positive cases are clinically negative. The clinical

manifestations of onchocerciasis are known to depend on
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numerous factors, the host immune response, bioclimatic
zone, and duration of exposure (WHO, 1987). Therefore this
may be the reason for the positive cases with no clinical
sign of onchocerciasig. In fact many of the gigns and
symptoms develop over the years and this individuals may
have acquired the infection relatively recently. Moreover,
onchocerciasis 1in Ethiopia has been described as mild
{Oomen 1969 a,b; DeSole and Walton, 1976; Mengesha and
Tiruneh, 1977).

According to WHO ( 1991 }, communities with prevalence
rate of 40% and above should be targeted for mass treatment
with Ivermectin. Both the intensity and prevalence of the
disease in Gilgel Ghibe were shown to be low and therefog&e
could not at present be a priority area for mass treatment
with Ivermectin.

The collection of black flies on human baits, during

the study period revealed the existence of two

anthropophilic species, Simulium dawmnosum complex and
S.ethiopiense, in the Gilgel Ghibe river area (Table 6).

Previous investigaticns have also reported these species
from the area {(White, 1977; Mebrahtu et al., 1980; Cebre-
Michael and Gemetchu, in press). Of the two anthropophilic
species, S.damnosum complex was observed attacking man
throughout the year, and was caught in gquite large numbers.
Of the total 6,488 Simulium flies caught, 6483 were 8.
damnosum and only 5 were S._ethiopiense, and these were

caught during the rainy season. Therefore based on the

85




relative abundance of the f{lies, S. damnosum complex was
found ocut to be the most commen and important species in
the area. Previous investigators (White. 1977; Gebre-
Michael and Gemetechu, in press) have also recorded the two
species but S. damnosupm was the predominant species. During
his survey in the rainy season of BAugust, White (1977},
recorded a biting rate of about 43 8. ethiopiense/man/day.
Later in 1984, Gebre-Michael and Gemetechu (in press})
recorded a biting rate of 4 S, ethiopiense flies per man
per day for the same month and annual biting rate of 1343.5
flies. During the present study a biting rate of 1.5
flies/man/day in August and annual biting rate of 38.5 was
obgerved. These observations indicate the biting density of
8. ethiopiense has always been minimal in the area and
declining over the years. The absence of immature stages of
S, ethiopiense on the few crabs (n = 5) collected in the
present study might reinforce the declining pattern of S,
ethiopiense over the years. The reasons for the decline in
S. ethiopinse in Gilgel Ghibe area are not immedialely
clear, but could be due to ecological chancss in the area.
The S. neavei group as a whole are known to thrive best in
heavily-forested riverine environments {McCrae, 1969} and
seem to be gensitive to changes in the vegezation cover. In
fact, deforestation was the sole means used to erradicate
the vector (S. neavei) and onchocercias from some foci in
Kenya {McMahon et al.,1958; Therefore, the declining biting

density of S, ethiopienge around Gilgel Ghike wight be due
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to the continued c¢learance of the riverine forest in the
area. S.ethiopiense flies have been suspected of playing a
secondary role in the transmission of onchocerciasis in the
south western part of Ethiopia (White, 1977; Raybould and
White, 1979; Mebrahtu et al., 1980). However, the present
study and a previous one (Gebre-Michael and Gemetechu, in
press) show that any role played by 8. ethiopiense can be
discounted at least in the Gilgel Ghibe area. However, this
does not rule out the possibility of its role as a
secondary vector in other localities ({TenEyck, 1973;
Mebrahtu et al., 1980).

Population peak of S._damnosum (Table 6,and Figures 4-
8) was observed to fluctuate seasonally. Biting densities
upto 307.5 flies/man/day or 25.63 flieg/man hour was
recorded in the month of July during the rainy season in
contrast to the relatively few flies caught during the dry
seascn. The existence of high fly numbers during the rainy
season has been observed by several invsestigators in
Ethiopia or elsewhere (e.g. Gebre-Michael, 1983; Crosskey,
1955) and might be due to favourable ecclogical factors
(e.g. rain; r= 0.74) for the immature and adult fly
population. However, this might not always be true and
highest fly densities could be collected during the dry
season in some foci in Togo (Cheke et §;:)1992).

The abundance of S. damnosum complex (Table 7) was
observed to vary between the different sites. Of the total

6,483 S._damnosum flies collected, the numbers caught at
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sites 1, 2, 3 and 4, were 3477, 1935 909 and 162
respectively. Highest biting density S. damnosum flies was
recorded at site. :l, and the lowest was at site 4, located
at about 400 mwmeters away from the river bank. This
observation indicates villages located further away from
rivers and streams are at less risk of being bitten by
flies and consequently of onchocercal infection.

The diurnal biting cycle of 8. damnosum flies (Figures
9-12) shows the flies tend to bite in large numbers in
particular hours of the day. Two major peaks were apparent
at all the sites, one in the morning, and another in the
afternoon suggesting highest man-fly contact during these
hours of the day. The bimodal biting ;hythm of S. damnogum
observed in the present study is similar to previous
observations in the same locality or elsewhere (White 1977;
Kaneko Ae; al.; 1973; and Gebre-Michael 1983). This is
assumed to be due to favourable meteorological conditions
like temperature and relative humidity. The range of
favourable temperature for maximum fly (8. damnosum} biting
activity was 21.4°C to 27.6°C in Ghibe wvalley (Gebre-
Michael, 1983} and 22°C-26°C in Tanzania (Hauserman, 1969).
Increased light intensity has been reported to inhibit
biting by 8._damnosum (Kankeko et al., 1973}, The
annual parous rate of 75.4% (for all the sites combined)
recorded in the present study was lower than the previous
record of 91.5% and 84% in Gilgel Ghibe and Gojeb rivers,

regpectively, from flies collected at the river banks
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(Gebre-Michael and Gemetechu, in press).The lower parous
rate was due to the location c¢f fly catching sites where
three of the 4 sites were located at various distances away
from the river bank and the proportion of parcus flies in
these sites was lower (Tables 8). The overall parous rate
was however, higher than the rate, 64.7% recorded from
river bank sites in the Ghibe river valley (Gebre-Michael
1983) . The observed decreasing pattern in parous rates
away from the river bank in the present study is typical of
the savanna situation in West Africa where differential
dispersal of parous and nulliparous flies were reported (Le
Berre, 1966; Duke, 197%). In these areas it was noted that
nulliparous flies dispersed mainly inland away £from their
riverine breeding sites and parous flies concentrated more
at the river bank. No such differences in dispersal pattern
between parous and nulliparous flies has been observed in
the rainforest zone of West Africa. The observed low
parous ratesg combined with low biting diensity at sites
away from the river bank in the present study and elsewhere
in savanna areas 1in West Africa implies that wvillages
further away from the river bank are less exposed ¢to
onchecerciasis transmission.

The results from the dissection of §. damnosum complex
flies for filarial larvae at Giigel Ghibe (Table 14) shows
1.8% of the parous flies dissected to be infected with L3
Q.volvulus larvae. This was found to be higher than the

1.3% recorded at the same locality by Gebre-Michael and

83




Gemetchu {in press),but lower than the 2.1% in Ghibe
valley (Gebre-Michael, 1983), 3.4% in the Mahenge mountains
in Tanzania (Houserman, 1969) and 4.38% in Togo (Cheke et.
al.1992). The filarial infection results from the different
sites show the infection rate to vary between the different
sites with decreasing tendency towrads sites away from the
river bank. This suggests the highest risk of infection
could be presented to persons whose activity brings them
closer to the river, whereas activities further away from
the bank of the river presented little risk of infection.
Duke (1975) observed a similar trend in a savanna area of
Camercon and concluded that a given biting density of
S.damnosum on the river bank to be much more dangerous than
a similar biting density inland.

The proportion of parous flies acquiring infection hasg
been observed to exhibit a seasonal trend in that the
proprtion of parous infected during the dry season was

higher than the proprtion during the rainy season (Table

14) . This might give a wrong impression that the
transmission of O.volwvulus is intense in the area during

the dry season. However, the monthly transmission potential
(Table 15) which takes account of the biting rate,
infective biting rate and quantitative filarial data shows
the transmission of Q.vclwvulus to occur through out the
year with the highest transmission occuring in July (846.3
larvae/man/month) and the lowest in October (117.8

larvae/man/month) .
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The overall annual transmission potential (ATP) for
the Gilgel Ghibe area was estimated to be 1669.5
larvae/man/year which is paradxically associated with a low
prevalence rate of the disease, 17%. This transmission
potential 1is much lower than the ATP level of 3,567
recorded in the Ghibe river valley by Gebre-Michael (1983)
where the prevalence was not determined. In savanna areas
in west Africa ATP levels between 500 - 18000 have been
associated with high prevalence (70- 100%) of disease and
high rates of blindness (Duke et al., 1975; Thylefors
et.al., 1978b). In forest wvillages 1in West Africa,
prevalence rates of 30%- 93% were assoiated with ATP levels
of 897 to 87846 (Duke et al., 1972; Moyou Somo et al.,
993). The discordance between low prevalence of the
di .sease and high ATP level in the present study is not
clear. But this may be due to the existence of animal
filariae, morphologically indistinguishable from 0.
volvulus which have been shown to exist in simuliids
(Nelson and Pester 1962, Garms and Voelxker, 1969, Duke,
1967) .

Earlier, an even higher ATP leve. of 5,478 was
estimated for the same locality by Gabre-Michael and
Gemetchu {in pregs). However, this was due to the
collection of flies at the river bank resulting in high
parous rates, higher infection rates and c&%equently an
exaggerated ATP. Since no individual stays for 12 hours a

day at the river bank or at any other fixed spot, ATP level
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estimated from flies collected at different sites with
different distances inland from the river bank would give a
better picture of the transmission of onchocerciasis of a

gliven area.
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5. CONCLUSION AND RECOMMENDATION

1. The prevalence of onchocerciasis (17.1%) in the Gilgel Ghibe  area, suggests that this is not a
priority area for control of  onchocerciasis through mass administration of ivermectin at present.

However; this may need re-evaluation in the future.

2. Simulium ethiopiense was suspected of playing a secondary role in the transmission of

onchocerciasis in the country; however, the present study showed this not to be the case at least in
the  Gilgel Ghibe area. To establish the vectorial importance of  this species in the areas beyond

the present study area further investigations are required.

3. To establish the status of the vectors of onchocerciasis and the  disease in Ethiopia, extensive

entomological and parasitological ~ surveys should be carried out in the country,

4. Effort should be given for the development of DNA probes for field use in entomological study of

onchocerciasis in Ethiopia and elsewhere.

93




6. REFERENCES

Anderson, J.R., Lee, V.H., Vadlamudi, S.,Hanson, R.P. and DeFoliart, G.R. (1961). Isolation
of Eastern Encephalitis virus from Dipitera in Wisconsin, Mosquito News, 21 244-
248.

Anderson, J., Fuslang, H., Hamilton, P. J. S. and Marchall, T. F. De. C. (1974). Studies on
Onchocerciasis in the United Cameroon Republic. I. Comparison of populations with

and without Onchocerca volvulus. Trang. R. Soc. Trop. Med. Hyg., 68: 190-208

Barbiero, V.K, and Trips, M. (1984).Trsnsmis§ion of onchocerciasis by local blackflies on the
Firestone Rubber Plantation, Harbel, Liberia.Am. J. Trop. Med. Hyg., 33: 586-594

Beaver, P. C,, J, Jung, R.C., and Cupp, E. W. (1984). Clinical Parasitology. Philadelphia:
Lea and Febiger

Browne, S. G. (1960). Onchocercal depigmentation. Trans. R. Soc. Trop. Med. Hyg., 34:
325-334

Buck, A. A. (1974) Onchocerciasis. Symptomatology, pathology, diagnosis. World Health
Organization, Geneva. 80pp

Budden, F. H. (1963). Comparative study of ocular onchocerciasis in savanna and rain forest.

Trans. R. Soc. Trop. Med. Hyg., 57: 64-70.

Chandrashekar, R., Masood, K., Alvarez, R. M., Ogunrinade, A. F., Lujan, R., Richards, F.
O. and Weil, G. J. (1991). Molecular cloning and characterization of recombinant

parasite antigens for immunodiagnosis of onchocerciasis. J. ¢lin, Invest., 88, 1460-
1466

Cheke, R. A., Sowah, S. A., Avissey, H. S. K,, Fiasorgbor, G. K., and Garms, R. (1992).
Seasonal varaiation in onchocerciasis transmission by Simulium squamosum at
perrenial breeding sites in Togo. Trans. R, Soc. Trop. Med. Hyg., 86: 67-71.

Connor, D. H. and Palmieri, J. R. (1985). Blackfly bites, onchocerciasis and leopard skin.
Trans. R. Soc. Trop. Med. Hyg., 79: 415-417

Crosskey, R, W. (1995). Observations on the binomics of adult Simulium damnosum

Theobald (Diptera: Simuliidae) in Northern Nigeria. Ann. Trop. Med. Parasit., 49:
142-153.

Crosskey, R, W. (1973). Simuliiidae. In: Smith K, G. V., ed., Insects and other Arthropods
‘ of Medical Importance. London, British Museum (Natural History), pp. 109-153.

Dalmat, H. T. (1955). Blackflies (Diptera, Simuliidae) of Guatemala and their role as vectors
of onchocerciasis. Smithson. Misc. Collns., 125: 1-425

Davies, D. M. (1978). Ecology and behaviour of adult blackflies (simuliidae): A review.
Quaest Ent., 14: 3-12.




De Sole, G. and kloos, H. (1976). Transmission patterns of onchocerciasis in South-west

Ethiopia. Parassitologia, [8: 53-65.

De Sole, G. and Walton, J. C. (1976). Onchocerciasis in Gemu Gofa; an anthropological and
ecological survey. Ethiop. Med. [., 14: 37-48.

De Sole, GG. and Remme, J. (1991). Onchocerciasis infection in children born during 14 years

of Simulium Control in West Africa. Trans. R. Soc. Trop. Med. Hyg., 85; 385-390.

Domonkos, A. N. (1983). Diseases of the skin. W. B. Saunders., 1027 pp.

Duke, B. O. L. {(1967). Infective filaria larvae, other than Onchocerca volvulus, in Simulium
damnosum. Ann. Trop. Med. Parasit., 61: 200-205

Duke, B. O. L. (1968). Studies on factors influencing the transmission of onchocerciasis. V.
The biting-cycles, infective biting desnisty and transmission potential of "forest"

Simulium damnosum. Ann. Trop. Med. Parasit., 62: 95-106.

Duke, B. O. L. (1975). Differential dispersal of nulliparous and Parous Simulium damnosum.
Tropenmed. Parasit.,, 25: 88-97.

Duke,B.O.L.{(1981).The six diseases of WHO: Onchocerciasis. ‘Br. Med. I., 283: 961-962.

Duke, B. O. L. {1990a). Human Onchocerciasis - an overview of the disease. Acta
Leidensia., 59: 9-24.

Duke, B. O. L. (1990b). Onchocerciasis (River Blindness) - can it be eradicated.
Parasitology Today., 6: 82-84.

Duke, B. O. L. and Beesley, W. N, (1958). The vertical distribution of Simulium damnsoum
bites on the human body. Ann. Trop. Med. Parasitol., 274-281.

Duke, B. O. L., and Lewis, D. J. (1964). Studies on factors influencing the transmission of
onchocerciasis. II: Observations on the effect of the peritrophic membrane in limiting
the development of Onchocerca volvulus microfilariae in Simulium damnosum. Ann.
Trop. Med. Parasitol, 58: 83-88

Duke, B. O. L., Lewis, D. J. and Moore, P. 1., (1966). Onchocerca-Simulum Complexes. .
Transmission of forest and Sudan svanna strain of Onchocerca volvulus from
cameroon by S, damnosum from varous West African bioclimatic zones. Ann, Trop.
Med. Parasit., 60: 318-336.

Duke, B. O. L. and Anderson, J. (1972). A comparison of lesions produced in the cornea of
the rabbit eye by microfilariae of the forest and Sudan - savanna strains of Q. yolvulus
from Cameroon. 1. The clinical picture. Tropenmed. Parasit., 23: 354-368. Abst.
Trop. Dis. Bull., 1973, 70: 774-775.

95




Duke, B. O. L., Anderson, J. and Fuglsang, H. (1975). The Onchocerca volvulus
Transmission Potentials and Associated Patterns of Onchocerciasis at Four Camerron

Sudan Savanna Villages. Tropenmed. Parasit., 26: 143-154.

Dunbar, R. W. (1966). Four sibling species included in Simulium damnosum Theobald
(Diptera: Simuliidae) from Uganda. Nature, 209: 597-599.

Dunbar, R. W. (1969). Nine cytological segregates in the Simulium damnosum complex
(Diptera: Simuliidae). Bull. Wld. Hith. Org., 40: 974-979.

Freeden, F. J. H. (1977). A review of the economic importance of blackflies (Simuliidae) in
Canada. Quaest. Ent. 13: 219-229.

Freeman, P. and De Meillon, B. (1953). Simuliidae of the Ethiopian Region, London,British
Museum (Natural History), 224 pp.

Fuslang, H. (1983). "Leopard skin" and Onchocerciasis. Trans. R. So¢. Trop. Med. Hyg., 77:
881.

Garms, R. and Voelker, J. (1969). Unknown filarial larvae and zoophily in Simulium
damnosum in Liberia. Trans. R. So¢. Trop. Med. Hyg., 63: 67-677.

Gebre Michael, T. (1983). Studies on the anthropophilic species of Simulium in the Ghibe
River Valley. M. Sc. thesis, Addis Ababa University.

Gebre Michael, T. and Gemetchu, T. (in press). Studies on the anthropophilic black flies
(Diptera: Simuliidae) and their role in the transmission of onchocerciasis in South-

West Ethiopia. Med. Yet. Entomol.

Gilbert, M. B. (1991). Onchocerciasis in Malawi, 2 Subjective complaints and decreased
weight in persons infected with Onghocerca volyulus in the Thyolo highlands. Trans.

R. Soc. Trop. Med. Hyg., 83: 497-500.

Gordon, R. M. and Lavoipierre, M. M. J. (1962). Entomology for students of Medicing.
Blackwell: Oxford, pp. 140-147.

Greene, B. M., Taylor, H. R. and Aikawa, M. (1981). Cellular killing of microfilariae of
Onchocerca volvulus: eosinophil and neutrophil mediated immune serum dependent
destruction. I. Immunol., 127:1611-1618.

Grenier, P. and Ovazza, M. (1956). Contribution a L'etude des dipteres vulnerants de
L'empire d'ethiopie. II. Simuliidae. Simulios et Onchocercose. Bull. Sg¢. Path. Exot.,
49: 182-196. Abst. Trop. Dis. Bull., 1956, 53: 1278-1279.

Hashiguchi, Y., Kwabata, M., Tanaka, 1., Okazawa, T., Flores, C. O. and Recinos, M. M.
(1981). Seasonal variation in the microfilarial skin density of Onchocerca yvolvulusg
and in the biting activity of Simulium spp. in Guatemala. Trans. R, Soc. Trop. Med.
Hyg., 75: 839-845.

96




Hauserman, W. (1969). On the biology of Simulium damposum Theobald, 1903, the main
vector of onchocerciasis in the Mahenge mountains, Ulanga, Tanzania. Acta. Trop.,
26 : 29-69

Hirai, I., Procunnier, W. S., Ochoa, J. O, and Uemoto, K. (1994). A cylogenetic analysis of
the Simulium Ochraceum species Complex (Diptera: Simuliidae) in Central America.
Genome, 37: 36-33.

Iwamoto,l.,Tada, I. and Wonde, T. (1973). Clinical manifestations of onchocerciasis in
endemic foci of Illubabor Province, Ethiopia. Trop. Med., 13: 36-45.

Kaneko, K., Saito, K. and Wonde, T. (1973). Observations on the diurnal rhythm of the
biting activity of S. damnosum in Omo-Ghibe and Gojeb Rivers, south-West Ethiopia.
Jap. J. Sanit. Zool., 24: 175-180,

Kershaw, W, E,, Duke, B. O. L. and Budden, F. H., (1954). Distrubution of the microfilariae
of Q. Yolvulus in the skin. Its relation to the skin charges and to eye lesions and
blindness. Brit. Med. 1., 2: 724-729.

Laurence, B.R. (1966). Intake and migration of the microfilariae of Onchocerca volvulug
(Leuckart) in Simulium damnosum Theobald. J. Heliminth, 40: 337-342.

Le Berre, R. (1966). Contribution a L'etude biologique de Simulium damnosum Theobald,
1903 (Diptera: Simuliidae). Mem. off. Rech. Scient. tech. Qtre Mer. 17: 240pp.

Lester, T. F. and Tsega, E. (1974). Is onchocerciasis present in North-Western Ethiopia?
case Report. Ethiop. Med. I., 12: 185-186.

Lobos, E., Weiss, N., Karam, M., Taylor, H. R., Ottesen, E. A. and Nutman,T.B.(1990).An
immunogenic Onchocerca yolvulus antigen: a specific and early marker of infection.
Sei., 251: 1603-1605. L

McCall,P. J., Townson,H. and Trees, A. J. (1992). Morphometric differentiation of
Onchocerca volvulus and O. ochepgi infective larvae. Trans. R. Sog. Trop. Med.
Hyg., 86: 63-65.

McCrae, A. W. R, (1969). Ecology and speciation in African black flies (Diptera :
Simuliidae). Biol. J. Linn. So¢., 1 : 43-49,

McMahon, J. E., Sowa, S. 1. C., Maude, G. H. and Kirkwood, B. R. (1988). Onchocerciasis in
Sierra Leone 2: a comparison of forest and savanna villages. Trans. Roy. Sog. Trop.
Med. Hyg., 82:595-600.

McMahon, J. P., Highton R. B. and Goiny, H. (1958). The eradication of Simulium neavei
from Kenya. Bull. WId. Hlth. Crg., 19: 75-107.

Mebrahtu, Y., Abebe, M. and Mekuria, Y. (1980). Blackflies (Diptera: Simuliidae) of
Ethiopia, Checklist and distribution. Sinet: Ethiop. J. Sci., 3: 1-20.

91




Mengesha, B. and Jembere, S. (1975). A preliminary report on onchocerciasis in North-
Western Ethiopia. Ethiop. Med. J., 13: 53-59.

Mengesha, B. and Tiruneh, M. (1977). A study on onchocerciasis in inmates of Gondar
Prison. Ethiop. Med. J., 15: 155-159.

Moyou Somo R., Enyong, P. A., Fobi, G., Dinga, J. S., Lafleur, C., Agnamey, P., Ngosso, A.
and Mpoudi Ngolle, E. (1993). A study of onchocerciasis with severe skin and rye
lesions in a hyperendemic zone in the forest of South-Western Cameroon: Clinical,
Parasitologic, and Entomologic Findings. Am. J. Trop, Med. Hyg., 48: 14-19.

Nelson, G. S. (1970). Onchocerciasis. In: Dawes, B., ed., Advances in parasitology, 8: 173-
224, Academic Press, London.

Nelson, G. 8. (1991). Human Onchocerciasis: Notes on the history, the parasite and the life
cycle. Ann. Trop. Med. Parasit., 85: §3-95.

Nelson, G. 8. and Pester, F. R. N. (1962). The identification of infective filarial larvae in
Simuliidae. Bull. Wild. Hlth. Org., 27: 473-481.

Ngu, J. L. and Balckeit, K. (1976). Immunological studies in onchocerciasis in Cameroon.
Trop. Geog. Med., 28: 111-120.

A Ogurinade, A. F., Chandrashekar, R., Eberhard, M. L. and Weil G. J. (1993). Preliminary

evaluation of recombinant QOnchocerca yolvulus antigens for serodiagnosis of
onchocerciasis. I. Clin. Microbiology, 31: 1741-1745.

Oomen,A.P.(1967a). Clinical manifestations of onchocerciasis. Ethiop. Med. I, 5: 159-173.

Oomen, A. P. (1967b). Onchocer01a313 in the Kaffa province of Ethiopia. Trop. Geog. Med,,
19: 231-246.

Oomen,A.P.(19692). Studies on onchocerciasis and elephantiasis in Ethiopia, De Erven F.
Bohr. N. V., Haarlem. 115pp.

Oomen, A, P. (1969b). The epidemiology of onchocerciasis in Southwest Ethiopia. Trop.
Geog. Med., 21: 105-137.

Porter, C. H., Collins, R. C. and Benrett, D. B. (1988). Vector densitj(, Parasite prevalence

and transmlsswn of Onchocerca volvulus in Guatemala. Am. I. Trop. Med. Hyg., 39:
567-574.

Procunier, W. S. and Muro, A. L. S. (1993). Cytotaxonomy of the Simulium damnosum
- complex from central and northeastern Tanzania. Genome, 36: 112-130.

Procunier, W. S., and Muro, A, L. (1994). A mid-arm interchange as a potential reproductive -
isolating mechanism in the medically important Simuliwm neavei group (Diptera:
Simuliidae), Genome, 37: 1-8.

| 98




Raybould, J. N. and White, G. B. (1979). The distribution, bionomics and control of
onchocerciasis vectors (Diptera: Simuliidae) in Eastern Africa and the Yemen.

Tropenmed. Parasit., 30: 505-547.

Remme, J., De Sole, G. and Van Oortmarssen, G. J. (1990). The predicted and observed
decline in onchocerciasis infection during 14 years of successful control of Simulium
species in West Africa. Bull. WId.Hlth.Org., 68: 331-339.

Remme, H., Dadzie, K. V. and Karam, M. (1986). A force of infection model for
onchocerciasis and . its applications in the epidemiological evaluations in the
epidemiological evaluation of the onchocerciasis Control Programme in the Volta

River Basin area. Bull. WId. Hlth. Org., 64: 667-681.

Roberts, J. M, D,, Neumann, E., Gockel, C. W. and Highton, R. B., (1967). Onchocerciasis in
Kenya, 9, 11, and 18 years after elimination of the vector. Bull. Wid. Helth. Org., 37:
195-212,

Schulz-key, H. (1978). A simple technique to assess the total number of Onchocerca
volvulus microfilariae in skin snips. Tropenmed. Parasit., 29: 51-54

Service, M. W. (1986) Lecture Notes on Medical Entomology. Oxford : Butler and Tanner,
265pp.

Shelley, A. J. (1988). Vector aspects of the epidemiology of onchocerciasis in Latin
Amercia. Ann. Rev. Entomol., 33: 337-366.

Shelley, A. J. (1994). Factors affecting filarial transmission by simuliids. Advances_in
Disease Vector Research. Vol. 10. Springer-Verlag New York, Inc. 183-214,

Shelley, A. J., Luna Dias, A. P. A. and Moraes, M. A. P. (1980). Simulium species of the
amazonicum group as vectors of Mansonella ozzard] in the Brazilian Amazon. Trans.
R. Soc. Trop. Med. Hyg., 74: 784-788.

Sowa, J. and Sowa, S.C.l. (1975). Quantitative assessement of microfilarial load in
onchocerciasis. Trans. R. Soc. Trop. Med. Hyg.,69: 363-364.

Tada, 1.,Jwamoto,J.and Wonde, T. (1973). Quantitative studies on the emergence of Q,
volvulus microfilarieae from skin snips. Jap. I, frop. Med. Hyg., 1: 13-24.

Tanaka, 1., Inoue, Y., Tada, 1., Iwamoto, I. and Wonde, T. (1973). Simulium damnosum,
naturally infected with Onchocerca volvulus in South-West Ethiopia. Jap. J. Trop.
Med. Hyg., 1: 7-11.

Taticheff, S., Abebe, M., Workineh, W. and Hana, N. G. (1987). Onchocerciasis: a
prevalence study in Bebeka, Ethiop. Trop. Med. Parasit., 38: 279-282.

Taylor, H. R. and Greene, B. M. (1989). The status of ivermectin in the treatment of
onchocerciasis. Am. J, Trop. Med. Hyg., 41: 460-466.

99 f




Taylor, H. R., Munoz, B., Keyvan-Larijani, E. and Greene, B. M. (1989). Reliability of
detection of microfilariae in skin snips in the diagnosis of onchocerciasis, Am. I

Trop. Med. Hyg., 41; 467471,

TenEyck, D.R. (1973). Comparison of biopsy and fluorescent antibody and study of
onchocerciasis in an Ethiopian population. Am. . Epidem., 98 : 283-288,

Thylefors, B. (1978). Ocular onchocerciasis. Bull, Wid. Hlth. Org., 56 : 63-73.

Thylefors, B., Philippon, B. and Prost, A. (1978). Transmission potential of Onchocerca
volvulus and the associated intensity of onchocerciasis in a Sudan savanna area.

Tropenmed. Parasit., 29: 346-354.

Trees, A. J. (1992). Onchocerca ochengi: Mimic, Model or Modulator of Q. volvulus?
Parasitilogy Today, 8: 337-339.

Van Den Berghe, L., Chardome, M. and Peel, E. (1964). The filarial parasites of the eastern
gorilla in the Congo. I. Heliminth., 38: 349-365.

Van Someren, G. R. C. (1944). Some records of Simuliidae in Abyssinia and British
Somali-Land. Bull. Ent. Res., 35: 113-114,

Voelker, J. and Garms, R. (1977). - Morphological studies of unknown filarial larvae. In:

Animal Research and Development. Vol. 5. Institute for Scientific Cooperation,
Tubingen FRG), pp. 105-123.

White, G. B. (1977). Man-biting species of Chrysops Meigen, Culicoides Latereille and
Simulium Latereille in Ethiopia, with discussion of their vector potentialities. Trans.
R. Soc. Trop. Med. Hyg., 71: 161-175.

Whitworth,J.(1992. Treatment of onchocerciasis with ivermectin in Sierra Leone. -

Parasitilogy Today. 8: 138-140.

Woldemariam, M.(1972). An introductory geography of Ethiopia, Addis Ababa University
Press, Addis Ababa, Ethiopia, 215pp.

Woodruff, A. W, TenEyck, D. R., Anderson, J. and Pettitt, L. E. (1977). The
clinicopathological picture of onchocerciasis in Ethiopia. J. Trop. Med. Hyg.,80: 74-
77. '

Workineh, W., Fletcher M. and Olwit G. (1993). Onchocerciasis in field workers at Baya
farm, Teppi Coffee Plantation Project, Southwestern Ethiopia: Prevalence and impact
on productivity. Acta Tropica, 54 : 89-97.

World Health Organization (1966). WHO Expert Committee on Onchocerciasis. Second
Report. WId. Hith. Org. Tech. Rep. Ser., No. 335, 96pp. WHO, Geneva,

World Health Organization (1976). Epidemilogy of Onchocerciasis - Report of WHO Expert
Committee. WId, Blth. Org. Tech. Rep. Ser., No. 597, 94pp. WHO, Geneva.

100




7-APPENDIX

ONCHOCERCIASIS SURVEY FORM

I. Questionnaire

Name Sex

Age group 1l-4: 5-9: 10~14; 15-19; 20-24; 25-29
40-49: >50

- 30-39:

Occupation Tribe

Birth place - Duration of residence

in the village

Previous residential areas years lived

How often do you go to the river bark? (always, usually,
sometimes)

For what purpose? (Bathing, swigming, fishing, wash
cloths, fetch water, other (specify) : E oo

Have you had itching? (Yes, WNo, Don't know), If ves,-
since when B

Do you have nodules? {Yas, No, Don't know). If yes,.
since when

Site of nodules Nember
Do you have skin rashes? (Yes, Ko, Don't know). TIf yes,

since when

Do you nave eye/visual proklems? (Yes, No, Don't know)

Remark




ITI.Clinical examination

Skin examination - kevy (+) present (-) absent (++)severe

. pruritus

. papular rash

. skin hypertropny

. skin atrophy

. leopard skin

Lymphatic lessions

Hanging groin
Elephantiasis

If present - scrotal

of the leg
Nodules
1f present - site number
RemarX - Onchoc=arciasis

- Questionatble

- Neormal

III. Parasitologicil examination

Skin snips - RIC LIC 1f

positive

Microfilarial count RIC LIC

Remark




