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ABSTRACT

This study reveal s foci of Ohchocerciasis, and
preval ence rates, as well as acid phosphatase staining
patterns of 0. volvulus mcrofilariae. A survey of
Onchocerciasis was carried out in 7 villages in Kachi a
| ocal governnent area of Kaduna State, 2 villages in
Chenchaga | ocal governnent area of Niger State and 2
villages of Mariga | ocal governnent areaof N ger
State. D agnosis was based on the presence of mcro-
filariae of Onchocerca volvulus in skin biopsies. The
popul ati on sanpl ed ranged fromchildren of less than
one year old to adults aged above 55 years. This
disease is reported for the first tinme fromlburu,
Makyal i, Kurmn ldon, Kurmn Biri, and Akupal villages
of Kachi a | ocal governnent and fromBari village of
Chanchaga | ocal governnent and Kaliko village of Mariga
| ocal governnent. The preval ence rates of 0. vol vul us
infection were as follows: 24.1% for Kwakuti; and 20. 4%
for Bari villages of Chanchaga | ocal governnent area,
4. 7% for Kaliko village and 4.8% for Zungeru Prinary
School children of Mariga |l ocal governnent area.

Vill ages in Kachia [ ocal government area had the
follow ng prevalence rates: Iri (41%; Kurm n | don
(35.3%, Doka (42.0%, Makyali (33.3%, lburu (42.1%
Akupal (14.9%) and Kurmn Biri (33.9% . Sex did not

have any significant effect on the prevalence in
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villages in Kachia local government area. The males in
Chanchaga local government area were however about twice
as infected as the females; results show that

infection starts very early in life in the areas
investigated. A child of less than one year of

age was found to he infected. Projected figures

show that there are over 200,000 infected people in
Kachia local government area with over 16,000 people
"blind, and in Chanchaga local government area there
are aboiit 115,000 infected people with over 4,300
people blind. Other clinical, aspects of the disease

in the areas include dermatitis, depigmentation of

the legs and Onchocercomata.

Histochemical enzyme study, based on the
demonstration of Acid-phosphatase activity in the
microfilariae obtained from 7 of the savanna villages
shows that the parasite Onchocerca volvulus is a complex.
Two new types (Type XIV, Type XV) of the species complex
as revealed by acid-phosphatase activity and seven previ-
ously described staining patterns (Types |, II, IIl, 1V,
V, VI, and IX) are reported and summarised below: Type |
(Anal pore-Excretory pore) 5 Type Il (Anal pore-Excretory
pore-lnnenkoper) 5 Type Il (Ana pore Innenkoper);

Type IV (Anal pore only); Type V (Negative). Other
staining patterns found were Type VI (Amphids only);
Type IX (Excretory pore only); Type X1V (Innenkoper
only) and Type XV (Anal pore Excretory pore and
between excretory pore and Amphids). In 6 out of the



7 villages where mcrofilariae were stained for

aci d phosphatase activity, type IV was found to be
the nost common staining type. An exception was found
in one of the savanna villages in which the forest
type (V) was the commonest. The significance of the
staining patterns in relation to the Epi dem ol ogy of

Ohchocerciasis i s di scussed.
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UCTION

Onchocerciasis or River blindness is cgused by

the filarial worm QOnchocerea volvulus. The parasite

was first isolated from a patient in Ghana by Leukart
1893 (cited by Sasa 1976). Onchocerciasis ranks as
one of the world's most formidaeble infectious diseases.
It causes an unsightly irritating skin disease which
results in social ostracism due to the prematurely
aged appearance of the atrophic skin and also because
of the high prevalence in adults of ocular impairment
especially in many communities in the savanna regions
of Africa. Onchocerciasis affects about 40 million
people in the endemic regions of tropical Africa..
Mexico, Guatemala, Venezuela, Colombia and South Yemen.
In patients with heavy infections, millions of micro-
filariane nigrate into the skin, wherc they causc a
prutitic and debilitating dermatitis. Microfilariae
also nigrate into the eye where they causc a variety of
inflammatory changes thot nay progress to blindness.
In sone hyper endcnic rcgions 80% of those aged 25
yoars and above arc blind (Gibson gt al, 1980). The
prevalence and scoverity of the dormatitis, the oye
discasc and other complications vary fron one cndenic
region to anothor. Onchocerciasis 1is an econondcally
inportent disease. It incapacitates large sections of
the commmunity and nakes then an econonic burden to the



country. A whole village in a hyperendenic area
ngy desert the oren and the aren becones sgricultu-
rally useless. It follows that while one pdece of
fertile land moy be deserted, nnother piece of land
will become overcultivated with consequent decrecnse
ir the crop yield. The disense. is widespread in
Nigeria and was reported for the first time in 1908
in northern Nigeria. The vectors of the parasite
which are the blackflies of the genus Simulium
(Diptern: Simulinde) breed in fast flowing rivers
where they dopcsit their eggs on rocks and submerged
vegetation.

Simualium dgmnosum s.l. is the vector for

Onchocerciasis in West Africa while Simulium woodi.

Simulium ngevei ond Simulium ochracoum are tho

vectors of the parasite in East Africa, Guatemala

and Mexico respectively. The forest and the savonna
types of the Simulium damnosum arc now known to havo
varying behavioural pattorns which are associated with
their differcnt transmission pot ontials for Onchocesa
volvulus and also with the differcences in the cliniecal
manifestations of the discasc in the forestand savanna
rogions of West Africa (Duke, 19683 W.H.0.,1987).
Cytogenetic studics by Vajime and Dunbar (1975) have
shown that S. dgmnosum which used to be regarded as a
single specics is actually o species complex with 8
cytospeciaes so for clucidated; all arc possible vectors

of Onchocerca volvulus.




Diaggnosis of the disease can be made by obscrva-
tion of some cliniecal symptoms, and by parasitological
demonstration of the microfilarise in skin enips.
Serological diggnosis which employs the indircet
fluorescent ontibody test (IFAT), indircct homaggluti-
nation test (IHA), cnzyme linked immunosorbent assay
(ELISA), geol diffusion and scevernl other techniques have
been tricd. At present the sorological techniques do
not give specific results. Cross recactions arc obtained
with other filarinc worms and non filaria Nenatodes
(Kagan, 1963; Anbrgsc-Thonas, 1974). Inproved tochniques
for parasite antibodies and circulating antigen dotec-
tion will obvinte the shortconings of parasitological
diagnosis, such os inability to dctect low paresite
load, and unisex infection (Anbrose~Thonas, 1974;
Ottensen, 1984). At prescnt, however, parasitological
diagnosis bascd on the denonstration of nicrofilariae
in skin biopsice and nicrofilarurin ronoins the only
reliable neens of disgnosis.

Several conpounds have been tricd for the troatnent
of onchocerciasis but suranin and diothyl corbanazine
citrate stand out as acceoptable curative chenothera-
peutic ngents. Both drugs have serious side effocts
which are often fLefal (Budden, 1959; Anderscn and Pus].
sang 1976; Thylofors and Rolland, 1979, Taylor,1984),



Diethyl carbamagine citrate is more tolerated and
remains the drug of choice for treating onchocerciasis
and other human filarial worm infections. Ivermectin
which has been used successfully in animals (Goodwin,
1984) is now being tried for the treatment of
onchocerciasis (Taylor, 1984). Field trial results
show that it 1s less toxic than Diethyl carbamazine
citrate (Awadzi et al., 1985).

Chemotherapy, vector control and Nodulectomy are
means of controlling Onchocerciasis and of these,
Vector control is so far the most important.

The cost of insecticides, resistance to such
insecticides (W.H.O, 1987), shortage of gqualified
personnel, as well as inaccessibility of Simulium
breeding sites are some of the many factors that
militate against vector control.

Onchocerciasis has now assumed national import-
ance in Nigeria and it has been incorporated into the
national development plan (Crosskey, 1981). The
diseasc which was thought to be confined to the savanna
region of the country in the late fifties (Budden, 1956)
has now been shown to be present in many other parts
of the country, whore it has been sought for (Crosskey,
1979). Information on the true situation of Onchocer-
ciasis in Nigeria is scanty and this may be due to the

fact that therc arc not many scientists working in the



field to provide the much neceded information for
the National Onchocerciasis Control Programme
(NOCP).

The aims and objectives of this work have becn
dirccted towards achicving the ngtional goal for the
control and eradication of onchocerciasis, viz:

(i) to find out arcas of endemic Onchocerciasis in
some communitics in the savanna region of northern
Nigeria, (2) to document the clinical manifestations
of the discasc in the study arcas and (3) to find out
the acid phosphatasc staining patterns of Q. voluvus
microfilariae and its significance to epidemiology

of Onchocercigsis.
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STMULTIDAE: TAXONGMY AND BIONGMICS

Simliicfac (Blackflies) arc widesproad, and
occur in all major land nasses where thore is a
running wator of sufficient permenance to provide
the biological requircnents of the devolopment stages.

Bleckflies are however absont in polar regions,
berrcn descrts and coral islend (Islands of volcanic
lavas devoid of streans). Menbers of the genus
Simliun are so widesprend that its range is alnost
fully coincident with that of the simmliidae. Thore
arc about 1270 recognised species of the genus sinuliun
8.1, Mcdically proved inportant nonbers of this genus
are: Sinuliun callidun. Simuliun dexmosw: s.l.,
Simuliun exiguun, Simliuvn guignense, Sirmalivn netall-

icun and Sinuliun neavei group. Others arc Sirmliun
ochracour. Simmliun sansuineun and Sirmliun woodi
(Crosskey, 1981 Raybould and White, 1979).

Even though the fanily is of snall size, its
classification is nore difficult because of tho
renarkable norphological honogeneity that it posscsses,

Naning o spceinen from its norphological appearance
becuase no other criteria arc available renains a
logitinate part of cverydoy taxonony. The taxonony of
sirmaliids requires the incorporation data derived
fron other sources (i.c. cytotaxonony, and zghota-
monony.) nto the taxononic systen. The honogencity
of blackflics nakos suprafSpecific classification
difficult. The difficulty oriscs kargely fron the




alnost unbroken cvolutionary continmun characterising
the norphological attributes of simaliids.
Before Dunbar (1966) first perforned cytogenctic

studics on simuliun dgnnosun s.l., tho specios was

considered to be a single but norphelogically and
biolosically variable specics. Stuldy of the giant
polytene larval salivary gland chronosones is uniquely
able 1o reveal the existence of sibling spocios for
the following ressons:

(1) The banding pattemsof the polytenc chronosone
possess epnornous norphological details with sequentiel
specificity unaffected by convergence pheononena.

(2) sibling species generally differ by inversions,
interchanges or other rearrangenents in the banding
gsequence of one or norc of their chronosones. (3) The
principal ways in which sibling specics diffor chrono-
sonally are (a) fixed sequence differcnces, cornonly
inversions or interchanges (b) Sox chroncsone differences,
for in nany specics the X and Y chronosones are
difforentiated in their banding sequence and those
difforontianted scx chronosories systens are spociaes
gpecific. (e¢) inversion polymorphism, that is, the
occurence of alternative bepding sequences that nay
occur hetorezygously. By 1978, 26 cytospecics of S.
dginosun s.l. had been identified (Dunbar and Vajine,
1972, Vajine and Dunbar 1975, Dunbar 1976). Eight of
these cytospecies hnve been described and naned by
Vajine and Dunbar (1975) while the renaining 18
cytospecies have been identified by the locality fron
which it was first recognised.




cytospecies have been identified by the loceality

fron which it was first rocogniscd. 18 cytospeciocs

have been found in Tast Africa while 10 sibling
species have been found in West Africa with only

3 of these sibling species (damnosun. s.s., Sirbanun
emd Menge) found on both sides of the continent.

The eoight cytospocies which have becen described and
naned by Vejine end Dunbar (1975) arc S. dannosun,s.s.,
S. girbamun. S. sudanense, S. diecguerense, S. goubrense,

S. sgnctipauli, S. yshonsc and S. gquaniosun. The
criterins used in scparating siblings are (1) o ninirun

of a single and intorspecific inversion, (2) a diffore-
nce in X and or Y chronosones (3) differonces in the
scts of intraspecific inversion. Presence of onc or
nore of the above criteria is differential. 8. (E)
dgnnosuri, S.8. S. (E) Sirbenun and §. (E) sudanensc
S. (E) soubrensc, S. (E) Squarosun, S.(E) sanctipauli

are the cytospecies found in Nigerin (Vajine and
Dunbar 1975). The splitting of the fenilier Siruliun
dgrmmosunl into nuperous spoecies goes far towards cxplai-
ning the bewildering diversity of behaviour recorded
for this species. It is therefore subnitted that,
instecad of just onc species, nany occur in this
conplex, eech with its own distinct biological

and ccological roquirencnts. Westemspecies prefer
long rivers running through gentle rolling eountry
whilc those of East Africa usually prefer nountain

streans. Hydrochenicnl conposition of the strean




concerned is apperently nore inportant thon the size
of rivers. In Erst Africa severnl specios of the sango
group hove been observed breoeding in thoe sane river but
at difforent locations. pH is the nost inportant hydro-
chenienl foctor e.p. it hos been found that the sebwe
form occurs in the higher reaches at pH 6.4 and with
incrcasing HY contont, it is replaced by the turieni,
songe and finally the Nkusi forms (Dunbar and Grunc wold,
1974).

Morphologicrl feetures which heowe beon used in
attonpt to show variations in the spececics conplox of
S. donnosun arc variations in @&awsgl theracic pattorn
of the nale and vnrintions in the biting habits. Other
useful obscrvations arce scasonnl nnd regional changes
in size of the ndults, variations in colour of tho
antenae of fenales, difforconces in the sotal tuft of
the fore-tarsus, colour variation ond wing size (Lewis
and Duke, 1966). After studying varintions in colour,
thickness of the sctal tuft of the forctarsus and wing
length, Lowis and Duke (1966) concluded that S. donnosun
fron Northern savanna arceas differ fron forest arcas
and that thesc differences nny have boen partly of a
clinienl naturc and duc partly to factors affccting
individual blackfly during developnient. By studying
differcnces in the antenae, the nunber of tecth on the
blade of the naxilla, nunber of spinmales on the radial
vein of the wing, Soponies and Petorson (1976),
end Quillevore rnd Secken (1978) were
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able %o sopavato the fonales of all six West
African species of the conplex. Garms (1978) confirmed
that the colour of the basal wing tuft was useful in
separating the savanna species fron the forest specics,
thot the length, shapce and colour of the antennac
scparated the forier fron two of the latter and that
differcnt populations of the dajmosun conplex are
distinguishable by norphonetric neans. According to
Poterson and Deng (1981) the siblings fron the savanna
arcas (S. dgunosun s.s., and S. sirbanun) are collectively
separedle from those of the forest arcas (Sgugnosun.
sanctipauli. Soubrense nnd Yghense) by the following

rospective conbination of characters; pole sotae
(vercus dark setne) on the sten vein ond basicosta of
the wing anc nl_l pele sctoe (versus nt lenst sone dark
setoe nixed with pale) on the vertex nnd Posteraniun.
They further stated thnt it was possible to correlate
the norphological variotion of those odults with the
cytotypes as distinguished by Vajine and Dunbar (1975).
Another possible ncethod for scparating sibling
species is that of onzyne clectrophoresis (Garns and
Zillnann, 1984).
Monbers of the Siruliun neaveil group which arc found
in East Africa includc 8. gt¥ophilun, S. cthiopiensg,
S. goinyi, S. hightoni, S. Kivucnsc, S. ncavei, S.8.,
S. nygsolondicuc, S. ovgsnas, S. woodi ond Ovazzge
forn (Raybould and white, 1979). Not all of then however
bite rion and noy not thercfere be involved in the

transnission of Onchocercicsis. The S. nagvei group




(subgenus lewisellun) includes nll species with larvne
end pupoe thot attach themselves to riverdne crabs
(Nelson, 1970, Raybould and White 1979).

2.2 Sirmllidoe As Vectors of Onchocercinsis:

Simidiidne are snall strongly built flies, the
fernicles of which noy bite preferred species of aningls
or birds in order to obtain a blood neol providing
nutrition for Qogencsis. The irnmature stoges of Simuliun
species inhabit water courses, usuelly fost flowing
streans or rapids in rivers. Juice of plants is the first
food for the fenales and the only food for the naleo.
However after coupling which teokes plece only once in
the 2¢ hours ofter cenergence, the fenale requires a blood
neal for ovarian developiient (Nelson, 1970, Wenk, 1981).
In onc nenl the fenale takes about one nilligran of blood.
Threo to five days later loying of oggs tokos place.
Blackfly cggs arc cither scattered over water or laid in
nossess usually depesited on vegetation over henging the
water surfnce (Raybould nnd White, 1979, W.H.0.,1974).
The lorvac obtain food by filteration of orgonic natter
or other substances carricd by the wator current. Ten days
after cggs have been loaid, the larvae are fully doveloped
and begin to change to pupac in coccoon which is attached
to a subnerged supporting naterial. Throe days later the
adults cnerge in a bubble of air and teke flight as soon
as they roach the surfoce (W.H.O., 1974).

Sitmliun bites during the day particularly in the

———— .t

overcast weather and in the shode. The West Africon




forns bite near the ground while the Central Anerican
forns bite in the upper part of the body.

The bitc itself is not peinful but itching starts
ropidly cousing disconfort which becones intoleorabloe
when bites are nuerous, (Nelson, 1970). In sone
places where fly population is very high, farners and
cattlc rearcrs in West Africa often tic rogs round
their legs to prevent fly bites. The flios can bite
very for away fron the brecding place whon conditions
arc favourable (Wenk, 1981, Garns ot gl.,1979). In

wet weather the inscets digpersc ropidly ot a distance
of up to 40 kiloneters and cven 180 kiloneters or nore
in gallery forests with favguroble air current. They
noy then, if conditions nrce favournble cstablish new
breeding plneces. The fonale Simaliun is onthropophilie.
In ondenic arcns there is thus a likelihood of its
beins infected with nicrofilariac in the skin. The
highest bitting rntes arce in the norning ond aftcerncon
(W.H.O., 1974). It hns been shown that nony of

the nicrofilorinc fail to lcoave the rmidgut of the fly
and that they arce gpparcntly trapped by the peritrophic
nenbreone which forns around the blood neal (Duke, 1968,
Onar end Garns 1977). The nenbrane provides an
inponetrable barrier, and the nicrofilorine that fail
to nigroate dic and desintegrete in the nidgut. The
nean intoke of npderofilariac per fly is 17 but less
than 80% of thosc nicrofilariac that do escape eveontually
develop to the infective stage. If all the nicrofilariac
that arc ingestod develop to naturity this would
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undoubtedly cause henvy nortality in the flies (Onar

and Gexmis, 1977). In naturc, only about 2-5% of the fly
population is infected. Tho distribution of flics is
thereforce norce than the occurconce of QOnchocorca volvulus
infoction. Accordings to Onar end Goarns (1977) the

nean nicrofilearine intake of nore than 400 nicrofilariae
per fly proved fatal to all the flies within the first

3 hourg cf infection. They proposed five rcasons why
flics with high intoke of nicrofilaricoc die:s (1) roverse
nigration of nunerous nicrofilariac fron: the oxpanded

to the tubulor part of nidgut wherce they causc scorious
injury and disintegration of gut epitholiun;

(ii) obrasive danage to tho stonach epithelial colls

by the invading nierofilariae with occassional relecase

of the gut contont into thc homoeonele, (iii) interruption
of the formation of the poritrophic moembrone, particularly
at its onterior and posterior onds with subscquent

failurc of the flies to digest the blood in the stomach,
(iv) passoge of large amcunt of perasitized blood from

the stomach backwards into the hind gut leading to

its mochanical obstruction, and (v) invosion and injury

of varicus crgans of the fly among them, the ventral
nerve cord,brain, optic nerve, cyo halters, fat body

and flight musculaturc by excessive numbors of microfilariae
This study was carricd out using 0. volvulus microfilariao

and Simulium metallicum. In a similar study involving

Q. volvulus microfilarine and S. ochrgcoum (Omar and Garms,
1975) it wos demonstrated that high intolkke of mierofilarioe

by thc voctor was not nccessarily lothoal to the fly
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beecause most of the parasitces werce mechnnically
domaged by the buccopharyngeal armaturce durins ingestion.
It wons shown that §. meteollicur lacks tuccophoaryngeal

armature and as such mcst ingested microfilarine
renched thce thoracic muscles undameged. Duke (1968)
and Blacklock (1926) showed that it is the parous
flies that nre involved in transmission. Forest
Simuliun domnosum s.l. hns the highest biting density
betweon 2-3 p.ne and the highest biting rate occurs
in tho months of Juiec and July.

The yovng adult female of S. dernosum s.l, after
emergence from the pupa has a well developed abdominal
fat body. As the sge of the fly increases the fat
body disappears so that in the majority of flies which
have taken n blood meal end laid egge the fat body is
either wvery reducod or almost entirely absent (Crosskey,
(1958). S. damnosun s.l. with abundant fat body have
normally not taken a blood meal arce therofore nulliparous,
whercas parous fliecs generally have little or no fat.
Hence an asscssnent of the anount of fat body is useful
in distinguishing a young nulliparous fly population
fron an older, largcely parous pooulation in which nany
flies will have nlrecedy fed boefore campturce and in
which Q. volvulus infections are more likely to occur.
By weighing flicse caught at different tines of the
day, Crosskey (1958) found out that the woight is
heaviest in flies coning to bite in the carly norning
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and late aftermoony; and lightest in flies biting in

the niddle part of the day. Exanination of the fat
body of the flics weighed showed that the weight
distribution was closecly correlated with the anount

of fat body in the flios biting. As the ncan woight

of flies decrcascs towards the niddle of the day,

the proportion of flies with no fat body rises.

Lewis (1958) uscd the structure of the ovaricles in
distinguishing parous fron Nulliparous flies. The
absence of corpora Lutca was used as g criterion of
Nulliparous fly. According to Onar and Garns (1975) tho
ovarics of mulliparous flics arc clear and fall apart
whon teasced with the dissccting needles. In parous flics
nost ovaries arc ycllowish in colour and could be
strotched out and tcascd without breoking up. According
to hin the statc of the fat body could not be relicd
upon for distinguishing parous fron nulliparous flies.
Duke (1968), Duke, Anderson ond Fuglseng (1975)

howevor considerod the state of the fat body as adoquate
evidence for scparating the two groups of the fly
population. In savanna grasslond pernanent breeding
sites arc restrictod to a fow continously flowing
rivors nargined by gollory forest. Such lines of
scattered bushes and snall trees noy oxtend along the
banks of rivers flowing only seasonally olso. During
the dry scason, S. dgonosun s.l. nay be active within
thesce gallery forestsbut with the first rains and

recormencenont of flow in scasonel rivers, they




dispersc lineorly along tho wator surface under
protoction of the overhanging wvegotation, thoreby
oxtonding the brocding zonc. Raodinl disporsal is
observed in bush snvamma during thc wot scason gnd
throughout the yoor in forcast (Wenk, 1981). Early

in the day when hunidity is high blaokfliocs traversc
the grassland by flying fron onc dunp of bushes to
another. Thoy noy then bitc nan in open fioclds or
even in villages, nany kiloneters distont fron theixr
cnorgence sites. In the forcest zone fly dispcrsal is
not linited by dryncss duc to solar radiaion but
rathor by the aveldlability of sufficiont light for
flight orientation. The nunber of fly bites per

nan per year in the forest zonca will therefore be in
multiples of thot in the savanna. This however is

not necessarily the sane for transnission potentiel

in all cases sinc¢ it depcends to a groat c¢xtont on

the availability of Onchocerca volvulus nierofilariac
in the hunan population. In the savanna region nmullipa~
rous fenales of §. dgonosun s.l. usually dispersc inlend
away fron their riverine cnergence sites. Parous flies
characteristically renain closc to the banks of tho
rivers where they developed. The risk of infection
should thercforec be expeeted to be highost close to
tho breeding rivers. Duke (1975) howevor found
proportions of parous and infectivo black flics higher
inland end concurrcntly highoer cascs of onchocercinsis
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than along the river banks. Many factors nay contribute
tc fly dispersal to long distances fron their breeding
sites. It has to be assuned that endogenous diurnal
rhythns of appetite behaviour and exogenous stirmli
such as light, tenperature, ocdour and hunidity activate
the blood seeking flight. Air novenent nay influence
its direction. Odour, 002 output, colour, body shape,
and novenent of the host affect the atbtraction and
landing of the fly (Wenk, 1981). In the Cancroon
rainforest, electric fan traps baited with trousers
which had been worn by nan for several days capturcd
nore fenales of §. dgrmosun s.1. than did traps baited
with worn shirts of sinilar naterial. A nunber of
hunan body fluids were used as bait but only sweat
appeared to contain the e¢lfactory attrrotant(s). The
fluid portion of filtered amy sweat attracted nore
flies than did the residue (Thompson, 1976). Captured
flies fed on sugar solution could live up to 63 days
(Davies, 1953). After coning out of the pupa until
Just after the first blood ncal, all tho ovariocles
renain at the sano stage of developnent. Three scctions
of the ovariolce arc evident: the gernariun, pertially
developed second Qocyte and a large further developed
first ococyte. After cormencenent of oviposition a
snall follicular relic or "rest body" becones evident
below the largest oocyte. A single blood neal is
necessary and sufficient to ensure naturation of an




2.3

- 18 -

egg bateh., Tho first g motrophic cycle takes about
3-4 days whileo subsequent ones require 4-5 days
(Duke, 1968). parous and mulliparous flies differ
in the following wnys (Wenk, 1981).

Nulliparous Parous

Folliculpx» relics Never presont Present

Ovaries tough, disrupt TLoose and easily
ns soon ns stretched
stretched

Fat body Large and Reduced or
nunerous cells coupletely abscont
present

Malpighisn tubules  Rather dork Progressively

clear with agc.

The first oviposition conprises 400-600 cggs, the
nuritber however depends on the size of the fonale. The
average size of cggs is larger in forest thon in

savanna taxa of S. dgnnosu s.l. Sirmaliun dgnnosun

s.l. fenales have maximogn longevity of onc rnonth.
Sirmliun dgmosu: s.l. longovity is much greater
in the savonna than in the forest; and in
the sgvanna in the dry scason as conpared with

rainy season.

SAMPLING METHODS FOR SIMULITDAE
Various sonpling riethods for adult flies have

been well docunontoed (Service, 1981). Both bait




. 40 o

collections undortoken during day light got nore
representative sanples of anthropophilic blackflics
than other nethods, The hummn bait nethed is nore
usuful in sanpling S. daonosun s.l. ¥han S. cgllidun
and S. netallicu: which are tornied shy feeders which

arc best collected by desconding ncets. Dark skinped
people arc generally nore attractive to blackflics
than lightskinnod people (Crosskeoy, 1955). Aninol
bait collections has been used in sanpling black flics
which arc of Medicnl and veterinary inportance. In
this nethod tho collector could cither rcnain with the
bait aninal or inspeet it from tine to tine at 15 rdnute
intervals to collact black flics attracted to it. This
procedure nay neke it difficult to differontiate

flies attracted to the baited aoninals fron thosc
attracted to the collecctor. Bed nets have been used to
enclose o varicty of bait aninals and large desconding
ncts have been usced to catch Sirmliids attracted to
large Manals such as horscs ond reindcer(Bennctt, 19609
Disncy 1972) cormonly the bird is cnclosed in a Mosh
cnge which is placed on a basc-bomrd cither at ground
level or raiscd to various heights. At intervals

a cage is lowored over it so as to conclosed it and

all blackflics attracted to it. In Ghana, Odcotcyinbo
(1969) using bird baited traps cought 931 blackflics
over 11 days. 88.9% of which werc of the S. dgnnosun
conplex. In Bast Africa, Raybould (1965) placed on
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inter nittontly-activated fan ovor a chickon and caught
sevoral hundreds of S. gdersi while in Carnoroon,
Thoupson (1977) used fan traps to catch the S. dgnnosun
conplex attracted to chicken and sheep, CO2 traps
which cnploys release of 002 fron cylinders or by

dry ice sublination has alsc been used. Other attr-
actant nethod of sarpling Sirmaliun include the use

of silhouctte (Bradburry and Bennett, 1974, Fallis

and Raybould, 1975), light trope (serviece, 1979) and
attractive sticky traps (Walsh, 1972). Non attractant
nethods of sanpling simaliidasz which provide useful
infornations on dispersal, oviposition, sworiuing and
vector feeding have also been used (Service, 1981).
These inclule non-attractaent sticky traps, sunction

traps and vehicle nounted traps.

LABORATORY REARING OF SIMULIIDAT

Laborntory rearing of Siruliun dannosuii s.l.

will provide rescarch tool fo» cytotaxononic studies,
insccticidal test and cxperinental transnission of
Onchocercicsis. Adults of S. dgmosun s.l. appear

to survive betteor when kept singly in snall tubes than

wheon grouped together in lnrger containers (Raybould
oand Mhiddin, 1974). The use of plastic tubes is
preferred over glass tubes becausce in the latter
water condcnscs and traps the flics cousing their
death. Thc tubes arc usually ploced in treys float
on water in drun. Adult S. dgmosun s.l. regquire



sugar, which is usually provided in solution absorbed in
cotton-wool or foam rubber. However sucrose crystals
and water can be supplied separately. They can also

be fed on fruits such as sultanas and sliced apple,

or flowers on which sirmliids naturally feed (Raybould
ond Grunewald 1975). Pew cases of §. dgnnosun s.l.
nating in captivity have beon observed (Wenk and
Raybould, 1972, Raybould and Gruncwald, 1975). Spocially
designed onergence cnges hove beon used for nating
experinents. Thesc cnges (40cn x 40cn x 60cni) arc nado
of black cloth with a triangular opening about 40cn
high on onc sidc. This opening is covered with ncetting
through which light cnters and on the surfacce of which
(1ight cnters and on the qurface of which )the blackflics
nove and copulato.

Another obstocle encountered in the laboratory
rearing of S. doimosun s.1. is the difficulty with
which S. dannosun s,1. arc induced to take blood neal
Sone of the fow instances where S, dgnnosun 8.1 hove
been induced under laboratory condition to take blood
neal havo been reoported by Muirhesd -~ Thonpson (1977),
and Mcnschon (1968). Mcenahon (1968) successfully fod
several species of African simmuliids including those
of 8. dgnnosun corplex using an appratus incorporating
o feeding %.ibe ronteining warnced hunnn or ox~blood
covered by a nenbrance Both Wuild and laboratory rcared
adults cngorged through the nenbranc. The work of
Grune wald and Wirtz (cited by Raybould, 1981).




showed that the type of snimal used as well as the
temperature affect the willingness of the flies to
take blood meal. Using a rabbit, the feeding rates
obtained with kibwesi and Kisiwa~\ females were
respectively 41 and 51% on a brown rabbit tut only
14 and 21% on a white one. When the same authors
offercd a mixturc of heated blood and saturated
sucrose solution (absorbed on filter paper) to four
African Simuliun specics (including two in the §. damnosum
conplex) nearly all individuals took blood but subsequently
produced very few cggs. 8. dgrmosun s.l, fonales only
rarcly lay cgge in captivity unless induced to do so
by irmersion in water or decaptitation (Lewis gt gl.1961).
Frequontly only a ninority of laboratory laid cggs
give rise to larvac. Thosc of the Woest African Monbers
of the complex hatch after two days at the tenperature
of about 3000 whilc thosce of Kibwezi takce four days
at 20°C. The eggs of S. dgrmosun s.l. can be kept up
to a week at an optirmun tenpereature during storago,
and at 15°C and bolow hatching is delaycd.

Larval deveclopnent requires suitable water flow
and turbulence, correct chenical conditions and right
kind of food. The West African nenbers of the S.dgmnosun
conplex can all be recared in the sane culturc water
obtained fron aquatic site of any of thoen. Methods
which have been uscd for rcaring blackflies arc based
on ggitntion and oxygenation of water in a closed systen,

and those based on o continuous flow of punped water.
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The nost successful rearing techniques for the S.damosun
conplex have been bascd on the continuous circulation

of punped water over an inelined trough through pipos or
tubes. Most blackfly larvae arc very scnsitive to a high
amonia content and water pollution. There arc two

nain approaches to overconing this problen. One is

to eithor use ¢ largc volune of water or to regularly
change the watcr. The othor is to introducc self
purification systen (Raybould and Grunc Wald,1975).

The nain feature of the later nethod is that the ionie
balance and pH of the culturc water (obtained fron a
blackfly strean) arc adjusted and nointained at sinilar
levels to those in the natural hebitat (Grunc Wald 1976).
The water is purificd by its slow circulation through

a gravel filter, an activatcd charcoal filter and a
container with the subnerged roots of Monsterg sp
(Araccne) which renove excess phosphates and nitrogon
conpounds. Developrient i® rapid if the larvac arc
adequately fed. Suitable food includcs Totra (R)
conditioning food and culturcs of algac. The technique
developed by Raybould (1979) in which lesscer volunc of
water is uscd than in the purification systen and which
also the larvae cre fed on living glgne (chlorophyccas)
has given botter results for the rearing of S. dgnnosun
conplex. At o tenporcture of about 25°C larval dovelopnent
is very rapid, pupation nornally cormenccs betwecen about

10 and 14 daoys aftor hatching and full size adults



sonetines develop in under two woeks. The non
enthropophilic kibwozl forn and S. soubrorsc arc the
only laboratory nnting species of thu 5. deounosun

conplex.
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2.5 MORPHOLOGY LIFE CYCLE AND TRANSMISSION OF O.VOLVULUS

Onchoceroa volvulus wos first described by

Leuckart in 1893 and wns known by the nane Filaria

volvulus. It belongs to the class Nenatoda. The living
worns are white opalescent and transparent with dist-
inet transverse striations of the cuticula. The nales
neasure 19 to 42rm in length by 130 to 210 nicrons in
digneter (Faust et gl, 1970 Neafie, 1972). The
fenales neansure 33.5 to 50cn in length by 220 to 400
nicrons in dianeter. The worns ore wire like, Filiforn
and blunt ot both ends. At the anterior extrenity
there are 8 snoll subnedian sessile papillae, arranged
in 2 rings and o pair of large oval lateral pipillae.
In the nale the posterior end of the wornm curves
ventrally (Foust, ct al, 1970). The cuticle varics

in thickness fron 3 to 5 nicrons. The hypodernis is a
layer lying beneath the cuticle which is inconspicuous
except in four areas where it buldges into the body
cavity to forn dorsal and ventrol chords. While the
dorsal and ventral chords arc proninent only in o
ninute segnent of the worn anterior to the nerve ring
lateral chords are proninent throughout the length

of the worn. Martinez-palona (1978) observed that
there is no plasna nenbrance covering the cuticle in
the nicrofilaria while Janc gt gl (1974) reportedly
observed nenbrene in the fenale Onchocercg volvulus
which is projectcd into nunerous folds substantinlly
inercasing the surface arca. According to Martinez-

Paolona (1978) this lack of external nenbrane in the




living nicrofilaria cellular clenents arc hidden fron
the cxterior by the acellular cuticle. This nay
explain the lock of cellular rcaction usually found
around living 0. volvulus nicrofilariae in the dernis
of Onchocerciansis paticnts. A layor of rnuscle lios
bencath the hypodermis and the rmuscle cells arc divided
into four quartors by the lateral chords (Neafic 1972).
The body cavity is internal to the rmuscle layer ond

is filled with fluid and connective tissue cells in
which the digestive and reproductive organs erc
suspended. In the nale worn the diggestive tube is
conpriscd of o nouth, Ocsophagus, intestinc, cloaoa

ond samus. In the fonale the rcetun replaces the cloaca
(Neafic, 1972). The nouth is sinplec and terninal.

The Oesophagus is cylindrical and begins at the anterior
end of the worm. It is 630 nicrons long and has a
naxirun diencter of 25 nicrons (Martinez-palono, 1978).
Its anterior portion is muscular and its posterior
portion is glondular. The nerve ring located 140
nicrons fron the anterior ond of the worn, surrounds
the nusculer Ocsophogus. The intestine which is
straight tube has a uniforn diancter of 25 nicrons and
lies between the Oesophogus and the cloaca. The cloaca
is & short narrow duct 140 nicrons fron the posterior
ond of thc wornie It is 75 nicrons long and serves as
passage way for spernatozoa and feaces. It torninates
at the anmus which is located 65 nicrons fron the

postorior tip of the worn. The nale reproductive
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syston is a straight tube running alnost the entire
léngth of the worn and consists of a testis, vas deferens
and ejaculatory duct. This testis has two regions, a
prozinal gerningl region 1.7rm long, followed by a growth
region 10m long. The gerninal region of the testis is
concerned with gern: cell production snd spernatogonin
undergoing nitosis nre seen there (Neafie, 1972). The
growth region of the tostis hos three distinet divisions
based upon spernntic naturation. There is a proxinal
portion 5rn long, o short niddle zone 1.7im long and a
distal portion 3.3rm long. The proxinal portion contains
spernatogonia that ore naturing into prinary spernatocyte.
The shoxt niddle zone conteins prinary and secondary
apaernatocytes undergeing the first and second nejotic
division respectively. The secondary spernatocyte
divides to forn spernatids. The distal portion of tho
growth region of the testis is filled with spornatids.
The vas deferens is 7.5 long and is filled with
spermatids or spernatozoa. The cjaculatory duct is
500 nicrons in length. It is a narrow thick walled
duct that contains few spernatozoa. The ejoculatory
duct narrows abruptly beforc uniting with the intestine
to forn the cloacc. The nalc worrt has two copulatory
gpicules. One is 135 nicrons in length and the other
60 nicrons in length.

The fenale worns are ruch longer than the males.
The hypodermis, cuticle and musculature are basically
the same as that of the male. The intestine is a



straight tube that varies greatly in diameter from 20
to 150 microns anl extends from the oesophagus
posteriorly to the rectum. The rectum is 100 microns
in length and terminates at the worm (Neafie, 1972).
The reproductive system consists of paired ovaries,
oviducts, seminal receptacles and uteri. The two
uteri unite to form the vagina which terminates at

the vulva. The ovaries, oviducts and seminal receptacles
arc located only in the posterior 35mm of the worm.
Each of the reproductive tubes begins as an ovary

in the posterior portion of the worm. Each overy has
two regions of about cqual length, a proximal gexpipel
region and a distal growth region. Production of

germ colle are limited to the germinal ovary and
Aividing Oogonia arc scon therc. The growth region of
the ovary is larger in diametor than the germinal
region and contains primary (maturing) Oocytes. Tho
ovariecs lead anteriorly into the oviduct, cach about
3mnm 1nng. The dianetor and histologic appearance

of the oviduct varics considerably throughout its
length. The oviduct is usually small in diameter,
thick walled with prominent epithelium and has a
narrow lumen that contains nature primary Oocytes.

The seminal rcceptacles arce 4.5 and 2-5mm long
rospectively. Fortilisation usually occurs in the
scoinal receptacles and neiotic division of the mature
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prinary Oocytc cccur only after fortilisation. Tho
seninal rececptacles lend but ocassionally loop back
and forth nany tires. The uterus is dovided into
threc rogions. Therce is a short proxinal region,
an extrencly long niddle, and a short distal region.
The short proxinal rcgion contains nmunerous spernatozoa,
zygotes and nany eonbryos in an ecarly stage of developnent
charactorized by o sthorical nass of dividing cells
cnclosced with o thin Menbranous sheath (Neafic, 1972).
The niddle zone at leoost 200on long accounts for nost
of thce length of the worn. The enbtryos in this portion
of the utorus have differentiated into elongatod
nicrofilarine with rccognisablc anterior and posterior
ends. The pderofilariane are coiled and renain enclosed
within the thin nenbranous shecath. The short distal
region contanins nature nicrofilarine in which the
nenbranous sheath is not identifiable.

The Microfilarinc of Onchocerca volvulus nasure

220 to 360w in length by 5 to 9un in digneter. Thoy

arce unsheathed. The body henrs transversc striations.
There is a cephalic spacc of 7 to 13un long between tho
anterior end and the first nuclcus.

The condal spece neasures 9 to 15um between the
terninal nucleus and the postorior end (Gibson et ol
1976, Gibson gt al., 1980). The nerve ring, the cxcro¥ory
and the R,(R,=first Rectal cell) orce situated 65un, 100un,
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120un, ond 225un respectively fron the apex. R, and
l’l3 cells arce situated 30un fron Ry R4 is 40un fron
R_I and 10un fron the anal pore. The tail is 52un
long (Bain, 1968). The cuticle of Q0. volvulus
nicrofilariae has secveral layers. The outernost
dense surface layer is about 11un. There is a
trilaninate nenbrance which is about 7un in diancter
(Gibson, gt gl 1976). Between the surface layer and the
trilaninate nenbrane there is an electron-translucent
sublayer (electrolucent zone) which is abotu 1.5um
in dianeter. Bencath the trilaninate nenbrane is a
dense outer corticnl layer about 15un thick. Next

is the less densc inner fibrous layer 40-5Qun: thick.
Trentrient with DEC haos no noticeable effcct on the
cortical and fibrous laycrs of the cuticle. Beneath
the cuticle is a hypodermnis that contains filanentous
nitochondria. Below thc hypodermis arc bands of
rmuscle cells.

In nan the cdult worns, nnles and fenales, live
together in tangled nesses each conprising nany worm
bound together in a fibrous reaction of the hosts
tissue to forn an onchocercnl nodule. Nodules vary
in size fron that of o split pea to a wallnut. Sone
lie superficially and can be palpated just under the
skin over knees, ribs and scgpula or over thc scalp.
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Others are inpalpable, lying deep in relation to the
Joint capsules and bones especially around the hip
Joints. The fenales are vivi parous, bringing forth
large nmunbers of notile embryos kmown as miorofilariae
(Duke, 1971). The fornation of the nicrofilariae

is the only stage in the lifc history at which eny
nualtiplication tekes ploce. The nicrofilariae invade
the skin, nainly in the sane anatonical quarter as

the nodule, and lying in the subepidernal layer, that
await ingestion by the feeding Siruliwi. Blackflies
biting an infocted person nay ingest nicrofilarine
along with the neal. The nicrofilarine ponetrate

the fly's gut entor the flight mascleos and grow through
sovernl nolts to becone infective larvac. The first
stoge lorvoe when fully notured (96 hour larvae) neasure
26Qun long by 40un wide. The nerve ring and the
excretory cells arc 50un and 7O0un respectively fron

the apex. The excrctory pore is not wvissible. The
Oosophogus is 135un long. The sccond stage laorvao

(5 days) neasurc 435m long by 39un wide. The nerve
ring and oxcretory ccll are 50un and 75un respectively
fron the apex. The infective larvac neasurce 650un
long by 22un wide. The nerve ring and exercetory cell
are 65un and 11Qun respoctively fron the apox (Bain, 1968).
The tip of the tail is long (2%m) in the first stage
larva ond short in the second stoge larva (10-12un).
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Tho third stegoe larve haos. blunt tails A period of
about 6 days is rogquired fron the tine that nicrofilerine
arc ingested to the tine that infective stage larvae

arc produccd (Duke, 1968). The infoctive larvae nove

to the heoad of the fly reoady to be injected into the
hunan host when the fly takes its noxt blood neal,

Fron the tine that the infective larvae are injoected

into hunan host to the tice that they naturce into adult
worns littlc is known nbout their developnent (Dukeo,1971).
During this poriod thore is no rmultiplication and the
build up of a heavy worn lond in nan depends on the
repoatod inoculation of infective larvac fron the bites
of nany infected flies. The adult worns have a life
span of about 15 ycars while the nicrofilariae live

for about 2 years (Bein, 1968, Duke, 1971, Nelson,1970).

TRANSMISSION

Blacklock (1926) was theo first person to prove
that Simuliun dgrmosw s.l. was the veetor responsible
for the transnission of Onchoccrcg volvulus to nan.
Blacklock observed that the flies bit betwoen 6.00 aene =
6.00 p.ine They did not bite during hecavy rainfal. Flios
died within 20-60 scconds when cxposed directly to hot
sun shine (for dully fed flies) and for 1-2 ninutes for
partially fed flies. Blacklock also obsorved that the
fooding tine variocd fron 1% - 5 nimates. The flies
wore casily disturbed in the ecarly stages of their
feod but after they had rcached blood and cormen cod
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to engorge, they were not disturbed by placing a test
tube ovor then. The cngorgeneont is ronarkable and the
ablonen distends visibly owing to the large accurmilation
of Dblood in the nidgut. In an experinental infeoction

of wild S.dannogsun s.le. with nicrofilarine fron infected
individual at Bolo, West Canerocon, Duke (1968) found out
that if a nulliparous fly takes a blood neal on day Os 1t
does not go back for a second blood neal until about

day 3 when ovarian developrnient and egg deposition would
have taken place. Sinilarly he found that the third
blood neal occurs on doy 6. The experinental flies

at this stage contained infective larvae in their

head. The developnient of the parasite fron nierofilaria
in the blood neal to the infective stage larva

requires a period of gix days (Blacklock, 1926; Duke
1968). Duke and Morc (1968) estinated that an infected
fly habours o nean of 11 nicrofilaxrinc and o nean of

4.2 infective larveoe.

One of the ncst inportant indices in connection
with the tronsnission of onchocerciansis is the infective
biting density of the giouliug voctor which nay be
defined in gencresl termns as the manber of infeetive
flics biting nan in unit tine (Duke 1968). Another
index of inportsnce is transnission potontial which
is sinply the product of the infective biting density

ond the arithnetic nean nmumber of infective larvee
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per infective fly. These two indices which indirectly
con give idca of the soyerity of Onchocerciasis in

an aren arc thenselves dependent on a nunber of factors
such as nunber of flics in relation to nan, their
longevity, their ability to support thce developnent

of Onchocercea volvulus, their deogree of Zoophily

and the size and aveilebility of the rescrvoir of
Microfilariae in the hunan population on which thoy

are feeding (Duke, 1968). In a forest village of

Bolo, Cancroon, Duke (1968) found that there was a
high infective biting density of 14000 infective bites/
nan/yeor and g tronsnission potential of 92,000
infective larvac/man/yecr. There werc however very
few scrious eye lesion oncountered. The infeetive
biting density and the transnission potentinl vary
fron season to season. Duke (1968) showed that the
proportion of parous flics infected and the geonotrie
nean nunber of infoctive parasites por infeetive fly
fell during the poriod of July to Scptenber, This is
the scason of the ycar when therce is nost rain and
lopst shining of sun. During this period also there
was o drop in the rotio of infeetive flices to flies
with developing infections. This indicates that

there was n greater fly nortality betwoen the second
end the third blood neals and this can reduce both

the infeoctive biting density and the transnission potential
Duke (1968) deternined the infective biting potential
of S. dgomosuni s.1l. in different bioclinatic zoncs and
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its influencce on the transnission potontiai and found
out that the infoctive biting deonsity and the
trananission potential werc higher for a forest aren
than sone savanna (Guinca and Sudan) aroas. There

was however no corresponding severity in terns of eye
losions. This obscrvation theroefore raises doubt

as8 to the validity of the hypothesis that the greator
longevity and riore linited disporsal of S. dgnnosun s.l.
in the northorn savonng zones lead to an execptionally
hish degree of transnission and thus to thoe developnent
of hunan infections of naxinal density which frequently
progresses to blindness. Duke, ot al,(1975) deternined
transnission potentinls and associated pattern of
onchocerciasis at four Coneroon Sudon Savanna villagoes.
They found out that transrdssion potontial porse could
not be held responsiblo for scoverity of onchocercias.
Arcos with peronial tronsnission hod greater severity
of onchoccrcians, than arces with scasonnl transnission.
While high tronsnission potentials in the savanna
paralleled onchocerenl cye lesions, the sane was not
truc for the fores croa. Duke gt gl., (1975)

therefore concluded that perentisl transnission, parasite
strajn and transnission potential together deternine
the soverity of the discnsc ns a causc of blindnoss.
Thylefors, Philipon and Prost (1978) deternincd the
transnission potentinls of Onchocerecs volvulus and

associated intensity of onchocerciasis in 4 Sudan
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Savanne villpoges (3 in Uppor Volta and 1 in

Ivory Coes) and found that the transnission potentials
for the four villngos were 220, 1200, 1600 and 2000
infective larvas/mien/year. Villages with Annual
tronsnission potential between 1,200 and 2,000 infective
larvae/nan/year had prevalence of onchocerciasis of
about 70%4. It wns thorcefore concluded thet in this
study, prevalence did not correlate well with level of
transnission. They howover found out that there was

on incronsing intcnsity of infection in villages with
higher transiidssion potential and this was also
associated with an increasing proportion of blindness
and severc ocular lesions due to onchocerciasis.

There was no cnsc of sclorosing Keratitis or conplicated
anterior Uveltis in the villages that had transnission
potential of 200 infeetive larvaec/nan/ycar. On tho
othor hond there wore sovernl cnscs of posterior

sognient lesion which por sc does not lead to blindness.

Onchocerca volvulus is not a uniforn species but

conpriscs biologicglly or physiologically distinct race
cach with its own inheront propoertics which dcternine

tho pattern of tramsnission and clinical picture. De¢ loo
and Duke (1966) conducted cxporinental studies on the
transnission of Guatomalam . and West African strains

of Onchocerca volvulus by three specices of Guatenalan

blackflices. Carricrs of the Guatecnalan strains were
exposcd to bites of local blackflies. S. ochracoum was

found to be the most cfficient wvector of g. volvulus,
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It ingested the highost number of Microfilarise, and

the lowest mortality rate after being infected and
ellowed the development of the highest number of
infeoctive larvac. When the ssme 3 speciee of the Guato—

malan blackflics (8. ¢chracoum, S. callidum, S. motg&liammﬁ

were exposed to 2 patients habouring the African

strein of QOnchocerce volvulus it was found out that
the Guatemalan flies ingested 20 to 25 times the number e

of microfilarine from persons habouring the Guatemalen
strain than from those habouring the African strain.
Ingested microfilarine of the jfrican forest strain
developed to the infective larval stages while those
of the African Savanna strain did not develop to the
infective larval stage in the Guatemalan blackflies.
These results show that the Guatemalan strain of Q.volvulus
is physiologically distinct from either the forest or
Sudan Savenna strain of 0. volvulus. Duke (1967)

conducted studies on the intake and subscquent fate

of microfilariac of o Central American strain of 0.wvolvulus

in West African Simulium demnosum s.l. A group of

1000 Simulium ochraccum in Guatcmala was infected with

microfilarine from 2 Guatemalan O. volvulus carricers,
transported by air across the Atlontic to Cameroom and
the infeetive larvec collected and then inoculated to
seven chimpanzees. Feeding cexperiments were carried
out with forest nnd sovannz form of §. dgmnosum. For
o known concentration of microfilerise in the skin

of the Chimpanzee, forest form of §. dgmnosum s.l.
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ingested 2 to 4-5 tines os mony nicrofilarine of the
forost strain of G. volvulus os thoe Guatenalan strain.
In both forms of §. djymosuw, ingestoed paresites of
the Guatenalnn stroin wore rapidly eliminated as
nicrofilaorioce ond very fow developed to infective
lorvone. Thesce results igein indicated that the
Guatennlon strain ond the West African strain of Q.
volvulus orc physiclogicnlly difforent with respect
to their compabibility with tho West African Sinilium

voector.

PATHOLOGY
The pathologicol chonges produced -8 o result

of C.volvulus infection in nen nay roughly be classificd
into two categorics: thosc causcd mainly by the adult
wornis and those cruscd by the nicrofilnrige. The skin
nodules or onchoceremintn o~re the ncoin featurcs of
clinicnl manifestation c-usced by the ndult worms.

On the other hand the nicrofilariane nre npparently
rosponsible for a varicty of other often very serious

pathologicel changes cspccially in the skin and cyes.

REACTION TO ADULT WORIS:

Adult worms becoro lodged in subcutaneous tissues
and gradual fibrous oncapsulations develop around thom.
In early stage of infections, however, the worms lie
freely in the subcutancous tissues and do not produce
any noticable symptons (lNnochirl 1964). In later



- 39 =

atages, chronic inflaimations without acute symptons
dovelop around the adult worns which eventually bccome
nodules of various sizes. In Guatemala and Mexico

the great najority of skin nodules arce found on the

scalp or ncar the cye but in Africa ngjority of

nodules are found on thc chest, lower trunck or near
joints. The nodules conbain varying nunbers of adult
worns and also nunerous microfilariac. They are fron

a fow nillimoters to scveral centimctors in diameter.

The nodules tend to lie over bony promincnecos, espacially
skull, scapuls, ribs, olbows, tronchanters, iliac—
orests, sacrum end knees (Gibson gt al. 1580).
Characteristically the nodules are firnm, tend to be
flattencd or bean shaped, easily moveable and nontender.
Nodules may be disecrcte or bound together as conglomerate
nasses. By themselves nodules, and the worms they
contain are innocuous but the millions of microfilariae
release migrate through the nodule into the skin,

eye, lymph nodes and sonoctines deep organs. At these
various sites the microfilariae degenerate and provoke
inflanmation and if wnchecked, gradually increasing
anounts of scar tissuc. The nodules may be deep seated
or superficial. At the Znmugu Central laboratory
(Onuigbo, 1975) some of the onchocercal nodules were
mnisdiagnosed as fibrona, cancer, lipona, lymph nodes,
dernoid cycts and tunors. Microscopically Onchocercal
nodules have an outcr shell of hyalinised and vasculori- ;
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sod scar tissue that surrounds one or nore coiled and
inter wined adult worms (Connor ¢t al 1970). Some nodules
arc conprised entirely of hyalinised scor tissue with
tunnels to accomrodale the worrs. (Qbther nodules show
portions of the worr lying in a soft center containing
veriasble inflarmatory coponents ineluding neutrophilis,
firbin, eosinorhilis, yiont cells, lymphocytes, plasna
cells and Russecl bodies. Irorn histological studies
Isreal (1959) reported that each nodule contains a
large proportion of disinbtegrating worns. Hglf of the
total nunber of nodules L2 exenined contained only

dead worns. According to Burchard et al (1979)
Electron liicroscopical svuly of ochocercal nodule

showed that the bullkk of the cells in the center of

the nodules consists of ly:iphocytes and nacrophages.
The lymphocytes can be observed in the various stages
of differentiation. LA fwajority of the nacrophages

show degenerate changes with increasing lysosome and
increase of fatty vecucles. Ngu et al (1981) showed
that nodules contain 1ivz adult worns and that
nicrofilarise are produced by the worns in these nodules
wiiich are subsequently released into the skin. In the
African form of onchocerciasis nodules are nore common
in patients in the forest zone then in the savanna

zone (Nelson, 1970).
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2.6.2 Reactions to the IMlicrofilariae
Irrespective of the strain of parasite, the most
severe clinical nanifestation of onchocerciasis are

due to reactions to the presence of the microfilariae.

Cnchocercal Dermatiti

- & 4

Onchodermatitis usuolly begins with a puritis which

may be accompanies by a papular rash. This may affect
any part of the skin but tends to be most severe on
the lower trunk, the pelvic girdle, and thighs (Nelson,
1970, Gibson, et al 1980). There is often intense
itching and scratching which may result in secondary
infeetion, In many pabtients the purities persists
throughout the whole course of the disease, especially
in Africa where there is no difficulty in recognising
an offected commnity becuase the whole population
seems to be busy seratoching (Nelson, 1970). Not all
infected person however experience itching although
the microfilariae are reoadily seen in skin snips. If
these patients are given low dose (80mg or less) of
diethyl carbamazine citr te they will usually develop
en acute erythematous =nd prutitic reaction due to the
killing of IlMierofilarise; this is the basis of the
diognostic test known as lazzotti test (lMazzotti, 1951).
It is generally believaed that the main clinical features
of onchocerciasis are the result of an immunopathological
response and the lesions cre probably proportional in
their severity to the nunber of microfilariae that die

in the skin or eyes (Cttesen, 1984).
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The second stage of onchodermatitis is characterised
by thickening of the skin due to intrasdermal oedema.
In Central America the patients may develop "Erisipela
de la costa" affecting usually the face or upper trunk
and there may be attacks of "Mal morado"™ with a purplish
eruption resembling lichen planue affecting the upper
part of the body (Gibson, gt al 1980, Sasa, 1975

Iventually most people develop sorz degree of
lichenification or thickening of the skin aspecially
over the buttocks and thighs ('ﬁ,x,o,,. 1966, Browne,
1976, Cannor et al 1969). Later acanthosis, hyperkeres-
tosis and parakeratosis appesr associated with an
infiltrate of histidocytes, eosinophilis and lymphocytes
in the dermis.

Reticulum, elastic and collagen fibers proliferate
end the small dermal vessels become tortuous. Thim
is followed Dby dermal ntrophy which becomes thickened
with scar tissue. In some patients there is defibrinoid
degeneration of dermal collagen and focal granulomas
in the upper corium. The clinical varieties of oncho-
cerciasis known as "craw-craow' skin", "elephant skin"
and "lizard skin" are some of the observed dermal
changes (Nelson, 1970). Often it is imposeible to
distinguish the skin changes from these of avitaminosis
A ond Rodgers (1962) hos suggested that either the
parasite may compete for wvitamin A in the skin or that
vitamin A may predispose to heavier infections. The
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last stege is characterised by 2o trophy of the skin with
loss of elasticity which gives the patient a preaaturely
aged appecrance (Zubaidy, 1976, Nelson, 1970) ond according
to Laigret, 1929 (cited by Sesa llanabu 1976) "Cnchocerciasis
makes young people look like o0ld and old peorle look like
lizards®. This is one of the most distressing features of
onchocereiais. Even relatively young members of the commu-
nity anpecring to be old snd decrepit.

In the Yemen Arab Republic, onchocerciasis frequently
produce g characteristic cowbin.tion of chenges that are
often sharply limited to one limmb. These changes are
difuse Oedema, hyper pigmenti:tion, papules and regional
lymphacenopathy. This syndrome is knovm as Sowda - derived
from the Arabic word meening dark or black (Buttner et al
1982, Gibson et al 1980). The skin in the affected regions
becones blue-black. It occurs most often on the legs,
especially the skin and the inner side of the thigh
(Anderson and Fnglsang, 1973). The affected skin is
very itchy and is slightly scoly, rough and thickened.

I is frequently gjpwetricelly bilateral. An outstanding
featurc is the enlargement of the groin glands.

Depigmentation is a fenture of chronic onchodermatitis
and it is usually most pronounced on the legs. This
condition may be confused with leprosy and Nelson (1970)
has reported seeing many paticnte with onchocercal
depignentation in leprosaric. Zdungbola et al (1983)
found depigmentation of skin (leopard skin) to be a

common fe:ture of Onchocercinsis in the Babana
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district of Kwara State. The loss of elasticity is
responsible for the development of "hanging groin®™.
These pendulous sacs are most commonly seen in Adult
maleas. They often contein inguinal or femoral lymph
glands and may hang down as f.r as the knee(Nelson,
1970), Zubaidy 1976). Cherry (1959) described a similar
complication in women which resembles the "hottentot apran®.
a genital distortion which wos at one time fashionable
in females in South West Africa. In Africa the loss

of elosticity of the skin of the gruin reulsts in
exneptionally high prevalence of hernias (Nelson 1958,
Williegms and Williams 1966, Duke, 1972). Cnchocerciasis
is undoubtedly one of the most important causes of
hernis and especially femornl hernia in man. Another
clinical picture of the disease, though not very common
is elephantiasis of the scrotum (Gibson et al, 1980,
Duke, 1972, Omen, 1967). The difference between
Onchocercal elephantiasis :nd that of Bancroft
filorigsis is that there is no accompanied hydrocoele

of the legs in the case of Cnchocercal elephantiasis.
Lyrpha deno pathy is a common and typical sign of
Onchocerciamis. The glonds ore enlarged and firm

but not painful. This syuptom is found most commonly
in the inguinal region in African cases, but in Central
America, it may also be present in the axillae and the
neck. In such cases the micrafilariase are often found
in the glands, and hyperplasia of the lymphatics and
later diffuse fibrosis are recognised (Sasa, 1976 g
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Anderson snd Puglsang 1973). Gibson =nd Connor (1978)
showed that the inguinal, femoral, occipital, postauricular
and axillary lymphnodes could be involved in Onchocerciasis
patients. Lymphnodes from Yemenites were found to be
soft and slightly tender. In many Afrioan patients
Onchocercal lymphodenities was found to be accompanied
by hanging groin cnd or elephantiasis that is restricted
to the genitalia.

Kicrofilarice of Q. wvolvulus were found in the
vessels of liver, lkidney, spleen, lung by Rodhain and
Gavrilov (1935). Microfilariae have also been found
in body fluids and secretions including blood, urine,
cerebrospinal fluid, tenrs, sputum, vaginal secretion
ond ascitic fluid (Buck gt al, 1971, Puzlsang and
Anderson, 1974), Meyer et gl (1977) found O. volvulus
microfilariae in the renal glomeruli, pancrecse,
thoracic aorta, the pulmonary alveoli and the choroid
plexus. Transplacental infection of newborn infgnts
of heavily infected mothers have also becen reported
(W.HsOus 1977). The presence of microfilariae in the
blood, dermal lymphatics, lymphnodes and deept organs
indicates that microfilariae of 0. volvulus are disse-
minated by way of the hemolymphatic system.

Histopathological changes in early onchocereal
dermatitis are mininal and may be overlooked. Gradually
however inflgm:-tory cells, mainly lymphooytes,
histiocytes, plasms dells and eusinophils collect
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around vessels and agppendoges. Dermal fibhrelasts
appecy and increase in nuaber as the infection
becomes more and more severe. llost cells are often
present in increased nunbers but neutrophils are
usually absent from the deriiis. Later in the infection,
there way be hyperkeratosis, focal parskeratosis,
acenthosis, lielanophores in the upper dermis, dilated
lymphatics, tortuous dermal vessels and increased
mucin in the upper dermis (Gibson et al 1980).
Fibrosis is probably the most serious change. It
begins early and continues throughout the course of
infection eventually replecing the dermal papillae
and normal strands of dermel collagen by hyalinised
scar. Speciemens from arcas of spotty depigmentation
reveal an absence of llelanin in the epidermis, mild
to severe inflammation of the underlying dermis and
very few microfilariae bencath the depigmented areas
in contrast to adjacent picmented areas which may
contain many microfilariae (Buck, 1974). Specimens
through atrophic sgkin (in very late stages of
Onchocercal dermatitis) revenls a thin Keratin layer
thot usually separates fron the epidemis (during
processing); a very thin epidermis and losa of rete
ridges which gives the epidermis a smooth under surface
(Buck, 1974). In case of sowda which is characterised
by diffuse oedema, hyperpigucntation, papules and
regional lymphadenopathy, the most stricking bhisto

pathologic feature is an extensive inflammatory -eell
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infiltr.te of the upper dermis composed of many plasma
cells and fewer lymphocyte8, ocosinophils and histiocytes.
The infilatrate forus broad cuffs around dermal vessels
and appendages, greatly thickens the dermis and extend
into the subcutaneous adipose tissue. Sclerosis and
cademna of the dermis are prominent. Changes in the
epidermis include hyperkeratosis, parakeratosis,
folliculor plugging, acenthosis with elongation of

rete ridges and scarttered foci of intra epidermal
oedena (Gibson et al. 1980). Inguingl and femoral

lymph nodes excised from Afriecons with onchocerciasis
show varying degrees of scorring of capsule, peri
capsular tissue and the interior of the nodes. This
commonly involves 20 to 80 percent of the cross sectional
area of the node but sometimes 90 percent or more of

the lymphoid tissue is replnaced by scar (Connor gt al,1969).
Cther histopathologic chonges in the lymph nodes

include sinus histiogytoalis -nd infiltrate of plasma
cells, eosinophils and neutrophils. Germingl

centers shrink and disappeor as fibrosis and other
changes advance. Within the medulla of the lymph

nodes there are often large nuabers of eosinophils,
plasma cells, mast cells, histiocytes and occassionally
gient cells (Gibson et zl; 1980, Connor et al, 1969).

OOULAR, ONCHOLERCIASTS

The single most important aspect a@f onchocerciasis
is thot of blindness (Duke 1972). The damage to the
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eye is caused by microfilsriae of C.volvulus in the
eye tissue. Examination by slit lamp has revealed
living or dead anicrofilerise in the cornea, anterior
chamber, retrolental spocc .nd the vitreous. It has
been estimated that 20 microfilarise or more in the
anterior chember constitute a risk factor of blindness
(#.H.0. 1976). The presence of living microfilariae
in the cornea is an indic.tor of severity of infection
(Anderson and Puglsang, 1973). The associated ocular
lesions are punctate Kerotitis, 8¢lerosing Keratitis,
iridocyelitis, chorioretinitis and optic atrophy
(Gibson et al, 1980, Nelson, 1970, Buck, 1974).
Punctate Keratitis is chrrocterised by snow flake
opacities that can develop in all parts of the cornea
but are most common at ite periphery. Zach opacity

is inflammatory reaction around degenerating
microfilariae, and they ere about C.5mm across and
mostly circular. Selerosing kerotitis is g stromal
inflammation that results from invasion of the sornea
by lerge numbers of microfiloriae, producing a white
hazziness of the strain. Sclerosing Keratitis is a
common cause of blindness in the African Savanna and
in Central America (W.H.C. 1982 , 1884). Iridocyclitis
results from the presence of microfilariae in the
anterior chauber where they appesr as small

wriggling silver threads throush the slit lgmp microscope.
Severe iridocyclitis is .ssocated with large numbers

of microfilariae in the skin (Gibson et al 1980). In
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chorioretinitis there are vorying degrees of atrophy
of the retinal pigment epithelium and the choriocapi-
llaries. Severe chrioretinitis involves such atrophy
over z wide area of the posterior fundus. Choriore-
tinitis usually affects both eyes but often to
different degrees. Optic abrophy in onchocerciasis
appears to be ceused by inflammation of the optic
nerve and it often accompayes onchocercal chorioreti-
nitis but may also be an isol~ ted finding. Onchocercal
dise sc (both ocular and dernsl) appears to result not
from mechanical damage ceused by the presence of adult
worng or microfilarige but by inflammatory reactions
around certain microfilarise. Histophatological
studies indicate that living microfilariae generally
evoke no inflammatory reoction in the eye or in the
dernis but that damaged microfilariae are usually
surrounded by cells, particulorly eosinophils and
macrophages (Gibson et 21, 1976; Henson, et gl 1979;
Mackenzie, 1980).

The presence of microfilariae has been demonstrated
in all oculor tissue but the route of entry of
microfilariae into the eye ig still not known for
certain and remains a subject of much controversy.
Miecrofilarise have been found in the Jjuxta—-vascular
position and it has been suzzested that perhaps they
pass along the sheaths of the short ciliary vessels
end nerves into the eye (Neuman and Gundersg,1973).



Duke (1975) suggested that the eyes might be invaded
by microfilaorice spreading locally from impalpable
adult worms located in or near the orbit. The
possibility of blood borne microfilariae reaching the
eye has been suggested (Fuglseng =nd Anderson 1974).
It is also possible that microfilarise may pass via
the cerebrospinal fluid to reach the optic nerve
sheath (Duke et al., 1976). Another hypothesis is
that the microfilariae may produce enzymes digesting
macopoly saccharides and Collagen fibrils, which would
enable them to migrote in the sclera (Thylefors and
Tonjum, 1978).

Blindness due to onchocerciagsis is a common
feature of the disease in the savanna zone of West
Africa (Duke 1972; W.H.C. 1976, 1982). There are many
areas in the Savanna region of Africo where 307 of the
population may have impaired vision o8 a result of
Onchocerciasis and the blindness rate in the adult
population may be over 10%. The pathetic picture of a
string of blind :2en being led to the fields by a child
80 that they unay do their limited work to help with
growing the village crops is in some places too obvious
(Duke 1972). The eye lesions usunlly take many years to
develop and tho worst affected section of the community
is the adult nale population, over the age of 40 years
but with the Central American form of the disease there
may be an acute onset in young adults especially where






