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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
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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
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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
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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
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the adult worms are located around the head (W.H.O.
1976; Anderson et al. 1975; Fuglsang et al. 1976;
Puglsang and Anderson, 1977).

EPIDEMIOLOGY. OF ONCHOCZRCIASIS,

Onchocercigsis in Africe

Cnchocerciasals was first described in Africa in
1893 when Leuckart isolected the parasite from nodules
under the skin of a native of Ghana. An estimated
17, 120,500 people are infected in the African Sub
Region with Onchocerca volvulus with 326,600 people
totally blind from onchocerciosis. The disease is
found in 27 African countries (W.H.C. 1987) namely
Angola, Benin, Burkina Faso, Burindi, Cameroon, Central
African Republie, Chad, Congo, Cote d'ivore and
Equatorial Guinea. Others are Ethiopia, Gabon, Ghana,
Guinea, Guinea Bisau, Liberia nnd liglawi. Also found
to be plagued by the disease are 1ali, Niger, Nigeria,
Senegal, Sierrn Leone, Togo, Uganda, United Republic
of Tanzenia and Zaire (Felson, 1970; Sasa, 1976, Gibson
et al. 1980; W.H.0. 1987). Beaver gt al. 1983)
reported finding Onchocerce volvulus infection in a

child in Zambia. This was the first such documented
case in an indegenous person zand if confirmed will
perhaps represent the Jouthermost limit of the known
occurence of human onchocercigsis in Africa.

There ore two forms of onchocerciasis in West

Africa (Nelson, 1970; W.H.C.,1976; 1984). 1In the
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forest area, gross skin and gland lesions are
seen, nodules are abundont nd blindness rate seldom
reach 3% in onchocercinsis potients. In the Sudan
Savannc, zone, on the other hrnd, nodules are less
nunerous, aross skin and glend lesions are less frequent
but microfilarial loads are often very high producing
a high incidence of sclerosing Keratitis, this often
associcted with severe iridocyclitis, and these two
regions ars largely responsible for high blindness rate
of up to 10<. In Central end Dastern Africa, another
clinic:l variant has been noted in creas where the
parasite is transmitted by members of the S. neavei
complex. Ior example it hess been noted in Zaire that
the highest blindness rates and mony head nodules are
found in the Southerly forest of the Kasai, where S.neavei
is the vector. TPurther north on the forest border in
Uele, where S. damnosum transmnits the parasite there
are few eye lesions but gross skin lesions, hanging
groins on¢ scrotal elephantinsis are common (W.H.O.
1984). 1In the Yemen Republic a form of Q. volvulus
is found which produces maxinyl concentration of
microfilaoriae in the lower legs, and ankles, and the
hypertrophic, blackened skin lesions called "Sowda"
are common (Anderson and Puglsung, 1973 ; Gibson et al.
1980; Butner et al, 1982).

The differences in clinienl nanifestation of
onchocerciasgsis in different bLioclimatic zones are

associagted with a nunber of factors such as different
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Simulium vectors (Duke, 1968; Duke et al, 1975;
Garms, 1978; Butner et zl, 1982), differences in level
of annual trconsmission potentiazls (Duke, 1968; Duke
et al, 1975) and aifferent types of the parasite
(Bryceson et al., 1976). In West Africa this difference
in strain/pathogenicity is particul-rly obvious.
Considering the geographical differences in
the relationship between annual tronsmission potential
(ATP) figures and the clinical p-tterns of onchocerciasis
(e.g. relatively moderate ATP figures associated with
very severe oculor onchocerciasis in the Savanna
(8. damnoswi/S. girbanum areas) versus much higher ATP
figures in the forest (8. yahense, S. soubrense, S. saneti
pauli area) without the occurence of severe ocular
lesions) in-depth research is urgently needed on the
intra-specific identi®y of the irfcotive 0. volvulus
larvae carried by the various vector species in different
bioclimatic zones (W.H.0.,1984). Bryceson et al (1976)
using immunogical techniques found thot there were
antigenic differences in the Savenn. and forest (. volwvulus.
Even though he found that even worms ITrom the same
individual could differ in their :niigen composition
there was a distinct Savanng/forest difference which
could be detected serologically. ZInzyme histocheamistry
based on the detection of Acid phosph.tase has also
been used for mossible identificotion of Savanna from
forest 0. volvulus. Braun-Muzinger ond Southgate (1977)

carried out histochemical differcntiation of Onchocerca
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volvulus microfilariace from Togo and found that thore
were four distinct enzyme staining potterns. They
deduced from their study that z nuwaber of biological
strains or variants of Cnchocerca volvulus coexist

in West Africa. Omar (1978) carried out similar
investigation using O.volvulus microfilariae from

West African rain forest (ILiberia) Sudan Savamma

(Upper Volta), Guatemgzla and the Yemen. Although

the method for classifying stainin type differed from
that of Braun-munzinger and Southgate (1977), Omar
identified 5 staoining patterns in the microfilarioce
population. The staining types were as follows:

type I, with enzyme activity and Anol pore and excretory
pore; type 1II, enzyme activity ot Ancl pore and inner
body; type III, with enzyme activity at Anal pore,
inner body cnd Txcretory pore; typc IV with enzyme
activity at An-1 pore only, and type V with no enzyme
activity at o1l. He also found that type IV was more
common in the Savanna specimen and also type V was

more common in the forest area. Ufomadu et al. (1986)
were able to identify 13 staining p-tterns in micro-
filariae of C. volwvulus from the Guinea Savanna (Jos)
of Northern Nigeria. Omar and Schulz-key (1978)
deternined Acid Phosphatase activity in the larval
stages of C. volvulus developing in the vector 3imulium
damnosun s.l, and reported that there were no detectable
differences in the staining patterns bztween the forest
and Sudan Savanna strains. Caor wand Garms (1981)

BRI =

however were able to differentiate developing 0. volwvul
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larvee in S. daunosun from the lirvae of other filarial
worms and nem-todes that also develop in S. damnosum S.l.
Zven though different staining patterns of 0. wvolvulus
microfilarice have been found in the different
Bioclimatic zones of West Africa, it is not yet possibdle
to associate o particular steining pottern with a given
elinicsl picture of onchocefcia;ais. Yarzabel et al.
(1983 found four staining types in the umicrofilarial
population in Upper Orinoco Basin of Venezuela. Type I
(17.2%) Type II (O7) Type III (0.5%) and Type IV (75.6%).
Cmar et al. (1282) carried out enzyne histochemical
studies on COnchocerca volvulus microfilariae from
rain-forest and Sudan savanna eress of the onchocerciasis
control progr.mme in West Africa and recorded the five
staining tyves earlier mentioned. In the rain forest
areas where onchocercigsis is transmitted by Simulium
Yahense, S. sonctipauli, 5. soubrense, S. squamosum there
were no significont differences of nicrofilarial staining
patterns in patients, by age and sox, between the three
Simulium - Cnchocerca conmplexes studied. There was a
close relationship between the "Strain differences" as
revealed mornhosnzymatically, and the elinical picture
of the disersc in both the forest :nd the Sudan Savanna
zones.

In the forest zone of Liberia where Simulium yghense
and the S§. sanctipauli subcomplex ore the vectors, there
i1s little blindness due to onchoccrcinsis, despite
annual transmission potentials (ATP) above 5000 (W.H.C.
1987). Similarly in Cote d'ivore thure is almost no
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blindness in the forest slthough tronsmission by

3. yahense is severe. The onchoccrciasis in the Savanna
of Cote dlivore transmitied by 3. dganosgun s.s. and

S, sirbanum results in a higher provalence of severe
ocular lesiona in both the anterior ond posterior
segments of the eye, with more oculgr microfilarise,
greater number of nodules, and higher aicrofilarigl
concentrotion, as well as more dernytitis vitiligo,

lymphadenop thy and hanging groin.

- . — - L P a [} ‘| 'yt .
Onchocercicsis in the American Sub-Rejion

PO TS R e

Guatemgln, Onchocercigsis wos firat discovered
in Americeo in 191% by the Guaztemsalan Scientist Rodolfo
Roble. 5. ochraceum, 5. metalllicli, S. callidum,

and S. cxiguwn (S. gonza-lezi) sre the known vectors in
Guotemalc.

Tada ¢t al. (1379) corried out snother Bpidemiological
stuwdy in San Vicente Palaya. Using a single skin snip
bicpay, they ezamined 2,153 persona of whom 864 (30.84)
proved positive Tor Q. volvulus., Thoy also found that
gltitude played an important role in the parasitesis
with transmission cccuring mainly ot altitude between
600 and 1,300, 0ut of 1,217 persons exanined by simulta-
naous biopsy wnd nodule palpation 587 proved positive by
one or hotih rethedsa. 101 nodules wers detected mostly
in children o persons who had lived in areas of low

endenicity. Ocular onchocerciasis ic distributed in

two areas - that occupied by the Sierra Madre mountain
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range along the South coast on the Pacific (at an
gltitude of 600-1200m), ond thot of the cuchumotbanes
areans of Huehuetenangc department. About 30,000 oyt
of 343,000 inhabitants in the ares are thousht to be
infected (Porez, 1986).

-

In 1923 Fullebor reported seeing Onchocerciasis
noduleg on thoe head of a five ye:r ol1d IMexican child
who attended his c¢liniec in Hambuxry, Germany. In 1931
Torcella first observed microfiloriase in the anterior
chamber of the eye of an onchocoerciasis potient.

8. metalliowm, 5. gallidum, S. ochraceum and 5. gonzalezdl
are the veotors of onchocerciseis in Mexico. (Presz, 1986).
S. haecmctopotun and S. veracruzeamum sre other two
potenticl vectors. Transmigsion occurs at altitude

of 500-1,600 meters. HNo transmigsion occurs at sea
level. Salazar-Mallen (1975} reported that prevalence
close to 70 existed in sone endemnic areas. Oversll

it is roughly estimated that some 40,000 people are
infected in Mexico. The focus with the highest number
of infection i3 in Soconusco in Southern Chigpas
followed by s focus in the stote of Chigpas and the
third focus is in the state of Oaxuco (Salazar-Mallen,
19753 Perez, 1986). Coast Trysipelas of the kind in
Guatemalan hos not been found in Nexico, however

notable skin discoloration has been seen sometimes
producing g greenish tingle, ond this appears to be

the source of the =0 called "ial morado" (Purple



- 58 -

Sickness). By 1983 Cnchocerci sis in Mexico was not
thouzght to be of any public health significance and
blindness was very small.

Venezuela: The first known onchoccrciasis focus in
Venezuela wos discovered in the Eostern part of the
country in late 1940s, 5. metellicum, S. exiguum, S.
rintol, S. yarzgbali, S. incrus-tatum end S. cuasisan-
guineun are the blackflies known to transmit onchocer-
ciasis in Venezuela (Perez, 1986). In 1984 Rivas et al
(cited by Perez 1986) found the overall prevalence of
onchocercigsis in nine states to be 39.94 per thousand
of inhabitants examined. The clinical part of the
study detected nodules in 237 of the onchocerciasis
patients studied. The commonest ocular lesion found,
accounting for 47.597 of the tot:l was Keratitis. In
1974 a totol of 1,628,370 persons living in the
onchocerciasis areas were tested for onchocerciasis
and 40,081 proved positive by the mazzortti test. In
1983 there appeared to be three foei in Venezuella.
The first involved the states of Arogua, Carabobo,
Cojedes, Guarico, Miranda and Yeracuy. The second
focus includzd the states of Anzo,tegui, Fonagas and
sucre. The third focus is loc.ted in the Upper Caura,
in the Cedeno District of Bolivor State, in the perima
mountains, and from the upper Ventuari to the upper
Orinoco to the Zast of the Federol Territory of

Amazonas (Perez, 1986).
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Brazil: Onchocerciasis was first diagnosed in Brazil
in 1967 by Bearzoti et sl (cited Ly Perez 1986).

The foei of the disease are found near the Toototobi
river in the North Central pari of the state of Amazonas,
the Surucucu mountains where the Yanomanma Indians live
in the West of the Pederal Territory ol Roraima and

in Auris in the extreme North-%Western part of the
Roraima Territory. Prevalence rntes range betweon 30%
and 91.7% in these foci. The veetors of the disease
includes Sipulium pintod, 3. incrms-tatum, S.amezonicum

and S. cussisancuineun, (W.H.0. 1979; 1982).

Colombia: The first case of onchocerciasis digcovered
in colombi.. was reported in 1965 (Assis-Mari and -
Little, 1965) among a group of potients suffering
from ophthalinic complications. The endemic areaq lies
between the settlements of lopez wind San Antonis
(Latitude 3°N and longitude 77° 239). Little and
Dtplesspndro (1970) examined 292 persons from the
Micay River area and found infeetion in 44 people
representing 159 of the populotion studied. Non
palpable nodules were found in 20 people. The
principal vector of Cnchocerciogsis in Colombig is

S. exdguuin (Tidwell et al. 1980).

Zecugdor: Arzube (1982) described onchocercilasis in
the first endemic focus of Beuador. OQut of 87 persons
examined O. volvulus wicrofilerise were found in 72
(837), of these 62 {867) were bluecks and 10 (145%)

were Indians belonging to the Lapaya group. 42 (58%)
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were males and 30 (42:) were females. The following
clinicsl munifestations were found in the pogkive
cages: nodules in 45 subjects (637) dermatitis,
pigment changes, and or skin atrophy in 31 (434);
lymphadenopathy and/or lympacedens of the external
genitalia in 19 (269), corneal opacity in 32 (44¢) and
dermatitis and/or pruritis in 49 (65¢)., fThree species
of Simuliwi, viz S. quedrivitetus §. cxiguun and
g. aptillorwn have been found in the oncherciasis aréa
with S.guadrivitatum and . exiguwn confirmed to be
cagpable of transmitting onchocerciosis (Shelley, and
Arsube, 1985).

A total of 97,200 people are s+id to be infected
in the Americon subregicn., 1400 of the infected
population are blind due to onchocerciasis (W.H.O.,

1987).

ONCHOGTROTASTS TN NIGHRIA

-

Onchocerciasis wos Ffirst reported in Northern
Nigeria in 1948 by Parsons (cited by Budden 1956).
In 1926 Dyce sharp found microfiloriae of Onchocerca
yolvulus in the skin of 3% out of 100 prisoners at
Kaduna. The first report that oculrr onchocerciasis
occured in Northern Nigeria was mode by Dr. J.L. Mcle-
tchie, (cited by Budden 1956 who Ystated that in
Adamawa, province he saw @ group of elderly people all

of whom hod Onchocercal nodules and varying degrees of

losg of wvigion up te total blindness". Later ocular
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onchocercicsis wos found to be an irmortent cause of
blindness in meny parts of Northern Wigeria (Budden,
1956, Crosskey 1955). The first conprehensive report
on onchocerciasis in Northern Nigeri.. is that given

by Budden (1956). His report shows that onchocercinsis
ig present in 21l the provinces ol tue then Northern
Nigeria. Prevolence rate os well o5 soverity of the
disease veried from one community to the other.
Prevalence in some places was 1-250 per 1000 persons
(light infection) while it was 251-500 per 1000 persons
in moderate infecction and 501=-750 per 1000 persons

in heavily infected communities. In heavily infected
area blindness rates reached 570 pur 1000 persons.
Budden estincted that 16,836,000 were exposed to

the disease, 339,000 infected and 19,400 persons were
blind due to onchocerciasis. MNwokolo (1950) described
100 cases of onchocerciagis in Inuow district of Eastern
Nigeria. Out of the 100 ceses, 55 hod onchodermatitis,
28 had demestrable onchocercomata. 7 had onchocercomata
of the scelp, 2 had swelling of the foce and 1 person
complained Qf radness of the eye but there were no
cases of blindness. One patient hrd synovitis and
microfilarise were demonstrated in the centrifuged
deposit of the synovial fluid. Qmuigbx (1975)

reported the occurence of Onchocerc:1l nodules in the
Ibos of Nigerin. He recorded 90 cases out of 5000
biopsies. Prevalence of infection was 1% times higher
in males thon fomgles. e found th .t the forehead



was the favourite location of nodules, In another
report, Cnmaizbo (1975) stated thot some of the
onchocercal nodules were misdiggnoscd as fibroma,
cancer, lipomn, 1ymnph nodes, dermoid cysts calcified
hematona, pericstoma, porokeratogis ond uvnsapecified
cysts and tunors.

Based on serologicpl evidence Nnochiri (1964)
reported thot onchocerciasis waes prevalent in the
Ibagdan, Iwo, Shagamu, 0Oshogbo and Oyo areas of Western
Nigeria. Wyatt (1971) carried out survev of Onchocerclasis
in the Ibarapsa area of Western Nigeriz. Out of 1,119
persons excmined by skin snip 442 (39.5%) were positive.
23§ out of 1135 persons had nodules (21%). Although
only one person was reported blind, lichenification,
depigmentation, skin atrophy and velvet skin were
noticed.

At Bonu village of Sulejo dHmirate of Niger
State, Galadima (1982) found 42 prevalence rabte of

@nchocerca volviilus infection in the population aged

10 years and above. Bradley (1976, found a prevalence

of 81.3% 0. volvulus infection in the lowland villages
of the Hawal valley of Nigeria, with a mean blindness
rote of 5.8% and 5.8% prevalence with 0.7% blindness

rate in the wplond villoges. Edungbola {1982) reported
that Onchocerciasis was prevalent in the Ile-Ire district
of Kwara State. In e related survey Ldungbola et al
(1983) found thot "Leopard skin" duc to Onchocerciasis
was a common ferture in the Babhona district of Nigeria.
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out of 1,310 persons examined for the characteristic
Onchocercal depigmentation 26.45 wero found to be
affected. Nock (1985) reported 9.45% of 0. yulvulus
infection in the Dalle village of Kaduna State.
Gemade snd Dipeolu (1983) studied the prevalence of
Onchocercizsis in the Benue State of Nigeria and
found infection rates of 61% (Kucho), 71¢ (Gube)

and 729 (Manor). They found the peak of infection
to ccecur in the 31-40 year age group. Blindness due
to Onchocerciasis was 11.2%.

It is now Jnmown that onchocerciasis occurs in
almost all the states of Nigeria e¢xoept perhaps Lagos
and Rivers Stubtec (W.H.0. 1987, Crosskey 1979).
"Nigerin is the country with the largest number of
infected persons in the whole of Africa" (W.H.O,,
1987). By 1986 (W.H.0.,1987), it wos estimated
that 38,919,500 people were at risk in onchocerciasis
endemic gress; 6,962,000 were infected with Onchocerca
volvulus and 113,600 persons were blind as a result
of onchocerciasis. Onchocerciasis is more prevaleng
in the Northern part of the country (Budden 1956,
Crosskey 1979). This disparity is associated with
gome physicel feotures of Northern Nigeria which
make the are-mmore suitable for the breeding of the
Simulium flies. The distribution of Simulium dgmnosum
and onchocerciansis has been given by Crosskey (1956,
1979).
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2.7.4  EACTORS, AFFICIING DISTRIHUTION, OF
SDMULIUM DAMNOSUM §.L.

The physical features that fovour the
distribution of §. demnosum s.l. in Northern Nigeria
were listed by Crosskey (1956) end they include Geology,
River System, Altitude, Climate and Vegetation. River
gystems that hove rocky beds favour the breeding of
8. damnosum s.l. IMuch of the lend surface of Northern
Nigeria is formed of hard ancient precambriam rocks,
Where the precambrain forms the surfooe the rivers are
often rocky bedded with rapids suitable for S. dgmnosum
breeding but in the sedimentary areas suitable rivers
gcarcely ever occur. An example of this 1s seen along
the River Niger which between Yelwa and Jebba flows
over precambrian rocks end at this stretch §. damnosum
s.l. occurs at intervals but is not found on the Niger
further dowvn stream where it flows over sedimentary
deposita. Granites and voleanic laval eruptions in
Jos Plateau and the Biu Plateau have olso resulted in
rocky bedded rivers and 5. dgmnoswi s.l. occurs in
both the Jos Plateaun and the Biu-Tangale=Waja areas
(Crosskey 1956). "The Hawal River on the Southern edge
of the Biu Plateau has & much-fissured laval bed that
provided a fly breeding ground for several miles
(Crosskey, 1956).

River Systems:
Northern Nigeria is extremely well drained
(Crosskey 1956), The bigger rivers which flow
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perenially maintuin breeding of §. dumnosum s.l.
throughout the year and serve as sources of reinvasion

of smaller rivers.

ALtitude:

The grecter part of Northern Nigeria liea between
3.00 and 800m agbove segz level with some areas like
the Mambila Plaleau reaching 1, 700--2000ft above ses
level. Although altitude seems to play no part in
the distribution of Simulium flies in Northern Nigerie
(Crosskey 1956), altitude seems to be a factor in the
distribution of Simulivw vectors end the diseose itself
in the Yemen and South America (Porez 1986, W.H.O.
1987). In the Yemen infection apperrs 1o be limited
to a few permenent major Wadis ot oltitude of 300 -
1200mn.

Reinfall ond Dry Months:

In the Ilorth; rainfall varies between 75 inches
a yeer in the South east to as 1little as 15 inches
in the extreme North. $S. damosum s.1. foci appesr
slways Tto be centered on g pereniclly flowing river
of moderate or lorge size (Crosskey 1956). Dry
segaon survival appears to be assured by continuous
breeding on g small scale in those rivers that just
manage to maintain flow, however reduced, throughout

the drought period.

Epgetatlgg:

Guinea Savanna. In this zone thae breeding rivers



generally have a highly or moderctely developed forest.
Cnly a few Tfly foci are lmown from the Sudan Savanna

ares, for it ic in this zone thot the rivers largely

dry up in the dry season agnd arce sindy bedded, rainfall
is low and the dry season very protraoted and dessicating.
In the Southern part of the North, South of the Niger

and Benue, many fly foel are in the area of derived
savenna (Crosslkey 1956),

Severnl cytospecies of the 5. domnosun complex
have been ldentified in Nigeria, namely: 3. damnogum
$e8., 8. girbonum, S. soubrense, S.sonctipauli, and
S. squemosums (Vajime and Dunbar 1975). 8. sirbanum end
S. Gepnosun s.s. occur in the Northern savonna; S.
sgugmosun is widespresd in the forest — saverma .
nosaic/forest ecrea especially South and West of the
Niger river on the Jos Plateau fringes, and also
Bast of the lower Niger. The £, senciipauli subcomplex

occurs mginly South and Zast of theo Niger river.

Secio-ficonomic Aspects of Omchocerclasi

o ke v

Cnchoccerciosis is one of the world formidable
diseases. Although it deoes not kill, it incapacitates
the sufferer nolting him snmecononic burden. The
itehing which is one of the early mnnifestation can
lead to loss of several man hours por day (W.I.O.
1974). In arens of high endemicity a whole village
may move their settlement to a less fertile lend with
the result that large Agricultural areas sre deserted
(W.Ha0, 1966). In the onchocerciasis gone of Upper

Volta only 40 - 45 percent of the population caompared
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with the ngtional average of 50 - 52 percent work
(W.H.0. 1974). Blindness is the nzjor complication

of onchocercinsis that nakes the discase a public

health problem, Blindness may offoct o great many
persons in communities wherc Onechoccrciasis occurs

end produces permanent end irreversible disability,
particularly in West African Savamma asreas. Blindness
gtrikes nainly alt economically active adults in the
prime of life, it is the direct cousc of substential
excess mortality and the Indirect ozuse of staengtion .

" or decline in the population of commwmities. In Burkina
Faso the annual vlindness incidence rate ranges from

4 to 7 cases ner 1000 pergons in hyperendemic
onchocerciogias areas, 1 to 2 cases in Mesoendenic

areas and 0.3 — 0.6 cases per 1000 persons in
hypoendemic arens (W.H.C. 1987). Acoording to

Prost and Prescott (1984) blindncess rate in sone
communitiss in the Onchocerciasis control area could

go un o 100 — 130 ner {000 persouns observed. Gemads
and Dipeolu (1983) reported 11.2" blindness rate among
the Tiv people living in the Kwende local Government area.
Bradley (1976) found bPlindness rate due to onchocercissis
to be about 5.8% in the Hawal valley of Nigeria.

Budden (1956) found that in some hyper endemic areas

of Northern Nigeria blindness rote due to oncherciasis
was 57 per 1000 persons. In the Cnchocarciasis control
are the ongset of hlindness starts at chout the age |

of 39 years ond life span is lowered by about 13 years

( WH..0. 1987). Siwmilarly, mortality is higher among
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blind people (3 - 4 times) than for non blind people.
Onchocerciasis is a major cause of depopulation in

the Onchocerclasis control aress (FPhilippon, 1977).
Bradley (1976) showed that Onchocercinsis was the
chief factor influencing settlement patterms in the
Hawal valley of Migeria. According to Budden (19%6)
Blindness was one of the causes of migration of people
from endemic srens and this was well known to the
native chiefs. According to Budden, "the population
density tends to fall as the intensity of infection
in the community rises. Moreover, the average popula-
tion density in heavily and moderately infected areas
(25 and 43 per square mile) is lower than the average
for Northern Nigeria as a wholes (60 por square mile',
Gebathular ond Gabathulaer 1947 (cited by Budden 1956)
suggested that habitual gbortion night sometimes be due
to onchocercissis., Ikejisni (cited by Dudden 1956)
reported two cuses of habitual abortion in females
suffering fron Cnchocerciasis who were treated with
hetrazaen and afterwards produced hoalthy children.
Aocording to Vajime (1982) the econony oan be affected

by Onchocerciasis in the following ways:

- "Iy hyper endemic areas blindness in 209 or more
adult males often lowers farming ceopacity below

gurvival level',

- "Partly becsuse of farming feilure, partly becuuse
of the intolerable nuisance of fimulium swarms,

river valleys eventually become deserted. Uplands,
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which usually have less fertile soil, becone
over-crowded, This process has direct economic

effects especially in subsaharan West Africa".

"Pishing in rivers infected with Simuliun may
be impossible or may lead to blindness. Thus

available source of protein i=s lost."

"Labour forces engaged in activities such as
building doms in Africa have had to be protected
against the attention of Simuliwa ot conaiderable

cost.™

DIAGNOSIS OF ONCHOCERCIASIS

- el e A B

Parasitological llethods:

Parasitological methods are still the most
frequently used techniques to assess the prevalence
and severity of onchocerciasis. The pitfall in
parasitolozical dipgnosis however is thot it may not
detect light or early infections and it is completely

unable to detect prepatent infection.

Adult Worms:

The detection of nodules is of limited use for
establishing the diagnosis of onchocerciagsis since some
people, especially those who are lightly infected, d&o
not have detectable nodules. 7This method mgy therefore
have a low sensitivity but, becouse of its specificity
and ease of application, may be of great use for the

raplid preliminary assessment at a community level.
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The presence of nodules in patients living in areas
where transmission hes been interrupted for several
years is less conclusive since onchocercal nodules

may contain only dead worms (Isreal 1953). The presence
of onchocerc:-l nodules can be used a8 an adjunct to
parasitologice ]l diagnosis based cn demonstration of

Onchocerca volvulus microfilariae ond as a danger

gign to the eye when they are present on the head near
the eye (Onuigbo, 1975; Fuglseng et gl 1976).

Microfilariae

Evidence of the presence of 0. volvulus
microfilariae in the skin is the most frequently used
method to determine prevalence and intensity of infection
(W.H.O, 1974, 1987). Although microfilariae have
been found in the sputum, cerebre spinal fluid urine
and blood (Buck 1973; Duke et gl. 1976; Roux and Piecq,
1973; Puglsang and Anderson, 19743 Botto et al, 1984),
demonstration of microfilariase in the skin remains
the practicol method of estgblishing onchocerciasis
(Nelmon, 19703 Buck, 1974; Kirwood et gl 1983). The
oldest method of skin snipping has been that of using
needle and razor blade (Budden, 1956; Buck 1974). In
this method a needle is used to raise a cone of skin
which is then cut with a sharp rozor blade. The snip
which is about 3mm in diameter is then put in drops
of physiological saline (Sowa and Sowa 1975) and
incubated at room temperature for 30 minutes or more.
Apart from Normal Saline as incuboting medium other

workers have used other incubating media such as Hanks



Balanced Salt Solution (Ngu et z1 1981), Tyrode solution
(Nock 1985) and phosphate Buffered Saline (Ngu et al.
1981). For guantitative assessment, standerd methods
which employ calibrated instruments such as the
corneoscleral punch (Puglssnd snd Anderson, 1977, Kale
1983) and the weighing procedure using torsion balance
(Kale, 1983; Awadzi and Roulet, 1980) have been used.
The use of the puch mazkes it possible to express the
level of microfilarige in the skin as sumber of microfi-
lariae per a given size of skin snip. Where torsion
balance is used the concentration of microfilariae in
the skin con be expressed as number of microfilariae/mg
of skin. This procedure of guantifying the level of
microfilarice in the skin is particularly useful in
assessing the efficacy of chemotherapeutic agent

(Awadzi and Gilles 1980, Rivas-alcala et al 1984);
determination of endemicity of Onchocerciasis and the
level of miecrofilarise in the skin near the eyes signi-
fying ocular involvement (W.H.0,1987, Puglsang and
Anderson, 1977). Incubation of skin snips for longer
periods, for example 24 hours has lead to the increase
in the sensitivity of the technique os well as increasing
the number of nicrofilariae that everge from the snips
(Awadzi end Roulet, 1980). Nelson gt al (1966)

observed that unless the snips are teased not many of
the microfilariae will emerge. Kale a¥.al. {($44%)-
advised against teasing the skin snip which is harmful
and diminishes the number of microfilariae which emerge.




The use of collagenase to digest skin snips
(Sehulz-key, 1978) makes it possiblc to count the total
number of microfilariae contained in that snip. The
uge of collagenase increase the sensitivity of this
test significantly only in patients with wvery low
parasite loads., However the collagenase technigue
can be useful for the examination of a limited number
of snips such as when monitoring drag efficency or for
other research purposes. Collegenase digestion can
be performed on ethanol - fixed material stores at
ambient temperature (Schulz-key and Karam, 1984).

The skin snip technique can be improved in terms of
specificity by taking multiple snips and from different
body regions (Kale, 1982; Alfons and Wenk 1983; Kale,
1983). The prefered site for obtaining skin snips in
Afrig is the pelviec girdle usually below the iliac
crest (Buck, 1974, Alfons and Wenk, 1983) whereas in
the Americans the prefered site is the torso (Brandling
Bennett and Darsie 1983). Other body sites from which
snips could be taken are the calf, the knee, shoulder
and the outer canthus of the eye (W7.H.C., 1982;
Ufomada et al 1966). People who have more than 15
microfilarice in a skin snip taken newx the eye are

at risk of developing ocular onchocerciasis (Puglsang

and Anderson 1977). Microfilariae of Onchocerca volvulus

do not exhibit periocdicity, so thot skin snips can dbe
taken at any time of the day (Nelson, 1970).
Edungbola et al (1983) used the "Leopard skin"
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for the purpose of diasgnesis of onchocerciasis in the
Babana District of Nigeria. Althowsh g sign of onchocer-~
cigsis "Leopord skin® is not sensitive enough for genersal
disgnosis of onchocerciasig due te the fact that not

all onchocsrcal patients develep this mgnifeatation

and its appenrgnce is usuglly in the chronic stage

of the disease (W.H.C, 1966)., Microfilarise of

0, volvalus have been found in the urine of heavily
infected people and this test for miorofilarmrda 1

been used to neasure the level of endemicity in an

grez (Sasa, 1976). The number of microfilarige in

wrine increases with inteke of Diethyl Carbamazine
citrate (Puglsund and Anderson, 1973, 1974; Roux and
Picq, 1973; Anderson et al 1973).

Dizgnosis of ocular onchocerciasis has been mede
by either observing the microfilariase in the eye or
by opthalmoscopic examination of the eye for the
typical onchooercal lesioms (W.1.0. 1987). It
has been egtimoted that 20 mierofilariae or more in
the anterior cheamber and 50 microfileriae or more in
the cornea constitutes a rigk factor of blindness

(W.H.0, 1982).

Mazzobtd Roaction:

Thig is an indirect method for diagnosis of
enchocerciasis. The mazzotti resetion is probably the
most sensitive techmique for diagnosis (Duke 1974
Buck, 1974; W.IL.0. 1966). The patient is given g

-~
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single oral dogse of diethylcarbamszine (DEC) usually
50mg (W.H.O, 1987). Intense itching begins about

20 to 90 minutes after taking the drug in infected
individugls. The itching may involve the whole body

but begins first usually over the lower trunk, buttocks,
and thighs. The intense pruritus may be accompanied

by erythema, C¢sdema, urticaria and the development

of vesiclies and papules. Lymph nodes often become
swollen, tender and painful, Oedema of the head and
neck and espcecially the eye lids may follow especially
in patients with onchocercal eye disease (Gibson gt al
1980). The reacitions reach a maximunm smount of 24 hours
after DEC and subside over the following 48 to 72 hours.
Patients with light infections thot microfilariae are
not found will have a positive mazzottl reaction which
confirmas the diagnosis. The mazzottl resction is
specific and sensitive yielding only a very small fglse -
negative and virtually nc false positive (Sasa, 1976).

2,8.3 IMMUNOLOGY AND IMMUNCDIAGNOSIS OF ONCHOCERCIASIS

Onchocereal disesses (both oculsr and dermal)
gppears Yo result not from mechanical damage caused
by the presence of adult worms of miorofilariae but
by inflammatory resctlons eround certain microfilarige.
Histopathological studies indicote thot living
microfilariae generally evoke no inflgmmatory reaction
in the eye or in the dermis but thot damaged microfilariae
are ususlly surrounded by cells, purticularly eosinophils
and macrophages (Gibson gt al, 1976; Henson gt al 1979;
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Mackenzie, 1980). what Immunologiczl Mechanisms
{Immedigte hypersensitivify (Domnelly et al,1983),
delayed hypersensitivity (Bartlett et gl 1978), immune
complexes (Stewmd et al 1982), etc initiate these
inflammgtory response and result in the expression of
clinical pathology is not clear. Imumwmity to parasite
entigen is associated with localised dermal pathology
("Sowda") and low microfilariae count. While lack of
responsiveness to paraslite antigen is gssociated with
generalised infection gnd high microfilarial count in
the skin (Bartlett st gl., 1978; Butitner et gl.,1982).
The antigens of 0. volvulus have not been fully character—
ised. Crude extracts of sdults worms and the microfilariae
have been used in immunlogical studies (Kegan 1974;
Marcoullis sznd Grasbeck, 1973). In view of the fact
that the important pathological signs of onchocerciasis
are due to the microfilarize much gtudy is being
centered around the antigenic composition of the micro-
filarige. The microfilarise antigens that have received
greater attention are the surface antigens and the
Excretory and Secretory antigens (B-3) (Ottesen, 1984)
as well as the antigen of the Larvsl stage (L3) (%.H.O,

1987). Antigenic studies have shown that Onchocercs

volvulus possesdes p couplex get of antigens. Zven an
individual could habour Cnchocercg parasites of different
antigenic composition {Marcoullis :snd Grassbeck 1973,
Bryceson ot al, 1976). Infection in man leads to the

production of antibodies ggainst many parasite emtigens.



Immunoglobulir levels of various isotypes, especiglly
1eG, 181 and 128 are elevated non speecifically. In
meny people who ore infected with 0. volvulus, 185 levels
are ralsed to exireme high levels end a greater propor—
tion of 1&gl enbsiboldy is directed  against parasite
entigens (¥.H.0,1987). In a study on the serum
immunoglobulin levels in 5 villages ot the Republic

of Chad, Bue™ et al {1973) found excessively high levels
of 1gG, 1ga xd 18 cecompanied by relatively iow

180, agsocigbted with seveore onchocerciasis complicated -
with microfilarumir , Comparative studies of 1gG, 184,
and 1D levels betwean persons with severe and mild
onchocerciagis, olassified on the basis of microfilaria
count in the skin snips revesled difierent age patterns.
The natural increase of 130 levels with age was not
found in the group with severe infection, while 1gD
concentration continued to rise Ifrom the youngest to

the oldent age group. Ngu and Binckett (1975) found
gpecific 1gG and 1gM entibodies ngainst surface antigens
of micrefilurine in the scrg of (nchocerciagis patients
in Cameroon, Ngu and Blackett (1976) found significantly
higher levelag of immunmoconglutinin, 1gG and 184 and
alteratlion in 63 levels in the popul:tion infected with
C. volvulus than in the non infected populstion. Merino
gnd Brand (1977) reported that curing the course of

the disease the Immunological sxpsratus suffers only
glight modificgilon gsince no gre.t varigtions were found

in immuoglobulin levels, the Cys the reactivity to
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2—-4 dinitrochlorobezene or the response of peripheral
blood lymphocytes to mitogens. They also found that
under treatment the levels of serun 18 are increased
and there is o decreanse in 03 levels.

Circuleting antigen - antibody complexes are found
in the sera of a high percentage of persons infected with
0. volvulug (Steward et al 1982) btut the significance
of this observation is not clear. It is possible that
immune complex deposition leads to acute inflammation
and tissue domage or that the complexes contribute to
a down-regulgtion of the host immune response.

Persons infected with 0. volvulus are known to
have impaired cell mediated immune response(Ottesen, 1984;
W.H.0, 1987). This impairment of cell mediated
immunity appears to be more pronounced in persons with
little cutaneous reaction (and microfilariae distributed
through the skin) than in those with highly reactive
gkin disease (and few demonstragble microfilarise).

The precise mechanism by which dampening of the cell
mediated immune response occurs aro as yet unknown
(w.H.C, 1987).

Although some people remein free from infection
in evdemic onchocercigsis areas despite high transmission
potential, immanity to onchocerciasis does not ocecur
in infected individuals. People who have been free
from infection by chemotherapy are susceptible to
reinfection (Ottessen, 1984, W.H.O. 1987).

The main stay of disgnosis is the demonstration

of microfilariae in skin bicvsieg. However DoCallSe —
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mierofilariae cun be present in small numbers and

becuse the meons to detect them porasitologically

are relatively insensitive, Ilmmmnodiggnostic techniqgues
hove been routinely employed for .iagnosis (Ambroise-Thomas
1974). Traditionally these have been serological or

skin test determinotion of antibodies generated by the
host. Since all these assays however, share the major
draw back of being unable to diseriminate between past
exposure and current infection and beecruse the magnitude
of the response bears no relation to the parasite burden,
recent attention hos focused instesd on the direct
detection of parasite antigens in potients' blood or
urine (Ottesen, 1984). Ambroise-Thomos (1974) and Kagen
Eagan (1963) have given extensive roview of the literature
on immunodiagnosis of filariasis including Onchocerciasis.
The immunodisgnostic tests that have been used for the
diagnosis of onchocerciasis include skin test (Kagan 1963),
oouplement fixation test (Ambréise~Thomas 1974), passive
heamagglutination test (Ikeds gt gl, 1978, 1979;

Bryceson et al 1976) and double gel diffusion and
immuno-electrophoresis (Ngu gt al 1981, Bryceson gt al,
1976). Others are indirect fluorescent ontibody test
(Ten-Eyeck, 1973; Ngu and Blackett, 1976), radigallergo -
sorbent test (Somorin and Heiner, 1976) and DTnzyme

linked immunosorbent assay (Bartlett et al, 1975,

Voller et al, 1975). The antigens that have been

uged in these studies are either heterologous antigens
derived from animal sources (Kagan, 1963, 1974; Ambroisge-
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Thomas 1974) or sections and crude oxtrocts of homologous

species end exeretory-secretory products of the micro-

filariae. A mejor set back in all these technigues

for the detection of ontibodies is thot there is

not only a limit in the sensitivity of the technigques

but there is also cross reanction amon: the filariae

ond also in othcr memstode and non poruesitic diseases

(Fgu et al 1981), Galadima 1982). Ten-3ysck (1973)

wae able to deteet antibody presence in 102 out of 105

(97#) onchocercicsis positive patients using frozen

gsection of 0. volvulus. When using entizen from

duchereria bancrofti, he was able to detect antibody

in 86% of onchocerciasis patients. Talse positive

reoctions were observed by Mueller gt gl (1973) when

they found that there were cross reactions between

0. gutturosaontigen and sera obtained from people infected

with other intestinal nematodes gpart from filariasis.
Isolation and characterisetion of specie antigens

from either the adult worms or microfilariae of Q. volvulus

together with improved serological technique will be

of paramount importance in the generol diaggnosis of

onchocerciasis o8 well as evaluating the effectiveness

of control measures. Klenk et al (1984) carried out

gerodiagnosis of hwonan onchocercigsis using purified

Litomosoides carinii antigen ond found the ZILISA techniques

to be more sensitive (92.9%) than latex agglutination

(89.1¢) and Double diffusion (82.14). The ELISA technique

however had 10,37 false positive as against 6.8¢ false



positive for ilie latex ~gglutin.otion =nc¢ 0. for the
double diffucion test. 1% leveis azre rodsed to extrmely
high levels probcbly higher than in :ny other helminthic
infection) ard a greater portion of 1% entibody (compared
to 186G antibody) is directed against porasite antigen
(Bubtner ot 21, 1982). Scanorin and Heiner (1976) however
could only deteet 153 in 31 out of 57 onchoceerciasis
pabients. Detection of cireulating ntigen instead
of'antibody detection is being investigated for posaible
use in the dipguosis of onchocerciasis but not much
information has sccumulated yot to warr-nt judgement of
this fechmique (Ottesen, 1984).

In onchocerelasis, the immune response to certain
immunogens and othoer infections has been reported to
be depresscd. In a study to examine the effect of
onchocerciasis on tetenus immunisation, Prost et ol
(1983) found thot only 7.1% of Onchocerciasis patients
became Immunised after two months of vaceination with
o single 0,5m1 dose of concentrated totonus toxoid.
In a conirol group thal hed no 0. volvulus infection,
44,57 deviloped imvaunity after two months vaccination
with the ssme gmount of tetanus toxoid. Similarly
non reacticn o BCE, =and pulmonary tuberculosis has
been found .2 hyver endemic onchocercinsis are (W.H.O.

1987) .

2.9 CHEMOTHIRAPY OF ONCHOCZRCIASIS

Numerous compounds have beoen produced which will
either kill the aicrofilariae or the adult worm ox
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sterilise the Temele worms gnd prevent them from
producing microfilariae. Cut of theseg numerous compounds,
the most tested ones include suramin (Duvke et gl 1981)
Diethylcarbamazine (Douingue gt al 1583), Ivermectin
(Awadzi et al 1985}, Melarsonyl potassiwm (Duke, 1970)
melarsen W. (Goodwin, 1984), Metronidazole, oxaminiquine,
tinidazole, mebendaxole, Tricholorophone, Pyrantel
Pomeante and Levamibolo, (Kale, 1975, 1982; Fuglsang

ond Anderson, 1978, Awadzi et al 1982). Others are
Flubendazole (Kale, 18982) and Nifurtimox (PFuglsang

and Ahderson, 1578). Out of thegse drugs only suramin
pnd diethylocarbamezine citrate have been registered

for treatment of oncheerciasis. Ivermectim . which

is now the most promising drug for onchocerciasis
trestment is wnder field trial and io yet to be
rezistered for cliniecal use. Surgmin, viiich kills

both microfilarias and aduwlts worms, is on inherently
drngeroug drug hecause of its high protein binding
affinity with oliteration of enzyme function (Hawking, 1978;
1978). Tha risk of optic newropathy, nephrotoxicity,

and occasional death associated with suramin treatment
geverely limits its usefulness, especially for mass
treatment (Anderson et al. 1976). Dudden (1553) used
Suramin for %the treatment of Onchocerciasis and obtained
the following results: Microfilariae ropidly disappeared
from the anterior chamber and cornen, ocular inflammation
ceased, the muher of microfilariae in the skin fell
dramatically, pruritus stopped after an initial

exercabation and skin texture improwved. Two of the
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patients died in hospitel with what appeared to be a hyper-
sensitivity reaction, prolonged high fever, prostration,
arthritis, exfoliation of the skin, severe wlceration

of the buccal muscosa and descending infection of the
bronchial tract. The deoth which occuxed in heavily
infected patients was thought to have resulted from
massive liberation of filarial "toxin®. Thylefors

and Rolland (1979) observed optic a&trophy following
treatment of Coulur Onchocerciasis with Suramin.

Surgnin is g complex water soluble derivative of
urea that is under brand names including Bayer 205,
Germanin and Moranyl (Gibson et gl 1980). I% is
normally gzivon intravenously at weekly intervels for
© weeka. The toxicity associgbed with Svramin can
bo divided into three categories: (1) Toxie effects
of Surgmin itself. This includes dendernsss of the
palms, soles, thickening of keratin luyer, polyurea
and increased thirst plus tiredness, anorexia and
Malgise. Qther toxic effects include ulcaration of
mouth and tongue, chronic diarrhoea, severe prostration
lasting weeks or months (Duke, 1974).

(2) Reactions attributed to death of adult 0. volvulus
worms. This includes urticaris and swolling of affected
parte of the body, tenderness and swelling around nodules,
painful immobiligation of hip joint and pain sbove

the knee from reaction sround worm bundles. f

(3) Reactions to death of microfilarise of 0. volvulus.
This includes itching of microfilarige infected skin,



= 83_

proceeding to indurated dermatitis or to popular or
vesicular eruptions with subsequent desquamation,
pyrexia and sometimes associated with humnchitis., Other
effects include iritis, with red eye, flore, posterior
synechiae, swellinz, peain and limitotion of movement

of the joints especielly of fingers, writs, elbows,
toes and knees (W.H.0. 1978; 1966).

Ocassionally the treatment may result in death
(Budden, 1959; W.H.O. 1987). If treatment is
discontinued at the first appearance of any adverse
signs, they will usually disagppear. These adverse effects
can also be alleviated by the systemic administration
of corticosteroide (Sasa, 1976; W.H.O. 1982). Diethyl
carbamazine citrate is microfilaricidal when given
to an infected person but has virtually no effect on
adult Onchocerca (Goodwin, 1984). Diethyl carbamazine
oitrate is availablc under several brand names including
Benccide, Hetrazan and Notezine (Gibson gt al 1980).
Diethyl carbamazine citrate has been the mainstay of
treatment for onchocerciasis for many ycars (Taylor,
1984). There pre however two major disadvantages with
the use of Diethyl carbamazine citrate (DEC). One is
the host response induced by the in-vivo killing of
microfilariae (Bryceson gt al 1977) end the other is
the lack of effect on the adult worm (Taylor gt al.
1980), so that the therapeutic effect is only temporary.
After DEC treatment the skin is rapidly repopulated
by new microfilariac over a period of 6-12 months and
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the skin snip counts usually return to »re-treatment
lovel within a year (Duke 1968). Minutes to hours
after the pdministration of dietyl corbamazine to most
potients with onchocerciasis, a series of events occur
thoet inelude dexrmal, ocular and systomic components
known collectively as the mazzotti resction (Mazzotti,
1951). Systemic reactions include increased itching, rash,
hoasdache, aching muscles, joint pain, pain, swelling,
end tenderness of the lymph nodes; fever, tachy cardia
and hypotension esnd vertigo (#.H.O0. 1987). TFuglsand
and Anderson (1974.) reported that some poople collgpsed
aftar treatment with Banocide. The toxio effects
following DEC therapy are more pronounced in heavily
infected individuals and in people who already have
oocular involvement {Anderson and Puglsang: 1977;
Anderson et al 1976; W.H.C, 1977). Bird et al (1980)
reported that opltic neuritis slso occurs following DEC
treoatment, which lesads to visual ficld loss,

Banocide therapy has also been reported to lead to

tho mobilization of microfilariae and they are found
in increased numnbers in blood urine, lymph nodes as
woll as in the cormea (Fazen, gt zl. 1976; Anderson

and Fuglsang, 1976, Roux and Pieq, 1973; Anderson et gl.
1975). They may also appear in the epidermis, synovial
fluid, cerebrospinal fluid, hydrocoele, te@ars and in
the sputum (Sasa, 1976). Bryceson gt al (1977)
reported a cagse involving nine Nigeriazns with severe

onchocerciagsis who were treated with diethyl carbemazine



Tho patients developed clinical changes ranging in
soverity from mild itching to distross, cough and
syncope. Physiological changes such s fever, tachy
pnoea, tholycardia or hypertension were seen in 8
patients. 1In five patients the systolic blood
pressure fell by more than 25mm Hg ond one patient
collapsed on attempting to sit up. Circulating
eoainophils decreased profoundly in all cases reaching
their lowest levels just before or during the clinical
and physiological changes. A fall in serum complement
(03) was also fuund associated with the reaction.
Some studies have used eye drops of agqueous 3 to 5
percent DEC solutions (Anderscn, 19773 Bon-Sira et al;
1970; Anderson ond Puglsang, 1973,.1977).
Anderson and Puglsang (1973) found thot in heavily
infected patients with severe ocular involvement
topical DEC (3 percent) produced local complications of
gufficient importince to necessitate stopning treatment.
A crean containing DEC, designed for the treatment
of Onchocerciasis by inuction (Langhom et al, 1978)
wos tested on patients in Ibadan, Nigorle and at Wau,
Southern Sudan end was shown to produce allergic response.
at least as severe as those following the oral
administration of the drug. The use of the cream was
therefore not reccmmended. The use of small doses
of Banccide do not scem to be enough to take care of
the poseible serious side effects (Goodwin, 1584,

Taylor, 1984). In an attempt to block the mazzotti



reaction, many mnti-inflammgiory drugs have been studied,
Studies at Tamale showed that prednisolone abolished

tho cardiovesculsr mnd lymphe™’p compononts of the
mazzothl reaction ppweriesd by DBEC but did not prevent

pruritus or skin rash (Awadzi et a1, 1982).

Cyprohepatadine, triprolidine and cimetidine and Anti-~
inflammatory agents such as indomethucin and Kebuzons
hove failed o glter cither the nature or severity

of the reaction (Awndzi gt 21 1982). Other enti-

infl ameatory agents which have been used but with 1ittle
guccess in suppreszing the cxercabation of the disease
following DIC ore dexarcthasome, betsmethagone,
triamcincolone, methysergide, aspirin ond diazepan
(W.2.C. 1987},

It should ba noted however that not all patients
develop these sevore side effects and it scems that
these reactions hove some genetic linkoge (Nelson,
1970, Hemson gt 21, 1979). In view of the possible
severe side offects of DEC, indiscriminnte use of
RBenocide has besn odvised againgt. IC should not be
used indiscriminstely in patients with onchocerciasis.
Its use should be restricted to carefully selected
pationts who are Xopt under observation and given
gtercid “cover" against inflammglrry Yeasctions. The
major indication for treatment with currently available
drugs is the presence of onctocercissis that is secvere
enough to threaten sight. Suggested indications for
chemotherapy of onchocerciasis using diethyl carbamazine

and Surgmin gre a8 follows (W.H.0. 1937).



liajor Indicctions: Sight - threatening dise:se as
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indicated Yy:

1e 20 or more microfilarinz in either cnterior chamber.

™

- 50 or mor? nicrofilarisme in elither cornen

3. Sever: uveitis in petionts with onchoecorecicsis
4. Barly sclerosing XgEitites
5 Visual field constriction in potionts with active

discosse.

Othor indications: Sevore onchodern titis, high micro-
filarial count, 100 microfilariae or more per mg of
a:in and 15 mierofilarioe or more peor 13 of outar
oonthus skin snip. Becouse of the posuible serious side
pffects with oither Suramin of Banodide, it hcs been .-
recommended thot the course of tro. tnent should be as
follows (W.H.0. 1987): "Pationts bain~ treated should
bo hogpitalised or trecoted under clos: madical suncrvision,
fpractment should begin with diethyl errbomazine given under
oorticosteroid coverage and lator followed by Suramin
tro~tment; paticnte should bz nonitored cgrefilly for
glde effacts ond the treatuent nodified or interrupted
if major adversc re.ctions occur; treotient should not
be given indiscrimianoately or without duvo consideration
for the patients Hrasent and futurc st tus and the
likelihood of reinfection.

The mechanism. by which DIC kills microfilariae
romaing to be proven., Basic to the problem is the

finding that DIC does not kill miecrofilorize in vitro
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(Rivas-alcala et al., 1984). According to Hensan:

ot al (1979), "DEC does something to microfilariae

which greatly increase their ability to provoke an
inflammgtory reoction in the host". They listed several
possible mechanisns for this exaerbation of the
inflammatory response to microfilarice that is caused

by DEC:

1. That DEC kills microfilariae which then become

highly irritant.

2. DEC treatment removes the hypothetical coat of

human antigen,

3. That DEC activates complements on the microfilarial

surface.
4. DEC stops production of complement inhibitor.
Se DEC breakds tolerance to microfilarial antigens.

6. DBEC alters tho status of cyclic nucleotides in
microfilariae. - . Q

Degpite. the serious side effect coumonly associated
with DEC treatment, it is presently the drug of choice
for treating onchocerciasis (Taylor, 1984; W.H.O. 1987).

_ Chemothergpeutic agent which may most likely get
priority for onchocercigsis treatment is an Aver-mectin
oalled iver-mectin (Taylor, 1984). Ivormectin is a
maorocyelic lactone, a synthetic deriv. tive of avermectim -
B, vhich is a fermentation product of Streptomyces
avermitilis. Ivermectin is highly aotive against 0. gibsoni
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microfilarisc in cattles. It has z broad spectrum of
antiparasitic activity and has for several years been
used in veterinary medicine as an intestinal anthelmintic
and for the control of arthropod ectoparasites (Goodwin,
1984). Aziz ot zl. (1982) tosted ivermactin on patients
with 0. volvulus infections with a singlo dose of 50 to
200uz and observed a 90 percent reduction in the skin
microfilarial load in one weck. Thero was no mazzotti
roaction except in few cases in which the reaction

wos very mild. Adwadzi et gl, (1985) treated nineteen
patients who had modcorate to hoavy infecctions with

O« volvulus with single doses of 50, 100, 150 or 200ug
por kilogram of invermectin slowly eliminated microfilariae
from the skin and coye without serisus adverse clinical
or ocular reactions in all treated groups; very low
lavels of skin microfilariae were maintained for nine
months., Dose dependent stimulation of cubryogenesis

wag noticed in the first one month after initiating
therapy and then suppression of embryogonesis 3 months
after therepy. The mechanism of sction afh Svimootin
against Q.volvulus has not yet been cloarly established.
It's effect is thought to result from ivermectin's
activity in enhancing both the presynoptic release

of gamma—sgmino butyric acid (GABA) and the post-synaptic
onhancement of GABA-binding to a chlorids channel linked
receptor (W.H.0.,1987). Although ivermoctin has

been shown to hove macrofilariciadal activity in some
animal filariel species, there is no ovidence suggesting
that such an effect occurs against C. volwvulus.
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The Bongimidazoles, Metrifonate ond the arsenicals,

although they haove been tried and some of them Ffound
to hgve possible beneficial effects Tor the treatment
of onchocerciasis, they are not in clinical use due
to oitheor their serious mazzotti effoects, tup-togunic:
offects, cncopholopathy, or the intolerance of high
doaes of such drug associated with prolonged use in
treoatment (Taylor,1984; Goodwin, 1984; W.H.O0. 1987).
Noduleciomy is once of tho earlier methods of treating
onchoceorcigsis and has been widely used for more than
40 years in lexico, and Guatemala where head nodules
are rolatively common (Felson, 1970). Although this
practice is very common in Guatomala snd Mexico it has
been difficult to agssess its benefit as a treatment
for onchocerciasis, Some of the nodulos are impalpable
and somne worms may not have formed nodules yet (Kale,
1982; Albiez, 19833 Taylor 1984). Removal of head nodules
may only delay the onset of ocular lesion but in arcas
where %hore is no veeitor control it can only be a
‘tenporary measurc. In Africa nodulectomy is not a common
practice and the little information on this available
ahowed that nodulectomy 4id not significamtly alter
skin saip counts when the patients were oxamined later
(Kale, 19E2b; Albiez 1983; Meyers gt gl. 1977).

2.10 CONTROL OF ONCHBICERCIATS

2.10.1 NCDULECTOMY: Control measurcs can cither be carried
out ggainst the paranite, the vector or both. The

parasite may be controlled by exeision of nodules which
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by destroying the adult worms, also eliminates the
niorofilariac after a few months, thus interrupting
the transmission (Welson 1970, Kale, 1982). Control
of onchocerciasis by excision of nodules has been a
prominent feoturc in Guatemala and Ifexico where
nodical asuxillaries go about removing hcod nodules.
While this proctice may reduce the risk of ocular
involvemont it con only scrve as a teaporayyhiasurc
in lowering the microfilaria load of the skin as

some worms might not have formed nodwles yot. It is
virtually impossiblc to remove gll nodulcs as some of
thom are impalpeblo, morcover, from the medical point
of viow it is not feasiblce to cut out large number

of nodules from many pcople who may in ony case be
roinfceted at any time (W.H.O0. 1974). Nodulcctomy
has not boen on important methed of controlling
onchocerciasis in Africem(Albiez, 1983; leyors gt al.,
1977; - Rm.6, 1987). Destruction of worms by Suramin
ia not possible except under medical supcrvigion. It
is a dangerous dryug which cannot be used in mass
campaign (Budden, 1959, Nelson, 1955). Dastruction
of microfilarize by dicthyl carbB®mazinc also produces
considorable advorsc reaction and sssuch cannot at
present be used in mass campaign. This  lcaves us
with destruction of veetor. The vector control can
bo done under certain conditions. The first is that
campain should last for guite a long time. It shouwld
interrupt transmission throughout the cumalative life
of the adult worms and the last microfilariac produced
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by the adult, that is 16~18 ycars. The scecond condition

is that the ccological areca should bo gquitc larga.

2.10.2 CHEMICAL CONIROL

Until the appearance of DDT, the mothods proposcd
and tested for blackfly control werc notably imPfictime,
They werce uncconomical (sweoping larvae from stones or
removing vegetation in rivers), ineffective, and or
involved the application of matoriels highly injurious
to non~target founs (o0il emulsion, xylol, kcrosine,
greonicals (Jamback, 1981). The first roprot on the
offectivencss of DDT on Simulium is that of Bishop in
1943 (cited by Jambock, 1981). He dripped an emulsion
congisting of kerosine solution of DDT, soap, and water
into a small strcom and noticed that within 2 few hours

the well developed larvac of 3imulium venustum on rocks

in the stream dissppested for a distance of at least
soversl hondrod foots downstream. Falrchild and Barroeda
1545 (Cited by Jamback 1981) showed tha’s DDt whon
applied at very low dosage rates directly into water
coursca was eXbtremely effective in killing Simulium
larvas. Following this demonstration, numerous Simmulivm
control schome have been executed in Africa in the
19408 and 19950s. Voctor contrel or oradieation has

led to onchocorciangis eradication from Koenya and some
foecld in Uganda (Raybould and White, 1979). In Kenya
the eradication of 5. neavel s.s. was completed in 1956
(MoMahon et gl. 1958; McMahon, 1967). The control was

carried out using 184 DDT in emulsion 01l applied to
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rivers and stresms at dosages of 0.5 to 1ug/liter. The
control covered sn area of 40,000km2 and lasted for 10
vyears. There hgs been no report of resistance to DDT
by 5. damnosum s,1, in Zast Africa whereas resistance
hes been reported in West Africa (Walsh, 1970). The
environnental advantages of employing biodegradable
compounds such as temephos (Abate), ogainst vectors
belenging to the 5. naevei group are offset by the
foet that these species tend to breed in cool streams
where the potency of temephos would be reduced by the
low temperature (Raybould and White,1979). PFactors
which leed to tho effective control of the disease
in Kenya has been attributed to thorough pre-control
surveys for both early stages and gdult forms of
S« neavei. The breeding sites were plotted on maps
and the flight ronge of the adult fly along the
waber courses was recorded. Another factor which
facllitated the scheme is the geographical isolation
of the affected area reducing the chonces of reinfection
from cutside. The accessibility of maony dosing points
by roai aleo focilitated the programme (Raybould and
White, °979).
The effective control of vectors of onehocerciasis

has led %o the improvement of life and economy

* of the affected areas, for excmple, in Uganda,
biting rat¢s of over 300 S. damnosum per man hour
prior to control discouraged cultivation of the exellent
agricultural _and along the Victoria Nile. Onchocer-
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clasils infection rates in those days were very high,
being 80-100 percent in people aged 15 yeors and above,
and about 65 percent in the overall populotion. As a
result of the control and intermittent eradication of the
vectors, infection rates declined to 17¢ in 1967 and
to less than 0.27 in 1974. The area concerned has
now become one of the major food producing parts of
Ugando (Raybould and White, 1379).

Very limited vector control has been ocorried out
in Guatenala. In Maroch 1979 larviciding operation
wes launched in the Lavaderes river of the pilot centrol
arec using 10 percent temephos briguettes at two
weekly intervals. Results showed that luorval density
decreased rapidly soon after the temephos application,
subsequent searching revealing neither old larvae noyp
pupae in most tributaries. Collections from a bait-boy
showed that the number of agdult Simuliids attempting
to bite at first fluctualed between 26 and 524 during
three hours observation periods before pesticide
treatments but then decreased remarkably, so that
fron June to December 1979, adult density remained
between O and 21 (Ogata, 1981). In the Bametal and
Zapote river basin adjacent to the Lavaderos river,
two-weekly larviciding was eosmenced:in. June 1979
at 83 sites on 44 tributaries. Although results
showed absence of larvae in the post treatment
asgessments, the deocrease in adult fly population
proved much less markedthan in the lavaderos river

basin (Ogata, 1981). The reason for this was suspected
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to be invasion from the Southern area not under
blackfly control.

In West Africa, where onchocerciasis is widespread
and frequently a serious problem, the first attempt
of vector was made at llgyo Kebbi, Chad but did not
succeed (Teufflieb 1955 cited by Walsh et al, 1979).
In Nigeria the then Forthern Region Ministry of Health
decided in 1955, thot a pilot project should utilize
the newly available insecticides and see whether
S. dgmnosum s.l. contreol was practicable at a relatively
loc 1l level. The priaary objective was to dee if
"it would be possible to obtain significant vector
control by annual lerviciding of the breeding site"
(Crosskey 1979). After one year of prelimincry
investig tion, control work was started in the Abuja
Enivate in 1956. The aims of the prvject were" (i) to
determine the possibility of controlling S. damnosum a&.l.
in san area not isolated from other fly areas, (ii) to
evolvo a practical and economic technique for routine
ennual control and (iii) to assess the effect of vector
control on the prevalence of onchocercipsis within
the project area" (Doviea 1963). The control which
waes ocarried out between 1956 and 1960 employed DDT.
The major rivers were treated with DDT nt o concentration
of 1.0 parts per million of river water over a period
of 30 minutes at weekly intervals for a period of 12
weeks., Results evaluation carried out by Davies (1963,
1968) showed that the Simulium population was reduced

by 90 percent but thore was no such corresponding



decrease in the prevalence of onchocerciasis. The

Gurara river was too large to be included in the schems

and formed g constent source of reinfection slong the
Western boundary. This contributed to the failure

of the scheme. OQther factors that contributed to

the failurc of the scheme were the short duration of the
gcheme and the small size of the area which was bounded by
other endemic zonea. The construction of the Kainji dam
glso necessitated Simulium control to project the workers
at the projcet site (Hitchem and Goiny, 1966; Walsh, 1970).
Control opertions were concentrated on the 0Ji river and
its major tributaries, the Kontagora river comwlex and the
Niger. Wet season larviciding continued from 1961 to 1368
using 259 DDT emulsifiable concentrate (Arkotine) at dosage
rates ranging from 0.03 to 1.0PPM. During the construction
of the 0ji river power station g short streteh of the river
was doged with IDT to protect the work foroe, Tha Kadunag
river and the river Hawal are other places thot have received
limited control (Crosskey, 1981). The main leosson lesarnt
from the control work in Wigeria mentioned above is that
the very widespread areas of closely connected breeeding
sites made it very difficult to control on = small scale
(Hitchen and Goiny, 1966; Garme et al 1978). This together
with the discovery of the disease in more paris of Nigeria
end the likely success of the large scale OCP was

guickly noticed iIn Nigeria and considerations were

given to the development of g National control programme.

Various sclentists visited the OCP to see the methods



2.10.3

w OF e

in use and the problems to be faced. Senior scientists
from OCP and WHO consultants visited Nigeri, in the
late 1970's. They usged the informstion available to
produce studies in relation to the development of an
onchocerciasis control campaign (#W.H.O0. 1978,

Crosskey, 1981). A National Onchocerciasis control
progromne. (NOCP) has now been set up in Nigeria and

the country has been divided into zones. Actual
control on National scaole is yet to start. It is
suzgested that at leost two aviation centers will be
needed when the whole country is under control. The
precise length of the rivers that will have to be
treated by air in the National onchocerciasis control
prosramme is yet undebermined. However the number

end comgexity of river systems supporting S. damnosum s.l,
in Higeria is much greater than in the Onchocerciasis
control programme. "The logistics of aerial
epplication are going to be much more complicaoted and
expensive. Many of the fuel and insecticide dumps

in the OCP are in remote areas and are left unattended.
Nigeris has a much greater and often & more densely
dispossed population,  Many mowe dumps will have to

be sited near population centers and, ot the very least,
cooperation with the village heads will have to be
souzht to prevent pilferage" (Gregory, 1982).

THE ONCHOCERCIASIS CONTROL PROGRAL

B R I e i e T

This programme which started in February 1975
initally covered 7 West African countries (Walsa et al.
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1981). The progr-mme now has involved 11 West African
countries ( W.H,n, 1987) namsly, Benin, Burkina Faso,
Cote d'Ivoire, Ghona, Guinea Bissau snd liali, Other
countries are Niger, Senegal, Sierra Leone, Guinea and
Togo. The OCP had its genesis from a necting in 1968

at Tunis sponsored by USAID to discuss the feasibility
of onchocerciasis control (#7.H.0. 1969)., The meeting
goncluded that control was technically foasible, and
th-t the chances of obtaining successful and lasting
effzocts would be greater if the control was carried

out In ecologic.l zones that were sufficiently large

to ooviate the need for continuous protection of the
whol:z area ageinst reinvesion by the bloclfly wvector.

The mseting further suggested that the area centered

on the lensely ponulated headwaters of the volta Basin
would offer the greatest prospect of success. The Tunis
meating —ed teo the establishment by W.H.C. of a mission
(the PAG ilission) charged with the task of preparing

a compreheasive plan for Onchocerciasis control. The
nisgsion sutmitted its report in 1973 to a conference

of partieip Hing countries, potential donors, and sponso-
ring agencie: (FAC, UNDP, the World Banlt ond W.H.O.). The
operational p.ans and budget were approved and an
onchocerciagsic¢ fund managed by the World bunk was
estoblished. The programme is a corporaote undertaking

of 11 participebing countries in West Africa and the
control programzdonor communities (countries, foundations
ond Cevelopment b-nks) and four United Nations Agencies

(UNDP, FAO, the World Bank and W.H.0.) which together
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mpke up its governing body, the joint progfamme comnittee
(JPC). W.H.C. is the execubting sgency with the

World Bank as the financial trustee {(Walsh et al 1979;
welsh et al 198f; W.H.C. 1987). The objective

of the programme is to eliminate onchocerciasis as a
dissecse of public health =nd socio-sconomic importance
throughout the area covered by the programme and to
ensure that there is no recrudescence of the disease

in the future. The progreime covers an area of more

$hen 750, 000Km®

with a river system of 23,000km.

Temephos (Abate) is the insecticide that has been used

in mors than 50 percent of the programme =rea {Walsh

et ol. 19793 Welsh gt zl. 1981; W.H.O., 1987). ¥or
smegller, nore heavily wooded streams, helicopters are
uged for delivering the insecticide., For control of
larger, more open rivers, fixed-wing gercplanes are used.
The rivers are .treated with insecticide armlsion at
rates of between 0.0%5 and O.1PPM measure over a 10 minute
period of flow. The lower dosage rates are used for
fairly large fanst flowing rivers during the wet season
and the high dosage rates are used in small stream |
and during dry season conditions of intermittent

. flow in the larger rivers. On large rivers during the
wet seoson tregtments are made at 40km intervals, whereas
in exbreme Adry sezson, each separate breeding site is
given individual treatment (Walsh et al 1979). Treatments
gre cuorried out at weekly intervals. Control acfivities
heve continued asince February 1975 and the programme

is expected to last for 20 years, a time based on the
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postulated life-span of the parsite Onchocercg volvulus
sels At the initiation of the programme it was estimated
that one million peonle within the control area were
infected of whom at least 70,000 were blind or had
serious ilmpairment of sight. ZEntomologicni, epidemiological
and socioeconomic evaluantions have been used to assess
the effectiveness of the control (Walsh et al. 1979;
~¥Y.H.6, , 1987). Prior to the initiation of the control
progroamme, the Annunl biting rate (ABR) in some areas
such os in the WRite Volta basin, along the Bougouriba,
the Upper Comoe, the Leraba ond the Upper Bandama rivers
reached levels of 50,000-250,000 ( W.H«Hs 1987). In
the central well controlled area, S. domnosum s.l. has
been virtually eliminated., Annual biting r.otes are
between zero and 100 throughout the area (Walsh et al
19793 Anonymous, 1987). In the less well controlled areas
even though the flies have not been elimiated, they
have been reduced to low densities with annual dbiting
rotes normally below 500 and rarely exceeding 1000.
Infective flies have nlso been reduced to very negligible
level, In some of the reinvaded area, however, annual
trinamission potentials and annual biting rotes remain
close to precontrol levels (Walsh et gl,1979; Garms
et gl 1979; W.H.0, 1987).

Comparison of epidemiologiecal data aolso shows
that the control programme hos effected interuption of
tranamission. Out of a totel of 6,700 children examined,
all of whom were born after the start of control, only
one was found infected compared to the expected nmumber
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400, in the central well controlled ares had there been
no control (Prost and Prescott, 1984, W,H.O.,1984, 1987).
The microfilariah lopd in the skin of adults, and children
born 10 years before the start of control has alsoc been
reported to have fallen {(W.H.0. 1987). The level of
miorofilariae in the cornsa has also fellan.

Prost and Prescott {1984) reported that blindness
rete for Burkina Feso used to be 7-9 per 1000, while
in many hyper endemic districts c¢ould be up to 30-~50
per 1000 and in some selected villagea 100-130C per
1000 blindness rates could be observed prior 1o control.
Blindness rate decreased to 2.5 per 1000 in hyperendemic
arens during the period 1975 — 1978 and 3.2 per 1000
of oversll blindness during the peried 1975 - 1980.

The control hos olso had pogitive impact on the
socioecnonomic aspect of the affected areans, Significant
inerease has been reported in the amount of cultivatable
land which had hitherto been abandoned as a result of
onochoocerciasis (W.H.O0. 1987). |

Some of the problems encountered.in the OCP area
hove heen those of reinvasion of controlled areas and
resistance to insecticldes (CGarms gt gl. 1979; W.H.O0,
1987)., The vest majority of invading flies belonged
to the 2 cytospecies, 5. demnosum s.s. and 5. sirbanum.

Resistance against chlorphoxin and temephos has |
been reported in the OCP area (W.H.O. 1987). In either

cage, Bacillus thuringiensis H-14 substitute has resulted

to reversion to normesl susceptibi Li jpp-mome TN thy af ter
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the withdrawal of the insecticide.

Apart from controlling black flies for the purpose
of eliminating the disease, Onchocerciassis, black-fly
conl{rol in mzny parts of the world have been carried
cu’ purely for econonic purposes. In the USSR blackfly
control has been necessitated by major hylroelectric
projects (Dubitslkii, 1981) in regions of Siberia. The
blaclkflies encountered in this area included Gnus
cholodkovelcii, . jacubicum, Simulivm morsitons, S. reptans,
Schoenbaneria pusillum end Schoenbauerig brachy-arthra.
In the construction ares, working cgpacity was known
to be seriously reduced through biting and the persistent
snd extremely simoyance caused by blackflies forming a
cloud about the head and entering the mouth, nose, earns
and eyes. During periods of massive blepkfly attack,
hwazn productivity wes known to decline by 20-30 percent.
Also the number of ocupational injuries increased
significantly (Dubitslkii, 1981). In areas where biting

1y control was not carried out, there were recorded
instonces of consequent economic losses ranging from
tens of thousonds to hundreds of thousands of routles
daily. Similarly, in the dairy industry, the average
deily milk yield was shown to be reduced by up to 45%
through blackily attock and egg laying of domestic birds
wes severely reduced. Fattening of stock was also found
to be substantially retarded.

Control of Simulium griicum in Northern Alberta,

Cannda wae necessitated by the great economic loss
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inflioted to livestock farmere (Charneteki and Haufe,
1981). In 1971 severe hundreds thousand &ollars were
lost by livestock owners from blackfly menace.

In the USA blackflies have been known to constitute
a serious menace at Parks, campgrounds, resort hotels
and other recreationel facilities where these are developed
in thousands, with abundent running water sources
suitable for the breeding blackflies (Lascala and Burger,
1981). The biting and annoyance of female blackflies
in ocertain areas has been found to create a nuisance
for residents and vacationers during the tourist
season, resulting in suspected economic losses in resort
areas of high blackfly population. Lescala and Burger
(1981) reported that "a severe blackfly season in 1975
prompted the Balsams Hotel management to seek assistance
from the department of entomology at the University of
New Hamshire". The blackfly involved was identified
to be Simulium decorum.

Blackfly control, especially vectors of onchooceyciasis
can be very expensive. Prost and Prescott (1984)
reported that 10.2 million dollars was used by the OCP
between the period 1975 - 1980 in Burkina Faso. The
results of effective control however warrants such

investment.
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MATERIALS AND METHODS

STUDY AREAS
The study areas congisted of 7 villagea in Kachia
local governement area of Kaduna state, 2 villages in

Chanchage local govermment (Niger State) and 2 villagesa

in Mariga local government ares (Niger State),

d-ani oty

The villsges that came under study in the Kachia

local government area are: Iri, Xwmin Idon, Doka, Iburu,
Melkyali, Kurmin Biri and Akupal (see Figi). These
villages are found in the Guines Savanna. The eres
falls between latitude 10° 7'N - 10° 21'N and longitude
7° 40'E -~ 8° 40'E. There are two major rivers in the
grea nemely: River Kaduna to the West and River Iri to
the East. These two rivers flow throughout the yesr.

The populgtion of the villages ranges from 1,300 - 7,400.
The inhabitants of these villages spesk Kadars lengusge.
They are mainly Christians and Animists. Rach of these
villages has a primary school but none of them has &
poat primary institution. There is a rural heglth ocenter
st Idon, after village Makyali. The nearest General
Hospital is that of Kachis, the local govermment o
headquarter which isg about 50km distant. Water for
domestic purposes is obtained from rivers and stregma,
The major motorable road in the area is the Kaduna-
Kachia highwsy, Iburu, Kurmin Idon, Doka, Makyali

and Kmmmin 3¢ri are situated on the Kaduna ~ Kachia
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highway. The other villages do not have good access
rogds snd the roads to these villages become nearly
unnotorable during the rainy season.

The annual rainfall is about 1,500mm, Oral
interviews reveeled that most of the villages had moved
from areas nearer to one of the rivers. Half of the
people at Kurmin Idon had once lived near the River Kaduna
while the other helf were once near the River Iri. Doka
village moved to the present site from somewhere near the
River Keduna. This was also the case with Mekyali village.
village. Iburu village moved from its former settlement
neay River Iri, to where it is now. Akupal and Iri villages
geom to have remaincd in their old settlements. No one
could say exactly when they moved to their present sites
but the reasons most of them gave are that: (1) their
former settlements were too forested and (2) that they
wented to be nearer to the major road (Kaduna~Kachisa road).

Agriculture is the main occupation of the people.
Both men and women are actively involved in farming.

The mein crops cultivated in the area are maize, sorghum,
yvems and rice. Other crops cultivated arc g 7y
beniseed, tomatoes, popper and cocoayanm.

Although, the people are familier with the wvector,
Simulium dgmnosum s.l., thoy are not aware that the
flies transmit any disease. The fly is oalled 'Ovue!
in their local language. They said that the flies are
usually abundant during the first rains in May/June.
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They believe that the flies bite mostly between 10.00 a.m.
and 12.00 noon, and between 4.00 p.m, and 6.00 p.m,

Chenchage Local Government (Niger State)
2 villages namely Bari, near Chanchags, and Kwakuti

were surveyed., These villages lie between latitude

9° 14'% - 3°35'N and longitude 6° 49'E - 7° 10"E. Beri
village is very close to Chanchaga river in Minna while
Kwakuti is near the Gurara fall. Both villages are
inhabited by the Gwari people. The villeges are
gituated in the Guinca Savanna. The annual rainfall

is sbout 1316.6mm. Bari village has a primary school.
Health Institutions close to the village are the
Chenchaoga leprosarium and the Minna General Hospital.
The road from this village to Minna or Chenchaga is
hardly motoreble. Kwakuti is situated on the Minnge
Suleija highway. Therc is a primary school and a Basic
health elinic in the village. There is a bore hole
which is the main source of water supply. The inhabitants
of these two villages are both christians and moslems,
Agriculture is tho main occupation of the people. Only
the mgles are actively involved in farming, The main
crops cultivated in the area are yame, maise, sorghum,
and rice. Other crops grown in the area are beans,
tomatoes and pepper. Oral communication shows that Kwakuti
villagers moved there from somewhere not too distant
from their present settlement., Although the former
gettlement area 1g more forested than the present one,

the people could not give any reason why they decided
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to move. Bari village was reported also to have moved
from somewhere else. Their explanstion for movement

wae that where they were staying before was too forested.

Marigs Local Governcment (Niver State)
Kaliko villege and Zungeru town of Mariga local
government fall between latitude 10° 78 - 10° 14'n

end longitude 6° 17'E - 6° 28'E. The two areas are
situated in the Guinea Savanna with annual rainfall of
gbout that of Mimnna (1316.6mm).

The main occupation of the people (Gwari) is
ggriculture. The main crops grown in the area are
yans, sorghum end rice. There is a primery school in
the village and the nearest health centre is the rural
Health Center at Zungeru. Zungeru has becomo cosmopoli-
tan with people from all parts of the country. Rice is
the main crop grown in the area. Zungeru is an old town
but Kaliko is a recent settlement on the Zungeru-iMinna
highwoye.

gggggﬁggggy'Investiggﬁion on Onchocerciasis

Parasitologicel survey and clinical examination
of onchocerciasis were carried out as preliminary inves-

tigationg to the main histochemical studies.

Parasitological Survey by skin Snipping

Due to the unaveilability of cornmeoscleral punch,
hypodermic needles of 23G and razor blades wore used for
skin snipping (Buck, 1974, W.H.O. 1987). The name, age,
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sex and clinical examination (ekin itchy ., blindness, impaired
vision, depigmentation of legs) were rccorded for sach
person to be skin snipped. The pelvic region below

the iligc crest was choscn as the site for snipping
(Welsons 1970, Smsa, 1976; Alfons and Werk 1983).

The zroa of the skin to be snipped was prepared by
cleaning with Methanol sogked in cotton wool (W.H.O,
1987) and allowed to dry. Using a hypodermic needle

of about 23¢ a cone of skin was raised and then cut

with a sharp razor blade. Two snips were teken from

each person. The snips were then Incubstod in phosphate
vufferecd saline (PBS) has pH 7.2 or Normel Physiological
galine in Mierolitor wells (Awadzi and Roulet, 1980;

Ngu et al. 1981, W.H.0, 1987). The incubstion time
losted for 624 hours before the snips were examined. At
the ond of the incubgtion period pasteur pipeties were
uged to transfer drops from cach well onto saparate
microsoope slides. The slides were exemincd with X10
objective without cover slips. Some slides wore examined
in the field using monocular microscope while others wgre
exgitined in a ncarby govermment clinic. Samples that
were takon on the last day of field trip wore kept in

the refrigerator after returning to the Univoersity and
exagnined during the following days. The prescnce of
microfilgrige in the drops of saline was rocorded as g
positive caso of Q. volvulus infection. MNiorofilariase were
not counted since the snips were not of uniform size and

were not weilghed duve to absence of a suitable balance.
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Clinical Examinstion

Aspects of clinical examingtion were restricted
to cases of bedy itch, deplgmentation of the legs, total
blindness, impaired vislon and presence of palpable
nodules. The subjects were asked (before taking a
skin snip) if they expsrienced body itch. Visugl
impairment was recorded for those who said they had
difficulty in seeing. DBlindness was asgessed by total
ingbility to see. Nodules were looked for on the knees,
lateral abdomingl wall snd in the pelvic region (Nwokolo,
1950; Kale, 1982). The legs were examined for depigmen—
tation (Nelson, 1970; Buck, 1974; Edungbola et al.,1983).
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HISTOCHEMICAL ENZOE STAINING OF ACID PHOSPHATASE

Proparation of Slides: After the initial examination

for the presence of microfilariae, skin snips that

showed microfilarime were allowed to dry on the slides.
The microfilarise were fixed using cold acetone. Acetone
was kept cold in a bottle stored in a cool box containing
ice blocks (Omar, 1978). The slides were again allowed
to dry, after fixing in cold acetone for 2 minutes.
Slides are wrapped sgingly in tissue paper and kept
packed in polyethylene bags and transported to the
laboratory on cold ice blocks. Slides were kept in the
freezer until they could be stained. The slides were
stained not later than three months after collection.

Acid Phosphatase Staining

Staining for acid phosphatase activity of the
microfilarise wae done according to the method of
Chalifoux and Hunt (1971).

Reagents.
Solution I: Michaeli's veronal acetate buffer pH 10.

Sodium acetate (Nﬂgz H3 02 3H2O) sese “ase 9!714g

Scdiumn barbital e reee anng -...14-7148
DiBtilled Water 'R R TR TEE 500ml
This was stored at 5°C.

Solution IT: Naphthol AS-TR phosphate
Naphthol AS-TR phosphate .... eees 0,058
N’NéDimﬁﬁhyl formamide TEE seeee D.0ML

This was prepared fresh any time it was
to be used,
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Solution IIT: Pararosanilin
Pararosanilin hydrochloride sece cece 18
Distilled walor seee eease csas seee 20ml
Concentrated hydrochloric acid seee seos Sml
Pararosanilin was added to the distilled water,
heoted to dissolve and the hydrochloric acid addced.

This was cooled and stored at 4°C.

Solution IV:  Sodiwa Nitrdte, 4%
Sodivm Hitrito (NE.NOE) svee Ry 48
Distilled woter avas vees 100m1

This was stored at room temperature or at 4°C.

solution V: 1% IMethyl green in phosphate buffer,
(A) 0.2 Sodium phosphate

Na2 HP04 sres cesee sean eras 28.3965

(B) 0.1 Citric acid

CH4 (cH) (COOH)z H20 sese  sese 21.011g

DiBtillOd water "TEE sene sene 1oooml
Work Solutions

501ut10n A ‘RN [N N ] [ ] L R 77.1ml
301uti0n i 2 J——— enve sena YRR 122-9m1
Methyl grecn TR eene EEY] 2.05

This was kept at room tempergture

Freparing Enzyme Substratos:
20ml of solution I were added to 50ml of distilled

water in a coplin jar. 4ml of solution II werec added
to the above mixture. 3.2ml1l of solution III gnd 3.2ml
of solution IV werce mixed in a test tube and the mixture
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added to the contents of the coplin jar. The pH
was adjusted to coxactly 5 using a pH metor and NaOH

solution.

3.3.231  Staining Proceduro: |

Slides wore placed horigontally on staining racks
with the surface containing the microfilarias uppermost,
By mecansa of posteur pipettes the slides were flooded
with the substpate (Naphthol AS-TR phosphate) and
allowed to stay for two hours at room temperature.
Substratc was added from time to time to ensure that
the s8lilideos did not dry up. After thoe two hours period
of incubation the slides wore rinscd in distilled water,
The slides werc then countecr-stained with 1% methyl
groen for 2-3 mimxtes and then rinsed in distilled
wator. The swears were then dehydrated, first in 95%
othyl alcohol and then in gbsolute ethyl alcchol.
Aftor dehydration,slides were rinsed in xylene and
thon mounted using Cenada Bglsam. The smears wore
examined for the precipitated red agodyce indicating
acld phosphates activity.

Classificntion of stgining types anccording to the
sites of onzyme octivity in the microfilsrisc was
determined using the classificaotion of Omar (1978).
The microfilariac on c¢ach slide wore examined for the

type of enzyme cetividy.

Photomicrographs:
Photomicrographs of microfilariae were taken

veing Leitz microscope aft 630 magnific ition.
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Photographic trocing: The photographs were traced
to show more clearly the acid phosphatase staining

patterns.

Measurement of Microfilarise: Microfilariae were

measured using Camera Lucida.



CHAPTER FOUR

RESULTS
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RESULLS

RESULTS OF PRELIMINARY INVESTIGATIONS ON
ONCHOCERCIASIS

PARASITOLOGY

A total of 1531 people consisting of 781 females
and 750 males (Tables 1 and 2), weré skin mnipped in
7 villages of Kachia local goverrment arca (see Pig.1).
271 females (34.7%) of the samples) were infected with
the parasite Onchocerca volvulus tut the infection
veried from O to 100% (see Table 1) with infestation
showing a tendency to increase with age. 292 males
(38.97) were infected (Table 2) with the parasite
Ounchocercg volvulus. Again the infestation rate varied
from O to 1004 with a tendency to incresse with age.
The prevalence rates for the female population area were
as follows: Iri (36.10%), Kurmin Idon (35.0%) Doka (36%),
Makyali (31.30%), Iburu (39.50%, Akupal (14.5%¢) and
Kurnmin Biri (427%). Table 1 shows that infection started
early in life (1-5 age group) in most of the vilages.

The prevelence rates for the male population for
the same villoges were as follows: Iri (45.6#), Kurkin
Idon (35.0%), Doka (48%#), Makyali (35.4'), Iburu(43.2%),
Akupal (15.4%) and Kurmin Biri (1917). As was noticed
in the female population, infection sterted quite early
in the male population. A case of a boy less than one
year old, infected with the parasite, was detected
(Table 2).
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TABLE 1: H.Hmd.mu.mumm rates of Onchocercs volvulus infections in seven villages of Kaduna State: female population.

e ————lnih

Age Iri Kurmin Idon Doka Makyali § Iburu Akupal {Kurmin Biri Total
Group{No. % No. % No. % [Ne. % No. % Eo. % No. % No. %
VA - - - - - - - - - - - - - - - -
1=5 8 2% 8 % 22 9,1%] 20 2% |- - - - - - - K8 16, 8%
6-15 |37  19% 4 14,64 34 11.8%] 41 19.3% |87 34.59%] 7 O 1 o | 248 14.2%
16-25 % 8 37.5%6 | 69  15.9% 39 22.64) 14 35.7% 19 47.4%| T 0% 14  35.7% . 162 27.80%
26-35] 16 43.8% | 38 63.2% 28 504] 12 58.30 {10 40% 3 0% 8 62,5 115 45.40%
36-451 7 71.4%4 | 21 95.2% 36 61.1%60 13 46,208} 6 66.7%) B8 12.5%4] 11 54.60% 102 58, 204
46-551 2 100% 2 0.0% 19 57.9% 3 0% | 6 50% 5 204 | - - 37 38.0%
=55 5  80% 3 100% 2 1004 9 44.4% { 1 100%] 32 21.560 T 57.1% 59 71.90%
Total | 83 36.10%] 183 35% 172 wmi 112 31.30%0 129 3094 62 42.0%] 41 42.0% 781 34,74
No, = Number of people skin syipped

% = Percentage of people infected
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TABLE 2: Prevalence rates of Onchocerca volvulus infection in seven wvillages of Kaduna State: Male population
Age Iri Kurmin Idon Doka Makyali Iburu Akupal Kurmin Biri Total
Group] No. % [No. % No. % |No. % 1No. % No. % No. % Ne. %
JA 1 100% - - ~ - - - - - - - - - 1 100%
1-5 19 21% 17 11.8%] 30 16,7041 11 36.4%| - - 1 Ock 1 % 79 14.4%
6 =15 36 39% 58  20,7%] 45 15.604) 71 29.6%F 78  4T7.4%4 | 8 12,9 8 25% 304 27.10%
16-25 10 40% 18 T2.24] 30 23.30% 6 66.7%] 21 28.6% ] 4 o, 4 5 O 94 33.0%
26-35 9  55.608 15 66.7%| 22 63.606] 10 40% | 12 2% | 5 ot 10 208 83 38.70%
36-45 5  60.06| 18 72.2%| 40 82.502] 5 40% | 13 46.10%) 4 o 8 2% 93 46.60%
46-55 3 1008 | 7 11.80% 25 84.0% 5  60% 5  60% 4 2% 8 25t 57 52, 20%
~ 55 7 100% 1 1004 8 100% 5 60% 3 100% 113 30.5% 2 O% 39 70.10%
Total 90 45.6% N34 354 |200 48% 113 35.4% | 132 43.20%4]39 15.4% 42 19. 1% 750 38.90%
No. = Number of people skin syipped
% = Percentage of people infected.,
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0L the 4 villages saapled in Niger State, only
two (Kweluti and Bari) had an appreciable number of
casegs of Onchoccrciasis: both villages are in Chanchaga
locol goverarent area (seo Tabla 3). The prevalence
veried from 126-75% in meles and 2.26-700% in female
samples, the overall prevalence in males (32.47%) being
sreater than in femalos (11.804). There was tendency
Tor infestotion to increase with age.

The other two loczlities in Niger State, Kaliko
village and Zvager: town gave different results. At
Talilo village 05 individuals were skin snipped (age 5 -

63 vears) and caly 4 (4.71) of the sample) were infected
(all were odulis, ovew 25 years). At Zungeru, 145 persons
were skin snipped at a Primary School. Of this sample

3 veachers and « pupils were infected.

-able 4 growa that skin manifestations were the
comnonest sympbtom of infection in g1l the villages. Blind-
ness “hich is the most serious effect of Onchocorciasis was
nleo Trurd to occur in apnreciablc percentage of the infected
wopulanion. o case of blindness was found in the
populaiien sawpled at Akupal, Bari, Xaliko and in pupils
at Zungiou Primary school. Depigmentation occured
inverisgb’v on the lesgs. There were only 3 villages in
which no sasen of depigmentation was found (Bari, Kaliko,
Zungeru) (1.ble 4), Although Onchocercomats is known
60 be a nais. feavure of onchocerciasis in the forest
avez; ceoses 7 up $o j0.5% in some of the villages

vore cneounhersd. The nodules were found saround the
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TABLE 3: Prevalence rates of Onchccercg volvulus infection in two villeges in Nigerd State
MALES FEMALES
Age Kwelcuti Bari Total Kwealkuti Bari Totel

Group }No. % No. % No. % No. % No. % No. %

L1 |- - - - - - - - - - - -
=5 T 28,.60% 2 407 12 34.307 45 2.207 - - 45 2.204
& =15 155 23,904 25 12 180 17.9 130 2. 30 21 9.5 151 5.90%
15=-25 19 63,207 10 307 29  46.67 63 22.20/ S €1 72 11,104 |
26~35 40 3% 7 57.1% 47  46.7 31 6. % 13 T.7% 44 7,10%
36=45 12 75 8 507 20 62,5 11 90.90! & 12.% 19 51.70%
46~55 12 41.7 5 407 17  40.&"° i 807 1 1007 11 90¢%
755 19 T73.% - - 19  73.7% 3 100¢ -~ - 3 1007
Total 264 35.207 60 3C% 324 32.7% 293 144 52 S.627}F 345 11.3044

To. = Luaber of neornle skin snipped

% -

Parceentage of people infected,
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TUBLE 4:  COMPARTSON OF CLINIGAL PATTERNS OF
CCHOCERCIASIS IN THE AFFECTED VILLAGES

T Né,‘goiL‘Aéé,ugf Clinical Mamifestations
Viilages Semple Infooted Blindness S Menl- Nodules
Iri 173 T 10(14.0%) 43(60.6%4)  6(8.4%)
Kurmin Idon 316 117 6(5.1%) 72(61.5%%6) 8(6.8%)
Doka 372 158 19(12.0%)105(66.5%) 10{6.0%)
Mealcysld 205 75 6(8.0#) 30(40.0#)  2(2.7%)
Turn 261 110 8(7.3%) 72(65.0%)  3(2.7%)
Acapal 101 15 Nil 3(20%) Nil
Kurmin Biri 83 28 3(10.7%). 10(35.7%)  1(3.6%)
Bari 13 23 Nl 8(34.74) Wil
Kwalcuti 557 13¢  10(7.5%) 65(48.54) 14(10%)
Raliko 85 . 4 Nil - a{100%)  .§i1
gungeru 145 7. Nil Nil

[T VT Ay

b

P

2(28.58)




TAELE Dt Total number of people sampled, percentage prevalence and
Projected Prevalence of Onchocercg yolvulus infection

Estimoted ummwu.m
e

Fo. of [1Ilo, of o« Projected
Villege w%ww.mn Doobie; Prevalenge FPopulation wwwwmwmm%wﬁﬁwﬂou

Iri 173 71 41.0% 2,949 1, 209
Kurnin Idon 316 117 35.3% 2,595 917
Dolka 372 158 42.0% 3,687 1,553
Makyali 225 75 33.3% NA N&
Iburu 261 110 42.1% 1,285 541
Acupal 101 15 14.9% NA NA
Kurmin Biri 83 28 33.94% NA KA
Totel for Kachia IGA 1,531 574 37.4% 549,824 205, mwbl
Boxd o 113 23 20.4% NA Tl
Kwakuti 557 134 24.1% NA NA
Total for Chenchaga LGA 670 157 22.2¢ 517,119 M_..E.moo

[P sl il

NA = Not availgble. The mwwoumodmm popwlationsof ﬁ.D.mem in Kachia local government area
are those of 1988 obtained from the Ministry of Economlc Planning, Statistic Division, XKaduna.
The projected populetion for Chanchega local government area is that of 1684 obtained from
Niger State Brochure: Niger State. The land of untepped resources. Februery, 14th-21st, 1587.
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ZABLE 6:  BLINDNESS RATE IN THE INFECTED POPULATION
AND IN THE PROJECTED POPULATION

‘No. of Pra?éctemje;;
Village Perscons % Blind Number Number

Infected Infected Blind
KACHTA TGA:
Tri T4 14% 1, 209 169
Kuwrmin Idon 117 5+1% g1 47
Doka 158 12% 1,553 186
Makyali 75 8% KA XA
Iburu 110 T7.3% 541 40
Meupal 15 Nil NA N1l
Kurmin Biri 28 10.7% KA NA
Total 574 4 205,634 16,862
CIANCH:GA LGA:
Bari 23 Nil A WA
Kwalouti 134 7.5 K& 7Y
Total 157 3.80¢ 114,800 4,305

— el — il - i, e P s > ol o ol At - bt

NA = Not available
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waist region. An estimation based on Total p0pulatioﬁ

of Kachis and Chaonchaga local government areas shows

that 205,634 pcople are probably infected in Kachia

local govermment areca and 114,800 people are probably
infected in the Chanchega local government ares (Table 5).
It ig also estimated that 16,862 individuals in Kachia
locgl govermment arca and 4,305 individuals in Chanchaga

local government aresn are provzably klind due to

onchocercigigis.
HISTOCMTHMISTRY,

Acid phosphatase was used as a marker to identify

possible phygiological atrains of Onchocerca volvulus

microfilarise from skin snips from the following sareas:

Iri, Makyalii, IThure, 2skupal, Kurmin Biri, (Kachia local
govermment areca of Keduns State). A total of nine different
strining patterns were obscrved which are designated types
I~ VL, types IX, and two new types: XLV gnd XV,

Prom Table 7 it can be seon that a higher mumbor of
individuals harbour the type IV microfilarise in the savannas
villages. 102 individunls out of 119 were found to hagbour
type IV microfiloricg in their body. This was followed
by type V which wes found in 53 persons. Typo I wos found
in 39 persons while types II and III were found in 9 and 11
individuals respectively. Very few individuals had types
IV, IX, XIV and XV (Table 7). Bari village was the only

savanna area in which type V was higher than any other type.
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Plate 1b:
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Miorofilaria of POnchocerca volvulus with
acid phosphatase activity at Anal pore

and lIxcretory pore {Type I).

Microfilaria of O.volvulus with écid
phosphatase activity at Anal pore,

excretory pore and innenkdber {Type II)

i

AP = Anal Pore
P = Excretory pore
IB

= Innenkoper
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Plate 2a:

Plate 2b:
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Microfilaria of 0.volvulus with acid
phosphatase activity at Anal pore and

innenk8per {Type ITII)

Microfilaria of :Q.volvulus with acid
phosphatase activity at 4Anal pore only
(Type IV)

AP = Anal pore

IB = Inncnkdper

H



~—AP

IIT (AP-1B)
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Plate 3a:

Microfilaria of O.volvulus with
Do enzyme actiwity {Type V)
Plate 3b:

Microfilaria of Qeyolvulus with
2cid phosphata.se activity at the
innenk¥per only {Type XIVY)

IB = Innenk¥per
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V (Negative)

Plate Ja

o |B

....,,
@
—
g
~
>

Plate 3b
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Micrefilapja of Q.volvulus showing acid phogsphotase
. aotivety at the apal pore, excretory pore @nd in
the region hetween the excretory pore and the

amph,}ds.,(_mype V).

AP = 4nal Pore - *

BR = Extretary pore

XX = Between excretory pore and ampphids,



xxf =%
C' » ‘:
' ; «—E P
’EP
Ylate §

between EP-aAMP)
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¥ 3 BT UENCY O ACTD PHOSPHATAST STATNING
LAILE “PLITERNS MONG PRODLE EX/MINED

No. of Prequency of Staining Patterns
Village/Town People - -
Exgmined I IX IITI IV Vv VII IX XIV Xv

—— PR S P e s b

2gvanng Areg
Iri 10 33 4 10 20 0 1 o

Mekyali (edults) 14 4 2 1 14 110 1 o 0

Ihuru 8 2 0 o0 7 20 0 o 0
Akupal 11 6 0 1 10 3 0 o0 o 0
Kurmin Biri 18 M 2 2 48 1 0 o

Bori 17 2 0 1 8 170 1 1 0
Kwakuti 34 9 2 2 29 16 1 1 2 1

Total 112 369 96 96 521 3 4 1

- bl i . - el ol i




TABLR &3

e

ITIPES Or COMDINATION AND FREQUENCY OF

ACTD PHOSPHLTLSE STLINING PATTERNS

o

Total

- No. Types of Combinations Frequency
Combinations ' :
v . o e . Aemir it W et ——
1 I ITIII IV V 5
2 I IT III Vv
3 II IIT IV 1
4 I I IV vV IOV
5 2 L 2
6 Iv III IV 3
7 II IV 1
8 IT IV OV, 1
9 Iv v 18
10 I v v 3
11 v o 1
12 T W 18
13 I III IV 2
14 I II IV 1
15 I X 1
> 16 I IT IV 2
17 I v 1
18 III IV VvV XIV 1
19 I X 11 mw 1
0 vy Vv IX 1
21 I Iv XV 1
22 IIT IV IX 1
23 I I I Ix 1
24 oI III IV OIX KOV 1
25 IV ALONE 4
26 V. ALONE . ]
27 1 ALONE &
28 IX ALONE 1
112
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A cqmpgrisqn‘ofﬂapid—phosphatasez

staining patterns in microfilarise in adults and
children of Mekyeli village of Keduna State (Kachia
Jocal government area). Type IV zmccounted for 73.6%
of microfilariae from ajulte and 75.8% of microfilariae
from children. Type I accounted for 6,4% and 18.2%
of ﬁicrofilariae from gdults and children respectively.
While type II was found in 3.6% of the microfilarige
from sdults, this type was not found in children.
Type IIT accounted for 1.3 of microfilariae from
adults but there was none in the case of microfilarias.
from children. Type V was found in 13.6% and 6.1% of
microfilariae from adults and children respectively.
Type IX was found in 0.9% microfilarise from adults
but none in the case of children. _

. Table S gives the percentzge occurence of the
various staining patterns of miorofilarise from 7
savanna villages. Six out of the seven savanna villages
hed type IV as the most common type. The average for
the 7 villages shows that type IV accounts for 72.25\\H
of total microfilarimse followed by types V {11.4%),
I(10.24) IIT (2.5¢) and IT (2.3¢%).
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TABLE 9: Total number of persons and microfilariae examined and the
percentage distribution of various staining patterns of microfilarize in 8 areas
Pown/ WMH@NMm mwoummp STAINING PATTERNS
Village X ikl
Examined { lariae I IiT IIT v v VI IX v v

 SAVANNA i
 Area:
Iri 10 550 | 40(7.3%)] 40(7.3%) | 50(9. %) 360(65.5%) 50(9.1%){ O 0 10(1.8%) 0
Makyali 14 1100 70(6.4%) | 40(3.6%4) | 20(1.8%) 810(73.6%) Goﬁd.ﬁ 10(0.9%)
Thuru 8 450 | 20(4,2%) 0 | 0 400(88.9¢%) 1 30(6.7%)
Axupal 11 710  §210{28.47%) 20(1.3%) | 20(1.3% | 450(63.4%) ] 10(0.7)
Kurmin ; ,
Biri 13 1520 [200(13.22) 20{1.3%) } 20(1.3%}) 1270(83.6%) ; 10(0,7%) _
Bari 17 o | o3| o 301.8%)  23(13.5%) [138(81. 24} 10,64, 1(0.59%) 1(0. 56%) |
Kwakuti 34 1720 ﬁ_woG.NS 20(1.25) { 40(2.35) 1180(68.6:%) 1320( 18, &%) 10(0.58%) 20(1.6%4) 20(1.1%)
Total 112 mmmo .__m,w._g.:o.mavzoﬁ.m.wmv 153( 2.5 34493(72.2%) [708(11.4%} - P1(C.3%) 31{0.5%) moﬁo.wé_
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Twenty four combinations of acid phosphataée
astaining patterns were obzserved (Table 8) in 112 sampled
individuals, The combinations IV gnd V, and I and IV had
the highest frequencies (18 ecch). The new staining
patterns (XIV and XV) only occured in combination
where type IV glsd occured. Types IV, V, I, and IX also
occured alone in the following respective frequenciess:
27, 10, 4 and 1. ' -

The length of the microfiloriae ranged from 210.6um =
272.3 um. The excretory pore occured at a distance of
5%.3um ~ 93.6 um from the apex. The position of the anal
pore was 170.2um ~ 234um from the gpex. One of the new
types (type XIV) was found to be extremely smaller than
the other microfilariae. It's total length was 85.3un
with the imnenkoper situated 44,1um from the apex.

LI
T

FIEID OBSERVATIONS

a. Flles:

Numerous breeding sites of Simulium damnosum s.l.

were noticed in the River Iri. The larvae were mostly
found on leaves of weeds growing in the river. At

a point in the river very close to the houses of

the people of Iri villgge, was an embankment built

by the Nigdrian Rallway Corporation, to trap water

for locomotive engines. Larvae of 3. dgmnosum s.l,
wore found growing abundantly on the embankment.
Partly dressed children were seen very often at

this peoint swimming and catching fish, Some man- ,
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biting Simuliunm dsmnosun s.1. were caught between

the hours of 8.00 g.m, and 2,00 pe.m,, besides the

embonianent, When disgec’ed, some of the flies contained

microfilariae in their blood meals and others had

develeop’: g larave in the head. ;_: k_
During o visit to River Keduna during one of the

surveys, up to 25 Simulium flies were cought between

5.00 pems and 6,00 pem. They were much bigger and more

vocifeirous than those seen at River Iri.

be Human aohivities:
Both the men snd women were seen on their farms.

Even children less than one yeor 0ld were caorried

to the forms, In most cases the women had their

legs ond their shoulder regions exposed. The men

end the younger children wore in most cases pants ©.

or short trousers without any from of clothing for
the trunk. Most of the people in the villages of
Kachia locol government area were noticed to be

taking their bath in the stregma gnd rivers,
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CHAPTER FIVE

This study reveals foci of Onchocerciasis, and
prevalence rctes as well as acid-phosphatase staining
patterns of Qe.volvulus microfilariae, The disease is
reported fer the first time from Iburu, Makyali, Kurmin
Idon, Kurmin Biri, Akupal, Bari and Kaliko villages
(see Pig, 1), In addition, although Pudden (1956) found
the disease to be present in Doka, Iri and Kwakuti
villages (Fig. 1), this is the first time that prevalence
rates have been given for these villages, In general,
Onchocerciagis is found to be mesoendemic in Iri, Iburu
and Doka villages of Kachia local government., The
disease is hypoendemic in the remaining villages of
Kachia local government (Tebles 1 and 2) (Kurmin Idon,
Makyali, Kurmin Biri and Akupal), and it is also
hypoendemic for the four villages of Niger State (Table 3)
(Bari, Kwakuti, Kaliko and Zungeru). The prevalence rates
(Table 1, 2 and 3) of the infection are comparable with
that of Wyatt (1971) who recorded 39,5% prevalence rate
in the Ibaraeps area of Westerm Nigeria., The prevalence
rates of Onchocerciasis in the villages surveyed are low
however, commared with those recorded by Gemade and
Dipeolu (1983) in Benue State, where prevalence ranged
from 61% - 71%.

The prevalence rates in the villages investigated,
were also comparable with that of fnladima (1982) who
reported 42% infection rate at Bonu village of Niger
State, but they are higher than that of Dalle village of
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Kaduna State (9.4%) reported by Nock (1985). It should
be borne in mind that while most other investigators
based@ their data on the adult population, who are more
likely to be infected with the parasite Onchocerca volvulus,
this study took into account both adults and children,

As can be seen in Tables 1, 2, and 3, infection was found
to start early in life, Children below primary school
age had a high prevalence of infection in some areas

such as Iri, Makyali and Doka villages of Kachia local
government, This finding is of serious medical concemm
because microfilariae will have a better opportunity of
reaching the eyes as the children grow older (Nelson, 1970).
Although some of the children complained of visual
impairment, it was not possible in this study to find

out whether such apparent defects in vision were due to
Onchocerciasis or to other factors. On one occasion at
Iri village (Table 2) infection was found in a male child
under one year old, Infection in children less than

one year old has been reported by Brinkman et al. (1976).
As can be seen in Tables 1 and 2, infection generally
increased with age. This observation has been made by
other investigaters (Bradley, 1976; Galadima, 1982;
Gemade and Dipeolu, 1983). Although it is difficult,
from the results of this study to state exactly the

peak of infection in terms of age group, it does seem
that a stable peak is reached in the 36 - 45 age group.
No decline in prevalence is noted in age groups beyond
the 36 - 45 age group. The fewer people examined in

the age groups of 46 years and above may be responsible
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for the 100% prevalence noted in some areas (Tables 1, 2).
| The social activitics of the people in the areas

investigated as noted under field obacrvations, are

contributing factors for the high prevalence rate of

Onchocerciasis in the area. These activities whidi include

farming, hunting, palm wine tapping, fishing and wood

cutting, lead to better men~fly contact and the attendant

higher risk of infection, The prevalence rate (38.9%)

iAn the female population of Kachia local government area

is close to that of the males (47.8%). It is generally

- agread that the males are usuwally more infected than

the females (Bradley, 19763 Budden, 1956, Galadima, 1982),.

The males by their activities usually stend a higher

risk of infection. When compared with the results

obtained from the 2 villages of Chanchaga local governmen &

area where infection wae 11.8% for the females and 32,4%

for the males, it would appear that there is a greater

difference in prevalence rate between males and females

of Chanchaga local government a&rea than in Kachia (see Tables

1, 2, an& 3), In Kachia local government area, the

Kadara people who occupy the villages investigated have

agriculture ag their major occupatienn, Both men and

women spend a major part of the day time in the farm

and thig probably explains the observation that the

prevalence rates in the males and females are similar,

The Gwari peoplc who occupay the Chanchaga local

government area have similar social activitics to those

of Kadara people, but the Gwari femsles do not actively

participate in farming. The time spent by the Gwari
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women in fetching water and firewood or taking food
ta men in the farm is short, compared to the farming
hours of the Kadara women, this can explain the
difference in the prevalence rate in females in the
two areas, _ |

In Kachia local government area, Doka, Iri and
Iburu villages stand eut as villages where Onchocerciagis
is more prevalent than in others (Tables 1 and 2).
Inquiries among the inhabitants of all these villages
(with probably Iri and Akupal as exceptions) revealed
that the people moved from sites closer to the two rivers
(River Iri and River Keduna) at some time in the past,
The degree of proximity of the villages and their farming
areas to the rivers, probably plays an import;nt rnle
in the differences, in the prevalence of the diseage,
between one village and the other (Bradley, 1976).
Akupal village has an exceptionally low prevalence of
fnchocerciasis. Although this village is nearer to
River Kaduna than Xurmin Biri village, Q,volvulus
infection is lower than that of Kurmin Biri, Due te
the inavailability of suitable instruments, the load
of microfilariae per skin snip was not determined but
capual micreaseopic examinaticons showed that the people
in Iri, Kurmin Iden, Doka, JTburu and Kurmin Biri are

heavily infected. Akupal village however showed a very
low level »f microfilariae, ' AT |

In Chanchaga local government area(Niger State) the
prevalence of infection at Bari (near Chanchaga, Mimma)

and its clinical picture (Table 4) resemble that at
Akupel village (Kaduna State), The River Chenchaga which
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is less then 10km from Bari is therefore likely to be
the source from which the vector hopulation transmits the

same strain of O.,volvulus at Bari and at Akupal villages,
The Chanchaga River was fould to support the breeding

of Simulum doamnogum s.1. and cages of Q.volvulus infection

were reported by Budden (1956} at Chanchaga village. The
proximity of Kwakuti village (Niger State) te the Gurara
fall (Budden, 1956) which has been known to be a major

breeding site for Simulium damnosum &.1., eXplains the

high prevalence of Onchocerciasis in the area, especially
in the male population (Table 3). o
At Xaliko village (Niger State), Onchocereiasia

wag found tc have very low prevalence {4.7%). This
village is about 15km from Zungeru on the Minna - Zungeru
road. It is not surprising that 8 low prevalence is found
_ here, Zungeru has boen reportced to have only a moderate
:prevalence of Onchocerciasis (Budden, 1956), but blind
people likely fo be victims of onchocercial blindness

can be scen by the Zungceru bridge acrosa the River Kaduna.
Inquiries showed that Kaliko village is a young settlement
and the people might have come from & more distant area
where transmisgion is low, At Zungeru town (Niger State),
examination of school children and their teachers revealed
a very low provalence (4.8%). With the excoption of
Akupal 2nd Bari vildh ges, this prevalence of 4,8% is
low compared to thot found in primary school aged
children in the other villages surveyed (see Tatles 1,2 and 3),
Zungeru which has been known to have o moderate number
of casesa of Onchocerciasis has witnessced some urbanisation
compared to the other study areas which are typically

raral,, Activities of the school childreon in an urban area



143

like Zungeru are not likely to take them to places where
they could be greatly exposed to infective bites of
Simulium damnosum s.1,

Interesting clinical aspects of Onchocerciasis
encountered include blindnecss, depigmentation, Onchocer-
comata (nodules) and itching i,e, Onchodcrmatitis (Table 4).
Overall blindness rate ranged from O - 14% of the infected
people, No cases of blindness were seen at Bari, Kaliko
and Zungeru in the population samples, At Iri there
were 10 blind people per 173 sapples, 6 per 316 at Kurmin
Idon, 19 per 372 at Doka, 6 per 225 at Makyali and 8 per
261 at Iburu, Others were as follows: 10 per 557 at
Ewakuti and 3 per 83 at Kurmin Biri, These blindness
rates arc quite high when compared to 5.8% in the Hawal
valley (Bradley, 1976) and 5«T% for some hyperendemic
areas of Northern Nigeria (Budden, 1956) all in the
Savannah Zone, When compared to reports from the forest
Zone, the blindness retes observed i this study are
higher than those reported by Nwokolo (1950) in Enugu,
Eastarn.Nigerla and by Wyatt (1971) at Ibarapa wOatern
Nigeria; each of the above authors found only 1 case of
blindness in-over 1000 people, As reportod by Duke et al
(1975), the forest strain of 0.volvulus is known %o be
associated mainly with skin manifastationa of Onchocerciasis,
while the Savannah strain causes eye problama ranging from
visual impairment to total blindness, Duke et a.155 (1975)
observation explains the aharp contrast in the blindness
rates in the villages reported in this study and those of
the forest areas mekioned above, 9imilarly the Prevalence



of skin manifestations ranged from 0-9.5% and Onchocer-
comata which ranged from O«10,.5% are lowcr than those
reported by Wyatt (1971) and Bdungbola gt._al. (1983).
Itching was the most common, though not the most important
aspect of Onchocerciasis in the villages surveyed, This
finding is in agreement with the report by Nelson (1970)
that "In many patients the pruritus persisis throughout
the whole course of the disease, especially in Africa
where there is no difficulty in recognising an affected
community because the whole population seems to be busy
scretching".

Population estimates in Kachia and Chanchaga local
governments, based on the 1963 census, suggest that the
number of people infected with Q.volvuius could be 205,
634 and 114,800 in Kachia and Chanchage local government
arcas respectively, Similar deductions suggest that
16,862 and 4,305 persons are victims of Onchocercal
blindness in Kachia and Chanchaga local government areas
respectively (Tables 4 and 5), Projections based on
sample populations are however likely to give underestimated
figures because some areas with high prevalence rates
(of ten exceeding 70%) are sometimes not sampled during
field surveys (W,H,0., 1987), It is thorefore likely
that there are more infected people in the two areas
than are suggested,

Acid phosphatase staining patterns of microfilariae
from savanna areas (Tables 7 - 9) show that there is
variation or pelymorphism, in terms of staining, in the
microfilaria population, This polymorphism secems to
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exist among microfilarine progeny of a single female

worm or of different female worms (Omar, 1978). In the
present study 2 total of ninc staining patterns were
found in the microfilaria popuwlition (Tables 7 -9 and
plates 1 - 4), These staining p tterns include types

I - V already reported (Omar, 1978, Omar ¢t al, 1982) and
types VI - LIII reported by Ufomodu ¢t al., (1986) from
the Jos Plateau of Nigeria,

Although the findinge on prevalence retes ore
preliminary, they will nevertheless provide additiopal
information in areas where onchocerciasis exist., Similarly,
any new strein of Q.vulvulug encountered can help in
explaining any aberant manifestation of Onchooerciasis
that may be encountered in the study area.

Reported for the first time in this work are
microfilarine distinguished by two staining patterns
namely type XIV with staining at the inner body alone,
and type XV with staining at the anal pore, excretory
pore and the region between the excretory pore and the
amphids. While Omar (1978) and Omar et al. (1982)
consistuntly reported type IV (Staining at the anal pore
only) to be the more frequent type in the savanna, and

type V &8 the more frequent type in the forest area,
Ufomadu et al, (1986) contrastingly showed that type V

was more frequent in the savanna villages of the Jos
Plateau than the expected type IV, Type V had the highest
frequency distribution of 28,1% followcd by type IV with
18+,
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In the present study findings in EKachia and
Chanchaga local government areas gave st2ining Latterns
very similar to those of Omar (1978) and Omar et al,
{1982) but differing considerably from the report by
Ufomadu ¢t al, (1986), Of the nine different st2ining
patterns found in specimens obtained from the savanna
villages of Kachia and Chanchaga, type IV was clearly
found to be the morc fregquent, with o freguency ranging
from 13.5% to 88.9%, the only exception being Bari village
(Niger State) where type V was more frequent (81 429)
and type IV was much less commeon (13.5%)e. This Bari
village rosult was similar to that of forcet areas (Omoer
1978), where type V staining was more freguent (72,1%)
than type IV (14.0%).

In 2 comparison between children and adulta;
conducted % Makyali village and considering only a
limited number of specimens, it was found that there was
no striking contrast between the staining types in the
two groups, However, typc V was hishe in adults (13,6%)
thon children (6,1%), but type I was higher in children
(18.2%) than adults (6.4%). Types II, III and IX were

. " not detected in children, |

The similarity in the eliniecal pictures of Onchocerw

. gilasis betwesn Bari village of Nigoer State and that of

Akupal in Eaduna State (Tablc 4) is not supported by the
acid phosphatage staining patterms of microfilarise from
" thege two villages (Table 9), Type IV is shown to be
more frequent at Akupal while type V is predominant at

- Bari village, The presence of the more frequent forest

- : ; .
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strain (type V) in this savanna village is supported
by the work of Ufomadu gt. al. (1986) which showed type V
to be more frequent in the Jos arca, and by the work
of Nock (1985) which showed that there are some arcas
of Onchocerciasis in thc savanna zone with patterms
like that of the forest arca, Fockets of forest S.damnosum
s.l. species within savanna zone suggest that forest
type streins °f.QLEEEEElE§ can be found within savanna,
This scems %o be the case in the previous (Ufomadu et al.
1986) and present study.

Another intcresting observation is the presence
of the typical savenna strain at Akupal, where the
clinical picture of Onchocerciasis is so different from
those of other savanna villages (Table 4), Perhaps the
low level of microfilariae in the skin of the infected
people in this particular village is 2 conbtributing factor
to this observation., The level of microfilariae in the
skin has been used as an indication of severity of
infection (Gibson gt. al., 1980, Buttner gts al. 1982,
W.H.0, 1987)4 It is suggeated that with the presence
of type IV in akupal, if the trensmission potential is
increased, with subsequent incrense in the level of skin
microfilarine, the clinic2l manifestations at this village
can become more typical of the savannc zone in which
blindness and visual impairment 2re the most common
features of Onchocerciagis (Duke, 1968, Nelson, 19703
W.H,0., 1984).
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The prescence of microfilariasc with varying stcining
patterns in individuwrls is an indication of variation
in the parasite; and the prescnce of differences in
the staining patterns of microfilariec between individual
hostg, between villages and in different ecological
zones, suggests that Q.volvulus is o complex (W,H,0,,1987)
just as the vector S.damnosum s.l. is 2 complex (Vajime
and Dunbar 1975). In some individuals up to five
different staining types were found, ]

The pregence of multiple staining patterns in the
same individual, suggests (1) the possibility of multiple
infcetions (2) variations in either the microfilariac
population or in the adult worms. It may be noted that
it'g prescnce in most of the combinztions (Table 8),
type IV is of savanna Q. volvulus micrefilariae, OQther
ataining patterns may either arise f rom type IV or give
rise to it, Hardly any of the samplesa lacked type IV
(19 owt of 112),

One question which, when answeréd, will shed more
light on this issue of variation is whether the adult
worms have the inherent property of prolducing microfilardiac
having such enzyme staining variations or the property
iz acquired later as 2 result of ageing or due to some
pxternal environmental factors (host factors i&ciusive};

Omar (1978) stated that 2cid phosphatase activity
first appe&rs nt the anal pore in intre uterine microw
filariae, followed by activity at the excretory pore.

He therefore suggested thnt type I (AP-EP) staining pattern

in the skin represeunts the microfilariac that arrive early
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in the skin, and that type II (AP~IB-EP) and type III
(AP-IB) represent trensisent populations, If this
explanation is accepteble, it could be inferred that
types IV and V represent older microfilericc with type
¥ being characteristic of the forest arca and type IV

being characteristic of the savanna area, The other
staining types should thercfore bo regarded os trensient
phases in the life span of the microfilariae, The reasons
for this assumption arc that none of these other staining
types has been found Yo be exelusively in an individual;
in addition where these other types occur together, they
are in very low numbers, For example type VI was found
in only one microfilaria and type XV in only 20 miecrofilariae,
If the ageing theory of Omar is accepted it can be
stated that the microfilariae produced by thc forest
atrein of Q.volvulus s.l. get older more rapidly than
the savanna strain or, on the other hand, that the enzyme
activity at the anal pore of the savanna strain is more
stable than that of the forest area,

Micerofilariae from children did not
reveal large numbers with type I (AP-EP) staining pattern
which according to Omar (1978) represents the type of
microfilarine arriving early in the skin, Omar's
explanation however scems plausible from the results
obtained in this work in which type I was the third, in
terms of frequency after types IV and V, It can therefore
be postulated that the ageing proccss takes place very
rapidly, perhaps as scwnm ag the microfilariae are releasged

by the worms, Perhaps in vitrc culture of the adult
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worms will shod more light on the process of variation,
based on enzyme activity in the microfilaris population,

If gravid female worms 2re rajsed in the laboratory, a
continuous study con be made and this will provide more
information., 4 further study by chromatography, after
separating thc various staining types, of their antigenic
composition 2nd immunological reactions would definitely
provide n greater understending of the relationship
between strains and pathogenicity, In future, it might

be possible to ascribe particular clinical cntities to
particular staining types. 4s of now, however, it is

only possiblc to say that type IV is the most common type
of microfilaria in the savanna area and it may be
responsible for the typical picture of Onchocerciasis in
the savanna, while type V which is the most common type

in the forest area is responsible for the type of
Onchocercingis in thé forest. The results from Bari
village (& savenna village) in which typc V characteristic
of the forest strain (and the findings of Ufomadu et al.
(1986) in which type V was the most common in the Jos area)
should stimulate further study. This should include
specimens from areas which arc transitional between the
savanna and the forest., Correlation between clinical
picture, level of parasite in the skin, acid phosphatase
staining patterns and the species of Simulium damnosum s.l.
in any given area would greatly enhancc our undcrstanding
of the relationship betwcen parasite strcoin and epidemiology
of Onchocerciasis. The staining pattem of the microfilariae
in a given area may influence the treansmission of Onchocer=

ciasis by verious species of the ZJimulium dopmosum complex.
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Apart from the relationship between staining type and
Onchocerciasisg, acid phosphatase staining pattern can
also be of great use in tracing the source of reinfection

or reinvasion in Onchocerciagias contrel arcaa,

|

|
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AFPENDIX 1

Number of people sampled snd number found infected
with 0. volvulus in villages in Kaduna and Niger States.

IRI VILLAGE TUALES, FEIALLS
Age group (Yrs) No. No. No. No.
Sampled Infected Sampled  Infected
1 1 1 - -
1-5 19 4(12%) 8 2(25¢)
6-16 36 14(397) 36 7(19%)
16-25 10 4(407) 8 3(37.5%)
26-35 9 5(55.6) 16 7(43.8,
36-45 5 3(607) T 5(71.4%)
4655 3 3(100%) 2 2( 1007%)
55 T 7(100¢) 5 4(807)
Totel 90 41(45.6%) 83 30(36.17)
KURMIN IDON
1 0 0 -
1-5 17 2(11.76%) 8 0
615 58 12(20.7%) 41 6(14.67%)
1625 18 13(72.2%) 69 11(15.9%)
26-35 15 10( 66.7¢) 38 24(63.2%)
36-45 18 13(72.227) 21 20(95. 2% )
46-55 7T 2(11.8%) 2 0(07)
55 1 1(100%) 3 3(1007)

Total 133 53(39.9%) 183 64(35.0¢)
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Age proup (Yrs) No. | KNo. No. | No.
] Sampled Infected  Saompled Infected
6 - 15 78 37(47.4%) 87 30(34.5%)
16 = 25 21 6(28.6%) 19 9(47.4%)
26 - 35 32 3(254) 10  4(407)
36 - 45 13 6(46.21) 6 | 4(66,7%)
46 ~ 55 | 5 3(60%) 6 © 3(50%)
55 3 3(100%) 1 1(1007)
nobal 132 58(43.2) 129 51(39.54)
AKUPAL VILLAGE | i
1 - - - -
1-5 1 0 - -
6 - 15 8 1(12.5%) 7 o( o)
16 - 25 4 o{oz%) 7 i o(0%)
26 - 35 5 o(07) 3 o(o#)
36 - 45 4 o{ ) 8 1(12.57)
45 - 55 4 1(25%) 5 | 1(207)
55 13 4(30.87) 32 7(21.90)

Total 39 6(15.4%) 62 9( 14.5%)
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mGndix 1 Contd:

DOKA VILLAGE VALES, EALIS
e ZYrow Yrs No. No. Ho. Noe

Sanpled Infected Sampled Infected

1 0 5( 0 0 0
1-5 30 5 16.77) 22 (9.17)
6 - 15 45 7(15.674) 34 4(11.8%)

16 = 25 30 7(23437) 31 7(22.67)

26 - 35 22 14(63.67) 28 14( 509 )

36 ~ 45 40 33(82,5¢) 36 22(61.17)
46 - 55 25 21(847) 19 11(57.97)

55 8 8(100¢) 2 2(1007)
Total 200  96(48") 172 62(367)
MARKYALI VILLAGE
1 0 0 0 0

1 =5 11 4(36.6%) 20 5(257")

6 - 15 71 21(29.8¢) 41 8(19.5")
16 - 25 6 4(66.7¢) 14 5(35.77)
26 — 35 10 44 40%) 12 7(58.37)
36 - 45 5 2( 40¢) 13 6(46.27)
46 —- 55 5 2(407) 3 0(07)

55 5 3(605") 9 4(44.447)

Total 113 40(35.47) 112 35(31.37)



Appendix 1 Contd:

KURMIN BIRT

Age group (Yrs)

1
1-5
6-15

16-25

26-35

36-45

46-55

55

Total

BARL VILIAGE

1-5

6-15
1625
26-35

36-45

46~55
55

Total

- 186

No.

BALES

No.

Sampled Infected

25
10

61

0(07)
2(257)
0(0#)
2(207)
2(25¢)
2(257%)
0(07)
8(19.17

2(407)
3(127)
3(307)
4(57.1¢)

4(507.)
2(40%)

16(29.5%)

FRMALES
No. No.
Sampled  Infected
1 o(07)
14 5(35.7%)
8 5(62.5%)
1 6(54.67)
7 4(57.17)
41 20(48.87)
21 &2(9,5")
9 0.(07)
13 1(7.77)
8 1(12.52)
1 1(1007)
52 5(9.61)
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EKWAKUTI VILLAGEH:

Age group (Yrs)

1-5

6-15
16-25
26-35
36-45
4655

55
Total

- 187

No.
Sampled

0

7
155
19
40
12
12
19
264

LLATES,

HNo.
Infected

0

2(28.67)
37(23.9%)
12(63.27)
14(35%)

9(75¢%)

5(41.7%)
14(73.7%)
93(35.2%)

No.

FHIALES

No.

Sanpled Infected

0
45
130
63
31
11
10
3
293

PR T w—

0

1(2.2%)
3(2.3%)
14(22.2%)
2(6.5%)
10(90.9%)
8(80%)
3( 100%)

41(14%)

s a St 4 b el
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