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ABSETRACT

An cttempt has been mocde in this study to briru sose of the
gops in our knowledge of loissis in Westem Niguris. At the same
time, sreas for future resesrch which might lead to o batter
understunding of the disense pattarn in lolasis ure highlighted,
This thesis s made up of both laboratory ond fleld studies which
ware carried out at the University College Hospital, Ibadon, and
in villegos in tho Westermn Gtate of Nigoris respectively.

The sumplo population for the provalence study cosprised of
10830 school pupils und 1399 asdults drosn from villeges in divisions
all over the Westem Stote. Blood somples were oxamined
purasitologically for microfilarise of Loa loo vnd the results
obtained wore onalysed and utilised in determining the goographical
diatribution of loinsis within tho stato.

Vectors of Loo loo waurc dotarmined in Ijebu ond Remo divisions
and the rvle of the comon blood sucking mosquitoes in the
transmisaion of loissis was nssessed in Ibaden city. The
obsarvation that Manscnis africons would slléw the deovelopment
of MF Loa to the mature third stoge lorve roises the pasaibility
that the Loa loo population in Weaterm Nigerin might be differont
from the other known populationa; thereforu the local populstion

wos moasured ored compared with tho Kumba (Cameroon) population.

=
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Gomw of the menifestations often sssocisted with lalasis were
discussed on tho basis of the obsmrvetions mede in villages during
the prevalencu studies; furthermore the associations et moy uxist
betwoen lolasin, endomyocartiel dibrosis, ABD bloud groups and
hamoglobin genotypes, elephantisais ond hydrmeoele wire
uxamined ond discussod,

Tho results of the present study show that loissis is endamic
in tho Westam Btate of Nigeris, with most of the trwnsmdsaion
taking placu in the roin=forest ond fresheator seasp zONES, It
hes 0lso boon shown thot C.silacoe and C.dimidiato are the vectors

of Loa loa in both the Ijobu ond Nemo divisions of the Gtate.

Even though M. africana supported tha development of Hf__L_u_n_ to
the moture larval stoge, this musguito is not important as a
vector in naturo, The importance of M, ofricons lios in its
possiblo use 08 n laborotory vector in preference to Chrysops
specios bocousa of its short pariod of larval dovalopsont.
Linear measurements have shown that tho Loz loa population in
Weatorn Nigerio is slightly smallor than tha Kumba population.
Thare is no preferential infection by Loo loa of ony of the
blood groups ond the hoomoglobin gonotypos studied. It hoas also
been shown thul thore is no protective offect 4in any of tha

groups studied eithar in terms uf preventing infestation or in *
the intensity of infection. Thorefore none of the blood groups or
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CHAPTER I
I NTAODDUCTION

The 1iterature on filarizais shows thot Nigeris 1s an
endemic mrea for moat of the mewin (larise, neeely Wucheruria
bancruftl, Onchocerce volwius, Los lca, ZtenTochelionew
perutuna una Acanthocheilonems styen‘ o . The relative
ecolonical distribution an' tha incidence of the various husin
rilarisne in Nigeris i3 mot yot docusented, olthourh thare have been
reports of their occurrence in mny parts of the cuuntry (Connul
and Connal, 1722; Swiru 1S, Kershaw 1070 1951; 1985
Kershaw ot al 1953; Gordon gt ol, 1920, Cowpar and Woodward,
1961; Gilles, 13G5; Nnochird 134 1966, 1068).

Loinsis is the diceass couss! by an Iinfection wiih Log 1o,
filaria which cen live raturclly in mon Snd some monkeys. Tha
ecults of this womm live in the subcutansous tissuss oF men ana
they ofton move from placeo to plice causing itching end] & creenin:
sonsation. The embiryor sro called rmicrof{larice and thoy ocour 4in
peripheral blood of infectod people whoare they show o diurnal
perindicity in the peripherel circulation. Althcuoh human loissis
has been recoonised by nome for ebout four centurics, it iz orly

stout throe decodes ogo that its economic importsnce wes fully

_
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reslised because orployees of the former colondal [“vernsent and
business organizations wore umwilling to retumn o Los loa endemic
aroas for work.

The wpideminlogy of human loinsis has boen wall studied in
the Camercon Republic (Cordon st al 1950; Muke 1252; Crewe 1954)
and soma atudies heve been carried out in Corgo, Rwanda (Fain 1969)
and Bouthermn Nigeris (Kershew 1995). Leiosr (1914) suggested that
the tabanid fly Chryscps was the probable vector of lolasis, and
in 1922, Cornal and Connal confiresd that Chrysops silecea anxi
Ce iimidiata are the main vectors of lolasis in Gepele, Southarn
Nigeria., Thete two flies are now belleved to be the main vectors
of loiasis in the mainforest zone of Africa where lolasis is endemic.

Exporimental studies on loinsis ras suffered for a long time
partly because of the diffliculty in breeding Chrysops for
trunsmission studies. Chrysops has a long larnal development of
up to 9 months and tha adult flies reared from larvaa in the
laboratory do not thrive very well. Furthermore, the infective
larves of Loa loa will develop naturally only in man and some
monkeys but not in the common experimental animals such os mice,
rets, guinoe nigs, rabbits and even cats. Conseguently there
are atill gops in our knowledge of lolanis as & human disoese.

Very little information is svailable about the pathology
of human loissis. For example, we do not know anything ebout tha
activities in the human body of the third stage ({nfectiva) larva
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from the time it i {nmoculsted into the blood straem to the tise

it becomes &n sdult. It 48 wlse not cefinitaly ¥ro.q smat

gy tone and pathology are dovelooed to the micow lorda end the
teveloning larves in the husen Bedy. Althour ' wmious reporis
heve besn mede in the litersture cbout symptoms ~n pathology
uften cstociated with loizsis, it {3 mot concivsive trat the
reacovery of Mf-{ioc or the trull vorm in = ratient suf faring Mrom
anothor disoese nutomaticelly incriminates Los loa as the causative
agont especinlly ln en ovvironmentl shere other infectious disenses
abound. Conditions such as encapruiitis (Kivita 1082) retinopathy
(Tounseint and Davis 168; Petrithamy et al 1264) proteinuris
[ﬂnntilinfs'li}:!]. peychoses (Clothisme, 1043; Lembo, 1260 hnd
endomyocardial fibrosis (Ive ot 6l 1957) have bean associated with
loiesis because af the rocovery of microfilariss of Loa loa rom
somo of the vital orgons, hunce = closer study of loirsis has been
stimilated in recent yoors.

Although animol models such ne Dirofiluris dmmitis in dogs

end Litosomoldes cerdndi in cotton rats haun been uses! in an

éttompl to elucldate some of the problems in "Lorinsis, theso
have thelr linitstions in respect of the effects of a specific
fllarin on the keon body. A lons term dotoiled stuay of
suitable population proups in both ondemic and non~ondemic Tocd
for loiasis ~ioht present us with more informetion nbout this
disessa if the dota collectod cre carefully anelyse? and &%
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10iisis, there is no certainty stout the clinic! sendfeststions
apart from Colsber swellines, An seaination of the litereture
concerning the clinical menifestations reveals » multituzie of
nigns sncd symptoms shich could bha nttributed o various other
pathngens as well os to Los los. The recovery of the adult worw
or the microfilarine from the iniected individuel is the only
raliable ond specific meuns of madint a positive disognosin of
loiasin. Calabar swellinns when present pive o dotinite
indication of loiasis althoum loiasis doss ot nlweys result in
tha tormation of Caleber ssollinos. The swelling may also not
appoear ol the time when the disoroais for lolnsis is requeated.
Immunclogical tests have been eployed in Mllarisnsis endemic
zoneo as o supplement to both clinical end parcaitologicel
mathods of dingnosis, and thoy are particularly useful in
dotecting cases of occult fllarissis with low microfilorial
density in periphesul blood. Some off the immunclonical tests
ore more sonsitive than the perositological methcds, but there
hee nlwiys been the difficulty of lack of specificity. The

snticrenn of'ton used are those of animal filarisn (Ddrorilerie
immitis and Litnsomoides corinii) snd these give mrous recctions

for the human Fllariss and crose-renctions with other holminths. - |L
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b valuesla ss a supolesent to naresitological smsinmtion for the
disgnosis of the differont Iumon filarise.
1.1 Mjectives of the Bt
The objectives of the present stucy develored from the gapgs
in our krnowledge of loinsis gspecislly in Niperis, and tha neod
to nossess agequote inforretion for o be®ted Jneerstandine of the
disecso.
The fallowing tpecific csaignmente wiro undoriaken:
1. A review of the literaturw pertaining to the
coidemiolony, Lewmunology, enu isease associations of

Loa loa.

2. A study of Uw ecological distribution U.LM
in Wastern Nigeris Trem semples of the school
children population »nd acilta fro= the village
clinica s well oz hosplitals.

3. A study of the vectors of Log log in Westem
Nigeria and thw possible rule of cther common
bleod sudiing arthropods in the tranamission of
Loa loa in Westem Nigeria.

4. The measuresent of both the microfilarice enc adult
worms ¢ the Loa 100 populeticn in Wastem Nigario with
n view to finding out whatever differences might svdist

Lotween it and the description of Los loa in literature.

5, An assessmimt of tho clinical menifestations tn'Lni_ los m
achool children and an investigation into the possibl fm_' Aroees
occurring in infected people.
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Nongin (1770) first recorec Log log from @ negro women at 1
Gt. fomingo where ho extructed the adil® worm from between the
conjunative amd elbuginee .

Tha first record in Africe sea pade by Guyot (1777) 4n :
Ao, Duyot, a French revel surgecn, sade sevarul voysges to
Arginln nn' cbhsarved meny cases of the worm under the conjunctiva
of the indigenous people. The word Loa meuns “ayn wors" and
it originates from the local languege in Angola.

Loo loe wes imported with African alaves to Europe cnd the
Now world but its tranemissaion i3 unknpown outaide Afric:. Mercier
(1721, 17724) and Arschart (100%) reported many coses of Loa loa
P W1aVes' who hal FaGenELY srriied Prom ATFice 1 Eheiiasrer S
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reporter fow ctiespts made in ramovin D worm from the ove oy
means 0f o thorn or o very thin sheap picce of bone. !

The oadematous swelline couset by the aault worm ocourred
frequently asonguet the inbetl.ar s of old Calsbar end hance wore
celled (lstar wwallings, Farly workers, fobertson (1899), Plehn
(1698) e Thompstone (1037) hed slrsedy been familicr with, end
sctunlly used the nome elthowh Ward (1900) nelieved that Culotar
satlling was then yooar ! s o glstinct dismase ond unraleted to
the ndult Los loa.
2.2, Oystematic Position

The clanasiflication of fllariaw into famiiies an! WHT\" ]
{s otill contrvivorsisl. Oretoud and (oguet (1955) modified the
cluseification of wehr (1229) arvt olvised the Fﬂily . l

Dipatolonesiidee into oix st -femilice m‘ ongst which 1‘
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Dig. 1 - Adult Loa - loa (Arter Yorke ond Meplestone, 1926)

K

C.

Antirior sxtremity of body stowing latoral and submedion

Forterior end of malo waorm, ventral view, showing caudel
papillae and copulntory spiculos,

Letaal view of mile warm,

Caugal o ]
S etren by O LA, M6 ARtEral view,




4n Man as Loa loa and & morphologicelly similar parmsite has been

rocorded in some simlon hosts (Treedgold 1920; Voael 1527; Sendground
1926; Gordon gt el 1950),

Phylum Noma toda

Claos Phasmidis

Ordor Spirurida
Superfamily Filaroico:

Fomily Dipotolionematidac
Subfamily Dirufilariinae
Genus Loa

Lo

2, 2,1 Adult Loa loa

Cobbold (1864) first identirincs Los loa although Looss (1504)

first studied the worm in detail, The male worm measurcs 30-34 mm
% 0,35 - 0.43 mm, and the femala worm measurce 50-70 mm x 0.5 mm
(Feust 1343). The body of the adult worm is filiform and semi-
trmnsparent with numerous round smooth transluscent boases on
tho outside which vary greatly in number and arrangement,

The prosenco of theoe bosses along tho
lateral lines on the cuticle easily distinguishes Loa loa from

Wucheorerie bancruf 4 which it resembles closely in general anatomy

but which has uvory smooth cuticle. The cuticle of Onchocerca
snlwilys on tha other hend is however omamentod with thickened
ridgelike rings which make the worm quite distinct from the other
human filarina. The anterior of Loa loa topers to a small terminal
mouth without ony papillao (Figure IA). The Head bears two
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Fig. @ MWicrofilaria of Loe~los showing colums of r\ur.lni[ui@]

L R Sy

Note that tho nucled extend right to the tip, and the
sheath trails ot both enda,
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laternl and four smll sub-medisn pepillae which 1ie in one

trensverse plene just behind the mouth. The taii »f the mole
worm (Fipure IB and IC) is curved and provided with leteral
plate expansions of the cuticule. The cloacal cpening lios
mid=vontral in position near the curved tail and is surroundeod
by five pairs of asymmetrically placed paplllise with three
poirs of sessile papillae towards the coudsl tin. The male
worm has two unequal copulatory spicules messuring 123-176u and
88-112u respectively which often extrude through the cloacal
cpenings. The postarior end of the female worm (Figure ID) is
broadly rounded and has n pair of teminal papillae. The wulvar

opening 1s situated somo 2.5 mm from the anterior end.

2.2.2 Microfilarin Loa

The microfilaris Los measures 250-300u x 6-8.%u (Faust

1245). It is sheathed end is cdiurmally periodic in men with
poax cengities in thw peripherml blood between 10 a.m. angd
2 p.m, The simian strain is nocturmally periodic. Tha caucal

ond {8 short and relatively thick with the nuclesi extending to the

tip. The cephelic =nd is broed and flst (Fioure 2). The wexcretory
pors 48 larmv. Fullebom (1913) rirst observed the points
of differoncs beiween W Loa and W tencrofti but Sharp (1923)
studied Lra differences in dotails eand mede careful comperisons
in both living and fised conditions,

Woodman end Bokhari (1941) foune dif ferences betwesn the

mominlogy of micrefilariss they stcdled in the Gucen and tret
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described in literature but concludos that the differencos were

probohly not significant in view of the wide runge ol 5izes
exhibitod by M Loa. They also faile’ to observe tha clussical
diumal periodicity in Suden end thus supoestod that Lho

Sucancoe Loa loo showed a tenvlency towards sneriodicity. Kershaw
(1990) examined prisoners in Kumba for tho ocily cirels of M Loa
and found that the mid-points nnd maxire of the swarming of
microfilarisac in blood occur cbout 11 n.m. Hawking and Thurson
(1951) showsd that when microfilarise disappesr from human
pariphercl blood, thoy sccumilate in the copillarins and ths Gmall
vessels of tha lungs from which they emerge B-12 hoursa lotor and
back into the peripheml blood, They further postulatod that tho
lunga form the optimum sitec in tha body for the microfilarise

to survivo. Hawking (1985) showed that physiological chonocs in
the prossure of oxygon and carbon dioxide did not affoct
spprociably tho distribution of Mf Log botween tha lunng and the
paripheriphermal hlood, and thus could not be responsible for

maintaining the murked diumel periodicity exhibitod by M Loa,

2.3 Geogrephics) distribution

Loa loe wes Lolieved to be confined to the equatordisl radin-
forost of Afrisa which extends spproximatoly from 8°M<6C8 of the
Equator and (5 30°F lonoitude, with 1ts transmission stretching
from Lh= shorva of the Gulf of Guinea to the Great Lakes, and
covering the rein-forest balt of Centrul ond Weat Africa. The
transmission of Lotasis to men hes now boen confirmed in Upanda |'

Lk

Pl
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(Price 1961; Mnochiri 1972; Polteru 1273). The distributior

loinsis 1s patchy but very heasvy infections have been recorried

in the Camgroons, the borders of the Congo river, and from Banin
and Sopele in Nigoris (Figure 3). Although loissis is prosently
ltnown to be acquired in the rain forest belt of Central ond West
Africa, the diseaso has Leen reported from uwll parts of the world.
It was repeatedly introduced into tha New-%orld, particularly at
the timo of the importotion of oloves from Africa but it has never

become establishod thore and not o single case off autochthonous

infoection has been proved.

o |

2,4 Epidemiological studies
Until recently, very little was known sbout the spidemiclogy
of lolasis in comparison with tho other important filarinl infections
of man. Woodman (1935) drow ettontion to the prewalence of Loa loa
in thae Bouth-Western districts of Sudan, the adjuining territoes
of tho Belgian Congo and tha Fronch Eguatoriol Africa, and stressed
tho lockk of informotion sbout thias fllaria. Later Woodman and
Bolthard (1941) studiocd the rolationship between Loa loa, the
Chrysops species ord! somg disonoo syndromes in Gouthem Gudan.
Davidson (1746) found en incidence of 23% in African meles
in Kumbe by blood examinstion, ond Gordon et al (1948)
pofimated that ench individual at Kumba wes oxposed to the
infection of Loa los once in svery five daya during the height of
the Clrysops sosson. Following the reports of a sories of

praliminury studies, the Halminthinsis Ressarch Unit, Kumba,
e

—
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West Cumoroon was sct up In M9 and hes since beon the seat of
rososrch dnto many uspects of Log loa infuction. lorzhow {1m ]
discuscor the anomalous festures of Luow log infoction 4n the
hyperendemic vreas such oo Kurba whese the in~iionco of infecticn
recorded le for leosa than woectied dn vies Y the popovitod oxposure
of the popilation for muny yoars to infectivo bitos of Chrysops.
Kerohaw (1951), Kershow ot al (1903), Kurahaw Bnd Hm].“ (1974) use
stondurd 50 cmm thick blood Miles oo the indax of infoction. In
their discuseion of the results, Korshaw and his co-workers [1953]
vondered whethor patients with no microfilorine of Loa loa found
in the standard S0 cmm blocd §Film were cctuclly Frec from infection
or whether further pationts would be found to Lo positive aftor
a mord prulonged and intenelve wsamination. Gordon and Webbor
(1997) incrossed tho porconiwne of positive Mindings from 26
to 45 by filltoring lyzod blood throuph a find wirg moeah.

Kurshaw (1955) observed in Saoule futbor Cstnto thet a=10%
of Lha Chrys=ops population wore infectod end he rocorded &7
infection 4n tho intwebitants of tho catote who lived thero for
longer tlen one year. Ho mryestod that tho romsining F5h must
have recejived infectiva bitra, and that the failure to find
microfilariae ~fter repeatud uxanlnation of (heir blood mighit
Lo duo cither to failure of the infective larmun to develop to
sewel mturity or to the dovolopment of resistancy whilch resultea
in the docth of tha edull worme. Further pogaihlu TEASONS Buoested

Uy Kershaw ero eithor tha mepression of microrilsris progucticn
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or their sppoarance in the poripheral circulation dua to immunity
in tho patients.

Tho risk of infection io linown to vary with ihc enviropment
in tho endemic »nes. Kershew (1985) showed Ut urbonisation
profoundly affects the risiks of infection with Los loa. The
incidence of infoction is high in smnll undisturbod villnges
whoreas in towns tho incidence of infection 48 roduced in part
by the immigmtion of uninfectcd poople rom places outside tho

foreal renge; thus further lowering the olroody reduced risk of
infection.,

2.5 yu-c.t:::r Gtudics

focho (1048) showod that lour species of Chrysops - C.silaces,

Ce.dimidiota, C.longicornis und C.distinctipennis had beon recordad

up to 1540 From Niperia end tho odjacent Comervons but only three

of thosec ware found in t(he forest whoro human loiasis occurs. All

the records of C.distinctibennis ware from the savennah zone.
Larvan of L. lod wore orininally shown to dovelop in C.silaces

ond C.dimidista (Leipor, 1914; Connol end Connal, 1322). Both

these spocics are officint vectors of loinsis and Crowe (1954)
showed that tho dovelopment uf thn lJarmwao can toke place with
cqual focility in C.langl. Dovolopment at n slowor mte haos boen
shoun to occur in C.distinctipennis (Woodman and Bokhard, 1941),
in C. zahioi (Ouko, 1984) end in G.centurionis (Ouke 196%a). But

whech
E_.Mi N e t:.-:.mmrh:nghuru crepuscular in habit ond bite
et canopy level, aro reluctent to bite men. Duke (1954) showed
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that C.zehral may bo cepoblc of tronsmitting human loiosis, but

ho conoidered it unlikely thal this species olont Couid of fectively
mointain tho infection in men. Moodman and Bosivrl (1941) had o
oarlicr coma to a similor conclusion about C. Jistinctipennis, a
possibla vector in the savannah of the southern Sudan.

C.olloncea is probably thn mogt importunt vector af buman
1oiasius 4in the Wost Africon roin forestc pxcept where Codimidiata
is locally more common. Both fliecs seew to hunt by sight ond are
attrocted by movement. Humans are ottacked whenever they move
nbout at ¢ point where they can Lo seon from the forost canopy,
and movementa of groups of pouple aro more oosily dotected by
tho flios than movements of an individual (Devey and 0! fourke,
1951; Due 1955¢). The flics are attrected to moving objects

and Dulke {‘I“MBME shown that wood omoke also has a romarkabla

and pronounced attresction, for C.silaces ond, by inforence, for

All of thpse Muctors aro responsihle for C.oilocen

and C.dimidiota coming into intimate contact with men. Thedr

importonce as tha moin vectors of human lolosis arloe bocnuso
they alone have the hablt o descending to the ground level in
thoe forost to hito man, tho beheviour necessary to complote tha

chain of tranemission, and probalily the most importont link in
this chain.

2.0 Clinirsl atudies
The appearance of adult Loe 1oa under the conjunctiva is

. common 4n endemic arees nnd the recognition of Calabar swellings,

i
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nn ellerpic infMlemmatory reaction, in relstion to the presence of

ndult worms was documonted by oarly workera (Mobertica, 18355
Plochn 1890; Thompstono, 1899 Werd, 1908), Very 1ittle is
known tbout the pathological effocts ardsing oo o result of Loa loa
infection although vague symptoms of mild fever, genornlised
muscular pain, paraesthesia, pruritis, urticaria, enorexis on
loss of weilght mey be prasent. (Edington and Gilles 1969). It
{a widely kKnown that the cosinophil count risus with Loa loa
{nfection as with other helminth infoctions. Johnstone (1947)
rocorded Ba% ecosinophilio from & Curnpran potient with loiosis
although the overoge cosinophil count from infected patients in
his mxperience was hotwoen 154 ond 30%, Gertaux gt al (19497)

nscribed cardiomoputhy with ocoslnophilia to Loa loa infection.

Transient swallings (Czlobar swellings) ocourring in patients
infected with filarial worms other then Loa loa, woro recorded
(Ffose 1923) but thelr essoclistion with loinsis 1s so persistent that
their occurrence i now rogordod at pathognomic off the disosso,
Connal (1934) noted that in 37 Europoans in loissis endemic zune,
Colnbar swellings appoured in 2 within 3 months, in 11 within

5 months and in 24 swithin 1 year of their first possible oxpoosurc

and during whici: microfilarisec wore not detocted from thair

peripheral blocd. It is generally belioved that the swellim

is mssocinted with tho prosenceo of o worm in its immodiate
vicinity, and Low (1924) doscribed n pationt in which the
swolling occurred in the ponis and & mass "which felt exactly
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like o coiled up worm” wus seen.,

Fulleborn (1913) first suggested that Calabsr suolling was
sn nllermpic reaction in persons sensitised to Loz loa worm or its
oxcretions. Chandler ot ol (1930) and Fairley(1991) have shown
that the injection of Dirofilaria immitis ontigen subcutaneously
in persons with Loa loa infection results in the production of &
swelling indistinguishable from a Calebar swolling. A similar
roaction howover followed the injoction of ssmo antigen into

pationts with W.bancrofti although the typical Celsbar swellings

gre not normally recorded.

Chendler ot al (1930) havo shown further thet following the
rupture of an adult Loa loa end tho sdcape of its body contenta
durdnyg its removal from tho eye, further Calabar swollings
epponred in remote crocs of the body. Such a
roaction is in occordence with Fullohom's (1913) carly
sugpestion thdat Calebor swollings occur in those areas of

the body whore tho tissues havo absorbed tho worms! products to

the largest oxtent,

Occult filarinsis was first deacribed by Meyers ond Konwonaar
(1922) and Bonne (1939). It has boen veriously described ns
cosinophilic lung, tropicel pulmonary eosincphilia (Webb et al.
1960) antt viscorel larva migrans (Manson-Bahr 1960). Tho main
clinice) fentures ore hyper—cosinophilis, enlargement of lymph

glands, pulmonary symptoms and the absence of tha microfilarise
in periphorel blood.

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



A e
Buckley (1958) experimentslly infected a human voluntoer

with Brugic pehangi producing on occult infection will signs and
symptoms of eosinophilic lung. Howsver tho filoris! worm in two
other volunteers (Edeson st al, 1960) produced filarissis with
normal microfileremiz, In & subsequent experiment, Buckley's
volunteer developed an occult infection even though the infectlon
(Brugis malayl) wes from o humain sourco (Suckloy and Wharton 1961).
Denare] ot sl (196G) reportod thet in five lung biopsaes of
posinophilic lung patients in Singopore, the dood and degenaruting
microfilarino were found both in oxudatiive and grenulomitous lesions.
In dogs experimentally immuniscc with microfilariae of Dirofilariu
immitis, freshly injected homologous microfilarine wore found
troppod in the lung tissue within ono hour after tha infection.
Those findings togother with thoso obtained by tests using tha
Fluorescent antibody technicuo in which sera of patients with
closinophilic lung were testod agoinst differont specios of
microfilarise (Jayowardeno and Wijoyaratnam 1968) indicato that
cccult filardssiz moy occur dn an Andividuel who is hypersensitive
to the microfilarial stago angd who acquires e filarial infoctlion

in which tha worms become moture end produced microfilarise,

Adult aorms havo never bocn observed in patients suffering
from occult rilasrinsis ond the tondoncy has been to assume that
filarise af enimal origin are responsible for this discase(Danara )
199; Wobb ot m) 1960; Donohugh 1964). Buckley (1258), Buckley end

= wharton (196), however indicetod that both humsn end animal
 rlartoo mey 1nduce QesukAleRA SR o
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Gonnert (1942) observed no symptoms following the trunsfer

of the larvao of L.,loa from on infected person to o previoualy

uninfected person although Potithorny ot ol (1504) tugpested that

MFf Loa containad a toxic foctor which Killod ¢ muso at a dose

correspanding to a microfiloremin of 200 microfilariao per mmd blood
in an edult tumen. Ouke (1960) reported active destruction of
microfilorize by tho opleen of mondrills infocted with L. loa

ond sugneotod that this phonomen wos poculior to tho monkey host

ne it was not observed in humans.

It hos been ohserved Ly mony workers that = large nusbor of
adults in ondemic aroes may bo cevoir of clinicsl snd pathological
ovidence of infection oven oftor long standing infections of up to
soventeen yoars (Ziemann 1725). On the other hand some workers
(Thaulon 1323; Elliot 1920; Clothier 1342) quoted many instances in
which loiesis causod groat distress and was often the couso of
invaliding and partisl norvous broakdown, Lambo (1950)
rocarved on assocletion between loissis and psychoaia in somo of
his patients in Nigerds and Nnochird (1966) found an infection
rute of 107 amongst putients in o mental hospital as againat
1% in normal people in the noighbourhood of the hospital. He thus
suggestod an odditional psychologicel factor with loinsis infection

because soma pationts cxhibited sevorml foatures of montol instability

sinco the prosence of Calabar swolling is often ettributed to
“poison®. It is sleo balieved by some workers that in hypor-
enclemic crees, loiasis could bo & commn cause of hydrocoeles,
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veriocoolus, hemis (Petrithony at ol 1964), re

opathy (Touwr Lt

ann Deyin 1056), protudnuris (Gentilind gt cl 1983), fatal encophalitd

(Kivits 1952) and endomyocardisl fibrsis (Ive =+ al 1367).

2.7 Immuntdiognouis

Tho paresitic mutieds of demonttracina sderofiiuriae Maon

incivicusl cases ere tho only rolifle and spacific maand now

availatile for the disgnosis of lolasis., Hwover, 4t has almiya
é becn oxparionced in cpideminlonical surmveys of peoplo in endouic
| aroes that coses with domnstrotlce microfilarine ero only o
frection of the people whi arc artually infectod with the parasite,
ur Wi ure suffering from the ddaease, and also that microfilariso
cen bo :ctectod from o larpe mmbor of peopln wha ard opparently
healtln. The immunu status of tho individuels to lolesls 4in on
ondenic eryorg e known o wity, and the oymotumless period may lost
for mony yours or remain througtout lifa. In now-comory t ondemic
uruad, Lovore symptoms of ton ocour, nd, thaso may ro Spear many
yeara gftor vithdrawil from the t.'.mlm::l.r: zonts. Theao vuriations
could ba attributod to hyporsensitivity (0'Connor, 1932; and dartmen,
12¢7).

Sorulogicel investigations in Mlarissis have been curided
out since 1916 end Kogan (1033) reviewe numerous contributions to
the immnodlionosis of filariasis Including loinsis, Eumlmm.
imuatisaiions are particulurly useful in cascs whore microfilariac
eannot be found as in ocoult filariasis, hootuse they messuro the

tynes ant levels of untiboriss being produces to the Filarial inf
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SBchoffield (1957) using D. dmmitis showes! Bo gifforonces in

the lovel of corplement Fixdng ontibcdies prod o amiinot lolasds

Al differsnt stages of thy dlaoese, Minning (1#4) vsod o saline
uxtract of doep frozon 1iving Loa low ~arme and phtained specics
spocificity 'y complenent Fixotion test. Serc (rom Wucheroris meloyd
end nr;E“nﬂ_l],uumL'dihmhih pationts nave necatlve rooctionsg.

Sadun {'i:'}."rE] shtwod that entibotdics oy bo mookest or

tbeortied by hich concontreticn of oxcess antigenic substances in

sare of infoctod patients end Yion: (15964) showed that microf{iaris
entibodies woro MY demonctretle in dog sera by the Fluoroscont
entibody techniouo. Fronks (1948) domonstrated that nicrofilarcaic
sorum contains.matnbnlic products ol micrfilnriseg which ara
antigonic, and that such tocre reve strunglv pooitive introdermal
rocctions in potionta with filurlenis. Othor closaicsd
typorsensliivity tostu such as tho Gchultz=-Dale end pessive
cutmnoous rnaphylexis reactions have botn used &0 «icmonstmito

tho presonce of micmfllarial antijons in the ploems of hoats

th high micro™lemis (Sucst ens tlont, 1955 Gueat ot al 1967) .Variou
cther sarvlogicsl tests have been used including inlrodormal,
precipitin and haemigglutination recctinns (Fullubern, 1926;
Chancler et =) 1930; Feirdoy 1231; fodiain end Duboin 1932;
Aruynoche 13%a; 193%; Culbartoon g al 10e0s §19445),

2,8 The 'vnioy Loa infoction

In tho strict piological ronsn, “lolasis" means parusitisssion

of 4 vertebrato hast by o worm of thu (unus 108 but whon the humen
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host ia concamed the term is normelly undorstood to refer to infoction

with Loa loa, for with two rarc exceptions (Meple=tine 1930; Skriabin
1940) this is tho only species of Lgg recorved Mrom man. However
in the Budongo forest in Ugendo Loe infoction was rocorded in

Papio doguels (baboon), Cercopithecus asethicgis, C. mitis, C.

C. nictitans and Colobus abyssinicus. The spocies of Loa in

monkeys was described by Treadgold (1920), Vogel (1522) in spider

monkey (Atsles paniscus) and Sendgrouns (1936) in Cercocebus mangaboy.

Gordon ot sl (1950) recorded infection of Loa in the throo specics

of monkeys Mandrillus leucophaous, Cercopithecus monsa mona and

{:Eﬂithﬂﬁuﬂ nictitans martini in the Cameroun Republic. The

microfilariso of the monkoy Log are noctumally pericdic. The
rnocturmal Log in monkoys 15 tronsmitted by differont vectors,

Chrysops langi and C. centurionis in Kumbs, Csmercons, although

experimonts have shown thot Loth Chrysops silacea end C. dimidinta

(the netural vectors of human loiasis) and C. langl and

C. conturionis (the naturel vectors of monkoy loinsis) will all
efficiontly sustoin the devolopment of the larvae of bath husman and
monpicey Loa in tho loboretory. Dukc (1957) showed that humon
loingis can ba wperimentally tronsmitted to morkeys aftor cyclical

passage through G, silacos even though monkeys naturnlly infectod

with diurmaliy periodic human streins hove not been found, Similarly

no human cases of nocturmnally periodic monkey loiasis have buen
obsorvedd.,

Apart from differences in poriodicity, the ssult worms of'
moniiey Log are lareg. e HinssRldumn.loa,.  Noverthelcss the



'ﬂm'-
two stmina ere extremely similor and hybridisaticn botween thom 1s

poesiblo. (Duko and Wijers 1558).

Under naturnl conditions, tharo 1s fsolation of tho two forms
in Kumba Cameroons, not only because of thu specificity of tho
monkoy parusito but nlso becausec of the differunt habits of tholir
vactora., Although £, silgcen ond Qocimiddota aro cbundant at
conopy level, thoy oro exclusivoly diumal in bitting habits.
C.longl ond QLconturdonis on the other hund stay exclusively at
canopy lovel and ore sctively fecding ot dusk. Therefore because

of their strict crupuscular hebit C. langi and C. conturisnis aro

unlikely to carry infections either from monkey to mon or vico—varsa.
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CHAPTER III
GECGRAPHICAL DISTRIAUTTON O LORLOA [N WESTE™®I 6/ TE

J:1 Introduction

Human loiasia has been “nown for about 00 years ond its
tronomission is confined almost entirely o the equotordal
ruinforgat of the Africsan continent., VYuery 'ew studios have been
carried out on loiasis in Nigeria ond the axtent and dintonsity of
the infecction in the Woste™n Ctata of Nigeris are still little
nown. (Connal and Conngl 1922; Kers'ow, 155°; Cowper snd Woodward,
1961; Nqu ond Folomd, 1565). A high siorofiloremis bas been Fourkd
in blood donors ot tha Univerulty Touching Hospital, Ibadan
[Er"run!'u ‘l‘..T-"'“J] and thase blood donors are lamoly drasn from the
Mlasteam Gtatao of Nigerds. Tn an endenle orea for lolbsis such os
Nigeris, o number cf riscascs of unknuwn getliclogy ers balng
ascociated with loinsis. For coample, Ive ot sl (1967) suggeated
that the diatribution of entomocardinl | {brosis corresponds with
that of Los lou in Nigerin but could npot poswlste more then o
um'-:dﬁ'ﬂﬁhin:i::i' associntion becauso-the-basic epyidemiolotical data ara
ot availoble.

Thic study was therefore carriod out to provideo the
midimiclogical deta cn lolssia In Westerm Nigerian, It was nlso
haperd to define the endomic wnd nom-andemic fucl for loisals in

pome parts of the 1iebu and Moo divisions in the Stats where
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future comparative studics could possibly te carried out on loiasia

in relation to other dizesscse.

3.2 The Westoin Gtete of Nigerin

The Westem Otatn of Nirads fe oividmi into twalve
divisions (Figure a) [Duze 1970) end At s & populstion of
9,087,525 (Nigerian Census 1950). It 4s melnly an sorisultural
str e whoso vegelation fells within the normel tropical pattom.
Three typen of verototional zones are representod in ' tho state
end these sre the roin-forest, the tuvennnh and the freshwater swamp
Tiie Stale covers an arca of 20,000 squaru milez end ia hounded by
Logos State and the Bight of Oenin in the Zouth, the Pepublic of
Dehomev in Lho West, Keora Stote in the North and Mid—Yant Ctate
in tha East. Tta heodquarters, Ibadin 48 the larpest indigencus
city in Tropical Africa. The state ia poopled by the Yaruba, tha
larpest single ethnic group in tiw Federmtion. Nigarians from
other parta of tne Ferlomel Penublic and other nationals are slso
to bo found in large nusbers in mosl pities in the State.

Feinfoll vardca from 45 inchea per ymar in the nopthern
aros tn over W0 inches in tho Couth-cnat of the State, fslotive

humidity is Sigh romging from 50 to 98 per cent whilst tesperatures
range Trm 655F o 95°F,
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3.3 Sarple Population and Survey_design
Samples were collected only from villages witiin cach

division of tha Gtuto. Towns waro not sampled beciuise they woro
considored unsuitoble in view of the heterogencus mnture of
people living in them,

In ordor o obtain uniformity in tho somples from thao
villages, primary school pupils wuro cxamined. They are very
active within thoir villoges whilst they bave rostidcted mobility
outsido their villagas and thoir divisions in particular. Any
infection recorded in thom is thereore most likely to havo
been contracted within their villagea,

Adults would mot be so suitable partly becsuse of thelr
groat mobility within tho State, It ia nlso difficult to
obtain uniformity in the cdult samplos espocinlly in respect
of their age and length of residenco within the villages
bocause meat of the adult villpgors are illitarates, Teachers
wore however ocxamined in pll the schools visited in the villages
80 as to obtoin information from this group.

The villnges samplod 4n any division wero at lonst ten milea
ppart: tha number of villages sempled in any division waried,

deponding both on the size end tho type of vegotation represented
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in the division. The Ijebu and fomo divisions were more elaboretely
samplod in order to define the endemic ond non—cndomic focl

for loiasis in these divisions end partly becouse of their
proximity . to Ibadan.

| The records of the Parmsitology .Sectlion and the Blood Bank
i of the University Collego Hospital, Ihadsn were also oxamined

for infomation on the recorded cosos of filarinl infection.

3.4 Mcterinls and Mothods

Saeile oub |l:!|‘.:t=

The bulk of the subjects was from school childrin botween
oges of eight ond twelve years, ond their toochers in the villepe
primaory schools. Bamplos wore furthar obtoinod from pationts
attending villoge clinics at Ishara, Ode=femo, Ijebu=Igbo and
tha Military hospitnl in Ibadan, Further semplos wore obtolned

nlso from potionts and blood donors ot the Univarsity Teaching
Hospital, Tbhadan.

3.4.2 Blood Bamplos

ol o e g Wk

All blood samples were obtalned betwoen 1000 hours and 1400
hours .
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In the villoges, two thick blood Filmo, each consisting of
50 cmm blood werc made from capillery blood, The hlood films were
nir dried and stored for not mare than 24 hours before staining.
One of the blood films wos stainod in Giemsa stain (Appendix I)
and examincd for the presence of microfilardsc, other blood
pamusites and eosinophils, The other blood film wes stained
with Mayor's Hiemelum (Appendix 2) for microfilerin identification,
In order (o osseosa the senoitivity of tho method usod in the village
for detocting microfilarice, twenty individusls wore selected, ton
positive for microfilarise and ten negative on ewamination of
capillary blood rfilm. 5 ml verous blood were tuken from oach
subjoct nnd examined for microfiloricg, The blood was lysod in
S0 mls of 0,2% Goponin solution (Sawyer and Winatoin 1963),
incubatad Tor 30 minutes at 77°C 6nd later centrifuged at 1000
rdpem. fOr S minutes, The doposit wos oxomined for prosenco
of microfilarise, 2 ml venous blood was collecto! From patients
ottonding tho Univerolity Colluge Hospital, Ibcdoan, ond from this
blood two 50 cem thick blpod films wore mode ond oxmmined ns above,
Tho remiining blocd was similarly lysed in saponin solution,

contrifuged ond the deposit was examined for the prosence of
microfilarion,

L
b
"
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In the Ijebu ond Remo divisions, o record wes made for
overy individual examined of cny history of (1) Calabor swellings
(2) Swollings of the 1imbs end faco (3) Tiny worms crossing the
eyos and (4) Intense body itchings., Any of theso symptoms wes
rogarded os evidence sugnestive of Loa loa infection, A
record wos also made of the attitudes towards end tho beliofs
ebout Loa loo symptoms ond the various types of romodies applied,

In those divisions of tho Gtote where tho vogetation is not
uniform, samples were collected from villages in the different
types of vegotations representod. Tne data collected woro
anolysod to show the level of tmonsmission of lolosis in the
difforent vogotation zones within tho State.

Tha lovol of tronamiision of loiasis was osaessed by tho

microrilaris mto in overy vegetational zone within the divisions.

The microfilarin mte wio noocosaod oo ¢

Microfilaria rate = Number of people with microfilarice
Numbar of poople examined,

This assesament, basod on tho technigue of blood examination

exploined above, is reliable, sensitive, economic and not too timo
consuming, and conforms with the prorequsites for the design of
large scole [4larisl surveys (Sasa 1967),
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3.5 Results

Table I shows the microfilaris counts from cepillary and venous
blood of ten school pupils from Western Nigerin who had M loa
{n their peripheral blocd. The expected numoe of microfilariao
in 5 mls blood and 100cem blood were calculated both from tha
finger and venous blood respectively, end ound to differ only
slightly from the octual numbers recorted for each pupil. The
difference won not ntatistically significant in each casa [Pﬂtﬁ]
Ten other school pupils that were negativa by capillary blood warc
also negative for Mf loa on examination of venous blood samplos.
Table 2 shows tha prevalence of Mf Loa in the different.
vegotation zones within the divisions in the Western Gtata, 98
villages wore sampled varving from four in Ondo division to fifteon
in Ijebu division. A total of 10830 achool pupils wers mxamined

and 356 (3.7%) had Mf los in their blood. Thero was no mf bancrofti

- 4 i —— T —— T W

recorded end only 214 had of. perstans.  The infoection rate in ihe
minforest zona for :_f:i]_ﬂu ranaed from 0,0% 1in the Ibadan division
to 11.9% in Nesha/Ifn division and in the Gawannah zone from 0%
in Egba, Ibadan und Owo divisions to 1.0% in the Dyo division.

The frosh waier bwesp zone is represented only in two divisions =
Egbada and Okitipupa - with 2,.5% and 2,1% {nfection rates
respoctively, Three vegetntional zones are represented in Egbado
division =nd the infection rotes with loiasis veried significantly
(Teble 3) within the reinforest and sevennah, and also within the

frosh wetor owamp end reinforest. Ondo, Ijebu and fomo ivisions
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TABLE 1

Numbers of microfilarise recovered from tho capilliary blood
ond venous blood of ten puplls with mf. loe in their blood.

—

G::‘Tfllury Blood Veious Blood
Pupil's f-‘urﬂmr of MF Loa in |Expuctod Mo of MN° Loo | Expoctod Rumbor
Numb e Two S0 cmm Mumbcr uf {n & ml Dlocod| OF MF Loa in 100
Thick Blood Films |Ml Loc in cmm Lood
5 ml Qloo:
10 HW 2D 1,000 1,112 22 .30 —k
271 13,550 ]| 13,852 277.04
111 g - l_- =)
IAAT 20 1,300 |, 428 28,56
i - —pan . -
PI 1959 6 200 B4 7.08
LW HU 224 11,200 11,875 225.92
' 1EHH 748 47.a00 a7, 951 3=9.00
Al : :
IC 3 16 g 00 18.06
Lag 27277 o > 600 2,922 4,44
IL- 25 Lo 164 i,200 0,27 165 .04
P1 26" 342 | 15,600 18,920 210.4
— I --——‘I e — e = — —
Thore is no significent difforonne boteotn thoe numbor

of mirrafllerda in copillary and venous blong {F#{)
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Tha prevalence of mf.loa in the diffarent vegetat i Zones.
within the divisions in Westem State of Nigeris.
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are in the reinforest zones with 8.85% and 3.5% infection rates

respectively. Oyo division lying in the Savannah zonc haa 1.0% .
infection rmte. The other divisions ere represented Ly two
vonntationel zones with either Rainforest/Savanneh or Rainforest/
Frosh wator Swamp combination with varying infection mates
recorded from the vegetationsl zones. Bath the villages visited,
tha number of pupils examined end the number of pupils with
mf loa are given in Appendix 3.

1359 adults were axamined from the whole State including
651 and 305 from tho Romo and Ijebu divisions respectively. Thay
consisted of villagers attending village clinics and teachers in
the primary schools visited. Infection with Mf loa was dotected
in 115 adults (0.22%) from the whole State, and from 23 out of 305
(9.5%) odults in Yjobu divizion ond 41 out of 651 Adults (9.7%)

in Remo division.

Teble 4 shows the provalnce of MP. loa infection 4n 22

villages in Ijebu ond Nlemo divisions. 2100 school pupils wore
wamined and 05 had Wl lo. in their blond, In #ll tha villages,
the number of pupils showing symptoms auggestive of ':E lon
infection wos sisnificantly larger (P<D.001) than those with
detected microfilariomin, In five villages, Ala, Ibefun,
Wobalufon, Trolu and Tjebu-1jesha thors was no M loa recorded from
any of tho achoul pupils sampled. A highor prevelence of infection
wos shown in the male punils, ond the diffarence obeorved in the

infection rate betwesn the malo and fesale puplils ses signifisant
{nlm' P} nrm]i

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT




e
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division: Test of

The preval mf. loa in Egbado __
R ol 3 yntes correction).

significant associations (chi square with

Botaoon Foin=forest ocnd Cavannah 2ones
-.i—I.d-—-“--.q.—.—l--—-ﬁ-

Las

T

- E FAIN FOREST | SAVANNAH
o i —— —— P T i — -TI-I-‘--
or with mf Loo a5 3 LS
IR ——— R L s -
Numticr without mf Loa 560 _T 3I
. B e —— = - o — .l
013 a2
i -.-1_-‘—!-—-4-#-._-..-4-.--—-—- il i

|

é = 21,79 at 1 d.F.
p <_ 0.001

The infection rates in the two 7oncs ore sipnificontly dif feront.

b, Oonteeen MNeinforest ond Freshwoter wbiD ZUNes :
FR—_—— - — s - —— - ——— i — - —
R : vesok s BAINSFTVESTIFEEHWATER |  TOTAL
SYMP
i | =4 = ‘r S
| Numbor with _r_r.l_i" Lna A% =i L&y
P —_— . E T [ . a am o
Mmber without mf Lon TP 190 J
— Pa— E
Total G132 U3
# |
:'-‘:- - Y at 1 d.T.
- ¥ 0. e <), 01
Tha infection mtos in the Leo zonos cro significantly
different.

Ce Aatween Freshw tor ovanp ond Savannah zones

p - - i, —— i e L & —
FHEZMIATEA
G ALE CAVANNAM TOTAL
F—‘-— i S
Nurtar with " Loa n 1 a

TN %
o o—

c » 1,687 with { d.F,
ul?} F':ﬂ.t

The infoction retos dn the two zones are not significantly
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TAELE 4
Prevalence of mf, loa in twonty-two villoge= in Ijebu and
Rero divisidns in Westam Nigexia,.
A e 1--_-_—.-7—— -y — T ’
Mumbor of (Number of |Percentage (humber of Malo Pupils {Femmle Pupils hor of Spekia
T Puplls 1 Pupils of Puoils {Pupils with ~ith mi Loz [with ® Log 1In Acdults adults th
! . o : : NS E amine mf. Loa in
. VILLAGE Examincd  jwilh Loz ([with Loa imf. Loa in in bliood _m
"I Symp toms Symp toms Blood .
' wmbar % INeshor B :
—l—..l— —.— =4-|-—- :
77 X5 a5.7 a 10.0 3 B8,
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Dintribution of lolesis witidn the ages 9§ - 2 veare esongoet

the school pupils 4in Lijebu and Feso divisions. "
Ao An I'!|"'|...l'||'1'|| NabDor alth af Loa % aith m
Exnminon in Bloog
i & .06
12 O f.70
X2 - __.ﬂ.f-*?

PRl 0.0001

Infoction mtos In ages boluow and above 10 yeors ore
Statistically signilficont
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n'mtes of 9. E'fu 6.0and 18,00 rospectavely,
J ﬂtﬁhiﬁ-fsiﬁm-.u; riso 4n the dnfection ruts frun 1.6% in ning

. yoor uld pupils to 6.1 on 5.7 in &laven end twoliu yocrs old
Ppuniis respectively in Ijebu and Nemo divisions. The uiffcrenca
in the infection mate detooted oo (loupn year ol oupils upsmards
‘und below eleven yoars old pupile is highly significant (A<<0.0001),

Fipure 4 shows the provelence of Loe loe in the (ifforent
‘vegotation zonea in tho divisiopns of lncwoern State.

Fisurae 5 shows the relsiionship of tho 22 villeges sumpled
in Ijoh end Femo divisions with the river cnd stroom systems in
tho divisions.

Table & stows the reconis of blood filarial infections in
Niperis.

Figura 6 shows the distribution of 202 blood dorers wilh
¥ loe sccurding to thoir town ol rosliunca dn Westom Migeris.
2.6 Jiscugsion

tershow (1950) suggested thet the microfilarin counts made Crom
@ fingor prick blocd could be teaken os ropresentative uf tha nomber
of microfilerise in tho periphaml circulutiza, He elwo showrent
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‘are known to pass through blood capillaries as rapidly ns the blood
cells, The observotions of Hawking (1955) have been ronfirmed in
this atudy (Table 1) ond the exsmination of capillary blood has
been shown to be reliable snd sensitive. Therators cappilary blood
wos examined for the detection of microfilarine in the blood of
the villege samples. Whon microfilarise arc present in

peripheral blood circulation, they sre unlikely to be missod after
tha examination of two S0 cmm sampleogs of blood collected betwoon
1000 hours and 1400 hours; furthermoro, counts recorded from two
50 cmm thick blood Films would be fully representative of the
pumber of microfilarise in the poripheml circulation of any
infocted porson.

<.6,1 Provalenco of Loiasis in School Pupils

The overall provelence of MF loa is 3.3% although tho actual
infection rote varied from the minimum of 0.6% in the Ibadan
division to the maximum of B.85% in tho Ondo division (Appendix 3).
Thoe sample size waried from one division to the othar partly
becousa of the wvarying numabor of vegotation zones represented in
the divisions nnd partly because of the sizp of the division. The
sanple size aloo dependexd on tho numbior of pupils in ettondance
at the ochools when they wore visited.

A shup rise was oboerved in the nrmvelence of loinsis from
the Gevonneh to tha minforest zone within the seame division
4-] The rise is more merked espocially in Egbado and
Jife aivisions whore 0.9% ind 0,70% infection rates were

=5
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rded in their savannch zones ©s egainst 7.3% and 11.3% infection

rates from their ruinforest zones respectively. The difference in
the infection rates of the two zonos is highly signii lcant

(P £.0.0001). The result thus sugnests that the rainforest zones
of Egbado and Tlesha/Ife divisions arc areas of hinsh lolosis
transmission when compared with the savannah zone.

The infection retes for MF loa dotectod in the rainforeat
zones of Egbado and Ilesha/Ife divisions ere ercos of high loiasis
transmission when compared with the savwannah zono.

The infection mtes for Mf loa detected in the mainforest
zones of Ibadan, Owo and Egba divisions are significantly low
when compared with thase detected in tha roinforest Zono in
Tlaesha/Ife ond Egbado divisions (P <. 0,0001). Mo infection was
rocorded in their savannoh zones; thorofore the Egba, Ibadan and
Dwo divisions are arees of vory low Loa loa transmission. The
low trensmission could could ba explained by the closeness of
the divisions to tho hoart of the savannah whore tho vogotation
is not idenl for the vectors of Loa loa, Chrysops species, which
are cenopy owollers. The infection rate of 1,095 recorded in Oyo
division which 1lics entirely in the savannash zono was almost
uniform throughout the division and porsisted to its northemn border
(Ana, Shaki, Kichi) villages (Appendix 3). This further confirms
the relotively low transmission of loiasis in the sawennah region

o frosh woter swomg zone 13 represented only M"" -‘ﬂ.-: 54
and Okitipupa) ans tha overall infection rate recarded in
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this zons is not significently different from that rocorded from

the reinforest zona. The fresh water semse zone i+ thus an orea
of relatively high Loa loe trunsmisoion because 1like the reinforest
zong, tha vegetation is the type that will favour the development
“rWLE’E both at thu breeding ctages end the tree canopy
stagos.,

Loa loa 1s ondemic in Westem Nicoris. The results from the
three vegetational zones show clearly (hat the bulk of Loa loa
transmission cccurs in in the reinforest and fresh sotor swemps
zones in Westermn Nigoria with some low level tronamission still
taking place in the savannch zono. Tho Ondo division is shown to
have the hichost Loo loa endemicity closely followed by tho Ilosha/
Ife division., The Ijebu, Egbado, Okitipupa, Femo nnd Exitd divisions
are oreas of aveoroge endemicity whilst the Oshun, Oyn, Owa, Egba
and Ibedan divisions aro acrces of low Loo loa enxiemicity,

=:6.2 Provalenco of l_r:m:?is in tho Adult lation

Table 2 shows that 115 off 1399 (0.22%)odults had Mf los
in their vlood, This infection roto may be token to represent the
odult infection rute throughout tho Westom Btate. The adults and
especinlly the touchers are highly mobile within tho state ond
coulil have acouirod thoeir infection Mrom any endemic Tocus they have
visited., Their movements can take thom from endomic to non-ondemic
fool for loiasis and vice=verse tiwa altering thoir sotual expasurc
to Loa los tmnsmission.
- Mf Loy vos rocarvied from adults in 211 the divisions of the
' w the infocticn rates varied; there were no positive
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Eqbn ond Dwo divisions. These areas have been described abovo as

oroas of low Loa loa trensmission level. Except in I jebu=-Igbo,
Isham end Ode-femo, all in I jebu ond Femo divisions, where large
adult saomples were oxamined from Yhe schools and clinics, tho
somplos obtained from individual villages wero frecm toachers; thae

samples are mather asmall ond probobly unreorcaentative of the

odult populotion in the villages.
2.5 and 9,3% infection rotos wero recorded from the adult

samples From Ijebu ond Remo divisions respectively (Teblo 2

When tho infection rates in tho schooul pupils and the adult
populations aro compared in both divisions it was obaerved that
tha infection rete in the adult population is significantly higher
{F'L_ D-IIIH] than that rocorded in tho school pupil population.
Tha higher infection mte in tho adult population is opxppcted in
viow of tho fect that tho odult populantion must have boon axposod
to Loa loe infection for a longor pordod than the school pupil
population. Infection with Loc loa porsicts for a long tim.[!lm
1926) and there ic no known sge resistance to Loa loe infection.
Korshaw (1284) found that Los loa infection rote risee from nil

at birth to sbout 40 in old age in tho former British Cameroons.
Bimilarly in this study, the Los los infoction rate rises with noge,
and the highor microfilaremis rote in tho sdult is clear ovidence
of higher infection rate. Apart from the longer exposura of the
adult population in ondemic aress, the sdult population who are
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‘mostly farmers in the villages would be much more ccosed to Lon=loa
transmission then the school pupil population hooruse the adgults spend
more time in the bush cultiveting thedr farms, and would consequently
have mare Chrysops/man contacts.

23 adult blood donors (2.9%) out of ROFS screened in the
University Colloge Hospitsl, Ibadan in 1992 had Loa — loa infection,
Thia prevalence ia much lower than the 8.2% recorded from adults in
villages in Wostem Nigeria. 120 (3.7%) of the 3451 blood donors
from Ibeden city, en area of low trans~ission, had Loa loa infection
as agoeinst 45 (2,7%) out of 1052 from Ijebu=Ode, a high trensmission
area (Fig §). In other high tronssdssion areas like Ife, Onda and
Ado Exiti, prevalence retes of 12.8%, 9% and 260.1% were recorded
In Sagemy, a low rate of 0,47) wos recorded, whorons

respectively.
Owo, on orea of low Loa loa transmission, had @ record of 5%

infection amongst the blocod donors.
The discrepancy in the distribution of infoction amongst

the blood donors is partly because Ibadan city is the Gtate capital
ond @ blp commerclal centre which attrects people from all over the
Stote and country. Gome of the people would have come from

highly endemic areas for loiasis, and thus would swell the prevalence
in Ibadan township. The nnuqluu from the different towns were not
uniform with respect to sges, nnd n larger number came from Ibadan

residants. Tharefore the figures recorded in figure 6 do not
refloct the level of Loa loa trunsmission in the towns listed, and
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usad for provalence study.

3.6.2 Endemic and Non—ondemic foci in Lijebu and fimo divisions

In five villages (Ala, Ibofun, Ijebu=Ijeshe, Lrolu and

Mobalufon) out of twenty=two villeges in Ijebu ond femo divisions,
microfilariae were not detected in the school pupil population
(Table 4). 1In Ala, Ibefun ond Mobslufon, M loa wore found among
the adult (toochers) populstion, but not 4n Irolu ond Ijebu=Ijosha.
Binco the toochors who comprise the adult population soepled in
most villagos in theso divisions ore nol representative of tho

adult population, only tho schoal pupils population would bo

useful in dociding the endomic and non—ondemic foci for loimsls,
Villages with positive Los loa casvs recorved from the teachera
would thereforo at beat be cnly potontinl foci for Loc loa
tranemission provided the voctors broed and fecd on humans therc.
The ovidonco thereforo of Loo los transmission in o villogo must
bo rofleoctod in the populotion ond this can bo walidly sssessod by
the {nfection mate in the schocl pupil population.

Figurc B shows tho positions of tho villagea sampled in
rolntion to the rivers and streams in the Ijebu end Remo divisions,
Iroly and Tiabu-I1josha are locatod awey from sny strosm or river.
These two villsges prior to the introduction of pipe borfmoc wator
suffered from scvere scarcity of wator, ond hed to live on wator
collpcted during the rains and sualed in earthomwaro pota.
er (1914); Connal and Connal (1922) showed that Chrysops
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Bllaces wnd C.dimidista are the vectors of Los loa in West Africa.

Bordon ot el (1950) found thet theso insocts broed in donsaly
shaded slow Flowing muddy streams. BSince there ro o stresms or
rivers around Irolu and Ijebu=-Ijesha, there could be no chence of
Chrysops bredding in these villages, theroferv thero

will be no transmission of lolasis in the villages. Consequently
Irelu ond Tjebu=Ijesha are non—ondomic focl for lolasis beceuss
aven if infeocted poople como into these villages, there will be

no tranemission of Loa loas to the villenors bocauso of tho absence

of Chrysops bruooding sites in tho villsgos.

Ala, Tbofun snd Mobalufon are nlose to main stresms (Figure 5)
which are ideal as breoding sitos for Choysops. There is indirect

evidence of breeding of Chryecps teking place in these villagos
becauso in tho noxt chaptor, C.nilacea and C.dimidints wure roported

to havo boon caught undor trec canbpy near tho stroams. Theee

villanes thorefore represont potential orcos for Loa loa trunsmission

bocause of the breoding of Chrysops in and around the villages end

also becausc of tho rocord of infoction in the agult (teacher)

population.
Odogbolu, Odo-twmo, lsharo, Alyepa, Dmu and Ijebu-Igbo

roprosont endomic focd for loissis ond with trensmission ocourring

ot & high levrl. Thoy are closc to stroams and rivers which would

asily servc s brooding sites for Owysops,and the high Yeunl. of:
troncmissivn is confirmod by the high infection rates recorded
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Ishare and Tjcbu-Igbo, 14.0%, 9.2% end 6.0% infoction rates were

recorded respoctivaly from adults including thost attecc'ing the
clinica ond the toachors. Tho adults oxcept the teach'ra are
villagers living o rurul 1ife cnd with no history of travelling
outsido their division. They consisted of meleos end fomalos with
ages renging from 20 to 70 years.

In the attompts to find possible setiological sgents for
conditions like nephrotic syndromes and endomyocardisl fibrosis,
many protozoal and helminth infectiona that are prevalent in our
enviropmont aro bedng closely studiced, and loiasis has been
sssociated with endomyocnrdicl fibrosis (Ive ot sl 1967). Ive and
his group studiod odults who were sisoc sick pationta. The
unsuitability of edult for corrolction studics in loissis has boen
discussed abova, and sick hospital pationts constitute o seclocted
group. It is thareforo necossary that correlation studics bo
carried out in endomic ond non-indomic foci botweon loissis ond somo
disonse conditions of urrnown aetioclogy and especially endomyocardisl
fitrosis. The present study might bo of some value in achieving this
objective since both tho endomic and non-ondemic foci for loinsis
have boon clearly dofined. In this rospect, the school pupil

population would be ideal becouse of tha uniformity of their

samples ond their esscasibility, Furthermore such a population ia

oasily followed for @ few ypars os might be required in finding out

‘more about the pattern of tha nssocintion,

3.6.4 Age and Box distribution
i

In Teble 4 more melo pupils were infected in most villeges
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than fomale puplls snc in both the Tiebu and ‘tee “hdsions @
significently tdgher Infoction rmatc wes rocorden “or the male punils
[P('D.mﬁ]. The difference is posaibly caused ' U1 grester

expasure of the malo pupils to the infective hitre of Chrysops. The

male pupils are more ective than the foslua ane throuak thelr
constant visits to the bush for farming, fireecod collection, and
for fetching witer from he stresms, {hwy are bound to be morp
expoutd to Loa loa infection then the Mfomle children. There le
probably nu pox proference in Loa e Infection.

A hightr infection rato has beon obsorved with incroasing age
from school pupils botweon 7 end 17 yours old. Tho sharp increase
gbserved In the infection mte efter the age of 10 yeers 1s
highly significant [F( 0.,0001)., It can however bo partly osplainod
by tha groetor sctivity of puoils of cgos eloven end twolue yoars
wha orae in tho senior classes anc oro more active in thelr
environment then thasg in the Junior clessse. Furthormora Lhe
cumulativo effect of 8 longer soriod of oxposurc to Loa 1w
transmission might hevo boen parltly roflected in tho highar

i

infoction rute in the eleven und twelve ycora old pupils.

3.6,5 Provalence of Symptoms mtiun of M infoction

Any of the conditions bolow wog rocorded os Loa loa symptom

teong tho echool pupils in Ijebu and Fomo divisions,
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History of Calabar secllings
Gwollings of limbe and fece
Tiny worm crosaing the eyos
Intonse body {itching

In Tabla 4 the figures recorded for Loa los sysptoss ere
vary high snd rengo from 19 to 61% wherees the actual microfileremis

‘rate renged from 0=11%. A high percentage of puoils with syrmptoms

| was rocorded elso in Irolu, Ijebu-Ifessha, Ala, Ibefun end
Mobelufon whore therc wes no recard of Mf Loa fros the school punils,
The high prewlence of symptoms {s probably oxplained partly by tha
fact that such conditions liko swelling -I]f-’l'lr;ﬂ nnd limbs, and
intonaa body itching which ware reconded as Loet loa symptoma might
have been coused by other agontas. Ococult loiasis is salso Kknown to
bae common, nnd the absonce of microfilaring in tha blood may thus
ba duo to sbsence of odult Femeles in the host. Whon the adult
fomlos are prosont, o posslble immunologice! suppresaion of
microfilariac production moy oxist or an immedinto destruction of
microfilaring in the blood by the lmmune responen agancies in the
body (Duke 1960) mey be responsiblo for tho absence of microfilarise

in tha blood. Amother lactor which could have incrossod tho

provel enco of gyeptoms is tho possiblo enthusicsm of school

pupils in supplying answers which thoy hopo would plesse an
investigator und probably slsc make them gualify for othar modical

facilities end uttontion.
* 36,6  Incidonca of other humen blood filarino
The relative prevelenca of tha vorious blood fllariso as
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TABLE 6 : —
Record of blood filariae in Western Nigeria.

Cowper anc Woodward 1961 U.C.H. pationts

— —— -

Qu enc Folemi 1764 —f Hospital patient

o Sl S i" .{._.'J'L“ET"I"I Nlﬂi
Gilles Y3ES Rikufo=-villego

— s T - —

itolongy Dect 1267/ UCH P=tients

—

stucly Military Hoapits 0™ | 8.26 21
ctuoy hdulta and Scihoo
children in 2
. villemas. = . 31’*,4.‘ 7C 2 GBS T o
Present stuc N Rark _ - 5 ‘ﬁ.?." .
Y SOy Fecor-s. a 8s3%)

% = 2 Soclolers hac both f_Loa wnr pgrstans.

8 = Night blood oxamineg specifically for W.bancrofti microfilarise

B ~= Dey bloow extmine: sproificelly for mF Loc.

+ = aof porstens roccoroce? molnly in Oyo, Deo and Ekiti divisions of ¥oatern Stato,
4 ™ dTerentistion of microfilaricso mot carrlied out.
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recorded in the Westem State of Nigeris from various types of subjects
| and by different workers is shown in Table 6. Although these

records should not be compared because the conditicns under which

the studies were carried out varied, it is still possible to make

some pertinent comments on the data recorded.

It is pbserved that not a singlo case of Wucheroria bancrofti
infection wes recorded in this study: this howsver 15 not surprising
because the blood samples examined for microfilerias were collected
around mid-dey when the microfilariae of W.bancrofti, o
nocturnally periodic filaria, is expected to be absent in

peripherel blood, Ngu (1962) failied to record W.bancrof'ti from the

night blood of 1000 patients at the University College Hospital Ibadan.
Nogu and Folemi {115.."1} also sampled night blood of 1340 patients in all
government hospitoals in former Weatern Reglon of Nigoria pad found
only two positive coses from Benin hospitel. The only 2 positive

cases of W. bancrofti infection in the history of U.C.H., Ibadan

were recorded from Indien patients (Ogunba 1971b) who arrived in
Nigeria less than six months before their admission into the

hospital, W.boncrofti is therofore very rare in Westem State of

Nigeria. An indirect cvidence to confirm this suggestion was

recorded in Ibadan where wild caupht Anophales mmina., Anopheles
funestus and Culex iens fatigens were found to bo free from
infection with rilarial larvee (Ogunbe 1971b). A.gembino and

A. funestus nro vectors of W.bencrofti in West Africa, Even though

the matiod Nju and Konstam (1964) employed in assessing the

‘Prevalence of Y,bancroftl infection in their patients is inefficient,
‘they still shownd that the ceses of chronic lymphoedema seen in Ibadan
Bre mstly ceused by tuberculous adenitis and
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chronic pyoqonic infections rathor then by W.bancroftd.

The prevelence or Acanthocheilonema peretnns ig lower than

that of Loa loa in 11 the records in Western Nigeria. [Emplr 1967;

Gillos 1965). In this¢studies, A.porstons was found mostly in Oyo, Owo,

and Ekitl divisions of the State. It wes also recorded in soldiers at ti
Military Hoopital, Mko-fda, Ibaden but tho scldiogwith AL pa_t_'_utrqa

infection came orininally from Kotsine, Makurdi, Onitsha, Oworri
gnd Dgoja in the Northermn ond Eastorm Gtotes of Nigerda. The
incidence of this infection is known to incrossec os on@ gons
furthor East from the Western part of jigerisa ond one commonly

records concurrent incoctions with Loa lou and A. perstens

(Cowper 1967). 2 of tho infected soldiers were found to harbour

both Loa loa and A. parstans infoctions.

Even though both the microfilariac of Loa loa and A. porstans
could be scon during cunmination of blood sample of a pationt, the
two microfilarise diffor 20 much Uath in size and nuclaar
srrongoment that it is impoasible to Mail to distinouish the two
from cach vthar. Apart from having @ shonth, which is incking in

A. porstans, mf' Los is ot lecot twico es long ss A, purstans ond

its utlcor arrmemerant {8 char ctoristic et both unda,

9.6.7 Examination of monkeys for Monkoy Lo~

There wus vory littlo opportunity to asscss the rolc of

monkeys in tro cpldemiology of loiasis in this stucy in Westem

Nigeria. Thc ressons oro pertly becsuse of problims in gutting

mOrkeys alive from hunters in villages and nlsc bocauso of the
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chronic pyogonic infections rathar than by W.bancrofti.

The provalenca of Acanthocheilonema porstans 1z lower than

thet of Loa loa in ¢l the records in Westorn Nicords. {m 1957

Gillos 1965). 1In thes¢studiss, A.porstans was Found mostly in Oyo, Owo,

and Ekiti divisions of the Stete. It was also recorded in soldiers at the
Militsry Hoopital, Mke-Ado, Ibaden bul tho soldimgwith A. parstons

infection came orininally from Ketsing, Vakurdi, Onitsha, ODwerrl
end Donfa in tha Narthermm ond Eastorn Gtotes of Nigeria., The
incidence of this infection 1s known to incronsc as ONG gons
furthor Eost from the Westemn part of Nigeris and one commonly

records concurrent infoctions with Loa loc and A. perstans

(Cowper ‘t%’}]. 2 of the infucted soldiers ware found to harbour
both Los loa and A. parstans intections.

Even though both tho microfilarisc of Loa loa and A. porstans
coult be seon during exomination of blood sample of a pationt, the
two microfilarisc diffor so much oth in size and nucloar
errongoment that 4t 45 impossible to Mail to distinuish the tec
from cach other. Apart from having o shoath, which is lacking in

A, porstans, mi® Loa is ot locot twico ‘as lonT BS A. purstans ond

1ts nuclear armmesent {s cherctoristic at both ends.

:.8,7 Exuminaticn of monkcys for Mopkoy Lor
There was vory 1ittle opportunity to asscss tho rale of

monkcys 4n ho epidemiology of loinsis in this stuy in Westam

Nigeria, 7h ressons are partly because of problims in getting

monkeys alive from hunters in villagee and slso hooauso of tha
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high cost being demanded for captured living monkoys. 4 monkoys,

wore howover studied in detoils comprising of two Carcopithocus

mons mona, ono Cercopithecus methiops tantalus which came from

Ondar. diviaion and one rhesus Monkoy from Ijetu division.

These monkecys wore oxamined regularly once a wook both day
and night for blood microfilarias but werc negative for periods
renging from 3 to G months. Two male monkoys, Cercopithccus mona
nona ond C.oothiops tantalus become 111 having dovolopod swellen

masses on right foot pad in C.m.mona aénd in tha head in E.unthEs

tantelus respectively. They were then killed and examined for

parnsites, spocifically for adult ond microfilarise of Loa in all
their tissues. The other two monkeys wore also lator killed

and similerly examined for Loa sdults and microfilarisc. Nona of
tho monkeys hod Loa infection. Attempts to examino the largo
monkey population in the University of Ibadan Zoo wore unfavourable
because tho Zoo kocpor belicveos that monkoys in coapitivity arc
Basily disturbed omotionally. 6inco ho bolicves that monkoya in
the 200 are already sublectod to onough stress, he was of the
Ppinion that they should not be further disturbed by blood

xemigations,
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CHAPTER 1V

VECTOR STUDIES
4. 1 Introduction
Roche (1948) shawed that four species of Chrysops, Chryaops

silacea, Chryscps dinidlate, Chrysops lonoicornis end Chrysops
distinctipennis had been recordec! in Niseria hul only the first

three species were found in the lorest shore human loiasis occurs.
Connal (1921) recorded the infection with Loa loa in the C. silacos
and C.dimidiste collected &t Sapale whilo Davey ond O'Rourke (15951)

observed the breeding of C.silocea end C.dimidiate clong tha odges

of River Ochwo in Benin. Crewe (1957 ) collected larvaa from the
breeding sites in the Camcrvon rein forest end reared them in the
leboratory. +#rom the larves collected, he ottained not only the

expected well-known specios oi Chrycops but also sevoral spocies

which had not previously boon recorded, or had been recorded only
from the nests of mason wasps in the Congo (Bequuert, 12322 ) .

There had been meny ef foris tn determine in the past possible
fevelopment of Lou loa in othor inzects. A slight dJevelopmont of
M Los wns shown (Ledper 1214) in Hippocontrum trimaculatum and
Haomatopola coruigeln, but there was nc developoent in Stomonys
nigru, Glossina pelipelis, Taborwe par, T.socialis, T.feoscintus
T. pecedons, Cimex rutundotus end Pules irrdtans. Woodwan [19)
showed developuent of mf Lpe in Memstopols species up to tha thig
day but fallud to obtain dovelopment in Ltomaxys end Glossine specioa,
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In this astudy the writer's objectives were to find out the
vectors of loiasis in the Ijebu end Remo divisions which were
eloborately studied for epidemiological data in the provious
chapter. It wos also decided to examine the role of mosguitoos
that feed on man in the trensmission of loinsis since thara is yuc
no record in the litereture of eny development of mf Loa in

mosquitoos.

4,2 Materinls and Methodo

4.2.1 Chryosops collection and disscction

Chrysops specles were collected under the forest canopy along

the rivers and streams in the villages visited in the Ijetw and Remo
divisions. Collections wero slso made in the bush close tao the
village schools by the collecting party consisting of Lhe writer,
his assistant and 8 few school pupils who received monetary

roeward for thelr catch., The time spent in looking for Chrysops is

eprossed os man hours in Tohle 7. The species and number collectod

in sach villego werce recorded. Ench Chrysops was anaesthetised with

chloroform, dissected and examined for doveloping larvec,

The wings were removed, and the head, proboscis, thorax,
fat bodies, sbdomen and lens were teased ppart sepamtely with
fine dissoectirm needlies in physiological saline amd examinod with
A stereo binoculnr compound microscope for developing larves of
flariss, The results of the dissection wore recorded.
4,2.2 Mnsquito collection and dissection

Twenty creams reprosenting a cross-section of Ibadan city were

, and for eighteen months woskly visito were mude to those
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arens at about 0700 hour to 1000 hours. The houses visited hove
plastersd wells and roofs, and tho rooms usuilly losd to a common
hall—wey. Each room has cn evorage of 1,200 cubic icet and 1s
fitted with o door and at lesst ono 4 x 3 foot window, Space-
- spraying woas carried out in the selected rooms with e quick acting
i, but non-residual insecticide (Muven) which knocked down tho
mosquitoes that hod ontored ond rosted in the rmooms during the
| night, The immobilisod mosquitves wero carcfully picked and
idontifiocd, and a record wos mede of the Cuiox pipiens fatigens
and the Anopheles speclos spmllle. (rom cech room. Tha female
mosquitoes wore dissectod end cxamined with the dissecting
compound microscope for filarie lorvaco.

Adult Mansonio ofricena woro collected twico o week at about
2100 hours around staff quarters close to the fish pond in the
University of Ibadan wharo thoy breed, ond werc similarly
cgissected for Tilorin larveo.

8.2.3 Maintenanco of mgﬂnltcus in the lﬂhﬂrﬂtug:

4.2.3.1 Acdos ocgypti, ﬂ!ﬂFhLlﬂ'—E qumbine, An. funestus,
and a iens fatigens

The Ihudan struins of these mosquitous worc mointainoo from the
B9g to the odult stage in the loburotory. Wild caught
mosquitoes wore fod on guinee-pins for egn-laying. The oggs laid
woara h *ched in straw infusion end the larvoe wore fed on finely
fround mabbit food fortifiod with powored yoast. Pupao were
| colloctod and transforrod dolly to bowls which were placed in
| coges for emargonce of adults, Thae adults for coch spacius woro

kept in scourste coges (Appendix 4) ond woru sustained on buger
lumps and w=tor {rom moistonod cotton wool before blood meo) is
- offured (o the mosquitoes.

4.2,3.2 wsosonis efr
A preliminary ottompt was made to broed M. Africena froa the
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to the odult stage and substituting tha M-mﬁgli -

na for the woter plants,

solyet

Egus Of M. efricans wero collocted firom tha under surfece

of lesvos of the water plant (Pistis stretiotos) in ponds where
M. efricons broods naturslly. Tho cggs wers hatched in pond water
u-.n:l the larvao were tronsforrod into bottles ritted tighﬁy with
expandod polystyrena (Appendix §) and filled with the same pond
pmter. The larvac waro fod os obove. The weter in the bottle was
repleced with frosh pond water ovory two days ond af'ter tho
doveloping larvac had previously boen stroined. Tho pottle was
covered with mosquito netting and tho emerging fdults worn
nspiratod deily into o mosqulito cono.

Even though somo adult M. ofricana omarged ond wore

collected by this method, the mortzlity rote at both the

' larval cnd pupal stagos wes vary high (over G0%): therefore
I another mothod was sought for obtaining a good supply of
freshly emoygud adults.

Mature lnrvea ond jupac of M, efricaps wore colluctad

daily from the Univorsity of Ibedan fish pond whora thoy

brecd naturolly, end thoy were tronsforrod ints a fish tonk

{#ropondix ) with soma water plents(Pistia strutiotus) to
which they uttached. The larvae wire fad as above.

The fish tar. was covered with mosquito natting and the
emirging aoults wore espirated daily and trnsferred

Lamini

o

E

wm’ S el
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into & momuito cage. Thewlt Mﬁ&’ﬁ“ ere sustaino’ on suger

=

Fq" and moistonsd cotton woel 1l.c the nﬂw meseulioess

 4.2.4 Beorinentsl feeding of mosguitoes with blooy

1 containing Wf Loo
h _Tha apparctus (Dounba 1967) for feeding the misquitoes wes

from thﬁt of Autlodgae st ol (1964) . They wure connected in -u-mtn
oneble mony batchos of mnmitunn to be fod sirultancously, It is a cc
tubs with two open ends end cn outer wotar jackat (Fig. 7 ond B). The

wider opon end with diemoter about dem 15 covorred during feeding
experiments by a membruny which in this series of exporiements wao
Parnfilm and which wes factencd to the feeder by a rubbor bund.

Twe daya old citrated blood containing only microfilardcc of
Los loa was outained from blooo bank: énd Antroduced into the focder
through the marrower ond with dismeter of 1/2cm. Kerohaw of al
(1984) end later Oird and Menon(1961) have shosn that the microfilarise
in eltrated snd rof riperated blood would survive in tho recipient!s
blood if trunsfused within o wosk, vhereforo the microfilariae
of Loa loa in the citrated blood used fur expeorimental fecding mre
normal. Tha outer wator Jackoel was comnoctod to e heoting unit end
it sarmod the blood in the innor slass  tube to & constant
temercture ot 37°C.

Approximatei, 10 mls of citruto blood containing staut 10

I"ﬁ'ﬂfﬂﬂfﬂ‘rﬂ ol Loa loa per com ans Introduces into ocach srtificial

oy
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Ml The artificia)l feeding apparatus connected in serles

for feeding of MoSquito batches simult

aneously, (The
wator in

the bath is heated by the heating unit and

circulated {nto the fooders through the connecting
mh b WAF%% %I}AL HEALTH REPOSITORY PROJECT
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Fig, h
~d.Z The articial feeder (enlarged) to show Fed mosquito®

(The glass Cylinder 18 covered on
moSguito

both ends with

nNetting to emable the mosquitoes to imbibe
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r the five or six days prior to blood menl. Mosquitoss ¢

Py =_._,d-_- 3

moal ware however starved for o period of twenty Sur hours
before the blood meal 50 that thoy cen eesily feed to renletion when
the blood moal is offered.

Mosquitoes were fed in glass cylinders (10 x 7 om) shich wee®
covered at tho two ends with mosquitc netting and rubber band. Each
glass cylindor containing mosquitoos wac spolied to a feeder for
8 fecding period of two hours, In preliminury studies, it was
observod thot those mosquitoes that meant to feed through the

mambrone usudlly feed to repletion within the rirst hour of exposura

to the blood monl.

The porged mosquitoes wero transferred singly with an aspirotor
in 9 x 4 cm glass tubes (Fig. @). The tubes contained molstened
cotton wool to a depth of about 2 cm and on this wes placed o circle
of filter poper on which mosquitoss laid tholr egnos. A bwig wan
plocod in cach tube to provide support for the gorged mosguitoos
end to roduca the hinh mortality rote often suffered by recently
fed mosquitoes (Ogunba, 1966). Tho open end of the tube was

covered with mosquito netting held with a rubber band, Ench

isolatod enqorged mosquito was provided with o lusp of sugar on top
of the netting and thia sustainod tha mosguitoes. The lsolated
mosquitoes wore dissectod 12 oays after en dnfecting mesl and all
the mosquitons Ut died before the 12th day  were similarly

dissocted, The nusber und tho stata of dovolopnent of the Filx
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fed =

mosquito e

Glass tube containing

fed mosquitoes and a twig on
which

the mosquito can rest.,

(The cotton wool at
the
'@ bottom ofr the tube 1is moistened,

. and it controls
the humidity 1n the tuba),
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4.1 Ciryanps sovcsi
Teble 7 shows the fomelo Clirveops species coilc=ted in tho |
ond Femo divisions, and their infection rete with Loo loa. (nrysops

ailices was cought 49 511 the villsges except Irolu ond Ijota—1jeso :
whilst (.uimidiate wes ceught in fiftsen out Gf the twenty two villages,
C.longicornis wus yecordod in two villages, Tsharn arsd Ode-fierm,

both 4n Aemo division. The ovardl inf<rion rote with C.siloces |!
and C,uimidints 1= 3.9% ond 3.7 respectively. Ho male Cliveons

was caught in any of the villoges.

Othor membors of the Family Tobanicdse collected along with

Chrysops species include Hippocesn rum versicolor, Harwetopory rcoora
' i Aslalp ¥ TRk . 1 wWOo o
| Tobvanua bigutitatug, Tebopun poar and Tebands pluto. Thore

fFilarial inTection recorded in any of the specics when the specimens
collanted were dissects . ond camined.

Q.3.2 finopholo:, Acdes and Culex spicias

Table O styws the proevelonce of Cop fotigens and Anopheles

pocins !ﬁn.r-.,_ui;i;.u and An Tuncmtu:i] caunht 4n 3lecring rooms in

Ibadan durine an uightoen manth pardos.  fath M}_ﬁ
r ans E.F: fatigens wore cullected throughout tho months o tho yoars,

2170 C .p. futioens, 994 [n gombine and An.funestu., eyl 760 -
.!. ufri::nrm caunht wild in Tbaden city falled to reveal dnwhp!:u

filorial lar.se on gissection. . —Or
Tehlo @ shows the dissection rosults of mosquitoes mpoeis

.. _.-.-_.. ."!".' . l !JW _._!I;;I-J_" h |'_' ] I-""'." e e
Ca © AFRICAN DIGITAL HEALTH REPOSITORY PROJI




Chrysops species calleéted in Ljetw and pmee oivisions and
thalr infection rate with filarial larvas.

—_— Qi . -
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No of
Promisca
Visited

- B2 =

TARLE D

Fr'l:-'llﬂl"l:ﬂ of Culex pipiens fatigans, Anopheles gembize and

Ehﬂ'ﬁm funestus ceught in sleeping rooms in Ibadan Citv.

CULEX PIPIENS FATIGANS CALGHT

s L
PFoomse
Bprnyed

0
Fomales

]
Males

s O
Females
Par FAoom

Sprayud

L w Uf

Farales

ANOPHLLFE SPECIES CAUGHT

Malos

Fem2les
Per Room
Sproyed

=
<

Aug 24 ep ( 22 - 0.4
_--"""""-'L-—--——-—--—_——- 1 S mad LTSNS

Sept.| 15 a0 54 6 1.4
Oct. | 27 69 129 a8 1.9

ov, | - -~ 3 - -

Dec, - - - j - -
I Jen, | 83 2 529 |223| s.3
Feo, | &9 120 74 |447 [ 6.0
20 a0 123 27 3.1

ITORY PROJECT

16 0
o1 1
2e 0
242 |
N 7

= 0

0.3

1.3

0.3

2.4

1.0

1.9



NO. OF MOSOUITOES /ROOM SPRAYED

Wel Season

Mar
Apr
May
Jun
July
g
Sep.
Ocl
NOV
Dec
Feb
Mar

iy

dombiae. and A funestus

Lulex _Pipiens fatigans

rig. 10 Population densities of Culex pipiens fatigans

[ e S,

Mﬂhil_ﬂﬁu__gﬂiua and F_ﬂ:;i:hulnu fungstus

e L

Caught 1n sleeping rooms in Ibadan city.
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R, hinh.mnty was oxperienced in +he brsoding of this
msch na Eﬂi reduction in number was commonly recond'dd  durdrgs Lhose

atages hence the other method of coilecting mature larvae and

pupan for sdull pruduction wes dovisod,

| Comg of the fed end isolated mosquitoes that were later
gissectod ware found to contain egps in thoir abdomen which could
have boen loir 47 the mosquitoes had tho right facilities for
oviposition. Twenty soven maturs third Slago lnrvae wers recovered
from the 10 mosquitoos s follows — 12 larveo from the probascis,
10 from the head, 2 From tha thormx ani 3 from the abdomen.

The lervae recovered from the mosguitoes varded in size an2
had tha typical hood with o peir of amchica on either side af the
arel opcning. The ronge of size was botwoon 16300 x Xu to 2210 X
31u. Tho oosophagus is undivided anc 1s batwoen 10 and 15 per cent
of the entire lencth of tho larwe, Threo proainont papille—=like
structures wore attschod to tho tip of the tadl, one dorpsl and tho
other two ventzo-laotornlly placed and onch wis gyrrounde’ by @
rounderl "leshy astructure. These larwic comers fovourubly with the
previous doscription (Williems 1960) ebout mature third: stage

larvee of Loo ioo rocovera! froa infoctad Mwlu.
Fioura 40 shows thu marked sonsorul virdation with high

stion densitios obuerved during “‘”‘?"""‘"'”"M
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Leiper (1914) and later Connal and Connal (1522) showod

|

that C.silacea ond C.dimidiats src the vectors of humen iciasis.

Tli relative proportions of the two species are known to diffar

in differont areas and Oldroyd (1357) suggested that there may bo

e geogrophical alternation between the two species. Both these

species have been recorded in the Ijebu end fomo divisions of Westermn

State of Nigeria (Table 7), elthough C. silscea was commoner in

all the villages where both C.siloceo and C. dimidiota were caught.,
In two villages, Irolu ond Ijebu—Ijesha, both in Fomo division,

no Chrysops species wero caught in the bushes near the schools.

Thore are no ctroams or rivers in either village and tharefore tho
seerch for Chrysops wos 1imitod to the bush; the asbsenco of
Chrysops is explained by the absence of breeding sites in those
villages. In five other villages, Ala, Icowa, Isira, Iporu ond
Ogere, no C.dimidiata were found oven though the men hours spont
in looking for the C.dimidista wero similar to thosc spent in

Alyspe ond Owu/Ikija where somo catchea were mede, Thero is thus

broedd in tha farmor
8 strong indication trut C.dimidotn does not

f C.sllncoa was caught
group of villages 9@cause o reosonoblo numbor o

in ooch of the villppes ot tho samd timo it was being soucht.

. ol

1oa varies from 2.8%
The infection mate of C.silacos with Loa

in Mobelufon to 11.4% in Ogere, arxl the ovorall infection

ifferonces
‘rl!.lt-t s 3.5% whilst that of C.dinidiste is 3. 7% The d

A the infection rates of mu_sm.w“’ q,g.imme {n the indivicual

L L]
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‘illages is prohably due to the greater relative abundanco of
.~ p.silaces end thus the greater opportunities for fly/infected man

contacts to be mede by this species., Mature third sicge larvae

wore recovered mainly from the thorex and head of both species

end this record confirmed the observations of Connal and Connal
(1922) that the two species aro natural vectors of human loiasis
in Southern Nigeria. C. longicornis wes rocorded in Ishara and
Ode-Aemo but thoy were not infected with Log los.
Ischara, and Ddpmiomu arg only, obout khroo miles opert

* and thoy probobly sharc the, sanc q;tﬂdin., aitc Jor

=il

this spccices. Crosskay ond Crosskoy ( 1958)

recorded C.silscea, C.dimidlata, C.longicomis and C. distinctipenis

in Nigerism and further showod shat C.silacoa were confined to

Southern Nigeris and prevalent vhroughout the year, thus

confirming the yeor round transmission of Los loa by tho two

two species.

There is no record in the 1iteroturc of mosguitoes

supporting the dovelopmont of mf Loa, although about fiftaen

sawelisn Fllarise including Wuchereris boncrofts, grugin malayl

co
end Brugis pahannl ere {ronsmittod by some species of mosquito
R

AF {mbibed «ith blood (Hesking 1957, Nelson ot al 1962), Table 8

Jsent or at bust would ba very
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@ disscction of An.gombioe, An.funestus and C.P.fatigens caught

~ {n sleeping rooms in Ibadan failed to rovoal sny developlnd

) rilaris larvee. This is primarily becsuse W.bancrofti is raro
_-ﬁﬂ'm city (Ngu and Folami, 1065; Cowper, 1967). 1t was,
howover, not Known whether the non-recovery of the geveloping larvee
of Loz lca in the wild caught mosquitoes was dua to lack of contoct
with the mosquitoes becauso of the diurnal periodicity of mf Los
The microfilarisc of Loa log are absent aor very scanty in tho

I peripharal blood in the night mours when those mosguitocs mentioned
| above src activoly in search of o blocd moal. Table 9 shows howovar
that tho experimentally fed C.p.fatigons. Ae.sogypti, An.cambisg
also failed to support the dovelopment of mf Loa gven though the
blood contained enough microfilariso (ut loast 10 of [cmm blood] to
infect the mosquitooso if thoy word susceptible [Hﬂc.dnrmld 15'52}-

a the
The failure to recovar tha doveloping larvae of Loa loa from

eporimontally fod mosquitoos would thoraforo possibly ba n result
of & barrinr possibly nhr-:.".nnlngin:nl, i{n the mosquitoos, which
mekes them refmctory to L8 loe infection and thus provonts ]
penotration of the tihorax DY mf Loa from the stomach (Ogunba 1963).
Thara 4. Further svidence (Toble 9) that mf_Los wes imbibed with

#
rw ﬂn m %

 § ¢ne stomach of sach of the 31 oxperinentally fod

1962)
mosquitoos that dipd within two days of fosding. Ogunba (

tent in tha
ﬂ'l'll. in tho microfiloria con
showed o groduci decling

{1eriso of Bngld { to which it wes refrectory.
4]
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EPECIES
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- Bf =

TABLE 9

Showing the dissection results of mosquitoes mxperdmentally
fed on blood containing microfilariac of Log 1oa,

B

NUMEER OF
MOSQUTITOES
FED

—-_-_—-“_._____‘_1

NUMBER OF MOSCQUITOES DISSECTED
| 1=< cays =4 days A

after after
feading | feeding

e .
Al B AlB8|C
.--F-lq_
14 ol s | 2|00
80 0| 8§ alojo]:
-—J—-—l—-—-ﬁ-—-ﬁ—-—
¢ D115 g 0|0
|
2

A = With no filaria lara,
B =~ With microfilaria os in periphers blood,

with developing filaris larva.

i
]

n = With mture third rilaria larvao of Loa loa
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The mf Loa fed to Ae.scgypti, An. gsmbiao and C.p. fatigans would
tharefore have either been excreted f rom the mosquitooa!
stomachs over a pariod of time or digested after it= fnilure

to penetrata the thorax of the mosquitoes.

Twelve out of 234 experimentally fed Manscnia efricons
supported the development of mf Loa (Table 9). 5ix mosquitors
dgied within 3 and 4 days of having an infective mecl. Larval
developmont wesa recorded only in 1 mosquitn while in the other
5 mosquitoas therc wore neithor microfilarisc nor doveloping
larvee recoverod from thoir tissucs. It is possible that these
5 mosquitoos were individually refrectory to Loa loa infection.
If this is true, the microfilariose thet they ingested with blood
would feil to develop and would be eliminmated from the stomach with
time. The fallure to recover devcloping larvac from wild caught
M.ofricans is expected becausc thoso mooguitoes feod at night
hours with biting pesk around 2200 hours, o time when mf Loa i3
very scanty in or obsent from tho peripheral circulotion. Thus

M.africena has nochance of transmiting humen Loa loa 1n nature

Binco simisn Lon loa exhibits mocturmal perindicity and

| U, ofricens femsles cro ectivoly biting after sunsct (Keer 1933)

1t would not bo difficult for this mosquito to pick up the mankey
sicrofilarine provided it gots up to tha canopy levol whers monkeys
usually slecp. Koor (1933) further showed that MWansonin africona
™8 amongst the most cbundant mosquito species caught in Lagos
further oboerved that it 18 strongly anttropophilic. These
rvations hove slso been confirmed in the campuses aof both

Univarsity of Ibadan and the University t‘:nu-nr Hospital, Thedan
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(korde 1972). Therefore M. africana will only be attrected to

monkeys and other mammalian hosts in the sbsencc of fuman hosts,

The importance of the finding that M. africona would support
the dovelopment of Loa loa to the mature thira stage lerva liea

in its experimental value in research., The maturel vectors of

Loa loa, Chrysops species, undergo a very long 1nm1 1ife cycle

end are very difficult to rear in the laboratory, therefore
M. africana would serve as & very nood substitute for Chrysops
species in exparimental loiasis becnuse it has the adventage of

a short life cycle.

The significence of development of mf Loa to the infectlve
stage in M.africana 1ies in the foct that both M speciea
#
the natural vector of Loa loa and M.africena are not phylogenetically

very related, apart fros bheing members of the lorge Order Diptera.

Nelson [15'!51} sugnests that differende orders of arthropods
are unlikely to tronsmit same filaria parasites becuuso of the
very strict inter host aspocificity that had been noticed in the
Family Filsroides. 1t wob also suggested that filarinl larvae
not only show host specificity but mlso tissue :pnniﬁfr.it}- with
marked proferpnce for particulor cella, For instance, the Brugis,

Onchocercs and Sertaris species would develop in the thorucic muacles

i A, Tl il
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~ G thelr vectors while Dirofilaris repons and Dirofilarin imnitis
would develop in the melphinien tubules, but Loa loa and

!| A.roconditum would devolop only in the fat I:md;f colls of thoir
insect vectors. It is elso gencrully balieved,that different
species in 39mC genus of fileris would dovelop in similar tissues
of tho sume members of arthropod family ‘Nelson 1951).

Excoptions to this strict inter host spocificitv have been

observerd and recorded especially in the gorus Acanthochoilonema

(Dipetalonoma) A.porstans and A. streptocerca ere known to develop

in the thorucic muscles of Culicoides vhilst A.arbuta develops in
the thorecic muscles of mosquitoos. A site however dovelops in

tho skelotal muscles of hard ond soft ticks, A reconcditum ancd

H-mnﬁﬂn-hirﬂ develop in tha fat bodics of floas. It ia thercfore
obvious that tho strict intor ROSE enpcificity asssociated with
thoe Family Fllariidoo has comletaly broken down in tha penus
feanthochoilonoma becausa 180 spocies not only dovelop in differont
familics of insects but also in difforont tissues.

Loiper (191a) end later Yeodmon (1943) had shown some

t topota
development of wf Loa in Empﬂcnnrnﬂ__riiﬂmlumm and Haomn

cordigorn both monsars 5F the Family Tnbanidao to which Chrysops,
tha voctor of Loa loo belongs. YJevoernl other insccts including

Glosome palpalis, Stomoxy®d nigra, Cimox rotundatus, Pulex irritans

Tabanua o wnd f.cocinlls have foiled to support the developmont
‘#-—-—"

of Loa loa in their tissuecs. Thoro had not beon any record of

dmml aff Lo8 lan in eny mosauito epoclies, but Eﬂin Et.-l
. 2 | ———————

8 Mlarin of cots, dogs, and bush babigs has bean recarded in

na | Lawrence ond Poster 1861).
Mangoninuniformis pnd Moafricons (
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There is yot no record of Bipatei infection in Men in Nigeria.

Even though the devolopment of B. petoi is similar to ++=t of Loa loa
in M. sfricana with both of them doveloping in the intersegmental
-fult cells, the infective, stages of theso filsrize ars oacily
distinguished from cach othor. The oesophagus of the infective

stage of Brugin species including B.pstai is about 5, to 40k

of the larvel length wheroas that of Loa lea larvao recovared from

M. efricana in this study io less then 99% of tho total larval length.
e — - ——_

The larvoe rccovered from the . africona mosquitoos were

certainly Loa loo {nfoctive lorveo becousa only blood containing

i toes., Mensuromonts
ricrofilaricne of Loo loa was fod to the mosqul

r opsophageol ratio wore not significantly

difforont from thoso recorded from Chrysops spocies (williams 1960)

of thelr sizes ond thal
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CHARTER V

UEASURBEMENTS OF THE LOA LOY POPULATION
(N WESTERN NISERIA

6.1 Introduction

Sharp (1923) reported the waricus meothods of differentiating

botween the microfilorine of Loa loa and Wuchereria bancrofti in

nddition to giving tho detailed description of of Loa. Duke and
Viijers (1950) stlied the relationship botween human and simian
Loa loo in the minforest zone of Cascroons, ond pointed out the
various morphological and boheviourul differences botweon tho two
stroins. As shown in the previous chapter, tho Loo loa in the

Ihadan ares will dourlop to the third stape larveo in _!.hnmnin

ofricans. In view of the foct that completo dovelopmont of

af Loa in miscuitoes hea not previously boen reported, it was
considered possiblo thet such rovoloppent minht be o peculinrity

of tho "Ibadclan rop.ﬂutmn.“ Thorofare the morphology o this population
was pxamined to delormine whoetho® 1€ difTored rrom other lkknown

strains.

§.2 Matorisls and Aathoddd

Adult worms were rccoversd Crom olx patients, and those
worms were | runal orred from salina to hot m alcohal mnd prosorvexd,
Blood semplos rontnining microfilarisn were also collont ol

from tho petients and thick hlood films were made from thom,
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TABLE 10

Measurements of adult Loe loa recovered ﬁrqm six patlents in
Western Nigeria,

- -— te—
PATIENT'S | _LENGTH OF WORMS RECOVERED IN MICRON UNTTS
NUMBER .
MALE FEVALE
r—-n-—_-_r e - - T e —
12205/69 - a6
- -
10008 /69 - 32
= = — = - —
222599 /69 cB ] 55
11224 /63 29 | 69
- —— —
AT - | a6
¢ - -1
- 52
- . - - |
” 43
; - ,}j .
| = e
- a2
—— — +
NI 2.9 70
I -—-—.-—-—I—--‘
— 4 -
- a3
. - ‘ —/
- 57
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Thick blood films wero made from 35 other infected peop)

tmﬂuvurrmh are! rain forost zones comprising blood “4oncrs and
school pupils, infocted with Loa 1oa. The thicc Blead films
sbtained! from the thros sources sore cir-dricd, delsamoglobiniscd
and ztolncd in hot Mayors! hoomelum (sce Appentdix 2).

At leost might microrfilurine wore selectod of Lor overy
four from tho contre of cach stained blood film and thay ware
moasured by Camara lucida, A pencil line wos drown From tho
tip of the heoad down the centre of tho body, following nll
curves, us l'ar no to the tip of tha tail of tha microfilorise,
Tho sheath of tho microfilarin was no! measurod, A sewing
thread wos Tun along tho length bof the lino drawing and measurcd,
A total of 44" microfilarine wore messurod From 20 infectod
people. The rango af lensths ond tho mean length of the

microfilarice From ocach of the X Ainfocted poople was calculated.

The oversll moan length ond modo of tha aac microfilarine from tha 39

{nfected peoplo wes aleo calculnton.
Oy _E-ﬂi..lltﬂ

Toblo 10 ghows tho moosurtmenta recorded for sixteon adult

m[thﬁ:n wmoles and thirtoon l‘uunlus] riecoverod (rom Tour potionts.

Table 94 shows tho range mogsuromonts ond tho msan longths of
microfilari-s from sceh of tho ¥ {nfectod peoplo.

Figure 11 nhows the Proquoncy of distribution wi’ tha mean
lorcths recorderd {vom tho microiileriae of the 77 infectod people,
Fiinire 12 shows the frequency distribution of tha 3onaths af

v

'l'mrﬂlrﬂl-
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Showing the range and mean of lengths of eight microfilarise

© QUERALL MEAN OF THE 465

'—'ﬁ_

TARLE 11

from thirty nine patients.
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Patient's Range of lengtha of eight |Mean length of
Number Microfilariae measureo Microf llariae

5C 3 200,% = 2892,1u 274 ,4u
sC a 205.80 - 284.2u 259.7u
8C 5 186.2u - 278.5u <2 . 2u
50 & 205.8u - 274.4u 245,5u
a0 ? 180.9u - 2B4.2u 2%2.
'."IT. 15 1-."-.‘31':‘.1 - Eﬁﬂ.ﬂu E"Iﬂ.'lu
B 33 c06.90 - 270.2u 230,6u
sC 50 176.4u = 249.1u 201.6u
oC 57 176.au - 259.7u 211.0u
o 656 171,50 = 220.5u 240 . 1u
a8 T2 W10 = £74,4u 22 .
= 75 156,00 - 283.17u Eﬂm‘;?;

206, 0u = 2M.4u 240, MW
5 1ia i0u = caaion 277,60
91C3/c8 156.8u - 289.1u 201 .Bu
12484 /G0 2254y - 251,.Bu 204. 1u
7235 /08 29,5 - 2Bd.cu 250 .8u
7605 /68 210, - 289,1u Eﬁ.gl.-:r
7816 /68 220, = 254,8u 2 1.
7273/68 179,50 - 240.1% .:::Jq
12111 /68 196.0u - 262.7u ?.-.:;..i
11184 /68 201.%u - 249.%u Elﬂ‘ﬁ.:
10490 /GE 165.2u = 249.%u gﬁﬂiﬁu
10747/58 61, u - 264,20 *I‘Eu
7704 fca 210,70 =~ Eﬁf].?u .;ﬂ;.r
7540 /68 49, - <B64.2u 268 ,5u
7600/70 gyr by - 284.0u 244 .5
77770 240, - 259.7%u ;ﬁ;t
12205/C0 ALl 1962
:I (e ;.';::du - 215.0u 237.6u
222521 /69 e~ 279, 2853 (5]
J1224/00 ;.’1:.&; - 217.1u 184, v
i 1RG0 - 22X 105.6u
AR oy \R.lu ~- 22,00 207.9
VI 8B - ST 182.5u
Aonticl et (o 5208 204,21
BECTFVA -

MICAOFILARIAE = 206w




sdult M are chamctoristic and diagnostic
}: posterior end with the pair of copulatory spicules in the mole
worms were useful in sexing tho odult worms. The hot 700 elcohol

fixed the adult worms in an oxtended form end this mede their |
measuremonts very oagy.

Both the nucleoar artongomont and tho shedth outline are
distinctly visible when tho microfilarise are stained in hot
| Mayers haomalum, Therofore it was very masy to identify mof Loa,
‘ Table 10 showed that only sixteen odult worms(3 melss and
13 fomales) wore moasured. They aro all morpbologically similar
to tho description of Loa loa in the litoroturc although their
aizos are slightly smaller. The Lhree male worms orc slightly
emllor than those rocorded by Looss (1904) which ronge frem
0= » 0.35-0.43m. Eioht of tho female worms also fall shart
of the mmu; O=70mm » U.0mm, recordod by Looss (1'1]-!1]. Although
the observed diffaronces are not significant, the situation might
have been difforent il a larger number of adult worms woro mia su red

Adult Loa log from humons ore howovor difficult « to recovor in

hruu Aumbore axcopt when a patient being opormatod on is hmwﬂy
tha writer heo not mot such o pnld.ml:.

------
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}-286 - 290u

B o e
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26b~270u

~261 - 265u
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—251 - 255u

4 ~246 - 250u
261 - 245U
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226-230u

-221 = 225U
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B 206 - 2100
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syjbual uoap jo Aouanbaig

Mean Length in Microns

Fig11. Showing the frequency of distribution of the mea

iength of microfilariae from 39 infected people
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might have been manifested in the small size observed in the adult
worms in view of the massive helminth infection which 1s common 4n
this environment. Finally the fixation of the worms in hot alcohol
might have resulted in some shrinkage; however the size differences
observed in this study could not have been due to shrinkagn bDecause
the method of fixing employed is similer to Looss' (1904).

The length of the microfiloriae showed & very wide range from
156,8u to 308.7u, with the mesn as 236.4u and mode from 156 to 200u

(Figure 12), Duke and Wijers [195&] recorded a mnge of 217.5u to

280u from 33 microfilarise from three men and their mode was 247 .5u. =250u

Looss (1904) recorded length range of 250u to 300u. Statistical
analysis using the Student T-test shows that the difference botween
the sizos of the microfilariae moassured in this study and that of
Duke and Wijara! (1958) is significant (P<Z 0.001) (Assumed
standard Deviation for Duke and Wijerst (1958) study is a0u). By
inference therefore the difference in size between mf Loa from
Western Nigeris and mf. lgs messured by Looss (1904) must be
El.ignifi-:nnt. beceuse Looss (1904) recorded higher measuroments than
Duke and Wijers (1988),

The staining teochnigue employed in this study and in that of
Duke and Wijers (1950) is similar ond could not have been
responsible for the observed difference in the microfilaria size,
The varistion recorded in the individucl sizes of the microfilarise
(519, 12) s -that oxpectad froa s norwal population altrouih the
mean lengths of microfilarise from tho individusl infected people
/8 o wide scatter (Fig. 11).
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wtnl_y and found to bo 241-245: and 231-235y respoetively.  Both
‘those populations of microfilarise were obtained from infooted
people drawn from oll over tha Stote end the difference observod from
the mean lengths 1is probobly due to factors other than strein
dgifference. Sodium citrate was used to preserve blood ohtainod
from the blood donors infected with loinsis and this could be
partly responsiblo for tho shrinkage in the size of microfilaring
from the blood donors. Another possiblo factor may be premunition.
Thae school children'a exposure to infection would not be as
1ong os that of the blood donors, who arc mainly adults, henco the
Loa 1loa in the school childron would atill be expected to undorgo
normal devclopment. The odult donors on the other hand, would
Probably have boen exposed to infocticn for a longor period and the
offects of premunition on the worms, both adults and microfilarine,
Could rosult in the roduction of their sizes as is observed 1" this
Study.

It was shown in the proceading chapteor that the Mf Loo &

from blood donors in Ibadan doveloped in Mansonis africans to the
thirg stago larve. It is however necpssary to comment that although
the blood donors worn rosident in Ihedan ot the time of the blood
‘Sonation, they probably did not all obtain their infection in the
Ibaden diyiring nlone, Iuaden 4o a big commercisl centre, end it
ews tha vast mo Jority of its population from the various divistons

% Western Stata. Furthermorg, the blood gonors are adults who 1

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



=102
300
290— -+
280—
8D
270—
260
250 | [ e 1] 5
S— v 7 7 X I EWL ¢ /10ML
U 777777777777 77 777 2% V7777777777 L
230
220— SC. School Children
BD Blood Donors
210 OW Mean Length of ME LOA (DUKE & WI. RS l!ﬁﬂ-i
OML. Overall Mean Length of MF L0A in V¢ Nigerid
200~
L‘T' =1 | | R e e [T T
SRR T TR e M T Dt R T K TR

People Inlecled wilth Loa Loa

Fig 13 Comparing the mean length of microfilariae
of 15 school children and blood donors
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r fﬂthy mobile, end they could have acouired their infoetion at

any ondomic focus for loiasis which thoy have visited within the
Gtate, It is thercfore more appropriato to rofer to “he Lot loa populstion
in this study as coming from Westermm Nigoria and not from Ihadan,

mainly because tho blond semples were collocted from infectad people
from all over the Stcte even though some of them, the blood donors,

were temporarily resident in Ibadan.

Finally tho overoll size runoe and mean length@nd mode moan of the
microfilariac which wore measured in this study (Figures 12 snd

1:"] show that the Mf Lco in Western Migeria is smaller than the
rainforest humen M Loo in tho Cameroons. Gince the two populeations are

transmitted naturelly by Chrysops silaces &nc s dimidints

both in Western Nigoriz and in Kumbn Cameroons, it would be

useful to find out whether development of the Lof loo in Kumtx

will be allowed to tho third stago larvea in Mansonin :,Fril:arﬂ

mosquitoes as has boon recorded in Ibadan.
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CHAPTER VI
VANIFESTATIONG IN LOIABIS

R oo titn

Very little is known in respect of the pathclogy of lolasis and
it is not known whothor symptoms occur both to the microfilarisl and
the developing larval stages. Meny symptoms have been ascribed to
Loa loa infection but some of them such &5 mild fever, generalised
muscular pains, onorexia, snd loss of weight may be menifosted in
many other helminth infectiona which are provalent in Nigeria.
Calaber swellings, intenso body itching snd eye inwvolvement are
Known to be usually manifested in Loo loa infection, and repcatedly oca
long 88 tho infection persists. On the other hand endomyocardial
fibrosis,clophanticsis, hydrocoales, and nophrotic Syndrome have
boen thought to bo caused by human filarine, especially Log loa
infoection in Loa loa endomic zone.

The village study in the Ijebu ond Femo divisions was utilized
1n collecting data ond informotion on some symptoms appoaring 4n
loiasis and these aro discussed below. Gtudies wore also carricd

Out on patients at the University Teaching Hospitsl, Ibedan, wha

had dispascs of ten sssociated with loiesis. Tha possibility of o

relationship existing between the ABO blood grous the Hagmoglobin

. nt tha
A, AC, AS nnd 1niasis wob ulso coamined omong blood donors

University Colloge Hospital, Ibadan.
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Fig. 14 Pelpebral Oedoms (Calabar swalling) ©
geye of & 5 year old DOy. The swelling was formed

a few hours after a white tiny warm wos scen
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transiont nature, end they ofton appear on the l'mdl, wrists ond
.. _[F:I.uurn 1'.}' These swolld are ver o 11 Tanses
|H'l: have never ascribed this menifestation to Loa loa infection or

“to the edult worm, with which they are very familiar, Calabor
- swelling is known locally os Okutupo when it occurs on tho fore-limbs.
Table 12 shows that 850 (39.7%) of theo 2142 villagers in

Ijebu and Remo divisions gove a history of Calabar swellings, including
swellings of the face and limbs. OF the 101 villegers with
hiﬂﬂfilarmiu, &0 {!‘1.’].?‘.!.':] gove n history of Calebar swellings.
The offects of the Calabar swollings woero found to vary with
individuals and with thoir location on tho body. In most casos, it
wWos & painless swolling, but when it formed on @ joint, 1t becomn

" very painful and inconvenient, and could impair tho free movement of
the affected part. Tha luarge non=lugitive swellings wore of ton incised

by the "local surnoons” and tha "bad blood" in thom was sucikod oyt
When tho swellings were

wore invorinbly

with the aid of an invertod bull's horn.

fugitivg they causud o lot of enxioty states and

Bssociated with withcheroft in tho villnges.
Lambo (1960) recorded an sssociation botween loiasis and paycosis

{n Nigeris ond Nnochiri (1966) observed

emongst some of his patiemts
thet some Loa los patients axhibited several features of mental

fnatability bocause the presence of Calebur swelling on them m;-'

Often attributed to polson. Jr" )

L
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Remo divisions,
. Total Number Total Humber with
! Examined = 2142 | mf Loa - 101
- e rE—— m
EYMPTOMS Number ‘M:nbnr with Percentogn
Racorded s mf Loa in o, infection
“Blood emongat villegers
! | | xith toma
S el *——1 - a4 Ew - l
| Swelling of face
gnd limbs, 850 T oo S0 59.9 7.1
1 u—-—.————-——-————J’
I
gy Iﬂh‘lﬂﬂ' Ehd}"
{tching 1,588 | 74 27 26.0 1.7
h'—-_“ - T————-———ﬁ
Js Adult viarm in
eyes /prickly
Sensation in eyo
region 186 a2 B81.9 82 .6
M—I—I—-— ll+' = -
% None of the above 586 a 3.9 0.7
—— ool g e
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&ﬂyﬁ] nut of 850 '{?.1?5) villugers who gave & history of Calabar
swellings actually had microfilarine in their perioher~l blood,

nn_d this low figure illustrote tho unrelinbility of using the
prosence of swollings alone for the disgnosis of loinsis omongst
villaners becauso thure ore marmy othor conditions in the emvironmont
that could coauso oodomatous swellings on the body, Howover, it

is possible that occult loiasis also occurs in some villagers becouse
somo of tho lnmwoding worms cousing Calobar swellings may be

immature or miinly malos, in which case they will not produco
microfiloring,

In Toblao 12 it wos obsarved that 59.9% of the villagers
with loinsis gove history of Calsbor swelling. This observation
indicates that the stimulotion of the allergic reactions is not

Butomotic in loiasis ond it ocours only ﬁapmiﬂl circumstinces,

Kershaw and Karshow (1953) recorded the removal of & grovid femlo

worm of Loa loo from o roecoeding awolling in thoe hand of one of

the authora ond suggostod that Colobor swelling is & reaction formed
sgoinat the motabolic products of tho adult worm whose movemont
has been impoded, and that this swolling {a usually formed in tho

orm wharo tha metabalic products hove nccumuilated.
that somo of the infocted villagors

vicinity of tho
It 4s thoreforo uerstandable

never gave any histary of Colabar swallings.
¥
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Intenso body Ttehin |
_‘— - . . 4 - 5
Intense body itching is often sssocisted with Filar!-sis in
I‘ﬂurinl tndemic zones. Itching {= not pathocnomonic o Filzriasis

bessusc this symotom can be caused by meny agonts including other
‘helminths and ellerena.

L

In tho village survey, = histary of
intense body itching was recorded in 1w (70%) of 2142 villegors
and in 27 (26.5%) of 101 villagers with microfilaromin, It 4s
observed from tho record that o low percentago (26.6%) of the
villegers with microfilaromis, experienced intense body itching as
egainst 74% of all tho villegersa, and only 27 villaners [I.'?E] hart
microfilariac out of tho 1584 with this symptoms, These low fioures

strongly Indicate that bocdy ditching may not be specific to loinsis,

The provocation of ollorgic roactions has beon observed 4n the

| trestment of loissis with Hotrazon ;’“hwhylr:nrhﬂrmxim] BS o .result

of the destruction in the liver of microfilarisse withdrewn from

the periphercel circulstion. Brumpt ot ol (1969) reportod that this
drug may slso induce encephalitls in patients with heavy microfilaromia,
It 1s howover not known whethor it 1s the microfilaring, thedr

metoabolic products or both thel provoko tho intonse itching often

operiencod in somie Loa oo patients., It 15 probable that whon o

large number of microf ilarioe sdio reture 1ly and are withdrwn from

the peripherml circulation for dgatruction, their lysis may

Provoke an allorgic reoctlion gimilar to what 15 observed in the

Hotrazan therapy of Loo lon patients, :
M apoei ic roactions such o urticaria, ryrsda ond othar 4
rocctinne necurd in 7 Fﬂ 74) 0 pust p
i e g~ P (g W 1)
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? Undversity Teaching Hhopital, Thedan. Since Loa los 4a |
endentc in Wester Nigoria ond  high prevalenca of infoction is
soen Gmang opparcntly healthy blood donors (Ogunba 1970), 1t

4s possiblo that microfinlorine in the donated blood minht ha
responsible for some of these rosctions. Usuclly micwFiloremdc
blood is not transfused into patients, but the ccreening for
microfilorine 4n blood may not be cbsolutely fool procf. Thorsfore
thore is the possibility of blood with a low sderofilaris density
being trunsfused into patients. In such cases, the lysis of tho
microfilarine could provoke tho roactions montionod obove in the
sensitised rocipionts, especinlly when we realise that
mierofilarine are proteins ond would therofore be antigenic

{n the recipient when they are oventually destroyod. A quick
follow up of the post trunsfusion non—haemolytic roactions in

thoe spvon patients failed to clucidate tho role of microfilarine

and thoir motabolic products in tho rronesis of thoso roactiona,

6.2.0 Rﬂf Trnvolvoment

.

The Adult Loa loa is cosily rocogniscd by the villogors

' tiva, It
mainly because of its frequent minrotion to the conjunc

18 known as Argro, tnd Arcwd in the Ondo, Exiti and Owo divisions

Wos
whilo 4t 4s called Aronju in Ijebu end formo divioions of Westam

Nigerin.
e {Ehﬂ:ﬂ] of 101

microfiloronin gove o history of oadu
sation in aorbital tisouos, and this represents

tha highast record amongst the oyrotoma ond manifestations associated

‘with loiasis in wostern Nigoris. It is not surprising that this

i Ilml‘gmwﬂgﬂmmlhﬁﬂthﬂﬂﬂh

{nfected villegors (Table 12) with
1t worms crosaing the oyes,

or of o pricily sen



- tissues surrounding the oyes, end thoy may ceuso coniustivitis,
lacrimation, swolling und pain Hesdache is also frequent
(Uohnatona 1947),

In Western Nigeris, the villagors associste the presence off
tho adult worm with many kinds of eye dofecls renging from myopin
to total blindness. Elliot (1920) roported that the combination of
itching, pain and irritation caused by the movement of the sdult
worm under the conjunctive is maddening, and Clothiar(1943)
thounght that its constant movoment within the eye tissues could load

to partinl norvous brockdown in o tired ovorworked individual who

necds o peaccful oleep,
Longlesis (1962), Toussaint and Davis (1965) howover

have incriminated Loa loo with some caser of rotinopathy and have

also roported larmo numbors of intravesculer filarise in the

retina end choroid ploun, Owon and Honnossoy [‘I'-.i:E] reparted 33

cases of ocular holminthinsis but werd unable to identify the causative

cases roforred to as “Bung oye® or vBulne oyo™
of the "Kampala Eye wom"which

agent, Gomo of the

are similar to the ocular syndromo
ubale and Masakn districts of Uganda na well

Tho ocular syndrome coesistoed of

is common in Karpals,

48 othar proas in [net Africo.

yellow nodulcs in the bulbar gonjunctiva, ocdema in the pyellds and

face end occasionally proptosis. Nrochird (1972) has clearly shosn

 that Log loa is the cousative agent {n a twelve year old child who

a |
4 - i

L]
-
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| has been reportod from conjunctival biopsies. [F;Hm

villagers. The native noedlo (Ikoti) is often enloyed 4in the
procedure. Whenever the adult worm disappears into the deepar tissues
of the cye before thero is the chance to resove it, the villagers
apply juices of cossava tubors or onion bulbs ond these ara

claimod to rolicve the itchy and prickly scnsations in the oyo
tissues.,

Tha long time offect of tho julces on the eye tissues or the
worms are howovor not known. Ginco tho itchy and prickly sensutiona
aro rolieved, ono may suggest that the worms are probably puralysod
within tho oy tissucs by tho juices spplied. Tha delifate cyo
tissues may be equully affectod by the constant opplication of the
| julcos and their effocts may bo partly responsiblo for some of the

ocular pathological offocts ofton nasociotod with lolasis in

Nigeria. The poseibility of o simultancous chronic onchocercal
| infection in tho villegurs with its resultant gye imalvemont cannot

howover be overlookod bCCOUOD anchocarcissis is also endemic in

" Wostomn Nigerds (Nnechird 1964).

G.3 Associated conditions

6.3.1 Endomyocersis) ribrosis (E.M.F.)

‘Ata pathology hoa boon describod (oovies, 1948), It g will
. od 4n its advenced gtage, but only roetrospective reports have

‘made of the early “A?R?c?fn?mm{ﬁf}gmﬂY P::].ET“ 1%5), W i
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it"lm] mluuluuly dvnpd that noither mal Bt lon e

howover SEL1 dneriminaty flerdcd dnrcctions (Gorbeus, of al
1957), molarda or streptecoocal infectiing  (Shaper

1966) but neither of thosc has becn substantisted. Cosinophilis
is often found to be marked in this condition, especielly in
Europeans in endomic arcas (Orockington ct sl 1907), but this
finding 15 non-spocific because cosinophilis can be caused by
many fectors, cspocinlly helminth infections which chound in tho
tropical region.

Fevor, pruritis and swolling of the faco in oddition to
eosinophilia aro sinns of the sarly fobrilo 1llness in E.M.F.
{Pﬂﬂ"y‘ tnd Abrabams, 19655), end these symptone erc elso shared by
many other agents, particulorly loiasis, Ive gt al (1967)
found soma ovidonco of ong type of filariasis as the causative
egent in ninety cno percin’ aof tho cases of E.M.F. studied in
Mgeria by omploying oll tho varicus gisgnostic techniguos

for filarinsis

They reported tha! pationts with E.M.F. showed 64 porcent

positive skin tost to cottle [ﬁﬂrl.nrin] filarial sntigen while the

controls showed only s X par cont positive skin test. sartaria

antinens ara known to bohave @ad group ontigens end weuld thereforo
record many non~cpocific reactions.

that could be volidly drown from thoir study is on sssocistion with

f gither human Oor animal
' 4 fmxﬁﬂllﬂlm;rhﬂn 14
#Fl.'fﬂnringmmﬂ

2 - -
—

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

Thereforo, the only conclusion



Loe 1oa in the genosis of .

.. W.F. and othor heart conditions:
(Carlislc gt al 1972)

| although tho rumber of E.M.F. petients in the
study was rathar smell for any fimm conclusions o br made, The
use of a specific Log loa antinen is howaver of covious importanco
in narrowing down the poasibility of Loa loa being dnvolved 1n

the pathogencsis of endomyocardial fibrosis.

In ordor to rulc out or incriminate Loa loa infection 4n o
Causul relationship, {1t would be nocessary to carry out
opidemiological studics of tho early stopes of endomyocardinl
fibrosis, which rortunatoly are casily idontified, in endemic and
nom=endomic Mocl for lolasis.

Buch foci have been described in Chepter ITI. A follow up
Study of such samples, togothar with regular Surveillance on lolasis
in the focl choson would provide informaticn which when enalysed

minht elucidato tha type of association botweon loiosis and

endomyocardisl fibrosis in Nigorda,

| 6.3.2 A,8.0. Dlood Jroups and Haomonlobin genotypes
Tharo is on increasing intorest in resporch on the sssocation of

A.B.0, blood grouns, haemcglobin gonotypea and disoascs, and Anand

[1951] has shown Lhat peoplo with blood groups A ond B areo moro

suscontible tn ousinophilin. Howover Anand (1965) fourrl no association

butwoan Barcroftisn filarinsis and the blood groups be studied.

Lotosts boing endemic in Niguria, {t wna docided to find out the
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TABLE 15

. Distribution of 314 blood donors with microfilariac of Loa loa
by ABO blood groups compered with expected districution from

L el | 62 | 21.33 67 5,544 21.3
H 2 S | F - -
R e e I ?i]__; <O )L 73N | 55,054 23ic
0 161 51.27 I 161.7 | 13,404 51.5
2

+ Gilles (1968) % = 1,74 d.7, = 3
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genotypes.

J14 adults (293 males sng 24 fomales) with W Loa 1n thoir

blood, who looked healthy end had blood hawroglobin levels higher
than 13mg/100ml, wore bled during the day. Plocd grouging and
haemoglobin clectrophoresis were carrics out, and two Sdcm.blood
Films wore made for microfilarine count and identification.
Information on the ABO blood groups end hacmoglobin genotypes AA,
AC, AS for Yorubas adults warc obtained from Gilles (1965) mnd Esan
end Luzzatto (1969) ond thoso wore used s controls.

The microfilaris donsitios wero divided into threo groups:

1. thoso with microfilaria count less than 100;
11. thoseo betwoeen 100 and =00; and
111, those over 500 in 50 cu mm blood,

Teble 13 shows no significant difforonce betwoen the obsorved
and tho expocted distribution of A.D.0. blood groups in 314 Loa loa

blood donors. There is ulso no significant difference in the

distribution of the lmomoglobin gonotypes AA, AC, and AS whon
compared with the cuntrol group (Table 14). The hacmoglobin types

| 8C, 8B and CC warcu not considorod bocausa thoy wera not roecordod

in the dorors with loinsis in this study. Though tho cbserved

ficures for AC snd AG cre slightly high, the diffarences arc

Probably due to the smcllnons of the samolo.
ta for the AB blood groups within

loval of &,

Tha obsarved and oxpucted da
| the microfilarin density groups are below tho critical
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Oistribution of 247 blood donors with microfilarisc of Loa loa
by haemoglobin genctypes, AA, AC, AS comparcd with expected
distribution from control group. «

?:E - E‘m ».lif" - E

Luzzatto {1'gﬁal personal
cnmmni:atlﬂﬁ}-

* G.J.F. Esan end L.
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TABLE 15

Distribution of 230 ABO blood groups with microfilariss of Loa=loa
within microfilarial density groups compared with expected
distribution from control groue .

‘ BLOOD BAROUPSE

- 10.9% 65 110.13] <4 21.09 |2.55

=l ]

(The figurcs for -, B + A8, and 0 blood grouns
were used to celculato the Xe)] d.f. = 2

+ gilles (1900,
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¥ 18

Distribution of 239 haemoglotin genotypes with mf-roiiiarice
of Loa=-loa within microfilarisl density groups cosparcd with
expected distribution from control grous .

Leasg than 100/50 cu.mm.
blood N =

| p— o —

100-500/50 cu mm.,
blood

Wore than 500/5%0 cu. mm.
blood

e e ——————

sero i3 no ovidenca of & &ign
(Ther type distribution prdd t

t!l'."’l!it"p' groups. }

{ficant differonce
ho microfilarial

‘f G.J.F. Esan and L. Luzsatio [15&3]
parsonal cosrunication,
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There 18, howover, no significant difference in +ho #80.
distribution within tho microfilerial density oroups when
compared with that oxpected from tho control, The number of
donars with haemoglobin genotype AC i3 smil, and when these
arc arronged according to .tho microfilarisl density groupe
(Teble 16) the figures obtuined sra toc low for analysis,
However, no cvidence of o significaont differenco is shown wheon
the obsorved heomoglobin genotype distribution within the
microfilarinl idonsity groups is compored with that oxpected

ffrom the control.

This study thus suggosts that there is no preferentiel
infection by Loa loa of cny of the groups of donors whother
classified sccording to their ABO antigons or their haamoglobin

types, It was concoivebln that a protoctive offect in one of the

groups might bo ocxortod, not 1in tarms of proventing infestation
rechicing
with Loa loa but in tarmd Df'Atl"h'l parasito donsity. Howeover, ovon

whon the donors wordg ~lassifiod on the basis of the dogreoa of

their infostation, nO statistically significent difference was

found among any of the groups snalysed, It must tharefore be

coocluded that thera {s no ovidonce that any of the blood

donors s st either an adwontage or o dissdventage with

‘o {nfostation by__Ln_E_LIE_. This menns
Anand 19G1) in tho rete of cosinophilin betwoon

that if the oiffurence

found in Indin (

'mﬂjﬂﬂﬂtﬂwﬁﬂﬂﬂmilmmumm
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An Nigeris, the explanation would promably 1ie in conditions othar

8.3.3 Elophantissis and Hydrocooles

Lymphedencpathics rosulting in clephantissis snd hydrocoel ps
have always boen nssociated with Filariasic in the tropics,
Wuchercrin bencroftl is tho spocios most comscnly associated with
these conditions, and a ceausative relationship botweon them
has been accepted by meny investigators on tho basis of clinical,
epldemiological, end histopathological studics. Wch losas

favoured as causative osgents are Onchocerca volwulus end Lou loa

Lowenthal (1934) end Clark (194€) howovor described o number
of casos of clophantinsis from Uganda ond Kenyn in areas whoro

W.bancrofii arc absont. Similarly Cohon (1960) described o amoll

sories of casos obsorved in Ethiopia and Kenyn from arcas whoro

¥. bancrofti was ebsent. Ngu ond Konstam {!Eﬁﬂ] studied sixty-five

casg of chronic lymphocdoms ovar 8 poriod of fiva yoers in

Ibaden (Nigoria), whoro no transmission of W.bancrofti occurs, ond

found that 26 cascs (38.5%) worc causcd by tuberculous odonitis,

wronic pyogenic infoctions, 7(10.8%) by melipnent

or othor infiltmticns, end 3 (4.6%) wure primery or {diopathic
Their Mindinos praved conclusively that in

20 (46.1%) by €

lymphoodoma .

. el
Wostern Nigorin lymphocdoma {s ofton not related to W.bancrof

infoctions.
Tahlo 17 shows tho summary of
riftoun potients at the Univoraity Tosching =

1sboratory investigations end

history noctos en
Hospital, Ibadan, preacntind

with lymphocdoma from 1565 to 1970,
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LYMPHADENOPATHIES

Elephentiasis of righleg.
ouinal adenitos.
Bilaterel hydrocoele for 3 yoars.

Elephantiasis of right leg Hydrocoele
fluid negetive for microfilariae. -

Showing the summary of investigetions end menifestations in
WS Fifteen lymphoem petients.
I A
| ‘ SH d g é :ﬁ:
E Wl % B EE 3 K
3 3 wfl &l - g i3
I§ - e |
i g 3 E: & E z E % < d
| 5 cp| 22 (54 B 3 £ ,
| Ault | M Ibadan -vg |=ve f+va | 4% |Nona rona
£ Adult | M Eruwe -ve |-ve [+ve |12¥ |Xeroderma Lichernification Nocules|
L Il in thigh and scrotum Prurdtis  |Monc | None
¥ Adult | M Kabba -ve |=vedlve | 5t |Ory and Scaly skin on lower part
of right leg. Nono None
7 = s, i _T_-J.._.._. e S L i e
¥ Adult | F |Ekpom +vo |=vo |=ve [268% |Pealing of sclo Pruritis for 4
r jyoars snd pain on left leg. Yos | Nono
- . gy - IR - .-.—-.—._—“—-.-—.-ﬁ- -
Adult | W [Tbedan -ve |[=ve |=va |2Uj |Xerodorma of right lowar log Aatinocho-
Pruritis, None | roidal sce
ring and
charoidal
| * s lr aclerosis
m M | Abeokuta 1% |Pruritis. Hard and scarred skin | None Nona
e B — - A A R e A —
¥ | Tbadan Nono Nene Nona

5o FPrurl.t:L:u J¢in thickened Nono
*, [Kebidal score on right and left

logs Nono |

8 |Intermitent Pruritis None

-t |=ve Hvo |205. (Onchodermis None
-ve [-ve |[+vo | 1235 |Onchedoryiis . Noni
—y@ |=vD T &y |Nene NONO
g |=vE |-Vl 4:{:' Fruritis Norg
peeyrr) i:ﬁ‘ = i 31 "N3zere 174p -‘Pﬁ.t'ﬁ:*: formin L AT
— s e - * B i Bl o, ® 5% 7 5 ¥ AFRICAN DIGITAL HEALTH REPOSITORY PROJECT +
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2 I fwt-

insis of

Elep

Elcphentizsis of right foot and leg for

Eleprantiasis of left leg __

Elomhentinsis of scrotum for 10 years.

mlmmﬂm«hmmmm

LY & =

Elephantiasis of laft
Flephentiasis of left leg ang thigh
for 4 yoors.
flophentinsis of right leg for 2 yoars
8ilateral hydrocoele with elephanticsis
af the scrotum _ |

Elcphantiosis of right leg

Elephentissis of laft leg LA o
or J years ML 100 in

[y

L
|
—
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 ware Glephentissis @F tho lops ond tho remining five

vcocles. The investipation afmed at finding neresitological

05 well as symptometic ovidonco of filarisl infocticd in these

pationts.

NF bancrofti wes recorded in none, but MF loo was

recarded in onc of the clophantissis pationts, W volwilus
was proscnt in the skin snips of four pationta. In thres other
cases, thore wore cutaneous menifestations suppestive of

onchocorcal infections. Pruritis wes recomded in aix pationts.

(culer senifestations in the form of retinochoroidal scarring
| ond cholori-e]l sclorosis ses rucorded in ono caso in which

| thervy wire pruritis and xcrodermo but no M volwilus in the

skin anip.
There were mo sicrofilarino recoverd from githor blood

samgles or skin snipe of patient nusber 9 end 13 (Teble 17

nor aid those petionts havo pruritis or cutsnuous menifostations

of onctocorcissis, Furthoarsors trelr cosinophil counts ware low,

i resding 2% ot 4% respoctively. This sugoeats that the

| slontentiasis in the te=o pationts worv of ron=filarisl arigin,

| m,—'mwm'fﬂﬂﬂﬁmWflﬂm

of thw pationta #1tH ryorocouele,  Neltrer petisnt mueter 3 or

rilarie]l infection et thelr

nater 7 shosod . ldanc. of
Pydrocoal cs sore probably rat of filurisl origin,
|wmrtm!_wmu-mm-mn

Howaw
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Lo 1o arc froquontly found around the cund end between Eho
‘tunice veginclis ond dortos musclo during surgery on hurnia end

‘hydrocoelos (Duzilleeu, 1912 Kivits, 1952; Chostormea, 1968;
Woodmen end Sokchari, 1341). It weo slso obsorvod that adult

Loa loa were found in the distondod lymphatic vesscls of tho cord
whilo tho microfilariss wore found in smoars of hydrocodls well
(Woockman onc Bokhard, 1341; Fullohbormn, 1989).

If tha adult Los log 48 lodgod in tha viscorel layor of
tunics wvocinelis, #n allorgic roaction to the actabolip products
of the worm, similer to Calebar swelling, could cause considarsbic
dosent to the locel lymph plmoss and product in irritation of the
tunics, rosulting in a docronsed ebsorption anc an out-pouring of

fluid inside the tunics sec. Dubaols and Vandonbarghs (12a7)

racordod trensiont ettecis of filorinl occom in the scrotum, whils

Mefobert .[I?_'!] rallh mentionos urinery rutontion and stronmaty A8

sipne of dexp prosoyre offacts uf lolsais, Kivita (o)

recorded golatinous, roerly vasculariscd whdtish thickening

of the tuniosl elbu-imnee and tha ses of inwinal tarnled 0a

& rosetion to tho pruaencd of ‘-M

Local irritation of B viscarul lever of tnica woimlis

sight ocour 1f e acreis) skin 13 e hewily inficted thet
'lmmmmmm
nru-w-mn-du-mmmwm

m"mu_-_llhﬂl-ul_
'
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%, 88 well as hypartrophy of the comective tissus.
h e condition misht geslly be casumed in hydrococle cases

- showing & jelly-1like oedemstous connoctive tissue sserming with
M volwlus end lining the scrotal well (Brarp, 1329; Bryont, 1335).
Ault Dnchocercs worms oo in tho dartos muscio or the adjoining
tissucs may contribute tu ralsing the lovel of =icrofilarisl
concantration, Thoe Mibrosis of tho dartos muscle and the loss of
the clasticity of tho scrutal well would litely ceuso a docrvesg
in the lymph Mow in the vosscls drofining tho sec, swhileo demoge
to tho lysphetic ploxus of the paristal layor of tunice vepinelis
would intericre with the nocossery cbsorption of fludd from the

bac .

Evan though the purmsitolonicel and othor ovidonce sugooat
ttat somo of the fifteon cescs of lysphosdemn under roviee are
of filaris]l end lzruoly on focorcal origin, it would b cssuntial
to confire thet tho relationsnip s not marely incidental. It s
theeforo macessary Lhet ¢ future prospective comprehenaive study
be carricd cut in which muny other imustipations, {reluciing the
Moef teat, Fred tost, lymph mode bicosy end 1 ymoranoioorenhy
mldhnn:n-iu:mtmnmh;ﬂ:;w“u-t aoy result in

lymohoudemn in Nigorio.
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CHAPTER VII

CONCLUSTIONS

7.1 Endemicity of lolosis in Westom Stoto of Nigeria

Human loissis has boen shown to be endemic in the Westom
State of Nigaia ond its distribution extencs to the throo
vogotationel zones, the min-forest, fresiwator seamp and
savannah. Most of the transmisaion occurs in the ruin-forest zone,
and this grodually declines os one moves towards the savanneh zoné
where tronsmission is ot its lowost lovel. Theo pood to sample
the right population has been discussed, snd the school pupil
population hes boon shown to be idecl for provalence studies on
lolasis becouse this type of population can provide acequately the
rocuirements for & controlloo grogrophical atudy, momely uniformdty
of sesples with reepect to agw, sex and the pericd of residence in
The {lliterocy of tha mo jority of the adult

0 specific awironmont,

populotion coupled with ENc grotocal problems in enlising the

co-operetion of tho odult populstion are sose of thw Maotore that

mokg the pdult populstion unauitablg for prevalence stuxties,

The endemicity of loissis 18 possibly & cosplos intarpley of

mny foctura iolvig both tre oat, porasits, vector and tha

environsent ”mwtmﬂﬂ!.MlMlnrmw;-
muwmmnfmml.dﬂhﬂmmlu

qﬂdhmtrmmmﬂmﬂnﬂlu
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sempled. Samples obtained from villages have been shown to give
relisble information on the prewalence of loiasis in Westem
Nigeria partly because the villeges' natural onvironmonts ore
usually not disturbed, unlike the indiscriminate destruction

of treos and surrounding bush often sssocinted with urban
developmant, Furthermore sasplos from infocted adult blood
donars wore found unsuitable for detormining the geogrephical
distribution of loiasis in Westam Nigerio,

The technigues often used for detecting infection with
loinsis cosprise the examination of blood films or large volumes
of venous blood, end serclogy. Both the capillery blood and the
venous blood hove shosn no significant difference in the nusber
of microfilarine they contain, and this finding confirms simllar
cbeervation made by Hewking (1935), The method of examining two
50 cam thick blood films used in this study is senaitive, economic

ond not too time consuming: it 1s thus suitable for cssesaing the

microfilaremic rote in #esiam Nigeris ehere it 1o gifficult to

Mvﬁlmqulwahr\wcqmtltyofmmtmm

surveys involving Glood sempling.

72 Irenemisgion of lotess
disigiata in the
The erficioncy of Cs silaces snd Co Sialiinls

Mimw‘mmuhummhctmtuqmm
'-i?."uofww:ntnomdunltnmmhm
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C.silacea hes been shown to be the main vector aof lniasdis 4n
the villeges sampled in the Ijebu end Aomo divisions of Westom
Nigerin. It is more widely distributed and more abundant than

C.dimddiota whan the teo spocies occur in the same villoge,

C.silaces is probably better agapted than C. dlsldiats for breeding
e —— . P ——————

in the two divisions, and more poraistent in ntiucking mon for
blood manl, The brooding of Chrysops specisd, which ore tho
vectors for loilasis, 1s o prorequisite for trunsmission henco
the presencs or sbsence of Chryscps silrcoo nnd C.dimidista in
the villeges hos beoon used partly in dot mrmining the andemic
end mon encdomic foci for loiosis., In the non—ondemic focl for
loinsis tharo «i11 bo no trensaiosion svon if Loa loa is
introduces by infectod poople. This is becouse the vector coycle
111 bo sbsent owlng to the mon-aveilability of the Chrysops

breoding sitss in and around the foci,

Mansonis ofricons eosquitocs in Ibaduin ware found to De

partly susceptible to Los 1og when axperimentally infectad.

It {5 howsver unlikely tat this moauito sould competo «ith or

replace Chryscps 10
becouse of its nignt biting Metit.

viw transsdsaion of MM in mature
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7.3 Population differonce

In Westarn Nigeria tho meon lomgth ond modo moon of the
microfilarinl populotion has boen found to be smaller than that
of the Kusbe populstion. Furthermore the W Loa in Westem
Niguris would develop to tha infective stage in Mensonia africana
mosguitoes, clthough the size and oesophcgecl rotio of the
{nfoctive stogo from Mansonin ofricons mosguitoes did not differ
sionificantly from those reared in Chrysops in Kumbo (Willisms,
1950). Until comparetive biologicel studies inmvolving tho uss
of Mansonis ofricons as intermediato host with the Kumb \of
Los loa is carricd out, it {s not yot possible to nacribo any
s4onificance to the cbserved aize difforence of microfilarise

betwoen the Kumis and the Featom Nigorian populntions.

7.4 Lolssis ond Associnted Conditions

Thare ere still sony pepe in o knowlwije of loiasis as &

hun discose, ond it 19 elso ot dafinitely known what sysotoss

the micrfilarise end the
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recovery qu_L.Enr the adult worm in l! patient sulfaring from
snothar disecse outomatically dncriminates Loa low s the
cousativo ngont espociolly 4in en environment whare other
infectious diseases sbound,

Little importance should be sttached to the history of
Calsbor swellings in tho disgnosis of Lo leo infection becase
meny villagors cannot distinguish Calabar swollings from nj:h:r
swullings thet moy bo cousod by othar conditions. Besides, o

Loa loa infection does not alacys result in the formation of
Calsber sscllimgs, The history of seeing on edult worm and the
{tchy or prickly sensation caused by the movements of the adult *
loa loo in tho oroital tissuss were found to be specific for
lolasis and is of great dispnostic value espocially in tho villages
sers sny swelling i3 1ikely to bo regerded &8 Calabar swelling,

Intense body itching slons wes found to be of very little walue

in lolnsis dingrnosis beciuse it could be cauged by & number of

sgonta in the village wwironmant.

relationship
Itmbﬂﬁﬂnminﬂ*illuﬂ;trntmhm

betesan the ABO Llood groues, the Hoemoglobin gumotypes A, AC,

AS erd lojssis, It ess also shosn tret these s e grotective
of

“mmnarnmwﬂwtnm prevent by

-MN.MWWityﬂfwm. Thorefore nons of
Whﬁlmuﬂn
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APPENDIX 1

i

Staining pmwm;*l of*Mf, loa with Giomsa stain

0 ml of distilled water adjusted to pH 7.2. w5 mea sured
into & staining dish and 30 drops of Giemsa aclution (B.D.H.,
England) was added and thoroughly mixed Thick blood films in
staining recks were immersed into the stain mixture for 20
wmlnutes. The staining reck containing the slides was agitated
nently at rogulor intermmls to reveal tho hoemogplobin from the
area of the blood film,

Aftcr the staining period heo clapsed the stalineco
blood films were removed gontly from the staining dish and
immorsod in e dish of Lap weter for about S seconds. Tho
slides wore then placed in a semi-upright position to drein

end dry in air,
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APPENDIX 2

Staining proceedure of Mf, loa with Mayer's acil hasmalum
Materials:

Hopmatoxylin crystals - 2gm
Potassium aluminium sulpteto -  S0gm
Sodium iodate -  0.2gm
Thymol - Ono crystal
Methyl Alcohol - 10m
Glacial scetic ecid - 20ml
Distilled Water -  1000ml,

The Haematoxylin crystals wero soded into 10ml of mothyl

aleohol and sllowed todlseolvs by constant chaking. Tho Potasaium
aluminium sulphate was dissolved in the distilled water by heating,
and to tho solution was odded tha sodium iodato and hoomatoxylin
in olcohol. When tho mixture was cool, the 20ml glecinl acotic
acid wac eddod and tho shole mixturo wns thoroughly sheken. The
stain was sllowed to satura for about 1 month before use,

Thick blood films wore arrenged with the blood Film facing
upwerds on slido recks after they have been demaemoglobiniced in
woter, sir-dricd ond fixed with mathyl alcohol for 1 minutae.

Tho stzin was pourad on the fixed fils and honted pently with
flamo rn:m o apirit lamp until the stain m to bubhle wp

when tho {1smo was removed, 1he flaelnn progedure was repested
sovernl times during tho staining which losted 1Q minutes, The
alices wero washod in running woter for about 2 minutes to blus the
nucled of the microfilarisg. The alides were then pleced in a

thlEMtﬂmﬂﬂﬂiﬂm?
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APPENDIX 2

villsges visited within each division snd the overall
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E prevalence of W loo-among tha school pupdls,
e e
g VILLAGES VISITED
Womk in F an 3
Ipetu ¥ 2562 26
E Ashipa 2 186 20
| Ibodi F 124 15
; Imasi-Tle B 145 1
L | Esa=0ke S 137 |
A TOTAL 06 72(7.94%) .
Ogbagba F AF 0
(kebare ¥ 1 4 2
Apomy W F
Rwo o &5 3
= | Ilobu 2 2 v 3
=] Oalo 5 1y, 1
L | Adscunlo 5 90 0
w] Iwafin 5 g1 1
O | Obada b 74 D
TOTAL 914 1a(1.59) ]
-'-P-—-——-n——---—r—-—'-—"_'._—-i—-
loore o 107 1
Isevin 5 248 3
Ipapo 2 116 2
Gbogun u 152 z |
Ipoba 5 . 16 0
O] Filairt 5 91 0
>1 Fashola 7] 'Ii]}" 1 |
o] Ahm b 20 1]
Bhekc i ] 136 2
Kishi B a1 1 l
TOTAL 1195 [ 13(1.04%)
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l APPENDIX 3

Shows the 1ist of villages visited within soch division
and the overall prevalence of Mf loa among the school pupils

s -—FTH--I-_--T-I—-—-H-__ -4 - -
o VALLAGES VISITED |VEGETATION [NO. OF PUPILS |/, OF PUPILS
E EXAMINED WITH ME_LOA
r—- * - e = Y et — e e
Igba FF 113 1L
Odigbo + 102 11
© | Ne-Oluji 4 124 T:
: Alade i F 10 15
o | TOTAL ] an(a.us%)
ﬁ-_ _';=' = 45 :
Obo T 169 . 1
Emuro ¥ *3 2
Erindn 2 124 |
IkorTre 23 50 2
= 1 Neawe ¥ o 5
. | Harm ¥ 8
e Ay F 144 0
T kole = 17A i i
TOTAL 1084 31(2.05%)
r_ —+_ - -+ S m— l - :
Amurin 23 B i
Ifon ! ¥ 5 1
Idoani iF | E‘"'" !
e Ipelo H a2 1 q
Ago=Igbiry B 123 0
- - 117 0
574 4(0.7%)
4= o
1.3 n
S0 3
128 8
X2 7
15 14
206 0
&5 0 |
973 S{3.a0) I
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APPENDIX 3
Shows the list of villages visited within sach division
lEl and the overall prevalence of W loa among the school pupils.
s . 5
VILLAGES VISITED {VEDETATION |[NO. OF PUPLLE NO, OF FUPILS
o LIII-——I-—I—I—I
'————
Enba Obal omi FF ay 1
| Ododa AF M 4
Ordile=Ilugun HF 24 3
Abotan 23 120 1 O |
| % Ol okomo i1 5 105 0
Ims 1 b L 0
TOTAL e e(1.01%)
Tilpe ¥ g ) 16
lahana H | s 11
Theaky F 7 < 5
Ajilete 1; 177 13
E I'_]*-'.f""li'-l.'- a9 04 i
2 AlyQtoro ¢ 130 !
Q Aford | & e !
' Asorm b 2 1
Ao W 4 L 2
Ir'i..l' 1}" i .Ir-'-'-' 3
TOTAL | 1218 5a(a.25%)
122 aCe 4 o —— 4
i inabule ¥ 141 :
Iroko i g s !
Looun id 101 ‘
Noanren H x ]
Lalunon 21 1:{] 1 4
é Enbor ¥ 108 'p 'Il
F n | 6 /. L4
E_:“";F 5 o0 { U
1l'. 1 l*ﬂ-.""'-!"'l"l 0 120 0
TOTAL 3=3 6(0.6a%)
h l_- — -_— —— — ——
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| Shows the list of villages visited within each #1.ision
and tho overell prevalence of Mf loa among the school pupils

4 P-_—-—l - - C— -—-----l-l
VILLACES VISITED | VEGETATION | NO. OF FUPILS W0, OF APLLE
EXAMINED WITH ME _LOA
I =3
O ur=Owe F 214 6
Omu F 77 7
Ala FF X .| 0
Wobalulon FF 18 o
' Ioowa F 31 1
Ibofun 2 2 75 o
1 Ooosa F ! aL =
Ano—-lwoye FF 126 d
M | Oru/Awa 13 <P ) & l
Jﬂti‘juﬂhm; F o 3
IjEﬁJ—Ifﬂ 23 o f
I jebu=Inbo w 167 r
Odogbolu F 73 5
Isire ¥ 38 2
Falalormu i ¥ 20 2
TOTAL : 1127 2 (4.61%)
— — ._—Lr — - -
Ihititun F 1-:.-:‘] 7|
< | Ayo 23 1314 :
% Igbo=Tako 43 106 5
i Moade i e 2 |
Coak obo VW 93 -
’3'5' Kirihn W 20 .
TOTAL { 650 (a.20%)
— 1 = -—i
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Appendix 4, Mosgquito cage containing adult mosguitoea,
T uooquito pupae werd trenafermed daily into the
bowl inside tho cage.
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WL' 51 Kilner jor fitted with nhim‘u:u;i polystyrena for
el el the laboratory myintemance o arvig and pupaa of
Mansonia africana. (G6ome larvas are attached to

- .
tha polyStTrEne .
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Appendlx 6} Fiash tank Mfor breecilno Wbnsonls alfricamna, It
. - T i e et
Fillod with pond motor and sater lettuce =
stratiotes ) to which larvae and pupaeg qf
M, africana attached,
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fopandix 71

Fish tark coverod with mosquito net from which the

S R
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