Malaria research in Africa:
new approaches (o vector control (**)

The sutistics rogarding malaria throughout the tropical and. sub-tropicel re-
gions of the world are horrendoas, penistent, and ceruinly demonstrate that it
is the single most widespread vectorborme disease among the. people of the
developing tropical regions (Table 1), About 100 million coses occur annually.
It is etimated comservatively. that if minimal protection i to be providal fur
60% of the populstion st risk in 1985, which is estimated to be sbout
billion people, such protection would. cost US. $2.9 billioa (McEvers; wm i
year. Such an expenditure fs & major burden 10 tropical developing coumzics,
especially in Abrics. For lastanco, i the Gerlra province of the Sodan, which
peodisces — throwigh & major irrigation scheme — abous 609 of the country's
cxport camings. thoughy comon peoduction, a budget allocation of USS. $ 40
million was carmarked for malaria control‘over the cightyesr period, 1976-1984.
This budgetary allocation represented n per capira investment of US$ 17 fn
malaria control alone from @ population whase overall per capita income is
only sbout §112.

Sach an invessment fn malaria control is undoubredly heavy
commersurate with the high profile this tropical disesse occupies in the topical
developing tegions of Aftica aod the wodd in genenal
vectorbarne tropical discasen, have scsious social conseuences:

— They cause high morul mumi.nyma.emu
They cause long-term debility: development of ssemia due 1o mulisla
Infection, imguiring the pmh:uuity é labour, lowering the qualitative outpat
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Taser 1 - Malaria sitmation i all endemic ares woeld-wide, 19651985 (in millions),

Nuzsber of people Al figares Eusimarer
1965 1970 173 1980 1985
1088 191 13 L
0 a0 %00 1021

4 m n s

of workers due to their impact o intellocrual fulfilment; and leading 1o Tosses
due w ahsentecism;

— They cause waste of curreat resources invesied in health care services
(especially among the young), education, and agricultural production in the rural
arcas,

‘Thus, the control of mal
development objectives in Arica

The cost of malaria treaiment and control is colossal aad persissent.  Consi-
derable rates of sbacntccism among malisious school children in Aftica, scholasic
resaudation, stunting of growth, and impairment of normal growih and develop-
et due o malaria in bigh endomic arcas make the educational sysiem in
sural. Aftica. relatively incfficient, while ducation as 2 whols enjors- n uaprece-
dented priovity in nadonal development, utilising shout 40% of governmental
budgets in most of subSaharn Africn  Among primary school chikdren in
Accra, Ghana, for instance, a study reported by Colbourne (1955) indicuted that
the high rate of abscnteciam during the peak malaria sransmission season was &
mafor factor in the poor perlomaance amoogs: the severely infected children.
Tt will therefore ot be possible 1o wise the productive inpat of the rural com-
munity in Aftica without an. cffective, sustained, longierm control of malaria

Yet, the conventional. methods for malarla control are so inadequate. that
they cannot either reduce tmansmission of prevent repested infection oa a con:
tinuing bass,

s secn very much in the context of national

Current malaria comirol stratcgics

The control of malaria in Africa has reached erisis proportions dug 1o
development of resistance to convemnional synthetic fosccteides, navaiability of
replacement. fnsecticides without resivtance problems, and the dovelopment by
the main malaria agent in Africs (Plasmodinm falciparuns) of resistance to chloro-
quine, until recently. the main chemothetapeutic anti-smalacial drug used theough-
oat Alftia,
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Resistance of the main mosquito vector of malaria in subSaharan Africa,
Auopbeles gambise complex (now known to have 6 sibling species); was. first

parts of West and East Africa (Brown and Pal, 1971). Since then, one can
state that dieldrin rosiscance fs general throughout sub-Saharin Africa.

Resistance to DDT tock much longer o become evident, Indeed, it i
known that imsofar as mosquito resistance to DDT worldwide is
DDToresistarce develops more slowly (Beown sod Pal, 1971). The fise DI,
resistance case in Afrios appeared 20 years after ts use a8 @ residual imsecticidal
speay in buman homesteads, in 1967 at Bobo Dioulasso (Burkina Faso) and Thies
(Sencgal). Part of this slowness of DDTacsistance develapment is due to. the
behavioural choiacteristic of An. gambise mosquiroes of becoming bighly frri-
tated by DDT and therefore flying away from sprayed surfoces (such as walls
of houses) and fiying towards the lizht, thereby cscaping from further contact

Moch of insecticidal resistance teported in Africa (and elsewhere in the
tropics) i & result, pot of direct. malasia control by insecticdal treatment, but of
uaselated control of sgticultural pests using inscesicides. For inance, in Egypt's
Nile Delta, dicldtitvresistance way reported in 1939 in Anopheles pharoensis,
the main malaris vector in this region, in spite of the face that oo residual
Bouse spraying bad yer born undertaken. Dicldrin-esistance was in face the
teslt OF extensive: application of torsphene and DDT far the control of cotton
a0d tice peats, Similarly, in 1965, diekdrin sesiitance accompanicd by DDT:re-
sistance was detected in Sennar, Kossi, Managl and Gesira (all in the Sodan),
all due 10 agriculural insecticides. (rown and Pal, 19711

Such uncoordinated sctinn, between plant protection practices and malaria
conrol. campaigrs, have led 1o well documented near catastrophes, apart from
Insecticide.resistance arising in hitherio unexpected fashion, s recorded  above.
Most of these are related 1 the developmeat of large irrigaticn schemes in oeder
to increme agcultural production i Africa {and other tropical countries).
In Kenya's Abeso Fikot Trrigation Scheme, foc instance, the application of dime-
cron {an ergnophosphate insecticide) 1o contsol rice - stembocers resalted in
Killing, almost ll aguatic life in the paddy fields. At the same time, there was
an encimous tesargence of the principal malaria wector in the area (Anopheler
arabigresis), which was ooe of the first re<olonizers of the paddy fidds because
of the absence of Iss normal predators (Scrvice, 1964). Thus, the integration
of muh agricultursl schemes, involving plant pratection activities, needs 1 be
integrated with those involving malaria'cantrol, and wice versa; this is an importane
part of the siruegy 1 control vector mosquitoes in such & mAnner 45 o internpt
malaria transmission on @ continuing basis.

We bave presently few insecticidal agents. which are effective againss ma-
laris vectors in- Africa, except perhaps temephos (s lurvicide) and fenormothion
(an sdliicide). This msjor setback has been made more acute by the emergence
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of chlooquine-resisunt P, falciparuss in Aftica first noted some 10 yesrs ago
but unconfirmed. By 1984, WHO' Malaria Action Propramme was sble 1o

show on & map the extent (o which -resistance had spread in Africa:
covering Angola, Rwands, Buruodi, Upinds, Tansatia, Keays, Sadas, Zaise,
Zambia, Namibia, Gabon, Seychelles, Malawi aod Mozam:

mine) have proved an effective chemotherapeutic drug in the tramsitional period
before & longerrange drg trestment strategy is developed; bur it cannot be
used s a prophylactic because of the potential danger of the emergence of
mefloquine resistance.

The possibility of developing an antimalaria vaccipe is being beld at the
prescot time a3 the ultimate loag-term solution of the malaria problem. Certainty,

aological control of malaria. Bt this approsch Is suill s long way from being
a practical possibility, as cvidencsd by the wideanging NMRI/USAID/WHO
workshop on. the *Immunlogy of Malaria® held in October 1978 in Bethesda,
Marylond, US.A. (WHO, 1979),

We ase back to making do with vector control as still the most feasible
method for largescale malaria control for the foresceable future. What are the
characteristics of vector mosquitoes In subSsharan Africs which have made
malacia control 50 difficalt in the past? The shors answer is o be fouad in the
epidemiological characteristics of the An. gasshise complex, the major transmi
{er of maara i thie put of e workl, atbough Anophles fusates s aobes
alibough minor vecoz.

Epidemiological pevspactive
An. gambise plays the majoe role in the trassmission of malaris, bancrofiian

taken in cespect of those hmuanﬂdﬁnnlﬂlm information neces-
nq- for peedicting beeeding sites, host preferences, and resting sises viral for

ing larvicides (on bresding sites) aod adulticides (in bouses) for yector con-
r:u! Mmh of this information was conflicting; and it was only in mid-1940'
that the firet evidence wae adduced that mdmt.d |h|| the ecologists were not

pathered 1 demonstrate. that the Aw. gambisr in fact comprised six sibling
species showing strking resemblances morphologically bar exkibiting clearcut s
sillsy barsiers in nature. The epideminlogical conseruences became apparent im-
mediancly then.

Barber and Oliager (1931) fisst nosiced slight variations in appearance and
brecding babits of 4 melinic costal vaciety of an An. gambise mosquito form in




7

West Africa, kiown to be associared with saleowater breoding sites. These
distinctions were liter utilised 1o separate, as distinct specics, Au. gombiae =
et ...d 4,. melas: that s, physiological differences in salt-witer

racteristics, and morphologiesl differentiation provided by an extra dark ‘ma
on the pﬂn ‘of wlt females of An. meles and differences in lareal pecten teeth
(Ribbands, 19443, b), These species distincrions were carried fusther by Moir-
head Thomson (1948), who demansirated the fact that An. meler egss are signi-
ficantly larges than thoie of the freshorater breeding An, gambice s.ur., and that
oa crossfertilizing the two species they shawed the presence of hybrid serility.
This resolution of the saliwater breeding species in West Africa nised the
question whether the saltwater forms previously recorded in Mauritius and the
coustal arcss of Eawt Africa also belonged to An. meelar (Muirhead-Thomson, 19511
Crossing cxperiments made by Paterson (1962) confirmed that the East Afri-
can saltwater form was indeed different from the freshwates breeding species;

water form showed that, fadced, the two saltwater forms were separate species
(Davidson, 1962), later known a5 An, merss

The freshunter Au, gambie mosquitoss themaclees proved 1o be betero-
gencons.  Crowsing experitaénts cartid oat in the early 1960 cleacly de-
momstrated the existence of two other dbling species, apart from An. gambisr
sstr. Crossing experiments reporied by Davidson (1962) and Davidion and
Jackson (1962 recognized the separate existence of Au. arcbicaris  Similae
Crossing experiments made by Paterson ef ol (1963) differentially
An. guadiinnnlatas, previously described from the high velde of Transml,
South Africa. A decade later, u fourth frechwater species, socalled species
was found from Scmiiid Foresc along the UgandeZaire bouder (White, 1om),
and scema not to have been recognized from elscwhere in Africa.

This fuscinating devective story was brooght 10 a close by the masterly
and comprebensive taxonomic tevision by Maningly (1977}, which
the 6 sibling species of the An. gambise complex (Table 2, and provided
their essential dingnostic charscterization.  Since then, these distiictions have
been further added to by other technigues: ensyme polymorphiim,  cytoge-
netics, eic

This' painstaking texonomic snudy, spanning over 30 years, opened up 4
sew ressesament of the crological and behavioutal information eritieal o the
epdemiologieal diffezential fmpostance of the varlous compencats of the An
mw nwnpln For instsnce, & :mdy of the dinribution of the dhﬂﬂml

some environments; the 1w pocics may even beeome sympatclc, for cxample,
in the lakeside arca of Kisamu, in Kenys, where An. gembise 31, out-aumber
An, arsbiensis imide houscs towards the end of ihe cool dry season, but the
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Tanur 2 - Sibling species.of the Anopheles gambisc comples in Africn (after
Masingly, 1977).

Netw nane, and wiere faued originlly

Species A Auaphiles gambiss sens sken Gles, 1902 Matech celghnally collocted

in Gambia
Spevies I A, arbicarts Pizon, 1507, Found in seaarid ad arid mom
- C An. quadrisswaluini Theobold, 1911, Original maserial collociod from

sl Ondersepocrt, Souh Africa

A ckes o, oo Thckold, 103, Nuge ochmael, Spaces s, with
Wour Aficen brackicherater brenfing 1

An, meras An. pmeras Donl, 102, Name. »-amw- Specis wanciared with mt
water beoeding sites in Eait African, comtal sones

Spear D Spestos D: el unacsed. Found in mineral water i Dwinbs rvamps

reverse situstion cbtains in the hot dry weather following the shore rains
(Service, 1970; White, 1972}, In conmast 1o the Africawide distribution of
these two sibling species, Aw melas i3 resricied w0 the West African coast
from Angola 10 Senegal; and An. merns is confined 1o the Eant Africsn coast
from nmorthern Naial {in South Africa) to lower Jubadsnd (in southern So-
malia), inclading the Indian Ocean islands (Pemba, Mauritius and the Como-
ros), althoogh. this lactes. species bas boen’ recosded s breeding 50120 km
inland in Swazilind (Paterson e ol 1964) and coasial Kenya hinterland
(Mosha and Subra, 1982). In this Later respect, Maosha aod Mutero (1982)
found shat Aw; merux cha occavionally bread i outdoot isiowater, and cn
even experimcntally biced succensully. In fresheates dn the labosatory. 1t is
therefore of interest 1o find thar Aw, werns and two freshwater sibling species
(An, mmbwuu and An. avebiewsis) wre found in sympuwic assoclation in
cermain villages along the Kenyn cosst of differing proportions.  For cxample,
in one villsge (Jimbo), 96% of the Av. gambise comples masquitoss consist
of An. merns; while in another villuge (Jego), only 17.4% comprise An. merus,
while Au. gambise ssir. constistes 71.7%, and the rest An. arabiewsis (Moshu
and Peirarca, 1983). The remaning two sibliog species of the comples,
naimely An. qudriganudates sod vpedes D, show  paichy sad refics disiri-
bution: the first sposies seems o be confined to Zanzibar, and the highlands
of Ethiopis and southern Africs; while: the second has so far coly been
collected from Semliki Forest in Bwamba (White, 1973).

The strony differences fn distribution wmong the aibling spocies of the
An. gambise complex, conidered together with otber differences subsequemly
found in the differing vectorial capacities of these selfsame species, have streng-
dheneid the conviction that these characieristics are basic 1 the epldemiological
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understanding of these malatis vectors in Africa.  Muirhesd Thomson (1931)
firse showed. that Aw. merus exbibite  lower vestorial capacity for maluria
then Aw. gawbise s White (1974) followed up these pionces suudics by
demonstracing. that the major vectors of mlaria (s well s bancroftian fila-
riasi) in Alrica were In fact Av, gombise vatr., jn, arabicnsis wod An. melas,
even though the lateer was confined (o coastal wreas of West Afica It in
wallkely that, becanse of its very restricted distribution, species D i epide-
miologically. important in. terms of malaria trsnsmission.  Finally, du guadris-
malatas may not be important. epidemiologically eithez, becsuse of jis reported
Tack of antheopophily; indced it shows a marked preference to animale s
hosts, alibosigh it can hite man, especially whea the laier arc clow to cantle.
The feeding behaviout of the different sibling species somewhat follows
the pattemn of findings from vectorial capachty studies. An. gambie sstr.
peefers buman blood, and is pormally caught feoding incide house; As. melss
also has strong preference for human blood, but bites both indoors and ontdoors;
while the third major walaria vecior in wubeSaharan Aftica, An. srabiensis,
s o very opportunistic feeder, leeding where hosts are most abundant whether
fndoors. v outdoors.  An. - quadriansuates prefers animal hasts. Species D
may yet prove a4 pocentally importnt malaria vector, although resicied in
diaribution, a it focds on man both indoors and cutdoors. Finally, informa-
i on the feeding behavior of Aw miersy has only receatly begun 10 be known
(White, 1974}, This specics can readily foed on oats, sheep and cantle; buy
it ¢an alio feed o0 man exclusively, should other hosts be unavailable.
Tnformation on resing behaviour of the different sibling specics shows
st the overall epidemological picture is likely 1o be highly complex, while
demonsirating clearly why As. geibise asw. i preemiocady the lcading
malarin vectar in subStharan Affice  An. gambise 5. oir. is the most cndo-
philic of the sibling species, predominantly preferring o rest In howses or
rarmade shelters, Thiee other species {An. mabiensis, An. quadrissnalstus
and species D) rest cither indoors o outdoors, depending o the. wvailabilly
of resting sites next to where feeding takes place. The two saltwater broeding
specics (An. melas and An, meras) are definitely cxophiic. Thus, of those
An miclas which may feed indoows daring the night, 50% Jesve for cutdoor
resting sites by down (Gelfand, 1935), where they rest in rodeat burcows,
shaded ‘carth banks, etc.  Similarly, while only 2% of An. gambise satr. left
homses sfter feeding, 35-40% of An. merar did 30 (Muirbesd Thoason, 19511
and the latter then go on 1o rest in czab boles, under fallen Jeaves, In-shadked
termite mounds, heavily shaded mangrove and mangrove tress, cic. (lyengar,
1962), or coconut husks {Mutcro; Mosha end Subra, 1984). Tndood, An. merus
feeds mostly oardoors (Muteco, 1980; Motero, Morha and Subra, 1984), with
peak biting activity between 2400 ‘nod 0100 hoats, whether indoaes or out:
If indoats, wnost biting ocears while: the people ace sslecp, and thea
the An. sterus mosquitocs meve out shontly afterwards (Mutero, Mosha and
Subra, 1984). This work shows clearly that sesidual imsccticidal speaying of
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houses ar the Kenys comi may kill off Aw. pawhise ssiw, bu the largest
proportion of Aw. merus population will escape the weatment.

The other maujor factor of epidemiologicsl importance b the estimation
of survival mies of field populations of the individual species of malaria
vecton, The most thorough study so far done in Africs is that of Mutero
(1985) underiaken ot the ICIPE on the three sibling spedes sympatrically
associaied at the Kenyn coast. In beief, his findings show that: (a) the dry
season, popalation of Aw. gambise sstr sustiocd n longer Jife than the wet
sesion popalation; (b) there is a gre
distribution vange of An merns, bat that
ecogeographical disirbtion of his species, the much more widespread An
gambise 337, b, on the whole, the moce importamt vecwor of malaria, in
spite of its vecrorial capucity being 4 times less than that of A, merus (calen:
lated on the bavs of companative survival catcs alone); and (c) Au. arabiensis
exhibits  relatively low vectoria] capacity, because of its highalitude distsi-
bation, where the development of P. falciparus within the insect vector takes
musch longer.

‘The epideminlogical perspective being adduced now since the elucidarion of
the taxanomic complexity of the malaria vectors in subSsharan Aftica b rapidly
#iving us a bettes underssanding of the vector-parmite host transmission factors
that might eventuslly lead 1o more ational intcgrated control of malaris, The
biological cantra! facet of this problem b not yet received much attention; and
efforts ure just beginning 1o be devoted to chis facet of inegrated vectar control
strategies in Africa

Poteutial bivtogical control of mosguito vectors of malaria

More than 1,000 natural enemies of mosquitoes have boen recorded workd-
wide, These inclide: larvivorous flsh {such & the minoow, Gembasia effisis),
which bas boen uillized for mosquito control since the early 1900's, but bas
Iazely declined in jts effectivences in some. reglons duc to the advent of DDT
and similar synthetic insccticides, prodation by other fih, and declmation
by fungal discases; larvicidal plants, such a5 rooted algac of the family Cha-
fuceac (cspecially Chars and Mitells) which exude toxin into the water, and
other plants (such as Phyfolescs and Melis) whose fruit contins anti-larval
pounds; parasitic nematodes (especially mermithids) in larvae, for mmjﬂ:
Recimeravic wielseni; pamsicic prososoans, especially spore forming - species,
wuch as Nocema sregomyiae, that kill larvac, pupae and adults, or reduce adult
longevity; pathogenic bactedia, especially the sporcforming Bacillas thurien-
piensir, inversebrate. predators, expecally the peedasos harval mosquitocs: of the
enus Toxarkynchizes living in tresboles oc other small containers, and fecding
on mosqmito eaps, larvac snd pupac; aod pathogeaic fungl, pariicularly those
belonging 10 the gems Coclomomyres (Natioaal Academy of Scences, 1973).
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Thece is recent resargence of interest in the use of Toxorbynchiter and Codlo:
momyees in Africa for malarla control.

Toxorbynchires is primarily 3 topical genus, which takes po blocd In the
sdult, and taken mosquito larvae and other mpatic arthopods a3 prey. The most
studicd species o far, T. brewipalpis (Theobald), breeds in rreeholes and leak
mails, and has wide distribution throughour subSaharan Africa, where it i
most sbundaat in forest vegetstion, and not in pesidomestic simarions o cult.
vaied land (Lounibos, 1979). The lasier suthos obscrves that this predator den-
sty s in eontrast to the prey density (mainly consisting of Aedes mosquitces),
which is highest in the cultivated zonc. Even though T. bresipelpis has bocn
colonized in the laborssory, and mass production for ficld relewses is now a
peactical possibility (Tepis and Gerberg, 1973), and prey population reduction by
T. brewipalpix o the extent of 61% has been demonstrated {Lawnibos, 1979), this
predaor spécies I8 not likely to be adopied as a malaria vesior reduction option
due 1o the disjunction berween Its popolation and that of it prey, snd the fact
that s mosquitn dit is rather catholic, with An. gembiar complex belng apps-
rently only iscidental 1o its usual mesu.

The potential for the we of Codlomomycrs in malaria vecuwr control is
somewhat higher. The gomus, of which 40 species are known. s widespread in
all the continents, exoept the Antarctica, bot s virtuslly restrieted 1o mosquito
Tasts, casing high mortality in Infected larvae (Laird, 1967). Amoog the mosqui-
0 species it aitacks, arc A#, gombise slato. All Coddomompers species require
i intermediate crustscean bost, urally # speciesspecific copepod o ostraced,
and 1 definktive hast, 4 mosquito larvs, Because of this cirmumstance, it has beea
possible to bave in ripo mam cultures of this fungus, since mid-1970', my main-
raining separate culfures of the Infected copepods and mosyuita larvae (Federici
and Chapman, 1977). So far, oo successful actempt has been made for in it
cultuze. £ this were sccomplished, and because of the obligate parasitic natuze
nd restricted bost range of Corlomamyees, the latter would have a high poten-
il for the contzal of malaria vectors in Africa in at least two possible ways: 13
o microbial insectickde (the way B. thuningieasis tuxin-beating sporss are presently
beiog sied); and 43 8 suppressant of mosquita popalations cn a long.term basis
when the fungos is introdaced into areas i which It was previously absear.

Tha pomibility has been raised recently by the discovery of cpisootics of
An gasbize complex larvae being caused by a high infection by C. indicas [n
Kongowea and Rabai, at the Kenya coast (Oticno of of., 1980). Sampling through-
out the years showed that infection varied between 33 and 100%. This fungus,
and its copepod intesmediate hosts, have been reared in. the laborstory regularly,
and it has beea shown. that the copepadid stage of the intcrmodiate host can be
made to emesge from soil of dried up pools within 18 hours of frs flooding (Sabwa
et ul,, 1980). There is sill 8 long way to bring the Colomamyces poteatial 10 the
test; but 4 good sart has been made.




Condusion

Ii i imperative dhat the direction the current rescarch fn Africa on malaria &
contru] has taken should be pushed 1o the fimir. Tt b mach more scasitive to
ecologieal wad enviroomental issves, the coordination between plant prorection
and vector control, and the long-tange poal of integraied vector and malaria control
than during the era of exclusively insecticids] control regimem
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