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Preface 

Since 1960. the U.N.. :\2mcIOr mien itional !)evelopimeint (USAID Imsn 
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')s2. pIo l iifll~ : \ ;lieI\C Of tIflpitI\I toCii ii le t mcaid to the 
iictIwiik Al rc:,wtiliei \\ lii licm ikC ire ho.-~ i '[trIretre. A"\ tile 

alirl piritic-c Imo Ild Ii AIW 1w , oilIhe natemI1)A hovtlill/ed,2& 

U.S:\I )'' 1eleht. 't iCOi'01retfrnee to ;Iditicv' tile develop

ol iitiilil it 1 i oil',\jpllt 11c olrlli;ri" ftir tirretriie Codi 

'\CIIIIIA l 1i12-Caf itic id Ilii Iniii tillic" \\CI Iltt'lh 
 a PunI ideliic. 

I icf1 11" tIItlLtj"t ttili It' ttIICLI onl :Vja inc tile PaIcific BHairn 

tIll tlit ldIII \nie. \fl[' Ih:icIc :Int Apilalncl.S. Ih diconIi Ml)ctrie 

it)8. I ih i 111d tollI clloeC COMlleerlltiM-, 111;ai In[ Ah lla. criened 11n 
,I) I hIIneI o I A)I in )enICIr ( olcI Iej\ . theso etnirfererree', haveco, 1 I I)NO 

%dcI
I)[, ; t idlt 1lr1iulitI ) Ib lih etc lnril\ piINC 111irItht Ii Ihe tIr'ced hiv 
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li(: Intl' c0tir"iterrnC. aittelltied h\ ptlrtieimtili hoilr 29 Ctnnntrllie. 

ltrtoilidit tioutlier riuliria \\tyrkcir ' rori :tIei l irttle tlitle hited 
sta(re. hIl peiti ()h~jeo Ii' etd the, cOuiferenic \r to corr"Iden thle 
jiierclii~cI 'w 11Cc"liel Ijii hir1rie field 11-il, 01' potet~fial'111d etr~urt', 
v;rcclint', Illlt \\ tiIlvil ho: iirposeti Ii\ jicir erirlrie III :\frIca. Tihe 
tchnlical pcciltor l'er,,on, %Wnk,,hop rent'.ad vaes, dIS
cussedC( InI this hwIIII lie pICn(lL(tdIII theseI COturrleerce proceedlirie. 

Ini ;itiliitir 1tt ti1t pitorinI ta'Alth falitaI1tedilie silititth 11(m\ ol'the 
etinferr-ice Al I,,is \treliit' -,ri~tliI to I)r. lirick. chittrr oh (Iris volum~ie, 

fuiris hies efhurtsI 1o doctritil irportarit jnihorrr11milr airid tiers, thilt 
\\Cre i")ttstered hIld eCCIiIil[t'ti duInrirW (iris irIIIItortairrI riectirr2. 

CIIRIIS M. ('IIANIBERAS 

Anwrfcll'(Ul IirsIifuIl of BlohgiclI .Scielic' 
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Forew or n, ' f ~ 
For over 30 years, the United States Agericy for International Development


has been actively concemed with the control *I 
 " ourIprogram focused on commodity and techncal assistance&,toinational 
'Lmalana~control programs. -After Woild War II USA1D became 
'donor agency in this re Witlte resurgence'qfml iaad the
emergence of drug resistance, it became apparent that new approaches were 
needed to address this miost impoirtant of infectious diseases. Nearly 20 year .s 

ago, USAID initiated funding of research directed at' devlopment of 
vaccines against malaria. This effort, which began at' ai....when many
doubted its feasibility, is now beginning to reach fruition. Aiications of 
new technologies to problems of malaria immunity are culminating ina series 
of recent and'currnt human trials of potential vaccine candidates.a 

USAID recognizesthat the formulations now undergoing clinical 
trials are prototype candidate antigens on the road to discovery of a 
vaccine to control malaria.Although the scientific community has ampi
experience in developing vaccines against bacteria and viruses; we must 
keep in~ mind that Plasmnodiumn malaria is a complex, challenging organism
with millenia of adaptationiagainsi humans and their immune defenses It 
islikelytherefore, that several more years ofwork lie ahead. 

The investmen~t thus far in malaria vaccine development-an'invest
ment in which other donor agencies have shared-is a large one but it 
represents only a small fraction of the worldwide costs of he disease and 
,of other control efforts to date. Prudent management suggest that plan-'
ning begin early for the large-scale; field trials that will be' necessary to 
guide eventual application of the vaccine.'USAID has sponsored a series 
of three major international conferences directed at delineating regional
factors that would affect future technical and program planning decisions 
for field t'rials. The conference on malaria in Africa, which is'reported in 
this volume, was' the last in that series. 

teFrom both operational and biological standpoints, Africa represents 
temost challenging circumstances for malaria vaccine trials. The heter

ogeneity of Africa in terms' of host, agent, and vector mirrors 'the wide 
variety of cultural, 'economic, and logistical considerations. Thus Afiica 
will be the proving ground for malaria vaccines. The'proceedings of this

conerecewill be of considerable value to USAID plans for field studies 
leadingLn' field trials of malaria vaccine. More importantly, the ~confer
enc'e-fostered renewed communication among individuals from various 
countries wvho are addressing the problem of malaria in Africa. 

On behalf of USAID, I thank the distinguished participants, and 
especially the American Institute of Biological' Sciences,'for their valued 
assistance toward reaching our common goal, 

NYLE'C. BRADY 
Senior Assstant Administrator, -

Science and1 Technology 
U.S. Agency for InternationalDevelopment 



Introduction
 

These areC tlle proceedings of the third and last in a series of regional 
conference. onl the devCnloprirct and clinical evnluItion of potential 
nlialaria vaccincs ponlsld hy the United Sl:tto Agency for Interniational 
l),.vehopmcit. lie hrt Colll'iCicC On the stte of' Iala;ia iII the Asi I ndIL 
laciirc ctl \\%;I, tCOti1nel IIIniS,9 the seconl dealt with mlalia ill 
.tn :\ielllcrIct. aiid III third tlnt] plr lt \,iih the malaria problem in 

:.\lriei. 

D)tritre the t\o atld a,halt, Neis sn, tIl l: , tiaItiait c r'iml illCferertce 
I ltu ltltil IIIC her l ,ccll rtpid pli g.-cr, ill irtrr tllolo ic",l resaICIh otl 
n,;Iti l,; tlr ti I:i!,ortt l" Itl ill lid ',tritii ,. tI ' IIts of IlhesC 

'ill\ sII._,+ttito ll Il,hhIr'tL ets', of' new a!rrii ine , I lie hlt\ c pro l r vac i st 
p llci thtt r id he aipplie+d '\tll ;il clliciacy to all Inalauhrio s alreis it 
i globll catIpIicti irllaitr to tie -,lcc'ssfil tldicatio ltprograt of 
in.illlpo \. 

Ilhe ieult" o1ht la I!trihOI\ ieCelrch have had irIrnueIdliatC henelit fora 
clinicil illidcneitiil sties in iIrartV ertrnic areas o' the world, 
espeCI;lIV itt .\l'iic". lie it,\ l dehineMd Illd reprodicilC anlltigell, of the 
sporo/oltlc. bl d ltwcs ;itld .lalletoc te of' I/'1.onodfiuni ilhpo have 
beeun eItlplo\tcd itt sItldie , ot poftlla tctts \\ ilh stal-le and i taunsabll malarit 
;irL ii netsiwithr pereinial aid easltil trartrnilssiorn. The new tools 
hIiV lilC it possible no ilntil :1id ilc tsire the itnlrlheland locutioll of 
infeciveu iild tIOntOcI spuIloel ini individuail vc1to mIo1uOLlttS. 
thns irtakini it possi loo ingrlirlt tihe transinisiont LyaiVcs o1' /. 
/(zIplltill b\ dtitcrnrlii the vectorial Capacity of diflreritl Sibling 

,SpeciC ' of' .m; lwh' 'it the .llste ile. Ies sltudiics have Shown i 
cotsiLhicl tleiit:dree of di\ eusit0\ in tire nIticrocpilerirtltoIg of llaliiria,' 

even itit tie Sarmethen \ilir. 
With tIheX rrC\ llt lhodt, it ih rlto possilhe to deternitn the spotr(,

zoite irlocilatiol rate, togetlher witihe ourC of" he bhoodrrreal in the 
mosquil ,,. lie specitic antibody respirlrses Io the geographically mnd 
Seasonally ciairginrt f'oruccs of lin'ctIOlI Irrhv bCCe ,etstiCli'y gC ad sex 
Of poptliltOll samle-iCs lldC' cCologicaNlly Coll!ristIlg conLit ions. The 



chain' of immune 'rnponsesto malaria infections and re - inifectins in , 

laria parasite hs led to' the eognition of manydifferent i n 
* eitoes Some of these 'appear to, correspond closely, to clinical andparasitologic parameters of P. falciparun malaria.
 

Finally, great strides have been 
 made also' towards 'the betterunderstanding of the immune mechanisms that, are responsible for b]8cking the transmission' of'malaria by" inhibiting'the"development of the
sexual stages of P. falcipartii1 in the vectors. 1):1

Against this background of succes'and promise 'there are theday-to-day difficulties and obstacles of malaria control in the.nde'ic 
areas, most of all the rapid spread of resistance of the available antima

" larials drugs to P 'alcipar,n in Africa. While this species of Plasmodiumis the most important agent for se,y'ere clinicai malaria and child death in' -Africa, there are three other species of human malaria that so far, have
received much less aUention by the scientific community, namely P.inalariae, P.ovale, , and P. vi1'ax,.) Concomitant infections with these 
different' malaria parasites are relatively frequent.

I From all that is known' to date the prospects for the use of malaria
vaccinesas effective'iouls in future strategies of malaria control programs

have remained 
 bright and realistic. However, thepace of developnent,
evaluation hand eventual commercialization' of the accines has, toA e
adjusted to provide answers to some of the new qtestions that have ari,
 

'from 'experimental r-esearch and from new knowledge about the epidemniology of malaria in a broad array of field situations
 
This conferece has brought together a group of scientist 'from

d~fTerent disciplines, clinicians, epdmolgss etmlgsts berom
 
ioral , cientits, health"administrators 'and policymnakers from the nations'
of: Africa and the World Health., Organization. The conference was

proceeded by a series cf significant meetings and cnuttoso 
 hstrategy and design of clinical trials and on the epidemniologic evaluation
of sporozotte and blood stage malaria vaccines. 'These workshops'were

organized jointly by the Malaria Action Progra' (MAP) of WHO and by

the secretariat and Scientific Working Groups of the Special Programn for-
Research and Training in Tropical Diseases (TDR) of WHO/UNDP/World

Bank in Malaria Immunology '(IMMAL), 'Field Research in Malaria
(FIELDMAL), Chemiothera'py of Malaria 
 (CHEMAL), Epidemiology 

The section of the procedings describing country situation reports

contains not only 'the original 'contributions, of1 the 'invited speakers' but
also summaries of the 'transcribed' statements on 
 the 'state of malaria 

W'programs made by national delegates in difl'erent parts of the discussionstt',during the last t o days of the conference . 
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INTRODUCTION-' .'' 3 -' 

I<"'naddition to~the formially,,scheduled meetings, workshops and 
Sdiscussions of the conference agenda, there were many spqntaneous

eFchnge oftho 7gi-andintho-r-matio-n between the. participants'during ' 
thi stay 'in' Washington' DC. Someof these 'informnal contacts have'~
already led t the implntain lo oprative research projects.

'Finally,I haive pleasure inacknowledging the considerable help~ given ~'K 
by the members of the 'orgauizing comm~ittee in preparing this conference ~'' 
and Its agenda, i.e., Drs.' C.Diggs and S. Hoffman (WRAIR); K. Western 
(NIAID); D. Herrington and M. 'Levine (University of Maryland); C. 
Car:pbeall adCollins (CDC); Lopez-Antunano (PAHO); N. Rose (JHU); 
J. Stockard nod J. Shepperd (AID/AFR; and C. Shiff, T. Bender, V. 
~Barbiero, and J. Erickson (AID/S&'IyH). Considerable credit for the 
success of the conference goes to the staff of the malaria projec~t of the 
American Ins~titute of Biological Sciences (AIBS), notably Ms. Dorothy
Jordan, Ms. Noel 4Souza, and Dr. Phil, Winter, who were not only
4responsible for the'smooth operation of the logistics and administration of 
the conference but who were always concerned with the well-being and 
comfort of all participants. 

Gratitude is expressed also i Drs. Beausoleil and Wurapa of the 
Africa Regional'Office of WHO for their active support, encouragement,
and scientific contributions; to Drs. Najera, Molincaux, Goriip, and 
Martinez of WHO, Geneva; t&' Dr. Lopez- Antunano 4of PAHO who 
co sponsored the conference; to Dr. Campbell and his colleagu s of the 
Centers for Dis' ase Control in Atlanta and in Kenya; and to Dr. Chulay " 
and his staff of WRAIR whose help and contribuitions to the' conference 

. 

2- were invaluable,.-
Thecompletion of the proceedings within a relatively short time 

wou,,) not have been possible without the continued assistance, advice,.
and cooperation of many individuals in the United States, in Africa, and 
at the World Health Organization. 

Last but not' least, special thanks are due 'to 'the editorial staff of 
AIBS, especially'to Ms. Elia Flanegin for her competent, efficient, 'and
 

~.-,gracious contributions as editorial associate who had to carry:out her
 
work under great constraints.
 

ALFRED A. BUCK 
4.' -Ed1ibor' 
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SKENNETH J.BART 

~\~~mng Adres ar 

I would like to welcome all of you, as well as to add the greetings of the 
agency's administrator, Mr. Peter McPherson. Wd'view this meetiing as 
an extraordinarily important oine. We are' pleased to sponsor it throughj 
and witlh)AIBS. Your attenidance here todey suggests That all of you share 
our sense of importance of this meeting, <* 

This is arather unique time. I am sure allf you are aware that we are 
on the verge of having a prototype vacciiie'for the sporozoite stage of,, 
malaria of Plasmnodiunfalciparuln and asimilar preparation for'Plas11no
dinn vivax is not far behind. The pace of the research on themerozoite 
stage has quickened. We find ourselves with candidate antigens that are 
going into primates almost faster than primae scan be made available. 

Preparation is under way for phase III field trials. These will be
difficult. We will have to deal sys ematicilly with the varying epidemio 
logic situations that each of us fP<1/in designingthesetrials. Furtherthe 
kind of researchIthat needs/1,.1"0e complet r to bringing antigens to 
the fieldis not yet fully enunciated, and hopefully some of those questions 
will beclarified at this meeting Q 

We are in the penultimate moments prior to the selection of suitable 
field sites. We look forward to your thoughts and 'assistance in this task. 

Thetaktha we ae undertaking is no~t only complex, but there ismuc 
data that we alt do not have in order to describe apath for the next several 
years. ',, 

Again weicome, I wishus:a productive conference. 

f5 5 , 
7 -' 
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pen ing Remarks,. 
CARLYLE GUER A DEMACEDO- ' 

Asiregional director of the Pan American Health Oiganization (PAHO), I 
ami pleased to be here with you on the occasion of the, third of the global
series of conferences on malaria vaccines, 

In '1985, the World Health Assembly expressed concern about the 
adverse eleets iof malaria on the sanitary and socioeconomic develo 
mient of many tropical and Subtropical areas. The member states of WHO, 
recognizing the need to coordinate "efforts in order to forestall the 
deterioration of the epidemiological situation, have already started to 
mobilize national and international resources for the in depth review and 
critical analyses 'of the trends, causes, and risk factors affecting malariaatrer
transmission..; 

Within thee:gion of the Americas, aprocess ofitratification is under 
way. to arrive at a better understanding. of the actual situation, a 
determination of realistic objectives, and theselection and development
of suitable and affordable methodology for prevention, surveillance, and 
control of the disease., 

The 'planning of antimalarial activities is'now perceived as a flexible 
process within the national health systems. It seks not only to ensure the 

" 

application of increasingly effective prevention and control measures but 
also -he 'advancement of the progress made, utilizing all possible intra
sectorial 'and intersectorial resources.' '' 

But there are' still "many g regarding the k l of the 
longitudinal trends of the malaria incidence. Notification to, the existing'
m~alaria se'rvices does not give an adequate picture of the importance of 
the disease and in certain areas it is insufficient for a correct asses 'mnentugah s knowl edge rof the malaria situation. Moreover, it is imperative to validate' and 
evaluate all the available prevention and disease control measures to be 
applied in the field, in light of their, epidemiological justification.

Imniations are, and will remain,' the 'main, means 'for cnrlo. 
n any coil municable diseases. So far, the 'em'phasis has been placed Oil-

reducing morbidity and mortality of those diseases for which vaccines are; 
readily available, well tolerated and fully accepted. '' 

9 
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"~' I ~~:~4' Irbve Guerra deMa Afc4o 

strLgie fo maia ccine deve'lpmnent h~ave altowed us to
nitke signific~lit Pors.We have been abk'to identify, and caatrz 

protctie p 'raienign, 'ne 1 (.oi'respodng genes jt andl tbeirexpression inl bacteiria,"aa 1y*z their 'nucleo-iesqecs n reproduce
S4t& ain iii~ct sequencesofteecddmlu s,o. and ~ i 

ilcan~now-J5e,7producec~b gnetic engineenngi Tb-~ che mIcal1 

4'Ante iprant braktugh ~isjnat the most expos'&d protecte<plasmodial anti t 1the immune' system are no bd~eing dniie i~
A' C 'VO 
 idenifi d 'ind'three main "m a~iii~riavaccine fare being developed'>
spooziVajccine that-i ul effective, would preventth

successfl estabishm'ent of pla'smodiat development in the host nd

thus induce' steril, immiunity. 
An asm~al' orythrocyti&' stage vaccine that is expected to induice
immunity by restricting the replication of as.-xual blood stage a
jites without necessarily inducing sterile immunity. Consequently, itsfunction will be to reduce the morbidity and mortality~due to malaia.misran ockn.immunity induced by' .imiunogens fr rn" 
gametocytes of the malaria parasite through the prodcitin'f spec~c
circulating antibodies: These antibodies could block trans mission &f
the parasite through 'the mosquito by interfering in the prgnic
development. 

Although several aictivities. have taken place since late 194,t',
coordinate specific tasks for- the development and testing of the malaria
immunizing agents, we think an additional effort is still needed in this

regard. 
 jK

Malaria v'accine research is progressing rapidly at present and there,/
 
hop e litl 
 doubt that the forthcoming malaria vaccinsofIe d jstifedhop fr heimedatftue.Hoevrsome problems adobtle.remain, wke still need to~carry out 'a series of human trials, includingindividuals: residing in areas of natural malaria transmission. *Before
human' trials can be contemplated,. three main conditions mnust be met:First, the need for the vaccine' should be' established and its feasibilityK
irealistical y 'assessed, Second, the reguilatory..authorities as welt as the
prinicipal investigators and'their colleagues shoulld be fully satisfiedI~vith
the results of preliminary laboratory tests in animals; these'tests should
provide the. necessary information o6n the safety and "efficacy of 'the,vaccine and a clear indication of the potential benefits either to individ
uals, the communities, or- both. Third, any human trials should beconducted under the auspices, or with the agreement of, a nationally andinternationally recognized body. As you all know, biological field trials pose special problems that need to be considered, in relation to contem ' 



()liN " i REMARKS II 

poiar' eth1ic'al co.1ele,, -uch as the 1964 Dcclration of l-felsinki, which was
revised M 'he 291h World Medical Asseinly held in Tokyvo in 1975, and
 
the R"port otdthe linte-imatiotlr Confe'rence ol the Role of' the Individual 
and the (ollltvllllliVN In1Ic lcw.larch. Dc\ClopIrctlt. and U e Of' BiOlogi
,ai, v,hich took ri n,.G c a in 197,. 

N' the ecCthr dilj,ll', NYCnIet. 11ld C\'.k';]I 2Ow, llla ivja vaccineI OF 
vack, nI o'", n,oCIi he ic 
sttudies 

't all s c,'.al. thle asI,epidenmological 
uItde on lie d Il,tlllc,, ,f t, iiism iii ,vMlich arc indispensable 

Ior the t i\l Iehlit;uable,\killl\ 1'., the flectoed counllics. 
()[nbehalf of l P.l(i and WIH10. 1 \.aiMt to iVC 1i1 \valrmest 

ilrceliluie, to t dllgt l,,l/,e V;ho aile hoscientists i'ing oLtr A nicrican 
colltiilellt \\lli ltthui, p 'CCllcc. 



Opening Comments 
CHARLEFS M. CHAMBERS 

Thank 'oti \ cr\ much indecd. Dr. Hart zind D~r. Antumnao. And thank yon 
too, IDr, Niacedo. I'mxou \ Cf\ hICIlpn andI intorm-Iativc Openjntg Comn
illc[It'". I lil\ c iic\cI. had :ht. pri; dcpc oF Iic agenda '. \ithlul sonliconle 
hlill-Iit. hC ciiICtt\ tot caPl 11titC on 111c, anld I ippicc:it Dri. Hart's kind 
suiggestionl thait I 1nut.'ll lc\ c\\ III; liltic null dctai. sonic oft the 
ha~ckf-,iound iIit litr lcd lo Ihis nccl11.1 

I'C Ilei add ntmo!1crcd CClcttnlc oll hall of, 11wc :\iiciic;uii Ijisiltijic 
I-n .,di~iLt Ilic Iliiio.- al (,onfccc onlSc iucs Io IIIt. Third 

MI~ili~ in Al& mitld if[ c ito han11k cch mid c~\(21 v o oi'c ouioIII I \\ 
C01ilt2. (I)ti cr11 orItIuc III this, ttILC11ii2 is \IIciii icuidancC andI 
p'ttii paitit. As \ c [Itlilmwdil Ilic >siui itd \wilops, o\ci thle 

ilet Ic ud o 1i p~t Is. \\ C lht\ C I tcd 10 o'I C a1111\1II- hli ic a t Hnul 
CIcthlIsl pci.otiill hotitil htA-\\ CCII pceoplc \\ith dillcicii rcspoiisihili

tic- III dithctit ()Ito :scllndh1lcaitiI C;lic hciI\ ci.\\'cWCeel these 
homk eiic it)c cikl-til ic dri;~itit Cic cii I'" that Ilc Coiing oth 

olit klh7I~tlmLti\ tilt) illic ticith. ()Ile of1nm 21c:at plcituics InI ;iddicssiuc2 a 
tisttttp such as' 1111, 1" to ickttw leth!c the. ii i tf\ ntlportailt ceiil profoun11d. 
ChttIiiihiiiiiiiis JILiatc t0 tfil' MIt\cl efl'oit ocr ittlin' rcent\el is Dr. 
1,tthIletid I \Wtl ikc C\Cd hii' I-. Brady and Mr .lnh 10t tenth \01 o 

Nlclhciumnthe siiliccic ;tppiec iaiiotlI omii Institute11 and the lifesiuc 

h~ipisite tdIiik[ ,t [01i111ci ;tdnIIntration cic ptat1'lii" ]thisll 

it~~ ~ inIit-icwtti~~~~l \orld\\Idilicaulth piohici tat uiilarlu. It\\'usincii 
Ill tpauiciliir sWItiiiicaiilt Ill that. as \otil ilC ;i1iit. ilia I" not1 all 
cintheuiic prohicit Ii tluc uiltcd tae.Inl fact. \we Iua\; HUMnV chlileniqges 
Ii \\oiklmt2 \it[tli m owni ictvctiilicnt onl tHc so-called orphan diseasesS and 
\atccincs and 1i\11n, to mcci thc niccd that Is there(. It Is a tlcmlcnldou s 
credit to Iic Agcite\ tor Ifit -I-iciatiowda lDevclpnicnit (All)) iand Its sCci
1iic coniiiiII\ aiild diplomaLtic ICadenh-Jip) that1 this" pI)Ian';I has imadc thc 
piogcss thi it has,. and or01that WC reCmain1 InuChtI t(o ' o01. 

I w'ouild ilo Iikc to rccogmice thc iii\aliahie participatilonl oh the Panl 
Ameicanc~l l1caith C rgani/ation (PA H( ) through Dr-. MccdIO anld hliS 
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colliie'. lw I t11 .il rid ofu IC Oeiie WCel V 1, Illt- oeIII'CreIICC, have heldo 
topic. 'Ilic wCtOIld v lihed aliuai *\ Cal- ag1) if) Fl. k auderdae. Florida, 
iti Il\ )1l\ II sthdi Alk;\I ij;r. Noith. (meirl. od South:. \i~c relied 

\C[.)\ nict l\il 1n1,01eltilp \ II OWt \Ie\\iII tlv l i .\ ilaehi iI f li,\tiAMt' 

%%.Cih~olii1 Ilin t'\pC1I i'e \'oilid -till he helpInI)I. WC' lad OiiiinaIf 
Jpi:111lhck to Ilbid till, 11CIIeeti t lie 1 ilie A ,l\1I() L I', . it (aIII](d( oLH. 
Ilhl l oM l .' i \\ ;v a (il Il( l o u(i\\ll III i1ltee l, iheion Oi ll0W 

i1)1112 \' ( 1 iih I0(1IC .i Ji)ltjl il ijiOi l Ilt' 11101(2 theyi, 'aid Ili" 
Illltt'ifII2 \t OlHM 1- ' (- t11 'm ilemhic Ckc tnlilll AI() 'unit.5 Alter 

liketl i t'kIll.K tittIll tIllliiA\ 11(. hit t OOiie ia 1*0(1teleraIll le 

10 fill :1l lt-bullsl I hpillIt\-\ll It Il\ :1)1 l ivel hil l l) IOI '. lares 
Shtpprd te \,(II) :TI(2cI l Peskt'ilaild)lt fiet \%m.selidSlockai 

Ilscil n St 1 iii. 'I \ lst\ o I lk-I and ti1)1. LI ,\Vs rn Nmil1. I 

\\OIld ilk 'o )1111 I i tt1lIo Illt 11jlil aP01201 1) 15tl 
il Il i 2 llltl( fr 111C 11lC!tiIl112. 1t c c dAl) ilIlga 
fie'ia 10)Ihese 11,1110',i1Ol111(2lill111ils C relehet Of111(1 tlte liIDF. aX's andl 

hwa~ tofle 'ile von.Il11,11 Witdit vonshai 01* fiea AD ge"ClCyarl 



illptlt.ISWC put the priiuruaIi together. ''%\(people v. ho "peiat tcl'lcl
dolls amlotint of tile on th roaie \rec )r. Al itck aindd to accomplish thi, 
l)r. ('livc Shill. \,hon \oilIhae. lit antl will he Iwlctinc hue. Following 

;tC:IO'Iz' tl ,"ttin~l 't roiich . . i d \V c ,,t A flp pl D~r lIt-k ho r- r ic ai:illdD r. 

JIul'I ttloic :iKi;-1 . A\,l1(. liat ".en, Itol:ivc heen fairl11 tooddivision 
,telofIt.
 

)u tilhl,\V i' e al', ,,t ldili shioiih el-, of our I i ; lersin this 
tiulli llItl,. \\c lii\c Iciun ltfilio ilie it\ etu olc inDtiili. ,clicr llectinLws, 

It. l otld'rdktl1( h the e ri,-,;ttll the len._liicil lllecticlu \\hIch \%, 
luid a coiple i \ e_' 'o in lii. deading w%ith the prolic I ot ill.lrJofi' 
in tile lalcit. rim mttis,. lit ,4llhun\\,ho his- s.ere tMl ll our,on of 
Ct'&h tte , 1,thl .,,+_' of i h it irst et'ctjIt'In is )r. i'.\\ iieurs, \\",i,, 
SitddiIti. \We look to hitol ,, the il;utll of, thcs,, iilcctin ds.ti lt 
\cl \ l;d it)hiu,lthinil \ iih tl'toilIaix. 

lanx of tll: ill tr il, thil voll h ic,lluli\ of thelicttcr' thilltVoni 
hv;1 cccix e .lit launtIt,1.,C the t oii,ii thc hold, etc.. ale. 

the, il ire %_r\ wvho his 
donei o flllch it)wi ,r i/c i, net't-'in, :id ma c it oneC iil\%ill fild 
enox ale. til . Hilte.reili ,, helebnefits,, tti, \ork o cl thc net\t I'cw%% 

otf C. t \Mil. If oC.t We aVc proitl of tihe ,tial 

tlai\,s. ,pciticll No;l nii,, beeIas intipell blethin coolrtillill41 
doil, ;lludh1,i,ti.1 1Wtliith Ctelep lhn ;itl tlcra t a , \ ll is 

t eQlm/,< ti[elai 
s\lminiieil]l et ii 111t ireaill% ditm\ i it i i iindlolius 

c'er\ hili ontlliu til'tce oti . Slut. hi tl t oincd t oI+r 

ll illl of'lskill ant 
thicilc\ ii lll;iiwil lixll\of the tcleails of thi, ilceline. She was 
'i 'th bx 1.i Lcui, i L!Ilmolc ;ubotUt aill tilet I0.thi,x,ho le;inngli d s folrl'+ 

t\ pc of ni u Ih' il 1 th 'iialtcd \ the plroict tlirclor \itlil 
:\ lhftilt ixxho li. thS tea\ to tia' rt-esiiih0LMilitx 01 oCri',ecine, tile 

,
I++',Llli 11ic"C+lic llinT,,.
ill1,tr 'Ilh:d i ,ix I)Dooth Joit ,n;miit likeI \w utild 

10 l"Ced1l21i/t luei il'i. 
:\, lhe prixt- Ic ill. [tIi-s n %\ ll \Cr\ siunilic;1nt pist.c i Iolf,\ ill! 

o11t of the liiltl;il \ xxil thceC elilc;ll h"teed uii _ns irtl ilto the 
fiCl. \t- ixkC Ih -\, ',nexio pei ,oli \li; dCvtitlil seilt tfl to s \\ho %killbe 
p:hiningntllit ,nlic iiL thclinic:il tsting p1ha,. Tlhi is, person ,hol0 I 
hope %,,Iu to10oule to kno\ iuch etiter through this,\ill li;i\Cci chanc 
licC!lie ,inld"oollce \kho \%ill definiteix he sta in in tou.h with von il 
the Illor;lt ) ilsad %car" litl. I xouultl lil, to imltit lilce )r. Phil W illtcr. 

\c ilso ivC rCM entliitiv, o1 the pe,, \\itih us,. 'llroghullI the 
llectcil,,%o! ma\ ld \olil-2lI in,llippioacuetl andilllitcrvicx ed b\ one 
peloll oi ,lther.Ms. IL;iira 'lT clv is ai Clnior etitlor ol 11 ,1ti ille. 
lii,Si'ium'. Mxild, \\xhii\e tiiribiuted to von. She \i!lbe aitailable 

-
throulitlil teile n tcclinattviritons tilcs. Mr. lo:e cc -uih r of the 
lu.%hitii,:lm l'o. / i e,\peted. Nls. Nane'v Toinich of L.S. A1h'dmiin 
Rcporl will llso be with us. We Ilopc thait oit hlav Ichance to talk with 



sofllc ot, theim anld shilc %()Irl \ic\ s alow% hat is happenling in \oi 

counZ!ties and. %thaltisi pitietilam Illetin2 InleaFIs to %')t. 

WCe nIl;tdit specmWi t101I to shi;e-\% II \ oil the Jll\ 'Atiemm'st 19~80) ibomi 
ult66I icm Fhic c(,Cu (he. I think, Is \ Cer\ itppropum tie. It Is it satiellitc 

\1 \ lc c C ii'~ I-;l timocp]ioit illite ittl: 111[w" ole ii fittl i l pkim I l Ammcm'11 

iliti)icItIuIl\e \I\e iN,. iti INN! tl' ie jcitllut Sli t~tii s paou til 

\ l i , 'tlil\~lc~L iotlp 1iii! %%I')l11\11 o ('I t I iio IlieNIlgill clop there. and 

tol i pceiiiclii tt mmd l t iate 'lk i mmo.Il~d thl vie 

klhleclkI itm IIIt~u wiuitm ie.I till etillilld O time 't101\ ol theCk it e lth 
JI)CIstt \',litlttttI)IC~d hi'e;i[Ihl\ tel e t ) his ilCm vemml\'h k'ite Iltt\ l 


Ac\te')bIt \a -Icdd1 ithetilc> tit h%~ici Peterl.
S1. lie 

Liiuiili~ttt~l\\ ci. I 1!fllei~t Ill111Ci lii ilw' a t ho:i citetim 01i~ti 
hl. SI utel.Ii fl 111 11 , iill Ceujilli \CIAPctt' :10 .10 ltiClt areil 11 it %a 


\Ci te IctI li il .ttt/t t'll. I hlelCHlh\ ccillcedi hit pni/ihCe. hilt Ile
 

l\ thte 1 1, !1~~i~ hi It iitli~l " pio e l \\; %it timer,Imdtt \\ei titl tmi. 


I et Ilict till\ll OtHl \ i HI, aIl 11L. Ilh \ II ,ih.u h\% oNllt a -, stopci
 

tI\ Iclk. t HIt l % e 1 1elbtttiriieu ci
ina l in llI. !,) , cl I C ci Sit. ":IdcIi 

C 11 tli-'Ic. \iI ii Il i111it. . ieall \kdilLM oiii Mot llici 

ilii icd l 1 NIN11., %1,111 'CIu\a 'I l leed tSmeIC wit\(Aii k . I\Cu'.I( i hum t 

del I c itsstimitt Iit\ i eldleI - it]Vlitd. n \ Iillco~ I 'ei he% ait\ 

11Ile ls i e!\ c il 1w1. p't I li th1u . iid i~I ll Il i ii ? . I i ~ppcIishlrw to) S t. 

111111C 1ic 0 thillNili.tit C ttIi\k ild I J 1 N0 1 ie 

\\t ei.\.C I iilt idisl PiN i~t ([,I i - .III, Ili 'lit .not c/tovaol , im t 

it)a eqa tll Ihc I, i Ic CCChid.k iitI td2Nph\ Isi iit\atu lcai' C 

A (-T.u 11 \Ibc Ille uIIaAL",e of tikine timeIclimc .incplkCd.mc d imie all* 

lhlicc idlll itl-1i It fon;ld. to c timehelmet oi mimimlkimmul. Illiut Is the 
hroild picturme that 11:1, uj!jeicel to) mmmcas' aI \%citijitu 'k.1cmnis!. somnmcommc 

\k, til %iCCcilms iN-.cdoiom :11i III- mi icimit till,,pilit iI lllim IllI lie d lihormidl . 

pro cci . 111 cal kla'e ot r I %WH CCij hce IzdVeIJlopeIll Nd mmtcm Ill 


e.g.. clciimcal cihimi(Uttest. mmmd( hecoim frustrated at
I d.Coild Limitc 
ime mmmmd.l\ crs Ill IHeu'MmhmCmicC timat %C , illmmmovimmu thmcse nle\\cInvold 
and fl-ifitastic disco'eric- olut ino tile %Cu henclit mitaklid. INSI grew\rild to 
olderMILam idpcralil" sscr. I learned thlat thce check, and balanc-es wvere
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Charles Ml Chumbers 

necessary; in 4our enthusiasm we scientists can, be overzealous and
nperhapsoverlookmany of the secondary, Yet, important side effects.Further on, I began to feel that there was a fundamental reed to study"

the str.tegS of health care delivery so that the gap between, thelaboratory-and-field divcry Idiihtl ora 
terms of ethical, safe, and'sound medical practices. We are learning

everyday in thisparticular projct that the laboratory has 
 r th
stmige. where the products are almost now programmed by turning the
dials. Not quite, but we are,,of'curse producing the sequenced and
cloned antigens and other viral products that will be very,.very useful for

the entire range of diagnosis and health 
care delivery efforts. Many of thequestions of incidence <'Vithiii Populations, of vector propagation, and of

side effects remain there, but w 
 are finding of'couis, that the lab.ratoryis creating new* tools at a rate far exceeding the health care systems ~ ability to absorblthe.
 

We need to test we need to experiment, we need to try our-wings

with new strategies to move 
 from the laboratory to the field, You areparticipating through this conference and through the things that will
follow this conference, in. a grand 
 esearch experiment to learn, moreabout the methods, protocols, procedures, and administrative arrangements that will enable thescnew, profound, and significnt laboratoryproducts to be made available for the health and welfarehthroughout the world without undue delay.. 

r our peoples 

That venture, that goal, and that experience is what we are for. We
have a mix of personalities and participants 
 at this particular meeting 'inorder to bring together people who doing theare sequencing and the
cloning, who are doing the isolating and assaying, who have the intimate

knowl'Adge of the epidemiological settings and wvho knowthe physiological basis of these reactions, so that togeithcr we can develop recommendations. Those recormmeindat ions can 
 serve as the frame~vork for ourprotocols for extending the clinical and human~trials into the field andeventually developing a profound rev'olution in health care' deliverythrough the application of scientific knowledge.

That is the goal I leave with you and Iwish you well in that endeavor.I look forward to meeting more of you, talking with you, and being withyou at~the end of the meeting as we can measure the progress we have 
A 

made, Thank you very much. 
Let us now begin the scientific sessions. I am very pleased to yieldthe chair, on behalf of myself and Dr. Lopez Antunano, to Dr. Phil Winterand Dr. Kilama. 

i ,V .-
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Iwould lk t n my,personal thanks andwelco 

all f you. Afterl 10ears as projec:t director for-thisd program;: itisthiln 
frniimeosee the chniation of all the research efforts as Wemedf 

to actually talkinrg about{ the details of"fielding(vacceines inthos~e partsofithe world wMeremalaria isendemic . 
I to over wew lfcoet the inAgen forwould like ive yoab 

International Development (AID) has been doing in the field of i'nalaria 
eradication and control, as well as malaria immunology. The blue-and
green book on malaria that you receivedin your packet was published last 
year, and gives a historical account of events and the relationships 
between malaria and the AID health programs.:, - . 

AID has been directly involved in the eradication and control ofY 
malaria since about 1954, and since then we have been concerned with 
operational malaria control, research, and training. Malaria control has 
become very important now because of the worldwide resurgence of 
malaria. This resurgence is due to two factors: insecticide resistance anddrug resistance in th' ,malaria parasite. '1hroughout the period of1 

1975, the agency, provided approximately $1.2 billion for malaria control. 
and eradication; this is a very large sum, especially if you consider the 
currency Value ofthe 1955 dollar. The eradicalion period lasted from 1955 
to 1970, until it was replaced with malaria control. It was during this time , ' 

that AID became involved in immunological research. The scientific'' 
community was rather skeptical of the whole potential o,0develop 
antimalaria vaccines, Maybe these ideaswere a little shortsighted, but in 
1965 that was a fair statement. 

In the book that youreceived, thercis a specific chapier on the 
history of our involvement in the immunology of malaria. So I will not 
belabor that particulal point in terms of how we got into it. 1 will only 
emphasize a few minor points. In 1966, we initiated our first program, a_.. 
feasibility study with the University of Illinois. That was the only program 
until 1974. It was the catch-all program and was 'to look at in vitro 
Cultures, antigens against the various malaria parasite life stages But ii 
soon became obvious that the field was too broad for one project. In 1974, 
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:colj~lborative network of research organizationswewadded projects. with 17 maj~cmo
 
ncnts.
 

wo like-to.recognize.. thoe -who.-have inade-somnel-echnical-.
breakthroughs to put us where we are today. As you know, one of the key

'problems in develop ig immunological techniques was the fact that we
,could not get enough parasite material to work with. There were a lot of' 
scientists working on the in vitro culture. Until thai problem was
resolved, Of course, there was very little that could be done.,


In, 1975, several laboratories experienced brcakthroughs in in vitro
 
culture. While working separately, Drs. Trager, Siddiqi, and tayes.
 
were able to establish long-tcrm;"stable cultures of Pasmodium filcipa
rum, and thus the race began'.
 

Up until 
 then, it had been difficult to get started. The hybridoma

technology started to become a useful tool in the early 1980s. In 1982, Dr.

I-Hollingdale, was able tpcormpletc 
 the in vitro cycle for the exoeryth- k
rcytic stages of malaria. This was a very important step which led to the 
IS!assays that are presently used in human trials. 

At the same time in 1982, of course, Dr. Nussenzweig 1was able to
isolate thecircumsporozoile (CS) protein from P. bergiwi and finally from 
P. falciparuim. 

The progress we have seen is remarkable. What is most interesting to 
me is that this book, which came out in late 1985, is already out ofdate in 
terms of immunology, due to the progress in mgnoclonal antibody
technology, genetic engineering, and synthetic chetiiistry. As we go
through this morning's presentations, w&%!are going to hear a great deal 
more about the specifics of these diflferent'antigens and materials that 
have emerged from these methodologies. 

With the 1984 announcements of the cloning of' CS genes by '' 
researchers at New York University '(NYU), AID developed a triangularstrategy for the acceleration of malaria research This is basically what I 
Want to cover now. 

In 1984, the agency set down three very significant areas forexpansion, one of which was basic research. A number of new technical 
questions became apparent at that point. We knew we had some products
that looked promising, but there were many other research areas that had 
to be investigated. The basic research was expanded to include the
exoerythrocytic stages, the spo ozoite stages, and of course, 'most 
importantly, tle red blood cell stages 0fmalaria,We have acceleiated the
studies very quickly into the nonhuman primate models because the Food
and Drug Administration (FDA) will need thesedata for review prior to 
huIman trials. 

2 
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K We have established, through colleagues at the ational Insti
tutes of Health (NIH), a human volunteer testing facility at the University
of Maryland, and Dr, Levine will be speaking to You a little latr this 

people have already mentioned the several meetings we have had on field 
trialsof malaria vaccines. Our ultimategoalisto test prototype inalaria 
vaccines under field conditions. Dr. Siddiqui has been very much in- 6 1 
volved in setting up the Asia-Pacific meeting. You have the large.'green
book from that particular 'conference fheld in April 1985. The Latin 
American conference has been mentioned already and, of course, now we 
are here toldiscuss Africa,. 

I would lik to ask you to look carefully at another document You 
receivedin your packet-the simple little document entitled "Workshop-
Objectives." !will summarize my points,. 

At tihe hottoni of the front page there are five specific goals, and on ,.f

the top of the second page another six objectives, Outlining What this 
imeeting is trying to accomplish. It is important to realize that these are' 
basically the same objectives with which we started in Honolulu in April
1985. Time, the state of the art, technology, and epidemiology have
 
Caught up with us., We are no longer considering only sporozoite
 
vaccines.
 

I. ,would like for you, when you look at these questions, to expand
YO-your- horizons to polyvalCnt vaccines, Which are going to lie the most
 
important for overseas use. O'coLrNse, the other species of human malaria
 

11iLust be considered as Well. With that background in mnind, I wish You 

good luck. Iam looking forward to your recommendations, which will aid
 
all of us in Our planning and deliberations as we move forward to bring

these vaccines from the laboratory to the field.,
 

Thank you.
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Antisporozoite Vaccine. Experimental Basis 
.--and Current--Statis 

ri, . . . . . . . . . . . . . . . . . 

R.S, NUSSENZWEIG 

Malaria continues to be a disease of exceptionally high incidence in
 
tropical and subtropical areas of the world. In certain areas, particularly
 
in tropical Africa., malaria contributes greatly to the very high mortality~
rates among young children. For those individuals who reach adulthood 
and grfdually acquire a variable degree of resistance, malaria is still a
 
debilitating disease that incapaitates those afflicted for long peiods.


In many areas, the beneficial results derived from curreft- control 
rommeasures, including residual insecticides and che..othcaei.. ..aents,


have proved to be either short-lived, difJcult to sustain, or only margin
illy effective. The reasonsfor this failure are multipl,: the enormity of the
view disaethe lack of a'iaequtask, in view of the broad distribution of the dieae th akof. i:te 

e~
 
resources; the appearance of drug-resistant parasites and insecticide
resistant 
 vectors; and the emergence of silvatic mosquitoes, which are

Sdifficult, if not impossible, to exterminate. 
This Situation gives a sense of urgency to attempts to develop newcontrol measures. In spite of the foreseeable difficUlties, both in develop

ment and delivery, a vaccin may provide a powerful tool for malaria
 
control.
 

The development of malaria vaccines is complicated by the fact that
 
t.. ectiVe antigens are specific for each of the main~stages of the 
parasitp in the human host: sporozoites, which are present inz ii ! ivary 
glands of the Anopieles mosquitoes and are injected duririgthe bite;
asexual blood stages, which develop in red blood cells an cause the
 
clinical manifestations of disease; and gametocytes, which are infectioujs

for Anopheles mosquitoes. An effective vaccine against sporozoites-

Would be most advantageous because it wo uld block infection and
 

in all individuals, the decrease of sporozoite foad should diminish the 
severity of,.the 'disease, This view is supported by epidemiological
findings, and by the lower mortality and more benign Course of infeclion 
observed in pimai inoculated with smaller n'.imbers of sporozoites. 



2 ANTISPOR6ZOITE VACCINE 

protected immunity against sporozoites has been achieved by inoc 
ulation ofiirYdiated parasites into rodents, monkeys and humans The 
target antigens of the protective immunity have been identified by 

rozoite or CS proteins),*which cover the entire surface membrane of the 
parasite and are shed when cross-linked by antibodies. 2 In every exper
imental model of rodent, monkey, and human malaria,' moenoclonal 
antibodies directed against C S proteis neutralize sporozoite infectivity .' 

The CS polypeptides'are likely to be involved in the initial interac
tions between the parasite .and the host's target cells, that is, the 
hepatocytes. Fabfragments of monoclonal antibodies to CS proteins
neutralize parasite infectivity in vivo 4 and in vitro and prevent their 
attachment to target cells.5 In addition, there is a close temporal corre
lation between the acquisition of infectivity and the appearance of CS 
protein on the membrane of fie parasite. Immature sporozoites (found in 
the midgut of Anopheles mosquitoes) bear little or no CS protein on their 
surface membranes 6 and are not infectiVe. 7 These observations suggest
that CS proteins or selected domains of these polypeptides are logical
candidates for vaccine development. 

CS proteins of different plasmodial species have similar structural, 
biosynthetic, and immunological properties. One interesting feature is 
that they are shed by the parasite when cross-linked by antibodies, 
forming a long, tail-like precipitate at one end of the parasite (CSP
reaction). The significance of the CSP reaction is not clear. It is unlikely 
to represent a mechanism of escape from the host's immune response,
since most or all parasites that have undergone this reaction lose their 
infectivity. An intriguing possibility is that the shedding mimics an event 
that normally occurs only when the parasite encounters multivalent. 4 
receptors on the surface of hepatocytes, In other words, the CSP reaction 
could represent the premature ejection of the surface coat, triggered by a 

'!. , nonphysiological cross-linking signal. ' " 
CS proteins constitute one of the major biosynthetic products of 

sporozoites. 8 About 10% of the [3 incorporated into pro"S]-methionine 
teins by salivary gland sporozoites is foundin CS proteins. However, CS 
proteins are not present in the blood stages of the parasite,, and sporo

,zote-induced protection is strictly stage DPecific'1 iosynthetic studies 
revealed two precursors of the CS protein )t/ithhigher M, and isoelectric 
point. Although the biosynthetic pathways' are stll obscure, it appears
that the membrane form of CS prc/tein is generated by sequential removal 

Sof two small basic peptides fi -om tthe precursors. : 
CS proteins exhibit unusual immunological properties; not only do 

they have a strikingly immunodominant iepitope, but this epitope is 
present several times in a single molecule. All monoclonal antibodies,,, 

Lk 
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against sporozoites, are directed against this .f.' >epitopL Preincubation 

crude extracts of sporoz6 ites with anyaof these mo
inhibits between 70%and 100%7oof the antis 

zoie aflbdie~londl Ijjijan oriaimal sera; that is,,'most ofl~~ntISpOr:O -te,:antibodiesin the polyclonal antisera recognii the reti
tive epitope, 10
 

The structural, basis for these propertieswas clarified by ci. ning and,

sequenving the CS genes. Only 
one copy of the CS geneis present peri'
haploid genome, and the DNA sequence is uninterrupted. The central 
area of CS polypeptides is formed by tandemly repeated sequences
of amino acids: NANP in PlaSmodiumflciparumi' ,12 and DRAD/AGQ-
PAG in Plasinodlium vivax.13.14 The 'immunodominant epitopes are lo
cated within this "repeat" domain. 

'n the basis of its sequence, charge' densities, and secondary
struqc~ure predictions, the precursor of the CO-pro!ein contains several 
domains between the postulated signal and anchor sequences. The larger
domain contains the tandem repeats, which form /3 turns, but are 
presumably devoid ef rigid secondary, structures, Two domains have 
charged residues aiid may contain a-helical'structures. One (N2) flanks
the domain containing the repeats in the direction of the N- terminal. The 
other (C2) is closer to the C-terminus and is flanked on both sides by pairs
of cysteine residues, which may form small intramolecular disulphide
loops. 5 Although the N2 and C2 areas are highly polar and exposed on 

6 . the surface of the CS molecule, they are very poorly immunogenic 
In the case of P.falciparum, the immunodominant epitopeis defined 

by only three consecutive repeats (NANP)3. This conclusion is based on 
studies that showed that (NANP)3 was recognized by polyclonal and 
monoclonal antibodies to sporozoites, and, conversely, that antibodies to 
(NANP)3 reacted with sporozoites and prevented th entry-into hepa,tocytes invitro. i. A series of peptides were synthesized and untrd to 
inhibit the binding of monoclonal antibodies ti extracts of P.falciparn.
The results showed that (NANP)3, (NANP)4, and (NANP)5: strongly
inhibited th& binding of most of these antibodies to; the antigen with 
almost equalefficiency on a molar basis. In contrast, the dimer,(NANP)2 
was a poor inhibitor. . . ; . ' 

(NANP)3 was then used as the antigen in an immtunoradiometric 
assay (IRMA) to detect antisporozoite antibodies in the sera of humans 
living in an endemic area, the Gambia, West Africa. In agreement with 
previous epidemiological studiesshowing that the-immune response of 
humans to sporo z oites is age dependent 9 it was found that the percent 
age of positive sera detected b ' the IRMA increased with age, rangingfrom 22 % in children Ito 14 years old to 84% in adults older than 34 years.Among many individuals older than 20 years ofage, serum titers reached 

http:vivax.13.14
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as high as I ('40. Ihe levels of Inlbodies to (NANI3 in the serum of a 
htlian \vtlillclr ((i./.) vaccinated with -rrradiated I. falcpurunr spo
't/Oitesarid pi'itictiC'j il itl-,lralar'i', infectiOln had the highest reactivity 
;and the til 6'er I altlChuCI-lt0 


\d'litiom lohsmeu" llio.ls slh 
 eltl I; nlo-.!or illaintil'n jijes to spo
I'o/oites pIe"eit il tile ',(fltisi'1i \,crc directed aigainrst (NAN P)3.
Indc d,ili sc;i. Nhi-ltl\ Sinrfiein. tnrelitioth,s 
 I.A I),7. 1" (0.00!)
\\,As l'iind l'Itv,,ee lie !ililpcptidc ;l11l tiisp' o/otilc liters.
Nlti't-'.r'. c'ti\'iI[IhIt\telt, t"ne itibiul~es \\ih sp ' o/oitcs ,i", rl'olihsled 
or stlrollgl\ inhi!ilt-d \\ ll tile leIclit wiolli i 111 t Ih.'\\ o.: i i r'e'ncclice of' 
the CN'\NI t p tliti. 

on tiii' /ll) tl;i ;ill! o/'u mllihti lie', ,.,Il \ e tl\ a iobccii tl,l',lined ill 
lrldollcii . lnsira ipiii o'e.i 
 l\ p .ptic eoltillill 32 repeats of 
N.A N'' istn-. r.en
 

Ilit, re n lt'tle illllitnloinii itc ol'"N \N nn)3I\ 
 hel simpIv
lli',
it is ;,l~lii;iilik Iepresent,, d tont the -poio/oict snr',Itcc. 'I'hi,, NANIP 
ip ' stl"- illti, e;iteh ic f ;I Pin ('S 1no1ile111;rili , ;11(1 ]I./i]'im ri'uh sIraill fromt-11 if. ", inlli i' l o.tIroml Ihilikinl <,+ll lPo till ct al.. 

tillputlli.,hcei u;ti). [t;i-el if lie 'ill;icc ;it'i i sporo/oteil . Itis 
"ltillhiltcl 
 otl ('.l 

IIIIn i c'in. i'qi\ led th;t t1C IreCocle,', [,11l ;ina ick d i10oliv 


llIt uieh lmi sit beilt :-, C\SI)m lctlcs oil its 
' %vith 

lilt-, h i e. ,,p,.'.p itlicll ir t t te siir'ic f,' rllfeparm.asite. If'these' 
;alet 'e
", lllisl- coii l. .\NI' \\toiil he pi-c,,,ll ;iborut 3\10' lllcs oil 
[hek Innllbine t' he palli lm l. ;i;t Iti'..nl;ii" ii1"a. t i,\well knowln
 
lI;t dl: polk liell/itiUl of ai1epitpc illhalirces it',iniin 
otelieCily. For' 
c\;iriplc. illi'mlcl-ic Mllin.hiel is ;a ralhcl poor illmllnogen.l, h-

O i toat\tCl\ pottc iiitir 'liin pt llcric i'ol-li."
 
'o ,m l\ totf iiiitiit .,._,iniil\ tI N\NII). \\c' irnrinic, tl roups


ofrabbit, v.ilh .'niltltes, pi'ep;iet i ll coilpliti 
 the tCptide to tacinlus
 
ii',tl \ infilil, 
 Tr;ihlh\t-,The set"i \\eC' rs, 1\tt IN .inIRMA 
isin. IN..\ N P its, caipttuiring atligen. All salIpIs front inrllrrllied 

;rnIlills \\Cre po0siti\Celril lhes reCsiaCtiOns re Iol.l1\ inhibited by the
s\tletic peplidc. 'lne inlitbodic,, to (N:NI')3 rcaicted ini a Western 
blot itlt life P'. bil i ll,'nnoi ('.prolein and its pi ' n ,rsor i \\ithl h
siiirl,;tcc ot dpo'o/oites of' P../bh'ipnrnr,;asdeter
nincd b IFA\. The s'ci \\lb highe l ".\iand IRNIA titers zav e strong

ii i, sUl'lOtu/-it' f actrln, (titers oif'l() I t H l 
 li1oll ;lceilation 
\tiln \6ablc parasites. 

:\ higl,, sigruilie~int pos'it'be turcl;tion (.s II7. ' 0.001) was 
I't'iid ICl\\eithle IRMA antdt I F1A liters. suggcsing th:tt imost
antibodiso I,NAN I c3'ctnginii thle (ls protein. 'This wi, also coril'ol
orated b asol'ptioul tlt- 'li ' ;lba /Tfar'iparumtl'. spor'oioite extract.,
which r'lio'ed rliust of the ailtlipcptide activity. 
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Imminoglobu in was isolated frm the serun of one of these rabbits 
and tested for its abilitv to nenralite the infectivity of sporotoites of /'. 
/la/ciparwum illvitro. rrhc results showed that the ininiti lgG inhibited 
parasite invasion inl ;adosc-dCpCndlent fashion. A "Irong effect was 
ohser\ved \\itlh totallI( coIltctitions i'sIom as 2 ltg'itil. When tile 
alltibodies to0 .N:\NI C'cr,reii0ve(l ;-.ab-orptionl peplile bounditli 

it SCph'liOsc bCads, tiC ilhiilbtorv ClIci asbt,lihe.t 


'lFikci tt'v.thr. thcsc ic'stlt, stloioio stllcest that the synthetic
 
peptidl (N..\Nl't3 tepremlits hlie utlaniit epitope of the tlonidin of the
 
('S protein cutititiili le N\NPI-cle ,a.and that atiihodies to the
 
rCpetl reoini/e ;inlliiinqrut , icrec ot' aninio acids. It is likely
 
litt the lOthin t ls till not
nllil and en 

epitopes in A (S p~ten,. iict:ilo 


domaet c W 1ii ,fiuigtiritiOll., 
mince iimal arid polyclonal antibodies to
 

the rclts (t ('S protiil , Of -' e',l plsiiiodial species ICact with the
 
dCentedllCkl inlltilChe.'atld atl It 
 ( 'or 30 inhntles or Hreated \ith 6 NI 
I Ci lila t P I 1 l ct iiitui.d 

e Ase . 1d(ip,1111111 ioli c ntaills i \ civ hirgeIn t11Cl'i f the l +'wal +,+_' 
,
ilirllb ' l aliitoil rsC,idusC ll\It'0und in /' turns.tH si 'st 'C. f'rectulitC 


Ihis inlp!L' 1 pC ot''WColLi\ 'llictuirc is formed h\ i fc, Consectiti\'e
 
imillo acid iesidli. . :i1d Id Is coiifimirtion is itore likely to
t this rcason 

he adoptcd h the \\ l litie pCplidc. Ill ai nit illithis idea, most of
 
the ;ntibodic, ito(NNIAN3 rcicl with the nati\ ('S plotCil.
 

lin x ic%of the dillicullies in ot ihininc f c ttlliltlts of'ailliet frtom the 
,it'tOlis'tC,o dlC\C l of'the pira-,itC only ,,Ceticall\s enlnC!1t c17iiCCred o1 

v\ nilictic iccif.'ie cains llniialari iiC he colitcilfited. In of 1'.bll the ease 
.lhh 'ilaluno1, u:icein s Cntitaining (NA'NP3 are attrativc candidatCs lOr 
furtlicr deceloplicnt lii this otottt, it is notcworth that tNAN1)3 is 
prc"(e11t iII ttiIh, of I'. 1,/('ipu'io~ froli all (over the \Olld. 7 

A potcillial proiblcll of all 'n\ithctic \ aecincs cotsistiqi. of a peptide 
colitiiatcl (t ;Ical-ricl prot il is thait they ia nt botost the naturally 
acquired iliilnliit\ to the pathllo mtorid.tiintpot'taint. that th.c vaccines 
might onl\ e\pand the atinti dc B Incinorv cell, btit not prinlc antipeptide 
T cells. If1 tipotli v'accination, the cellular interactions involved in the 
priOcCssitig' o lthC plptidC-Carrier coiitugate lead exclusively to T-cell recog
nllioti (f' thc cattier, tlhetil he acquired iininily to tile pa!liogeti may lot be 
bi otcd h iele \acine,aind, moIre imiipol'rtant. a secondary ininnne response 
lllav !lotbe slet in notiot invaccinatCd indiViduals ly the etiCOlllter with the 
pathogeti. ltld2r these conditions, the productioi of, antibodics to the 
pepie woiuld depetid cxduivel v oil cl'cCiivcnc+s of the plillary ilillnutni-
Zation or the sctielirvll. 'espou)sC Uport rVaCCitnation. 

()e vital goal of milaria vaccinaition is therefore to iaisc T'-cell and 
B-cell mnmory, which will be enlgaged sollic motnhs or solic vears later by 
ile parasite to yield l'rotcti\'e/neuiraliln antibodies. ,Ctivation of T 
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IILI[pel' CClls is ls eSOCsential I'C y-iuterteiron productiol. \\which hats beenl 
Show~n to inhi1bit1 ewxervthlrocvte stagec deve lopinlent ".1and Ihits mlay conltrib
litc to V8 eillicitcy. The ideniIficaionI 0'1 coil(irt domiant pepideL 

t; c (kS protin ilcc that induices [-Ccl i aclivantot hals iecently 
11cri',Ii(ec( ,i IItcwsI\ c in'. the efficatcv of' 

a01111 

stipiationl. A pl-reeqisite or01 

suICh at '!-Cell Cpiltopc as, atcO)IIIocut of, it nilanai %vaccine\wuld be its
 
recaL'initionl I)) bcIlontof-101uidiVidiiabI.Q cICidealV div\c rsc backgroui id.
 

PlIisinid pcnIldcs and I-cconilhiill -trllcill"lniv Mrn 1)11 to he
 
CoWiisideliibI' i ffc
C1M i~eIniunioe1-cils thlan thc C's proteins III their natfive 

c('thiu~iuti)ut 1'IOwur'p~ionollt ij III thus citsc Oe ivihihity olf 
Jpotcn1 :td.1jo rfl 1'(11~ IRIoo I 1,s.. \Ill he LssrilA111 fo[~~i~~ Iiite efficitcy 

~it i. t\w otIfl hocrc N:\Nl its Itaveased oil thec repea 

beenl dLe'eIpcd. I )1neA thcsc, mitdc M' i-ccoinhiiait l)N: tecliuoloily
 

c<Ie c)n -I,'A I a1'tILIolo fiotlil niadc III k'.S 11'ho'l o Olj and
 

NI') \,,oichi~I 1cI "'A PO. Iep-Oeseuts hoiccpitolpe i*CC~OL outd K ioit de 
ilto 11 e : (d,111iit11;1w' I'\ Ingi Ill cilhcliic 11oi1;1oailf((f oioiiio1iihs uIIIectod~ w\ithi
 
"I~"0'.Iei , jp1 o1mo i '.\Ii the N AMN'(d P. /(I,/ 1 R';obbil S ioind nmice \\te 
co'i:02;ote ma1;ke 1110 Illcis' of, aotlIpCptiihc aitfibOdoiCS. 111st of' '..'Olih %IsGo) 
Ic o eI S oenoIfIocioiIhI/e pmi lJsIt ilt(cti\ itv.I 

I~el'~ pc'. MofllaII~ptoi'ooite ilccjics ilil c IIrreoil\ P)cilie testedI 

elicelI'Pom-> I'ItI 11ii;\I slihl;id details" oftIhsoi'. 1 ctii I I will heOi;th 

~iasCol lhie or;coe.eoe irc;is (,)I 1tiLe. o'K \'. Micie they. ;lie illoit 
ool'ecd a 11101 dkheocc otl IIoicIi'eiioulll 11111isi he ~oitLeve'.d h'. atsinehe 

1:i11ItIOPi O litctic 

pi~tiicIi~iI1% Inl 11fo.case, Mo i imilof 

dfoose Mf OIL. pho~of\ Flwi.,i is ;I chllhiluiii2 propi iO1i. 

it ;o icciiue. '.\fi)lh .shiotiid ideally coitfiillita 
ootiol-'ca lie \ lCs W'odI V120IHo li i\o i !)oon iioo s)is lllito t111ipll site itl
 

hie hlotolio :Io~It . iiooiii spor~o/ites anid Hbood stl'esl Recent aldvanlces Ill
 
iiiN WseA'ch. iO10liill\inl bih~tbIo~lIoo2i_\ [Ocllit s;oiuue 1uca-Ilure otf
 

oioom"Is thooIth he cuc.~h itohevd
ombc ~brn icileIcoir f'ue. 

SUMINAkY 

NI,-iait Affects 200) to -101) million pcoplitcaeii in tr'opical aidL stibtrop-1Iill
counitries. A proonils)ing canldidatle suitablec for either atsyntheitic orita geneti
cabby\ eng"inleerd IuadlrKIo VaieCI has ~benidentified. Tlhe synthetic peptidC,
whi11ch Consists of, at stingo of' four11 iuinoI aiCd.s repeatedCL threeC timeIs, is 
Mot 210d Onl atSUTIC present onl "..101ipoa~um sporozoites wheniaeC01niponentl 



these are inoctiLited into hunmIis hm11OSqnlit4 bite. All uiline)L] reCsponse to 
the peptid my nleitraliic sporowoitcs before they arc sequeistered inl host 
liv'er cells. The peptide react's with Iftihodies inl seuil of, randomlly selected 
iindividuals liv'ing inl Iniitnil endemiceaes ;uIid ilil 'erim horl atvolulnteer 
priitecteit Iriiiii inftection h%ill ill itii44m ',\ill) irradiated parasites. Ihis 
plidetII mi1.ucc' iitihoic\ ill a:iitiaIs: tile iilitib()dics prC\ cu1tithe pilrasite 

Ivlcmitteiniii hiuuiiami hcp~toIiniil cells. giovI)i il c~utmie. (ialina-inteler-on 
pIFOdiicet dUli[iii ill)1iiiiiiii/mili1 cmii imhillcc protectiont by its, inhibitory 
C11'cl on liveCr staces. 
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~~Safety~and lmmunogenicity of ab
 
Recomiibint DNA, Pladsmbdium Falciparum

Sporozoite Vaccine
 
JEFFREY D.CHULAY 

Immunization with irradiated sporozoites has demonstrated that protec-'
tive immunity can be achieved in animals and humans. Sporozoite immunity 

'4 
is species and stage specific, andis~mediated at least in part by antibodies 
directed against immunodominant repetitive epitopes on the circumnsporo
zoite (C$) protein. T'he CS protein of Pe'aslinodIium failciparurni is composed
of 412 amino acids, 40% of which are included in'41 tandcmly repeated
tetrapeptides (37 NANP and 4 NVDP) of the central immunodominant 
region of this protein.', A recombinant DNA construct (R32 t(-( 32, derived
from the CS protein of P.falciparum, was shown to be highly immunogenic ~ 
in laboratory animals; and induced 'antibodies that m~ediated the circumspo
rozoite invasion into hepatoma cell* (IS]) assay.2 The results of additional 

4 preclinical studies, which led to' the choice of R3 tet3 2 as" ,yT.h.':'-" "S.'7",'. .- , ,:,' ,'/:,;j, ,B-": theS. first 'subunit;.. S- ,, . -S;: .malaria vaccine,' and the results of phase 
5 ? 

,: . 
11 studies of the safety and'S s ,. ' 
 , 4 ', 5, .. , ', , - , j . i % ,.
immunogenicity of R32 tet32inhumans4 are summarized here. 

'R32tet3, consists of'32 tetrapeptide repeats (R32) from the CS protein'
[(NANP) 15 NVDP],, fused to 32 amino acids (tet3 2) d, ived from the
tetracycline resistance gene of the plasmid. Initial preclinical studies 

2indicated that R32tet 32wvas safe and immunogenic inlaboratory animalS.
Hlowevr, tet. is extr,aneous in regard to the specific desired immune 
re-sponse, and a vaccine made without 'this portion of the fusion protein
would offer theoretical advantiges if it were immunogenic. We. therefore
produced another construct '(R31-,R), which was identical to R32 tet32except that it included only the first two amino acids from the tet3 2 fusion r
protein (leucine and arginine). When C57BL/6 mice were immunized with ~ partially purified R32tet312 ot'5'R32 L-R, they developed high antibody titers.
Incontrast, when C57BL/6 mice were immunized with R3 2tet 3, or R32LR 

2 

that was highly purified and suitable for 'use in humans, only. the mice 
immunized with R32tet3 2 made antibodies that recognized these antigens. We therefore elected to proceed with development of R32 tet3 , as a 
vaccine 5candidate, 
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SAFETY AND, MMUN0GEN[C1 'Y 3 1 

Our first human fakciparian sporozoite vaccine (FSV-l) consists of 
hig hly purified R32tet32 absorbed to aluminum hydroxide. After preclinical 
testing confirme~d his product-was safe and immunogenic-in mice; rabbits-,-
and ihesus monkeys, FSV-lI was tested for safety and immunogenicity in 
15 human volunteers. The volunteers were divided into five groups, each 
group receiving a different dose ofFSV- 1(10, 30, 100, 300, or 800 pg). 

'The same dose ofpvacchne was administered three times at -week 
intervals..M 

The vaccine was generally well tolerated. Mild pain associated with 
the injection occurreqcin seven volunteers who received :100 jig. Mild 
tenderness at the immunization site was detected in eight volunteers, 
including all who received 300 or 800 /g.Five minutes after the last 
800-lg dose; one individual developed sneezing and generalized urticaria, 
without associated hypotension or dyspnea, which resolved sponitane
ously after 20 minutes. This individual was the only volunteer who 
developed IgE antibodies directed against R32tety, 

Twelve of' 15 volunteers produced antibodies that reacted with R3,LR 
by ELISA. The magnitude of the antibody response, which ranged from 
<1 to 12 pg/mil, increased with increasing doses and never reached a 
plateau. Only one individual, in the 800-pxg group, developed an antibody 
titer greater than 1:100 by ELISA and IFA. Sera from nine volunteers 
taken 2 weeks after the third dose of FSV-I produced a2+CSPreaction. 
When cbmpared with each individual's preimmunization serun, sera 
from II volunteers taken 2 weeks after the third dose of FSV-I inhibited 
sporozoite invasion into hepatoma cells from 12% to 85% (median = 
50%). In lymphocyte blastogenesis studies, peripheral blod mononuclear 
cells from II of 13 volunteers proliferated in response to'stimulation with'! 
R3,tet 3 ,. Four weeks after the first dose, the mean stimulation index of the 
13 volunteers was 13.0 at the ptimal R3 tet3 , concentration of 15 :tg/ml. 
Prior to immunization, the wean stimulation index in the same 13 
individuals at the same antigen concentration wa 2.5. The proliferative 
response did not change after booster doses, nor was it correlated with 
'the dose of vaccine received or with the antibody response. 

Sr. Althoiighthe magnitude of the human antibody responses was lower 
than expected based on the preclinical animal'studies (Table 1), all of the 
15 human volunteers had an immunologic response to the vaccine as 
measured by antibody production or lymphocyte proliferation, and the 
concentration of antibody increased with increasing doses of the vaccine 

'and never reached a plateau.' Studies are underway to improve, the 
immunogenicity of CS protein subunit vaccines in humans, and to 
determine if the immunity elicited by immunization with FSV I will 
protect against sporozoite challenge. '
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T ble 1. Immunogenicity of Fuciparumsporozoite vaccine (FSV 

Mice 10 1:6400 .6/6/13 100Rabbits 100 1:5800 6/10/9 97-100

Humans 10-800 <1:100 2114/0 12-85
 

Maximum dilution of serum giving an OD value >l, Data based on a pol of 5 mouse
 
sera or the geometric mean titer of 4 rabbits or 15 humans.


'Average number among 25 sporozoites that were negatlve (0), had a granular
precipitate (2±), or had a filamentous precipitate (4+) when reacted with a 1:2 dilution of
 
serum,


'Ronge of inhibiifon of sporozoite Invasion into hepotoma cells by a 1.20 di!ution of
 
serum.
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Phase I and IITrials of Plasmodium 
Falciparum Synthetic Peptide Sporozoite 
Vaccine 
DEIRDRF A. HERRINGrON 

The ptlpoC o' pha-,e I ,ccin,. to irc thitt the vaccilic iiti,! i,, Cl 

quiesionl i" ,:c., hen a niselil,.red hum ,ans,
and that it prodticcs the 
intende'd imIu eu.-,1,e1. [h'Ie cntollcd ,ttieLus ill%%which SL'ch t'ia[ls
 

e carried otw perillt lle:tli.itiotll of JIdc'ekd '1t) .Idtand the
 
collection of lcesa!. cliiiic ,l ,,ei nein.. Sili 'sat alalv idIunln!
i deiict\d~utItl i h(. l i sl',C t l e optillllllll %.&CjLillltlioll i'cgilll 

' i ll 
ftir ti,-jtl. of \ c,'iie l ,,oici pha-e I. 

We h',a,. icc'ntl + initialeti hasilw I of I'lo n,,/ium lobh'ioruu, 
",jpo/lt/l \ tk Mie. Mhih .',s developcd :it Ne\\ "'io, thiniver,itv and
 
prepIrCd aid lormitlmtiltd cI \\ith Ilhtlo',uai
in latbouhition01 the lItRoche 

Ctlisit-I llh ,,ezIc commm.pkdi 

t:ntleum: m.f't+,t IIi_ mi tN id:, 


(olllpn\ IIlk: %. 'nlmHe , mfit peptide.. ol'tl-ce 
, of iI ,C iti\ c mmin1 , ulimil( I'.,l, trivilc, a ilinI,,. 

;lsltiIxrUI-i i . i, the i0mIIo iM t( ele llHproM!l1IMutm l portion ' tircl 

/0iite pIlteiln. ,.fiit.1 ik cnllji'M tcd to tanus tom id.B, weCiht, tle

Vu'ttl I .;,',uc'lt_ i'-f 
 v\i,.,.mccm
l ,tt 7v1'mtaiuits ti'oil. lihme l~rnmtilattiorm 

The \, _l.,iie ' tr,1ali, fter 'Vaccine l)evelopt n +,lace aitthe Ce'lnlc 
lnt. Mllh i" patl of the, I)eptrncilt of ICdk'iie atthe I nivcrsit'v ol" 
alau. ~For i2 tear,thcetLIII ha. been conducting- olthc pais , 

lipatt1iclt andL OWtpIieiCIn siliC ol'i vlilcly oIIvaccincs, illi llCommunity 
\vOlateclt .\ olll'rl- eailtbotlt nI tlhrommel h andallt 
tisine inlocal vpCl illd 

\\oW of, t iitivel
ol LdleACe c.plipe. l:o. the cirrent111malalia.i 

\ictne ,d we h'c vacki-;ated .15 illc sltudenlts, Imostl roll the 
'licAila a l LCntal schoo ICt\CCn the iL. and 30.c' of 2 

11t11C phasC rimil,,e e 'n.llcurrell I vaccinC il-C conductld in a'doble+lt
illnd ,sh1io0. Illour Nortl, :\nciicn \oluinteer population. there is
 

tilicvr"al pr iOc\tilsexpOsre ItotaIills toxod., thls we wnllted to be able 
to compare anm ad\cre reaction I'roll tie con'iugate vacciic with reaction 
to Ictanns toxoid alone. We ako excluded WlllntCCl" who hidt Ihistlory t1 
te ius toxoid admtnisuatirtll \vithinl the previous tihrccyears. Olle 

33 



-" t. ."• ' ' , 

34 Deirdre A,Herrington 

unblinded" nurse drew up each dose of vaccine or'tetanus toxoid 
control, and kept the code describing whichf volunteers were recipients of 

7--- the-- onjugate- vaie e rsusf- tcf idkId6itroVAll7Yinges-a_*p 
pieared identical, and contained the same volume and amount ofalum, All 
injections were carried out by a different nurse and were given intramus: :cu l arly in th e ' ti,icep s m u s c l e . ' - . : : : : - : . 

Twenty- and 50-jig doses were given to small groups of four 
volunteers each and were intended primarily to test for safety. We 
immG'nzed two larger groups of 18 and 19.volunteers with 100 or 160 pg ' 

of vaccine or control, respectively, and plan to use the same doses for 
booster vaccinations at 1- and 2-month intervals, assuming that the : - ' 

boosters are? tolerated well iii the lower-dose groups.
The volunteers' were monitored as 4ollows: Each vaccinee was 

closely observed for 30 Minutes postvaccination, and had his tempera
ture, pulse, and bloo ressure recorded just before, and .15 and 30 
minutes after the injection. Upon discharge from the outpatient unit, the 1' 
voIinteers were instructed to record their temperature and pulse every 6 
hours, and were asked to return for follow-up at 24 and 48 hours 
postvaccination. At this time they were interviewed andXxamined, and 
had their urine tested for protein. . 

The primary vaccinations were well tolerated. Most ,plunteers
experienced little or no pain with the immunization, and there were no 
allergic reactions. Although two of the 45 volunteers did not return for 
their 24-hour follow-up, and one did not return for the 48-hour follow-up;
all were seen at least once in the 48-hour period after vaccination. At 24 V
hours, half of the volunteers had mild local pain at the vaccination site,
whichl most described as a small bruise, but it did not interfere with their 
usual activities. Thirty-three percent had a small amount of erythema, 
never more than 4 mm andusually less than 2 mm; only 7 of 43 had any
induration, which again was less than 4 mm. One individual had a wild 
fever of 38.1 0c, associated with a mild headache and malaise, which 
occurred 12 hours after vaccination Ind lasted about 3 hours. 

'At 48hours, 40% of vaccinees still experienced tenderness. Three 
indii .iduals described some worseningof the pain, "as if they had been hit 
in the arm," but they were able to use their arms normally. Erythema was 
experienced by 23% of the volunteers and induration by 16%. About half 
felt tenderness when pressure was applied. There was no fever, and no 
vaccinee has had any proteinuria to date,' which includes the 2-week 
follow-up. These safety data are summarized in Tables 1-3. 

Sera and lymphocytes are being collected from these volunteers for&(l
testing the immune response to the vaccine. None of the results is 
available yet' but antibody to the synthetic peptide will be analyzed by
ELISA and radioimmunoassay, and the ability of sera from vaccinees to; 



1PHASE IAND 1 TRIALS OF.PLASMODIUMFALCIPARUM ' 

Table 1. Clinical findigs 24 hours affer vaccination wfh P.falc1porum
 
synthetic peptide sporozolte vaccine, , . 4.
 

""''SignsLocal Pain "' alIjecdtion Site. 

Erythema Induration 

21/43 0/43 14143' 7/43 . 23/43' 1144:•' 0/43
 
Mild Moderate l Tenderness Fever Proteinuria 

(49%) (33%) (16%] (53%) 
- 2 mm, noIndividual had >4 mm erythema,
 
1.:2 mm,no individual had >4mm induration,
 
'One indMdUai lad moderate tenderness, remainder had mild tenderness,

'One Indidual with temperature of 1000 F(38.1' C) for 3 hours, beginning 12 hours after
 

vaccination, 

Table. Clinical findings 48 hours after vaccination with P.fayceparum . F 

synthetic peptide sporozoite vaccine, r.0f . «. 

Local Paini Signs at Injection Site w. .t . 

Mild Moderate Erythema Induration Tnderness Fever. Proteinuril
 
16/44' 3144 7144t 211441 0/44 0144
'.10144* 

(36%) (7%). (23%) (16%) (48%)
 
-2 mm, 2 Individuais had 5 and 7 mm of erythema, respectivey,
 
t atmm,
2 indfduals had 5 mm induration,
 

-One indiduahnad moderate tenderness, remainder had mild tenderness.
 

inhibit invasion ofsporozt s into cultured hepatSrma cellswill be tested 
elsewhere. Finally, the ibility of lymphocytes to be stimulated by the 
.pptide will be tested in idympocyte proliferation assay. The results of 

tltesting will determine whether phase 11 trials will proceed with this 

Phase 11 trials of vaccine efficacy can be carried out safely and with
 
rela tive ease foisporozoite vaccines. A vaccine failure will be manifested
 
by the appearance of bloodstages of P.smcipart following sporozoite

challenge; therefore treatment can be immediately instituted minimizing
 
any risk to the volunteer from clincial illness with P.efalciparu. This is
 
an important factor in studying the efficacy of such vaccines in nonim
iuine populations inwhom there are great ethical constraints regarding P.
 
falci rm experimental infections. It is crucial thatdy volunteers be
t 

followed for .a period considerably longer than 'the usual incubation
 
period, be;.ause a vaccine that is not 100%.' effective may permit Vj-ry

small numbers of viable sporozoites to penetrate hepatic cells, leadin- to
 
a delay in patency as detected by blood smears. It is likely that sensitive'
 

'FDNA probes that are becoming available' may be useful in de' tn 
vaccine failures resulting from less thani 100% vaccine efficacy.1 

In January 1985, we tested a challenge 'model for phase 11 trials of 
sporozoite vaccines in four volunteers. The study was conducted at the 
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Table 3:' Safety studies of P fc/cipcruryi Sporozoite- vaccine following primary
ITMmun;zation and two) booster imm-runizations of 20. 5--0,100, or 160 l 
o ain ugate vaecine vs letanLS toxoia controlJ, 

K ''dy 0fln rsl Booster <'0:rl iooturer 
"'aC r r' tf Vanscr roe Contru, V(Aco clr( Control 

[unai tain A)7 10 2111 20 
ry e roK10 '14 30 14 20 nu atn 10 18 1c0 14 10 

1 0 41 50 
Uee '03' 0 

Prf:r~r 000 0 c 0 
rrrhui rs ter:otpercentage's tolol njrnber of vourntetrs wa-,s 4*1,.11, and 39 the 

ro n- aiton pe oods u 'spec 1.vei 
to-ne 'ia iv;a ,oi had ftovcr too,wina prmary,arc! tecoric Lcboster 'rin zatiens bit riot 

(9Wnobohe h r 7' r,s fo feer C]arttr the 4secon-j Lo(0 or vvaj proba)bly 

Roso(Vtio ( mtstttolotr-s Itiolt jnfotio t itot~ noltio n o 

Ytuk I iris10 tNlrrl 01'itItt.'llicille 'I'loic, tiC to ilipoiiit iispect5 of 
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kiio\%', t o Irslwtllht I ht': t\;illiilullit\ 0[! t s):tl'c odlrttIV silitito ittit 

IitIso t(2 l[ Ic ttstitit t trt!I ti ift [tsoitIIt tio hloid )oilIc " utsed for1 

ofsotI-IktioIsIootII/L lits old,, is l I~lit tttnt timtt/~ ciil iclt nm' ltttos sh
jtsilt c l t)1*u1i1ttrtoito'I, lht h\ltitS isCionC'tItM1110iiittm'itit 

itl111"Cl\'e rl ito t'(4stra t/)* IIIptIIAniIu (Il,,tI ' Citscl nd~ 

CHtt!!V Iw[Ito tnt istj to sCo ori! ssIl : aophch'.N Iplt /t.. Spolrozoito
\\it)ot~ C0oIIphI'1isll i;tiits A t10ittusuil \\,I', iloWodsit to hI'l\

loot! ki it soltiftii IititI) tt iCilV llRicIo ltCi- t1to ilitistJIIti srlsn id' litds
\SCIL' LdissootCLI tMtd ritiortucopiortllk criliicditol- qt)(wlo/oiles. FiVo
titlCtotlI tttusqltiiios"\ssI dsic L 0lt~[dCCLoohill-V Oil oit srtnIItoCi. 

Mood~t~ ~r'\l (-Iv otltiilckl l-oliit ( )IItti-ltors atl I 2Ihiiti Inteirvals. 
bcintimni!- "I,\ dait" allt'l: sptn'o/st0i[C oItnLloitt/e. 0( I IrtI . pnui'ites wseire
ItilittI ill tho b'lood tof, ;tl lut soltijitccis. 'The limii pitm'nsiteii
Fitt. !C I Ol'F9t lto 213 piitsites porcubl~ic ntill inm1icete(ti blood. At the time 



PIV FI ANI1) :1 1RIA S (H I/A.> 1101 I A 71.411 I 8 	 37 

Ip,IIelcy\%WI ; 1 IIoII i I cd II I- f, IlIIc h"II I \ IIIIt CeI-:. hIlI SVi i1ptl IIsot' 

pilmpt 1'Ielrin l' 4i llaitclii. I )Inc \ oIIIliIcci \~ll oiil to develop typical 

CCI4\ccmr~! 1111C\Ci1Ii)I' ilIC-I the )lIntL1Iid tiiWA icciluli~l 

()I cho 4lqiilic. W\C Iiit: il') lilik-1 i h.'CBCC p r/ozcoliiCi III,,o' 


%;cciiicm hei luldicil \\ iihk iint &i,C:ol'wtr to) \0lintcr'.
K 0itliiill1i 

O'itclol II\ hu.il lora:I ~ iIc ll l bl ;lC 10 11i','e I (l~tikJ IeCIting S clear 

do1'c cc.2polh'c 	 Ivl'l;lhl il ;il HI4A14'S'idA.to) -	 -l 

Icec'~~411 c),illI)tl \ lgi~ 111 ecp:tImilc lS4I i~i ilL-Alllie

:l~)lil~iX)4ililcpelolp. ( )IIC 01.iciic V. IiiCCCIx Ci 2() 01. 31) /1c 

oF \cincc " cI I, clc 1W) /w' (1 \eci c (ill ot 4)) \ act iln. iiii gci t 

\lC-io- ill Is I\ tlhb lil tci \ 11pci )ll Ak 10 (111.ixJ~ll iu ri'lti clicatel 

cxcin dAd P4 iAuic OIeiIncai i tldkm figlili \ iCkicslll.t~lt, 

. P-1. \114 	 Nwo~enzweigI NC .lerIi: tIhmwiu ('li R. (wo N: Nwuvive \': 


Rs. kciejici to) \jk Iii iil,tij icciiic N i'r 19SW 234: I1349)-1357.
 
2. 	 /m~tk 1' 1;,1 1t'. IfIliliml!:ic MIR: ( oclbruic All: (Quki 1: Nivcnzweig 

R4: Niin/ixuei V\ RIriin,4)c Im picl4l oc 1 ,\flllllic \ acci lie agillisi 
Pl/m,;Iii, 101/b 14014141mil. ti~(P4198S): 225:1414-dl. 



Current S'tatus of Asexual Blood Stage
Candidaffe Vaccines of Plasmodium 
Falcipcoruin 
VVASb\'1 A SIDLAI Ai \) 1,-11-Q) I1AMv 

N cu~'11lcil I\ [ liiiidb c"Cilch grouips wol-iI !i 

ci111 \ 11\01(iI111 oiil IbII H ICOI 
,C Ic IITi iii ' )Io-d c 

111I llc lo o zl i -I o l 11 C A I I) L~lk I)II 1 1 ) C c p lli w l s ( k ) o 

I hohilI~~ I lliilbikIi' L CctttnpicttttI [lil illC 1Icc t 

I idIII.t iiiCt' I cl \ %iii It cy I V ii '( I I ti'lil1I2 h i lk CI ii 

1 1 R StI '~ I (. 



drugm- ti-cil incut III tic thiid \;IcciI aiin experimelnt, oM monIkeys wi-c 

thick hhnnld lihwl>ll,Idl iL'd C I I Xc. ;11)11 11C mii]Ikc\N, \ci-c copl etely~iN 
prlctd.'IficNc [IlC 2\PcImiucil! Nl~NII)\\utl !lIc flicao/ouuc smuiFacc 

Clll ic IIic 1 ilitujthe horgan: c p llol lllUt II IlICC i c ctlco2C i lo lc tt/o ;lII 

All co ll nill oil' pI l c Ii ll ltt I IluI i. llack-Nllaite iloiizty oics m 

\.1c" IN i e~Ii loplkI dI 11 nat i ICCIe II mIc, ilCN ja cLtII lI ptI 121 a t 

Ih!tIhilL\\ cLil okI jj/oali tt IC Ii;\C- CIIII1111 C IIcuclt R1.1.11Cand.tinc 

ilt. int p l I ci 11 II( hcllC ~lilliill *I cI i111kiuA Iict.kIt)I20 '1 

\ ;I, [Cil ilL ll tll to o111 1 I IIii Ilt1-1 1 HC Ad:CCI 10ii\i fillile\ IMu CI 

;IliII pIltIli. Nhilll 11111 N.\ iSl cii pol i\p i;cI I-opli IIIh in 

1111 gilhli S itPN i IClci )NiiI 1(Ii\ h) ill \gcil oR r a75k 1'.Iilil 1 


litI \\ 111cSilldlii 1-11iI 21112 fIll Hue ~lMil111aihid' 10i lidii
gI'Nii Ill
 

lic O ' IIICC d 1 ucd:2;II om lI is
111It *.tII NI bIN iC ItIII~llcIc11ci lliwee 
11111\ CI Ill oR t ''S \fIlICAlNiwil'~N cjiIC ) I MI~l~ilk' fI)itCiIC-i ilfC t ILI 

CI1 ki PH)k ll\IICS NejuucoN Ilt ll;I het 11 11t)lcep)I 'si tot ICl i a te goecu l l 



40 ,.,Siddiqui and Tarn 

,responsible for cytoadherence may be important targetS3 6 owever 
her s etno -vaccination-experiments .in., monkevs-indi cating. theie 

potential of these proteins as candidate vaccine antigens. 

STRAIN SPECIFICITY AND ANTIGENIC POLYMORPHISM 

Several major questions remain unsolved. It is not known what role 
antigenic polymorphism will play in the malaria vaccine;; however, 
several studies havel suggested that immunity to malaria in nature is strain 
specific. in the early 1960s, McGregor passively transferred human IgG 
obtained from East Africans into nine West Africansy Parasitemias in 
five of the nine recipients fell rapidly; however, in the remaining four 
recipients, the initial fall was followed by a rise in parasitermia. One 
interpretation of this experiment is that antigenically diverse parasites
resided in the WestAfrican region, and only some of these were sensitive 
toy antibodies in the immune Swra, from the East Africans, In addition, 
individuals residing in endemic areas can experience repeated bouts of 
malaria. Only at adolescence, when individuals develop antibodies to all 

7. :the strains in the given area, are they semi-immune. Thus, immunity in 
endemic areas appears to be strain specific. - : 

LIf immunity isstrain specific, ithe prospective vaccine candidates should 
exhibit antigenic polymorphism. pf195. is a major block-stage antigen in 
which polymorphistm has been partially characterized. Using a panel of 
monoclonal antibody, McBride classified P.falciparum isolates into seven 

, distinct groups.2 8 A Thai isolate was cloned by limiting dilution, and shown 
to contain a mixture of parasites with immunologically distinct types and 
falling into groups I (T9/94), (T9/105), II (T9/101), V (T9/96), and VII 
(T9/102). Thus, it is possible that individuals residing in this area needto be 
exposed to all the serotypes in this region, before full immunity is achieved. 

In the monkey vaccination experiments with pf195, only partial 
'4, protection was observed when monkeys were immunized with Thai' 2 and 

13~ but challenged with the Uganda isolate.Zaire'3 isolates, respectively, 

When we immunized and challenged with the Uganda isolate '(homolo
gous challenge),'14 no parasites were detected and the' monkeys were
 
completely protected. These observations indicate that circulating anti-,
 
bodies to conserved epitopes on proteins may be only partially protective,
 

.
 and that the parasite may 'survive in the presence of these antibodies. 
Rather, antibodies to the. nonconserved,.strain-specific epitopes may be 
more important in suppressing parasitemia and clinical symptomat01ogy,
Whether 'it 'will be. possible to vaccinate himans with the conserved, i a 
constant regions ofprotective molecules (e.g., RESA), and have natural 
infections in endemic areas induce and boost immunity to the strain 
sp~ecific is not known. 
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Asecond pro m i entification ofa safe and effectie adjuvant, In 

?11977, we founiid that immunization or owl monkey:s with whole, ischizon't
"eniched,preparations ofP1. falCiparibmiinduced stron-g protectiv~e iiii2 
Mfiunity.'19 InoneImonkey, :no parasites Couild be detected i~nthicki blood 

:	filmsi following challenge infection with the homologous strain.I:ll sUbse-:
 
quent ,Studies with synthetic adjuvants, the protectiionwas always iico0m
plete, W~ith parasitemnias reaching IV0%in-sonme cases."),":Iin adtdition, a:
 

Srecent pilot experiment 	 and irlhptry prot~eins'''indicated 	 .with inerozoite,.surfacethat immunization with Freunds aomplete adjuvant but aat 


-synthetic-muramryl-dipeptidec derivative, was reqtiired),to induice protec- .;i:::iitive antibody responses, aitloug(Yhe antibody titers t0 Qm inant cpi-a
 

- tapes oil the molecules, er sirfiliar.31 :This may: indicdfec ftha t the " :;,i! 
.. protective epitopes are weakly immunogeni and tha .t~nadjuvants 
:.w
. ill
be required to potentiate antibody responses to these /determinants. ":: i:! 

' ": ' .	 a:;:•This is especially true in the case of' recombinanlt proteinJ andlsynthetic: .. .6 .
 

._..peptides, which have been. shown to be .less immunogenic than their .. :i!
 
native protein counterparts and induce weak anamnestie responses ... ;,
Thus, a safe and effective adjuvant must be identified for clinical trials. "-i 

Diretim uniation of susceptible monkeys .with prol'eins isolated :from
ind. acd..a 'imuiato wihrend""parasites with monoclonal anioisor in onemc' case withadjuvata recombinanitbumota,.. 

;/:iprotein (RESA), haveshow that varying degrees of' protection against a . ,, 
i:!/:' thaP
l iliciparum infection can be achieved. To date the most promisn- ii:
 
::"candidates are pl95 and RESA (Table 1). The genes to these antigens havie "i:il 

.. . :,Indirect 	 '",,",Table 1. ... and direct evidence for, p:rotectioni by . .. " ""candidae P,... ...... ":"':":
flclparum vaccane antigens.
 

:7; ::, :' "'', ,Ab Inhibits :.iProtective In . Gene ,. ::-!;
-''Candidate Antigen InVitro Monkeys C(loned )iii!i 

.+.... 	 10,:11,gp18 0 tpf5 .	 1213,14 + ... ,RSAE L... CADIAT. + VACCIN + 	 + 
41k rhoptr , +2 . .. ,21,.....


5 ,r7 , .. . .. ,+ 22. 23
 

Serum samples from monkeys Immunized with pf-i95-FUP Inap o and asubsequentn
vaccination oxpne
full nt.4.in which no parasitescould bedetected afer chcI elgepnhibted parasite growth by >90% Inv oddmqU 	 .a1roSiWA. et a], unpubisheddatiaion' 


monoclon antibodies against pf195 strongly inh bted parasite growth nvitro.
32(Schmidt
 

pRo-infected erythrocyte surface alIgen.ogni and t 

http:sirfiliar.31
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Current Status of Trnnsmission Blocking

Malaria Vaccines
 

S J.H,E.TH, MEUWiSSEN 

ImmUnization of the vertebrate host with immunogens of the extracellular 
Sexual stages of the malaria parasite can induce the production of specific 
circulating antibodies. These antibodies can block the development of the 
midgut stages of the parasite, when tie antibodies are ingested by the 
mosquito during the infectious bloodmeal. Consequently, the prinary objec
tive of future !ransmission tIocking vaccines will be to induce a reduction in 
the level of transmission intensity in endemic malarious areas. 

Progress made in this field of studies can be summarized as follows: 

I . In vitro produced fertile garnetocytes of Plasvinodiumfalciprium have 
been used for the production of monoclonal antibodies. 

2. Tiese monoclonal antibodies have been tested for their transmission
blocking capacity by membrane feeding Avopheles stephIensi mosqui
toes with suspensions of fertile gametocytes mixed wf the mono
clonal antibodies. 
1251
3. Macrogamete-zygote• suspensions have been .surfac, eT ubled...-hav withbeen 
1251, and, in this way, 230, 48, and 45 kD surface protei, have been 
identified by various'monoclonal antibodies. . - . . '. 

4. 	 On Western blots, of macrogamete proteins, monoclonal antibodies 
recognized an additional major 25 kD protein. (Table I Summarizes th ;
main characteristic of these three target proteins and their epitopes.) 

5. 	 Transmission-blocking antibodies occur in sera collected from people
living in malarious areas. Their practical significance remains to be 
assessed. 

6. 	 Genomic P. falciparitin DNA as well as cDNA libraries based on 
.mRNA of gametocytes have been constructed. Bacterial clones 
selected bytransmission-blocking polyvalent rabbit antimacrogamete 
serum produce fusion proteins. -	 '* 

a. These fusion proteins have not been successful in prodficing antisera m' 
in laboratory animals that specifically react with macrogamete target
proteins in Western blots. 

45
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Table 1 Potential target proteins of transmlssion-blocking In P......_ 

S2,30 kD Protein 
S) uSurfaceprotein of gametes (newly formed zygotes?) -

Absent on developing ookinetes . .
 

Synthesis starts by day 2 of gametocyte development

Not gilycosylated, not hydrophobic
 
Role In trarnsmisslon-blocklng Immunity still to be confirmed :
 

48 and 45 kO Proteins 
: ' . IhDoublet surfaceproteinsof fermale gametes : 

Absent on developing ookrnetes 
SSynthe.s starts by day 2 of gametocyte development

Isoelectric point: pi = 6.0 t 0.1 
Glycoproteins " . . 

Target of transmcission-eblocking Immunity; likely effector mechanism 
Inhibition of macrogamete fertilization 
At least three different nonrepetitive epitopes are recognized by MoAbs 
Transmission blocking epitope sensitive for the combination of SDS and DTSome evidence of antigenlc diversity of one' of the epitopes 

25 kD Protein 
Surface prtf)n of activated female gametocytes, zygotes, ooklnetes, and oacysts
SynthesIs'larts by day 2 of gametocyte development, but production Islargely

predominant following gametocyte activation
 
isoelectrlc point: pI = 5.6 ± 0.1
 
Glycosylated, acylated

Target of transmission blocking Immunity; likely effector mechanism: lysis of 

maturing ookinetes 
At least two different nonrepetitive conformaflonal epitopes .

Antigenic divosity of the "transmission block hg" epitope. 
M, = Relative molecular mass (apparent molecular weight) on SDS-PAGE under 

nonreducing conditions. 

b. The fusion proteins coupled to a solid phasccarrier were used for
immunoabsorption of transmission blocking polyvalent rabbit serum. 

*Some of the resulting eluted antibodies gave a positive IFA test with 
macrogametes, but they did not react with the target proteins on 

IWestern blots. . .. ' 
c. 	 Affinity purified target proteins, Oaled toa solid phase carrier andused for immunoabsorption of t" sinission-blocking polyvalent ab

bit serum, resulted in eluted antibodies wj'ich identified bacterial
clones. However, seraof mice immunized with the fusion proteins ofthese -clones did not react with macrogamete target proteins on , 
Western blots. 

Epidemiological field studies should be initiated to collect quantitative
data on transmission intensity. Parasitological, serological, and especially -

• ' ... ' ; '-: 

K: .... ... :'':":}."k ;"" ": ';:: r' 2)>
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Application of Biotechnology to Human 
Malarial Parasite Proteins 
ROBERT T. REESE 

Scientists presently studying malarial parasites have in their arsenal an 
ever-growing variety of techniques that we hope will not only allow us to 
identify, but to produce antigenic Structures that will stimulate immunity.
At present, monospecific vntibodies (either monoclonal, or polyconal
produced against cloned expressed gene products) can be used to 
determine the molecular weight of. the parasite protein under Study (by
immunoprecipitation assays or Western blots), as well as to demonstrate 
its localization within the organism (by immunofluorescense or immuno
electron mii:roscopy). These same antibodies can be used to appraise the 
structural heterogeneity of the protein among various parasite isolets 
from around the world. 

Recombinant DNA methods allow the cloning of gene fragments that 
encode portions of immunologically important proteins, and make it 
possible to predict a probable protein sequence from. the DNA sequence.
The host containing the recombinant genes can also produce the parasite
(or fragment of it) in relatively large amounts. This provides a potential 
source of material for immunoprophylaxis once the appr6priat proteins
have been identified. . 

In addition, synthetic peptide chemistry is becoming an increasingly.
useful tool for analysis of the immunodominant portions of molecules, as 

.	 well as production of antigens for immunization and diagnostic pur
poses, Increasingly sophisticated.compulter programs for structure pre
diction, used together with physical techniques Such as circular dichro
ism, nuclear magnetic resonance, and x-ray crystallography, allow pre
dictions of not only the secondary but the tertiary structures of molecules. 
Most of these tools -,re being used to study some of the asexual blood 
stage proteins as well as the circ rsporozoite protein. 

Monospecific antibodies have been used to demonstrate that 	al 
though sporozoites may be coated with a single major protein, merozoites 
are not. Merozoilcs have a complex surface composed of both glycopro
teins and nonglycosylated structures (Tables I and 2). They appear to be 
organized in two layers, the myristylated glycopro dins directly interact

48 



Table 1. Merozoite surface proteirn not lobeold wilh 'Hglucosa,'ine. 

Stimulaes Cln Av\,iblu 
Protective n MO1,f ) , f [licf j ,Jf1 JuilaCO 

M, x 10 Irnmun5y ict l; References 

p83" (gp185) 1 
2 
3 

p180, p59 4
 
p140 - 4
 

i3 0 
j 6 

'.) !45 7 

8 
5  9 

5 
4 

Table 2 Merozoite surface glycoproteins. 

Stimu tt'. 
Frotecvimt In Most 

rA 7 ) r-rn runi ipohilty Isolates References 

qpl'W(OL;10 
, , 11 

l 16+ 21 
3+ 

12' 

131 
p34 

1-- 14 
2 

"Jo eviden(,ce for surface location (size of native protein unpublished). 
gp5O, which isfound in man, isolate, may be an analogue cf gp56 
Altlough the molecule , studied by dihlerent groups vary inmolecular weight and have 

A ;,ill been ,howr to ho /ycosylato. Itoy ore all likely to be ThO same molecule 

Table 3 Pol,/pepth i(J a'OS ciirO ',h Plasmnodiun flciporum linected 
erlhrocyle plCasmono i ir.)r¢i s 

Mr fl,.rari e isolation 

lAoiI( i(:i Silyer Metabolicolly 
W3,h l Stain L ,blecf Iodinated 

20 
150 

96
 

55 
45
 
35
 
20
 

"Metabolicniy labeled from ring slage trophozoite stage with [""S-methionine. 
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r'- Invited Discussion
 

I think Ilot ot'-;the concern today about malaria is that with the high
transmission in Africa of parasites resistant to chloroquine, the future 
mty be very difficult for the children in this area. Our great hope that 
vaccines will have an impact in Africa is the reason this metngi called. 
It is a chance for the Africain scientists, to interact with each other and 
with scientists working in the more rarified atmosphere away from the 
real world.. 

The excellent reviews presented by the previous speakers give',you a 
sense of where things tire going. I think that one can conclude that there 
will be vaccines and that the'Ywill be effective, judging from till the work 
on animals that has been done to date. These vaccines will be successful 
in part because of a continuing commitment of funding,. Without this 
funding, weWOUld not be hearing anything today.. Funding is fromn World 
Health Organization, Agency f'or International Development, founda-
IiOnS, and Various national goVie'Pmnts that have made a long-term
comnmitment to malaria research and control, Ihope that this commitment 

-. will con~tinue,- despitei~!ii-the!! i =!f'act that inmany of these countriesi :!ii ! malaria isino!i!!4.~~i!i!i~~~~ i i !iiii::!! :!!! ! i i !i!!
~~ - 444,!~i! 
i~ii~~i7 ,
!:i - i !' ii,!iii i ~,'' ' :! !'i i'- 'iii~~i iii -iii~~'!!!,ii~i/ ii~i!' i:i:iiiii!!:: ii??!, ii,ii " :i!~ilonger a problem. One of' the better aspects of' the foreign policy of the! i !4!i i'i 4 - V-4~ ii: ,L '!- i;, i- ',ii 4-44,V, ii '/,;!'i44--(, ) - ! "; jY; /iii?;: :: k 4 -i~ i&( i / i ~'?'i:~i i i ii
- 4United St~ates and bother countiies is their commitment to helping -in 
international-problem... ... . 

However, Iwant to ofl'er a bit of caution about the time scale. To me,
the most, important discovery of malaria was the fact that mosquitoes
rtransmnit the disease. Ronald Ross who made this great discovery felt that 

malaria Could be eliminated from Africa. InI fact, in the 1920s, *.a very 
austere group of the equivalent of the World Health Organization said that
despite the importance of this discovery;, we hadlitehptaths 
approach Would be useful, and that scientists should be using drugs and 
working with patients and not wasting time with mosquitoes,- Within a few 
years, Of Couirse, Mueller discovered DDT and this view of the 1920s was 
nonsense. So, we oscillate between those scientists who have great hope
and those who say' that basic rcseiarch is not useful, Because science has 
its own pattern, one cannot make it happen faster than the discoveries will 
permit. In the case of'controlling malaria through mosquitoes, it was 
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ithoUt 50( \'eCirs h-0111 tilh CVl_VO ie 11.J0"(111t0 ZISthe VectOr' Until the 
time \ hell NlielIc J lmcvered DDT.1 

I think clmemotlier~ip\ taid aiSiiilistor\ it wNas ahot 401 year", 
tiroiim n Philih rtcd ylelet1imt 1 1111) \\orkin2 \ith rliIet [)life atS 
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t~ilkc it ;t,, it r'otiic. Swnift ICII~ lhatele ;liitis happenCI kOA'ft (Ioda 

hcctittdL~uuA, 11(lmkl hj,u,. I th1ik NCcicc iiit)\S alt a;-Iti rate 
a1it if]i' tinel pat ;i, of onl11w t k;t,,n I;ti the impact diSCCei'V 

impoj (ntaIII. ln1w\kl ,i ueai'If(1 c~iil to ;t iltn111 liite ;Ipphieitioii. , he 
CW2'.peliiren lie- t ii Ld I reflectCI[ a k cI a knit it i w\oik fromi 
il Oiild (11 v, ofItl. I hl- k'i \.' IIill \ L' ;11 ill i patct whitlil it ho tontlormk 

Wn e L ;11ar>1iit piedklcc. 'iI 111, IM\1 aiit i it. Ihec temlpo i., 

R'IIIR I~,N 'I 

\tillei 1.11t: 1Io li I. ( livt-i R: Good \t1ttK Nwiiseiiei V: NiiSSciiiveig RS: 
lRe~e~uicliti' I iiId ninalii \aircifice,. . iw tin 1980i~: 2.1-1: 114-]-3%6. 



General Discussion
 

INlI \1 \V FI IT I Ci thlat ,olilll2r file glolip wholilIc I ciidCllCC Childrent. als 
I,,s e '" CI1 'i Ics-ik, hI vt\' C,,ss 1epls (0 ( 'S I)pO lol IhunII (1dc l IS 0nS? 
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Might he Uned ill aNsCNeillg illel| e+p( Cor1ill the htlllall volunteers lhd.I1 
have alteady recdcd the vaccine is (hir III.,\ tylc. I wondcr if either 
one of the tw clinical trial l,, dca\iv m',as note Ill,knading oI the 

haplotl c, of, the "llhjcct-.
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ale gtod C-,I, nideN,. %k' \\ ill determine the I I,\'Alllotypc. lhe lCaotl [or 
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dCiK COON (",\ i 5lot) c.I te", It int does not ,el :pprpopriiate to do that 
r i l+ic \\ tiittiht kl \'. ll \ h'at 111C c\tClCt O" the illllHti C rti_IllOi .c will be. 
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ilt ol gcicltic dillcric', i lmn cc. Htlt, \%C ha\C 0toL) l'li m1ice to 
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htiiri:tii tesNl-, Iih 'it~'Iitl t cec.l+' cotliistttui (c.! the pioleni of" 
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,clictic ltick tiiid i, Crilic:!. This is b is d ,il the \ ,lL ot CXplriencc
 
that I01. ''1\dc l ,d il I ih \wolliilt:c. ,s ldics witlh induced nall ia, which
 
shlim\%Cd a ,rikiii. ffillciccc iii .\ciil b, thc .ncnclic htkgroutild o lh t 

IK Nix : I ,ill iiipie scICh b I)I. (Clitila\ ,Nol ,t."\tliolls wit hii i lim intlil 
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itlireu t Il il \. lit! (ii1C ohICri\Ces ii hullitaill [prii cts. I illi ' .rii that 
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ItIOmtill. I \ I. hC lIC lckI in I )r. (Chlllll\ ,l uintc ColliiiiCitts. 

( I \' I lhi\c noft c\pciriculcc %ilI Cmillpaiine, alutiutm wiith otler 
adtium aillls ill primatesu, %6111 tlii,, or l l1\ ()fle]_. malaria a<ilitgC'n. A\s a 

i, 10i l.'st 
ttit the Ntirsilance min. ulUsel is silt. 

iiic'lolO. \,eC hi\c ptilposcl chosen to evaluite lltelll il te olV 
prtc,.lical aidjv'tint t it hiseen atndt can be Icd in Inlitmas. That is why 

clinic i IM Cmmncmin lIiln: ,NUiiethiig, be injected into hitillias is 

wc ocused )Init. We wcee plcausnll, s ilm riuscd whcnl we used it ill both 
lice and rhibil, aid I'ond it as iablc to induce highb aniibodl liters. We 
wCC obvioisly disappoilted \%ili the isnulls that \\C 'Uild il hiiiulnians. I 
do not know%whthier or not this will hold toie Ioi inthier nalaria vaccines 
whn we allctmpt to adiUivatC thCm with ilill in hullialls. 



.57 GFINIIR..\. I)IS(VSS()N 

~\4!ssII ,'~I~~i~d Ikc C&)'JIapidl\' I fewv jpoIt',. Thie first 01K' 
c1_CCrI"I'Iigi~ICIc I a 
SCtII.c () IrsCM.LCiri1: hccsl a iclic l*CstrcII )Io hnan in rcspunse to 
1'. /U/ *(1UIU 1l 11 1'. III,/\ .11111l!11. I \\owtd list ikc 

I. ;titnIwIiot pe' s111istiC as 01i. NiIKir if] 111C 

o cAll amiilt it to hek 

t'tp~ld 1k, Ii CI It~lm (11 111- l(cIil. I lmt I" ~~I thcic lN mi \Vli\ mle~ 

C 1II !I \kl mII lpc i s ' I i C t tpptts1Lii C ICHIi ijI Ith C 

ptttt/tit '-'IdliinL tircII 110airttti.. M a 



SECTION II___
 

MALARIA AND MALARIA CONTROL 
INAFRICA 

F.DIOUF AND L,BRUCE-CHWAT-
Cholfporsons 



SECTION 11
 

DKo>uFI apologize that I will have to speak French because I cannot speak
English very correctly. At the beginning Iwill speak French, but we will turn overthe microphone to the English-speaking people. But, at Iaast for some time,
French will be spoken while Iwill be presldli over the meeting,

After having listened to the statements this morning on vaccine, we will go, now to the field with comments on transmission und situation reports
so) e of our colleagues from Africa will be dc-ariblng later the very special 
c..'cept or understanding that Africans have of malaria.
 

As you 
 know, malaria In Africa Is multifaceted. Several epidemiologlcalaspects are quite different from other regions of the world. We think It isextremely Important to do field studies of what goes on InAfrica because the
problems that have been posed in the past 25 years are still the same.

Mcjlaria eradication programs have been proposed In the past, and Ithink that most of you know what has happened, In most African countries
where malaria eradication or control methods have been applied, the results
have not been what was expected. 

Ido not want to monopolize the floor since we already have a 10-minutedelay, so I will recognize Dr. Wuropa, who will be discussingba situation reportof malaria In Africa. 

V 
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A General Reports_ _ _ _ _ 

The Malaria Situation inAfrica 
F.K. WURAPA AND F 0BFAUSOLD1L 

ItNTI IM (II( ) ANI) PO(LICY 1BASIS 
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This ° theeolution was' followed by World Health' Organization's
(WHO) African Regioial Committee resolutions' AFI/RC35/R5 and 

-A F RC36/R65,in.Septembei 1985 andtSeptember-1986,respectively1Tle.
regional resolutions recommended two strategies: -

The first strategy was to emphasize the need for member states to..
 
make' a'steadf~ast commitment to conmbat malaria by releasing adequate
resources at national, regional, and international levels. I 

The second strategy was to urge 'memnber states to reorient their
malaria control program- with the ultimate aim of achieving malaria 
eradication wherever possible-as an integral part of' national health 
programs in accordance with the guidarnces set out in the regional
director's report, and to increase their commitment (fiscal, administra
tive, and technicd) to malaria control as part of their national development p la ns ,I ), L,i i! !
 

PRESENT SITUATION ", . 

In Lesotho, St. Helena, and Seychelles malaria has either never existed or 
has disappeared. There is no risk' f infection in tiese areas, These areas 
are also not receptive,

Reunion was certified and registered by WHO in 1979 afj having
eradicated the disease. The. country is, however, still receq.,ive but 
intensive surveillance and control measures have so far. suceleded in 
preventing reintroduction of the disease. 

Mauritius was certified and registered by W-O as having eradicated 
the disease. However, following a major natural disaster combined with 
inadequacy ofthe surveillance and control measures in 1975, transmission 
of Plasnodiium v"ax alone became Theestablished. epidemiological
Situation rapidly deteriorated. However, since the reorganization and 
intensification of surveillance and control from the 1983 transmission 
season, the trend has been reversed. Transmission, which is still of P. 
-ivax alone, has now been reduced to a low level and there are bright
prospects of interrupting transmission. 

"InCape Verde, there is risk of infeciion in only a few rural areas. _

There are intensive surveillance and control operations to prevent rein
troduction of the disease in the areas where there is no transmission. 

In' Ethiopia, 'transmission has been reduced somewhat following 
more than two decades of control activities. There are, however, possibil
ities that the long drought may have been a contributory factor .Trans
mission has been'reduced~to-a very low level in Mayotte. If the efforts"are 
maintained, there are g:&fprospects of interrupting transmission. 

in BotsWana, 'Swaziland, and Z imbabwe, transmission is seasonal , 
and endemicity ronges from hpoendemic to mesoendemic in only 
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relatively small areas in each country. Epidemics. are liable to occur. 
There have been control measures in each country. during the transmis

-Sion -season;-In-Swaziland there was amajor epidemic following acyclone 
in 1984. In Botswana, transmission has been at a relatively low level for 
some time, perhaps due in some measuic to the effects of the drought in 

.the country. In all three countries reorganization and improvIement of the 
control measures should make a significant impact. 

in sao Tome and Principe, considerable reduction in transmission 
was achieved after (he initial spraying cycles. However, economic and 
financial constraints, which have made it extremely difficult to maintain 
the operations, have led to a deterioration of the epidemiological situa-! 

tion. 
In the rest ofthe countries of the region, in the tropical rain forest and 

savannah areas, the situation has remaiied unchanged in almost all areas. 
Malaria is stable 'ind endemicity ranges from hyperendemicto holoende
mic levels. Transmission isextremely intense with high rates of infection 
aid. superinfection. It is estimated that each person receives 40-140 
infective bites each year, The situation has not been surpassed anywhere 
in the world. 

The principal vector isAnopheles gambiae, the most efficient vector 
in the world. The ecology and binomics of this vector are such that its 
control is extremely difficult. To make a significant impact on transmis
sion it is estimated that as much as 50% daily mortality of the adult fly is 
necessary, 

The predominant parasite species is Plasm odiwn filciparum, which 
accounts for well over 90% of infections, except in Mauritius where the 
only parasite species that is transmitted isP. vivax. Plasmodiummalariae 
and Plasmodium ovale occur, but are not common. 

In most countries, malaria is considered to be the most important 
parasitic disease and is ranked among the five most important causes of 
mortality and morbidity, especially among infants and young children A 
Under 5 years, and pregnant mothers. It is estimated that 5%of children 
die from the direct or indirect effects of the disease before attaining the 
age of 5 years,. Malaria in pregnancy causes low birth weight, micscar
riages, stillbirths, and premature births. It accounts for 15-20% of clinic 
attendances. Infants and young children under the age of 5 years account 
for up to 50% of cases. In older children and adults, the disease usually 
causes a transient illness with loss of vitality and reduced work output 6 

Consequently, malaria isregarded in most countries as amajor publc 
health problem and a serious obstacle to socioeconomic development 
especially in rural areas. All health authorities have indicated their desire 
to control the diseasi and finally eradicate it. Howeve i reduction of 
prevalence through vector control measures is not feasible in most areas 
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uIII; II;,[ia ,:oluloII (ICi IIii I h,, W!IH ) iiid is knokk, iIit 0 i itd( tj(i( l iaria t /. 
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promiipt iid lifl cnto'iiz eNC.ITlii lirst level of' 

lTii fII:t li)kl I ' kO 1 Cd iI \kiIII lidl pI C\kI IuIck: 

limiitedl C\p:lcuuucc ill lhe ;idiluuuuuutuI~tul lof Ilihiii jpu\) 2:mIs. IAiluoluulu 

ill III i-Ciit0ii 11;1\L. .j)idlIu it~l0,Qie~u siillut u ',suittiI!(2 101i iulu silIuIultit
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An aussessmueint ofIl mh ,ilkmluiou ulot po~s'uil-litkti;iu lu;Is I)eC'uu in uInuiil' 
Countries h(L-eIuIse A~ Ll t Iu:uiIuld :'~uue.; I .il~ct hi. N:L~kxvi. lTuttO. 
andu Za~uie M uli ;tike u1luldd li '1 c!itliuIiJi)uuu lo[- 'oliioing 

Ciuldhoodti ( WIPIMu'lk:ui11l1C')uNs (((( ])), ;iswsc-smeicut ot l1ie sittitu
tti\%~'i i wd~kill[ inII lit)huiute' te!ics \%1helu ((A) Ins heeiI inivolved. 

I ili:t 'tilcli A cotui~io plo -fm Ill( i s 11Aihui~ ll )tivich 

CC I (1: IIKI;INIIh'; A INI SI III1;ll tncl RI I IirUI 

R~eiunion hits heeui uIhlc to iiouito i Ilie sitliautiou diulinu the p"t l.;I:111d1 
It date file illeic eNLi\eiliie aild e:oitiol 1ui;suiics hive *uIeeeeCld.d in 
picvc\t iiL Ile lc"2 biluuei of Ir;iuiit missjOui A WHOto neoui1uiltuit 
\isitelc 11C iiII\tliilu 111c %cmi to ils'L\5 th il tioui wh'ichli is 

fiblid to hc Nili IKIL\., ( ;( \'uldc his il'it hCC~iI ymi-ing1. out1 I cili 
uIioiiitI nil" (\Cri I ic three \ ears1 iilid iO 11C\\ ealses lIuiVC h)Ceuu 
IC fit l . 

lIn the .-e\ luelles, MhereI therI n i isk of' muuismissiouu. there is 
ceuuustiuul Iea the porssihilit\ jiiniuietiuui oi .. Q1,'ti/)hI( lyci;howj nitlth 
aiilt 1'i'u01 euideuuuji Tra.hue adopted tli,1tgoivernmuuent at prorgramuu 
inivolv'es slhuiviii ijrith auui'iuuIg 1"10ii enrdemic learas. Iflow far this 
pract ice is lusti ied uICes(INtoe assessed. 
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REALISTIC MALARIA CONrROL STRATEGIES 

Antin." ..laia-mtraitegies-are........ fig . .... - t es with CCCD 
programs (Burundi, Central African 'Republic, Congo, 'Cote d'Ivoire 
Guinea, Liberia, Malawi, Rwanda, Swaziland, Togo, and Zaire). All these 
strategies will be aimed primarilyat the: prevention and reduction of' 
malaria-related mortality and protection of women duriing pregnancy. A 
joint AFRO/MAP (African Regional Office of WHO and the 'Malaria 
Action Program) mission collaborated with the responsible nationals to 
formulate a plan of action for malaria control in the Comoros. 

AFRO collaborated with MAP headquarters in preliminary visits to
Cameroon, Togo, and Zambia to support the development of antimalaria 
action as part of the Primary Health Care (PHC) systems in these 
countries. In light eflthe changing epidemiological situation of malaria in

* the region, the regional director has reformulated the antimalaria strategy,
which 'emphasizes reduction or prevention of mortality due to malaria by
the prompt and adequate treatment fmalaria cases, and the piotection of 
pregnant mothers with chemoprophylaxis-

DEVELOPING AND STRENGTHENING LABORATORY 
DIAGNOSIS AND MONITORING 

Laboratory diagnosis and monitoring has become imperative in all those 
countries where IP./'iacipcrum exists or poses a public health problem.
The objective of laboratory development is assessment and monitoring of 
responses to standard treatment. This will enable researchers to ensure 
the adoption and pursuance of realistic policies and measures for ade
quate treatment and sound management of malaria cases becausc of the 
Ithreat posed by the emergence and spread of'drug-resistant P. 'filcipa-

Therefore, developing and strengthening laboratory work was given
the highest priority during the past year. AFRO collaborated with MAP in 
organizing a training course for nationals in Nigeria. The intercountry
teams foir malaria and parasitic diseases also conducted the training of
nationals in sensitivity testing, and collaborated in'assessing the status of 
sensitivity in Angola, Congo, Kenya, and Swaziland. AFRO collaborated 
with the Centers for Disease Control (CDC) in Atlanta, Georgia, in 
organizing a Course in sensitivity testing in Zaire for nationals from four 
CCCD bilateral countries: Central African Republic, Congo, Rwanda,
and Zaire, AFRO, in collaboration with MAP and with the support of 
various donor governments, is in the process of developing several 
international courses in malariology. 
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RESEARCH AND INFORMATION DISSEMINATION 

The United Nations Development Progi.m (UNDP)/World Bank/'WHO
Special Program for Rescarch and Training in TropicalDisease (TDR) has 
continued to, support a numbeir ofl relevanit studies oir malaria in the 
iegion. AFRO has continued to disseminate intormati6n, partic,,iariy on 
drug resistance, during the past year to responsible national officials in the 
member countries, 	 -

The activities of WHO in the countries of the region during the past
few years have been highly relevant to the promotion and development of 
action against malaria, which constitutes a major public health and 
socioeconomic p'roblem in the countries of the region. Progress of 
antimalaria programs has not, however, been as rapid as was envisaged a 
fw years ago; this is largely due to problerns of human, material, and 
financial resources. There is a renewed impetus, which appears to offer 
some hope for the future, of organizing antimalaria action programs
within each Country's resources as part of the PHC system. 

VACCINES AND MALARIA CONTROL 

The situation of malaria in mcst ithe African region has not changed for 
thle past two decades. InI spite of the dceirnination of member states to 
organize malaria control programs, several constraints have made the 
objectives illusive. Although the advent of malaria vaccines will bring 
many other problems (e.g., cosl of procurement and cost of covering the 
population with required doses), it is hoped that, at least in some of the 
countries, the vaccine can play a synergistic role with ongoing national 
malaria control programs. The complexity of the malaria parasite cycle,
which !.as made it necessary to develop three types of malaria vaccines,
will bean added complication when countries plan to use these vaccines. 
However, the mortality and morbidity toll from malaria and its compli- I 
cations is serious enough to make us look with some hope to even a 
moidst reducti0n in illness and death. throu . the use of vaccines. 
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Malaria Vectors and Transmssion 
M, COLUZZI, V. PETRARCA, M. A. D! DECO, AND Y,T,TOURE 

The maaria, vectorial sv,sten in Africa south o" the Sahara is probably the 
most oIwrltl ',v'ilhle iinivwlhere to hinian lahniodia. The hun
\'cctc, COitact -lio\s aI renivIkalflc tability and flexibility, producing 
e\treneelv hefh itociil:itiottl ratC', a;I wide rantl u of geographic and 
sasoal-+ eclicafColitiolt,. he tewmo Illost iiportmitl Comiponents off
this, ve'ti' ' ,iI t eittzi." ale .'Au t ,ri \, /11/h '.All/.A ',tn lh',+~ ++/h/(X .'(l/,i but 

the stalilil\tl tie\iil t \ itentlCoid tbl\c should blelitiinv r referredto
 
the latter vectol. , Hhl 1 i,, it lt cotlltl,., of' species anld ilei-illcl
 
spcCie,. I.r ,,f l+trciiiH I baic-,d -o tCtilprary pIookS lll\ e\poSCd to
 
stiu(light favors tho' roilp ot v tols iII e'\)!.:itiig t1.tt-lllade l
cilo1

.\ficil l),.d , ttlyilault, .i \ r \. rh il\l I liti-.lIHI. lt IpOOls I flelIit cc 113
pm Ile\% htiildiiie,.I tid. . 'nld ',irciuftui r',l acti'itjcs, and illiallis 
ICpresCnt Icic lo offhl" di,, t the vCctor popt'ltiol the g 11limina 
comleIx to) eatnl. c.,lfcial inl rClation \ith dclrestkition. desaliniia

,oi ,ktl anI ..- \Itl doliol i ama. Illd 1 t h itilore liosqulito vectors 
not iiC _ess iIf\ lltY l Illtore tliIt'a. the otential f'or t[ 1lns ,IISSioi1is 

cCrtaInlk iIIci;PiII it llimctiuti ,it h develomeInt1t. 
Itit, ICll stah'.tl ed the.. the yomh1/ciI' cOnleIx is cOm opsed o' at 

lft six mi rphoogieal., ilidi't itiliihale silling sllecics. 'IhirI recogIi
tioll alld treliibk idenlilicatiot c'tai he attained only by,, applying the 
COnc lt and te.'hniuies I evolutiotnary systenialic s and genetics. More 
rCCCt stldeC, have slhM I11urthrC coimplhxitis inI\'olVii'g chroniosona 
polviyttorplhisin 11l(Iilcipielnt '+u.ition prceCsCs, which apllal to e 
especially ilnportaitl ii tndert:ndi g the ataniitvflxi!bility of theand 
\ect,ol syste"qlit," 

l'iifteile Chlrotosoim-es studies o fie A. '. t/1ml' ciiomplex show 
r'irrIl it.uiiiCIIS I[ tle N1i)(d1g pa;IttCrn tha;t ;tie All bIseL on parct,;.r1"ic 
inVersiSOns. I.'tse oc:cur a t the hoin,,zygotis slte in diffeient species (tile 
fixed inversions iitilied I'o Cvtotaxonoinic Identification) or constitute 
inltfraplcific chironto,-olial polymlolhiSills. hn' ersion polyunorlphfisims 

1ll,ht'' IlCbee rcorded in AIf lthe six 'spciCs of tile )''hi com1plex except 
,tnophtch'.%Incru.,. and wer iiuind to occur v,'ith particthar frelquency in 
A. i111hl(1i I, And.ilihe, ra/)'xiit.i.s. li two taxa showing the widest 

6p) 

http:stah'.tl


70 duzzt, reeirart C et (it, 

*distribution and the closest association with m~an and in-i~d rei 
placesa va t

Gogpicl n in frequencies of invrsions closelySrelated to climatic and ecolo ical conditions,-r~bevd nb~uet 

~ variations arc withcon sistent the evidence obtained from~ studIies onseasonal variationis. Thesc show that the arrakrlgments foundI more 

re~s.ilthe oepani, thf ivron polymorphism appears to bein:....... of the pe
i l t humiepa raneoldest znisCiand n the other hand, inthe more efficient utilization of the spatial andseasonal heterogeneities of the environmcnt in central zones. 
Th. higher complexity of polytene chromosme differentiation hasbeen recorded, so far, in A. nabiae, which can be sitinto' forest and 

savanna ctiromosomal forms.Sometimes the latter may lave the status ofan incipient species. The forest form is apparently the same in all rainforest areas and intergrades with different savanna frs h hoo
 
some 2 standard arrangemcnt, perhaps erms 
 . The chromoscharacteristic of the forest form. The savanna forms all share.one 2L 
inversion (2La) and are further difforentitebne or more 2R inver

si ni eav form, characterized by the 2Rb inversion, seemsto prevail iEatAfricai, while in West Arctesm ragmn 
(os tomehe wih many other-2R inversions or inversion asscainfro ommonly d1,bc, bcd, ui,'cti bikl~j,jbdjc?4, and jbcu). Daa obtained4frlaboratory 'colonies do not indicate the presence of mechanisms ofreproductive isolation among the carriers of these 2R arranigements, 'all ofwhich are potentially ptinictic. However, intergradation is incomi-ple'te or'even missing between somec of thle kaiyotypes, so that various chromoso-mally characterizedocustogrcther savanna forms can be recognized." 

x' 
frc, htsmwarngmn,-,; rmscoexioc'dtiatisTwo chromosomal formswere described 2rin Senegambia in an area
thati inClude'sNheGambia andl part of Saloum in the north, and Casauiiance'
in the south. One of the two forms (population 1) is widespread

41 
in' 4'Ifreshwater inland zones, cllaracteri/ed by the 2Rb inversion, and can be
regarded as a typical dry-savanna population of A. gamnbiae. The other
rt'' form (population 2~) is prevalent in the'more humid, coastal; and Southern

anied is characterized by the 2Rd inversion. In the wide central
zone, where the two forms coexist, the hybridization frequency, although
much lower than expected, seems sufficient to allow progressive intro
 
11ression and complete intergradation. However, the presence of temporarily stamble depa rtures from the Hardy-Weinberg equilibrium,
deficits of the heterokaryotypes, indicates that the hybrid genotypes 

with 
4, 4 *'~ '.en c ;'e are 4not favored in nature 

'4 " *'0r 
in spite of their fitness or heterosis in laboramtorycolonies. S' 4i+'." i~ 4:i 
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The sitltiu.n isnun eccomplicated in Mali, vlre three chrollosoI ai 
lormns have -een descrihbd' and dell) ed with the njmmc Al ,pli, IBauako, 
an1d . [ heaum'iun.. N Iti clioniosomal fIrm is clmaracteri ed by the 2R 
ptolyriltrphil h,"1U :111of1S .' ent in tlhe iumnci delta ol the Niger River 
and in o(Illr clos lix eille ialidiirlilited I that provide conditions 
Ill dri , aI\aii Ireuc'hne,. pa(tictiaIiv e\ploited hy tile 210/' ho
mllinv'xute.. Ihie ainiio chlluullltumnt0'tl Ii1. cIaia.tCmii/Cd b) tih 2R 
IIIll12 CII\ 1(Ni1 All i/no'l. is tumilad tIl(1 tle coIllC Of tile upper Niger 

1<ixem ami It, tiiti;1iie ill 'oitierii ;%ali and noirtherni ( itina. It appeaIS 
to bI-e rict IIc 'itu late he s- omi. The(,e'stII nvIIio le pur o',tl rI'iimx 

Sai\.mllla ehl'mllmt mllIl l'illipimb:il_ 
 , d ItM m 
selIibed iln SeiIC1_IImhi1. hill its, _1R pomd~orphiim least sollihicnm 

Com el_ t, to pLIlatimoll I dc
'Ita ill 

Nali. ilICiAllC,, mmIlhci Il;i lUClllm.'tt ,IIciuJl I I andI u (ut1In0ii\e i tei 
tI_.lic . !hi,, Itmo) 1 ,il1b 'iI;rIIgClICit \6Cximm',)tIu ad ini (itlin eu mil Stdall
 
5a \'at)lilt" CxCcl'p fO1 iiIl,.Imi1dof irliCg ale sil.-c
, umid it appea lsassmi
;Itlel nl; \ilh pmn-depUi tcdini\%. l l ricediil place". itnuinlbeInM ili. of 
loc liii,,, x\\ he o (11,1Ce ,itilil  il hlulm or 

(f i'll xit. incomplietc ilee.riliol behenl C l 


1techul lo oilu m ill]thrce 
;i'+ dOllIICmlmtd betlVeell

,Sit'alIIIt :111dl Nlojpli ;111i1 )Ct\%%cn Sa\ll iia~lIct o,ndiama hnill it s1inle~t 

l', blrid k !\ itrpc_, Is Wen discmuerd m l'rirbceeni Nilopti aid Ill ko. 
li aiknc, m;iui otldlhi]kiu iolIts :l;iti B h;ik e icgar, cdi a , rep mrtituctively


ismmlt.I l iel h Ipehm llMsiimmxvki h 
 i/ioll \i ith inlte'l,ilding lOr't t
siiln)lllli cliom )llmmsliiiiilamis. xxliich l-c,. Icil , a tiig itsia:it poten tiall\
 
bhidC Imu elLm (m!m\
.I)Jatl m bt)iined ltrun) tldics still in pimlmmzie's ilica'le
 
tlhl . t fhlie ahimi
illillmnhi o;iu , x chirlm)li stliil Iulii ,,iimlei tavolc hi
 
vurllaiinl li\imlmlliiuililt ptlkhc Cmllljletition pihelmlilCllmi 
 display'aill
ilipoi
li.tlll ,' ill c I'lt_
I dc' it-, ;Iftl 7 thlcii rclaili tlc llc andltdtlriboiotn.l 

(',ilC .. . pop~ulatlion, ,pianll;ri lilli <am tqclsi.%. '<ill 'ltidicd so lair 

niiclic conrdilioll", lhmCcI-r, Llilt'CFnCC', Cxi',l it[',() 
 .
if Ilhi ,puCiQS l)CtwuCnI
 

ln itlheuil itd s i 1otl ",.\lfric lsixaillia popilatioi xxith tile l'omlIdisplaye l" 
imm. palticiltim mi\il t :\l'iicu. ;I iie c'lt'..ice o inversion poiNiniol-iihuin. 

Iih ',a ililC k:lit inliC tti h tie uixems'tmlVO tlme veCletoIriai SySlIill 
iinghth I h,,clc! h Iumna-2iiuieNm clllrmmlll ;: chane, xwitlh relevant 

tilie 
c'rn Ni,_,ci u hiim tIlciliufomSttiomi andl Utmbiit:titm 

cieet-, Off cu epilH imuii s', thimllion.S tidis ca.'iie Otll ii soutlh
hlVOi tihe eMICti'a

tioin (l1l 1. //'..in It main tucst /ionoiesorizmiali ocnipied nuly by A. 
c'amibiaci lllillorhic for tihe standaud chlmotmslmmle-2 ;i.lng.emnent 
fltmn"mlt ChiliimO I)H I nIt rrigition mmii cci,,lll'lice c ltivatiim iniilmoi ,I 
lr ax lii /umIl'e it' Maiai litikimit lasi l u laed1ti't !lie,preading 

oii the ,mu I of, A. 1./jmil inidiC (iti is.Nl llii.' Theciroi ilsolltOinim ,<., 
ilc,iln , itilevectorialsystem is uxpected to invol e sonc 
dmC:imeC Ot niche Compressioni. which generally results in a moore cfficent 
exploitatiomn o time, spatial and seasonal heturgciemities otf the environ
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Indigenous Concepts of Malaria Control in 
Rural Communities 
DAN C. kYw{-J[* 

IICI \C-I" IoFi forii
Wei~\\it) hnlferge i ofil ,)1 tie ithrough(
II He~i cAth :inc pcliw.'heue e'clethetinpu t IIli peli cal i meto,\. 

Ito LlL\CII)cl llit Ielhe. 1 %Welilou1"
01h i voR Ct he plt wih oti fhile 

2. lorl (I1" M w~l~ dehll fie nte 

we l;IiBI 'ILLC, ltcl i unc i;llurLI l l mole ill(.- lp I ,-i'o'efie 

I tl ;.k, 11 -1111' %%lluut thi t IC\t i Ilwil' Ilit i mi gh0th(ILolvi(ICF flie
 
LIcOl i ln k~" "i" LuIll [O 111 \mrk
tc l I I (I ii.\\ iit 201,- ioipiiljy' H 

'llilt i lullI. (i uIm1 ei .1(A Oils 11 iel~ii )t CuIeII,\\li ohLIf ios 111)of, 

1. 1 cII Il 

A lli iuu1 jtiO f;i Ovtee I niOng 'IdCVIOIi dc 5 vemYirs
~~iv~~~i~~lt2(i'0-d
~ ~ :11 e behl toilflee.itlOisHt fari1(r ipi yea S.bi h 

1npmo
n11 sill iiiijiiitmofevenIfils ut)clto;iti 1linlie sICII ;lest Io lRIemI-ehiz 

lIusimiPC-~ i I ;lIe of, ah ara . o t O l tltm t e lteciioiilvd elled[0(1 
Uhlede-uii i [i and imiiLl lieces. preit t hmiidiiig
Wiienii I'l ofreseach, 

2iii,mloitiuj1~uio fiii heCI f,01,[h usrs.Vl~v directed C1,1'hei fiale 

pr-odUCt needs(I
10 he miccCIimIHe iIIIcr1115) of,: 
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2. Numberi of ti,,c, requiired Idujration oft etfectivenc ", 

3. Ctiumci i-equirc.I of the dcliverv ,%,tei tid tile logistic support. 

Thli I liht[ lIitstIhi,ssh'' jfll Ii\5 iot gh hitiit i lh iili icd 

;ijdckt i: file lit;ll l t(IIII miit: M (wiit i hit thhi hic-1ikk lot' ihidol\~ illd 

ClW Ct' ll(- Ih i, h it\ ltl Ii & IN ipiihi N \iC:Iicih ihtI 

;Ip toiIohJ~lt 1t Il c dllh%C I h)\\ i t Ik' t0111lit\he Ill\ Oisf C i 
t~itL~hh h Cll~tt )Ih10 \ ' Cis.IIIi Si\ Itil IIC10 11 ;1 IIII IIIt\II ttHIt:11t;ihht Ihu 

I-otl ci.i . itI li ItIII fc hmllt Ih thC I1tIh i \ ;u h IP - i i ll\ lhhow 10 lild 

hi*Cl!itIk, !01~lhl' 1;1\ti \,. tl hi Ittthllht lh it 11;1',t f~kil hit fCIi' ti1li l eii to 
1


Ikllt hilk- IIshtl.pl A cd h C)CiicW l 

ith t IIl d >titk)(hh 11tt I,,liI ~'At , ;\ ill fi i t Itt II l I ics (mitlittil tlhuil 

l \s kitititit I I~~lliic It htti "l(li lhjtft t',ut1ii ill huhiti~', 1( 

Il Ilc II~IA I111 lll it I*)[ l \t litt i tiletI \%lhlhhll' c' tits I 

Illi I(It IIt i') I i i 

*khlhltjtlslilt 
1 til6 i liii IIh kLtthhtI l d H tlilchst It HIMk1 ICIftc itilt 

il\ iicli lilt lti loI tlhei lik-d UI' ill OwlIsC\i l1)[ itllt 5ch illl 1cilp'liil ul 

ifils\C \ \I I ll IIIC "hC Ilh Ill ('it1tct5 '\k,. thll iijst. 5i~ ~hil li11"(IIII . 

ill( Is h ill cillt htC ! 11C 'A;iii l Iihlihl t-Chik hti e \ 1C,.iItICii (ill 

\ i tItmh IIC.' 

http:IIshtl.pl


Chairperson's Comments
 

li,(I -( Im\i I I I;Idic\ arIld rgcrIcrrcn anid dear co1Icilgiic". we are going 
It, ~r Ilc~r~ pmxr! Ir ;dlrtilrnilrr esi It I" 11v plea~iel- and"the d 0' 

C Ofut nn ijid 
1)II-1CtIIli\k~~N~ andri 1ILrrI\t 1 OrIII/c.' 01ti,11 nee11cirre humhiaing 

11-M iee 10 l')11)\% OilI IMep ICIL I'rueN'"O II't)iorl. arid I aml 

I 11;1\c h)cc-r III :\hmjc' I)l - ow I lo' 1941 IS ;homehc.mnI ot th tunic 
\wk iin url ni;ohol i~o. h10 mcn.it h' n kuick Lotifir g 0od d h;ILI Old dayS 
\licit c\ ll\ Ililiv ,%\ ;i'" \ tinIM-, ;11i1d 'IreaId ,c i urr1 TO \' .oLU id 1)(21rri liii1. 0 

to~ ~ ~~II( l"o~,[\tt.hr hinl. I \%ishIi \ol I Inc \cer\ hestI Of I ick>ill like mrid 
Ill \ Iito\ ci tint ore1i,, 1 11h[,r\ 1-0 L it 'liI t in' irict111. 

L! ore(.tlpo-liinc tl, LIeiun~~~or.IadIe'Cg121iti12irne2i. WithaniL 
D[)r I I\;n\\o. \ lit) ill cui ot talk olnooit IrndhirlrOtnr Ceomncejrt Of auioIl 

crimt.I \w01id like Lu) N He irmportarle oh' thll, approch. We hanveine 
beenl told Iris :doleorror atl ai lailue nrn.nOii oh' tine jnoprlOn oh' Atien 
sniflemsr i ilaia. arid teionlkcpt oh innlami-a. (lthir ay ill Much they
rei-,ard nlariallKl is oh, vctj nrmn irnipurtarre Iur our :rttemnrpt to, rellieve the 
Ill [ilmt o1, this" oi-coe urn tlIe Ahmicoir puprniornwi. Dri. [yaw'o. 
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Indigenous Concepts of Malaria, and
 
Malaria Control inTanzania
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Table 1. Distribution of respondent opinions concerning the prevalent
 
illnesses in the village.
 

Second Most Common 
Most Common Illness: Illness: 

Number Percent Number Percent 
Malaria 1,17 490 43 14.3 
Fevers 49 163 1! 5.7 
Diathea' 44 147 72 24.0 
Abdcrninal problems 19 6.3 44 14.7 
Moasles 11 3.7 7 2.3 
Hteadache 8 2.7 27 9.0 
Anemias 3 1.0 3 1.0 
Vomiting 2 0.7 18 6.0 
C(Xughs 1 0.3 15 5.0 
Asthma 1 0.3 4 1.3 
mchaur)nqo -. ---. 2 0.7 
Other 9 30 31 10.3 
Don't krow 2 0.7 2 0.7 
No trply 4 1.3 15 5.0 

[otal 300 100.0 300 100.0 
"ht,+hrao is convulsions, usually In childr,.n, associatecd with malaria and other high 

N vers. [rob ly c-rehropi r1, TIOII i qItiSI n l(Jr If II rkirrI 

Table 2 DisttibutJon of respendonlt opinions <ocerning dealtis aicje to local
!Iri( sses. 

Ir!l1(-1'Ss3s sn Not .!aosiy Not sure Iasi ly Very easily55 ny 

Muasles 6.0 0 3 13 / 80.0
 
D)iarrhea 2.0 
 03 19 / 78.0
 
Convulsions 0.7 3.0 
 1.7 20./ 74 0
 
Zonao 0.7 10.3 
 4.3 49.3 35.3
 
Malaria 0.7 12.7 1.3 
 62.0 23.3 
tuberculosis 0.3 10.3 1.0 55.0 23.3 
Djins 2.7 27.7 5.7 43.0 21.0 
Fever 50 69.0 1.7 19.3 5.0 
Headache 100 62 / 1.0 28.7 1.7 
Bronchitis 57 79.7 13 11.0 2.3 

Data shown as percent distrbution. 

\I"hat is inlrsor;r I)( t tl about helrCollsCs to the qLestioll of thC cauSC 
o1" malaria i,, the complete asocintioll of' the disase with the Cnvirorn
mental Conditionst,lathel tha lllmagical or somtie sulpernttura-l cau:+;Cs. This 
would make the disease, morC casy to Colltrol with an applroprinte Stritegy 
than w,ou he dhe ctse i" the di sense were rChted to mgt'ical etiologics. 

The mijority of Ihe respondents considCCed maladiagnosis to he 
easy (Table 4). lv'e'Cu1 thought their diagnoses may he ine.torrcct at times, the 
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Table 3. Distribuion of respondent opinions concerning what causes malaria, 

PercentCauses Number 

Mosquitoes 139 46.3
 

Cold 76 25.3
 
33 12.7water)irty 

17 5.3Po luion 
1 oIf1 7 2.3 

Clonqe of wealher 5 1.7 
2 0.7 

LAf ssiv- work 2 0.7 
Ot0 ,r 8 2.7 
Don t k ow 2 0.7 

"I) eply 5 1.7 
lot 300 100.0 

Do;', 


Table 4. Distribution of respondent opinions regarding how easy it is to 
diactr roo, rnolaria 

L y Niriter Percent 

,v 85.0 
. t , 11.7 

,3.3 
lo J1 ,3WO 100.0 

Table 5. [istriLUtrt o f respondent opinions concerning the symptomis of 

Nur bors Percent 

, i ip lA0 23.0 
V,71(,knfs,e on hf,. 60 20.0 
F,?vor r,Jchi Is 59 19.7 
1 48 16.0lv. r 
'V,.4 igiir 
 47 15.0 
Ohel 5 1.7 

No reply 11 3.7 
Told 300 100.0 

villagers scemcd to ieable to distinguish dill'frCnt types o1 fCverts. The 
mentioned symptols of Irt1Ialia I'alltngefrol comblinatlions of syinmpolnls to 

fever. w,:ak joints. ofr vomiting ([able 5). In small children, malaria 
snrptolms include I'cvCr, withdrawal fIron play, cryitg, and reflusal to Cat. 
The course of, action that lllovs the home diagnosis varies bletwecn 
administering af single aspirin tablet, cllorKalirne, or hcrhal medicine. 
Some yoUngeir mothers seek the opilnion or advice of ClCr women bel'ore 

taking any slep: sonetincs the husband gives the aldvice. 
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Chloroquine isconsidcred a powerful ontimalaria medicine by villagers, except for 'soniceside effects-niail thnwilI'sIC)re

follow -a-sfewgdaytailrqiijeto cmoalarig reat 
to 

Th 23ropylactic use of chloroquine during pregnincy is reported to' be effective.However, some women report that large dosage of the drug Can induce 'abortion, and young girls ften use chloroquine to induce illegal abortions. Therefore, chloroquine is generally used by the pregnant wom nwith some precaution. Patients often use biomedicine, which they store intheir houses or buy from local stores, as well as herbal medicines,
sinultaneously or one after another 

When the inZughw'a is used, the leaves of the plant are boiled anddrunk as tea three times a day. If the fever persists the following day, itis assumed that the disease is not malaria and professional assistance issought. More complicated preparations arc used to severetreat feversand other diseases. Villagers also use herbal repellents to protect themselves against mosquito bites. Mumbasi (Ocimum suave) is popularlyused for smoking the inside of houses at night. The fresh branches of theplant are also used onl the walls Of the houses and around the sleepingplaces. The plant has been proved to have strong insect repellant
activity.5 p mare t g i repe--ant 

Other protcctivemeastures hat are practiced by community membersinclude screening of house windows and the use of mosquito nets during
sleep. However, tie popularity of these two measures is limited to tihe few .who can afford to pay for the screens and the bed nets, There is no doubtr !., that, given low prices, many more people would theseuse control 
measures. Environmental control is practiced by keeping the groundsaround the house free of tall grass and water-holding areas. The shell ofthe coconut is used as fircwood, which takes care of this common itemthat could serve as a good holder of rainwater and breedingpm c 
mosquitoes. a b place fo 

An evaluation of malaria in a sample ofthe village population 'showedhigh parasite levels smallin the children under age 5. The highestpercentage of those with negative parasitemia was from those in the 15and above age group (Table 6). This nlaria evaluation was done in earlyMarch, before the start oftie big rains; after the rains, the parasite levels were even higher. . : ' 

-' There can be' no doubt that this rural population would welcome amalaria vaccine. However, it -Would be more beneficial if use of themalaria vaccine Would be integrated into the vector control and personalprotection measures that ire already practiced by the population. Thcintegrated approach Would facilitate effective control of the vector thatconstitutes a nuisance pest, as well as St&engthen general health educationand the control of other diseases that are prevalent in the communities 
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Table 6. Number and percent distributiorn a! parasitemlia levels in Tongwe 
Village, March 1984. 

Uio 	 0lc 1<5, -d,!0i 	 ths 

Ali t• 0 1 1 W1 i) All 4L:, A.l 801U 601 1600 

1'6 41 66 9 11 5 4 
i00 30 49 / C) ,1 3 

If Ints 28 2 11 5 8 3 2
 
O1) fos 17 2 6 0 6 2 1
 
'1 23 mas 11 ( 5 2 2 1 1
 
'ercert 100 7 39 7 29 11 7 

Chilaren. 54 9 34 5 3 1 2 
? 4yr 35 62 1 3 3 1 1 
5 9 yT 19 31 3 2 0 0 1 
Percent 100 17 6 39 6 2 4 

Adolescents ar a 

aduits - 15 yr 54 30 2 1 20 1 0 
PFercont 100 56 39 4 0 2 0 
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e4 Pr~'-rr We are,naring a on thegreat hope ofthe future. I wish J had some data to pi~sent. Thevaccine that is going to help decrease 
aari 

morbidity and mortality makes itincumbent upon us to know what those measures are before we begin theinterventions. The problems that have occurred are basically definitions,
What is malaria in a continent where over 99% of the diagnoses are madewithout parasitologic confirmation, and where fever is frequent? Fromthat evolves the qluestion:' "What is malaria- associaited mortality?"have, as WeDr. Wurapa presented before, numbers. The nsomnofficialnumbers are approximately 5-7 million cases of fev. reported that godown as malaria and the estimated figure that I milli'ii deaths occur peryear. But where to these figures come from? Most people .re interestedin the I million deaths, a figure that has remained the same for the past 20years, despite the fact that the population hats increased. This is importantbecause, when don't have thedata, people willwe 

not consider thatmalaria is so important if they are involved in planningtional, national, and sometimes 
on the interna 

even local bases. We are Strugglingagainst other programs that merit support as well.There is one countryI know in the Caribbean with only Plasmodium 
J & lcipar,,m that has been heavily supported by foreign donors For the past25 years, 

reason 
which has never reported malaria mortality. For whateverat this particular point; that country is having tre.endous difficulty getting support for mialaria control because other programs arebasically stronger in terms of presenting relevant data concerning the tollof the disease.-


What is,known? Well, in 1952,
investigation Lagos our chairman did amost fascinatingin based on the study of allestimated persons dying. Hethe toll due to malaria in'children less than one12.5/1000 and for those from ye.r old asI to 4 years as approximately 7/1000, Thiswas an urban' population Th thosedeaths and with directly associated"those where the deaths were indirectly associated "withmalaria. As I understand it, this'was the basis upon whichthe I millionfigure was derived and has beenmain tained over the years. There havebeen a few other studiesnin the intervening years which keep the malaria 
base mortality :prettyymuch'in the sae odrOne wudhy huhthat this W.ould be decreasing because of better health services, higherstandard of living, nutritionial programs, and health education,

The overall infant mortality seems to, be changing. it is unclear, aswhere that is changing because the closer you look, th to 
more often you findthat there is a heterogeneity,' not only across Africa, but even withincountries. Recently. in the program that Dr. Wurapa mentioned-the CCCDPogram, an AID-sponsoied African Child Survival Combating Communi' : Pjcable Dise~as'es Program i: : S ht :rO(acloser look was taken at the data from- Liberia, 
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~722" aire, and Togo, usinig'classic demi-dphic'meth dsThe assurj'ton was
 
that it was not worthwhile to find 'disease-specific mortality retrosp~ctively,

but perhaps it was overall mortality that would be the best indicator 
 The 
rates of infant mortality range from 33 to about 190/1000. What we learned 
from these population-based retrospective studies 'was that: they are expen
sive, are'difficult to validate, and have enormous bias depending theon 
population you choose. It isalmost impossible in a retrospctive study to find 
a disease-specific cause., Even neonatal tetanus, where a baby dies before 10
days, is tougbh to evaluate. But, what we found is that, in some communities, 
the infant mortality is probably dropping considerably.,, 

More'irecently, there have been two interesting studics. I hope we 
will hearone tomorrow. DrGreenwood in the Gambia has done some 

' 

thsinaingpr iosoc at a group of children in,ruralveStudies le'6king 
areas with special-epidemi0logic conditions. I will not talk about this 
because Dr. Grecnw:p ad is here. But,i look at a population in Kinshasa, 
Zaire, withe parasitologically confirmed malaria and with theiclinical 
diagnosis made .on the wards, including hospital record reviews, by
board-certified. pediatricians' and clinicians, indicated that a view at the 
overall mortality is not going to identify trends 'for disease-specific
mortality. Over the past 6 months 'in Ki nshasa, Zaire, the mortality of 
childre n U.ider 5 yas has approximately tripled, going straight up; while
the overall infant mortality, if Yo'u'just look at th~at, has stayed the same, 
The hypotheses is that drug resistance may be related to this, although
there are a 1nmber of other factors thait may be involved. What is the 
overall mortality in Kinshasa" when you look at the figures with all 'the'" 
qualifications of' it being ,a ho'spital-based study? They are of the same 
order as the !3ruce-Chwatt findings about 20 to 25 years ago. Ifyou apply
these more recent studs to all ofAfrica, youare not really far fromalthe 
I million deaths that we have heard about: in the past considering the 
population has doubled, etc. 

The methods are very, very imprecise. We 'need innovative ap
proaches-approaches of' the 'type that' are being done in the Gambia. 
While prospective studies are the most accurate, they are also the most 
costly and time consuming. We need more studies where just a cohiort of 
births are followed either at a hospital or ina community, and then see 

,, 

.4 4 what happens to those and try to define whia!,'is going on. Perhaps the 
easiest for our colleagues is simply hospital-based Surveillance where 
,pcople come in and whereiwe can measure the severe clinical cases and 
deaths due to mhalaria and whether the~ trends are changing. So, innovation 
using the data that are available, getting support for this is extremely
impoitant because otherwise we will not have' the baseline data'that is 
needed when the interventions come in. Let me just say that one thing I 
did not know of until about three Or four years rigo was the number of 
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an weseirrspetiv eavroftheepidemniologicf the ultimate outcomeindices,of what do vaies, doig,serologic~parameters 'ren hrest. We found that' the number of episode otT rp r a ndfromhie 
I,,;!:4-15 episodes. Thank you.CW s 

BRUCE-C-IWAIT: Thank you 'very much, Dr; Breman, You m'~ay recall that 
not very long ago Dr. Wurapa and also Dr. Dio'uf'mentioned a problem of 

related mainily to the parasite and, secondly, to the response to the parasiticinfection, there is a toal ua clgcal aspect, nael the Failure to 
tkt n8:drugs. The problem of compliance is and may be a very seriousproblem due to a number of factors. Professor Salakohats been involved for 

number of years in the studdrgrcitac. prt ro heof one'hnoeonoof these factors.duI wouldrsattcetatilike to-call on,
Professor Salako t) tell 'uS' something about his findings. 

SALAKO: 'hank. you, 	 Mr. Chairman.' I want to show a slide to.back up'
describedwhat' Dr. Wurapa haveN to us about the spread of resisiance to

chloroquine'ini Africa, These data were obtained from the literature and,from WHO publicaItions (Fig. 1). ; 

, '.This is the appearance of chloroquine-resistant P.' folciparun in ''4 
Africa. The first place in Africa to repor, this was the Comoros Islands in1978; and then Kenya and Tanzania in 1979; Madagascar in 1980; Uganda
in 1981; and the Sudan, Zaire, and Zambia in 1982; in 1983, Burundi,Gabon, Malawi, 'iiid Mozambique; Angola, Namibia, and Ruwanda in
1984: Cameroon and the Congo in1985; and just this year inthe last month. 
or two, resistance was escribed from Benn. 

Now if'you look at the map, you will see that thbis spread has b'een
almost complete fromn the eas! to west,.but somehow there has been a
.jump after Cameroon. 	One would expect Nigeria to follow but there has
been ajump over Nigeria to Benin, which is just west of Nigeria. We do,not know whether we are missing it in Nigeria, or whether this is a general 

Over the past several 	 years, I have been monitoring sensitivity 	to 
Vchloroquine in Nigeria. Thle data from last year's work show that for

chloroquine, we see full sensitivity to the dru'g."Mefloquiuie, ant alternative 
to chloroquine is already showing primary' resistance. The slope of the
Curve is so mich less than that of chloioquine. Infact, among 12 patients,
two distinctly~have parasites that were resistant to mefloquine, even
though mefloquine had not been used at: all in that community, and
quinine, which' is related to mefloquine, had' not 'been used for over 40 
ycars. So mefioquine may not, ini fact, be thle answer to chloroquine '~ {resistance in West Africa if and when it arises. ~~ 
' "V :: ;;i'5: :;~ U ; :: i);:,:i i 4, 
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count , Perhaps because it is very small, But as far as resistance is 
conce jfed, we recently found that there were cases of P. fakciparitn
malaria fever that did not respond to 3-day chloroquine treatment. This
led us to suspect that there was resistance to the 4-aminoquinolies'. .

Tomorrow we will address the resistance problem in Sao Tome ad
the situation resulting from an incomplete malaria eradication program
Dramaticresults were obtained initially for a 3-year period, and after that, 
we saw an epidemic outbreak of malaria. 

Drug resistance app~eared when there was a loss of immunity. We 
cannot speak of definitive resistance, but rather of relative resistance. I
simply wanted to draw your attention to this, and I hope to comec back to 
this later in tle discussion, Thank you, 
Bi3uce-Chwatt: I have onquestion for you. Has WHO sent someone 
there to examine the degree of resistance with in vitro testing'? 
Dv Cii,,r : Well, WHO has not yet sent anyone. Recently the Portuguese
Red Cross sent atmission, which worked with the European Economic
Community, but, as far as I know, it has not conducted in vivo studies for
chloroquine. The mission carried out a large-scale chemoprophylaxis
campaign, especially for children upto .15 years of age, but I do not think
that it has performed either in vivo or in vitro tests.,We have informed 
WHO oft he situation in Sao Tome and sent them a.preliminary report on 
the tests that we conducted. 

NBRuc-CiIVA'r: Thank you, Dr. de Ciea, I would highly recommend youspeak to Dr., Wurapa, since he does represent the regional office. You Caln
perhaps ask him to send another mission tOdperform field trials. Thank 
you very much. Any other discussanis? Yes. 
TY-oR: My namhe is Taylor from Zimbabwe, Ministry Of Health, In the

line of drug resistance, I do not think thattithe situation, has really been
 
made clear enough because, as far as Africa is concerned, there is no
alternative to the use ofc loroquine. We arerneither fortunate enough i 
Africa to have the health infrastructure that is available in Southeast Asia,
 
nor the financial resources that allowed them 
to use alternative drugs
quite readily when chloroquine resistance appeared. Now we heard Dr.
 
WAurapa talking about the conitrol or, let us say, the reduction of morbidity
and mo6rtality due to'Mai by th sf rusi rralI'area. lhU'1
 
this is riot going to be an effective stra~tegyN~or very, long, it is the principle

strategy that is recommended and available ,'t h'cmomnent.. What we have

sen:i ,the last four or five years is a dramaicspread of' chloroquinc

resistanLin Africa to the extent where in somec countries it rapidly rose
 
to 60-70% of the malaria cases. We are fortunaite at the present time that
 

<chloroquine is still beneficial in controllinig morbidity, even though it does4 
not necessarily effecct a cure,. 
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4, dandled'very carefully, Some research is needed, first of all, to clarify[further the problem and then to act pith 

"b 

a program that has a major 
4 impact on Source reduction, which in the urban environment is expected4

to be quite successful, 
BiUci-CIIWATTr: Thank you very much, Professor 'Coluzzi. Would Anyone else like to take part in this discussion? Dr. Kaseje, please. 
KASEJE: Should Igo on with the second question? Thank you very Much,Mr. Chairmai. The answer to that question is yes. It will be important to
involve the communities, 'examples thait were given around. Kisumu inlKenya, in utilizing the available means in combating malaria, In . .thearea
of vector control, one is a little cautious and I may bemcrectd hee.
When we are involving the community in takin corrcted hepre.n
that the action taken should be effective, because it is the result of' that
action that will reinforce belief and trust in it. It is that process that will* help them to internalize those activities and make them part of their own
life style.. But if the actions that they take 'as' a result of our in'teractionwith them fails, in other words the consequences are not sufficiently
effective for them to realize, then that has a way ufunerinintly

what we are trying to introduce, but also other things related. And so, ifpeihaps source reduction as we know it todaymay not be effective in
sufficiently reducing the mosquito population to have 4an impact onl 
transmission, then it may be a fairly dangerous method to follow at thisparticular time. 
BRucEa-CiiWATI: Thank you' very much, Dr.~Kaseje.4 
MFONFU: Dr.'?' 1onfu from the' Cameroon. I have a question for Profes
sor Coluzzi. In Cameroon and the extreme north around Lake Chad,studies have been carried out in that area: and they have shown thattransmission of malaria is perennial. This area is an inundated area and 
many dams have been built for tie cultivation of rice. In your presenta
tion, you' said that the construction 'of dam's for' the cultiva- tion of rice did
not have anmy effect on malaria transmission. The 'entomiologic'.studies
showed 'that in this area the vectors were A. gamnbiae and A. filnesigis.Well, you did not mention A....esis in your presentation. The authors
of the studies state that A. fnestus maintains the transmission of malaria
in the dry season in the damsand that A.gambiae increases the incidence
of malaria during the rainy season. I want to know what you think about 
it. Thank you. 

Couzzi: Dr. Coluzzi. I was probably mentioning A. fimestus too
rapidly. Of course, A.fiinsfus plays~a very important role in, mainly, theSudanese and Guinea savanna areas, and particularly where more per
manent bodies of waters are present at the end of the rainy season. What 

4Ai 
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did not say was that dam 'and rice cultivation does not affect malaria 

Ktransmission; itisjust the opposite.' Probably, Iwas m~isunderstood. It is not 
the big body of water that is producing A. gambie, but the more marginal 
areas of the dam and the irrigation canals that originate from the dam. As far 
as rice cultivation is concerned, ~I was probablymnisnetodbcaeI 
stressed the point that rice cultivation, in spite of increasing tremendously 

--the density of the mosquitoes, does not increascwlsinmultaineously the trans., 
mission potential, These'results originate from Studies carried out by French 
investigators in the Bobo Dioulasso area in Burkina Faso, which: show 
clearly that in spite ofa very high density, there is less transmnission, Time 
does not permit to analyze the details now. There will probably be comments 
by Dr. Carnvli Takyu Mr. Chairman. 

BRUCE-CHW17: ;Thank you very Much. Profession Kilamna is not present. 
We still haive five minutes, I Would like to give a conclusion of what we 
have had this afternoon. 

First of all, we heard the remarkable description of a panorama of 
African diseases, especially malaria, in',rclation to a number of factors, 
narnely Population increase. We know that the population of tropical Africa 

') '':< 7J 'J ::: •' ,; ; L v , -- , , ,• 'i ": 'I E i"U
 

is increasing at an average rate of 3%per annum. In some countries, the 
increase is4-4.5% per annum. Therefore, thle pr~oblem of food in relation to 

We know to what extent the' 
) . • :: important. ° .the 4<"population" is,;"'increasingly•{ i.44-<":(;i: . 5 v r '' 

growing of' food contributes to deforestation, and to what extent the
deforestaition has an effect on the whole ecology of these countries. We have 
seen that any rural development, by increasing irrigation, brings in its'wake 
the increased breeding of malaria vector~s in the. same way' as increased 
irrigation produces increase of schistosomiasis in many parts of Africa, so 
there is no one single factor. All the factors are intertwined. 

In a particular way, one factor is depenudeint and creates the other 
problems. We have also heard from. Dr. Kaseje how important is the 
involvement of the Population as such, namely, the socioeconomic 
development to allow 'for the involvement of primary health care. We 
have heard far too little today about the'primary health care and its role 
*inm~daria control. Perhaps we will discuss it tomorrow or the day after. 
But, I'would like to add my own personal view on the trend from malaria 
eradication to malaria control. 

I'was-involved in 1956'in the basic laws of 'malaria eradication, the 
Sixth Expert Committee of Malaria in Rome, and I realize to what extent 
we were' unaware of the problems that we. were going to face. Then, in 
1979, when the trend changed slowly at first and then faster and faster, 
from malaria eradication to' malaria control, quite~a number. of people' 
thought that malaria control was simpler than. malaria eradication-that 
malaria, control was a "poor man's malaria eradication." They 'were 
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completely and utterly wrong,Malaria eradicatin technically seain 

was much, much easier than malaria control. In malaria eradication YOUwent by the book.Vou had a rigid set oftechnical meansthat.you had to- t the field and you hoped for the best, However, in malaria contro 
to adapt your technicalA. yave means to the epidemiology of thearea,the human ccology of the area, the availability of well-trained stall', andthe response of the popLaotion.
 

S m So, malaria control, in my view, is much 
more difficult than malariaeradication because it has to be adapted to local conditions, Peopie whoknow how to do it are very, very few, and that is tle reason why trainingof malaria staff at all levels is the only way to produce what we expect tobe, namely, primary health care, which will take malaria control within itsorbit. We also know to what extent the number of technical problems that arose during the past 20 years have affected alaria control, namelyresistac. ac insecticides, Virtuallyall insecticides, and the problem of theimpact of insecticides on ecology of the country, resistance. of P.ftalciparu/1n-t hank God, that is the only one for the time being-to our
best antimalaria drugs. The attempt to dcrease the impact, the pressure,
thle selection preSSUre on P.falciparmn
1 brings me to the very odd problem
of malaria prophylaxis versus treatment of malaria. Let us not forget that
malaria prophylaxis 
 was in a way, something like malaria eradication.You used the drug chloroquine at that time for all populations and for allage groups. Now, we have second thoughts about it. This type of carelessuse of drugs produces resistajic. Tterafore, we have to decrease theselection pressure and we have to use the drugs for (hose people who areactually down with an attack of'malaria.i But.what do we know aboutmalaria, about those who have malaria? What is the difference betweena disease and malaria infection? This 

DNA probe. People want to use the DNA probe to know more about the
malaria infection. The answer is very simple. If you use the DNA probe
for the whole population of Africa, 
 you will find Out what many of youcouldguess, that 99. % of the people are already infected. What is thisknowledge going to give You? Very, very little. There is a moral problem,a moral dilemma. What iht have we got to eliminate from malariachemoprophylaxis those have a -oclinicaleffectof malaria or whoseclinical effects have not been .diagnosed by aphysician?
We want to prevent selection pressure on th.aaiebuttesm
time we forget thle hun-sn clement involved. How to solve this problemJdo not know, but I wo'uld like to stress 1;is moral dilemma to you. If we ' ,uare going to give. treatme'nt of malari'only to those who haveconfirmed assufering fromsuacute malaria, been 
we are omitting completely the60.70% ofinfected persons who have no oronly a few clinical signs and 
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been dscribed tom 

ricac a thetdievnmlsrastrn reitsnofhenical cnloroquine resisiesestAfrica. ( , a Tn 

in t eroninand n Mresear hprjects presented atthe 25th TecheeLimbe(, eabrDouala Uanti thensiniicao).cincl o C ritne inrope(m4Caner ofandC-in the Ciicasshra :~o e a major...pulchelhc.....s Rp-9,Apr,Foh sureillancfe sysefor ocrnbcm1985. The expertstooP.flcprutjveug dspea dugrsistanceapr 

the OCCGE contries Accordingly,- iJrovember 1985,, the council i'f
ministers of the eight member countries ektablished the,Referenc~e Center*for Drug Resistance to Malaria (CRC/OCCGE), with headquarters at the(#.....
Centre Ivluraz Justification fur crin of ce rcme rapidly 1 

with the recogniti~n of the first 10 cases of clinical chioroquine resistance
in Cotonou, Benin. '' 

We are presenting in this paper the objectives,orgazation, opera
tion. and sur-veillance methods a s advocated hy.t6!'member states. 

.. .' 
 H.;;i [ ..
,,.. 
 ..... .... ..
 

U: OF THE CENTER ;!"7OBJECTIVES 

The reference center hasthe following targets: '.'.-" 
d. Establish in eachiof tihe member states a team capable of performing

in vivo and in vitro tests of' drug resstance as needed for national
i32 sui veillance, usiaig standardized methods.'~ 

r iranslated from French; sec FrenrIh sunmaryat the end ofths paper, 
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2Assure adequate staffing And continuing training of these teams. 
3.' Maintain the role'of te'chnical council for the national teams, , ~ 

mentregimensfor malariato-prevent -or ' 

limit the furtherspread of drug resistance n West Africa. 
S"< 5. Collect the results of drug sensitivity studies of the subregion and 

dsseminate this intormation to the memlber states of OCCGE. 
6.' C llaboratewith centers inoverseas (Centre National ,Francais de ]a 

Chiriose ibilite and 'the. malaria b oanchof CDC in Atlanta) to get. 
information on the latest technical developments and of surveillance 
of resistance among nonimmune trav.lers to Africa 

CHOICE OF THE CENTRE MURAZ AS 
* ,. REFERENCE CENTER 

The reasons that have guided the experts of member states and the 

cientific council in their choice of tihe Centre Muraz as reference centerfor surveillance of drug resistaice are as follows: 
I The .enter has qualified .technical persoiinel to; pi form thie tests 

neededto determine the level of drug resistance '(Drs. Guiguemde, 
Gbry, eo Douchet and a edraogo,.numberof laboratory technicians 

2.experienced in malariometric studies). 
The center has the necessary laborafory equipment. 

3. The cente, has: had considerable experience ithe' field ofmalariol 
ogy, in particular in studies of> drug resistance "inAfrica:, Between 
'982"ain1' 1986 the following tests hav'ebeen performed: 768 in vivo 
tests over 7 days of observation, 30 in vitro tests (WHO mac test),
92iiivitro WHO microtests, 82 in vitro semi-microtests (Le Bras),; 

ad40 in vitro tests us1iug radioisotopes (Lc Bras et al).' -

'' 

4 

4. Thre center can provide teaching and' training courses for its member 
'states, as well as at the international level (e~g., Joint Intei-national 
Course in Malariology, CIDESCO-OCCGE).'''" 

5. The center is already participating in collaborative studies with . 

forig'n re search inustitutions., 7 '' ~" r 

6. Its location in the heart ofwest Africa facilitates its role as coordi
/ - nator between the national teams~'of survoillance, 

SURVEILLANCE STRATEGY 

PASSIYF SURVEILLANCE 

During the past years, the emerge-nce of ch~oroquine resistance in Africa 
AWas detected among the nonimmune'parts of the population (expatriates 
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and children under 5) by reduced efficacy of chemoprophylaxis or bytreatmentt~ failures in clinical malaria. the nonimmu'ie r tevr
tairgets of pas .venes arethe ver 

At ... national.level, physicians and health agents should be encir 
<aged 'to,; reparec blood smears from each patient at day 0 (before,'treatment), and again at day 7 after treatme with chloroquine administered at a dose'of 25 mg/kg body weight over 3 days. Eachtrcat n'failure and each malaria attack in a patient .who has received adequatechninoprophylaxis shouldbe reported to the national surveillance team.

At the CRCP/OCCGE level, the centerimanintains contact withforeign institutions and will inquire about all patients with a diagnosis of
drug-resistant malaria, who have a
had recent travel history to West
Africa. This type of passive 'surveillance will only detect clinical 
 resistance, i.e., drug resistance at an already elevated level. '. " 

S ACTIvESURVEILLANCE 

appears that resistance to chloroquine appears only after a progressive
tdecline in drug sensitivity. The objectiveof activesurveillance is the early
detection of this decline before clinical resistance has developed. Hence,
there is justification for using tests that employ low doses of5-10 mg/kg

of chloroquine. 
 ' 

PeripheralSentinel Cetlers. In each countryvillages will be selected
for study that have a dispensary staffed by registered nurse
a (infirmierd'etat) and. a primary scho6l. These villages will be representative of

different epidemiologic patterns of malaria (e.g., urban and rural areas,
forest zones, the sahel, and savanna.) For reasons of feasibility, the invivo tests to be used must be simple, using low doses of 5-10 mg/kg of
chloroquine. They will be carried out as follows: 
on a Monday (day 0) thenurse 'will pri~pare thin blood smears from 100 pupils of the primaryschooli. ':Thereafter, the children are weighed. One half of 'them willreceive chloroquine at a dose of 5 mg/kg body weight and the other half 
a0 mg/kg.l thIfollowing Monday (day 7) a 'second isblood smeartaken. Allslides will be sent to the National Surveillance Center forstaining, reading, and interpretation. In case of suspected drug resistance,the central surveillance team will visit the place to verify the results. Theperipheral sentinel teams should repeat their investigations one or two

times per year, if possible. 

National Centers. The national teams will carry out in vitro tests incombination with in vivo t'-sts whenever there is suspicion of drugresistance from the results of the tests performed by the sentinel teamsand whenever requested by a physician in case of clinical resistance. 

+# #+:+++: U? : ++ +: +++ +: ++ : ++++ +++!:+++++:: ++++ +++: +: +, , , +.:.+,,+. .4,4 4' 44-44I++++ 
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I&'/t'ir 'c('tf'r o/ ( ((,'i-. I1"ile need -hould aic th ('RCTi 
could participate in the in vitro tudis"of' thle natiton;l ,irveilkince tealms 
In their r,,pecti\ ,'eemri1,. 
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would permit a homogeneous assessment'Of drug resistance of the various 
C strainsstudied. It became necessary to integrate the surveilplasmodi 
ance activities into t programs of the countries in such a way

that they would be part of a continuing and coordinated system for the 
entire Subregion, (~.
The planned strategy of surveillance must, most of all, be feisible (i.e.,
based on active surveillance at the peripheral level using simplified in vivo 
tests, and on continuing passive surveillance at all levels of the national 
health services). This initiative which initially concerns only member 
Mtates of OCCGE could eventually include all countries of west Africa, To 
this end the support of all nations and international organizations would 
be greatly appreciated.. 

RESUME 

Face a la catastrophe que constituerait la propagation de ia chimioresistance du 
paludisme, les Etats-Membres del'OCCGE (Organization de Coordination et de 
Cooperation pour la lutte contre les Grandes Endemies en Afrique de l'Ouest), ont 
cree au scin du Centre Muraz, le Centre de Reference pour la surveillance de ia 
chimioresistance du Paludismc (,C.R.C.P.IOCCGE).

Ce centre a pour vocation la formation technique des equipes nationales a la 
m: me methodologie des tests de chimiosensibilite et la coordination des activites 
de surveillance. La strategic de surveillance adoptee seveut avant tout d'6tre 
faisable: surveillance active de premiere ligne par des tests in vi o simplifies a 
doses faibles (5 o'u 10 mg de chloroquine/kgp), surveillance passive Sontinue a 
tous les niveaux des centres (ie sante des etatis.
 

La Structure du systeme die surveillance est la suivante:
 

I. Des Centres Peripheriques Sentinelles (C.P.S.) dans chaque pays. 
2. Un Centre National par pays.
 
3, Le C.R.C.P./OCCGE.
 
4. Des Centres collaborateurs etrangers (Centre National Francais de a cm 

resistance, Malaria Branch du CDC d'Atlanta). 

Cette initiative qui concerne d'abord les etats de I'OCCGE est appelce a' 
englober l'ensemble des etats de I'Afrique de I'Ouest. Pour cc faire vivement 
mande. 
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B Country Situation RepIorts 

DANIEL MFONFU 

According to the health statistics of 1977 through 1979 of the Directorate 
of Studies, Planning, and Statistics in the Ministry of Public Health, the 
reported annual incidence of malaria was 11.6% and the mortality rate 
was 4/100,000 inhabitants. The analysis of these data shows that malaria 
is the principal cause of morbidity in the 04o-14-years age group. It is the 
second most frequent cause of death after measles for this age group.

Several World Health Organization (WHO) publications described 
the presence of strains of chloroquine-resistant Phismodium falcipaim i I 
on the African continent. Studies carried out in Cameroon up to January'. 
1985 revealed no case of malaria resistance to chloroquine. 

., 

In February 1985, however, the first cases of chloroquine-resistant 
malaria were diagnosed in two French expatriate children living in Limbe 
who were receiving the dru 'as chemoprophylaxis (Charmot 1985; 
Sansonetti et al. 1985). The' aapearance of chloroquine-resistant 'P. 
frileiparum malaria has causeo fear and confusion as to the treatment of 
malaria in Cameroon.. . . 

Considering the socioeconomic progress made in the country in 25 
years, and taking into account the considerable improvements of the 
health delivery system manifested by the development of. health infra
structures, training of personnel, adequate supply of drugs and primary 
health care, it is anticipated that malaria has been regressing.

Studies carried out in Cameroon over the last 10 years have shown 
that the prevalence of malaria is decreasing. However, new trends in the 
health statistics and the emergence of resistance to chloroquine have 
made malaria a public health priority in Cameroon. 

OBJECTIVES AND METHOD 

To understand the present situation of malaria in Cameroon, we analyzed
the national disease data. The objectives in analyzing the national disease 
data were the following: 
.
1 Revise the epidemiological maps of malaria established in 1957 and 

1969; 
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2. 	 Study the geographical distribution of the reported malaria cases in 

3. 	 Analyze the, results of malaria surveys carried out in Cameroon; 
4 	 Compare data obtained from malariasurveys since 1957 in order to 

study the evolution of the disease;.. 

i: 	 :"5. Make a review of data on the emergence of chloroquine-resistant P. 
fak.iparun in Cameroon-, 

6. 	 Make a review of studies on the sensitivity of P. falciparui to 
chloroquine and other antimalarial drugs; 

7. 	 Prepare an epidemiological map of the prevalence of malaria in 
Cameroon. . 

The method involved analying the results of various malaria studies 
that were available from the Service of Epidemiology, Ministry of Public 
Health. 

GEOGRAPHIC DISTRIBUTION OF MALARIA
 
ENDEMICITY IN CAMEROON: 1957 AND 1969
 

LANGUILLON (1957) 

Languillon and associates visited only sectors in the zones without 
insecticide treatment. The study, which started in 1955, divided Came
roon into four major regions: 

1. 	 Forest region of the South; 
2. 	 Mountainous region of the West; 
3. 	 Savanna region; 
4. 	 Sahelian region of the North. 

With the exception of the Bamileke area, the regional average of the 
malaria indices was above50%, hence malaria was hyperendemic. 

In the savanna and the sahelian reg)3ns, as well as in the mountains 
of the west, the principal vectors areA. fitnestus and A. gambiae. 

I In the forest A. mouchett and A. nili maintain malaria transmission 
in natural sites and A. gambiae is responsible for malaria epidemics. 

DEiN AN) ABANE 

Delfini and Abane established an epidemiological map of malaria in 
Cameroon from data collected from 1962 to 1969. Their study divided the ',

- country into eight zones: 



-" P-" r-' 

necessary to distinguish between zones with and without previous tretmnt 
!!!iliIn. the1 aawithout previous afntimalarial :pr-ogram (he: level o6f maliaa ~ 
i~!i:!:transmission lies between miesoendemie and hyperendernic, The speicies of,:::.:  ' smiodiumPla,:i are P. faliparun,P.imalaiaeandP. ovale, is ordro 

impo..rtance. The confirmed; vetors ire A. gambiae and A. fiest.........
 
')::"::,In tile area with pr'evious treatment (pilot: zone of Yaounde , mnalaria 

has been stable and miesoendemic but is showing a tendency to incr:iease. : 

Zoe:1i:at Malar-ia is hyperendemiic. P.falcipanonitpredonm
"inates and is followed by P. imalariaeandP. ovate. A. ambiae an~d A.
 

f oneu3:e the confirtic vacattnsdues,
 
Zoe3:Ve High Plateausof the-West. rFhe clmci varaton due
 

:- to differences in altituade cause great :fluctuations in the prevalenc~e of : !? 
:malaria.; It ranges from very low, to mesoendemnic onthe hills, to: : :! i 

, hyperendemic in the valleys. 
Zones 4-8: Central Savanna, Zdamaoita, Benoue Basin, andMan -: ~~ dala ia is hyperendemic in zones 4-7 and meso 

:: demnicin zone 8 (an inundable savanna),. .. ":" 

REPORTED MALARIA CASES: 1984 AND 1985 

SAlthough systematic passive reporting of cases is insufficient, it shows 
seasonal and evolutive trends of diseases and health problemas rseen in 

Figure 1 . . .,In all, 817,965acases fnmalaria with 329 deaths were reported in 1984and 799,738 with 327d in 1985.
 
ncThe annual incidence was 81/1000 cases with a mortality oprvu
t00,000

Population. Of e the ios tmat would be expected from making
 
extrapolations of data collected during thye pasttwo years, 935 (795%)
 
Were actually reported. Malari has remained a major cause of morbidity
in all age groups.t t oni 

~~~REVIEW;:, ,, OF MALARIA SURVEYS,- ; !/ 

: '' M INKAIA AM) NALAsSI.- "': 

communities of Minkara and Nalassi,

Central province,iwee studied by Ripert andassociates in June 1975f
 
durindemcin ty 


2The inthe Lekie Division of the 

season. 

ii 
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--.of -the-dry season 
P- lciparumn was the onlyspecies of Plasmodiunfound in the area,


The parasite rate in children 2-9 years of ac-e was.40.8%, and the spleen
 
rate was 35 6%. The iimunofluorescent test performed with an homolo
 
gous P.Jfiliparuinantigen was positive in 38.4% of the children in this
 
age group. 


-

Malaria cases are more numerous a 'the end of the rainy season, but
 
a new spell of the disease is also noticed at the beginning of the yearwhile
 
the outside temperature is especially high. Malaria, now mesoendemic in

the study area, has decreased, This seems to be related to the increased
 
use of chloroquine by the residents,
 

YAGOUA AND MAYA. 

Data from the rice-field regions of Yagoua and Maga in the Mayo-Danay

Division of the Extreme-North province were collected by:,Couprie and
 
associates in April 1981, at the end of the dry 
season. 

The results of the studies, carried out in the irrigated regions of the
 
Logone Valley, showed that P. falciparumn is the only malaria species

fouid in the area. 
 . 

The plasmodial index of children aged 2-9 years was only 8.5%at the

end of the dry season; this contrasted to the spleen index, which was
 
34.8%. These figures suggest that malaria is mesocndcmic in the region.

A. gambiae is the predominant vector in the rainy season and A. hnestus
 
in the dry season.
 

"MANYE.EN.. 

The forest region of' Manyemen in the Meme Division of Southwest 

province was studied by Cornu and associates in December 1983, at the
 
beginning of the dry season. "
 

The prevalence was 18.7% for P.falciparumn, 10.5% for P. ovale, and
 
1%for P. 
 ialariae in thle villages of Mungo Ndor and. Kokobulma. The
parasite index of children aged 29 years was 38.2%, and the spleen index
 
26.6%, with a mean 
Hackett score of 1.6. Malaria is thus mesoendemic inl
 
the region. The immunofluorescent test using P. falciparmn antigen 
was
 
positive in 66% of the children in this agegroup. A.gambiae is the main

vector of' malaria in the area, 

BANIENDIN DAM. 

The Bamendjin Dam area in the Mezam Division, North-West province 
was surveyed by Atanga et al. (1979). They found that 25% of the 
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-popUlatiOn~had parasiternia -with -P-falciparurn while 80%'had -a-pst
indirect immunofluorescent test for- .malaria. The local vector isA. 

.fimestus. 

NANGA-EBOKO 

Nanga-Eboko in the Upper Sanaga Division, Cent'ral province, was 
visited by Ngnintedom-Bavoua from September 1985 to February 1986. 
P. failciparum was the only species diagnosed. The plasmodial index in 2
to 9-year-old children was 30.3% and the spleen index 23.7%. Malaria is 
imesoendemic in this town of the forest region. 

BAFOUSSAM" 

- Bafoussam in the Mifi Division, West province, was studied by Tchinda 
Abel from September 1985 to February 1986. P.falcipg(ruin was the only
species of plasmodium found in the area. The parasite index in 2- to 
9-year-old children was 13%, 'While the spleen index was 2.5%. 

YAOUNDE 

The city of Yaounde was sampled by Merlin andassociates in September 
1985. Only P.filciparumwas found in the popu!ation sample studied. The 
parasi teindex of 2- to 9-year-old children was 9.2% andthe spleen index8.3%. Yaounde is in a hypoendemic zone. The crude prevalence rate of IF 
antibodies in the geineral population was 37.8%. Self-medication with 
chloroquine in subcurative doses is practiced widely and used by about 
90% of the children with fever. 

LIMBE, TIKo, AND DoUALA 

The recent survey in Limbe, Tiko and Douala was carried out by Merlin 
and associates in July 1985. Only P. alciparUmn was identified. The 
parasite index in 2- to 9-year-old children was 14. 1%; the spleen rate was 
32.6%. The prevalence of iF antibodies was 50.8%. 
0 Self-medication of fever with chloroquine is practiced by 90,97% of 
the local residents. This high rate of chloroquine use in nontherapeut ic 
doses might have been responsible for the emergence of chloroquine 
resistance in Limbe. 

MHENEGA, ESSONG, AND NKOLOSSAN 

Mbenega, Essong and Nkolossan in the Lekie Division, Central province, 
were visited by Moyou and Avenec in 1984. P. faiciparumn was identified 

<p.,., . : ,< " " .i . :; ,, " ; ::. . : .. p::' -. .. " . : .-:. i "> . 
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imn27.7%-and P. nalariae-n.2,8%.of-the populati on -Thetotalparasite-rate .__ 
was 3011%, and the gametocyte rate 3.9% for the three villages. 

MAGA 

Maga in the Mayo Danay Division was studied by a team of OCEAC i). 
October 1985. Inside the proje t zone with its well-constructed villages, 
the plasmodial index in 2- to 9-year-old children was 2372% and the spleen 
index 6.4%. In contrast, in population samples living outside the devel
opment zone,; the plasmodial index was 40.1% and the spleen index 
20.9%. 

CHANGES IN MALARIA ENDEMICITY: 1957-1985 

Languillon (1957) found that with the exception of the Bamileke region, 
.malaria was hyperendemic inCameroon. The analysis of the results of the 
malaria surveys revealed that the prevalence of malaria has significantly 
decreased since 1969 (Fig. 2). 

Malaria is now hypoendemic in Yaounde. and mesoendemic in the 
other regions studied. Factors that have contributed to the decline of the 
prevalence of malaria include: 

1. Widespread use ofantimalarial drugs; 
2. 	 Improved housing; 
3. 	 Urbanization combined with vector control in towns; 
4. 	 Better environmental hygiene through health education and improved 

waste disposal and water supply; 
5. 	 Better health delivery systems; 
6. 	 Treatment of irrigated agricultural areas by the Department of Agri

culture. 

REVIEW: OF DATA ON THE EMERGENCE OF
 
CHLOROQUINE RESISTANCE OF PLASM40DIUM
 

FALCIPARUM
 

Charmot (1985) and Sansonetti and associates (1985) reported the first 
cases of chloroquine-resistant P.falciparmn malaria. The cases involved 
two French children under correct chernoprophylaxis with chloroquine in, 
Limbe (February 1985). 

Racourt and associates (1986) reported the case of a 56-year-old 
French male on vacation to Douala who visited Limbe in April 1985: On 
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his return to Paris, he developed fever, chioroquine-resistant P, falcipal
rum malaria was diagnosed, The patient later died of his disease. 

:REVIEWOFSSTUDIES~YOF P. 

-FALCIPARUM TO CHLOROQUINE AND OTHER 
; ANTIMALARIAL DRUGS 

The analysis of these studies revealed the following conclusions i 

I, Confirmed texistence of chloroquine-resistance P.i i 
the Lirube area; 

~..2. Showed that P. falciparum is still sensitive to amodiaqUine; 
3. 	 Suggested that there might be a chooun-eitn sri of P. 

falcipariti in Garoua; 
4. Revealed thiat chloroquine resislance is liited to the regon of Limbe 

Mostof the authorsagreehat the chloroquine resistace observed in 
V Cameroon is related to thc abusive consumption of this diug in all febrilep f 	i itj..... .. .... . .

illnesses. 

EPIDEMIO LOGICAL, MAP OF MALARIA '
 

From malaria surveys and studies on sensitivity of P. ifalciparum to 
chloroq iine carried out in Cameioon, I tried to prepare a preliinar:
epidemiological ma;p of malaria in the country. The map will be modified 
as other results of studies are received at the Ministry of Public Health. 

STRATEGY FOR MALARIA CONTROL 

CHEMOTHERAPY 

Chemotherapy programs include the diagnosis: and treatment of patients 
with confirmed malaria. Systematic presumptive treatment of all cases of 
fevcr with a single; dose of 10mg/kg of, chloroquine constitute the first 
importantstepin the national antimalarial program. this is widely applied 
in the primary health care. ,... 

CHENMOPROPHYLAXIS 

The chemoprophylaxis program concerns the high-risk groups ofchildren 
from 0 to 5 years old, pregnant women and nonimmune individuals who 
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Table I The demographics and vital statistics of Ethiopia.* 

Area: 1,250,000 kin2 

Overall population: 42,000,000' 
Age distribution (yr):1 pw<1=3.6% 

1-4 	 m 14r2" 
5-9 -15.9% 

10-14 =12.5% 
<15 = 46.2% 
>15 =53B8% 

Geographic distribution' 
Rural =88.7% 

Urban =11,3% 

Crude birth rate: 46/1000 population
Crude death rate: 18.1/1000 population
Infant mortality rote: 14211000 live births 
Life expectancy at birth: 47 yr

Data from Comprehensive Health Services Dlrector, 1983-84, Ministry of Health,.
Ethiopia. 

'Data from nationwide census~of May 1984, 

5. 	 Ensuring step-by-step functional integration with the basic health 
services through integrated primary health care system,. 

CONTROL APPROACHES 

The organizational setup is well established and has one central, iregional, and 69 sector offices, with a total of 1600 different catagories ofpermanent employees who are distributed throughout the country. Control measures include application of indoor residual insecticide, 'environ
nmental management and larviciding, treatment of cases, and, in someinstances, administration ofchemoprophylaxis to vulnerable groups. 

RESIDUAL SPRAYING 

Spraying (DDT, 75% wettable powder at 2 g/m) is carried out selectivelybased on epidemiological considerations. The localities in the operational
areas are stratified into high, medium, and low7 levels according to their
endemicity or malariogenic potential and receive "two 
 spray rounds, one
 spray round and zero spray round" of residual insecticide per year,

respectively.
 

Mass blood surveys that are carried out every year during the main
transmission seasons (September through November) and parasitological
data that are generated from the Malaria Detection and Treatment Posts 
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Figure 1, Distribution of malaria InEthiopia and areas under control operaions, 

(DTPs) provid the epidemniological basis for casiiing the localities intoOilc- eo-ay round 
1.092,042 unit strutctures in 5360 localities were sprayed with residial 
insecticide and 3,512,001 people were directly protccted 'through suich 
mealsurles. 

thle two_, -nd categories, In 1986, a total of 

ENVIRONMEN-11Al. MANAGENIENT AND LARIIPInNc 

A combination of control stnitegics are emiployed whenever- f'easible, 
pairticularly in permanen', breddim!g sites, Currently thcrc al, l0 towns 
with a total populatlion of' 436,108 thit are utilizing envir-onmicntail man
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agement and larviciding techniques in conjunction with focal spraying.
This approach was found to be effective in reducing the prevalence of' 
malaria and the level of transmission, . " . . . 

C1 I MOTI IFRArPY 

Antimalarial drugs are used as a supplement and/or complement to spray
operations in most of the areas. The general drug-Lusc strategy recently
has been revised as a result of the growing concern about the emergence
of chloroqui ne-resistant Plasinodimi fikcipariun. All confirmed cases as 
well as clinical cases (if1diagnostic facilities are not available) are treated 
with a standard dose (25 mg/kg) of chloroquine and with 45 mg of 
primaquine. Since the prevalent species is P. fidciparwn, primaquine is 
used as a gametocytocidal drug. 

J 

DIAGNOSTIC SERVICES 

Great emphasis is being given to the establishment of a network of 
diagnostic facilities to provide treatment of malaria cases. Presently, the 
program has I central, 15 regional, and 50 field laboratories. The field 
laboratories are located in areas where health stations are not available 
and thus facilitate timely examination of blood slides. These field labora
tories are expected to serve as entry points for other primary health care 
activities. 

The main role of the central laboratory inAddis Ababa isto carry out
supervision and quality control on the work efficiency and diagnostic
skills ofthe regional and field laboratories. All slides diagnosed as positive
and 5%of those diagnosed as negative bythe regional and field labora
tories are cross checked for accuracyat the central laboratory. 

Additionally, 630 malaria DTPs are established throughout the coun
try to collect blood smears and to treat all febrile cases presumed to be 
malaria. These posts could be either health stations of the Ministry of 
Health, clinics of other governmental and nongovernmental agencies, or 
individuals from rural and urban community associations. 

S CIlIf: NoPRoNi I LAX IS ' -

The provision Of population-based chemoprophylaxis is not practiced in 
the regular operational areas of the control program. However, depending
onl local situations, chemoprophylaxis (5 mg/kg) is provided to migrant
workers, new settlers, construction workers, and army units for limited 
periods of time. 

1,! 
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BIOLO.GICAL, CON rROL, 

The organization is opting for a comprehensive vector control approach 
that integrates chemical, environmental, and biological control methods. 
The possibility of using biological control agents such as Badlillus /th
ringensis israelensis and larvivorous fish is being considered. The orga
nization is currently involved in the evaluation of larvivorous fish for use 
as biological control agents. So far, laboratory assessment ofthe larvivo
rous capacity of three species of fish indigenous to Ethiopia, Aiphanius 
disper, Aplocheilichthys antinorii, and Oreochromis niloticus is com
pleted and encouraging results are obtained. 

Field trials with these three species of fish will resume. The fish 
project is funded by the UNDIP/World Bank/WHO Special Program for 
Research and Training in Tropical Diseases. 

ASSESSMENT AND EVALUATION OF CONTROL 

MEASURES 

SEASONAI. PREVALENCE SURVEYS 

During the peak transmission season, which generally extends from 
September to the end of November, random blood smears are collected : 
from representative samples of localities selected from three epidemio
logically stratified areas. The objective of the survey is to assess the 
efficacy of the control measures taken and to monitor the malaria situation 
in those localities where spraying operations are withdrawn. 

In 1985 a total of 2264 localities from different parts of the country 
were selected, from which a random sample of 249,981 blood films was 
drawn; out of these, 9582 were positive (Table 2). By far, Plasmodium 
falciparum was the predominant species, representing 73% of the total 
cases. The overall prevalence rate for the entire sample for the season 
was 3.5%. All age groups were infected; the highest number of cases was 
in the 10-and-above age group. The age-spccific prevalence rates for the 
Linder I, 0-4, 5-9, and 10 and over age groups was 2.9%, 3%, 4. 1%, and 
3.2%, respectively. While it will be important to note that the data were 
collected from operational and nonoperational areas (localities that are 
not sprayed), this information nevertheless clearly indicates that malaria 
is still a serious health problem in Elhiopia. 

I)EI-iCTION AND TRIArMENT POSTS 

The 630 I)rIs distributed throughout the country monitor the malaria 
situation, The DTIYstaill adequately trained and Supplied with all essen
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Table 2 Malaria prevalence surveys conducted during transmission season 
of 1981-1985,' 

Plasmodlum Species Age Distribution of 

Year Examined Positive Positive Pf FV Pm MIX <1 1-4 5-9 10+ 
19al 367,781 19,165 5.21 11,130 7,974 125 64 162 3,320 3,4/6 12,207 
1982 374,375 6,736 1.80 5,107 1,591 81 43 128 1,257 1,318 4,033 
1983 365,627 9,074 2.48 7,090 1,961 81 58 161 1,872 1,911 5,130 
1984 392,360 8,185 2.09 6,212 1,983 70 80 105 1,415 1,587 5,078 
1985 249,981 9,582 3.83 7,053 2,471 124 66 128 1,821 1,952 5,681 

'Data from Nalional Malaria and Other Vector-Borne Diseases Control Service, Ethiopia. 

Table 3. Results of analysis of blood films collected by detection posts from 
fever cases, 1981-1985.* 

Plasmodium Species Age Distribution of 
Siides Distribution Positive Cases (yr} 

Year Examined Positive Positive Pf Pv Pm mix <1 1-4 5-9 10+ 

1981 45,286 15.964 35.25 3,982 11,981 35 34 107 1,432 1,651, 12,774 
1982 50.166 13,573 27.06 5,744 7,795 84 50 87 1,132 1,534 10,820 
1983 100,501 29437 29.29 10,255 19,173 85 76 167 2,088 2,942 24,240 
1984 214,192 59,583 27.82 29,755 29,896 192 260 318 4,455 5,712 49,098 
1985 300,653 101,578 33.79 45.845 55,495 619 381 558 6,931 9,932 84,157 

"Data from the National Malaria and Other Vector-Borne Diseases Control Service, 
Ethiopia. 

tials. A total of 300,053 febrile cases were treated through the DTP during 
1985 (Table 3). 

MONH'ORING OUTIBREAKS 

The program has established a surveillance mechanism for monitoring the 
occurence of outbreaks in different parts of the country. During the peak 
transmission seasons, all sector and zone offices are required to submit 
weekly reports on the status of malaria in their respective areas. The 
sectors receive their reports from DTPs, peasant and urban asso ciations, 
,and other governmental and private organizations. 

The program has issued specific guidelines detailing the steps and 
actions to be taken by all concerned in the event that malaria outbreaks 
occur. As a result of the fast and efticient relorting system, flare-ups are 
often extinguished rapidly. In 1985, of the 80 outbreaks that were 
reported, 72 were confirmed to be due to malaria. The outbreaks occurred 
in 742 localities with a population of 299,199. From a total of 26,563 blood 
slides collected, 4988 were found to be positive. The distribution of the 
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742 localities was 53 in nonoperational areas, 544 in zero-round areas, 57 
in one-round areas, and 88 in two-round categories. 

MO6 0iY D-RURSISTANC-E 

Chloroquine-resistant P.falciparuim isolates are widely spread in the East 
African region, and this development is of concern to our program. The 
central, regional, and field laboratories are utilized to monitor such 
development. A combination of monitoring systems are used based on 
technical capabilities and facilities available. 

At the field level, the field laboratories follow up P. falciparum
malaria cases by taking blood smears at day 0 (at time of initial treatment)
followed by a second blood slide at day 7 (post-treatment). This proce
dure, which is referred to as a "modified in vivo test," is simple, 
inexpensive, and is easily carried out by microscopists and technicians. 
Yet, the data that are generated from such sentinel posts are good 
indicators of treatment failures in the respectie areas. 

The second level of monitoring is conducted at the regional levels, 
where the WHO 7-day in vivo tests are carried out. In addition, there is 
a small research unit attached to the main laboratory in Addis Ababa. The 
unit has trained manpower with facilities for continuous in vitro malaria 
culture and uses both in vivo and in vitro testing methods to conduct 
antimalarial drug sensitivety studies in Addis Ababa and in the field. The 
location of the laboratory in Addis Ababa, a malaria-free city, is conve
nient for the study since the possibility of reinfection can be excluded. 

Recent studies have indicated the presence of chloroquine-resistant 
P. falciparum isolates in areas bordering Somalia, Kenya, and Sudan 
(Fig. 2). Containment measures, which included chemotherapy (chloro
quine, primaquine, Fansidar) and residual spraying, were carried out in 
those specific areas. Further studies are being conducted to determine the 
prevalence of P. falciparum resistance isolated in the problem areas. Theproject is supported by WHO and has received modest funding from the 
UNDP/World Bank/WHO Special Program for Research and Training in 
Tropical Diseases. 

ENTONMoLIoC~Ai, Acrirrli~Ls . 

An eight-person entomology team is assigned to each zone and is 
responsible for the overall entomological activity. Each team carries out 
routine susceptibility studies as well as bioassay tests to monitor the 
efficacy of spraying. In addition, each team is responsible for supervising 
sector personnel in their entomological surveys and source reduction 
activities. The entomology section has the facilities of an insectory to 
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Figure 2. Distribution of Plosmodium falciparum resistance to chioroqulne In

Ethopia. Data from the National Malaria and Other Vector-borne Diseases

Control Service. 

carry out its research activities. There are 42 Anopheles species in 
Ethiopia, with A. gambiae as the main vector and A. fi tnestus, A. 
pharoensis, and A. nili as secondary vectors. 

In areas where agricultural pesticides are intensively uscd, periodic
DDT susceptibility tests are conducted. So far, of the vectornone 
mosquitoes developed resistance towards DDT. 

MALARIA CONTROL AN) PRIMARY HEALTH CARE 

Antimalaria activities, as part of'primary health care services, have been 
recognized and fully accepted by the program for a number of years. The 
actions initiated and the advances made in community participation so 

• . 

• .: 

. . , 

.*- "-
.I 



121 THtE MALARIA SITUATION IN ETHIOPIA 

far, are very encouraging and progressive 
I; i There is strong community participation and rnultisectoral cooper 

atiointhefollo ing Jictivities:_1_._ 

1. 	 Residual insecticide applic.it'ion; 
2. Blood slide collection and treatment of fever cases; 
3. Monitoring, reporting, and control Of outbreaks; 
4. Environmental management and larviciding. 

Community involvement in spray operations, which began in 1979 in 
one administrative region, gradually expanded. By 1985 most of the 
spraying activities were carried out through community participation in 14 
regions, Intersectoral collaboration and community participation had a 
positive impact on the quality of the work in terms ofletter coverage and 
minimum replasteringof sprayed houses. This is attributed to improved
community awareness of the program's objectives..

It is well recognized that a comprehensive and multidisciplinary
approach is needed in order to deal effectively with the control of
vector-borne diseases. A collaborative committee representing various 
sectors such as Ministry of Health, Water Resources Development
Commission, Addis Ababa University, and the Ministry of' Industry is 
established to facilitate an integrated approach to the control of water
related, vector-borne and snail-borne diseases in irrigated agriculture and 
in other water development projects. The Malaria and Other Vector
borne Diseases Control Program (MVDCP) is the permanent secrL,'ariat
of that committee. This intersectoral collaborative committee is re,-.og
nized and supported by the WHO's panel of experts on environmer~tal 
management (PEEM). : 

CURRENT DEVELOPMENTS 

The organization. which used to have vertical program characteristics, is 
presently reorganized to include the control of other vector-borne dis
eases and is thus known as Malaria and Other Vector-borne Diseases 
Control Program (MVDCP). In addition to malaria, the control of 
schistosomiasis, trypanosomiasis, and onchocerciasis are given first pri
ority and basic survey studies are being undertaken. The last two diseases 
are endemic in the settlement areas. It is believed "that MVDCP, which 
will be cost effective, will bring about a positive impact on the; socioeco
nomic development of the country. 

hIA: 	 , 



-Malariaand... Maternal and-Child Health 
Care inCote d'lvoire , -

G, 	IMBOUA-BOGUI AND M. DIAWARA 

Malaria is endemic throughout the territory, of the C6te d'lvoire, and is 
one of the most important reasons for seeking consultation at primary health 
care (PHC)clinics. In a recent study at M'bengue in the savanna, 80% of the 
children under 4 years were found to have parasitemia. In the forest zone,
the authors reported that 54% of the children in this age group had malaria, 
parasites in the rainy season as compared with 12% during the dry months. 

Malaria is the leading cause of morbidity and mortality in young
children. During the rainy season, 77% of children with febrile illnesses 
had 	malaria parasitemia as compared with 35% in children without fever,
according to a study in Buyo by the authors. 

With the broad objective of reducing child mortality, the African 
regional program "Combat of Communicable Childhood Diseases" 
(CCCD) was established. It includes malaria as one of its target diseases,
The program, financed by the U.S. Agency for International Develop
ment (AID), supports research to improve the efficacy of control methods 
and strategies. Malaria control is based on routine administration of 
antimalarial chemotherapy to all febrile children under the age of 4. 

The specific research objectives of the project are as follows: 

1. 	 To determine the frequency of' clinical malaria in 0- to 4-year-old
children who arealtending the maternal and child health (MCI-I) clinic 
in Agboville; 

2. 	 To evaluate the efficacy of antimalarial treatment administered by ihe 
mothers to their children at home. 

This paper reports the results othe first part of the study, which was 
carried out during the dry season, from March to May 1986. The second 
part is scheduled for the rainy season. 

"Translated from French. 
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.MATERIALAND METHODS
 

~~ seto h eartmient with the Same 7

nd ne. The town is Situated at a distance of 90 kin from Abidjan The 
MCH clinic is responsible for both disease-prevention (inmunization, 
health and nutrition education, prenatal and well-baby clinics), and 
Curative medical services (treatment of current illnesses of mou.,er and 
child). A physician or nurse is responsible for administering chloroquine 
to the children; this is done after taking a blood sample and completing a 
health interview wfih the mother Of the sick child. On the basis of clinical
 
and parasitologic examinations, the children are classified into three
 
disease categories, i.e. malaria, malaria associated with another febrile
 
disease, and fever of unknown origin.,,2 :
 

RESULTS
 

PREVALENCE OF MAI.ARIA 

Of Ihe 191 children (0 to 4 years) who had fever, 42 children (22%) were
 
found to have parasitemia with levels >1000 plasmodia per cubic milli
meter of blood. These parasitologically positive cases comprise children
 
who had clinical malaria alone or together with another concomitant
 
febrile disease.
 

REASONS FOR ArTrENDING AN MCH CIANIC 

We tried to identify reasons that had motivated the mothers to bring their
 
children to the MCH clinic in Agboviile. . -


The mothers mentioned an average of two health conditions (1.7) per
 
child (Table 1). Of these, fever was the main reason for the consultations.
 
It was listed by 40% of the mothers as the single reason for clinic
 
attendance and was found in 69% (132/191) of all clinic consultations,
 
either alone or accompanied by other clinical signs and symptoms. 

PRINCIPAL CAUSES OF MORBIDIrY 

Systematic physical and parasitologic examinations (thick blood smear 
and white blood counts) allowed us to diagnose the illnesses of the 

,,children seen at the MCH clinic. 
Table 2 shows that the frequency of clinical malaria in the sample was 

47% (90/191). Of these, 25 cases (27.8%) were confirmed parasitologi
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Table 1. Illnesses listed by mothers as reason for clinic visit. 
Reason for Clinic V;sit Cases Percent 
Fever 13? 40.1
Cough 18 14.6iarrhea 32 9.7
S nnrifing 15 4,6
Anorexia 14 4.2Cold 12 3.6
Pyoderrna 9 2.7
Abdominal pain 6 1.8
Dysprea 6 1.8Weakness 5 1.5Loss of weight 4 1.2Asca, asis 3 0.9
Imrrunization 17 5.2
Coriunctivitis 4 1.2Other conamfions 22 6.9

lotal 329 100.0 

Table 2 Distri, -lion of chi'dren with fever by clinical and parasitologic 
diagnosis. 

Chrnica! Thick Blood Smear 
(inical Diagnosis Cases Positive Negative 
Malaria 
Respiratory diseases 
Febrile diarrhea 
Skin intections 
Rhinopharyngitis 
Candidasis 
Conj Jr ictivitis 
Mea-les 
Anemic 
Intestinal pc;asites 
Colic 
Otitis 
Rectal prolapse 
Pertussis 
Myoifis 
Dentition 
ymphadenitis 

Not determined 
Total 

90 
35 
31 
10 
3 
3 
2 
3 
2 
2 
2 
1 
1 
1 
1 
1 
1 
I 

190 

25 
8 
5 
1 
2 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 

42 

65 
27 
26 
9 
1 
3 
2 
3 
2 
2 
2 
1 
1 
0 
1 
1 
1 
1 

148 

cally, as compared witlh 16.8W,' (17/101) among those who had other
coilcomitlan diseases, i.e. pneumonia, diarrhea, and staphylococcal skin 
infections. 
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Fhle .3 Nho\\ ' Ihml otlt 2 ' Q8,287) of tiheI~d~liiii~ i~ Its clinici ildiagnoscs of~~k Nh,-ii:Lii,-\\ etCc,'onfrmed rir'lihologicitIlv. We con-
Clude t itt 1l['iri;1. ,\].hcr t , oil ,II.[icmd diatgnosis or on the resIult of 
[Hm NIit~it;SLtI& C\ iIIItI r iw . I A\' 1Jlll[n)ot rolIc illtile CliniC attendancetrill 


I ]l) 'i l 1iI x%if I I i \ I, m V ,\l liiSi)m %t"",wSIr ()l,)([ 

( lirC P) c'IscN ",I(IcI. 4Ct) (78 , ) Of, 11u, nimtl'.IT stated thit they had 
Iicltcl liilc hil lCn miiI h)C s.ilh .ithcr modern or traditional mcdica1
[I )lr teL'C'tiie lo[hi CI I clinic. lihIc 4 sIovws the ditribiltion of 
thc chiliui stli Ic'\cCh\ tile tYpe of illcttictlionl iCCCived I'lmll their 

lable 3, c£ l ,trdparmitclogical dicgno;-es of malaria. 
( ni',cl [iagnosis 

Malaria Other DX Total 

'ft.7 42Jirvi 65 84 149
xtaf 90 101 191 

Sercent Pos:tive '27.8 16.8 

Table 4. 'istribution of children with fever according to the Iype of prior

home treatment andDy the results of parasitologic examinations.
 

Blood Smear
 
etnc~mr r lPositive Negative 
 Total
 

Cnlrccr re 
 9 (20.5)" 35 44

(iheoc~l ro
.:. 4'2 (50.0) 2 

otIher r oderi
 
,-intn olrals
 
hloroquLne plus
I'K 1 (33.3) 3 4 
traditional 
rrodicine 

[rodtional medicine 11(30.6) 25 36
radiioril and 0 1 1 
modern drugs

Quinine 0 6 6Other modern drugs 2 (15.4) 11 13No treatment 12 (28.6) 30 42Not known 5 (11.9) 37 42
Total 42 (22.0) 150 192 

Percentage shown in parentheses, 

http:nimtl'.IT


1 I ,,m A ,;i apd I)ill,, NI 

Va's honc tl' f1"cctivc in r,.du tcqI ~~iy af :f ciicnt t thtc.' si, 
nin ', d,,terminor t I, tisotc opic -. \nmf llntnul t it' thick Ioo~d )meitLP, ' t' 
til,,Cl.thi,"q i"ti,,li. \ C,1d\ C lvI +o)lld 111C tl;tiH kill hitill,l tnulll ll11o 
tlI(-' IJtt ItIC;t0t11Cil C!I101,0 (1 itI C,. 11Cr~xi~t , 110 1 It ' ICh.": 'o I tI I II,, l l \ 

ilt.;lildlit) I'llc ll I lhIC'.(w ~l'ltl lit.htillitc'lt. t+ 11Cq~h + C .itc l S"t 


l ','t.'lCliii .tet l;[tf kmJl i ~it t.\ th 'tolp \"Of "tiisticlitll" 

W" c.'1c2't : h+,~ 1100 t\ \0 10 [U'ti klilwd [it-"k tl ~.l lilt() ,"'.1110". I l 

Icct ct ,.lk'll .' i ti.lld',1li,. hl iol. e.I,.iil C 

it.Itni de.. ntini\ !1, ,lll ein t s C', the ihi he- rl)_'"-,tclt 

la.tet, li i h.t h th, l n'k ,tlt .'li 

frotlt ni t I[r.' c-td [Io isit
 

tile 111 lt t ' i Ilh it t l. to 
h v011. 

I lle t liihtit 1C l ttt\ Im i)~ iS' l IVlojnin1, e c ie I iec~ c
.Noi~th,+ t,.itti t lw tICtlialh\i \t-iCloi t' \l+Ie lorttd,e lenlr,.l\ i CCC,i Oh c 

1CI I~Childr i Illu thIiC11',: ollh S1 125' ;h'ld rv C d Chlor-oL11in1C 

Lit 110h1..A jr\ tia\ irl hloro(ii 1 (1), 3!Lat h,,S (h 1ih 
!lcultd h\, lhvir ul.',thlc I \,%itll 0II-.:' l d(,+, CUa Cu,,(tCHKJ~lk\ rCuC.i\, t_1112 

lit,..',li th,. child i,, illlhj- 7.
1llcth,.o+tkd v. CiI!ht ktq .,h1(m n 

%11~~~ 1,1 %'''fb tar(WI.Ica,,, ,Pa.+I, I.} , i\ Iv,s Neqatlve oal 

Table 5 [' ; Its)I ; , , rfcisi1,)(]'qco:t., irx.tllZ by type of homeimr tcr (h-Odrer, 

trol~~i f v,+r ! -~fore .lf1 visit
 

]rt!Cl~t~ ,1f)O5it,'.;Negative total 

' 
W".,th chloruquir-, e 1 2 39 5! 
l/thout ,h1croajne 12 I 38 50 

N, treatrlnt 12 (28 30 42 
Total 36 f25 1") 107 143 

Per:enrtage shown r, tt ,o5s 

Table 6, Resufts of parasitologic exam ations of blood smears of children 
,.vihfever byfreatrnent with and without ontirnaliarials prior to clinic .isit. 

'hick Blood Smear 

Treatment 'osive Negative Total 
° Antimalarial 12 (21.1) 45 57 

Jo antirnalarial 25 (27.21 67 92 
Total 37 (248) 112 149 

Percentage shown n parentheses 
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Table 7. Efficacy of ith, chlorcquine treatment given by mothers. 

Ch.ofoqure Dose Receivec, mg 

oq.r " ." o'", ,"'3, . .43 129 .,' / '-, 68 ,/ /0/9 .0 88') 9 0 99 100 109 Total 

20 29 1 1 2 
30 .39 3 3 
•-.0.49 2 2 
50)59 1 

60 69 6 1 7 
7 79 3 3 
00 89 3 3 1 7 
90 99 3 3 1 7 
100 109 3 1 4 
110 119 2 1 4 
120 129 1 1 3 
130 139 1 1 2 
1.10 149 1 1 
150 .159 1 2 3 
160 169 0 
170 179 1 1 
180 189 0 0 
190 199 1 1 

Total 29 0 0 8 0 2 1 1 10 51 

10 mg of chloroqui ro per kilocrlar of body veight. 

()f tile 50 children who wcrc treatid w ith clihloroquinc, the dlose was 
too high in 5 c.ses (I('f I. Correct in I case, ird too low in 44 cases (88,9 ). 
The average do'c of' chhorocjuine actially recived wt, 49 inc instcad of 
93 mg. which wo I have bln the elective dosesn baseCl t ;tandarh'd of' 
10 n'I-"kL otf h1odv \,iCht. "Ihe d'lcifferenc, bet, eell the two avcrai e doses 
is sItatislt:ical highly significant. 

The r Jt,oll, thtl the chloroquine dose" givel by the mothers to 
their 'hildre.n v crc too Iow to have had an efl'cct oil pairasilemil. 
Ilhm ever. the dos,, alministe..re'd y the mothers were actually those 
rCcoellllllcllc thle nfid ,. r r,,.aria chrlnoprophylxis of thellir 

le\vborns :at tte 1r1c ofl e ne tilhespoonfiul Ilhrcc timles t 
\weck oil . sd 1'heIl"ridav"). ;doia \VCdlCeh l rcoitn111Tendel dose 
would he adeICCUiate f'o n'\,born- weighing 3-4 kg. 

l)r ' \l wN()i IIt)ll T ,1 \1\11 NI 

Table , depicts tile rinilrer of children treated hlorC Visiting the MCI-I 
Clini h tel i type anrd du;ation o1 tlie treatment received. ()f 101 mothers 
who statCd thatt they hatd trited their children, only 91 remembered the 
exact lei gth of treatrcnt. 
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Table 8. Distibution of cases by the lype and duiation of tleamont received
beore child visited MCH clinic 

... . . . .rad.t-on. .l Co.b.ned Total 
32 
 5 2 40

12 8 2 22 
6, 

134 2 65 1 1 26 0 C 07 1 5 68 1 0 19 0 0 011 1 0 1Total 60 27 4 91 

the Lirtion 0f illtherae, \tintvitmodilern ldiiiI dr'g"as 2tia'",, coliplred "o.1111 .1 laItltiilt 11'dtlilci .Tlhs diflerencc issItiislicily sinificant. WhMen the mothCr \kerc giving traditional
mediclaliol. tllc',tcl' tk' to Ire;, llcir childrcn lnIIl r than1 with iodern 

I~,iifJ" l t ., ,i (i i , \i,, 

tallc 1/ pirci"l, a iii lion of lie childien wxith and without home
itreatielii h1r i% u o1c ri Ihco, h', tullired lol feveir befi c the\'lt lhc Nk( *11 chmii, 

1hC art\e.nich in , cki 11,medical help in the NICI I c-inic was 3.5di', Il Ihoios ho, m1l ic,!icd holl ltallmil il, Compared with 2.4d t oi clitidici Mh0 hiold 1'l4 diflri ""Cl' ,t i',tt ic Sll,signilicant
andi ilclail!c 1hiit hcrl Mx tinwt trcat taci children ;, home xwit oil the
 
ax Cramc" d'. I 101k-llore "iil ,the M C'IIclinic.
 

I ,I i,, ll[II ,'(imw ()1 1:1 itlI ,I; \m )L l-,(;III()I
 

,ahlCIl ho ',the' iiCi hip bcwx ce 
 the" onlltl of home treatmellntn i1
he dti';it1n ,fl'to.",Cr Ior 86 children xxho e m ottIrx, r Cr'viCCdfor theexact niihrilmaiton. lhc lmiil dthilion ohfillness was 3.4 days illr-ed withoma 

2.A (!:i\ ., lo te cIntIh ot'llrcatilincl givn.These reslts indicate that mlotherstendt to k,;IitIcl)i eatIr i thn childrii. [lherC iS a diflCrenc of one dty'
b e IiIhc llClof illne,,, iaildIhe hCeinnlling of 11'(trea11tent. 
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Table 9. [)elk,, fMCH clinic visits for sick children by status of home 

I t (- , I, )VI , ' 

, <
! 
 Yes No Total 

11 7 18 
34 12 46 

3 20 9 29 
'12 5 17 

3 4 1 5 
2 0 15 

7 15 0 2 
8 1 0 1 

10 2 0 2 
Total 101 34 135 

Table '10. Distribution ot children with fever by duration of illness and length 
of home treatment. 

L r,,th of .ito nvvm 

1 2 3 1 5 / 8 9 10 Total 
1 8 19 6 2 1 1 37 

12 6 2 20 
. 5 3 2 1 2 13 

5 1 1 
6 
2 

6 0 
7 6 6 
8 1 1 
9 0 

10 1 1 
Total 8 31 17 11 4 1 12 1 0 1 86 

(0()N ( I .S I() NS 

Tihe ,,,I V hI , 'thoi\ Ilt I'll ' i : 

NIlM ii;i lh:I,,i. rcimiined ic inijor c.uuc uof' lnijh it in NICH clinic 

2. I cIvntilin ti2li.tIA)lh.\ ;d , ddviCkndcicc':tcncirini lhe chlolro

t :i hItcIt)() i ;tI'cl u(t;r-ohcrill childr,.n.i ud r 
3. ,,ht ,,cl;111C c.linic ,i>,l h, ',t u reic olI3 day,, c-spccia Iv,d the 

\Mlin 1ic\ Pro,\idc Irditionlil hortic trcuiilnn it)Itheir childrie. 



4 lm- do not o'inr 11'ic Ircililncii t' Ililj "I'A childivin 1icid
dillYk. Illeic l" ;I tfeII\ o01;howIi (IM hCMI\ ciI 111 0)1'1t Of I'CIl dll 

I i h c Ii fll thl~ CIIN 111C ItA~ill 1 VC Hii~l li iti' lC 

iiC~ i( iICC(1 1 10,111 

ll' ioCw.,~ u kI ii i dL oi2l ee eci~N) lllIe 
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Malarin- Nigeria -

L.ASALAKO 

Malaria has been for a long time one of the great public health problems 
of the world. Although it is now present in an endemic form only in the 
tropical and subtropicalregions of Africa, Asia, and South and Central 
America, it has not always been so localized in its distribution. At the 
beginning of this century, malaria was distributed practically worldwide, 
covering large parts of southern Europe, the Asian part of the Soviet 
Union , and the southern parts of the United Stated, in addition to the 
regions that are now still endemic for the disease. The general improve
ment in public health and socioeconomic conditions in this century led to 
the disappearance of the disease in most of Europe and North America so 
that by the end of the World War 11, its presence in these continents was 
confined to small foci in their southern parts.' 

As a result of the global-malaria eradication program launched by the 
World Health OrganiLation (WHO) in the 1950s,2 the malaria distribution 
changed substantially. By 1970 the disease had been eradicated from 
Europe, the Soviet Union, the United States, and even in some parts of 
southern Asia including most of India,3. 4 all these areas represented 
approximately 25% of the pre-eradication malarious areas. In the years 
that followed, the countries from which malaria was eradicated, with the 
exception of those of Asia, remained free of transmission. In Asia, a 
combination of factors, including importation of malaria to a previously 
free area, reduced commitment to the eradication activities, and increas
ing resistance of mosquitoes to the available insecticides have led to the 
reappearance and spread of malaria. 

In the WHO eradication program of the 1950s and 1960s, Africawas 
not a target region. This was because at that time there was (a) inadequate
knowledge of the incidence of the disease in the region, and its effect on 
morbidity and mortality; (b) uncertainty about the effect of eradication 
measures on premunition; (c) inidequate knowledge of vector behavior in 
the region; and (d) lack of infrastructural facilities, skilled manpower and 
economic resources needed for prosecuting such a program. Therefore 
only pilotepideniological and control programs were recommended for 
tropical Africa. 

131 
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Since the 1950s, a large number of surveys Of malaria in Various parts 
o Africa-hay .been published ,and. there-are no~w comprehens ,e and
reliable data on the iaaria situation in several countries covering
different geographical zones in the continent These data have enabled us
 
to study the epidemiological characterization of the continent 
 with
 
respect to malaria and to subsequently develop strategies for controlling
 
the disease in the region.


Malaria in Africa is a remarkably enormous problem. More people
 
are exposed'to the risk of malaria in tropical Africa than in all other
 
parts of the world. The intensity ot' transmission is higher in Africa
 
than in any other malarious areas of the world. Possibly over 90%
 
of the estimated 200. million malaria- infected people in the world
 
r'ein Africa. 3 Whereas in most other malarious areas of the world
Plasnmodim Vivax is the most common lasmodial species, in Africa
 

the most common species is the highly virulent Plasmoditumftlciparnnm.

It is therefore not surprising that more people dicof malaria in Africa
than in all other parts of the world put 
 together. A conservative
 
estimate of malaria mortality in Africa would put the figure at one
 
million per annum, and these are predominantly children under the age
 
of 5.
 

EPIDEMIOLOGY 

Nigeria is a West African country extending from the Gulf of

Guinea on the south to the southern reaches of the Sahara Desert on the

north. It is entirely situated north of the equator between latitudes4 and

14". It is bounded on the south by the Atlantic Ocean, on the wesi by the
 
:' ( public of Benin, 
on the east by the Republic of Cameroon, and on the

north by the Republics of Niger and Chad. Nigeria is the most 
populous
country in Africa, with a population of about 100 million, which is
approximately 25% of the population of black Africa. The country spans at
least five geographical zones which are the coastal, mangrove forest. and 
tropical rain forest zones in the south, and the savanna and sahel zones in 
Ihe north. 

There are two main climatic seasons-the wet and the dry seasons.
The wet season ir,the south extends from May to October but although
most of the rainfall occurs during this period, a little rainfall is usually
recorded in the other months. By contrast, the annual rainfall in the
north is practically limited to the months Of June, July, August, and
September. As a rule total annual rainfall is a lot greater in the south 
than in the north. 
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MALARIA TRANSMISSION
 

The initial large-scale surveys ofmalaria inNigeria were undertaken just
after the Second World War. Since then, several other surveys have been 
conducted at intervals up to the present time.5-' 4 These surveys show that 
malaria is holoendemic in all parts of Nigeria. Although transmission 
occurs all year round with a high intensity, the rate is higher in the wet 
than in the dry season, This high transmission is strikingly demonstrated 
by the Garki projectU3, which found that the vectorial capacity, which 
representsthe likelihood of transmission of the parasite, was about 1000 
times the threshold for maintaining the endemicity, and the infective 
mosquito bite per person per year was about 100 times the critical valuerequired to maintain the endemicity. With these very high transmission 
figures, it is not surprising that in the same study the cumulative incidence 
of patent parasitemia was 100% over an 18-month period for P. falcipa
rulm in children between I and 8 years ol(. These remarkable transmission 
figures place malaria in Nigeria on an unsurpassed pedestal and make the 
task of its eradication, using currently available methods', a daunting and 
indeed practically impossible one, even when pursued with the greatest 
enthusiasm and total commitment. 

PREVALENCE
 

Several studies have shown a high parasite rate a!l over the country, but 
the actual rates are determined by a variety of factors. One of these is
whether urban or rural communities are involved. In general, parasite 
rates are higher in rural than in urban areas. In a survey of asymptomatic
school children in urban Lagos in 1956, a parasite rate of 48-50% was 
found.9 A similar survey in the same area 15 years later showed a parasite
rate of 33%. .oOn the other hand, ina semirural suburb of Lagos a parasite 
rate of 92% was found among school children in,1951," and 20 years later 
the rate was 80.5%.) The malaria prevalence among school children in 
and around Lagos, the nation's capital, did not therefore appear to have 
changed to any great extent in the 20 years between 1950 and 1970. Other 
studies have investigated the parasite rates in rural communities in 
different parts of the country.H.8; 1 , 3. 18 The picture of malaria in Nigeria
that emerges from these studies can be summarized as follows: 

The malaria situation in Nigeria has changed very little in t!,e last 40 
years. The whole of Nigeria is malarious-to a hyperendemic degree in 
most parts. Parasite rates vary considerably in any area according to the 
time of year and the age group involved. Variations also occur between 
different parts of the country, especially between north and south. In 
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infants, the average crude parasite. rate is usually beiow 50%,. The rate

-actually-varie-with-the age studied -ihe rate iSowin the first6 months of
 

life and incecases fairly rapidly in the next 6 months to 60% or more a', 12

months. The parasite rate in the first 6 months is consistently higher in the

north than in the south. The parasite rate is at its highest in preschool

children; rates of 90% or more are found in this group in the maximum 
transmission season. In children between the ages of 5 and 10 years, the 
parasite rate remains high but falls from a high of about 90% in the 5-7 
years age group to 60-75% in the 8-10 years age group. The 11-15 years 
age group has an average parasite rate between 20% and 50%, and in
adults, this has usually fallen to between 10 and 30%. The crude parasite
rate is usually higher in the wet than in the dry season (Fig. 1) but this 
seasonal variation is more marked in the north than in the south. 

In all parts of Nigeria, P. falciparm is the predominant species
causing infection; during the wet season about 96% of the crude parasite
rate is due to this species. P. malariae is the next most common. In
children up to 10 years, its rate can be up to 30%, usually as a mixed 
infection with P. frlciparum. The Plasmodium 'malariaerate is usually
higher in the dry season than in !he wet when P. falciparum is at its 
highest. Plasmodium ovale is seen occasionally and Plasmodium i'vax 
very rarely. 

The density of parasiternia is highest in the preschool children. By
school age, children in all parts of the country :have an asymptomatic

parasite density that is usually not more than 200 per utl.
 

In surveys in which the gametocytes were examined, gametocytes of

P.filciparun were seen in 10% of examined infants, 20% of children aged

1-4,,and 12% in older children. In adolescents, the gametocyte rate was

usually below 5% and this fell further still in adults to I%or 
iess. 5 In a
 
more recent study by us,' a gametocyte rate:of 16-17% of the specific P.
 
falciparum rate was found among school children aged 6-10 in a village in
 
the southwestern part of Nigeria (Table 1). 

MORBIDITY 

Although the high percentage of asymptomatic malaria parasitemia is of
 
considerable epidemiological interest, it is the morbidity and mortality

associated with plasmodial infections that make malaria the great public

health problem that it is.
 

It has been estimated from hospital records in Nigeria that 8-9% of
 
hospital attendances were due to malaria, 5 that there was usually a sharp

increase in hospital outpatient attendances with the onset of the wet
 
season, and that the increase was due predominantly to the number
 
reporting with malaria.8 Although mal aria is usually diagnosed ii most 
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Figure 1, Crude malaria parasite rate Inprimary school children aged 6-12
 
years from a rural area In southwestern Nigeria in a 12-month period.
 

Table 1. Malaria parasite rate amongst children aged 6-10 years In Ijaye, 
southwestern Nigeria. 

Month of Survey 
May 1985 July 1985 
N=1100 N=1150 

Number with Parasitemla 869 996
P.falclparum alone 610 959 
P,malarlae alone 109 21 
P falclparum plus P molorlae 150 16 
P.falciparum gametocytes 125 167 
Overall malaria parasite rate 79.0% 86,6%
P.falciparum as %of total parasltemla 7.5% 97.9% 
P.malarlae as %of total parasitemia 29.8% 3.7% 
P.falcipatum gametocytes as %of P.f.rate 16.4% 17.1% 

health institutions in the country on clinical grounds alone, this diagnosis
is not always correct. Thus, it was shown in a large teaching hospital in 
Ibadan, southwestern Nigeria,, that only 37.4% of 500 cases of children 
diagnosed as suffering from acute malaria on clinical grounds aclually had 
parasitologically proven malaria.' 2 

In a longitudinal study of malaria at the University College Hospital, 
lbadan, over the past 6 years, a total of 6,132 children aged 6 months to 
12 years who presented with a pyrexial illness diagnosed clinically as 
malaria were screened for parasitemia. Only 2930 (47.8%) of them were 
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positive for asexual forms of the malaria parasites and could therefore be 
aaria, a T ~iecausative agent was PIJalcipa

rumfl in 97% of cases. About 3% had mixed P.falcipar, and P. Inalariae 
infection while less than 1%had '.malariae alonei 8 These findings show 
that considerable morbidity is caused by plasmodial infection in Nigeria
and further demonstrate the predominant role ofP'.falciparum in malaria 

'in the country. 
Mortality rate due to malaria is difficuLi to determine since the deaths 

occur mostly in children below age 5 and many Of these occur outside the 
hospitals. It would therefore serve no useful purpose to use urban hospital
data to estimate malaria mortality rate in a country that has no register of 
births and deaths and where 75% of the people go from cradle to grave
without ever seeing the inside of' a hospital. Suffice it to say, however, 
that moitality from malaria, especially in rural preschool children would 
be quite high. 

VECTORS 

Anopheles gambiae s.l. and Anopheles fitnestus are the predominant 
vec1 'rs. The vector density per room per day shows a relative stability of 
A. fimestus population with a slight dip in the months before, and 
compensatory increase in the months after, the rains. By contrast, A. 
gambiae shows an explosive increase with the rains. Vector density is 
generally higher in the north than in the South. In the South the 
mosquitoes show only slight seasonal variation in their infectivity rates. 
This contrasts markedly with the situation in the north where the 
sporozoite rate of the mosquitoes is practically zero during the later parts
of the dry season, In both the north and the south, the sporozoite rates fori 
A. gambiae are slightly higher than those for A. funesius. hi the wet 
season, the sporozoite rates foir both A. gambiae and A. fitestits are 
higher in the south than in the north.' 

PARASITE SUSCEPTIBILITY TO DRUGS 

Since 1979, monitoring of the susceptibility of P. faiciparum to antima
larial drugs in Nigeria has been undertaken using in vivo and in vitro 
techniques.7 

The in vivo tests are done using either the WHO standard field test in 
vhich patients are followed up for 7 days or the extended field test in which 

observation is continued for 28 days.19 In some modification of the 
extended field test for drugs with long half-life (e.g., mefloquine-sulpha
doxine-pyrinethamine), observation was continued for 35 days. 
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In vivo test results show fuLll sensitivity of P falcparumn to chloro
qunanoiqie suiphad oxin-I~yimethamnine (Fansidar), quinine
and mnefloquinC-sulpIhadoxine-pyriniethamine (Fansimef). Onian average, 
parasite clearance occurs in 1.7 days and tever clearance in 2.5 days with 
the rapidly acting drugs like chloroquine and amodiacquine. With the more 
slowly acting drugs like quinine, Fansidar .nd lFansinief, the average 
parasite and fever clearance times were 2. I and 2.7 days, respectively. 

In vitro sensitivity tests have been done using the microtechniques or 
macrotechniques based on the petridish candle jar method of growing the 
parasites. 211.1 Sensitivity has been tested against chloroquine, amodia
quine, mefloquine, and quinine (Figs. 2 and 3). These tests show that P. 
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Figure 2. inhibition of schizogony In Nigeran Isolates of P.falclporum by quinine 
and mefloquine using in vitro microtechnique (1986). 
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Figure 3. Inhibition of schizogony In Nigerian isolates of P falclparum by
chioroqulne and amodlaquine using invitro microtechnique (1986). 

fialciparum11 isolates fr-om Nigeria are still sensitive to chioroquine al
thoulgh over- the years the degree of sensitivity appear-s-to be declining.
Thus, in tests perfret n 9O' complete inhibition Of malturation or
isolates was-achieved at all chlor-oquine concentrit ions above.0.4 Arnold.
In 'tests performied in 1983, 17 somec isolates were not-inhibited completely
at dhloroqciline: concentration of. 0,8 untmol/l and later- still, in 1986, one
isolate Out Of' 12 grew in amedium containing 1.14 A.mol/i chioroquine and 
was only completely inhibited in concentriat ions of' 1.6 /imoifl and 
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Table 2. Sensitvily of 1985 1986 isolates of Plasmodium falciparum from Oyo
StateQ. lh..frn NicorinU to driros using the in vitro microtochnique, 

l8oroqufrn@ 

r 0 0.8 114 1.6 3.2 6.4 
' 13 6 1 00 0 

-1OU '6.: "Do5 23.1 3 0 0 0 
Amr7odicolne*X, 

h.r, 'on [,pmo vU0 0 .5 0 1 0.2 0.4 0.8 1.6 3.2 
0 fs:,kltc, 11 11 9 4 0 0 0 0 

0 jsol ]tes 100 100 81.8 36.4 0 0 0 0 

Mofloquine* 
f<,r rtrcition (prnoltpl) 0 0.1 0.2 04 0.8 1.14 1.6 3.2 

27 25 22 '0 11 7 0 0 
soklces 1"100 818 40.7 0926 /11 25.9 0 

rton (pmolU) 0 .16 0.640.08 0.1' 128 2.56 5.12of 12 3 0r 0,) solates ? t 0 0 0 
S.f sol(utes 100 /.0 .80 8 3 0 0 0 0 
")<tci show maturation of schwzont, ot aiffne£forf8 orOr'tratinons of the drug. 

lov'c. Hw' I I 1) lh (Ifhcr JlII shIt,'. lhtI the local tr;Ifhns ofl '. 
,t~l/C'iJt iI5.jlslt'till falls ",elt',iti',e Ii) ;amadiag+... iitit (j,liulint. 

I l ll,-'iilI ) u r1it., dill/icilt 1in . lich..lnce as it, %\ilh co 
i", tiol \ (At cc i tlll v, 1111 i iini inIIIhilt', co L.e nIIIt I consistenl 
,itI utiiS ih lmA , tIo ,11 g. IsCCn sted that at() lht p Ii,, it h;1, stiiei 

,.-t~+.C''tl~titl (dl ()..N lIm ill I III 111C 11l oleIq ; "hollilt .110 ,11 tllyv Co m pletl y 

illiii (lli 'nliie l', it m ipil\id cl e cli itv. ol' Ial-asilc-
InI ',i i IIII[ .0 t. n )Il el Qi0i l /d)1)3II ccM it I k . ! I tl oln27I solates 
lil il t o . .li,,tsil,in the pic,,cicc AlI. pmttl I incl ptmItiinc, while 7 0t 
+Ii 27 -re. in It nhi'lihii l - tl;tilit 1.Il. /m tol I n rctltm+lillic ITablc 2). 
Ihce, d'lkii, i\ lll lci tc ' ,lo d rc of1 pli'M tlS citalcc o, P. 
hii iII),M1r11 I0 iiicllquiiiiIC in > ielemi;ml. I I" mc it wotiuld nt algul well1,0r illh- lUillic ()I, tlicltlll'l, :1i, 1u i 'ccllc ',illillNil lugtrl fil e 

_' tamtlti", HCl( lt'Iieomierlo~lr ecliveil itt \\' Iii .' (l +c Iol811 ,.ielm'l"il mnIm~hra iii..
nln l c lii or isc ais (i sinulc ti2 h 

It can lie conicltided -lim the" lliegliilg g tha malaia in Nigeri i, 

ch.ar.a'IctIed b- intlnSec IranSnisi,,n all year lrotnlnd, hyperlclenlicity. 
high inorlbiclitv and po',,,iblii\ also ligh lolitality riatc especially ainong
childlren undclr age 5. alld a stable prcvalc ce iratic in aditltt past age 40. 
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To date chiloroquine resistantP fakijarmn has not been detected in
 
Nigesri ow veroonfct that --ch1oqne- tesist nc his already

reached the two Counties bordering Nigeria in the east and west
 
(Republics of Cameroon and Benin, respectively) suggests that ihe
 
appearance ofchloroqUine resistance in Nigeria is only a question of time
 
With the appearance of drug resistance, the only affordable: way of >
 
controlling malaria morbid'ty and mortality at the present time would be 
 '- ' 
seriously compromised with dire consequences to the health of the 
people. Alternative safe, effective, acceptable, and affordable means of
 
controlling the scourge of malaria aro therefore urgently needed. The
 
malaria vaccine is one such malaria control modality upon which a lot of
 
hope is now pinned. It is hoped that one would soon' be available for
evaluation and Subsequent deployment in malaria endemic countries. 
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Malaria inSao Tome and Principec" 
JOAO GUADELUPE VIEGAS DE CEITA ,
 

GEOGRAPHY
 

Independent since 1975, the Democratic Republic of Sao Tome and 
Principe is an archipelago covering 1001 ki 2 with an estimated population
of 108,000. The countryis situated offthe coast of West Africa in the Gulf 
of Guinca on the equator, Located at a distance of 240 km from Cape Lopez
of Gabon, its other neighbors are Equatorial Guinea, Cameroon, the 
Congo, and Angola.

The islands are of volcanic origin and are very mountainous, with 17 
of their peaks reaching an altitude of more than 1000 meters, including
Mount Sao Tome, which is 2024 m high. The coastal plains are seques
tered by numerous water courses, including man-made ones. They often 
form swamps, especially on the island of Sao Tome, There is a large
Unpopulated area with extremely high humidity in the highlands of the 
southern and central parts of Sao Tome, which covers 546 kin, or 63,5% 
of the total surface of the island. 

CLIMATE 

The climate ischaracterized byan average annual temperature of 23.60 C,
with a maximum of 30.50 C in March and April and a minimum of 19.90 C 
inJuly. Humidity isclose to saturation in the interior mountain area. The 
annual rainfall ranges between 1000 mm and 7000 mm, depending on the 
mountain reliefand the direction of the winds. The dry season varies from 
I to 3 months (Juneto August) according to topography. These climatic 
features combined with the type of. soil, composed of clay and basalt,
favor the growth of the dense forest that covers all of the country, with
the exception of the northern parts of the island of Sao Tome, where the 
climate is arid and semiarid (Lains a id Silva, 1958). 

AN.
 

-Translated from French; see French summary at end of paper. 
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POPULATION 

The origin of the people shows considerable diversity, In the past, Sao 
Tome served as a trading center for slaves. The population lives in long
villages thatt are distributed along the roads, which facilitates access to 
even the most distant villages. Houses are made of wood, are raised on 
foundations, and have corrugated iron roofs. In the towns and agricultural 
centers, the houses are made of bricks and cement. 

Literacy in the general population amounts to about 25%; of these 
80% read and speak Portuguese, the official language. Christianity is the 
religion practiced by the great ma jority of the population. There is a 
national radio station and a weekly :newspaper. Agriculture, which has 
remained the only source of foreign exchange for the country, is based on 
the production of cocoa and copra. The average annual per capita income 
has been estimated as the U.S. equivalent of $289. (Table I shows some 
demographic indicators for the country.) 

ENDEMICITY 

Malaria is endemic in all parts of the country. Despite the' control 
mcasures taken, infections have remained at a mesoendemic to hyperen
demic level. High temperature, humidity, and heavy rainfalls have
 
created conditions favorable for this high transmission.
 

Malaria is the principal cause of absenteeism from work and school; 
it has the highest mortality of the indigenous transmissible diseases. The 
tragic socioeconomic consequences of malaria, especially in children, 
have led to various malaria control programs that were first started in 1947' 
under the colonial administration and later continued by the national 
government. 

PLASMODIUM SPiCIES 

The four species of Plasmodium that cause human malaria are all found in 
Sao Tome and Principe: P. falciparum, P. malariac, P. ovale, and ).
vivax. This fact is surpri-ng considering the geographic location of the 
country at the west coast of Africa, which has 'traditionally been free of P. 
vivax infections. Its atypical occurrence in Sao Tome has its roots in the 
diverse ethnic origin of the residents, some of whom have come from East .
Africa. This fact indicates that forced emigration of laborers from that 
part of the continent has continued until the 20th century. 

The malariometric studies carried out between 1961 and 1962 haVe 
revealed the presence uf three malaria species on the island of Sao Tome 
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Tablel4 -Selecteddemographic Indicatorstor Sao -Tome-anclPfincipe'
 
Crude birth rate. 
 40.911000Infant norfoality 68.511000 live births
Live Crude mortality 11.91000 
Annual growth rate 2,95%
Life expectancy at birth 62 yr 

'Data from PerVf ,anitario do Pals, 1983-1984). 

with the following distribution: P.fdciparum, 76.3%; P. vivax, 23. 1%; P.
,malariae, 0.6%. In these studies, 1511 blood slides were examined. Of
these 481 were positive, corresponding to a parasite index of 31.8% in
children between 6 months and 10 years of age. In the 7- to 10-year-old 
group, the spleen index was 34.5% during this period.

Malariometric measurements carried out from 1978 to 1979 as part of
the Preparatory Phase of the Malaria Eradication Program revealed the 
following results: 1486 children (5 to 14 years) were examined between
May and December 1978. Of these, the spleen index varied between 2 and
39.3%, with an average of 15.1%. The corresponding parasite index 
ranged from 6 and 65.5%, with an average of 16.6%. 

In 1979 the average spleen index of 2546 children between 5 and 14 
years old was 23.7 % with a parasite index of 18.5 %. The following
distribution of malaria species was found in the examinations of 5264
blood slides from children aged 3 to 14 years old: P. filciparum, 81.9%;
P. malfriae, 10.3%; P. ovale, 3.1%; P., vivax, 4.7%. The predominance of
P. faciparuin was strong in both studies. Attention is drawn to the
absence of P. bvale in the 1961-1962 studies in~which 1511 blood slides 
were examined. 

ANOtP-lFiS S PF.IxEs 

Transmission studies of malaria carried out by the Malaria Eradication 
Program since the country's independence have all revealed the presence
of only one vector: Anopheles gambiae s.l. (endophagic and endophylic),
before and during the first phase of the intradomiciliary application of
DDT. Anopheles coustani, which is found throughout the extreme south 
of Sao Tome, has not been shown to serve as a malaria vector. 

MALARIA CONTROL PROGRAM 

B.FOriw INDITPENDI'NCE (1947-1975) 

Because of its great socioeconomic impact, malaria control was always
given high priority by the government. Starting in 1947, chloroquine was 

'. , ;':: ;r..-,-.,: ( : : . " . ,2 ,,, "3 i' . " , j: > ' ,.7
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-firtemployed-for.malaria prophylaxiS,-however,itsapplieation -was.,..
irregular and incomplete. In 1949, residual DDT spraying was added as 
another control measure, however, the applications were often irregular 
and spotty. The goal of the program was the reduction of the prevalence 
of malaria. 

During the period of 1971-1973, DDT applications were repeated in 
cycles of 6 months, combined with fogging of roads and around habita
tions. DDT was also used as a larvicide. The combined measures did not 
succeed in the interruption of the transmission cycle as had been foreseen 
by the Malaria Eradication Program (MEP), which was established ;, 
1968. Therefore, mass chemoprophylaxis with chloroquine was resumed, 

A FFER INDEPE.iNDNCE (1975-PREsENr) 

Following the interruption Of MEP malaria control activities in 1973, the 
malaria situation deteriorated, The government decided to remodel the 
entire program, and with the technical and material assistance of the World 
Health . was restructured. During the9rganization (WHO), the program 
reorgai ization period chloroquine chemoprophylaxis was continued. 

MALARIA ERADICATION PROGRAM 

Four established phases of malaria eradication were included in planning 
the national program: preparation, attack, consolidation, and mainte
nance. 

The attack phase began on June 24, 1980, after all of the following 
conditions were met: adequate personnel, material, equipment, and 
infrastructure; sufficient knowledge of the average surface of the dwell
ings to be treated (283 m2), the spraying itinerary, and the biology of the 2 

vector. 
The strategy was based on periodic indoor spraying of all houses with 

DDT, as 75% wettable powder, at a dose of 2 g/m2 to all interior surfaces,' 
at 6-month intervals. From the first to the sixth spraying cycle the 
insecticide applications were regv iar and the coverage of surface com
plete and effective. /, / 

EVALUATION OF THE ERADICATION PROGRAM 

The prevalence of malaria among children between 0 to 14 years old was 
strongly influenced by the weekly chemoprophylaxis distributed to the 
households by members of the Malaria Eradication Service. 
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7, i 	 -,' --' The initial paraseindex-of 9,2%?decreased gra-du-illy-o--o-er--th first fstthree semesters of the program. The results are shown in Table 2. This
gradual decline in prevalence corresponds to a parallel decrease of
malaria transmission. The observed iresults were similar to those pro
jected by the WHO Expert Committee on Malaria. 

The data based on epidemiologic surveillance between April and
December of 1982 are shown in Table 3. 

Ot'23,461 blood slides examined, there were 201 cases 	of indigenous
malaria, plus 23 imported cases. 

Pyrethrin spray-catches have shown that A. gambiae s.l. had prac
tically disappeared from the interior of the houses within the first three 
semesters of operation of the attack phase. Indeed, only seven A. 

* gambiaL' were caught at five different catching points.
There were localities where human-vector contact no longer existed, 

even outdoors on the. veranda, except for Micolo-coastal, 	 and Neves, in thearid zones where outdoor human-etor contact has remained of 

importance. The overall epidemiologic situation remained unchanged 
during 1982. 

Table 2 Results of a weekly chemoprophylaxis program during attack phase
(June 1980) of malaria eradication program. 

Semester 1 Semester 2 Semester 3 
.	 P* 5.5%' 1.9%, 0.63%4 

Pi ingeneral
population 5.4% 1,5% 0.59%

Population Sample:
* 	 General 2411 with 129 cases 11,061 with 166 cases 11,974 with 70 cases

Children (3-14 yr) 1550 with 86 cases 7296 with 136 cases 8365 with 53 casesInfants (0-11 mos) 115 with 2cases 806 with 3 cases 392 with 0 cases 
'Parasite Index at Inception of program was 19,2% (3to 14-year-old children).

'Or 28.9% of Initial Pl.
 
'Or 9.7% of Initial Pl.
 
'Or 3.3% of Initial PI.
 

Table 3. 	Epdem ologic surveillance between April and December 1982. 
Malaria Species Number Indigenous Imported
P.falciparum 	 161 142 19'
P,molarloe 	 2 0 	 2.P.ovale 	 32 28 4'P.tivax 29 29 0Mixed Infections 0 0 0Total 224 	 201 23 

From Angola, Congo, and Gibon. 
'From Angola and Gabon. 
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USES FOR THE,FAILURE OFI EPROGRM--. 

When the DDT spraying of houses was regular and complete, there was 
a rapid decrease of the parasite index from 19.2% to 0.6% in a period of' 
only three semesters. The initial success was the combined result of careful 
and circumspect planning of the program during the preparatory phase and 
the meticulous spraying operations and entomologic monitoring during the 
initial attack phase. However, for sociocultural and economic reasons at all 
administrative levels, the seventhand eighth cycles were delayed by 2.5 and 
9 months, respectively. Moreover, there were other irregularities. The 
entomologic evaluation teams began to experience serious difficulties. 

When the plasmodium index was reduced to only 0.6% in March 1982,
surveillance operations by adequately trained field teams should have started
immediately. Unfortunately, their recruitment was not possible until several 
months later: Limiled active and passive malaria surveillance was started in 
April by personnel of the spraying teams and by a few adequately trained 
sanitation units. The field logistics became increasingly more difficult due to 
the snortages of supplies, spare parts, fuel, etc. 

DrEsTABILzxroN OP FoCAL MALARIA (1983-1984) 

The first indications of trouble came in July of 1983 from L'Esprainha, a 
coastal village (Stratum Cw) with 143 inhabitants where the epidemiologic
conditions were highly favorable for malaria trahsmission. There is also a 
group of fishermen from the northeast coast of Sao rome who come to the 
area each year between June and August, where they take temporary
residence in makeshift huts built with palm leaves. A similar type of
 
annual migration can be found along all beaches of the northwest coast.
 

The parasistological data based on epidemiologic inquiries 
were as 
follows: July, 4 cases; August, 20 cases; September, 5 cases; October, 0 
cases; November, 5 cases; and December, II cases. 

During the first two ,nonths, most of the cases were found in new 
arrivals. All cases with P. falciparunt infection were cured by radical 
tieatment with chloroquine and primaquine.

The entomological data revealed that 102 female and I male mosqui
toes (A. gambiae s.l.) were caught. Pyrethrin collections were made 
during August in 10 houses, just before the DDT spraying cycle was 
begun. The collections gave low yields, with only zero to two mosquitoes 
per catch. Soon there were small outbreaks in Santa Catarina and Neves 
(Stratum Cw); Praia Guegue-Morro Peixe an 'AMicolo (Stratum A); and D. 
Augusta and Rebeira Afonso (Stratum Ce). The measures taken to control 
malaria in these foci included the following: 
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-Figure 1, Number of deaths that occurred between July 1985 and November 

1986 among pal ents admitted to the D, Ayres dle Menezes Hospital,. 

" Table 4. Reported malaria deaths 1972-1986 (October),
'DataSource Year 

1' 72-1981 1972 

01973 

1974 
1975 
1976 

1977 
1978J A S N D F MJ 

1980" 1981Hospitals only o1982o-1986r 19821975 

No Deaths 
3'. 

5 

29 
29 
28 

no data 
34JAS197930 N 

240029 

i 

: 

'i 
1983 
1984 

0 
25 

1986 (J2n-Oct) 198 

July, August, and September, respectively, However, in October there was another increase with 12 d9aths in 257 hospitalized malaria patients, 

-,with a case- fatality rate of 4.7%. During t'he first 25 days of-November 

Hospital admissions of malaria patients fro8 January to October varied 
between 223 and 491 per month, and deaths betweenz 6 and 41, respec

,i 

tively. 
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sufficiently long to cause a marked reduction Of immunity in the popula
tion. This loss of immunity was responsible for the subsequent emergence 
of a severe malaria epidemic with high mortality.'

The a ra cf li Ii ieti i'ti-,i fVLffizThsf p. f7lcifiiit-iandaof DDT resistance of A. gambid have further aggravated the epidemio
logic situation in the country. Chloroquine resistance is seen as the result 

-of selective drug pressure following a decade of systematic, but often 
irregular chemoprophylaxis. The development of DDT resistance of the 
vector has had a similar, history. 

It is thought that physiologic readjustment of the population through
natural boosting of antimalarial arntibodies could actually reduce the 
amount ofclinically apparent drug resistance in the future. 

1,-I. RECOMMENDATIONS. 

For improvement and consolidation of epidemic control, one should 
conmence as soon as possible with spatial applications of malathion in 
the coastal zones below 300 meters altitude. After consolidation of the 
Situation and after the establishment of adequate diagnostic and treatment 
facilities, chemoprophylaxis should be limited to pregnant women.. 

Special attention should be paid to sanitary engineering and other 
effective environmental measures of vector control. 

iThedevelopment of an effective primary health care system will form 
the pillars of the fight against malariaby assuring early case detection and 
presumptive treatment malaria patients withof all suspected fever, as 
well as of the parasitologically confirmed malaria patients. The success of 
the program depends on the uninterrupted availability and distribution of 
all supplies and other essentials required for control. This should be 
guaranteed from the outset of the program. 

RESUME 

Le paludisme en tant que nialadie transmissible de morbidite et mortalite elevees,
aveC Lin impact redoutable sur tous les efforts de devcloppement socio-econo
mique, il a merite depuis. I'Lpoque coloniale a nos jours, une itention tres 
particuliere de Ia part des autor:tes. 

La chimioprophylaxie et les pulverisations d'insecticides, irregulieres dans
•Iespace et dans le temps des 1947 Wont pas rIeussia rmodifier le spectre paludisme.

Son eradication ayant ete decidee par le Gouvernement, on a declenche en
juin 1980 une c',impagne de pulverisations intradomiciliaires avec le DDT, ce qui
permis d'amener l'indice plasmodique de depart de 19.2% a 0.63% en trois 
semestres. 

A cause des contraintes socio-culturelles et economiques Ia aCampagne
eclopue, et la population fut victime d'unc epidemic tres meurtiriere. La situation 

-o. ; ,'... ,, : ";u :" ;:: :•". i'-;3''" <:.:q:):?:,i < i~t.:' :' ,,-' , : ,.::' >':' ;-" 
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epidemiologique est autant plus giave vu6 Iapparition de la resistance de Plaww
dthiuifalciparum a ]a chiloroquine et d'Anopheles gaiae siinsu lat au DDT. 

La lutte 	antipaiudique mntegree basee Str les soins de sante primaire est 
lam ilucsluin-IC 1eo 'saux vaccins e'st'uniespor: 
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Malaria inthe Sudan 
A. A.EL GADlfAL 

GEOGRAPHIC DISTRIBUTION 

Malaria is the main endemic parasitic descase in the Sudan; The
endemicity of the disease ranges from holoendemic in the south tohypoendemic in the north. As seen in Figure 1, the endemicity of the
 
disease follows more or less the natural distribution of the geographic
 
zones.
 

Malaria is holoendemic in the equatorial and rich savanna belt,
hyperendemic in the savanna zone, mesoend emic in the poor savanna and

semidesert zone in central Sudan, and hypoendemic along the main Nile '4,

in the northern part of the country and along the Red Sea. Accordingly,

transmission ranges from perennial in the sotijh to seasonal in the other 
parts of the country. In the irrigated areas in central Sudan, transmission
changed from~seasonal io perennial and the endemicity is changing from
 
mesoendemic to hyperendemic.


Sudan shares its boundaries with eight countries and is subjected topopulation influx from neighboring countries and introduction of various
parasite strains. During the last few years, due to the unstable situation in 
most of the neighboring countries, a great number of refugees havecrossed the borders and come to seek shelter and peace in the Sudan. A
lot of these people are considered as carriers of different strains of the
malaria parasite. This has given rise to a change in the epidemiology of the 
disease. 

VECTOR SPECIES 

Three vector species are identified: A. gambiae, which is geographically
restricted to the southern part of the country; A. arabiensis, which
extends from the south and reaches up to the northern limit near the
Egyptian border and is considered as the principal vector in the
country; and A. fuiestus, which is found in the southern part of the 
country. . . " . 

156
 



157 MALARIA IN [III. SI)AN 

Kflrinrif., 

K'~ ~ ~ ~~ -i rovince 

T~JJi,~rr41, /T";i'" 

L-ZL!1 i3cq t44C 

Figure 1. f orpiadlrbution of malaria in the Sudan by level of ende-

PA RA SI*IT; I1 (AI -.S 

C()nIItIIItjs iI uiit90; f th I' Tilrlr infection I Iolcvc .wiuditumji
vi'11Is \\ idespli %;Id III 1 1i1 I f)iti()I' Ihe i.(ijiIIIV 111dlJfliy reaC;h 20";

close to the lI hiupi .iii Piiir''/u. 11(diic s l-epouIctI 11ain1ly. iil, 
ill sciiltlCic1 S11(iT111. I'/,4%Uiin~ )iU/ahi I eiig rCported I'littaSPOradLic 
Wli Iinc 



'.58 A. A,'EI Gaddal 

CHARACTERISTICS AND REGIONAL CONTROL
 
OF MALARIA
 

NoRTHERN REG(ioN, 

Malaria is hypoendemic with seasonal transmission in the winter season 
and mainly along the river Nile. Malaria is unstable and the population is 
susceptible to infection. In the absence of control measures, waves of 
malaria epidemics occur. Chloroquine resistance based on in vivo tests 
only was first reported in this zone, partLi'larly in the area north of 
Khartoum, but ncii=€nfirmed. 

Vector control based on residual house spraying is carried out mainly 
in the major towns and some irrigated projects in this region. 

In the northern part of the region, a joint program between the 
governments of Sudan and Egypt is going on and aims at control of 
Anophehs arabiensis to prevent its introducti.n into southern Egypt 
(Gambia Project). 

CENTRAl. REGION 

The central region is characterized by having several irrigation projects, 
among which is the large Gezira irrigation project and several sugar
plantation irrigation projects. Malaria ranges between mesoendemicity to 
hyperendemicity. 

The first malaria eradication pilot project was carried out in the 
southern part of the region between 1958 and 1963. A major achievement 
of the project was its collection of valuible epidemiological data about 
malaria in the area. A malaria training center was established in this area 
in 1963 and is still functioning. A collaborative research project on 
malaria, which deals mainly with malaria immmunology and drug sensi
tivity, is being carried out with Michigan State University with support 
from the National Institutes of Health (NIH). 

BLUE NI.E HEAiLrH PROJFCr 

The Blue Nile Health Project is an integrated disease control project that 
deak mainly with the control of water-associated diseases (malaria, 
schistosomiasis, and diarrhoeal diseases) in irrigation programs of the 
central region. The strategy of the scheme is based on the application of 
integrated control measures using chemical control, case detection and 
treatment, environmental management, biological control, and commu
nity participation. The ultimate objective of the project is to reduce 
reliance on chemical control and emphasize the establishment of long
term control measures. 
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:Summaries of.Recorded-Statements 
W1L KILAMA ROSE LEKE, KM POLUKU, F.DIOUF, AND P.TAYLOR 

TANZANIA 

Kilama reported that the National Institute of Medical Research wascreated in 1980 and has a scientific staff of'nine senior national scientists.
The institute has been carrying out tresearch on rmalaria in two major
areas: drug resistance of antimalarials and entomological research of

malaria vectors. There are cooperative malaria research projects with the
Swiss Institute of Tropical Medicine in Ifakara, Central Tanzania; with

the London School of Tropical Medicine and Hygiene in epidemiology

and entomology; with the University of Romc in vector biology and
genetics; and with the Kilimanjaro Christian Medical Center, to name
 
only the major projects.


Chloroquine resistance in the country was 
first noticed in 1982, but
has by now been found all over Tanzania. lI addition to chloroquine, drug
resistance has been observed to fansidar and mefloquine, in'the northeast
of the country. There is even a pronounced reduction of susceptibility of'

P. falciparumi to the old antimalarial drug quinine. Tanzanian scientists 
are undertaking studies in combined chemotherapy.


The entomological studies consist of identification of mosquitoes
involved in malaria transmission in different ecological settings, sporozoite identification using radio-immune assay and ELISA techniques, as
well as 
malaria control using impregnated bed nets and intradomiciliary
spraying of DDT. 

Incooperation with the Swiss Medical Research Institute in Ifakara,
antisporozoite antibodies and anti-blood-stage antibodies to Plasmodiumfalciparum have been followed in 132 children over a period of 3 years in ,
an area of high endemicity. They examined NANP-40 antibodies and foundthat there was an increase in the antibody titer with the intensity oftransmission and between each age group. Up to about age 5, the child santibody level is unstable, but rises slowly and becomes less variable after
that age. However, approximately 25% of all children have always re
mained negative in these antibody tests. Anegative association was foiy,-'" 
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between the spleen rate and the antibody titer of the children. The 
investigators found evidence that malaria transmission is focal. 
---- Final ly'stud iesare undc rwaytotest-the-efficacy oitnew-lai.rvvorou - 7 

* fish for the control of local malaria vectors. 

CAM EROON 

Leke described the work of the new WHO Collaborating Center for 
Research and Training in Immunology. The center undertakes collabora
tive graduate and postgraduate programs to train African Students under 
the auspices of' WHO. The center has organized Workshops for partici
pants of African countrieg, including training in new laboratory technol
ogy supported by manufacturers of new sophisticated equipment like the 
ultracentrifuge, gamma and beta counters, etc. 

Referring to the paper on malaria in Carneroon presented at this meeting,-
by her fellow citizen Dr. Mfonfu, Dr. Leke pointed to the potential of new 
projects for research and training in the fields of immunology, immunopa
thology, and immunodiagnosis of malaria and other important parasitic 
diseases, notably onchocerciasis and three different species of schistosomi
asis. Cameroon is bilingual for French and English. Because of the broad 
ecological spectrum of regions in the country, comprising the rain forest, 
mountainous areas, the fiat lands in the coastal zone, Sudan savanna, dry 
savanna, rivers, lakes and the sea, diseases can be studied simultaneously in 
different settings. Dr. Leke invited the participants and organizers to make 
use of the Center for research and training. 

ZAIRE 

Poluku stated that Zaire has a tropical and humid climate with a 
population of about 30 million people. French is the national language.
The infant mortality rate is about 100-120 per 1000 live births. The annual 
growth rate of the population is estimated as approximately 3%. From 
1978 to 1982, there was a malaria pilot control project in Kinshasa, which 
was evaluated in 1983 and, consequently, divided into vector control 
under the Department of the Environment, and disease control under the 
Ministry of Health, which carries out malaria control primarily through its 
Primary Health Care Service System. 

Malaria endemicity is high in Zaire with a parasite formula of 95% P. 
falciparumn, 5%P. malariae, and 0.5% P. ovale. 0 

Malaria has a high morbidity and is estimatedto account for 10-15% 
of child deaths. It is the third most important cause of death in the 
country, Since 1983 there have been studies on chloroquine resistance of 
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P'. fakcipmrumn. There is a selective strategy for treatment of' children 
under 5 and for reduction of morbidity inpregnant women. Zaire has a 
silance system to mionitoi the efficacy of antimalarial druos. Most 
treatments are done on a presumptive basis. There is chemoprophylaxis
for pregnant women and approximately 70% who attend prenatal clinics 
are treated. 

Research on malaria is carried in cooperation with the three national 
universities in Kinshasa, Lubumbashi, and Kisangani. There is close 
collaboration with Centers for Disease Control in the United States and 
with the Institute of Tropical Medicine in Antwerp, Belgium.

Health education is another important aspect of the national malaria 
contr l program, District medical officers and laboratory technicians are 
trained in surveillance methodology, in techniques for monitoring drug
sensitivity, and in approaches to identify risk factors for severe clinical 
malaria. 

SENEGAL
 

Diouf described Senegal asbeing located in West Africa and covering an 
area of 197,00) km2. Its coastal area is the western most point of Africa. 
Senegal is situated in the Sahelian zctes: its malaria endemicity level 
varies from hypoendemic in the desertic northern parts near the border 
with Mauritania, to hyperendeniin the southern Sudan-Sahelian area 
where the annual rainfall reaches 1800-2000 mm/yr. 

About 30 years ago, Senegal was chosen as a pilot zone for the 
malaria eradication program in Africa. Since that time it has had a special
department for malaria and parasitic disease control. The program has 
reduced the prevalence of malaria in the country through vector control, 
treatment and, since 24 years, chemoprophylaxis. The present malaria 
control program aims at the reduction of both the morbidity and mortality
of the disease, primarily throug'li'te use of drugs. In 1984, a strain of P. 
filciparumwas found in the Kaoi'abu region of central Senegal which was 
less sensitive to chloroquine. This has been verified by the in vitro test. 

Because of the drought that has prevailed in the Salie: over the past
decade, Senegal, Mali, and Mauritapia decided to build water retention 
dams, especially on the Senegal River. These changes pose environmen
tal threats for the level of maliria endemicity in the areas coh.uerned. 
Baseline data have been collected and will be used for coaipari ion to 
monitor the Situation and to take appropriate action to prevent a negative
impact on the health situation in the population living near these water 
impoundments. Senegal is a member of the West African regional
organization for the fight against endemic diseases (OCCGE). A unit for 
monitoring malaria drug resistance has been established in cooperation 
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'4 with OCCGE. The objectives of this program are described in greater 
ithe papeqr givenJbyjiDr.,L.Guiguemde athis, meeting. 

:Senegal is prepared to participite inresearch and field trials of'future 
malaria vaccines. 

ZIMBABWE 

Taylor made some comments about the malaria situation in Zimbabwe.
 
The country is bounded by South Africa, Zambia, Malawi, Botswana and
 
Mozambique. Malaria ranges from hyperendemic in the low altitude arens
 
to non-endemic in the highlands. A malaria control program based on
 
vector control has been in effect since 1949. At the present time, this
 
program covers the estimated 4 to 5 million population that live in malaria
 
endemic regions. The cost of the program is about 2 million Zimbabwe .7.
 
dollars (US $1.2 million) per year to operate. It has reduced malaria
 
endemicity from the previous levels of 50-70% t6 5% in most areas.,
 

He pointed to the great variations of the epidemiologic patterns and 
the pronounced seasonality of malaria as presented by the various 7 
country representatives who participated in this meeting, and stressed 
that there is a need for a review of our attitude toward malaria control. 
One should get away from the idea of a panacea which is going to solve 
all problems. We have to reconsider this situation, particularly as the 
general attitude toward new malaria vaccines seems to be that they are 
not by themselves gnn,-;,to provide the ultimate answer to remove 
malaria. We are goiag to have to integrate the new methods into an 
effective program together with other control measures. 

DISCUSSION 

BRuCE-CiWA'rr: It is the prerogative of old age and, in a way, a pre
rogative of one of the few remaining workers of the colonial period in 
Africa to make a few general points. I have listened with a great deal of' 
admiration to the presentations of the new generation of the African 
colleagues. There is one thing I would like them to remember. There is a
tremendous amount of valuable information in the old papers and docu
ments of the colonial period. Do not neglect them. They are still valid 
becaui,, the situation in Africa has not changed to any extent, and, if 
any:hing has become worse at the present time because of drug resistance. 
There is a great deal of basic studies, especially in Zaire and Nigeria and 
other parts of Africa for the period between 1930 to 1959.Do not neglect
this information because it is still Valuable today. Those who want to avoid 
the errors of the present should learn from the past.Thank you fordllowing 
me to make this brief remark. 
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Section III 

. ..~armorring, ladies and gentlemen, I welcome you to this 
s.: entific .ession of dehberatiors on ongoing epidemiologic studies on
ima-lkiria mirnunity or;,d lrdnsmission ina number of African countiies. I join my
crCI3eagLjUes fromr veste rday irf- thanking the organizers for making this meeting 
FsOSSIland lfirivtia us to patli."pate in this conference. Iorrd arn equallyfri:!ebted to themr tar gving ncoheorivilege at chairing this scierstitic sejsion

Yesterdacr,,-v looked at the state-ot the art in this exciting pcriod of 
mlrlcrriCCii , aeveloprisent. We have coked at the problems that may
tv!d in th-, way it) (rriv;qat an effective vaccine against mrn irisIater ifr 
ihe ator ro cr we re geen at) overview of the status of nlsaria inAfticci, 

ar we cart ad rnure ac-tout the diversity and adaptability of the Afrcots
 
riospuj to faurn] iiwolved irnrniiarmia transmission, and how neted to
we start
 
F bo.'ar:rs tlhose 
conrnur ities who will be participating in these new vaccine(

;,.think this ottar poit was brougtst out very clearly by our colleagues 
trsz, vik kenya Wer (rsn.j isI emphasize that unless ouI coMMUn ities 
Ltur aersltd wi at thee stijdis ae oallcitGO, our effots willnot really yield 

tt, benef11s fr t we (jruhiapate. So. the in[)oriance of comrunity 
!c-i ftipatol is sOMns hisis ,vo really iLJst (xIniotu.
 

Later irn the 
ov. iirsp we cc sidcrea prospects of new diagnostic tools 
t-! ccild be useLd in epiden. ologic studies at malaria and thai could 

Fuovsde ',taI 'rferrsitihat is so recossjry before launching any new 
project i, this field of researtch If is irs that spirit that we will continue thisnsorrsirsp w w1ill he i.okini at sot no few epirlenologic firsdings that will play
a1spnificant role irivcic, inc djtavelopnent 

I-r('
I happy ti trod the firs speaxker, Dr. t OUis Moilirseaux of the World 
iif , Orpjrizofion itC, rva. who will itroduce and elborate on WO's
 

ceidflnes for epideAiologic evaluation of Plasrmoditci 
 talciparumsporozoite 
r-alaria vaccines 
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Figure 1. Schematic rep'rresentation o1 the malaria parasite's life-cycle, indicat
ng where natural imnmunity or vciccination are exYpected to interte-re. 
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Table 3. Preliminary research. 
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Table 1, Epidemiology of malaria Inthe village of Keneba, the Gambia In 
the 1950s,. . .. 	 .. _ _ 

: 	High infant mortality rates (approximately] 200/1000 and 00,/1000 respectively
 
Marked seasonal variation Inchildhood mortality with most deaths ocri during

the rainy season, 

* High parasite rates reaching nearly 100% Inchllaren aged 2-5 yr, with a rapid
decline in parasite prevalence Inolder childreii 

* High prevalence of splenomegaly with a similar age' distribution to that of 
parasltemia: 
Low spleen and parasite rates in adults 

* Plasmodlum falclparum and P.molariae the dominant parasites 
* Anopheles gamblae ss, and A.melas the dominant vectors
 

Data from McGregor 1964 and McGregor et al, 1966.
 

decline infrainfall over the past 100 years.6 Incrcased utilization of
 
antimalarials is a second factor that is likely to have contributed to a
 
decline in the level of malaria infection in the Gambia during the past few
 
decades. Chloroquine consumption iscurrently estimated to be about five
 
tablets perrperson per year. It is likely that chloroquine consumption in
 
the 1950s was much less than this.
 

MORTALITY AND MORBIDITY FROM MALARIA: 
1982-1983
 

TIIE IARAFINNi PROJECT 

Because of uncertainty about the current importance of malaria as acause
 
of mortality and morbidity in the Gambia, a new study was started in 1982
 
in an area near to the town of Farafenni on the north bankof the river. The
 
study measured mortality and morbidity from malaria .in this rural
 
community prior to the introduction of a primary health care program.
 
This study area comprises 41 villages and hamlets with a total population
 
of approximately 13,000. Villages within 10 km of the town, which, at the
 
time of the first surveys, had a government dispenser and one private
 
physician, were excluded. Details of the. study area and tlhe study
 
population are given elsewhere.7
 

MORTAI.ITY 

Attempts were made to record all deaths in children under the age of 7 
years throughout the study area during a I-year period in 1982-1983 using 
a system of village reporters and MRC field staf, Cause of death was 
established as accurately as possible through a postmortem interview 
with the family of each deceased child, conducted by a physician, and by 



Table 2 Cause of death amIOng 184 children under the age of seven ina
rural area of the Gambia in 1982 1983.* 
Diciqnosic; Nc Deaiths Deaths 
Neona ki 42 23 

Ace~'Kr try27 15 
Ma re25 14 
N~c~rrI17 9

M(inutriti(rrChronic Oiarrhea 16 9
Aceitc qustrornterilts 14 8

c'tan-es 6 
~picon;a6 

3
3

Chronic ruspircitory 5 3
M scflcanG.1e 7 4
Or ikna,,wrr 19 10 

loir]! 184 101 
Tkiti r em ( i *rf, )ca.O~jr-re . e tiai, in press. 
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ENTfOMOLOGY 

Surveys undertaken by Bryan and associates in 1980 and 1981 showed 
that the main vectors in the Farafenmi area weriophlesger 
and A.:nelas,, A few A. airabins.. ,,bWere caught in the town. More 
detailed entomological studies were started in Farafenni villages in 1986 
(Lindsay, unpublished data). These have shown that mosquitoes of the A. 
gimbiae complex can be found in huts only during ai period of a few 
months at the end of the rainy season. Nitety'percent of'biting takes place
during the period IIii.i to 6AM. The average inoculation rate is about50 
infected bites per person per year.

Sporozoite aniibodies, detected by radio-immunoassay, were found 
11arely in Farafenni village children underthe age of 10; by which time 
children have probably exp';cienced about 500 infected bites (Marsh et al.,

] 	 unpublished data). After the age of 10 years the prevalence of sporozoite
antibodies increases rapidly. Children with sporozoite antibodies are 
Subsequently less likly3to 'have a clinical attack ofmalaria than children 

s-without sporozoite anthibhjes, but this relationship is not a strong one.I 'te The prevalence of SPO.,,. t n tib od is in young children .is not in

>creased by chernoprophylaxis. 

; 	 SEASONALITY OF CLINICAL MALARIA 

Althot.h thee are only modest seasonal variations in malaria parasite
and spien rates,iamong chiIdren in the Farafenni study area,'th main 
clinical impact 6f malaria is restricted to a relatively short period at the 
en~d th e -rainy season. This'seasonality facilitates malaria control in this 
community through chemotherapy, chemoprophylaxis, or vector control. 

LOCAL VARIATIONS IN THE PAT'TERN6F MALARIA 

;Surveys in villages throughout the Farafenni area have* shown marked 
variations in the pattern of malaria between villages situatedin apparently
similar geographical situations. Furthermore,-clusterng of cases of chn
ical malaria and of splenomegaly is frequently fong wifica ofvin-ge
(Snow et al., unpublished data),- It is probabe thtboth en rnmental 
and genetic differences contribute to these local variationsin malaria 
epidckmilogy, Differences in mosquito numbers' have been observed 
between' adjzfcent villages, Pnd the prevalence of splenomegaly is influ
enced by ethnic group. Among adults large spleens' are' found' more 
frequently anmong Fulas than am'ong oth'er ethnic groups; this finding was 
noted previously in Nigeria. ' . " 
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Yekepa Project inLiberia 
A, BJRKMAN, A, HANSON, J. BROHULT K. BERZINS, 
H, PERLMANN, M. TROYE-BLOMBERG, M. WAHLGREN, B,WAHLIN, 
AND P PERLMANN 

The nalaria situation in Africa is now more serious than ever, mainly
because of the development and spread of drug resistance. How,vever, in 
the past few years a great deal has been learned about malaria parasites
and the immune responses they evoke in the host. These advances and 
the new developments in nmlecular biology are exciting and may ir.pir
optimism. A close collaboration between immunologists and molecular 
biologists in sophisticated Western laboratories and laboratories and 
research unils inthe endemic areas is and will be increasingly essential. 
The inportance and benefits of such close links between the basic 
liboratory research and the applied clinical epidemiological research have 
been apparent in the Yekepa Project with the collaboration between the 
Yekepa Resei)rch Unit and the malaria unit of the, Immunology Depart
ment in Stockholm, The objectives are to further pursue the project along
these lines towards future vaccination trials.-

This review focuses on different immunological parameters in rela-',
tion to the development of natural protective immunity, especially in tile 
holoendemic area. 

YEKEPA MALARIA RESEARCH UNIT 

The Yekepa Malaria Research Unit was established in 1977 in Liberia. It 
represents a subunit of the Liberian. Institute of Biomedical Research 
(LIBR). The unit was formed as a collaboration between the Liberian 
Institute and the Roslagstull Hospital of the Karolinska Institute. At 
present, Dr. A. P. Hanson is the director of the LIBR and Dr. A. Bj6rkman
is the principal investigator of the project. Two physicians and o:e 
entomologist are presently attached locally to the project. During the last 
years Stockholm University has increasingly participated in this project
with the close collaboration of Professor Perlmann's malaria unit. 
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Figure 2. Mop of Yekepa region. 

JI.2 Different levels or endemicity m~laria were found from hypoendem- -

!i;city to hoioendemicity (Table 2). in the outer holoendemic areas,04 malariai ;' 
t was s tbland perennial. :.ransmission 

, ..-.In 1977, malaria control with drugs ,,Qas introduced in some of the 
; holoendemnic Vilages,,and the effectsof different models of drug adminis-, 

:rl t:1':tationon clinical parameters of morbidity and immunity were studied ini ! 
3'
.. different age groups. t .......
.. 4 The susceptibility ofallas..d........ 

different drugs was also continuously related to-the di'rn mode of: : 
drug use."t3-9 Finally, 0ne special fieldJ of.research within the project has ?i:': 

'...been the epidemiology of 1-thalaissemia trait, which was found to be ' i 
highlhy prevalent in th~e Ye. pa..i. 'iii"' 
-i:i
? Thae studieS on clinical epidemiology and drug resistance have~provided
 

Sivaluable baseline information that • i(lI be u seful fr future vaccination tials,
 

.CLINICAL PROTECTIVE IMMUNITY TO MALARIA 

T~he assess menlt of clinical protectiVe immunity is based on two indir~ect or + '' 

rverse~parameters: morbidity, and parasltemia. ,.
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Figure 3. (Jeorretriucl meon p rasite density ( •) and mean spleen size by age 
group inLberian children (N 769), 1 1I0years old, living 'nvillages w;'h holoen
dern!c malaria in the Yekepa re(ion (Far Area). 
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Table 3. Age distribution of ILibrian patients with recorded fever episode
and concomitant high Plomodiun flcparorum parasitemia (10" parasiles'tl) in
Yekepa town with hypoefidemic malaria and in villages with tioloondernic
 
malaria (Far Area)
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within the same subject on the different occasions There appeared to be 
high, medium, and low responders. 

The Pfl55/RESA molecule has been sequenced and found to contain 
two regions of tandemly repeated sequences of amino acids. One se
quence in the C termninus of the molecule consists mainly of an octapep
tide subunit tandemly repeated four to five times. This is followed by 
about 30 to 40 repeats of the first half of this sequence, the tetrapeptide 
subunit (EENV).' 4 Towards the N-terminus there is a second repeat 
region consisting of six imperfect subunits of I I amino acids.,' 

To further investigate the degree of' specificity of the individual 
patterns of seroreactivity, we investigated the antibodies to different 
repeated sequences of amino acids in the Pfl55/RESA molecule. In a first 
study, different sera were examined for their reactivity against the 
octapeptide and the dimer tetrapeptide 2 x. 4.17 The sera were from 36 
adult men and women who lived in the holoendemic area and who had 
anti-Pf155 titers over 1000. In 32 of 36 sera, specific antibodies were found 
binding to ELISA plates coated with the synthetic peptides. Many sera 
contained antibodies reacting with both peptides but 21 sera contained 
antibodies reacting mainly or exclusively with the dimer tetrapeptide 
while II sera contained antibodies reacting mainly with the octapeptide. 
These results have focused further interest on possible genetic reasons for 
the differences in seroreactivity against different defined peptides. 

The different components of sera from individuals with different 
levels of immunity have been further studied with regard to their 
inhibitory effect on P. falciparum in vitro growth. Crude IgG from one 
hyperim,,tune donor (Kinon) strongly inhibited reinvasion in vitro of 
hurnan erythrocytes by the parasite.' 8 Interestingly, when different sera 
were tested, those with high anti-Pf155 titer usually showed better 
inhibition by crude IgG. Enrichment of anti-Pf155 by affinity purificatio, 
on infected RBC strongly increased the inhibition. The purified anti-Pfi155 
was 40 times more efficient than the original IgG. After furtherpurifica
tion, both antioctapeptide antibodies and antitetrapeptide antibodies were 
found to inhibit merozoite reinvasion, but the latter were more 
efficient. i9,211 

Protected T-cell responses in vitro in patients with acute P. 
filciparum malaria, but not in those who are clinically immune, are 
suppressed when the cells are exposed to crude parasite antigens. 2i To 
study the effect on regulation of defined P.falciparun antigens, we have 

!,set up analogous T/B-Cooperation Systems and lymphokine assays 
permitting assessment of both T-cell stimulation and T-cell dependent 
secretion of antimalarial antibodies in vitro. Lymphocytes were stim
ulated either with crude P. falciparin antigen or with a preparation
highly enriched in Pf 55. T-cells from Pfl55 seropositive donors 



responded normally to Pf155 and only weakly or not at all to the crude 
antigen. Responding l'-cells induced analogous B-cells to secrete A 

anti-P. falupatum antibodies including antibodies to Pfl55 when the 
lymphocytes were derived from donors with elevated levels Of serium 
antibodies to this antigen. Thus these data show that the intact Pf155 
contains epitopes for the induction of T-helper c To define these 
epitopes, we have as our major objectives today: (a)the mapping of +'-
PC 55 for T-cell reactive epitopes; (b)defining the oligopeptides that are 
most efficient in inducing T-cell response; and (c)comparing these 
cellular results with data on seroreactivity, clinical protective immu
nity, and previous exposure to malaria. 2°
 

": IMMUNITY TO THE SPOROZOITE STAGE 

Studies on antisporozoite protection and/or seroreactivities to circumspo
rozoite antigen have now been included in the project together with
 
in-depth entomologic studies. The first study was concerned with anti
bodies to P..filciparunsporozoites. 22 Sera were collected from infants,
 
children, and adults in the holoendemic area outside Yekepa. The
 
antibodies were detected by ELISA using the recombinant Circumsporo
zoite protein R32tet3, and by the inhibition of sporozoite invasion (ISI) of'
 
hepatoma cells.2 3 Both assays showed significant correlation and demon
strated that antisporozoite antibodies increase with age and protective

immunity, IS was more sensitive than ELISA. Hence, in all adults there
 
was complete ISI (90% inhibition).
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DISCUSSION 
N,'wL sANI: ,hankyou. very much for It thought-provoking presentation. I am sure there will be a lot of questions and comments when wecome°to the discussions which will be in the next session. We will now'adjourn for a 15-minute coffee break 

BUCK:' Our- next presentation this morning is about Zambia. Our chairman, Dr. Njelessani, was ihe director of the Nd.la Center at. the tiethese studies have been carried out. Dr."Fred Wurapacharge of parasitic disease control at the Regional Office for Africa of theWorld Health Organization 
who is now in 

was at thaii'time the senior inv stigator of theepidemiologic research program at the center. He was the team..leader of 
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Association 1of Malaria -and-Schist Ois
>in 'NoirthernZamr~biaa 

SM. MUKUNYANDELA ' 

Malaria continues to be a major problem in Zamrbia today. It accounts forup to 20%7 of all. hospital admissions and 30-50% of the hospital outpatients clinical workload, making it the largest single cause of morbidity in~the country. 
rSince the late 1970s the Tropical Diseases Ri-search Center (TDRGQ inNdola, and more recently, the Malaria .Research Laboratories In Lusaka,,have carried out epidemniologic and pharmacologic studies in malaria.'Recent studies suggest a chnigeidmooia pattern'in r~lation toprevalen~ce,, endemicity, and use of antimalarial drugs in whichresistance of Plastniod! multiple," iwnfkalipanmi'!i has been shown to be on the increase,

This study was: part of the multidisciplinajry longitudinal epidemio
livigia eitud illKage

livng 
b (Fg. 1). The study sample of 1341 individualsrt igt vllaeswas se'lected from a study~populationi of 10,00. Thepopulation pyrainidof the sample population is shown in Figure 2."A thick blood simear for malaria parasitology was obtained and 100oil-immersion fields were analyzed for 917 persons. 'Stool samuiples ,werecollected from'722 individuals and examined for S. intiAsoni, Results for- 'I I' , 

both malaria~and S. mnsoni y~ere obtained on 690 in'dividujals, .
-

Thick ,blood ~films were prepared and examined ulsing <standardmethods. Stool samples were examined by the' forffrJl-eth'erconcentrationmethod in the field and also by, the same method utsed,, on prsve
samples~~(M ~ttebs~ aoatory in Ndola. The maximum number ofS. inansonirecorded was coded for- statistical analysis',' , ' 

,MALARIA 
", 

""''"4 

Cfhe prev'alence rates for malaria parasitemia (any species) are shown byage and sex in Table. 1,and byi species according to age. in Figure 3. The . 

"Based on a study by F.K. Wurapa et a!. WHO TDRC Techni)Cal Repoi. Geneva. WorldHealth Organization, 1985, chap 6, pp 43-84.' 
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Figure 1. 'A;iqce in the ;tUcly arrca 0 ipinu Zambia, 

prevalen"Ce v~a" pelcl In thtuw (IIder I \'ear ii ri than if adults. Thre 
prevaleceIC 01Cieah OfitII: 111(' ',eC ic ipeciached it,, peAk in childilen aged
1-4 vears and decclinedf v th icreasrne11 :rIc. 
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Figure 2. Population pymarid of the study populations of Kampumbu. 

Sincc thr,_e 1halaria species were f'ound in the population, i.e., P. 
.;Oh 1)i,*u?. ,lic+:,odiull min'lari,,', and l'llI.V1 tlOdiumn 01(1,/C it was possi-
He]1t e.X\allne t1C frequLCICV of'"mut1ltiple infl'ection,.S iII idividuals (Fig. 3).
.,V1 'elm+ale prevalencC rtcs In1ech atge grotLp wCe'C silarl +l" the malc and 
tor cach of, he thre1c spccies of' malaria parasites. the two sexes were 
colined i1. su equenit allysNis. "lble 2 shows tie previlcnc of' 
infectilo v,ith 1'.,malrit, nd those and1'. ov/r 'llnong illfctcled not 
inlected %\ith1'./1 ,+ipIru . (K)l124 children tinder 5 years of agce infected

itI.i 1'../ilipatul;nP.0) (48';) uwerealso inf'cted withI'. llnralrinc. 0lihe 
52 childen lnot inf'ccted will '. /ilrip,'mm+.nonle wast.' infected with P. 
mia/arii,. IThelitrnber of, P).o 'h, inlfections Was1, lower than that of I'. 

/u+o/oril' , blt individuals infected with P..i'iprwmn Wcrc more likely to 
be inlfected \,ith 1'.or.lo than those not ine'cted with 1'. /fi]<I/jllpulltl.

Sixty-l'oUrrpercent 0.22/5(03) of those with lP..fiihipurni had all 100 
fields positive, whereas onlv 9' (I(0/18() of' those int'ected with P. 

http:l'llI.V1
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Table 1. Prev,ience of malaria prrasiternia (any species) in Kampumbu by 
age and sex. 

,, Flimala [Total 

Na" a No No N- No 
, ,]4 ..I1J F. s ex mOi[nod pos. c.xLrn tid pos N 

o 1 .1 8 31 H 3 17 73.8 414 25 568 
1 ,: 6? 50 806 /0 .51 /12.9 13? 101 76.5 

/75 '0 66.7 108 85 /8./ 183 135 73.8 
10 14 5 83.o 36 128 71.956 61 59 0 92 

15 19l 37 16 
 13? 43 20 .165 80 36 45.0 
20 39 68 )(9 4."6 125 59 41"2 193 88 45.6 
4 5(; 16 17 370 6/ 2.1 3.5 8 113 41 363 
0 5 227 8 364 44 13 29.5 
oa:a 3 8 21 58.0 519 300 57.8 9,17 531 579 

80 

6019
 
P. falciparum 

40
 

P. inalariae 

20
 

• 1 4 5 14 W( 141 15 19 20 40 5939 60+ 

Age (y) 

Figure 3....'.ccc, (,,A)[,:,,I ra parasteni in opniumbu by species and 

I1illri' ',11 l > (', 1l lhn1c ioftccicd ',.ill] '. oval, h I 10)0 field' 

1". thcrcf'kire the 
a,, \\el m,,lhe 11o" lI pIC\ IlCn ill,,:ctioni fo 1d. rhcrC W S a tIend of 

po-iti\ve fr :hC,,C PIilo-.lt:Iiliru, ,.t, most intense 

in",il,, h itmm,mxiing age f'or C h II 
,. ;', ti))l !,1( f,0I ifl:li ,, \ ilh I'. lri mi P.m alc. An alul y - o" 
utmltir, e ii;ibmira specie ifrc,.tion,, ,md sIllommevlglml also revealed that 

, 

dcc rc,ix - v, i% '. INI 'iparum. No u,LI Ird 

illi\ hl'ial"\tl , it mulltillc ,pcIC, infectiom , ,hmowe! simznilicmnly higher 
rIC,.,.tlncc of' niti k,,_d , lasific;ttim mud4,llciim cg.k(ll.ickett',, .. of 3 
abovc) ,omllpmrCei v, ilh Ih, nfe omk spcies or wth thoseinected \%ith one 
'who welc not il,c'cled ;11 :11. 
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Table 2. Karnpurmbu. Prevalence of infection with P.mlaoe and P. ovale 
among those infected aid not infected with P.tolcparum 

Pf rn©ac ltivo 7 P f p c sitv : 

C) f l~li Vt Pt PC 

0 1 00 . :. , 7 30 1 4 .3 
. 1 t 0 0 9 11 ,_ r'; 17 16.8' 

il. 10.6 ' 

00 3, 11 31 4' 1 2.90 810 12 14.3 0 0.0
 
- ,',? 7 :i J 30 
 6 5 2 5.3 

31 j: U" .9 13 1 f , 0 0.0 
'C0 11 LO,1C; 167 32 4' 39 7.6' 

PO i C4C'P, 

-F' /? 1 7" ,l t7 

"'100 

S mqanlson ne~gative 

(N 208)80 

40 

maisonm,~~~S potive , . .. 

20 

0<1 1 4 5 9 10 11 15 19 20 39 .10 39 fin1-
Ay:,(vi 

Figure 4. Freva'ctnc 
nfection stots with 

) F ['ic , 
, r7n)nsor,, 

t iftectori in K sii)um' [hy age and 

ASS( )( 'AIIi()N I,.'I\VI-I1N MALARI\ AN) 
S. .llA ', (),\'/ IN .I."II( )NS 

i uriic 4 ,Iio\\ ilhc pic\,,lic C , i,, 1'. 1/1i ili Hmp uidi-tCm ia ill those 
i Ci tcdtl aun nt inft <_t-J \ i\\11 .N.m ,umu . Ilcre arc ,lrikilng difl'c rciiccs 

il the pdir ,c iiu i' ltk, I)Cl' C'C II 1 ,itl t Ihat,; i'c slatistically 
', litn t ';it ", "- II ILJ. ;1ild 10 - So \ l" . T h e o vcra ll d ifl elre n ce 
b c Ci\c,c lh L' t\ t,i L't.i \ c', -,is . lhiv h l\ s ii nili c a : hi.i (l, la unt l- l la,ieuszcl ) . 
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"100 _ _ _ _ _ _ _ _ _ 

1 5 '00 1 IN _ 2080)9 0 03 

IC11CC 5F~igue P() rIUi I .c tii, IC ,~ i C ~ tcI - iiI,I~ 1SI I 1 l11~1 ii k~IOf 
Is I. I ,js. ) 

Ih ) !0,00IClI1 1 I It 11I111 Ci Iil SOCC%I'.i Cu u I/uuil Isitlii~i %\hit11 
incIc~li I1llC iI l I IsI I "c II Idc I I\ I I"I I 3c~ I c c()I I:I I,c II 

1111ci IId ill\ I Ii'I 5; I I II IiIIl picisizul ofm N111'I ii i~ iIC 

\\Ili 11 1111i l! III\C C ICjlO lsIJ I~ 0II M'/uh o i i fet illd 
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conr ltiIItiifl to) confirm it hc ln ith dIt '. I a rl ill 

Iiflj~l2H )w1 I ! l olti)1 illthe 

the ieCfI~\ lie of, ctjci ;cmaric th l 1iw, \ilIrl1ez ;1 

maloom ii ,c lo 1i1,11% 11;1IIljcp i i i i . mou.o alt f11ec-

CleaIance o1fIIIICCIed iCII 1h(loo C 1 iiit ll 11li1ici lldic\ to co(iifjiiii. ClaritY.
and Cc ld 1lic~c hiiidji~ tic iiIIicl .i 
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lit ' I: I lio' 	 opc tit:c floor. for tilc di"Clissiolis of, thc Paper". I recognii.c 

to miAkc atfct poliut ihtit previousI4iI J-i I I : I \\ttud like 

IIIo Iittd \w~l 1kc "tlii \W11i tie ( iutlili. D~r. ( henwoodfIt'\ 1u to 


lilt II it i tidtotijthicct iiloitah1t\. cYItilip)
ticcould haive "tressed
 

t~i i iii oo Ii ~dtuc It ii ouk\ t) 0iltil k ii f'cct iu jit1' hut1Iii so 

W 11k IC1 ,i !I Illt II IoIOf the pIkICCIIt;t Of iitu Niecri:1u koulIeulfIII iufcio 
1cloi in1 HIII -it hiIIA, tC\M'i'l" lhhu! P, hcIo u1o-iuuitile Icvct. Thiis
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ito Icst ftuO r'csislUicc tostuiiicbttt Ii!( I lo 111 ut Iii tctlici In \ 

t:iii1111\ is \(.I\ to it-Itcstckt[e ill I.rNMoticuui\", prccIitutioi 

11i;1ii'utC'iitiCt IMIaaiittitiut frI'ViltitcpiohtCItII 	 Of it11ii11 
tlliiitut tic Ill 	d \cr\ )ittiuatloii\aA.iit\:tiicitlicI litmitk \c pccitiuiil 

v ith tice \xctt kiio1 ii quitittioii: "It'calil he stiuiIItiutt/cdItut ie pics-ciii timeli 


\\e c etuitith 1 ;m~tiid Itt soiiic Chips"
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Buck, Bruce-Cliwait ef al. 

that this cunltry. ihen 
 ogh apetatiniwhen one loks aethe percen tage of mosquitos that are found of the threecarrier types that Professor Coluzzj described yesterday, there is thiscluster of Anophcles arabiensis. I would like to request that the Gamibians explain to us how this is coming about and whether they think thatin the near future this species might actually become morethan it is now. predominant 

My second comment concerns the presentation from Liberia, I got abit worried when I saw that they had an area they call the "Far Area"where people are left untreated. I would like to know whether there is anyethical consideration to have left this area unattended, perhaps for thesakeof the study. I request some explanation.*Lastly, aicomment on the observations that in Ethiopia and in theSudan: Plasnodium vivax has become the next common parasite after P.falcipartim Is there an explanation? 
DIALLO: In Senegal splenomegaly has dropped following widespread useof chloroquine, but parasite prevalence has remained high. Whatgroups in the Gambia were ageconsideredsplenomegaly? Again, in urban 

for the collection of data onareas which age groups were studied inthe report of spleaomegaly? In endemic areas fever may be caused byother agents than malaria, yet malaria parasites are always present in theblood. What were the criteria for defining a m~alaria case? .-

I.I30UA-BOGLI: My. question is similar to that ofDr. Diallo. In the C6ted'lvoire we continue to define a clinical case of malaria. Yesterday Dr.Breman asked about the local definition of malaria,,but the question hasnot been answered. I also reject the statement made by Dr.sBj6rkmannthat newbornsarenonimmune They are partially immune because theyhave received passively trnsere atibofrm their mothers. 
N'JELESSANI: Thank for your comments. There is time forquestion. one. more
 
MOLINEAUX: I would like to .make 
 two brief comments, one drugonresistance and the second on the species problem. It was very interesting
to hear what has happened to drug resistance in Ethiopia and the Sudan.
If I look at it from Ethiopia it seems to be coming from the Sudan. But ifI lookat it from the Sudan, it seems to be coming from Ethiopia into mycountry. Many things mike border areas different. In these areas thersi p may be much larger making it more likely for drugr tt eilp. However, this does not necessarily mean frominvasion of resistant strains.

My second comment concerns the species problem of plasmodiaOne day I was sitting next to Dr. Louis Miller in a meeting, which gave mea great chance to ask him a few questions. After all he proved why P 
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vwaxis-not'in certain-populationgroupsI -asked him-why- hethought P 

Soi'ale seems to have 'occupied the territory that P. vivax 'can not occupy.
His hypothesis is that P. vivax suppresses P. ovale. In other words, it is 
a competitive exclusion. There would be chances in Ethiopia of exploring
 
this phenomenon on an individlua basis and to investigate the relationship,
 
of these two species of plasmodium.
 
N'JELESSAN!: Thank you ,very much, Dr. Molineaux. May I now askDr.
 
Greenwood to respond to some of the comments. 
GREEwooi,: Dr. lruce-Chwatt mentioned the indirect effect of malaria. 

' Rather to our surprise, in our recent studies it has been quite difficult to 
show that malaria plays any part in either maternal or neonatal mortality.
 
Dr. Kilama asked about A. arabiensis but this is difficult for me to answer. .
 
There is one thing peculiar about the weather changes. Although the total 'A
 
rainfall has decreased it has affected particularly the month of August but *
 

not the entire period of the rainy season. The period of the rainy season has
 
not become shorter, only the heavy rain in August has decreased. There
fore, the effect on mosquito behavior has not been as pronounced.
 

With regard to splenomegaly we are not sure what is the proportion of 
acute episodes of illness with low levels of parasitemia that cause spleno
megaly. It is our impression that only chemoprophylaxis can' reduce the 
spleen 'rate in the population. This is an area for further research. 

It is also difficult to determine what percent of febrile episodes are 
malaria. Previous work has suggested that parasite densities of greater
 
than or equal to 5000/im 3 are related to increased body temperature. It
 
looks now that this level may be lower. It is important to look at other
 
factors that play a role in the mechanism of fever. That is one of the
 
questions we are studying in the Gambia now.
 
N'JELESSANI: Thank you very much. Would Dr. Bjfrkmann like to
 
comment on the issues raised by Drs. Kilama and Bruce-Chwatt?
 
B 6RKMAN: I am sorry that I have not expressed myself clearly. I wanted
 
to say that nonimmunity of infants begins at 6 months of age. In reply to
 
Professor KIama's comments 1[_should like to mention that we 'have
 
treated the p6,)ulation in the "Far Area" of our project. What I wanted to
 
say in my presentation was that' the area in question had no health
 
infrastructure at the beginning Of our study.
 
N'JELSSANI: Would Dr. Mukunyandela or Dr. Salako care to comment
 
on the question of quinine resistance?
 

MUKUNYANDELLA: Quinine in vitro tests were carried out in Zambia in
 
1985 and 1986 using tests' that were acceptable to WHO.
 
SALAKO: A i for measuring quinine resistance nowprecoded -ate is 

available ihrough WHO.
 

' 337 i/:.:i +31+, 3 : >i[ ,:/;.[x:( 2 
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,IJELISSANiN Next. on-my-, st-areutions-toEthiopia-and-the-Sudjn 

TEKLEITIAIMANOT: With regard to the question of malaria outbrea~ks in
famine areas there appeared to be more outbreaksfollowing the drought
of 1983-1984 but a complete analysis of all data has not yet be done. I 
some, areas P, 14ax has become more frequent and may even be more 
prevalent than P.ftilciparum. Ihave not seen P. vale, but it is there in 
very small foci. It looks very unlikely that there is sufficient drug pressure
to inducethe emergence of chloroquine resistance. Chemnoprophylaxis is 
not used but presumptive treatment of fever cases is practiced in all areas 
without sufficient diagnostic facilities. 
EL GADDAL: The prevalence ofP. vii,ax is 20% in the areas of the Sudan 

bordering Ethiopia due to refugees entering the region. 

N'JELESSANI: Thank you. I think this is the right moment for a break. tI 
would like tothank you, ladies and gentlemen for your contributions this 
morning, particularly the speakers and those who have provided useful 
comments during our discussions. I am sure that we shall have more 
opportunities to continue our discussions during the workshops tomor
row. We meet again at 2 o'clock this afternoon. 

AFTERNOON SESSION 4 

DIALLO: We are going to open this afternoon's session. The meeting is 
called to order. Let us continue our overview of the malaria situation in 
Africa. As the previous chairmen have done , I would like to begin thisJ 
session by thanking the organizers for having invited me. I would even go
further and say as the dean of the delegates from French-speaking Afric 
since I am theoldest among themi would like to speak on their behalf 
and thank the organizers for their kind invitation. We hope that next time 
there will be more countries represented in meetings such as this one. 
Having said that I would like to offer the floor now to my colleagues from 
Burkina Faso, Drs. Lamizana and Sabatinelli first and DrLamizana and 
Dr. Esposito thereafter. 
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'Malaria in Ou g d u o ,BriaFaso 	 K< 

G,SABATINELLI AND L LAMIZANA 

After the serious setbacks of the global malaria eradication campaign in 
the tropics (WHO 1969), the World Health Organization (WHO) has 
encouraged alternative strategies of malaria controlI at the primary he alth 
carelevel. Thiese stategies are based on community participation and are 
supported by applied field research projects aimed at improvements of 
malaria r under the local conditions (WHO 1983). Vector control is 
part of these new strategies. In tcontrol wais based on 
antilarval measures combined with the application of residual isecticides 
(Hamo, et al. 1959). These measures have been ineffective iinterrupting 
the trans.mission of malaria in large areas of Africa, especially in: rural 

V , zones of the savanna. By contrast, in urban areas the combination of 
antilarval measures, chemical and biological vector control, and environ
mental improvements through sanitary engineering can have a coisider
able impact on the level of malaria transmission. In Ougado'ugou, about 
70,000 new cases of malaria are reported to the Ministry of Health 
annually. 

Cons'idering the large-scale migration ofthe African population from 
rural areas to the large cities that'has taken place recently, about 20% of 
the African people are now. residing in an utrban milieu For, this reason, 
the development of new malaria control strategies geared to urban malaria 
has' become an urgent task. With 'this' perspective,' the Malaria Control 
Program for the city of Ouagadougou was. conceived '"s a cooperative 
endeavor between the Department of Cooperation and Development of 
the Ministry' of Foreign Affairs of Italy and the Ministry of Health of:'' 
Burki'na Faso. A longitudinal study of the epidemiology of malaria, 
combining entomological and parasitological parameters, was started in 
1984 as the first phase of the Malaria Control Program in Ougadougou.

The study has three major objectives: 

'.1. 	 To identify the distribution of larval breeding sites for the malaria 
vectors throughout the city; ', 

"Translated from French. 	 ' ' 
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.2~-Todeernin th leelof ~iaria-transmissioin_ithe urban z i~nthe different seasons of the yea,r 

3. 	 To measure the prevalence of infection in different p'arts of the city
durng the high transmission season. 

F 

STUDY ZONE 

GEOGRAPHY~ 

Ouagadougou, the capital of Burkina Faso and administrative seat of the
Province of Kadiogo, is situated at 12022' north latitude and 1-21' west 

4longitude, The city occupies a central position of the Mossi plateau.~Thepredominant type of vegetation in the periurban area is that of wooded 
savanna. Aprotected forest of about 150 hectares in size, called the "Bois
de Boulogne" lies adjacent to the northeastern border of the town. 

CLIMATE 

The climate is of the "North Sudan" type, with maximum temperatures
around,40 C during the dry and hot scaaon (April), and a minimum of
about 150 C in the dry and cool season (January). The average amount Of
rainfall between 1961-1970 was 886 mm/yr. The total rainfall in 1984 was 

~deficient, 

For the last 20 years the city has developed around a center of traditional 
quarters and dwellings. The adminstrative p!an divid 
sectors, including 56 of the old "quartiers". esun tytol it3the
the commercial arnd administrative centers are new residential areas with'j
well-defined plots, a viable infrastructure, including provision of electric 
power and piped water supply. This new typ I of settlement represents
less than 40%o of the total surface area of the city, which measures 18,000
hectares. The remainder is made up of relativcl9j simple, habitationsestablished by spontaneous settlement of new ieidents of modest eco
nomic means. Buildings are usually of the traditional type ie. made ofbanco, locally made sun-dried bricks of clay. In the zoned settlement 
area, one finds houses with several rooms built with brick and cement on
well-defined lots. A traditional residence is defined by its "concession' 
which is either a brick wall or pallisade su~rrounding one or more simpledwellings, according to the importance of the family.
 

A particular feature of Ouagadougou is the presence of thrce 
 waterretention dams in the northern part of the city that extend from west to ~' 
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east.'Thev are lin kebyaCysten fsiuices.Of the three water 
jrepundments, only the'liird fdrnis 'areservii thatria well developed 
wi''t conI'mption. There are 
fourt canlsiwo of themrearefnished and el mitainedThey sae 

-t e mor&sA a outhetr theity,mSant e water dramnthe a and empty 
their ater intoreatention areadNo. 2, whicht form'sa e r atherg , 
edgeof4 the Bois de Boulognie, Ouagadougou 'has 450,000 inhabitit'of7''2 
w (ono d)iving with anrtIesto public,nge-thirdoare in properly zoned areas 

ue s re'sident population of Ouagadougouyehar grows b"tbout 10%, 
The ethnic group of the Mossi forms the largest segment of the 

population (40%), but almost all of the other 'ethnic gro'ups of the country,, 
are represented fairly evenly, in all of the city~sectors, with the exception 
of sectors 10 and 3, where relatively largegr 
settled together with their livestockn e T 

METHODS 

' To reach our objectives of measuring the level ofransmission and to 
determining the prevalence of malaria in the city, we created a surveil

"" lance 'system in five ecologically different sectors that serve as repre
senatve amleareas ofOgd'uo (Fig.l'. The following sectors, 

were selected, 

Seto1 (ait amll),located in the southeastern part of the city. It -
is a zoned area traversed byi the nonimproved canal of Zogona. 

Sector 24 (Nongrernasem), situated to the north of water impoundment 
No.3. It is a traditional area of settlement with mainy snmall, creeks inthe 
rainy seison, 

Sector I I (Kologli-Naba), a zoned district located to the south of water 
impoundment No. 2.,

Sector 9 (Gounghin N$ord), a zoned district located in the northwest.: 
Sector I (Saint Leon), the centrally located, zoned area of the city." 

RESULTS 

'During 1984, we identified more than 200 important 1 eeding sites of "' 
'AnophelIes' gamnbiae s.l. in the city. In the urban setting, the larval 
breeding sites' are very heterogenous. One' can distinguish between ~~
temporary and semipermanent 'places. The former, are created by small 
puddles of stagnant, muddy w'ater exposed to the sun. These are found in 
large numbers during the rainy season all over the'city. These puddles are ''i 

5 
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Figure 1. Prevalence of malaria in aifferent sectors of Ouagadougou in obidien, ages 0 5 years, during August 1984. 
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predilection sites for A. gambiae breeding, and are practically the only
 
places where i m takes in zoned ofY!
ariva deelp ae place the areas 
Ougadougo. In the- traditional settlement areas, these sites are even . 
more numerous,_where they can be found in many important locations. 4 

Such is thecase tein in rished canal of Zogon
 
eastern parts of Ouagadougou from south to north for about 4 km. After
 
each rain, the uneven canal bed has an array of small pools of stagnant 
 444 

water that become progressively smaller through evaporaition in the'dry 
Lseason. 

Water impoundment No. -2,which is also unfinished, represents an
 
important semipermanent breeding place for A. gambiae, ,with consider

seasonal variations in its dimension. During the rainy season it
 
rapidly fills with water, which forms pools along the banks in~ close
 
yicinity to the first houses. During the dry season a major part of the lake
 
dries out, leaving numerous puddles at the bottom in which larval
 
breeding continues unabated. . ', . 

4able 

- . . 4 

Another important area for mosquito breeding is found around the
 
northern edge of reservoir No. 3, where the water from the northern part
 
of the city collects.
 

In areas where clay is dug out for the production of banco, special 
problems have been created at the periphery of the city, where new 
quartiers are springing up in rapid succession. The massive immigration 
of rural people into the capital has greatly increased the demand for banco 
bricks. In areas where clay is dug out almost uninterruptedly throughout 4 

the year, many new man- made breeding sites for malaria vectors are 
created.' 

:4 . Wells, once considered as important places for Anoipheles breeding 
y (Le Gac et al. 1945), are of relatively little importance for - malaria 

"4'transmission in the city according to our findings. Of 300 wells examined44 

only 10 were found to contain Anopheles larvae.' - ' ' " 44 

* "At times storm drains and roadside gutters may also play a significant 
role in the'development of A. ga'nbiae s.l., but only when their water is 
not polluted too much. ' ' 4' 

TRANSMISSION 

To evaluate the density of the vectors resting indoors in the different
 
sectors of the study, we performed pyrethrin spraying collections in the
 
houses. These collections were made from March to December between
 
8 ANM in five selected houses of each of the sample sectors.
and 10 ANM 

The total yield of these 'pyrethiin spray collections was 2756 females of 
A. gamnbiac sl. and 46 of A.fimestus. •A cyotaxonomic study carried out in 

August of ihe same year (Petrarca et al. 1985) revealed that the' gamnbiae:' 
. ' ' + ' : ' . 

'4 + ' ! -' / : : ,, " ' : . = , . : 

4 + - - + ' ... , + - ' . -, ' : .: + • , + : .. ."- "4 ' '"'4, i + ,L ' 

"4''1++x+; 4'+++ 

- 3' ++:%+ P'-4' +:''+;+@++% +++ 4 j-',4¢;;+k+4+ '+ '+"w++ ++ + ++++, ,+ + r"+++"++ '4++7:+44' 
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complex was Composed Of a mixtureof A. arabiensis (46.5%)h and A,garbiaes.str.Of the latter, 77.5% belonged to the "mopti" form, 19.4% toS the savanna form, and t remainder,.3 .1%,he were hybrids of the two. 
______ Table I shows the a g -h- olced-fmls-o-gambiae. sJl. pcr r60mr. Tli'collections mnjhe city were made twice per

month during the rainy season. These collections are indicated as follows.July 1, July.2, August 1, August 2, September , and September 2. Insectors 9and]I we encountered very low vector densities during the studyperiod with a maximum of 4-5 females per room during the Septembercatches. In sectors II and 24 there waisan appreciable vector densityalready between March and April, which increased to a maximum &i52inJuly (sector 24), followed by a decline with low values of 6.6 and. 1.2 perroom, respectively, which were reached in December. In sector 14 thevector density remained low until May (1:.6), when it began to rise to amaximum of 22.8 females per room in September, followed by a rapid
decline to December. 

For studies of the sporozoites we have dissected more than 2000females of A. gambiae and 46 of A. fimestus. In sectors 9 and 11 tHiesporozoite index always remained zero throughout the period of thestudy. In sectors I1 and 24 the sporozoite index became positive at thebegining of the rains (1.5% and 1.3% respectively), but mosquitoesno 
were found infected in sector 14 until August to October (4.2% sector 14,11.5% sector 11, 5.1% sector 24). With the onset of the dry season theindices fell to zero, with the exception of sector 24, where this level was 
not reached before December. 

By multiplying the sporozoite index by the observed number ofinfected A. gambiae bites, one can calculate the annual inoculation rate(he) as follows: sector I, h, = 0.32, or one infective mosquito bite in 3years; sector'9, h, = 0.95, or about one infective bite per year; sectors 11,14, and 24, 9 to 12 infective bites per year. 

PREVALENCE 

The study involved 1267 children aged 0-5. Because of their limitedradius of movement, they represent a good sentinel population for tihedetermination of the prevalence of malaria in the sectors selected for thestudy. The longitudinal entomological investigations were carried Out inthe same sectors. The examination of the children took place from August28 to September 13, which is the period of maximal transmission. Bloodwas taken from each child for preparation of thick and thin smears, whichwere examined for malaria parasitemia. .-
. -The overall result of these examinations yielded a plasmodium indexof 14.8% in the urban area. In the semirural border area of the city the 
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index reached the high level of 62% (Sabatinelli e al 1985). The parasite
formula was P.fakiparum 14.7%, P. Ialariae0.5%, P. ovale 0.2%. 

The gametocyte index was 3.2% (40 positive cases). P. falciparn[%._fallinfecions.' bl-o~sie 
waMits presentit ,5j ifetin 1?..tinalaiae,.responsiblefoirsome 
cases, was almost always observed as a double infection in combination 
with ftaciparuln.	 nP. 

As 	shown in Table 2, in the age group of children under the age of 5,
the 	 plasmodium index increased significantly with age, The study re
vealed important differences in prevalence between the individual sectors 
of the city. We even found significant diferences in the plasmodium rates 
over only short distances within the sector. WeStudied in greater detail 
the 	frequency of parasitemia for subgroups of children residing in sector 
I Iby the distance of their residences from the dam of the water retention 
area No. 2, which serves as an important breeding site for A. gambiae. 
There is at statistically significant difference in the prevalence of malaria 
parasitemia by the distance away from the dam: 33% of the children living
at a distance of 100-300 m were found infected as compared to only 11.4% 
for those whose residence was between 400-1050 m away from the water 
impoundment (Fig. 1). 

CONCLUSIONS 

The entomological data of this study have identified A. gambiae andA. 
arabiensis as the only malaria vectors in Ougadougou. The results of the 
entomological study have also shown that there are large differences in 
the infection rates among the various sectors of.the city, in addition to the 
seasonal variations common to all of them. The intersectorial differences 
reflect variations in transmission levels. These are the results of differ
ences in the nature and size of the vector breeding places in each sector. 
We 	found perfect geographical concordance between sectors with high
malaria transmission and existence of permanent and semipermanent 
vector breeding sites. 

On the basis of these results, we can now stratify the malaria 
situation in Ouagadougou on the basis of the epidemiologic evidence into 
three major transmission zones as follows: 

I .	 Zone of low transmssion (h, = 0,32-.95) and prevalence (IPt., 
3-9.5%), which includes the zoned sectors of the city center, far away
from the large water impoundments, where the availability of piped 
water supplies and. properly maintained storm and waste water 
systems limits the number and duaiion of vector breeding sites. 

2. 	 Zone of intermediate transmission (h0 - 7. 1) and prevalence (IP,=" 
15.6 %), formed by sectors without zoning pla ns and traversed 

http:0,32-.95
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byopen, poorly maintained canals with numerous temporary breeding 
sites favoring high anopheline densities and malaria transmission for 
at least 3 months (July to~September). 

- "3 	 Zone of intensive rans m ission (h-- 9.i3.l2:.7) foratleastr6mnth

of the year and with high prevalence (IP,,,= 20.6-26.5%), formed by

sectors with and witho, t zoning plans, located in proximity to major
 
permanent and semipermanent breeding places.In some of the areas,

anopheles breeding is maintained during the dry season by watercollecting at sites where clay is excavated for brickmaking. 

*As for the observed differences in malaria prevalence over short

distances within the same sector of the city, we assume 
that the limited
 
flight range of the vector, as indicated by the studies in sector I I
 
(Sabatinelli et al. 1985b), could have been one 
of the factors that has
 
contributed to the focality of malaria transmission in the urban setting.
 

RESUME 
Dans le cadre du Projet de lutte contre le Paludisme financ6 par le Gouverr.ement
 
d'ltalie, Ies dtudes entomologiqucs et protozoologiques niendes i' Ouagadougou,

ont montrd que Ia transmission du paludisme I Ouadadougou est de type

saisonnier et que les seuls vecteurs sont: Anopieles gambiae (forme "Mopti" 
 et
 
"Savane") et A. arabiensis.
 

-Des differences remarquables dans les niveaux entomologiques de transmis-

Sion et dans les indices plasmodiques ont dt6 observdes dans diflrdrents secteurs de
 
Ila ville. en relation avec la localisationet la nature des gites larvaires.
 

Les difl'rrences des indices entomologiques et protozoologiques *l'int~ricur
 
d'un m~me secteur a des distances de 300 metres ont mis en dvidence le r6le de 
la faible dispersion de A. gambiae s.i. comme I'un des filacteurs caract~ristiques de 
]a transmission du paludisme en zone urbaine. 
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Sporozoites and Their Antibodies: A Field 
-Approach----

FULVIO) ESPOSITO, STEFANIA LOMBARDI, [ANSINA LAMIZANA 

A bilateral, cooperative project for malaria control was started in 1983 in 

Burkina Faso, West Africa, under the auspices of the local government 
and of the Italian Ministry for Foreign Affairs. The program included a 
longitudinal survey, the main goal of which was to evaluate the antispo

rozoite immune response in the field and to perform extensive monitoring 

of malaria vectors. A detailed analysis of. thkobtaincd results will be 

reported elsewhere (Esposito ct al., submitted anu'cript; Lombardi et 
to avail ours6vies of the opportunityal., in press), but we would like 

newprovided by this conference to give an overview of the results and 
.questions that have arisen from this field study. 

OBJECTIVES AND METHODS 

It is well known that adults are more resistant than children to malaria 

infection, but it is difficult to evaluate the respective roles of antibodies to 

sporozoites and to tle blood forms of Plasmodium 'falciparm, in. this 

increased resistance. Acquisition of natural resistance to malaria with age 

is accompanied by the development of antibodies to the blood stages of 

the parasite.' 
A greater insight into the development of immunity can be obtained 

by measuring the antisporozoite antibodies under field conditions. The 

specificity of induction of these antibodies has recently. been questioned 

on the basis of in vitro reactions of antisporozoite antibodies with both 

sporozoite and blood-stage antigens. 2 It is apparent that, if antibodies to 

sporozoites were mainly the result of an immune response to a cross
stages, it would be impossible toreactive epiiope present on blood 

measure the degree of protection against malaria conferred specifically by
 

the antisporozoite antibodies. We tried to approach this problem directly
 

in the field. 
wasThroughout the experiments, the sporozoite antigen employed 


(NANP)3, the immunodominant epitope of P. fiiiparum circumrsporo
zoite antigen.' The induction of antibodies to (NANP)3 in the field was'
 

217 



218 
sPQ.imosLombardi, and Lannkali 

studied in two groups of children, from 6 to 30 months old, living in thesame village, on the opposite sides of rice fields. 

RESULTS 

TRANSMISSION 

The intensity of malaria transmission in the area was analyzed, and wefound inoculation rates above the value of one per infective bite per humannight for a fairly long period, reaching values as high as seveninfective bites per human per night.

It should be emphasized that 
 the entomologicalthese results survey providingwas performed in close corresp'ondence with the protozoologic and immunologic Surveys, that is to say in the same places and at thesame time. The first baseline survey was carried out before the beginningof intense transmission'the second near to the peak, and the third at thedecline of transmission, after the end of the rainy season. Immediatelyafter the first survey, in June, one of two groups of children was treatedwith therapeutic doses of the antimalirial drug chloroquine to clear theirblood from parasites. From moment on,thai these children, althoughexposed to sporozoite inoculations, were protected from exposure toPlaxs-odil.n blood-stage antigens by weekly chemoprophylaxis withchloroquine. Children belonging to the other group were closely followedand treated when they showed malaria symptoms. Thus they wereexposed to both, sporozoite and blood-stage antigens. The trends inprevalence of parasitemia, prevalence of antibodies to (NANP)3, and inthe mean anti-(NANP)3 antibody levels were monitored in the two groupsthrough the three surveys. 

PREIVAL .NCE 

The baseline parasitemia prevalences in the two groups were almostidentical and averaged 40%. At the successive surveys, as the transmission season proceeded, parasitemia prevalence reached 86% and 89% in 
the group not receiving chemoprphyla . , but went down to 12% andlater to 0% in children undaer chloroquine prophylaxis. contrast , noIn
significant difference 'foundwats in the prevalence of antibod ies to(NANP)3. These antibodies kept increasing in both groups, even after thebeginning of chemoprophylaxis. It is remarkable that more than 90% ofthe examined children had produced anti-(NANP)3 antibodies at the endof the transmission season.''

The presence in the circulation of blood stages of the malaria parasite
lid not seem 'to induce or depress the production of antibodies to 
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sporozoite antigens. These findings point to the sporozoites as the major 
of anti-(NANP)3 antibody production. We cannot exclude an 
-'"--~if&V~paasiemii~n7ii~iinag acerain eve Ofantiz(NANP)3 

antibodies, possibly due to a weakly immunogenic, cross-reactive, blood
stage epitope, 

____trigger 

ANTi-BLOOD-STAGE ANTIOIEs 

The trend of the anti-blood-stage antibodies was also studied through the 
same three surveys, and itwas shown to follow the expected pattern. The 
anti-blood-stage antibodies increased in the nonprotected group and 
decreased in the children under chemoprophylaxis. They appeared there
fore completely unrelated to the antibodies to (NANP)3. 

RoLL Oi ANTIBODIEs TO (NANP)3 . 

Once established that antibodies to (NANP)3 were mainly elicited by 

sporozoites inoculated by mosquitoes, a further investigation was carried 

out to determine the possible protective role played by these antibodies. 

This was done by evaluating the parasitemia prevalence in relation to the 

anti-(NANP)3 antibody levels in different age groups. 
lThemost significant results refer to individuals living inthe village of 

Kuiti, where the intensity of transmission reached the exceedingly high . 

values mentioned above. Individuals belonging to each age group were 

subgrouped according to whether they showed anti-(NANP)3 antibody 

levels above or below the median value of their group. The parasitemia I'1 

prevalences were then determined separately for each subgroup of' 
individuals. 

At the beginning of the rainy season in June, under low-transmission 
conditions, the parasitemia prevalences were lower in individuals in 
whom ithe antibody levels were higher than the median value. The 
difference in parasitemia prevalence was striking in the group ranging 
from 20 to 35. years. Inthis group none of the individuals with high levels 
ofantibodies to (NANP)3 was parasitized, whereas 40% of the individuals 
with low levels of antibodies were parasitized. This result pointed to a 
possible protective role for these antibodies.! 

The pattern changed at the second survey, corresponding to the peak 
of malaria transmission, when entomological inoculation rates as high as 
seven infective,tes per human per night were. measured in the relevant 
village. Acco ingly, in all age groups the parasitemia prevalences were 
higher than, fbse found in the preceding survey. The parasitemia preval
ences did At show any relation to the antibody level, whatever it was.. 
Thus, no ious pprotective effect was observed. 
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and the anti (NANP)3 antibodies This relationship was investigated in 
-.---.---- groups po,',children-jIivi-g-lpareaiswithi different intensities, of malaria 

transmission, and it wis "funid that the prevalence atid the level of 
anti-(NANP)3 antibodies in each area were related 'toithe number of 1 
infective bites received by a resident of that area, that isto say to the EIR. 
Thus, these 'parameters may represent reliable probes of the human
infected vector contact and appear to correlate to the intensity of malaria 
transmission in a defined area. Further studies are needed to obtain the' 
details of this relationship. It is imperative that these future investigations 
combine entomological and immunological measurements in the field 
concomitantly. 

ENTOMOLOGIC CONSIDERATIONS 

Studies like those undertaken in this project require intense and accurate 
entomological surveillance. In the course of this activity, some peculiar-, 
ities emerged at the level of the malaria vectorial system. These peculiar
ities concern a hypothetical refractoriness in mosquitoes belonging to the 
main Afro-tropical malaria vector AInOpheles gambiae. 

Starting from lhc b ginning of the rainy season, in June, the villages 
of Kuiti and Zagtouli were periodically visited until'Novenilber.1985. In 
these two villages a research was planned to study the localization of 
sporozoites in the vectors. From each specimen, salivary glands were 

* 	 dissected fromthe thorax and examined with phase-contrast illumination 
*?, 	 to detect Plasmnodium sporozoites. After microscopic observation, the 

salivary glands from individual mosquitoes were transferred into a 
microtiter plate for later processing. The thorax was also collected and 
placed in an individual microtube for storage until processing. Monoclo- ) 

' nal antibodies to the circumsporozeite (CS) antigen of P. falciparui , 
kindly provided by Prof. Ruth S. Nussenzweig, were employed in the 
Zavala's assay4 to assess the presence of CS antigen in the tlibrax and/or 
in the salivary glands obtained from the same mosquito. The overall 
proportion of salivary glands positive for CS antigen was 35 over 587 
examined. Of the 552 mosquitoes which were found tobe negative for P. 
falciparumn CS antigen in salivary glands, 18 contained the CS antigen in 
the thorax. It was astonishing to discover that 17 of these came from the 
same village of Kuiti and only one from Zagtouli. Moreover, these 17 
mosquitoes represented 43.5%'f all the CS antigen positive specimens of 
Kuiti. We tried to investigate this unexpected phenomenon,' i.e.,the fact 
that in the Kuiti mosquito sample the' CS antigen was frequently found 
only outside the salivary glands. To rule out the possibility that our 
findings reflected merely the time lig required for sporozoites to pass 
from the thorax to the glands, three samples of freshly fed Anopheles 
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~__Kalaria-Researchin -Kenya 
M MUGAMBI 	

.4 

The Kenya Medical Research institute (KEMRI) was 'established as a
corporate body by an act of Parliament in 1979. The functions of the
institute as stated in the act are:,i 
1. 	 To carry out research inthe field of biomedical sciences;. 
2, 	 To cooperate 'with oth'er organizations 'and institutions of higher

learning in training and matters of relevant researches;
3. 	 To liaise with other research bodies within and outside Kenya

carrying out similar research; 
4. 	 To disseminate research findings;
5. 	To do tall such things as. appear to be necessary, desirable or 

expedient to carry out its functions. *' 
p 4 ;:; : ; .,3 . - - . . ... .. .. 

q Jd  : i , ; w : 

.	 .: . ( :, ;,, :~ :s ; i , 4-L 
? ,In .its operations the institute is guided by the 	general policies as

articulated in the .national science and technology policy. Specific research objectives .are determined: by: 'the management board 'and imple
u 4,:'4,'' , '! ,'4''' i 47; 74, i ' ,i : 

,~ '' ; ' > 4: , ' 'i '!? 	 i~ 47 ! ',7 4 L " d; 7 ' i ( < , :iL: 7 fmented through its research departments. The institute isadministratively" 

accountable to the Ministry .of Health. 
4' 

The results generated in~our
research are expected 'therefore to be of practical application. to thecountry at large and more specifically to the Miisr of'Health in its 
efforts to promote better health. To ensure relevance in research, weselect disease priorities inclose consultation with the Ministry of Health
and other relevant authorities. 'KEMRI *works very closely with the
Division of Vector-borne' Diseases (DVED) which is a department of the
Division of Disease Control 'of.'the Ministry.

According to' available health: returns 'the4 three most prevalent
diseases' accounting for most of the morbidity and mortality in Kenya aremalaria, ARI, and diarrhea. The institute therefore has designed programs
that give prominence to these diseases." 

KEMRI has an excellent'inifrastructure 
''.' 

with adequate well-equipped
laboratories. Currently it has a manpower strength of 695, of which 270 
are scientific or technical staff. The following groups are responsible for 

' 

the planning and implemeniation of 'research programs:~Situated inNairobi' are' the 'Center for Microbiology Research (CMR), Clinical 
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7 Attempts to colonize Afiesnis; ndigenous;' s::-.,8. Biologicacontrl '01 alaria-vectors -using indigenou 
0 

fish
biancl.....spp and Tenopom a sp.p). 

Preparation for phase lib Vaccine trials have recentl started and,
 
. , collaborators.
 

This short resume aims at highlighting the importance of malaria in
Kenya and the need to intensify applied researth. 
 We are so far satisfiedwith the collaboration between KFMRI and the two U.S. Institutions. Wehave adequate facilities for good laboratory research and well-definedfield Study areas for operations research. More collaboration with coun
tries in the east African regionthrough the exchange Would ensure moreof information productive researchand manpower. The Agency for 

F International Development (AID) could be quite instrumientalinealgthe establishment of appropriate research networks. 

N ' 
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Tasission-of Mala ria. in-Weste rn --Kenya-, 
CHARLES N, OSTER, PETER V, PERKINS, THOMAS P. GARGAN,
JOHN C, BEIER. DAN 0.0, KASEJE, RICHARD E,WHITMIRE, 
AND MUTUMA MUGAMBI 

SWe) have initiated studies of thc transmission of Plasioiiunmfalciparu 

malaria in Kenya in anticipation of a field trial a P. filcipar "1mof ,
 
sporozoite vaccine. This first trial will be conducted using nonimmul~ne

American volunteers who will be imimunized with placebo or vaccine and 
then travel to Kenya, where they will be exposed to natural infection. 

The current study was designed to define transmission by studying
the incidence of malaria, rather thanthe prevalence, in order to precisely
define seasonal changes in transmission. Only youngchildren, under6 
years of age, have been studied because they are the least immune cohort 
of the local population. Thus, we expeci that the incidence of malaria 
observed in these children will approximate' best the expected incidence 
in the nonimmune volunteers of a vacciie field trial. 

Entomological and meteorological data were correlated with corre
sponding changes in the incidence of malaria. These correlations should 
allow us to predict future periods of peak transmission, and thus allow us 
to decidc the appropriate time and duration of a field trial ofa vaccine. 

MATR1EIAI. AND METHODS 

The Saradidi community in the Siaya District, Nyanza Province, located
 
in western Kenya, about 50 kim west ol Kisumu near tle northern shore'
 
of Lake Victoria, was selected as thesite for our studies. This area has 
been extensively studied by investigators from :the Kenya Medical U 
Research Institute, the U.S. Centers, for Disease Control; and the
University of Nairobi. These attributes make it a good potential site for
future Studies of P. falciparum v'accine-,: (a) the prevalence of P. 
filciparum malaria in school children is high, ranging from 80%to90 %, 
while the prevalence of other malarias is low; 3% foi-P. ovale and about 
10% for P. inalariae(A. D. Brandling-Blenett, personal communication);
(b) thle area iseasily accessible and possesses a well-organized commu
nity health system, the Saradidi Rural Health Pr;ject. *' 
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We have studied the tra nsmission of malaria in this area since":'"';
January, 1986, Every four weeks, cohorts of 43 to 50imean 4
 
childre 6 iiibnlissto6 years of age, were enrolled in the study. They

were examined Ind their blood 
was drawn for preparation of thick and
 
thin malaria smears and for antisporozoite antibody assays.


All children weretreated with sulfadoxine/pyrimethamine (Fansidar,

F. Hoffman-La Roche & Co., LTD., Basel, Switzerland). Thereafter,

they were seen daily for 12 weeks to promptly detect new illnesses and to

insure that they were not given antimalarial drugs, except those given
 
within the study.
 

Whenever a child became ill, he was evaluated the same day at the
 
Saradidi Rural Health Project. 
 Each time a child was seen for an illness,

malaria smears were repeated. If recurrent malaria infections 

documented, 

were 
they were treated promptly. Other illnesses were also


treated, but with drugs that 
are known not to have an effect on malaria. 
Additionally, routine malaria smears were performed on all children
 

I, 2, 4, 6, 8, 10 and 12 weeks after treatment.
 
All malaria 
smears were stained with Giemsa, and 200 oil-immersion
 

fields were read independently by two observers. Children who devel
oped recurrent parasitemia on or before 
 day 28, or week 4, were
 
considered to have had a recrudescence; these children were treated and
 
dropped from the study. The 
 remaining children, who had remained 
negative through week 4, were then checked biweekly for the develop
ment of a new parasitemia. When these children developed new
a
parasitemia, they were treated and dropped from the study. All children

who did not develop recurrent infections were followed for 2 weeks after
 
their enrollment.
 

The incidence of new malaria infections was calculated for biweekly

periods, after week 4, and 
was expressed as the proportion of children
 
who developed parasitemia during a 2-week period among those who
 
were negative at 'the be:giniilrg of the period.


Concurrent studies were on
performed the Anopheles vectors of 
' malaria in this community. Once a week, six pairs of men collected 

mosquitoes from one another for half-hour intervals, followed by one-half

hour of rest, from 6 pin until 6 am in six houses All mosquitoes collected
 
were examined in the laboratory the next morning. The Anopheles were
 
identified and dissected'for parity. Only'three species of Anopheles, A.

gambiae, sensu striclu, A. arabiensis,'and A. futnestus, found.
were

Parous AAnpleles were examined for the presence of sporozoites in their
 
salivary glands. The entomological inoculation 
 rate was then calculated
by multiplying the average number of Anopheles collected per man 

night times the proportion with sporozoites in their salivary glands. 

per
 

i4 : i
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Meteorological data were also collected maximum and minimum 
relative humidity and rainfall were recorded at two sites I________temperatures .... ....., .e .,th.. . . d-arald .. -"-... - _ u it :- -- :.---. .... -. _- , _ 7 ,- _-_ .. ,.. . ... .... .. -....------. -7.: r:------7 

the Saradidi community. 

RESULTS AND DISCUSSION . 

The incidence ofP.ftaciparm infections, expressed as the proportion of 
children who developed infections in each fortnight, was about 0.1 in 
January, rose to a plateau of 0.6-0.7 from late April until August, and 
then fell to about 0.1 in September. 

Anopheles biting rates averaged less than one Anopheles per man per 
night from all night human-bait collections from January through March. 
The biting rate then rose rapidly to a peak of about 15 mosquitoes per man 
per night in late May, and was greater than three mosquitoes per man per 
night from April to August. Thereafter, the biting rate fell to levels of less 
than one by September. Sporozoite rates were about 0.2 in January, fell 
to ai low of 0.01 in April, began to increase again in May, and then rose 
gradually to a peak of 0.3 in late August, and then declined again. Thei 
entomological inoculation rate was about 0.2 in January, fell to a low of 
0.005 in March, and rose to a peak of about 1.4 in June. The inoculation 
rate remained above 0.2 from April through August and then fell to 0.01 
inSeptember. 

Little rain fell from December 1985 to February 1986. Intermittent 
rains occurred in February and March. The heaviest seasonal rains, 
which peaked at 9-10 mm/day, occurred in April. Rainfall was above 1.5 
mm,/day from mid-February to early June. Then the seasonal rains 
tapered off and little rain fell from July to September. 
the The seasonal p'atterns of the incidence of P.falciparum malaria and 
the entomological inoculation rate were similar, with the exception that 
the incidence plateaued at about 0.6 to 0.7 (60-70% incidence in each 2' 
weeks) from late April to end of August, while the entomological. 
inoculation rate continued to a peak--9 June, and then declined. .The 
difference between the incidence and inoculation rateat highentomolog
ical inoculation rates was due to the fact that the.entomological inocu
lation rate is the number of infective bites received per man per night, and 
thus could exceed one, while the proportion of children infected per 
fortnight could not exceed one, since we could not detect multiple 
simultaneous P. falciparuin infections. . . 

We also compared the entomological inoculation rate and the inci
dence of P.jilciparunper day, since 'the entomological inoculation rate 
was expressed as the number of infective bites per day. To make this 
comparison, we recalculated our incidence data using the maximum 
likelihood estimate of attack rates published by Norman Bailey (1982).,In 

• ' i • - . J 'V V . 'V-. .. :: , ' .''' ,.":' 



2302 
Oster, Perkins, el al. 

February andMarch, and againnn e r entomological olationrates were 0.01 to 0.06 and the attackjate-were about O.olhesiiarity
-777 1 r. inoculation..... s and the attack rates during these periods oflow transmission suggests that one infective bite is sufficient to cause a P.falciparum infection in these young children. However, in May, June, andJuly the inoculation rates ranged from 0.23 to 1,75 while the observedattack rates were only 0.05-0.09. We speculate that the children probablydlid suffer multiple simultaneous infections during these periods of hightransmission. Thus, the attack rates observed are probably lower than thetrue 	incidence of P. fdciparum infections dUring these periods.The attack rates of both 1. inalariae and P. oale were 0.00-0,009,very 	

of peak
much lower than those of P. falciparum during periods

transmission. The attack rates of P. nalarjar and P. ovale appeared toincrease gradually from July to September, and in September approachedthe attack rate of P.falciparum. However, these data on the artack ratesof P. nalariae and P. ovale should be 	 interpreted with caution. Wetreated all children with recurrent P.falciparwn infections promptly andthis treatment may have prevented the development of patent P. malariaeand P. orale parasitemias. Also, we treated the children with sulfadoxine/pyrimet hamine when they were enrolled in the study. Since thistreatment has no eflecct on exoerythrocytic stages of malaria, we could notbe sure that the recurrent P. ('1ae paasitemias were not relapses, asopposil to new infections. elapss, as 

CONCLUSION 

In conclusion, we
Kenya, 

have carefully studied the transmission of malaria inwestern and 	 have found that the incidence of P. faiciparmwmalaria was highest from late April through August, This increase inincidence was 	preceded by increased rainfall, which peaked in April,increased numbers of Anopheles, which increased in early April; andhigher entomological inoculation rates, which increased in mid-April.We 	shall use these data to decide the timing and duration of exposurefor 	volunteers in a field trial of a P. falciparum sporozoite vaccine. TheVolunteers will be given three doses of the vaccine or placebo at monthlyintei .,als, with the last'dose given about one month before their exposurein the field. Ifa similar pattern of transmission is seen att he time of a fieldtrial as was seen this year, vaccination should be started at the beginningof the rains, in February. The volunteers would be ready' for fieldexposure in May, shortly after the beginning of the high transmission 
season. 

To adequately test the protective efficacy of the vaccine, the volunteers Should be exposed for a periodSufficient for about 70% of tihe 
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The Malaria Program at KEMRI 
A.D. BRANDLING-BFNNETV 
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)iiiCi~ ~ ~~"m(l0i II1 1 %-!1j ittei tile kIl.,ovel-\ oit chloroljiicI':Ni1-o;!rIt I'. fah iuuumi ii III inihnif;IldSouthi Taei~oeethI~I\Xi o IIIitti I"W'lil 'I \1or1ht-Ik'HI l)Isease of' tile KCil\;nrNlilin t of1C.ei0). Ini iolm\ 1;1 \ 111o fest, \crL iinemtikcii ilongi tileCO;I~l and1(Ilie I A",' \ I"I III fIlc p inrcpafl Nt I*J\ ' havesite C KeNinihil 1,uoll fie Ilmihil part- of ie eu~st. itili ciomilluWlitic" k\estof, 1\1i1111iH u i Inne\t/!111disi 1/ i m c oni ie, ,horc ofItakc \ -itori. 

in~ ' csll;:l.~\%it' Holt deteCCcd if) KIP-1', Inreiirt"I~l. untd\ )112Lifiklllt\ tIL'atd fin IKlIsiiiii tailecd tol Ceai hlis, infectioni aflterhic~\ili hlil Ifi fi2t,, kg. ( )theri eise(_- I i-csjstahi(c \kcjc f'OuntiIhe :oat on1it1diIII hli lKehh\ a it h'8. 

P~o\inecc 

In i l arc I' Noa'a
tile tlh lon ofl Cease, kss III ili\o il" increase1d sinlc1982. tliin~hirathr ni~dn:il icheI:1\ abhout 0~I!ihfeeiliiis tai1 toehcilv. thait is. Ilae l PH patiter' anld 1 0,1c ii i ljj.;I
Rh palicit. III ititi te1c 
Aul


rnhl:i 
-cal 

that Ihl(Oii om2-11thlrd opaa ieie'OstLlilt to Jil~loloo111W A1011-
tilcil 

ilef\I CRilst 20)-30' o1Cidren Fu to clear1l'1iiisjthhIi~ ilICI tilt liI't1 %\ 10 I;lji' 1illuihi1i-ceileitit th l olio l w\ill haviet (ools :etd\ ,lie Leve0 of RI vitlicihtleiestjriiuitedlat1d1:\ 7nc 'W ofI didici l \%Ii fla\ e recurrentl para,;sirenijasVo1100,ed CGI 28dti\W if'l. I hltssidct that totuso aaieresistant to C1hlhoqoIIirkl. rAs alr 0sht oir sltudies, we estimate that ahoutonic-haht, of inflect~' Off lIld oneC-loulrth of* inf1ectionls In tHle
onhe coast 

areleusan westto ehlhorioin In eoilahorut loll with thie Afr-icanl Medicalaad Reerc oiliatiori w\e aws tested thie cioroquine sens.Itivity oh, 
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110oISlS(bttiifl] from Vl H Wi 11 01tOCloc,,itifl5 ill iKfl ,n~id chioro

lCrCIOi*C.citilitc-I"!NiiitpHi1tc \\ dc k(Icnliicd in ill :tc I., We 

~iiii!iiilHt cliiniyIic istiil P. /IIlI(iiruii ~sdt n~Init 

\~ di~ ill moictliiit Cililid at( Ilui I lospitil ol the coaIst. All> 11id 

['i~ ut1C li dik.Il~ ll iipld k"10ul10hj0ui Of Idver lii IIti terCI\\k,( 

sviiphmliii .1 inai oIi )2&t\ " ;IhCI ititi cll uiiiui-LiiiitdC. IliC Cuttiiiii11512S 

lhi\ 12 lhddii 11iiiIesy Ill the iluctIcI\C1iiC-5 iii 0111](T dll1h125 diiid iL11.1 

Cu~tiliiitiuii. tlic"Ill I)3 ud I1)8. lliic d)(miii unit In \ Ivo rcsisthlince 
" Illlo ;iiiiiu1h;I01iiiiiu I'. siuiiih;Iu~iit\ hkmci timui ics'I"hIiici toi clluuiui niie. 

AldI(I lId. LCuIiill Hit liii p\ Iffliillmiiiiii "IIdsIih i l i iisidl.iiHu hII 
ciiuc. ~ ' ( tilckllu ;ii.lkIii to Ill*,, (1lru1 uIpjciir, hto hem~ cwdaliiu.c 

HItitOuuliiiiuii. li \pdiiditd uhi:LA(1'. Ii~lofIiif lc :ih"o ;IppcaiI " t he ii lhly 

ctlccll\ c i I ijdl I d1 i Hi!1 iO iulIiiC I i (:11.u Il M iulluii \\d ;II- 11ICiiteie du 

Ill cl Iliuiji ulpid lkictiC, idih IiChi idC I-CdOiit11CittdIti I'1 Ceihain1 111

%iii~lk w a. acti liiiiii H Mllirti u lliiiiiild perisonisIHichdi i \\ id 

liiiii;Id lli Sii11,h1ki Ill l9'0). [ lie S 1ii ididi Kiii-al Iledihi Pijech iivuilies 

;Ihuuili*S)i) p(IWI is iLsidinig w\u.' of lKIiii oii the nuittinsorc of 

I a.Ikc \, IctuniKi. I of the Ic ii the Ci)iliiitiiiii\ %\I-,hidiie into thti-ce 

id~~tiitdl : 1. ;mdl Ill ;IIdd - A iiih Wi dhii(I~ltlihte \V'IS 

110%iI\ dhui \ scIuC(ALc ;iid [hil1LI Vilk\ C hicipCi-S 10 dIlI)Sii S 
ilds. 


ihidlCIcill 
L\lhiltIuuilic dhiciliipliiavllccki'.Ui1 t aiiciit1(:luu1,1IwIk;Ii. Ill ;IiiA, 


\%:I, ulsuu u)l iii to pici-iidiit \\oiitdt. Uihi 19)85, IFCei C' seiAvd IS a
 
to eValitiMe theiuoiitiuui. :\nII\k'u ul tIuc ;IIK4C :H11IlII1 0I &ILI C1CICletI 

IVO IL %\c Iii i iiii Piiiailk \ 1)1-.1);1ii PIlee aItll lDi. 1larhison 
SpuCiuCCI . Mwk % iV)uIlliCIIdll 19)87 ili a stupplemntto the 

Annaiul ,,, hol'Iu/ Al, d/i Ii' ali/ P-ISihlOi'V. I \%ill !1dItcllh only .i very 

hrici sithiuim\ ofi'oiiic of 1lidii filiidIIIIIs. 
rathes Commlylhl 

c\cceul 80,; inl picithool anld school-aced Children. and seropositivity 
Mkiaiia I" ituuiocitddiil Ill Sairadidi. l'id\dIece 



I~ate Ii'kc rapid~ly%\itii ai'e to lf00, (hafigew ill mortality rai'cs wvere 

IL0tfLliI1C. Nhini1ilr i c id hCCliIIC in chiilircl aicci 1-4 \car, iii ;rcais A 

ttiffff(21i fItouji [tii)NC ill Il t'(lutol a[ca htttt tiloliaiit\ vtcN in [tlc'omiin6~n \cc itho'it 7()'1())(tf) biv tiN1" It :I[pCl-N that uIlojfali[\ rates~\%ct-c ti'ti if) 11w f~ liod betout' il(i-rcii[:lu ill a[CiN A aund H. c',pcciaultyChilduuH 10iic-t1cN hic hcciilc of'c 
nCOiIcNH cpIdemuic. Ti)ct-lchlij of, iai, InccotlpiIllt:~1i Ik., ~i !i(01i11alti thv luM~'urate"N of 1i;1iiaia a and h litChlnflo t,ifll~kil l 

i 1)CA11;iit/ctt i thid athch. ttcitt dicaitlij p lanningic-. iia hiit',and 
thcconc a\;itaibc to ;a Ccv IIIutlCuI ,CIlV I)OIpuliatin Withini [it' IpuojCCtCo'll idctihtc lifoluInaijon ill IIuM ai\;jtht N)Iiill ttCtintO!-Ia)ii ChutIu-iCtCi 

t lli.N latiuuiflj. [n) iil\ .imid licallh-ictct ktiiic.it,cdii1I )ctuaiOu- in(liecoiulitn\ Witiii11hC couitiliuicil uiuucuNoindling and( pairticipatiou oVtilecpipc Sui aidil IN .if)idcal locajtion illictiht to midetlcake 'unrulierNiluduc" o!n()l ihiu cpiuhcuuliiot-o\ and control. 1,ou thatii cawnouu 1KF RI. ink-ottahu;;iou xVilh 'I)(' filet Waltcr Rcud Arnv In "ft it c of' Re~carch, 
, tiicti c tiupc \\ilItaIito filic %accilc tial" \ ith which tiNl Collitrc lice 

Diing fli2tip 18 InlliliN, 10oin ltlC;iiot, tia\C hCCuI idIcnuuhfcd in 

aillihinhcs %\illhc llica i!-iCt i)\C :13 -Vc.'s; p)cuioth. TV.o ()I 1lic.SC conumo~ujiulc, arc c611 Sil[Il 8;idi Rural I lc~ilthi Proct and tic ;ihoiii2file shorw()'h takc Victoria offitcltivch~ flit landithliii flod', ditru tile uaiin\cNtsA firdii ic:i i,, iiitct 201 kili nioth ol tc lake oil iiohlinii hilts.ticsc [hitec locatiionus haiC unli;it picvcicus oh ;ipprto\i;!Ictv 801%( iniChili~hcii Mf\ caj-s idt i(:rT Ilhe oiuiuhi lc, 101kill nloi of Nisilun is onlpiccipiowls ucilo on icNaniti iMsIiuuiiui . \it tice Ifllita~ jtcidcc ill ctihthicuil IN ahlui W;. Restingi ailophiciuucs aleC Collectetd 1ur I% cacti ili1o0r111tii Iiiccti lrcaitionu antI are hcin2 tsteh !'()I spor-ozoic' of'V' / ?// P, maihi, andt~1'1 m-11,/ by ILSA.
Ill a ri-ch ilifa Niuulipic oh iipproxitiaitl 2000( miostquitoecs Collectedtin NOmtuihr andi O cccunbcu 19S5, "!( WCcic houuntid to lic SpOIlotjCirihcctiotts v.hell tcstctt hc H. fAolhowing, tie "tart oh'Cllection.) ini April i986, peak 

Systematic
iniunh-.s of' mo~sqtuitoes wc'uc collected inNO,. anth tuni. 6 to X \"ccks aitct thc 01152 of' tile heavy rains. At thatlime. uIoscititcs, ill fie 'I. ambim, comlexc wero tlie principal anophelinie') preset D~uringilettic' h sasoti A. fillIVA,., WaS lonid inl Ceqnal or
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grealcr antmhe.'r, We plan to continue the colloetion i and analyses of 
rooselwoes fo0r 3; ,'Cars, inl order to definescasr ital traisilissioni patterns 
mi _ ~ti0I,wc;liMIl,. 

l)ata I'irm ai pilot tilt -\ tirdttedl ill s t-il em . 198S indica<te that 
ant ipoo l'th ;tilt hodi farc 'o ol\ Itil ill childcln tindelr It0 yts 
of1an.. illc'iioftigh llral lsisst tti. \01ilc ltehv arc Icss f'requent ill alteats 
of1 o,\,r tit tiii lor ealill . titihodis \,c tllld in S0, ol 

tole (fl chihircl iucd \ er' l 0 toll e ill locatlion A, hilt vCe aen+lt il 
the ',va of ciillicti [tlldtl' iec i i n ill tie .cal of low trinsi ssio l" 

hc11c pie\ ,c of 1'. 1i11hiuupl/,Ir lillatir :itpc"r'tld to he iriiclated to the 
pie i,._l ic'c 0 ii 1i,. ':t ,' !,. l i di li rd, iatin that w cdid [lot ofh
,c!\ Ai ptkc Cl\ c t.1 ol thc' ctiholi-c . \Ve ale_ erollttCollitorts of' 
te. ritl:s ill A. iH. ittf ( arl ha\ e e'nrolled . cotlort ol"ChildienA.,tion. 

5 to \ r I of , in locatli i). W C ;!aCl i COI ctl c Clroil,-,e iOl l 
,,,illt .\C\ It.w t ;titii ilt rild tlls,) rtt/ C i li tr! Ih. , ii ecWh Ct0lrnlrmnlitiv. 

Is c'. rohl i.il ii-o llre', ' ill heC:r related \, iti tile ',t rt /t11' iiorCt
atiolln r rooii'd loi tll\ic"tcrrie rnt 

A\ ajor prpo, o t ill v ork in KertIt ist tran Kctivali 

ii'rote ,iot ;tl nlt tcliirical tAl ill fielt alld ilho atul,\ I tltlo( o 
rli.ria Is'riuh ..\-A ;t re'srilt. \\C artilipirte Ihat kIlRI will he air 
Id2; [tl 'Ml rtlrttte Cse:tr'h ilh li ala la vactrt itecr ' forIt, li ' ;icmatr 
li l te tir . Ill ;ild lion, ctlil nrtinie, like Sa tladidi. wih well-oi 
nieul tid krtu,icdterhle 1'eopleC ;111l with tCllittCIlh1C datal a+hotlt 
litirr ltt cpidicniittlt2,) itt, he hit.11\ 'mtilahle lhocatittns it whih to 

C~ildlic iI'd I I"I+ I<il:ct 

I (Centers " l)iktcs!, tCwirtl. ( htulr Iil-teCSIrlstalt 11 ,1iria ac6q:ietdil i!l 
IKCttVAi il I lit/Ol. t. 1/011) .'if+J t1 t//, Ip 1978: 27:463-464. 

-. .e 11( ': \1:tv,;dta ,(: Kt;ia ol 1). Seriiiivity tI'/tt~ttl flt f+rlti/ 'tt t 
ir-la',e, Ii chrim tl(iiite it IKitliitl arnd Malindi. Kctiry . Ain I 7Tro p .tlt'u I/v, 
198": 31:902-906, 
3St'e'~rcv !i( : I\;ii rki I 1.1 I tucecl I)K. (.ti liim resist,ante ill I'la.wrtlom o-
Iium 10a i' yo rrf'm s .-tutu .A ho',p I)3:llum Kl.n'air J Ib'u 

.1. St.uCcii IrI i :Kl!C tV ri Itrtrrtdlirir':-ittilctt1 A 1 ) 0 \.: (JhttiCiill.D, I': 
KIouc'c I ) mn.,lL . Irt.",p llt t chhtolu tluilic tuf /ujPu l'/u ipal-,'it+inIos ]la;.uuujuu. 
.Suilitlidi. ill 011i i Il: (toiiillilin 'sedI lcalth, lt IXl-198).1. h l)eveiop
liill: ti1e Suirudidi. Ixer \a. t{\pUClicree. ,timi lIt, Vlc, 'l r+t itlu I9 7: 81 
C.liplttI
Ii. 

; W\ a!kil \V1M,I six,,1ilh I)DG: .ti,' tiW : Itliip I )A,: Kaiuiki DI) : Kilpini~ 
,I: Kt'.c i IPk . ficcliiei . o1 iflltt1udi:nliinc Irar lileilrt l or e_0lttllroq iile

rctstat l a /'/.',./u/tu 1111,,ai inlfectiolls La ,el inl Ket va. lm It)54 
i:3 7-359. 



6. sicntC~r I IC': I )loo \1I iki '% I Sixlrnjtil I)(i: hIjIIIchiji -U Ktiecl
D K . AIM~ 'dliiIi[In IIoi l\ CI lill Cin~.. efl.t ciooqiic ailist~ lasi, int 

7. S hpt'nccr I I fl~killft il K ell% it l{ mo clI 1911: (hil:Q. ). IiAtOl/ 

S. Spencer I W . \ iinln t I Xl Alvllllc R:~iKo c D K: ' iiik:11). A iuwor lini 

\'iii',\n ini' CII\I ii i ilah Ii i cn l : (Hon ll,WI 11%t I(lllov; iic~ and
III i ) k i il I\I t I t \ n (I)i I 9S .i:I -lj me2ll-r7l"prni,c \c i1) "31' 

6N. Spe lucerI li:llWill k illW ,i i lclidI 1)( i i')5:PK: i2 -2 .1 .A x il 

Silro~p Ic! I'tI p li[I e( klIIl \!1co IJ m d m 1! 

I?. 1,'11 it. I t I1111 %tI l %iitw lltilh!c I I0ICiKN.IdlIc KXc l hCpIK WNI 

( onpht'ii \(I : rikI\ I(lyliln AD:l oiol A.f ioCC'- I:fi OJlll"IcitI: 
i::l h M \iililIIIlllili ~lll//olni/no p 11tti. Ii 20 filp rn kclci;vi CIcl ''prlv:1 

L.i ,;,,ylot ti lci. tI-)y'ii' midi Khy'-il. 1a986 18:. I'' 7 

11.SjCICl\ IfW : K&tiCNlIWI C dillOMW Ilt.Ii\'CI ;1ti. ( .Illl\ild( lhcr i'c7 I 

colmol~~ ~ ~~. IlSitiil~ ('US;i ( )Il 01'~(Il o~-llNII)C 
I)NI IIU Thank von 'i(ll lnd i~i. HrnIl: '00-I1n1l forI your

in\'C\ pC'Clfaiole SBIlaid of'%icollyraitsiell: Al andp audtori
810paeeV fa p 19eeent'ted'cjsj-i ,adth ak1 e(el 

an I o :idlroNa paIp;1rsolmo1)11 %;11t'alaria il 01a lmil( anieooli 1:1ian 

presented llIeeday tomorro Illere. w:illc onspaalieil nlilog of'the 
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eight dil'rcn wolrkshopS. lhei r sutmmaries an( recoinmendation, wii Ihe 

pieerlited for Conlents to all Iarticipants during the last plelary session
oI Ihi collferelce n iThirsday. I wish yon all a pleIcasan v..tVcLing. The 
afternoon Sessio of'1"h.t is ;t.iourned. 



SECTION IV 

WORKSHOP REPORTS
 

CG. CAMPBELL AND M. COLU77I 
Chairpersons 



Workshop Objectives 
h,_ ol'clive of, I h, otlleunc i'. to c.os'ider in depth the prp'reL'quisitcs 

1or ficd Itrlit,, \ ilh /h, I'I ,i sp1lro/oti"'iIpor'ui vaccilne and lo 
in v ,lL",tlcaIpliiti'd ,tI*I h1;1 Mill h eb 'll ,eltitd 1o Curry out thcs,, trials 
:a \\'ll a, L,Ciili rICII ic the e iII logic;I 'la-Co Io0I 1111111t i ;II to epidi ev,

tioll ,1 P. /(I/(ilm /.'m, ',pm o/olilc' \ ,.,I tril,,..I I 


lhi Corifel .iiC',ill ,Ci\r C, c ;Iudl"par1 poes,, iitiinialciv cotll:C'1ll..l 
'til , ClJill h ''.! t l -'It\, , VU," 

I.I I illI b Ii t, )! her :\ri ii ,itl n iiid ol, ic.I i -r pon,,i hle people 
lo h l l 11ii110iil crc ", I ii lial l ;i , I 1,ilI licaltl prohlerir. 

ItI. will Ii vd5 ;! Ioltlll oi dIi * C'l',',Isii 0f i,,tic,, rclititng to iliutlari~ 

It %%ill prold i iiilt\, to develop ;111 o eivi 
It:c.,,i",IiC' 1i lrIiii ill \friea tht ile Ielcvitit to accircr trials, aid to 
i(oiiltf tlcrei, \Mi eleore hcl ifcr,cicli, is ceded toevLliate the restlts 
of, theset i outs. 

;III lppo 	 \ (itf Crlrenit 

,-1. l t;ilicipa il \%ill coiliIdci tl e ;trillilclcl ulr cessaryv,ilot oljectively 
it"1ss ,ssiiii2,'; i ncueIriil" ;iiid \ ill adllist eh'rIo (1 ;l a i ilairiia vaccine 

file'l0liln\ +ac .Iiil 	 h .c l",l 0I hC;IIIh 

.	 It \\ill piovidc tile opplittuiitv f'tl disciossing the "ociological peurccp
tioius oftl iltiKa i \ktlliili sev ral colltlinilritics aid ,ticl; prerequisitcs ts 
illitv he ineeded to iliilk, tile viccilc acccplieIC to thosecoitItlllnities. 

6. Attlciipl s %sillhe ilituilc to idenf tileI anllipilCl. irctieq ietns aind 
rlirinng fiacilities lce'e,,ir, to ilionilofl he epidlciriologic paraellctcrs 

of Intaiaii;i. both il tihe .onlt'\t of trials, anid for - Iiin-termin aisse lient 
of"Cele'ct,, ,lijd aIl prdctl he ilth diJtl. 

The follos\sni irlC questiolls that will he cons+idered hy the various 
\otrksliolp,: Work hol I, Malaria, aid Maternal aild Child I lcalth", will 
explor(e lhenatiil hiltory ol prolecelive inrhuit: ill plrgliant womlin allid 
itsl hii nilaria ecntlnic areil. At what a14 will vaccilnalfoil elicit 
ofpIIlhirin protection ill ifarits, f low will llalariii vaccines inlteract with 
otlhe inrtiulri',tion ioiill lv iv to onlll childrcn? ( 1 inalurria 
vccIliallton Ib- rt of' the 1I111 ptogrartl? I low do lialairia vaccines 1l1' cl 
children witl 'aiolls)tpatterlns of' exposure to trli iSioi aid also with 
vario tis eletic tralits, e.g., sickle cell trait? (iven that the iniriurnte 
r'spo sc aIlter-s, in the progleSSitr oflI)prgCrQirIicy, would hC Ibe itheCWh11at rOf 
the vaccinc(ill inmmruinizing oithrs, especially priiiigravida? 

241 
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Workshop 2. "Sociowuliural ('on si(derat ions for Vaccine Trials," will 
consider concepts of malaria as a disease: What othe, disease syndromes 
are confused wit INi Ilaria'? I low do contmunities view it as a problem?
I)oes this difl'er ill ar-iotls scieties? What herbal retledics axe applied to 
treat mIalaria or malaria-like diseases'. Arc there taoo,; that mtay affect
 
the icceptatcc of a acitnc for taluii'? What would b 
 themotivation of,
various societies to participateuil \Ccil, fiehld triktl, and inl the imple
utitt.ticll of .ak:ClttatioIu t malaria Control? 

Vorkhop , \'acciie )ev lopiucnt.', will discuss current thoughts
in this arca. crilictl conlsiderationls oftlhe prseunt vaccines tndlr trial, and 

ilethlods for clilialicctlluet of thCprotective cspousle. 
Workstop 4. -Ilipidcmhiolog- will attempt to identify thosc factors
 

that ale most importaut it tile sec:ction of' sites 
 !i'or vaccine field trials?
 
Ih\%v,ill these IC tsirel.d and evaluated Will tntigcuic diversity of /).
 
Ial/i/aori;, afiect the \'accitite.) 
 and ik thiS in any way related to dIuIg

rCsis tatice iuthe piaasitC'.' \ill a,
standard vaccine be equally etlective in
 
\ar olis pcograplhical 
 cgiotis, Ilm \will tile rollo\ing factors aflect the
 
iuttttitti, matitl and
pt,:c.ss, L, \kwill tley be dt(erutited: e.g., genetic
factors,. tg levels of nutrition otrn1thmtilitiun. imtunndeficiency dis
casC. iItt.tcniiit Or ccuCrtItl 
 parasitic ilt_'ections? )o multiple malaria
 
itifctiolts cotisttittc a problm and htow Call 
thi, be evaluated? Will P.
 
mHIlatiac hectic a i it'
glcaite problem 1. /b/iporu/ is reduced by
 
iIIIIItt ti \V"hal
ali. Whit partler \sill \'ield inu'rmtlation about tile flficacy 

ittIaof" iill)m l litoll'? 
\Woarkshoup 5, \'ecti RioO_, CiulsideCrs tite use of' titodernt tech

tolgics itt Ile ittlntificalioit oI veclor species, and species complex

itlcuiblrs. Is it rnecessar\ to determine vectorial capacity of potential

V\ctors+.. \re ltehCc cCooheic~al factors that ttav alter the relative impor
ltncec of a species as t 
vector, and call this be aiticipated? What is tile 
itmpottaince of' spor, oite ilmoctl!atiott rate illthe development of hititl
ltuoialit \iialaria? What techniqie,,s sihad I: :" Od lh11 mai.;, 
ethutt Ilgit I' jpttoi-e'? What is tile cttontlogist's Itle itt the Inea
stireuent of impact ot \'accie trials? Standirdiiatiot of procedures? 
I low? 

\\"tOk tIop 0. - Malaria ('otrol'" Will discuss how vaccittation tr'ials 
catt ilterf ace ,\ith otllgoilg talirla conftill prtogltlt\hat will be the 
inportant ltc:tstii'et.nts that w'ill ieflect tie presence of protection or 
breikthroutt'? Is it tecessa \' to achieve sterile immlnity, o'+will partial 
protzctioti still r'edUcc tile tnt.tbiditv of' malaria as al disease? flow Will
ongoing treatntit availabihity. ci!',-' through control programs, or by
over-lhe-cotiltter availability impact the ,easiucilent of protection'? Will 
drg-indiuced ihmlnoitsulppl'CSsittl he itmpor'tant? How Will it be deter-
Mined'? +o\, tlOhealth dcliveI'y personnel see malaria imunnization, as 
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CHAIRPERSON'S- -INTRODUCTION-----

CAMPEiiii.: Good morning, ladies and gentlemen, I am sorry to have torush you, but we are on an exceedingly tight schedule this morning andafternoon. My name is Kent Campbell, and I am going to mod'rate thissession together with Professor Coluzzi. We would like to begin the seriesof presentations from the working groups that met yesterday. Theobjective of our workshops was to come. together and thinkparticular aspects of the overall problem 
about 

of how to use vaccines whenthey come along and to look at this from a variety of aspects. Thismorning we will have seven presentations. We will attempt to adherestrictly to a 15-minute limit to allow for ample discussion time. There willbe some overlap of necessity between the presentations and, I think, thiswill be beneficial as we go through. We would like to give you ample timefor interchanges so that everybody can benefit from the ideas that, up tothis point, have been shared only in small groups in the hall or over meals.We shall begin with the first presentation from the maternal and childhealth group. Dr Steketee, the rapporteur of that group will present. 

. K. 



Workshop 1: Malaria and Maternal and 
Child Health 
L.BRUCE CHWAFI 

It STFX<FrLL 

'hildr-Cl tindict file ;iyc orI 5i ;md pin-gnaii( \%'ulln lerescM the gmutp at 
11d l 'ti~k Ilc NdLAii,i\2~ CIYflcc' Ori 1]i; ia ill Ii\'pI Cld lliC .irid 

Iiiiiiilcntfillic of*~~\ljb-SaIliaratli \ilic;t. (inlcqIicitly. ltlicsc twu 

14'10111)' tC)Iic llic11i gicili~ l o 11ai!aii~i p lioii iuiiinvti~b c vcIlniois 

Cuii'i~iii- ichli li 1112 c'4, ;1,, R c oli c pI iCC'Coi1piiiwi Malriaic 

%ALii vini~ ii iit Ilic ;ikt 10 b C011 CICtini l \YO 1 Ii1iti ;1\;iaW i llpIpIAitioll" 

\ic; u ( 1(I(. ctti'eet n alie ill'i1.ijl t (111 h(Iie k'dIhtuiijud Cfi aC 

i10ule\tl 11iii int V1l io ic ihc icpiicd ilie l tumhe lt 
dlai lNl, I urtii nlchildho t(b)t otlln It coulld elVahC;111pcKHC C\stin~L' 

li~ 1)00ua 
dutilli mi t ;IOlei j iit\rtli icie*idcitur iitiso 

co~l\ lch11 cr"lc h \P, oL1le 1C 1 Iic li i I ttuuie uuaj 

RCX111~~~~~~~~~~ om v il" vtlSILIl11'LIC(Illll kra c h 



"40 Bim, c-(I%IM ;Mi Sh 4Atc( 

health nmtit co~ntinuit)t dc~ckch)lpc.cnrrialli conillnil fFicaiLl-i" and 
aIppl\)pri;lt III uii'al1-10rire to "lipforl Ihc,.c IIt It i" 111INSicolieI\[ Ithat 
uifa11laia colmotIlli PICI~lnanc\ anld (AldICI MIICIiileh aIgC c10d' S~ C0nSidered. 

h cl.c~t 
hLe[] ,kcll duh\I\uc lune 

Ili '1 'Ftl% et Of 1) li'iii tilCCtitii dnnnuzll preliancx, which have 
otllcli Ii'. I n mnalaiali enldemiic 111,C11. 

lLJll 11;.I ll t iilaI Ili IIItil '1. j(Tablt~ue111".1wiI\L I ~) I o\I, htil-Il 

L~t~llliIt tl[ if II1i IctlFlIIk Itt~lOf 'FL llitltIdl:l11d inI lifL 2).lalt
I IIL IO NI 1C14 W dliobe l.a pli tiolI iiFI an IlLkh ] Of~llIt12iltJll 

iICI 'CLIt II fill If( l t ittlI f)Ilto1 lt't 'i~11o11 1d Iill il ildIt m ghllll tiCm..i 
t!-Ifl tint! ttim l tIl ol LCI\pat be ttil iL' ltb e V llimlIe 

LIItILII 10~cls~thCt~iiilll,\c ihiLk.~II MFjiitimi iliean 1d ptmiii a llja 
%kobtecII rCatr:iCII,Mr' i t~i(Jl( rci r infx;to'oen ando. (hitatn 2ro. 

rt rId c fliL. ill'inI t(mi~td tlo M .I p cirt h tQS.-lc lr I 

11ml~ ~ ~ F1 F i 'FIi-F't vtt I (!dlt l UC 1 1Ckyf1,IIIfl 

fotl 1o itct tfroct ~mr Ine tini w mntnohidenfo 

ow r WOIh i Ioa,1 fng ti; f ro cinfntIf~tly 
I'trtitit (iF tIttIat tIF rtL It SUt 

Ieatv ptletir oftoIn, 6mnh 

Relative Susteptinlt of thoune 6 months er 

I 



247 %V(lRKSlIflI' 1. MALA\RIA .\NI) MAIlI lRN.\. \N1) (l1lt 1) 111 .\Illl 

Table 2 Ot if(o f it iuuures Thaw thilflq pio is~ pid tarof urn 

luP 	 tHit V WA Child 

i', 	 ) I x( 
M ,! rI 1 'it y 

t Corol ( ]'a . t , r, ],, , I 'I Ind ll' Ii, ( ;t iti riIf('u emch of 
t! Q' k ud11 P~ld 

hulL' 	 -11t' JIi ,i ,iiP~I 1 r'iov) -4iiI'pli l i ,i l Iiicrit 11cr \ iltl i ' 

(If ImnIi" I 1w )I' (, Il I t I dill ti yu(I k II Iiei , 'I JltcIiit ji e lllow, have 

Io tICd (IItI \'io N I I I k '' op P I I .C .iu II' tI ( .i I IIkII Ip i I I\ o I ' f'C 

Ilti~uu1l~luiricu t:u iuplohiui mr cItruri),' czn cCAniof e ri.i"Iii c p a 

iitct;uhtie il l d I itjl 1 1teu L.1 rrr utti 	 ,II11J11J1 1it j Ieil \ I\re 

Ii li i \ hri liran i pa1o on~r:~pti C Ii un i lit' iespglscIn\ 
1ii1 tinc itIu t Hii i teC it i p Icgriiii\Et lii rr A intlgl orru 

Iiliiiu.1po 1111dIii mlIi\ liiinitu s.;1 iihi n g uni'iIuui 	 irhc.illni I P let oL 

:\tcmriiiuz;1 ,;tcirelui t\,\Il pnn oi,ll'rt 	w rtu irn I cii I l mi 111;11 [ituiurhc1:,11 

A FIi ItIgI luhie I'(Iflont\ i [.c baisld tI )1i' ;nrintunntn tC itule lint
 

I wn e IItiii IC din I hei I h f i heii iU.\.CI II
ll )CIlij Ill hliiit iO dCI 

2. 	 turlrler iifrhimnun lolrn i reniglchr cncerning !Ituirlolun and cellularl 

HIIIICitiiiiit eplist mabri duaring-pegliascyut )eIluacrl 	 \\'Inftecluto .ie 

SusthiiCllcl pICleuilic\ Shoulnd lhe evannuled. this iritoru1al loll wAill 



248 
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Bruce-Chwat and Steke tee 

provide a basis for determining the potential for immuie modulation 
during pregnancy. 

3 Phase III trials should be Lconducted inpregnant women . 
4. The possible effects of a vaccine used in pregnant women include: the 

prevention of infection, the control of parasite density; the reduction 
in low-birth-weight babies; and the enhancement or maintenance of 
maternal antibody transfer to the newborn. 

5. Once a vaccine is available, further evaluation of stage- and species
specific vaccine should be carried out and operational issues such as 
optimal timing of deliveryand the potential for incorporation into the 
antenatal care system should be evaluated. 

CHILDREN UNDER THE AGE OF FIVE YEARS 

NATURAL Hrsl°oR)Y oF MALARIA INFCTION 

Congenital transmission of malaria is a rare event in settings of endemic 
malaria. The newborn appears to have relative protection from clinical
disease for approximately the first 6 months of life. The child then reaches 
a period of relative susceptibility from age 6 months t 2-4 years
(depending on local endemicity). The impact of malaria during infancy 

: and childhood has been measured by infection rates (prevalenceandn
incidence), morbidity rates and mortality rates (direct and indirect mor
tality). As these are outcomes of malaria exposure andand disease 
potential outcome measures of intervention trials, further consideration 
needs to be given to definitions of infection, morbidity and mortality due 
to malaria. 

PRESENTLY AVAILABILE INFERV1ENTioNs 

Available intervention include efforts to decrease exposure to infected 
mosquito bites and prompt treatment of clinical illness. Problems of drug
resistance, cost, and logistic difficulties of maintaining a drug delivery
system limit the potential 'impact of drug treatment. Cost and lack of
infrastructure limit the potential of interventions that attempt to decrease 
exposure. 

POTENTIAL FOR VACCINE INTERVENTfON 

Baseline information is needed on both humoral and cellular immune 
response to malaria infection in infants and children to begin to under
stand'the potential efficacy of vaccine in these age groups. Ideally ' 
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protection elicited by vaccination would be most beneficial during the 

to 2-4 years. The immune response tosusceptible. period of 6 months 
vaccine in young children is likely to be different than in adult male 
volunteers, thus, studies of postvaccine antibody response in this young 

age group Should precede vaccine phase 11 trials. 

REcoNMMNDA'TIONS 

Accordingly, the following recommendations are made: 

I. Further information is required concerning humoral and cellular 

immune response to malaria infection and malaria antigen vaccines. 

2. 	 Phase III should be conducted in children under 5 years and should be 

carried out in a manner that closely approximates the way in which 

the vaccine might ultimately be used.
 
Outcome measures of vaccine trials will include infection, morbidity,
3. 
and mortality rates. These need t.) be ffirther defined, and definitions 

standardized for comparability across studies. 

trials should be conducted separate from operational issues;4. 	 Phase Ill 
however, evaluation of timing of delivery and potential incorporation 

into the extended program of immunization (EPI) should be done 

shortly thereafter.
 
Vaccine trials should be conducted in different epidemiologic settings
5. 
and should take into account cerlain host factors (Hgb, HLAmark

ers, etc.) and additional infections (AIDS) that might affect immune 
response. 

6. 	 Indications for vaccine use (Table 3) might include: 
a, When it is incorporated into EPI or antenatal clinic settings; 

Table 3.. Interventions, 

Decreasing Exposure
 
Vector control
 
Sanitation/environmental
 
Personal protection
 

Chemotherapy/Prophylaxis
 
Ideal application
 
Field application
 

eex:Chemoprophylaxis in pregnancy
 
" Drug efficacy

" Drug availability
" Patient availability

" Patient acceptance/compliance

" Delivery logistics/Infrastructure
 

Vaccine
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been experiments with Plasmodium berghei in mice which have shown 
that what happens in the mouse seems to be similar to what we observe 
in pregnant women of*malarious aireas, If one exposes the first pregnancy 
in amouse to malaria and keeps the mouse. alive,' subsequent pregnancies 
will be relatively protected from'challenge infections. I am atraid that we 
really do not have agreat deal of' information at this point to upport mly 
view. I am merely speculating that cellular immunity might play an 
important role in pregnancy. 

NUSS4NZWEIG: If' I may be allowed a quick follow uip queCstionl. I am 
aware of that situation, But. the answer I would like, to have, if possible, 
is,about the role of cell-mediated immunity during pregnancy in other 
infectious diseases. 

STEKETEF: 'The problem is that we do not have an infectious disease 
model. Most of the infections we see in pregnancy are the viral diseases 
and those, indeed, have been felt to be acell mediated immunity problem. 
Mycobacterial inf'ections are also considered as important during preg
nancy. We do not have at model of an inf'ectiouls disease to which awoman 
will be exposed during pregnancy, subsequently cured, and then re
exposed in asubsequent pregnancy. : : ' ?4,4 - ' ,. ? ": " -. != "D : '! _7 < 

, . • - ' ~ ~, 4, 4. / ., @ , ' 7 , ,', .. . ? -A ' : ='" 

'' '- - ? ','! . ,;x : ' ]:- ='" p , . -,4,"' - 4". 4 .' . ,," :CANINHAAI: .Perhaps Mk.' . : .AND I ??.?. ,o : = "i 
4 

, 	
4 . 

' ' 'we could take Professor Bruce-Chwatt's challenge
"44 ! '4 	 W :,-/OR~l' ,!O -, i is-I3 ,I _A, D d N ,.; .6, H , ; .-..... i\-. 


and make certain that we do not miss , something that was already

qT ',:. . . , ,- : , -, -,.i:, - - .. :?L 4i<;7k g~.: T ?y -? -.. 

discovered a number of years ago. Dr. 'Greenwood, do you'have any 
from the heritage 'fwork that has been conducted on malaria 

and pregnancy in the Gambia 
4comnments 

GRiriNwooD:. The answer is very simple. I cannot really see what is 
happening at all. It does not seem to make a great deal of sense 
immunologically. As the rapporteur said, we' know that these various' 
changes do happen in 'pregnancy. It' is very difficult to identify any 
immunologic change that happens. in the first pregnancy that does not' 
happen also in Subsequent ones. As many of you know, Sir'McGregor 
suggested that one may deal with somec sort of local~immunity in 'the 
Uterus or in the genital tract and that this 'is'stimullated 'in subsequent 
pregnancies. I think that iscertainly a provocative hypothesis.' Unfortu-' 
nately, it is a rather difficult one to investigate inany way that one could 
think of as being ethical. But that hypothesis is,as far as I 'am aware, the 

dny that isavailable to explain the difference. If one 

4 

eilaedgte 

loos
a dlayd tperesponse to Candida albicans or PPD I am sure one 

would' be' able to. show differences between pregnant and nonpregnant 
women, but as far as I know. nobody has shown adifference between the 
first and subsequentpregnancies. There really remains a big mystery. 
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for Vaccine Trials 
DANI[ C.O, KASEJE 
A o(h ,,, KolJ InN(1ipoftLo 

Ihe grnl conisidered their task to he limited to phase III vaccine trials 
and other ;itini;ilarial interventions. It was noted that there are many 
,,cioctulttural [actors that will affect the implementation of trials and 
should he undelrtood ard he taken into account iii the planning and 
inplemIentation of vaccine trials. 

mHrI NS 0F MALARIA AS A('()NImmNIN I' I 
I)ISI; A,\SI'.
 

Atluigh uuost counimnl itic, illendernic areas associate fever with Ina
atria. tllir pecepl ion' oI itlalia ai a dis"asc anrd their response to it vary 
ttill place to plc,. 'hicr cre. it is it[poltalt that local perceptions and 
cl'%isp eltcardine tualaria he thuorotghly sttldies and understood hllore 

1tu1dt1lC.takiure im iltcr\ cituns or trMN. lhe knoledge o percelptins 
llt. proi clintukaeN or ruling points t'or hallth Cdtucation on malaria, 

\,Lc nte trial",. nd va'clc.ine 11W in the hlutue. 

RI-',S()NSIS 'T) Il'I,'(IIVIID I)ISIEASI A'I 
I1I1Ik I.O)CAI. I.\V I:i. 

Ihe invdvenunt of' family nenhers and other local commntnity decision
making ystetns- appear nc il disease a Thisto important m,. filnagement. 

inplies that involvcment of individUals in a trial will have to take this fact 

into accoln t. 
Sevcral tiers- of diann-osis and treatment sources for malaria include 

traditional halers, lornual health care r'acilities, and commercial snources. 

'l'hele AoIrces otr care %ill need to he identified and the infornation used 
in planning the trials. 
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think it is importanto realize that it is not something completely new.There arc a number of research groups in. Africa .who jyehad-a lot'ar~l '1v herethese trials a'egoingon. They have beenaccepted by the communities and appropriate ethical proceduresbeen worked out. I cannot envisage ihat there are 
have 

problems going to be majorin sorting out an appropriate way of doing malaria vaccinestr.lIn fact, some of the other vaccines had to deal with ethical r'i -,other problems that have been even more difficult than those discussedhere. So, I do not know what Dr. Kaseje feels about that. I think we do
know quite a lot about how to handle some of the problems of carrying out
trials with new vaccines.
 
CAMPBElLL: Before you sit down, could you give anus example of a
vaccine trial going on at this point where a placebo trial is underway and
where there is a risk of exposure?
 
GRu1i-Nwoow: Rotavirus trials have been carried out that way. All of the
ethical review committees have accepted then without restriction. Thereisa completely inactive placebo.
 
CANIP11 There
MPLL: are a number of other questions. But could turnweback to Dr. Kaseje forjust a minute and let him tell us about dealing with
communities on a vaiietyof what are sometimes difficultissues What is
your feeling albout a placebo trial with the perspective of a community in
which .you have been working for a number of years?

K'ASIJl:: Well, that is a very difficult question for me to answer becauseI have not had to face that situation. I think I will find it very difficult to
see how a community would participate in a situation where I, as one who
is supposed to be advising them in the area of health, would give
something that I know to be totally useless or ineffectiv in comparison
with something I know to be useful in a situation where the wholecommunity is exposed to the disease. I do not think it would be easy toconvince the part of community that is going to receive the placebo to
give their fal consent. I am sure that they are giving their consent only if
they do not fully understand what it actually means. 
 On the other hand,if the placebo isanother useful material like tetanus toxoid, then it lessens
the problem. I think in that situation a placebo trial.would be effective.
 
CAMPBEAL.L: There is time for one more question.
OSTEm: I want to address the question that Dr. Nussenzweig has raisedabout the ethical use of placebo. I think that withholding an efficaciousproduct Form those people who will receive a placebo is an issue we areall concerned wvith.But the design of trials is to show efficacy If we knewthat it was efficacious, then we would just give it to all. But we do notknow the answer and that is why we are conducting trials. So, I donot 

i'," : • ," ' .. .. +.., " . ;, /v7( '..4 
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!;;t'carefor the •people inyour trials.lIt beconmesa matter" 
; : !/people very carefully.: We follow obur children oni a dailais.~~~S W~e take 
! . :caire of them: when thley are sick. We treat-them for theirlilnesses. We do ,i
:i not let themn die ofnmalaria, We see them the first day they have malaria •.:i 
":""andgive eff'ective treatment. I think you have to take responsibilty as a 

::physician conducting such trials to provide adequate medical care so that 

toi':?:i 	 of -oilowing these: : 

those members of the group who receive aIplacebc'us well as those who 
receive a vaccine that may not work 100% tire going to be protected
Should they develop mala,'ia while in your trial. " ..- . . 

... CANNI, Well, we will not resolve this issue today. But I :!p.,.: obviously 

thinkthereit is clearisacfromissuethe discussionsthat needs tothatbethereConsideredare various approaches anld: :ikthat par Th important issue
 
that Dr. Kaseje has raised for Sis that this is not a matterwe want to
 
postpone until we have a vaccine in our hands. It is not too early to
 
toveop close relationships at the community level that will instill trust
hethik iiscssinsiscler fom hatthee ae vrios aproche anano ensure that no matter how we design the vaccinetat hey wil be 

tht hee tatnedstohecosierd.Th~valid and in an ethically appropriatedone both in scientificallyisu s cea mprtntissueoannr
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presence of parasites during vaccine trials should br continued. 
-effects- ofinmunization -with _.candidate-vac:.- potential -advers ofimhe 

cines du'ring clinical trials should be investigated, 

IMSCUSSION 

KILANIA: Why are transmission-blocking vaccines onitted from your
 

considerations?
 

Ri' isi:: The group considered candidate vaccines presentlydeveloped by
 

U.S. AID and those that are near to formulation. That does not mean that
 

transmission-blocking vaccine Should be neglected.
 

Miuwmissi:N: The fact that the transmission-blocking vaccines are left out
 

of the recommendations made by I scientific group like this may intinate
 

that this approach is scientifically invalid. T'his interpretation may have a
 

negative effect on administrators of institutions that have Supported
 

research on the development of malaria vaccines.
 

BRUCE-CIwA'rr: [I support] Professor Meuwissen. Li would be a tragedy 

if this meeting would say anything adverse about pra,:tical possibilities of
 

transmission-blocking vaccines.
 

Coituzzi: Many aspects of transmission-blocking immunity not yet
are 


fully explored. One example is the possible interference of migration of
 

sporozoites to the salivary gland of Anopheles gambiae
 

has been said about transmission-blockingNAJI;RA: [I support] what 
vaccines and that they should be incorporated in the recommendations. 

Nuss,:Nzwi.G: [1 suggest thatl the transmission-blocking vaccines be
 

included in the research strategy.
 

CANi'i'rmii: Transmission- blocking vaccines may be viewed as favorably 

as sporozoite and blood stage vaccines, which offer personal protection to
 

the recipients. However, there have been precedents for similar immuni

zation campaigns with other agents.
 

NAJiiRA: The transmission-blocking vaccine that has the community as 

its target can be added to the other vaccines that render personal
 

protection of' the vaccinees. Insecticides are used widely for malaria
 

control. They do not protect the individual but the community.
 

DEGRENIONT: Curative medicine is also a part of primary health care. As 

malaria control can only be done effectively through primary health care, 

which emphasizes disease prevention, there is no contraindication to 

promote transmission-blocking vaccines as well. 

i i: ::. :;'< .:, . ' :.:. . ' d 4 
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-.,.(IMiL)Isnow
area. supporting all laboratories that work in thisWith regard to the acceptability of such a vaccine it appears highlyprobable that the tranismission-blocking component of a vaccine would becombined with others that confer protection to the individual. 
RESEi:.:
: I1suggest thati statement No, I from the summary of recommendations be modified 
 to include all vaccines.
 
BRUCE:-CHWA-1r: 
 11suggest that] statement No. I be expanded to includeall potential vaccines. The somewhat negative results of the first observations of the still ongoing first trial of a sporozoite vaccine in volunteers
should be de-emphasized. In spite of disappointments work shouldcontinue on all nalaria vaccines. 

CMPE:LL:. i think we have to move on. As the discussions have shown,there remains a lot that wu-do not know. I hope that noneparticipants will go away feeling disappointed, but rather we should feelof thecchallenged at this stage. Let us now move on to hear the report from theepidemiology section. i think we will have several recurrent themes interms o'study design and evaluation methods that will pick up some ofthe issues that were raised in the first two workshops. Dr. Buck willpresent the report as rapporteur of the epidemiology section.: 
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!vai iables: whe nAnterpretingtheresults ..Of -malaria-vaccne-trials,-
Sendemic -areas'? How will these factors be measured and evaluated? Will' a given vaccine be equally effective and safe when used in different. 

geographic and ecologic regions?
These and other factors were examined indetail by the workshop onepidemiology, In addition to the variables usually controlled by matching

or stratification in comparative epidemiologic studies (e.g,, age, sex.residence), other determinants of malaria immunity need to be consid
ered These include genetic factors, the nature and level of malnutrition,
feeding habits, coendemic parasitic infections, concomitant disease, and 
others. 

Do multiple infections with different plasmodia constitute a problem
and how can this evaluated'? Will Plasmnodium nalariae become a greaterproblem if' P. falciparumi is reduced by immunization? What are theparameters ihat will yield optimal information about the efficacy of avaccine (e.g., measurements of protective immunityiunder field condi
tions)? What is the sequence of repetition of the different types of clinical
and community-based vaccine trials (phases 1-111) in population groups
with different risks (e~g., pregnancy, infancy, childhood, etc,) and inhuman Volunteers of nonendemicareas of malaria (e.g., in the countries
of the vaccine manufacturers, among travelers to endemic areas, etc.)?

In Africa, there are pronounced dissimilarities in the epidemiologicpatterns and clinical presentatio,,yof malaria. The workshop has made areassessmenl of the steps to be taken for. preparing multidisciplinary
epidemiologic evaluations of malaria vaccines in different ecologic set
tings. Table Icomprises, inmatrix format, essential data requirements for
phases 1-111 vaccine trials. Figure I is a modification ofr the schematic

diagram of malaria vaccine development shown in the original WHO
 
document "Principles of Malaria Vaccine Trials" (WHO1985).
 

RECOMMENDATIONS 
.. . 

The recommenondations include specific proposals for targeted research onprotective immunity to malaria infection and morbidity. This can be ,.achieved most efficiently and economically through cooperative research.

Elucidation 5; the complex pathophysiology of malaria immunity isagoal

that requires imaginative, multidisciplinary team research.lt is-truly

inter national endeavor 

an
 
Following are the workshop's recommendations:
 

I. The methods recommended for obtaining the essential in(ormation
for the different phases of the vaccine trials (Table 1) must bestandardized and should be used by all investigators who participate
in a multicenter network of malaria research.Initially, this should 
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Phase 0 
Phase peclinical). 

0 safety, tolerability,
inlunogenlcilty 
(suitable animal models)Animal 

Human 

Phase I: 
Nonimmunes in a safety, tolerabilty. 
malarious area Target population functional irimunity 

groups 

lb 

Selected groups of Phase If: 
la targetgroupspopulationunder experi- efficacy, safety.tolerablity. acceptance 

f mental challenge
Noninimunes in 
nonniafarioffs areas: Ila /experimental challenge 

lib Target population groups 
inder natural challenge 

lb Special target 
expanded groups Phase III: 

efficacy, safety. 
toleratility.IlI 	 Target population (target population) 

(community) in situ 

Phase IV: 

IV 	 Target population epidemologicalPreregistration 
impact. salA']+.Postregistration (large-scale) 
stralegy 

Schernatic diagram of malacria vaccine development. (Moditied trom
Figure 1: 

WI ) e ci ce;t, DII)MM I IF I)MAI A/AC 85 3 Gonevcl, 1986.)
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 "e question,. l)r. K c;i th , irIttltiOllCi LthatI V,

sl.,ttihl h i\k ;iti\c inivoivirneit of' prrrinay helilth care il these conlmii

litie. We ht\ e hrcArd otl tie ,trdiCsiin ii(hrri i where +lll4\uhagesAcore 
ri\ il ed of in andAtu,iliIll "tidic, l ibcria linrkiim 'PA',o. etc. Are 

,,irese poprul;r toi l I, reruorrlgh for proper e,\,aiartion'I)o we riced tohave

active case dtlection \\ ith -vtrirtic spc.imell collection it these grorups

to 'L the right anwer, ( )tlc',is,"I Am cneiccrn, d that it will he ;Il
 
e\;ItiIiti 01"A' i r1itti tuuei" 
 ! u ric , ll'+. 
MNi j,! i '.: I1t;,:, 1 tir rtuukirom A hether I siuild be the persoi tr'yinig
to air-\ken thit lie ;hrkinr grorip '\ cnt ito "osllre length of discussion of 
the Irritohug!L iniitiulrlOgic, cliriical arid deioagraphic end p,oinls.
ihe irk v'.ohrIuOIr like to have iiay dillr fIm ri nc t\ pc of vaccine to 

'rtither. If wc Are looking it file sporr 'oile 'accirie trcit lie firs Iling
%On ire intelcrcd ii, lh pre.serr..lcc of paraiInlia. ()f ColrsC, c would 
also like tor knom icther the vaccille will evciiturllt dec:rcaC tire bturdell 
oI illness in tiie coiiiirnity. lut ill clinical trials thelc lia, to be a very
close fllhOw-tp of the ppurlatioilunder study with early diagnosis of 
infecction and disease. 'o. therc will be. and quile righil'ully soi. ry little 
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,Cv'el ty of' illness. Ttilme it ,CClltS. Cem.i 
tor 

onl the prtill til clinical assessliett of'
Oppotllllity Iv I meailre the 

tItrll 01i. Bucks) ,ittiv tli 
I(. Iete c iI,\ i1 se IilC I olgeneI'i tha'.11at1 C, I khei e11a LaIia \we )CctI to N.he 

i ti ick irtii IW (tlile people livesw mitl~iriii.deciding \\itt is, :111i %\imt 

tlill( \ tttking tll clrmpIIticil ete ieN It~xet ll\C5ll 
;\!( ~lil!icIi c q~ lm

beeni te mli 

t utHsestii l l l it.ilmi ci 

i til g (Ii ott lliil 
ai tn~ ti A'1t pcitItclli.c, cotettOtlk11is e b~ 

ii tisttl a telrie
ir, ic ev,1tlitfl t fttliCpiittielil 

itonelIii l' 
( \I tl eiimI tm liIll, %im ItIl NIilltiii~mi iili iiis. timeI 'm 

d tIll\IcIl 11111tie-documenlt.
I Mi liti hit'ptllll 1\ t) illcdlill

c;th\ illi i 

I tinkImeltle ttlile
w \ltlllit t\lt' titti lil
lIIa~1 thctI 

(!itie least toitle sittililtihtl 511 tha it 1isl(ititpt osili 
Olittet IteH l ctt 


e aoIlk[ii \\;I\il/tlite L ll iti till
tol titatStreta l~ !I itth)etlits 

pait te rl (1 till 
\\tt t Itiik i s iieitlillilitisc Ill c1 l ll Itu 

A' itlitwtt t i) tha tliit i t i \\htilli SoLI al l~c eyIll 

Leaic en 
Msle~liiti 

11015. I (Jli ll IMi , e v iWls 

k, m lp c c , 11 I l 
Niisset I/\ ill ;11i1(11lteit t )t. 

colill\ tMile I 11itt1 1 I) jt 

OMiIit i \ dk l1ike tl eassure N\iissit I- in( 1urto llr ,(e thatC
01 i\: tuichl 

it have itiide the posibiitill havIl %mdi,it deayg
eiiidiie ulllociiittt we 
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the incubation and prepatent periods, It is specifically mentioned in the4 ' document that this might allow the immune re spone o build uptiin to-b 
a 

oweumay-appear
documents, but I thinkthat with regard to the sporozoite vaccine it was not excessively dogmatic. 
CAIBELL: May I take a 1second prerogative as chairman of the session
and say that Dr. Nussenzweig has raised an extremely critical issue.nonendenic areas real possibility that even in the early phase I trials in 

They 
there will be a great deal of attention to even anticipating parasitemia before it should become clinically apparent. If that isthe end point that is set up in the early trials, how in the world are wegoing to ever see those 'clinical illnesses'? How will these vaccines everreceive their due attention in the process of triaging among the myriads ofpotential vaccines and formulations that could come along. I think this isnot just an isste that'we can postpone until we get to phasei trials. In mymind, this represents an extremely critical issue right now, 

, 
even as wemoveinto the early, very tightly controlled phase I trials. We must move.I cannot resist, Dr. Greenwood, please. 

GREE'NWOOD: I have just one bit of evidence that isperhaps relevant to beput here because it strongly suppIrts what Dr. Nussenzweig issaying.Because of our studies with impregnated bed nets, which may have an..... effect on reducing sporozoite inoculation similar to that of a sporozoite
 _ vaccine, 
we see, in fact, a significant reduction of morbidity butparasitemia. I really think that it is terribly important that one does look
not of

it morbidity in this sort of study. . . . ...
 
CANiPI iLL: I will turn over to my co-chairman, Professor Coluzzi, tointroduce the vector group, Dr. Frank Collins is the rapporteur. 

41 
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M, COLLIJZZI 

1-H. COL.LM' 

illw'iiI ~'L]elvii 
;Ilid ill ,llh,)Cqlicltl\ i 'ccil~e . J')II these 
F;! foIllo)Lgic ~ie hC oth ill planingiii vacine~ ;~trilegy 

;tvc~ t ctfic~lc\ iNI ciliil oft 
%iiiihlcs t.ij he iINcd to cakhac the Chahlelp ic ed h\ vaccination, the 
im1p~it t \%Ieejiilttionl onl an~IH\~o1.~dthe dcpee ot1itrj \posnre
to 5poflo/oil!C5. I lie \ o khop iieibi olei IVCO)I11flidldtiolls ill tie 
klhol\\ilig five aita' oI cfllolioo iCni ies~eie 

lie MOMneh Wiiii2 coilceiiomnin liinnii bils ik pliily the meithiod 
of clon c inl estinlotliiu the ell I\ e \eeton dcllsitV . th'le diflietihties 
iV\ olved inl /1)2 l illhili tig Collections" shIlotld beofuaiiil rli [oot 

iflieleI maed.AlIcleiiotjx M ',1i011lo1 be coniiilre. as ariethod'l snebI 
non p u cihlirnn ti Catc andl ohile-Iiel slcJpel-t-j'oe citelies. 
P\ IciHInmnI spiIiv codI:c 'aCoipled %ith bloodhioeal identificatlion is a 

iiol't'liootl oIC1 \\ her th VctIor ik eilLOphnhIiC. M\iIo2C I\picahl 11HioftSeO ih\ 

inohi room', lpermlit the llse till mi \hell how
ofl collectionl liiithod f t rates 
oi011l00 he iipesn ill Ill': ;1rea. I )nbh-ne sloltho iii T'-t\'Je traplS 
Cotill hc \ ci\ iihih. pro%idhei thalt posbebl (hi(i't) JltO5(Jiiito 

ll iate\ Ci lt IihOds) ;te used. COIlCleeiOlie -aleshold he widely 
ohistiibiiteill o~ci Inc stkNoi :Iriatodeal .%il h icottenl vcrIt arel ic'hlevels 
oh1ifllitilkdic hceiogeeneit ill \ector aiikir\ 

I A()1) NII 1 11) -lNlll:I'ICAlI ()N 

('ollilieeiil. spcies-specitiC. iiti-lg(i iitibOidieS lC eadilvilbleareidk 
and have been tsed as, the basis lor a mnmber of' indepecndently devel
oped bloodflmeal asa s.1. ISA meithlods see tlo olerC the [hlost Coinpat

27, 
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ibiltv iNNiV CChI qIleN that w Ill piohilhv he used Ini v8CCiflCithcitci 
ticid triak. MNt HmCthodN, ,CCnII to hC eqI[ijjlI' CetlCCtI\ . Ilo0WCeVC I. 
SNt1IId~;iii/tIfI0II Shiitild iiltiniatclx21 he aniohfcbtcescpeciailly where tw 
Il iiIoIc StilihcN ;tic to c cI pae~redl.Col 

iiiilillcd 1 , iNNI i i cii H l ti d th ~ clhik~ liii\Nol ;Nk Iii i [liijC1111 tiize\ (Itl 

iIclHtii10l\., ILte ilti I IiCC0I~iIie,,~t cItIkIi!d ;11 N.' cIIt IciiI . ic ' i cIit'citagui o' 
11;11 \\I~k H NIIfi[\ lii CIii ' 10i ICIIIIII/(i[Cil ieu alA j~I'ih t 01'n[INe 

fNIiic Cio \ ti Ii. N111;11k [I,)IIc N1,1criiCj I "f ,(iicitltl w ic proporfii~iItin of 

Ihitbia l\ I cc;I ic ()I tic ph \ ,iIoi2\n ullic' ofi /ei esm/llid , Pla 

llwplli/c/ui houiI [iiiilIc cLil IciilupN 
 Nhlcilld be Niippjiciieef. 

l'iiliii ~ Iliit hC p)ICCLI M)a1tiC Iiipclitiicc cit pcitoiiig Npo'ro-

I ut,;Ih0 I;i0 \ N[LiIdICN, Nliiiii1d tii. 11iiitiakcii to itt~ic ' iItucmiiIIIIi he 'ii~IlI)(it'
 
;iil\ IIL\\%CCii Nf1)01i10/Cic lciild iiii N/C utl thc Npoloi/oiilc iliictitiil.
 

I c L'lciieilicjhic sit tANcilliiicisifii Le. ilit\ /Cid tI'M Nj1ciic/iitc 

locl "hii ti c Icle ilC ii hi1tC Iljl 1 N cciii \ t.ici imeuf litohit i i ty [i~~floi

I/at( 011 ;/iIIi( /'/Iii "lihum(Iiiici 1 Nhiiild hcieIi ;viiic hIc the11research 

II)!LNTl:IA'ATO N (Ffl' V('lO SPIC'I ES 

Ilhe:AllfihclcA\ i/Pmie cuiiplc \ p)cct a ilc proiblemi that cannot he 
ci'eeloiike cc imaiic ci tli piesetice within til, coIIlpieN of' six inlorpho
lciaicalkIviid"ui~is~bcNIilIL! pciswith ditffciliz dl21CCeS 01t ill
\'cui\ cilliLlt iii [Iaimsii ili. (W)tCii. ti%(cc cir incc i ipit iic . 'Ihlcietore 
a iNtl\s Niich w.NNiii/it .II:\ iiic cl Hlcic'lieul l\'i Shouild he 

Ntililii.N '.'1 icitI~i' baic tuiol, C',Ipccil\ateyricdeiiitciihtoit 01 0 iii)OI
ladditioni to Np)ccialicii ti.c. aisicjlitiiin of, invcis"loll" with certail patternls

cit vccir bchailoi. IIow\cvcr. tis Jlinethoc Is cociipaible only with 
Certain Collection techiquesic Such as pyjetfirtirn11 caichecs. 
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appill'Is to he? related to~colllc\t. Is ti', cI1L-dctev'idtIc ill .1 IcC1c 
bc IiSCilII it, :1 hai~,' epideflliologiL.

In tn - ecog 111111o. It w\ill notI 

. Iitm .\\Cc . 

ADNA\ pili~c lScd 1LctilotI Ii~ts IcccIluk IicciiJ\cIt)cd Ilibt cmiII\ 

Il d I11 ithe h~j)IC \ IlChei 
dC *,l-(iit IU t\\ccI 11 iiiK 1t ld l c hC 1 

k~ k 1 )Illplltjdc \\ [Ill biiti "pohlo/iiitc .1 *1S1ll mole.1))11 1,'~NII1l it 

IC ligch iie I vit
Mitd ICi ictidk \ 1111111ichicsAll tIItIlttJC N ',C ' 1 

ie:vii ;mitt ltcti\h) Il tIloiitot eaiiIocISutescrihe ltkpltied(1ekthod 

\ Wl IHO~ppth01iiieitlil 111C 
p l etiCt1hl~ili i's ICiil1111 il 111CsI'11C.:imost1 

Hell kiitsbeingtOIwi i llihC~il plti oICompone..iniccII teehi 
it iC imortthiltilo-lltiie iith lsll h 

thei\ iillCiiii LIVIOI)1CtI[ iss[Cssii 
C. tll.( t Cri s r0 . a itithe 111e tidc iiCi l ;tc reiiihdiiigofCiiC;il5[tiHulit 

.cou andtheiesi'il of l /heIop\li II(i i w iul 
ililliti I 1)(1 ill l heiig t~ed. spet 

I c sesel illipotllcilIS. loan 
the cilct i\ tev oIiiiilthe~ 

Ihtuil01'.I ioi 1i1C j\'id lII oiieiiiieiihheV it 
'CIil hipe kl lC1hiIt1IC 


ltr tNCl~l CillIC1itiO'i
Olt ii 01hit 
iitIR I 'CCt(iii tO1 IC;tA11)1 

\e\cth pneingdealt I it " I'millHlY~sil (hpaiu\epatillllilhuill~ll 

use oh htlflC0tIVe 111et00dsitiehtot ild heasiileC,1)(hi)ieCt)l illuel oliil 

heedingh Colhu1l e.\hiiCI. .;ucitid ll CstIt11 l WihI h-11s111il ;illllfC 
oifd sex--citolstag-spciv i-A,

II,-1aliiil toifllt\ it\-litter plsc',llll 

c- ilefl lm l
I nCoulio lyge dll %l h

pIliho ips lill thl 
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\'\CU IN!" PREIRI 'I III 

I. IlL\ Ii&IIVl liii11 \IIIIlL Ll I~cl l L~Lj\ 811 I~LIl~iV I 

1. 1~i ~I 1I', cih' I IIII IkuLLc l~8 1111 \ )I l\11 Il lll i ;I d i I~ n II l 
\Iliv Si i m LIdipq[LIII''t' I I i 111pdi I\il "1h 11ILI\C I I ollrlc;I 
IHIIIrIIlt! I Ii I C il 1C IL 0LI IlrIC Ih JlIIIr5III. 

. lr iLS I r\;iccrILI h C CIr~isi81v1 C Ickicd ()11diilliCSJI 

ic \J i II I [ C kl01Il d AILIII ~l~cr I IHk ( IrIIII\ [Ilge lg-CIlzpt. 

I iiI r\'~IriIr SILLIILI 01iiII ( II!Ic i rl 2!. IL !11,01 IIIII)ILIl ilik iti ll ccIi 

c(11111111 LCtIII i 


L.LLp;IiIIIILLI ;1\ I wlijc I'
 

iC ll~li ICLII lI 18 w icc IIlhll!V ll!IILIli 

II Slc 01 i I)\ LIi pih kill(H ;in i( fic~ !IChoo 


CLLIIIIIII 
 ~i!Iihm uei' cof* Ow II hIlic \III hc IIIIILI Ill llckAICIIS 

111i CA 11ejII1U 1 Ii!L: (I d'hIC dI IIp (III hII IIIiI 111111 flic l CiI 

CI)1ll((d 111C.IhL'hICllI hIC 1uitIlcs III)ld codic tonpsenil IIIIIl 

Fc" HI\;lkl(" lc Il i ik llo l"co lit77" 



278~ A-ic and Iiiv/ur 

INTEGRAT'ION OF VA(C INIFS INTO MALARIA AND) 
FII PROGRAMS 

IDiie to the pre'Cettee OF* a coldl chini ;itd theC inIV';i'sttiietijt to dleliver 
kitCilies do\\ tt to t1te Ipetiplierllvl ( InI Miost coiiiittie's it is likel\ that 
lita~riat vaccinec delkcer to t1l1e peiipli'I\ Olilc itil,, 01' he1C\%\l oh 

alek~ l Pu raiiI miiii/tlon ll 1 te1)
 

Dleli\ci\ 
 (11t,111 c cit 10 1t1C t;1iiee thiiililloii tioti t lie pet.1plte-ill
IT ilil liiii\ hc liini li ik chtIite, 1tiiiila~i iCccs ol t11ljijeh t11e l1P

~ei c~.Il\'\I i \\k~ltlk hc p icl;ilel to iiiteeiatel nIliiaU vaiclia-

Ifie ()a~iIt i diHie e.heietjliih ie\ ieCilitioii CtVCqIieiic\ anldIhI i t ic'o,'!10eIoi 1)' M ilil liti 2 ia ,it.!iiiciitlil 11Iit1 Oil the heasiilitV Mtid 

\\'lliiii Ia I,;o1 ne111 1,0 m liMc bec%i ic.,1i tiol tli ontl.lb ttiid 

time.Ille c11i.lthuia ot etaiblC n Saeeia1C. tht allowsdthe1 

11lielil \ coniltioln\\iksh \ilelTit t tetqie 

i()ii Niiiis~~~~~~ VVIeiii~ci N,, \T ee lte wruie 

11iit-itci %iwcessii\\0it1d Itllic~ itici 11tleiiee ii0ri.tst h o itngpcitasite
 
tlad. lkmec nie.2 lil 1l iec\it hC\ o0 ciors.I i eseV ire eCltire tlo bhe
 

teasib1"l i niot"111 conitieiiliiie , thiIll \aii lipptiltiot pceplltionl 

Of itiliii is,it dise-ase iil% ilo K ' useful ilditiouiil (1,11t il the ehilitigiuw 
OfitiIiilaitil is 011ih1iii1iii11\ puohieiii. 

IHie iiitenu-ritecd ilitiie it, iiilijm cliitt ptotlnuis uiiai lecludhl the 
ulutin ili ihit \ i liIll o l\Oil 0' d,\hid i tequtiCl- tIC1 &pciS 

il-dt i[1 stildis.
 
It ill ueCOi11iiiueuie thatl iIliliuuiiineH 
 stuiesc, lie miidetaken onl the 

Hiiiiiiiiiisilisi elesc~lcts, of/1. /oIIii)(11l11i inftectioni as tis tiay affect 
the lost i elilse to at ulialiii;i vucitic iii at person~ %vitli Co~ncoitatit 
intecctioii. IHie rol of,\ AIDS,> iitettl antibhodies. mitiluittilill, anid
 

pregtiIlin(:l' 
 ited 10iiiiisi)iesittibCXiuiiined ill theC cn1teXt of 
aitilitli i e ICt:C 
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itCCd 101hC dilIcCLc to 111C ciiCiIa tiiiCd l0:'i dilliwio0Si1'11f iwill,~i The 

'ctr11lil illO niir~.C " ,h a d iln ln t tl" i 

lcicc.Iliiltbl iit iiIdIII ;.~icnill dC\lil N'~ccttlk p~to imroiuS tile 

lt~lil h'cuti c I~ii~lsilccl lilt.1 -, ptcitit rdll C\liistu ie 

11itji lHert.t.d\i colh in 11C ict0rC trilsl J11101 io:thr ieathaid , 

ftrn ill'; . A\rt oc~l 1'i.kid ]:: i lrf h 'i CotrolIt l ld1bic i le c NNL- t hat 11(11lll 
tl \ iCl ilt~.l ,1511thtlil1(1is Cl, ! C llill!, asiit e tha N\ ull i.tl t aro

t ,,eillt~rtll Ielursjuut in idiv i - tilllrrirtiM t ilerl ' N~1C tolithre 

ict,lltu ill ad rese ,0Ikhe lcdin f1ild i ls 
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HARIDI 1 wonder whether we should think of ways of analyzing the cost 
bnefi ts ofu sing-dmalifria-vaccie fofrm'aiaria con trol versus con ventional 

methods of intervention, ,i 

TAYOR: We did .not actually consider this topic per se.Althoughco i 
obviously a very important factor, it is very difficult to measure it '-11 this 
time. It will all depend on how the vaccines will be delivered in a given
country, whether vertically or to target populations through an already
existing EPI program. 

C" E"VLL-:
Professor Kilama, representing one of the largest Countries in 
Africa, could you give us sonm comments from your large experience;
whether it is even appropriate for us at this point to think'about a delivery
schedule for a malaria vaccine we have never seen and do not know what 
it will look like? 	 C ' 

KIAA: I think before delivery one should seriously consider the 
seStablishment of a network of health services that would be in a positionto deliver the vaccine readily to the targetpopulations within a walking

distance of, say, one-half hour. The strengthening of health services for 
the regular and equitable distribution of, the vaccine would be of para
mount importance. The question yeas also raised about integrating this 
service into a regular expanded program of immunization. I think that this 
would be absolutely essential. Wewould face tremendous problems if We 
were thinking of having a health.delivery system that would hivp to rely 

-) i~i on mobile services. 	 ' 

i:it) Certain priorities must be established when providing immuniza
tion to people with different levels of malaria transmission. It seems that 

-in 	 areas with unstable malaria the definition of illness due to infection is 
not too difficult. It is, maybe, into those areas that the first priorities 'or 
use ofa malaria vaccine should be directed. 
INIBOUA-BOGUI: Before addressing the logistics of a national malaria 
vaccination program, I think 01,1Cwe should be able to define the. 

-properties of' the vaccine. Most of the time Vaccines are developed \i 
northern countries where temperatures are very different from those i A -
our own countries. I think we have to give this due consideration and. 
must discuss the preservation and transport of vac:cines in tropical 
countries. 	 '' '. 

:: * In our discussions of how a new. malaria viccine will fit into the I 
national disease control program we' have to decide what will be given to
whom and how to use the new vaccine within the context of the:existing,
health infrastructure and financial constraints. Ii- a couniry like the 
Gambia there is only a certain aniount of finance available. So if a new 
immunization procedure becomes available, the government will proba



8WORKSHOP 6: MALARIA CONTROL' 

bly have to decide whether it has to give up a part of an existing program 

and to load another new antigen on'to an ongoing EP1 program without th 
risk of reducingits credibility in the population. 

TEKLE-:AINANOT: The approach and means of a malaria vaccine delivery 
may vary from country to Country. The EPI infrastructure may not bc 
adequate and the nialaria service Should become involved. ' 

TAYLOR: Vertical programs may2 be used to strengthen horizontal pro
grams. Under conditions of unstable malaria as exemplified by situations 

in Zimbabwe and Ethiopia ialaria vaccines could strongly improve 

nalaria control. Amalaria vaccine may have limited applications and 

could be employcd as one of various control measures to specific target 
groups. 

with stable malaria a blood stage vaccine ~ BJ6'. kKMAN: Aiagree. In areas 
may be prefeilble, while a transmission-blocking gamretocyte vaccine 
Could be helpful in unstable rgions. 
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A1cdercil0r 

R.LEkF 

NMai'p\ye dccdpflici I'lltudailcnud1 to the SuccessI i any aspectI 

Iilijla coltind. 
 'Ihc group Orb1retore fock that is 

of' 

ti~t 
it of paramonttilif-ortalice 1 aet :oiiiitiv c(Inkitited to IkklkiaI:a Control Should hiave "I11lldf ijsL;JlimikrI lemIk l()I' sson lld ;a suppor-t aiof' Specialized 

Th'le t;tk ot Ihe \\teami icre'ei te'sb ioh thelirct-ionl of, an~'\Pen~me~k illir c il . 012!;IIl*Ntil i~\;cjt 1)[11 pIVIIkIiI'l it 

iIIiiit'l! kl~lill Il ilIII of i l t" I !o I lli~~kk (e eo ll~IIOCll il e I() *Ikl lc it io l j il c h i lkat ( l j L la (i., l o l ll l t 

CONIH)SHliNIN o F A\ TEAM OF PRIMFESJON 1\LS 
ItCl1 pl cilsolbl 1 SIJhll IKhecollp(15e oI' tihe Coilowing 

1, Drector %\t It l'i~k 111 lllih1!II P1filikc health with emiphasis on] 

4. LpidniiIis 

7. limitsitoloejslt: 

9. iNletiel1 labora(tovy technologijst. 

The tearn would Ihe- ollcliali appointed by thle national governmnt priorto Its triliInt. If SikOnId bC Unlderstood that utiimately this t-ai should he 
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dnpli ted in order it ti arantee lI'ill conitinily t1 t.c pr graym. The 
NcctontdIl tcall Cttild hc allocated to i specific task in the national progran. 

lie tliniilu pl og:lail \ iiltl he compoed of' tmo parlt : (a) A spCcialiZed 
t iingi ill tli tcltn iliiumilhemrs pariticulri tlisciptlitne. which woutll l e 
flOl\\d h\ (h) a coipieheiii\ e)tlls in the various fields represented 

I h11Ct'ill . It il, ell\' i,,id that thi Co biaititioll would lead to al 
iii eitriallit r]Ill' e'tA enize'l d e ini pI+ulic health. 

S rt i \1 I/I I t I ;1"X 

It i, lrred lh)l ,slpCcitii/e, trainili, he give[] wherever pos'sile at a 
Cetelerlofeselleiuce ill Ahica. I'hee CClite, would he linked to inStitii
lions tf iiitciliuitit nil repute Ih ali le boad:t hcse illittltions wonld 
at.cti ,\ palliipait.lc iili 1l peciali/ed lii e andiit espcciall, ill the 

l<I hiw pl pl~ ' . all+inlicll liollial hoa',ldl <httllt h~ e tlup lo idleitil'y 

aidl atc'ie tit uOtlh ch,ter in \tric;i. Scle tih itlAndi edl- lit/iion ot t!erils 
aihlo tld %otlllt At,,k) I)L. c';i 'tl Ot h HI C t h ~rdl.oaI~ 

lie _tiiri iiik ,- O d he ivCn1 Ceitels ill Aliiea sClCctd by'ltlc ll ,Ce, nilt at 
Ithe lmhld..\luiion to uie :I Cli c houuld Ibe oil tleamn basis. This is 
Ce'lisli',i1lt ICa',C Al teile iced that the r filopliotil be identified as a 
iuiiltidiCi il ;it\I l1k. Ihe ll nmuitos fromt Cetel -,, abroad shoild ie 

, pktrl the onc, stcl tl '+ticxitl il hi reea il arko te eile rehelnlive L~llltSC. 

I ik climatedt hitte tr ing progmai will" iver a two-vtr period. This 
wotlid intile II 2 ears p alc.izd training, which wonld IheI'llowcd 
h at(-1ittllilh comp rheclsiv course. All aspects of' tihe training Sbold be 
practiaill o ti. etl. 

( ( )MPI )Sl'II( /N ()l" A I'A ! ' TI!] NICIANS 

slpport staff will governed by the 
eov'ered. I Io ever, we recommend that specialized technieians be avail
ale ill the ollo\\ig fie.lds: 

The ,i/ct tl lie extent ' thlie program 

http:palliipait.lc
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4. DN .urses
,.,rdtlth t~rtp c3. Compucr andnuiterc's: 
' 
11t ltUo r!. .,,
. '1: l lechi lk11111 

6. IiII1fr lh1'12 LutChinici+iip,
4. Fiel , ad h ,01,thocial, anthropology, 

1). ll tll CI.i ii
 

" 'Tk\11,1\ (i Il I I( Ill'+ I,,.>. 

The ilcrlationI hoardI ,h)ound)Id ntjv and aICCr. it CenterIS il Africa
where such c'riotlnlc can be traihnd. hi., trlilia S1nld CtOvr atperio)d

\ Itf;lppr i.\nll:;t ll lnthlls. I Y'ear". depleundlllg on the Skill, required. 

IF!NAN('IAI SUPPO''(RT'
 

('.,t, 
 ,htiJld Ib:allocated according Itar+equircrents In the 1,lh,-viiig 

lom1. i ftllh';tll l ho>;trd: 

2. Instittltiian s'.-rtt. in ;diallI a,pcts of instruction : 

S.PtIdell! .HcIld"ml,
('unllur't!n+. tl'eapnen
lCri-1tlolultl ;tlid
11. IIn-co~tlm rv travel: 

0+. ('urricuhltl dcvchlpincnt.
 

)IS'IRI BUI()N 01' TASKS 

Tale I i,a ca;nprmhmnive sniary ,fthe relaitve tasks of the members 
atothe lam tf proftcs,-,inls and the lprteam, wi) rCgard to field
operalarn. hlbtor0torv studic,. arid rnnnrnrl.t t the program. 

DIS TS55ION 

K \,Ni \: We have been talking ]li.ee about li, planning of delivery
systems almost at the assun'i an that the x,'acch; is just around the
cornier. While I would like to share inl that optimism, I am afraid that the 
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Table 1. Relative tasks of the members of the team of professionals and 
support slaff 

I Feld Ic1orotorY Marcrgemerif 

li :.Cplr, 1 2 1 2 1 2 

I)r.,r ae .,. a/b 

[;)I(!er olegy c d 

13osrafistics i f c d -

Crinic e +
n t frftornoiogy f 
rifrnunilogy g 
'Cruwtology h i 
Socioanthropotogy j 
Chr),cal Cheri i - k 

Relaf:ve lewds of effort by professionals (1) will range from none (-Iand support staff (2) 
to high[( 

MnirM ,fr n(-(- noirJeer 

Nui ses a rid hiou Nf l'
 
Sr')rrnology technicic-s
 

i Il:ogy technicians
 
Sli,'
roscopist 

Pafasitology technicians
 
Fiold assistants
 
Laboratory tec:hnici.)s
 

very inlraiIstruclirc that )r. I.,kc proposes would probably have to wait 

i"a long tlic befor, it is reali/'t! in lost parts of'/\lfrica. I amlnot at odds 
with r)r.I.ck.'", comments the specified periods of IIailing. Itc,.,clil 

ail o111\ ig tite ve! Ito r0al id that are*C,;i\ hilat are ha.rd IzC therC 
oreanii'.r ,{in.tlic tllCall coordlinl.t the training. 

1.1 ii:Tie docuncit cniplhiasic ,, the importance of training In Atrlican1) 
intIIutioI,, whcne ver posiblC. 'I hat is lhe iority. When sil h ceIltes 

alrl: I think thatnot a;vailahlc there will he link, with other centcrs ahroad. 

a',pect Of* it 'a i;LiC very clar in the papi. 

It) havc donle 
29 intilitnti in Ahica to look wha.it could be done in terms of st,enith
enin b, thcrili t lthfe point lhat the kind of"protrani described Ib\Dr. L.eke 

cotultl be CaidToLtlt. It iS tr1 t"hatl theie are Soei cente s of excellence, 
but \c Itoutnd aliny nie a grcat deal of, Strengthening. 

Si1,11 1,1'i: PI;, sn1'1itolll trailning alea we a Strvey of"abhont 

tihat of them coul( 
It scCtS to fic h1t1ira iialaria vaccinte: is ahont three to live years away 
we hcve to slailt Iow to prepare the institI tislat lhle goverrtnments to be 



11iic to 1t1$L 'cil w~v riiit\1Ii ivid el.c'c 1i)IIow. 'IIe Com lied 

Kit%\x \.-A C \ C IF f'pojIr1 tII;Itleli)(h lICIteIll 11iC docu tic t
\\ olid IletIriiicki tot C~tchIlmi 12\cr\ 'Ah.i1ci Iflaht ha" mfildilt Ns 

;111:0 IL;ll N\IV iilo l il iti 1\ lclN illi 11 lml i ul 
L". i:NlIJ '-. cn). WC ;11( 1h0 i 0'1lilNiicIla himLci\peopm\le (111hei th~il be01 

1i1imimled Ill c\ &fhitmm c, li _V . \O iiib e bc. 
Kii N\Ii: I h li, (11cilmlljim. mmIiha~I ticm illme toCeiil e ti"ich aI i 

'I'I e;\tC, n11 V-1 tI110% 1111 C po'ihiu t c1,1,C\ tiV\ CtlIs l\U ' ioldhi Ii e 
a111c II Io 1"\lCtHINIsI"12i\cmli 
 11*l \iie1c Ntihcsi idlw tta
 
NImI, "\I Ij~L kml
m: thinkN.h mietcslmwI itmt a inii
i)ncchicc I thl~ink 

\hi) 'iiilip a ciiiP, C;\iu n.''11 \iteilc 11 lii)l i!".(it hoth c C aep 

10 i)[1i ,1m 11 ;t W:t111\ll '-'00 *\tmica. C ;I' Id HO Ilm \i ,- fa c p 

r\i I ii'! iikc it, llm1pointo 11'rci that N ilIn(lhe Cit'c oh,chelmioiogI

lill lihll 2 Ilh i ll!, hll( h mlii I" %%
it '11liC~cei mtost. I thinik that
 
1111i11*;1i11111!" %1,ok "hlop 12m(1lip IMls imILRIC 
 lCCOIl lll)Clda~t wmms that 'dhotld Ile
 
Clldlcci. att lCast Imitotiill "ill111t ofi the Reg12ional ()ticc of'WII10.
 
WC\ dto aircici\ la\ C ie'"Ioil;II Cl I ,woldc hike to imiltoti hiere
 
pjmt.IcmIai\;I1 hilt Spc; l PlcI~mill i,01mRI')saimh 
midiItii ill Tropical

l)isC c'se;id tilcil tlilmiling iliogfImII 
 ill \ti-Ic. WhaIit 1 ant1 sliugucsnig

11cwt.'2 Mliw t Pht if'cssor NlllenImIbIi Ila,, plopllsci 
 amid( 11iicsoi Kilaiti
 

51thIP ,Ils Ic IIC(' liiCoitiiliatloll of, slippoltI 1,01I'm~t cacti cemmicr in1oilt
 
legilon.I 
 cg;!dic's 1 'A%kCtHI tile\ alt' Ill llahama . lheillilnasls of- Ill
 
noll-tr iIa Fort's~fuile the practicl aid lisetlil ttlill 
 to do unow Ilie,"
hiem~ccli the t\ \ Clics,1 i.e. Celis of, excellenlce almi sliliijemit

i'NLli',L*C" 1hI LhIjIitil thIlilmiltiliIIlciIIll Iiiililkitiji \ic Call liiilahlX 
only

hive !\wi m) Ilimcc: ciltcis[O raiil! 
 )thiei Ceilteis '211 Conicentrate oil
 

11111r thIslas lii 
 eith prolems. I thum(ink thfisl' 51112121251 eflects11 
hIle piesenlt ojliiiIoI iii(tithe iC'ililh Ofice. We have' I flong wytol go aInd 

\CmIltlst C L i 11the piesent tiitt[itih lollt C(Iitli to Imipiove. By ;l
lucaws. i is, keep tilc Intiihiitioll 11112ng betwen v'i"iiev, thle 
i'cselcii .C~litcis mid lilstihlitioils. r is his, \'ei iniet1111 onl lie Alricanl 
piioblemi (I* illidalNI ills Iwiide plossibl tilhle l~isht4 day",. 
Btlu\1 \\: ti,; Coulitjcs live iuialirm cooiid] [litton bimdics. The shaffinl 
of, iiiiiia itItI'S~ *Ishilj)It;iiIll0 ;ldiessY. 111,it VCHitil Stritices are
V'rv c~CsiMI 1e band may beyond thie financial Caipacity' of, a Comm. Y.V 
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Suo\h :M 'Iher are lok.al Iritjued people thiat Could he Imade aVitilable 
l'o, additiouail in~tilictioi and developiueut of' ueN skills quite ince.peu

( I'\ I : Cot~IlI I l h pI ceaic ilwt to Isk Dr. '1';imi ii he could 
'l i tif w, Ili, .i' % ;Ihm ll IIIt JI)rIiliL ,ii'i01'1111(1igt J I :~~iu 

N,iI -: I do iwt 11ihkI lhLit I ea;ll i ai I -of :\Iiic1 . WC lIIi\C heard iDi. 

t~I i lI I i I I I 'c 'IIliCp l!i; ~IIN ; I I I : IC ;t\~ i oh C1)I- ltboratI i ig 

I N ulc\ li i it eti \\ttrf % llIttly C 
Iic;ICtit t\\tL. I I Ijo I theItiL!O% t lIi e.\pel' r 

1111 .1C:IllotIC d Coo i 111C toKiileittta 
w;illtIed01II)IC~ li: th 

cttIICept M'ttcail \ tok ;mutith high qiilIit\ ol' teelliical support to life 



Workshop 8: Diagnosticsa 
T. REESE 
Mckerato, and ()appvotour 

,A1C d I'Mdi:IgnII0,IC IC'-, I-,l inIlaria w tsgivel a high prioriI. hy all. 
AS\,,lU\ls, he deTve.opd i de1tet lparas,.."ilc, indin tileood (iseaSe) 
otlher :l,,.,'that detrinIne, the antihod levels to specific antilcels (to 
(tILeCIiiii thilevel tleilllilit\ '. loec;Its of" tihe concenll with handlingL
l1l)00dj i-.', (l',.,_ae,1 ,,C llItd rln+tO f ,+ s,etc.,lh. Of *\lII) ll'ie asta 

Thel,.It+tOt ic "..
 
Jlht.lss,,a,\s, shi~iil!:
 

' 
1. P I"IL i+IC tII+,tI (;Iit \ 'Ol:AIt:
.litt at ,YIV,,a a',uli -tatldards so that assays from1 

diflieiit llhoit"ije,, can llecoipard i] all objeclivc lI"'shiol]; 
3. l pplo,\ it', al the slide a:,Sy (i.e.. detcct ollenvr\iltc a+-sseniti 

)Ira',hc il l 10" IW +,):
 

4. ie ,impic to p,-rlh'n and chep: 

'
0. lie ,pl'itiL for dlflCiit ',I'stgeof the paXasitc. 

lhi,i lst, .ti,,idc_ ition is particliv Iv illipo-ant l'or\.'orkers to hc able 
1t delect itilddifIere.ntiate Circi '*ig gametote from asexul blood 
stilg a 'le-. )NA prols it aiready being tested in some areas. 
AltIrat i' iced to h,: d,:\'!opCd to make this approach more\,,to 32p 
atpp,i-priat e: 

llmUy is based ol di i s of, Si1:1 gll p ot'i e who Coll ve ledI'hiss Iln s u,,io,. rlested persoisn 
;illinforni-al \ork.top iter working Ioirs. The dsi ioins were not recorded. 
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Perpectives for Malaria Control in the Next 
Decade
 

DAVID F.CLYDE 

In 198-I. the Host recent report year, there were said to he arIound 5 
million cases of inalaria aniotg at population at risk numbering 385 million 
in African counttics south oftlre Sahaia,. l'he actual nrrmher of inlected 
individuals is considered to he aitleast 78 million. Assumng unimproved 
nlatriai cotrtol niuthlioiooy. itprt(ccliot oiftihe cported incidence 

"sugc's that hv 1995 tire nlitllcd n1r11 ilmc ed , million ',ndtleer %61., 

actuiil itiruimr (,scd oil it3.. anrual irecrcasc in the populaition at risk) 
\viii he at letI -l1imillionr anid prtibahl\ r incidencev.rn irurc ruoc--th 
l- in, a It ca 202 [pet 1(0) a)it isi.. 

ilie tii. maini iirce:-uscs ill mnalariar incidience n',turtally 'affect tile 
iildic i ttislphtiOl. lrua \ people are t cosidet(alhitlCeCextenrt protectCd 
b1\1iiiccliiu-irtrltccd imuin s.',since cildhouod.it, hipiiu ',rIl\ The 
idk'idu~al., lJiHICil)NIl> Cl~datlegCrud Me itll"'atlts-'and sin'all Chlfh 'CH.,and 

l+rCui',ait ,\,\%1 iOSC ilrrur redtcCd.,lvl nit\, i,tcrnjI)or',ii, 
It ia\ he C\ICcted that l'siCntl, o" highlanld districts or of cities, 

V,, lr tr"l'r-issiou is at lover levels than ini the s'dnal iile\en iortextd 
areas., v ill Ilso I, ;' lIlarlc.d riSk sihouid the,, tra\cl.. '"[no grnonirm -
Hiier, visitor,s ll . tries oultsidc \'rica, ther iula h be l at steady 
increase uI/mn/odum . il/wrm mral'ia, air irel elaise that may hl" 
pr ijectcd stcpl,,. exal . fl the illlio ell[lost ' rltlaria, developing 
Arlllicaulls tlaveli14 arlOad (4.l' of the Cases) is heiuig nucqtlhd in Af'rica, 
and since tie verirurhnirm majority oflhe tra:;smission ill Africa related 
to l'Ia. lhlodiuli bhoirIpuuruo it is this [ost seriots type of' the disease that 
most frequently occurs. P./iflriparu,1, nalaria has hen diagnosed to the 
oiloWing extcnt inl Amenricans reurned li'01m Africa: in 1983, 99 cases: in 
198-I1, I19 cass:, irr 1985. 158 cases. Ili view o'ftie dimnishing eflicacy of 
fhe prl'riryli',CtiC ',rtinualuial drug generally taken., ehioroquirre, this 
incidence llrav certainl+ he e.\pected to increase iln tIe future. 

IdedL,.', tile effctof fIi I'..ll/ciptitle spread chlorrquirle-resistant 
/',I malaria across Africa firll eat to wcst is alreadY apparent alliong 
visitors. In 1985, when this type 0f il'ection had iot yet reached West 
Africa, the P. .Iilcimumr attack rates in Americans visiting one or the 

2t1 



292 uots/ V: (AIh, 

other Coast \kcrC ~I I I IIy/ediO I It reC haslIosc %isitIing KcII y; I,\ Ih)r -sistance 
heconie cstahlised, 0.5'; developed P. /(1Iciptiru, Inalaiia wAhethil or* 
noti tlie\ \\ciec fakinig clltniqiii prophx act icall\'. Of thlose visiting 
I( lialla (I Niiiii. icaiilk P' ;u ot ab iiii tiL di ii~ de\C lo~ped thlL diseasi'. 

Ini AliCa iloiC HI!i HI iii\ 0iutL1r ICLilill [IeI esteIII 10 M\lit'li Iiialalria Jlna\' 

le liill)(: ef'aLlm ii to llee lic c anyo(m11c1li\ Id leletoldsil thet 

Ni lilit l! A 1;11I' i l"4 i i ilic he taic il o f hiind toiai tiiiv C',d 1)1 

1 I %1 ' > I\. 1'. ( i , 

it 1,, aLL:pl~Hill Ihc oiitiol ofliilaiia ini llie iiiiai Aiiicaiit lIivii-onilent 

eeil"is. ainld 11C. hll iii'klieil cs leitei- Ilieit' f the and ioiliinhnities 
that 11hIN st\ C i- L:>sCIIhtIi to Ilie slleess of Itie aiitiiiiahaliii operations". 
Ihii pfihilial hLwcd is Inl itiij)ii)\ill tlialiistic: andi HIIIItIIeit lailitii.. ais 

a'clediie icl L(Iltlilit ill illitotls oll teisoiial piiiectil ion o 

Cli clia>,(m ilwlriJl IlN. ll \le" )oHf pacnias thiagiio'as i noplle 

lCCci Ca',l~ !1i>1 1Cii (h)~li not lll haeig ii!I i' the disease (ilthioiiuhi 

\llil% d l il e :k%Ia1a2 m ll\ I cliit all Cioiituj 

iil;lae ektillialil lioan Ilic Lost ineail I piii-cliases Illath niatioiial 
imilalia L(Iilll 5ev cecs. i In)SM4. foi lienil piiieianis ill Africat these 

stI% ices pincIjeiasd 159 AOn)kg hase (if chtloiouiiiiiMI; otthie ain IiiVMSl 

illit-)iiiiifiIiN CMi lloll\L ICtiiieilu'I ft Nil e-ases (tis 11ii0doso 
llhicIlikul IliL1 liiiitilis Oilinii't for Ilse h\ tIL: l15j licalill scIN'iL'es nul. the 
;Ililmililts tilhliilset piivauel ii Ilie iuiikcilulau.:). lii cost oii he 159.000l( 

hai)e (-IN ,i ( it ill owiit's ptil:Iiases Mv the ali imiiihiia progriams15 was 
uihtail hN tle Afriiciin scN ices al aI cist of' SOS. illihon. tCils'idlCIahl 
N litills esist ill [lie tlailtit\ oif thu-1gs iIWLI inl iniiCidtih coIuntr'ies. In 

198 mi 190 lie colitrics ieiitiitin2 (lie preatest use iii clloioquinle were 
ian,:iiuia (22 taulilets i had of' the p)opI)latiou ulnnahh\'), Malaiwi 11id 
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Zambia (17 each), Senegal (8), Nigeria (6); distribution of the drug inthese 
..	 on malaria controlii'npolicy as well as

.'~.. ad:..the..other countries depended 

incidence of the disease. 
Expenditure on antimalarial drugs will be markedly increased should 

Parasite resistance. to. chloroquine force the introduction of alternative 

compounds, all of which, are considerably more cotl. Based on the use 

of these dIrugs in properly. diagnosed cases, of malar ia, the cost of 

chioroquine needed, to treat every 'case in; sub-Saharan Africa in 1984 

would have been 3.9 million. (Notethe discrepancy between thisfigure 
and the much higher one for~provision of chloroquine for presumptive 

treatment of fever cases and for prophylaxis, indicated in the preceding 

paragraph.)'.By 1996, in parallel with the expected increase in population 
The 	corre

at risk (and ignoring inflation), it would rise to.$5.7 million 
in 1984 and 1996, should

sponding costs of alternative compounds 
are as follows: amodiaquine, $9million

chloroqidne have to be replaced, 
rising to $13.3 million; SUlfadoxine-pyrimethanmine (Fansidar), $15.6. mil

lion rising to $22.8 million; quinine, $60.5 million rising to $86.4 million; 
million: and

quinuine with tetracycline,.'$77.2.million. rising' to. $112.9 

mefloqUine with 'sulfadoxine and pyrimethamine,' $129.9 million rising to 

$198million. 
A similar. escalation in cost applies to malaria control' situations in 

which residual insecticides are used: as the vectors'becomne less suscep
more expensive products must' be emp~loyed.

tible to DDT, alternative 
However, with' respect to Africa such measures are applied on a limited 

as
basis usually in periurban situations or in special development areas, 

aCre 	 measures directed against mosquito larvae. 
Thle rising costs of measures to combat malaria have to be weighed 

with those required to maintain other essential health services. In thle 3,1
* 

low-income countries'; 'the average expenditure, per person annually. fo 
75 'and $4' (1 or 2%that of

health care 'in general ra'nges' between $1.
industrialized countries).".This is quite'inadequate to pay for. the social 

infrastructure needed to. satisfy Such basic necessities' as sanitation, water 

supplie, housing, or food supplements, let aione provide the network of 
which endemic diseases includinig

primary health care centers~through 
malaria may be. tackled. In many countries less than 5%($0.20) of these 

health funds are allocated for each of the 90%7 of the population livingin 

the rural 'areas where. malaria. 'is'transmitted, while the overwhelm~ing 

balance of the fundls goes to maintain hospitals, and health services inthle 

cities. 
Compounding 'the shortfall of funding of rural health services is the 

rate of population growth and its attendant damage to the fragile African 

80% 	 increase in population being projected between the 
ecosystem, an 
years 1980'and 2000. This has already led to intensive livestock. grazing, 

http:paragraph.)'.By
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Culivaionof argnalland, n deforest-aio,spread of desert conldition alternating with flooding and pooling, providinga Nntora of new mosquito breeding sie 

all of which result in 

ad am~ong a progressively lessF
.iateiy nourished peasantry. Projections of the malaria situation, andthe Lcbsts of measures that will be required to cope with it, must take intoaccount the unlikelihoodF of' any, dramatic reversal of the deteriorating-demographic and related eclgcls itin that will 

F 

occur uring thceF 
Fnext decade. 

CIINICAI. PROBLEFMSFF 

The principal technical problems confronting antimialaria programs in theFworld at large include reduced vector susceptibility to insecticides, whichfrhrcomplicates difficulties caused by householders refusing access tosprayers, comiplaints of pollution of the environment by the insecticides,and parasite resistance to antimalarial drugs. In thle African situation,vector control by use of' insecticides has relatively little importance, butresistance by P. ftilciparuinF to the drug most- widely and safely used
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everywhere, namely chloroquine, is an increasingly serious problenm,-: i ! ' i-i~; :" i ,:: ,: .!, < : :, ,''-"i -- ,c :'drThe rapid march westwardF :! 1ese. 
" 

-', i!,:,,F7 - ; "across Africa of ,chooun-eitn! !',:'. ! F- , ' i * ''i* -; F:I 4. FFF, i ,', ~! i!ii! %%ii P.
i~ i,!!!i, !iii i I~i!~i@F FFFFFFF" FFFFFF ! 

~ii iFU ! ' i !r! 

! 

F i T ?: :; i 4 ipresent
.fWciparwn 

i! inall
(CRPIF)

transmnission
suggests 

areas, 
that 

although 
within the 

its 
next 

exact 
decade' prevalence. !< this strain-will 

in relation
be, i -&i :iii , ,'i~~~i 
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F FmFF FF~g to some degree of control by chloroquine oramodiaquine. At FF ~F~ FFFF F11 F FsFofFthe core areas 'F 4hwhere tile parasite has consolidated,F
thoer hyrdztofullogsly
th fl recommended raises the grade until chl 6roquine in 

* FF FFcommonly dosage regimen of 25 mg base/kg, let alone theF FFF •~4F used (and more, economical) regimen of' 10 mg/kg, is ofter,"ineffectual, and cross-resistance to relitted compounds becomes manifest. 
F' 

The keystone of antimalaria work in Africa has been chemotherapy usingF chloroquine, and the implication of loss of effectiveness of this invaluablecompound 
, 

are, evident. Provided,F however,grade -of' resistance compatible 
that- CRPF stabilized at awith clinical thoughparasitological cure, not necessarilyor reni"ins restricted to small and well-demarcatedfoci; then the place of chloroquine may be maintained.The introduction of altern~ative drugs to Fchloroquine, Should CRPFbecome widespread an ,strongly resistan't to the 4-aminoquinolines-,j 

Filha~vc to be considered.FFThe increase in cost has already been mentioned. 
F4In addition, problem s'ot'toxqicity of some"of' the other drugs may restrictFFtheir 'use to clinics and Fhospitals, rather thanprimary health at the periphery ofF theFcare systemr. 'A further problem is that P. falciparII-11 isFbeginning to show resistance, to 'some, of thes drFugs. 
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PoruLATiON ACCESS AND POPULAR AccEPrANCF 

4Lacllpjf communication arid inaccessible populations have been major
counphysical constraints to the inclusioni of most sub-Saharan African 

tries n the malaria eradication campaigns of past years While commu 
nications have greatly -improved and will no doubt continue to do so, 
utilization of the expanding network of rural primary health care centers 

increasingly facilitates access to communities.nAcceptance by the inhab
itants of antimalaria measures based on early diagnosis and treatment of 

aninfections, and per-sonal protection against mosquito biting, requires 
careintensification of the health education activities of pimiary health 

center staff and village health communicators, 

ErwuiDMOLOGic PROJEciloNS 

Aside fr-om expected incieases in population, there is little reason to 
anticipate r-emarkable changes in the epiderniologic factors relating to 
mailaria transmission. The human reservoirof' plasmodial gametocytes in 
the individual is unlikely to vary much, reflecting the stability in levels of 
acquired immunity in people of different ages. Such epidemniologic 
changes as may occur will relate mainly to the vectors. The damage to 
ecosystems being increasingly perpetrated by the growing human popu
lation, in particular th .,deforestation and overgazing by cattle, is 

resulting inmultiplicatiii the breeding Sites of major vectors especially 
those of the Anopheles gambiae complex. 

The almost universal consumption of chloroquine tends to ensuie the 

dominance of P.fideipar-um over the other pljasiiiidial species,5 since this 
drug and its chemical relatives destroy the gam etocytes ofthe other 
species but not those of Pftailci'firurnwhether sen[itive or re sistant to the 
4-ainoquinolins. The impact on iransmission of' malaiia control inea
sures applied though the primary health..are system may be expected to 
be limited, but deployment of a successful vaccine could affect the 

epidemniologic Situation particularly in mesoendemic or epidemic arecas. 
It will be necessary to keep abr-east of cpqngirig eidemiologic 

situations by undertaking demographic and mialariometric surveys. While 
the simplest of the latter will continue to be the morbidity returns arising 

from the clinical work of the primary health care centers-(attempt should 
he made to focuis mortality statistics more sharply, but e'xact causations 
Will often remain uncertain), the, present limited use of sophisticated 
seroepidemiological and entomological methods, should' be increased 

Sur*veys to stratify epidemniologic situations, utilizng these new methods, 
should be. undertaken by the specialist personnel suppor-ting national 
programs. The entomological methods, particularly those relating to 

1definition of sibling Anzopheles species and those involving problenmsto>}~ i~....... i~i~~i!:6 
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identify spprozoite !oads~and species, wVill be es tiail Comiponents',of'K.malaria vaccine:trialIs and of ",, 6vi
,vYjaccines, of useI th& 

j~< W ~ APPROACHES TO MALARIA CONTROL 

Of the two general approaihes to malaria conicol, one iswidely applicablein sub-Saharan African countries at this stae in their e,,on-ic develop [Tment, The two approat-hes are basedo~ local epidemiological situations,tempered by available financial resour a-jiThefirst approich has three s e s 
fail 

om ncf il t 
I Improvement oftheprimary heah cl,C System to ensure prompt

diagnosis and early treatment of, cases, as well as protection for 
gropst pec, 'ilrisk, such a.s pregnr'pt women;

2. Promotion, of persona;and conmuntyp through 

1Strengthening of ther efei , 1 and information system,,., 
The objcctives of this approach are reduction inmmakiria ?mOrialit:'and morbidity, with a capability' of' referral,'of' seriousiotihcation cases and of'f ohrunidiilsitutions such tisdevelopme't f drugof..drug resistanceresistance 

or thrcatfofepdris 
T:+he second approachl::,,poah involves establishment..... of I capability fo;The 

:: :nP ..ngq,!erm control of transmission wialaltawih (ie objective of alteringthe epideniologic equilibrium and maintaining it at the improved level.
In dhe context oW,most Africancount he~lifim rovedlis te"more, Ntiblc a h incrain periuran; and special developmnentareas programs to alter and improve th',-pidemiologic eqjuilibrium miiaybe applicable. The antimalarial activities of, the Primary health care 

by spc theiitlv vscentersfnd desiwteiine nati co itie-it n wlbedsgned and supervisedby pecalitsw,*iinth ntioalpublic health service at various administrative levels. An essential component, therefore, is establishment ofaninformation,'Wen system the centers d,

*headquarters ollIices..
 

I IMPLEMENTATION OF MALARIA CONTROL' 
Inipleioentation of malaria control thropgh the firtapocincte in
th.ecdn parageanh involves the folowing activities on the part of thevprimary health Care. cer'itc. Where not already being implemonted, these 
aclivities should be promoted as first-line~atc ntecmn eae 

, 

IA 
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~REDUCE CONTACT BETW'EN PEOPL. gA,2:AlegAAtaa,*AND MosQUl, roEs I A2> 

0o.reduce-hjuin'an vec tor.contact" 1'2' duties -sliWd iiclude -(a)-insructiiand ,,
advig the tyn to avoid building houses near mosqui-

2.2A, to-breediing sites; (b) 'Clearing vYegetation 'ha provides shelter for adult and'2
larval stages of mosquiioe; (0)drainin-small collections ofwater inwhich
mosquitoes might breed'kfor psychological reasons culicines as well as' 2 

"'27anophelines should be. red uced); (d)deviating mosquitoes to feed on domes
tic animals by staK~n these animals between hlopes and mosquito breeding ' 
sites,;e)pioeventing ingress of mosquitoes t 'housesby installing screensg"nd
bed nets;~ WIdestroying mosquitoes in houses by using insecticidal aerosol 
sprays (flitting with, pyrethins) and impregnating, nets, curtains, coils, ormats ;'Pt)employing measures for personal protection againstmosuitobite
such as protective clothonta repellents. 

PRovimE ANTIMALARIiL TREATMENAT ., A', 

C"mmunity healt'i Volunteer~s and pesel of thprimr helhcr 
centers are responsible for obtaining blood films frompele suffering
fro i fever, the filmis are examined micrscopicaly at the centers. 
Patiens with clinical symptoms of malaria and parasitemaia are Usually
treated with chlor6quine, but while the dosage regiment of 25 mg 


S?-',3!,S noatu prgata:wm n payone oprime:
may be recommended, for-reasons of economy and ease of administration 
A 

the quantity most widely us'-d in Africais 10 mg/kg. I'n view ofh rapid,, 
A ' 

westward spread across Africa of rPa spread facilitated byuise of 

A 
 ary rohaltcr ' A 

S uative loses of chloroquine, it will be inreag lyaiffhcult aie 
sha Complicated cases are when feasible, referred to the nexipolicy

"higher clinical level', which is the district hospital. Individuals at unusual 
* 

'A" ', risk, notably, pregnant 
2 

women, may be advised, to take prophylactic AA 

treatment. In special circumtanccs Such s outbreaks, emer'epideic 
gency vector control measures might be accompanied bysimass chemo- 2prophylaxis, including gametocytocidal treatment with primaiquine.~Should it prove necessary or ci alt~fouemr ompe .; 

intervention methods -uch as hoius.& spray:ing wih residually actin 9 ,insecticlides. outdoor spraying to'reduce vector pIopulations rapidl1)2 or, 
mass chemoprophylaxis or vaccination campaigns-primary health care 

, A....... 7 :,'< 77 7 A A{{, ;7A77centers would be responsible for informing and mobilizing the communi 
ties and assisting experts in the work.~'A 

A 

INCLUDE VACCINA11ON AS PART OF CONTROL PNOGRANt 

The operational advent of protection-inducing maara vaccines will followA. '' A . '22 f;77 'f7 , < L . .. . . . . . . . " A 

upon Successful field trials, and may be expected to occur in the next few 

" ,7{ r'#'7''
2>t{7 ' '?'i 
>(  
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 :2 7{ ,r;' 7 'h Aj A 

,1 : 7 7 7 rgM; T{,- T,;7!23
-".{ 7i i 
c ; ;7 A'{ ..2¢. + A 



2 98 ~Pavid F.Cd 

years. At present, phase I tolerance and rimmunogenicity) trals of potential

sporozoite vaccines are in progress among nommmune volunteers in the
 

76f-he sii
tvanous type-6f'vaccine 6 6 7' 
combinati nwill be limited by cost as well as by suitability for different 
target populations Initially the vaccines are most likely to find a place as 
adjuncts to existing control measures impleliiented through the primary
health care asmon
 

The three categories of vaccines that may become available; each
specific for one .pecies of plasmodium and for one stage of that species, act 
to produce antibodies to sporozoites (providing causal prophylaxis), to 
asexual erythrocytic stages (providing clinical suppression), and to gametesand zygotes inthe mosquito (blocking transmission). Inthe African situation,
the populations that Would most merit protection include residents of 
endemic areas, among whom particular attention would be paid to pregnantwomen and small children (full protection of the latter having to pebalanced*against the 'possibly undesirable effects of..delaying acquisition of natural
 
immunity to aeulerythrocytic stages). Other categories include nonim
murie immigrants and visitors to the endemic areas. The need for periodic

revaccination may be less in areas of high transmission where the naturally
 
induced sporozoites or the blood stages serve to'maintain the stage-specific
antibodies at the protective levels induced by the initial vaccination. 

... 

Use of vaccines for the control of transmission might be applicable in
those parts of Africa where endemicity is relatively low, and epidemics
 
are a threat.
 

CONCLUSION 

It is apparent that developing countries, whether in Africa or elsewhere,
have to provide a package of health care compatible with local community
needs and within extremely limited natiou'al budgets. The health package
(most of which is inflexibly committed to maintaining the prestigious and 
costly clinical services inthe cities) contains the malaria control component
support of~which has to be reconciled with demands for funding other 
preventive services. In Africa these financial considerations combine w.ith 
severe operational and technical difficulties to preclude interventions aimed 
at reducing malaria transmission. However, reductions in malaria morbidity
and mortality will result by (a)expanding the priniary health care network 
throughout rural areas of Africa, (b) basing the centers' malaria control 
methodology on early' case' diagnosis' and treatment, (c) educating the 
community in self-protection 'from mosquito bite, and~(d) establishing.
referral and epidemniologic information s'ystcms. This approach, integrated as 
it is with 'other public health activities, may be strengthened during, the 
coming decade by the selective addition of vaccination programs. 
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staincould ntbe acopihdi the absenceo 
"infrasrcue.I -cutislnkdsc. ~ was~ethrefore rcmniended that' malarlia eradication indevi~png ounries should be preceded by a pre-eradication progLd~mthat should include "the promotion of a parallel correlated Ieeomnof rural health services to assure the effective implementation of the 
consolidation and maintenance phases ofte alaria eadicaltionprograms- (WHO 1961). 

0sAs early as 1962 itwas recognized that there were some areas, whichstarted to be called "problem areas" (de Zulueta and a 1,WHO 1964), where eradication might not be feasible with standard 

incudd......
tepo~es 

methods. Such areas, which inlddtroicalAfr, .w-' 

r e ~ u r g e n c esr 
e prom seo n occ 

identified in the Americas and in Asia: they included ch,-varieproblems as the widely dispersed populations in tribaareas; areas'ofsociopolitical disturbance; areas where the vectors were not amenable tocontrol either because of intenseand mutiiple resistance to insecticides or because of evasive behavior; and arepaN;where rnalaria'parasites wereresistant to antimalarial drugs. Progress towards eradication was considerably slowed down during the,11960s (Bruce-Chwa tt 1969), and localizedresurgences of transmission occurred in several parts of Central Americaand Southeast Asia in consolidation o maintenance phase to culminate,at the end of the decade, with a mta, ive epidemic in Sri Lanka, wheremalaria had been virtually eradicated. ~The problem was defined as~one of' near success inan environ~mentwith an excess of problems"clamoring for attention. As malaria recedes toalowIevel other pressirg he, 'th and, social problems exert irresistibledemands for available resources" (Sch, l)tens et ai. 1972).This situation led the World Health Assembly in 1969 to recognizethat global eradication may not be fea.5ible in the programnable future inevery country of the world and th~refore enorgdcountries riotabetcarry out and maintain malaria eradicatio 'tdelomaria controlprograms within their health se rv lA o, t deelop ala(Hr 16)Followilig the recommendation of the World Hi~althS Assembly,member states, with the support of UNICEF, AID,-AnQ,WHO, crgan izedmultidisciplinary reviews of their antimalarial programs to assess thefeasibility of attaining eradication~ with a timc- jmit'6d program or to planfor malaria control, where eradication was nAfe'asible. Fromi today's,perspective it is possible to realize that those reviews were subjected to a
great variety of pesrsand that their feasibilit,.lsswsudiiifiuenced by the interest of most eradication pro grams to maintiain theirogaization adteruonomy, supre by governments' fear to faclabor problems if many routine antimalaiahl activities. were discontinued.Perhaps even more serious than these extraneous influences, was the fact 
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that the cbnceptof malaria control remained undefined. The Sixth WHO 
~T7E-Com on ital r'Malaria 

ending9f the tansmiiios ofialaria a t elimination of the reservoir 
'ofinfective cases in acamp1aign limited in 'timne and carried to such degreL 
of perfection that,, when it comes to an end,there, is no resumnption of, 
trd stipulatedthat "a malaria eradication program is a 
transformation of normal~ malaria control" 'with' strict requirements of 
perfection (WHO 1957); 

When, in the 1970s, a number of formally planned eradication 
programs were unable to meet the perfection' requirements,' it was 
assumed that their transformation into control programs could be an 
automatic process, without realizing that inadequate routine eradication 
activities could be practically ineffective and therefore quite far from 
serving as a base for building an appropriate control program. It was 
recognized that control programs must be planned on their own merits 
and either relevance to the problems involved, taking care not to confuse 
a control program with a patchwork of scattered eradication efforts 
superimposed over a background of uncontrolled transmission (Najera-
Morrondo 1979). 

PRIMARY HEALTH CARE AND THE DEVELOPMENT OF 
MALARIA CONTROL STRATEGY 

:Whilemalaria programs were finding difficulties in identifying control 

objectives and realistic approaches; the efforts for building basic health 
services was not very successful in 'penetrating towards the periphery. 
These efforts followed the pattern, similarly:to the concept of global 
'eradication, of promoting the adoption by developing countries of ratio
'nalized models based on the experience of developed countries; these 

Aefforts would be~concentrated on technical considerations and would 
relegate issues of acceptability and affordability to the level of operational 
problems to be 'solved during implementation without 'influencing model 
design. 

It was the formulation, in 1978, of primary 'health~care as the' 
approach to the strategy of "health for all by the year 2000" that provided 
the basis for the realistic development of health infrastructures. Primary 

~health care has been defined as essential care made universally accessible 
to individuals and families in the community by means acceptable to " 

"them, through their full participation and at acost tha~t the community and 
country can afford It forms an integral part; both of the cultural system, 
of which it isanucleus, and the overall social and economic development 
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of tile country. The pri mary health care approach id ntiies iht sse til 

elements, ore of ,hich Is [Ihe control of' prevalent eldemic diseases 
WAIR) 1978). 

PIriniar\ hcalth care provided thus aIasis flhetIir t01 ltormltiiii of,malaria ,ontrolt riteg, Ich adt',tcopted by tile3 1st World lhealthA",,cmhl, (W I I()1)7,). Thi, ,tt1i a,is the lhll ,,,mIased in* principles: 
1lh ia~tioul;l %tillto CeiillI. l the disclsc should he celerl c\picsscd
Ibithou i mtverlinlltl dCcisio to support ,intlialaal a<ctivities on] 

2. \laliti:i ettllitl "huii hell t t i'iteglra pil o ilpltii)iliilli the coif'lr\ health 

3., 'the f'elsiilit inl pi;icti"tlit\o ct cing mallaria iiilc cl colcoldan l%itll fhe sel oblccli\C's "hoilul ,Cdllnltrated. 
4. '1he p riilp;tiiill of ile cotiiiIIinit\ "ll, til be afcmunditiOili sine qla,Ii.i ilntI
,'i.ipl,,ii should be place41d tOHilte .mIIIIn t \ ",Uin clsind-III''I lie' effctsm th'ehCiflenit nilhiod, of tirt11-0, inesc1cess 

\ill L'leperti tIs],dClpCId onf 
5. \\l rcs i iipplicilc pCulnancrit i IclllsiiI' for lhe cmIilol t
of lalalia

,liniilt I iclithc tilitte-id pil lothc rclc\ ailt deC\'Clt pienCtl pl-og.,ills
(t7..2'..
iliwitmn, driIg;e, hmlrticlecti-icc ,Chicmlc,. hiigllm'\,, Ihlotughthe ctilLtlIt titiOi, o1 the .','liiiiICTll iinistl ,,iilld qlIe cic, Coil-

In 10-,0, fle l1h .\pel ('olnunl ilc oin Mitlillm ablloratcd ihet.tiliit'til ,tialcT \ p rit hlirl\ %kitli r'spcC to tile raeliic of possible validobtlctil, 1t.lieaeti\ ies to ,lltainllhcil. 'A" n illUsailn of this ilanle
ftni tactIcal iluill \\,ci considered. covering froll 
dealinl ol with
 
reduct 
 ui tf iniil',iia nlolitalii\ Ilrouiih Ile ilppropli-,iltc t)lt \,ision1 oftleallileit faciliies i\ai ant IJ to thC eoinplc* e-iiLictiitul 0iti t IlecIli0n
 
(\aiilint IV.
 

Aniit ,ss tIiil aftit ofl hi, stll :ilcoy is thal. for the luisi time. tileanililili ,i'triCg',, IIl tl propo),,als for action suiltablc for the sitluaion iII :\frica otilllf Ime N Which;I:iffi., had bCCn Ipsi'+secd by flie globa.leradicaimoli cloitI, as this goia hld ncvcf bccn achieved inder cpidemiolhgical ctnliti l pme,I
;iiiiiz, in Iropical Africa. Allil larial iclivities inAhica hdd bCCii liilited to triil anlldpilot projects for the study ofcolnbinmt tis, of ittllck ilicasilrsc, in the hope OF fiig Itfeiblestrategy 
forl1 el att ioll. 

Perhaps thIl ost sCrlou, problrm lit letransfirnllatlon (it a ialalrialeiCdicatioil prograill into one t'l collit/ has bcin their opposing views oftheir tline dimnlcsion, [radication Was baised oila Campaign approach
,solve the problemniforevl. to 

wh Ic control has no time Iinti. IL'radicatiion 
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19O5 19/, 1975 19B0- 1985Figure 1. Number of repoej .Ses of malaria for the period 1964line, wtr, 1985. Solidto'cil, exuding Afric r, region and C(hina. !9(S os, India. Dots, China.Dot-0oDi worrj htal, ,cdlrnqu Aican eion Chinah, and India. (From WHO No.
87281) 

[pOr.reN"I\jc ;ijitii Ii ,.el-c of'( 'hlrn;i dclsr\ C,- attention +ecauscIhrce,ihe .e- ehopl t.on t'lh h1ll irlI ral,Irlitlr,. with ctcivecOflUnrlt y
PItlcit;I in. prcded the ,rr1ai/;ti olrt;i .,p.cific irrtirlauial program:11id 1ih ,(le' lir , mitl iar 1fllv,,, , ", tiljsi r p',ttel,rl to those observcd intIh ",e,,,lul orinIrllucati .t-orirp tnitd,tulhr e.ie ,Sties, thell) U1.i tI di ltiwrll. Il1cotrI rrostlllst co ,iri, 1'olh,lo the patte1nillu,,tr;ltd 1)\ lldia,. . h,_re Itcr a rapid rI .'ov r\ of tile Iassi', Cpidemicof t1970 tI' ol i wl, hel nhll i/ation of e-\I rd;linar\ ICsotlrt.n'c:., leeorlmallaria,,+Uprogr . ',lo .dcii llI it ,ir i1 -rt 'ti,U1 fiziatjrltltll i ire 110situatlio l."lhe lironitna, ll.Jill [itJlrltinn ir-illnl , in it l iin i peidicte..'lj lhrt l 1 dinlr to nrntnbij,;iol of r .ces arid,eo ubsequel nt inpl+oVellIctl, v, lieh se._wldom can1he llilrtl;1are i. d rllc therel'orC followed v -relewed d1.te or.ltion Tlir, -ire-fightingcambilitv is likely to be, moreu isehnl aresin \,here -,ocioccomtmik plro,.grs,s is cotmlribntlnn.4 to animproved rtillraltroi of health services,. At fthe same time. the malariaplrollm telds lto bCome mlorC ard more 1tcalieCd illl developedproblelm areas, ofe out tf reach of the roulting activities of the program,including those areas in the early strages of economic exploitatioll, \vithhighly mobile popllation and weak soc'ial cohesion: areas of sociopolitical 
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iurbannnew, ette.tlents-periurban areas -oexplosive pula. 
tion growth.U"~" 

Although increasingly focalized on the global and national perspec
sive, and within them actual focal distribution of the problem may change 

very rapidly as social and economic relations'arevery fluid and human 
aggregation kind settlements are very dynamic. , 

z TescntioL~ns.hv favored th transi~1ssion, dispersal, an d 
increased selection of Pkismwdiuln falciparum resistant to 'antimalarial 
drugs, and this problem has spread very rapidly, during' the last decade 
(Fig. 2). Resistance to antimalarial drugs is acquiring greater importance 
as a: major~obstacle to malaria control, asthe latter becomes more 
dependent on the development of appropriate' treatment as opposed to 

-their widespread and indiscriminant use of mass drug administrations or 
chenioprophylaxis2 ' 

~? "7PROBLEMS IN THE IMPLEMENTATION /? 

OF THE STRATEGY 

The implementation of the malaria control strategy is hampered by the, . 
still unresolved pro9blems of integration of the vertical structures of the , 

,malaria eradication programs into the national health infrastructure, or 
the transformation of a campaign into a servce. 

Programs have not been able to follow the changing epidemiological 
patterns and the development of new problem areas with a redeployment 
of resources. As a result, most endemic countries'show serious mis
matches between~the geographical distribution. of the problem and the 
resources for malaria control. 

;There stillexists among some malaria specialist, as well as among
 
some health professional, an often passive opposition to the primary
 
'health care approach, which prevents the overall revision of objective and
 
control approaches in terms of relevance to genera'dhealth development.
 
In 'ma i places primary 'health care.sis being pursued ann additional 

am  cprogr
ompeting for funds and power with other better establishe 
vertical programs, suchi as the malaria program Thiscopetitio is 
greatly influenced by short-termn political demands or preferences. 

Intep ation into the infrastructure has often been done as an admin
istrative formal decision without a, serious review of the integrated 
programs themselves and "has led to the accumulation of duties of the 
peripheral health workersl without any improvement in their capacity of 
action'. . 

Moreover, primary health care 'has in somec cases' a practically
exclusive medical curative approach and does not appreciate the need to 
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Figure 2. Areas where chloroquine-resistant Plosmodium folciporum has been reported. (From WHO No. 861888.) 
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''-- develop-appropiate- eidemiological.services towards-which the-malana 
programs could make important contributiuns ' . . 

PRESENT CONTROL APPROACHES 

SMalaria maintains its importance as a seriblus obstacl'to socioeconomic 
development and endemic countries :continue 'to expend' substaniiial 
resources foi- its control. However, such expenditures in 'Many, ins~tancesy 

4 are: largely wasted because. of the absence of the means to 'ststaiii 
long-termn contr9l. . 

Inspite of the intensification of technical problems, presenti technical 
~knowledge is'adequate for controlling any existing epidemiological situ
ation. Nevertheless, maintenance depends on the ability of thecommu
nities and their supporting sociopolitical structure to develop and sustain 
,appropriate and viable. epideiologica.>and. re'sponse..mechanismns. This, 
gap between the available technical know-how and the capacity tocarry 
out the necessary structural readjustments for making the best use of this 
knowledge has been a con,,tant challenge 'for health planners. 

Ind985,' the 38th World Health Assembly recommended the integra
tion of'maria control within the national primary health care systems 
anl the urgent review of the 16 ational malaria situation and current, 

antimalaria activities being carried, out not only in terms of their 
effectiveness, but also in terms of the feasibility of maintaining the levels 
of control being' achieved.', 

Following the recommendation of'the 38th World Health Assembly, 
the 18th WHO Malaria Expert Committee in 1985 reviewed the world 
malariasituation and recommended' that the design of malaria .,ntrol 
should be: based on an epidemiological approach,'recognizing that there is 
no single' soltion applicable everywhere and that the local variability. of 
the problem a'nd the applicability of potential interventions required a 
stratification of the malaria problem in ever ,'endemic country .Based on 
this stratification intervention shou!d be redesigned in order to achieve 
the following'two objectives:" 

The first objectiv would be the establishment, on the principle of 
total population~ coverage, of an appropriate mechanism for managment 
of the' diseatse problem ini endemic areas. This is considered a necessary 
response to obvious population needs'and should include, as a mininium, 
the provision ofappropriate facilities for'diagnosis and treatment of fever 
that are accessible to the whole population. These facilities should be 
integrated into the 'primary health care infrastructure, and should be 
supported by"a referal s,ystem capable of managing the treatment of 
severe malaria case and 'the differential diagnosis of cases failing to 

;, respond to the treatment given at the periphery. This should be the basis 

' 
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Closing Address 
N.C. BRADY 

I ami sorry I Cotlld not he with you during your deliberations. As you 

know. this is the third and final in i series of AIl)-sponsoied regional 

conferences to discuss malaria vaccines and futLure field trials. 

As with other two regionally based coil c re nces, the purpose of this 

I ksectingbring together two grotips ot individuals who aC deeplyto 
ilvolvcd in and concerned about the balic aea;inst ilaria: 

Scicntists curentIly working on the development of malaria vaccines; 

'Scientists and policy tmIkers 'rorn tire rations of Africat. 

You camnc IhC'C to devlop a strategic plai that will be used in 

vaccines when they become availableCvatluating aid field testing rmaanra 
and heard from my stall, thisfor humn trifs. From wit I havc seen, 

pturpose, has been imet h'r hetyond expectations,. 

u)ring the last !few ycars, malaria vaccileLCdevelopment has made a 

rimurber of tllrielidols leaps 'o1rward. We are now CorIdICling tle hun 

volurnteer trials that l)r. I lerington discusscd on Monday. At least six 

potential irnuliillogcns are ill'tegoirn.g advanced research at several AlI)n 
1ood stagCs of fIlcipa rrn ilialariia.fuildcd I:thoratories agaiist tlhe a seX ila i 

We hope tlrat these can be ready for phases I and I1 trials in the near Future. 

the inalaria situation in Atrica is particularlyAS VOnl Ire well , imire, 
diflicilt and al armlning. The speed of' chloroquine resistance, discIssed by 

and coMllitmenlt to developI)r. \Vllrip,. on1lv stren21t hinS Olr resolve 


inilaria vaccines for integr;ition into malaria controi, primary health care,
 
and irnllin i/at ion progrmlis in conintries with idernic Inalai., 

Your broad-based deliberations hIve touched on vaccine develop

nient and technology. They have als. includel the epideiliologicatl and 

social and cultural considcratlions and infraCnitorol!ogical requiremenit, 
St eUti, ilmapowCr, arid trai ning nreeds of a imallaria prograinl. You have 

clearly Underlined the complicated nature of this disease and the need for 

all invol ved to bccome fully avare of this complexity. You have also 

empisized the tl-rmenIdOUS cost of this disease as it aflects hunmn 
their foriativeproductivity and health, especially of children during 

years. 
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N.C. Brad! 

I wish to offer thanks to each one of you, both personally and onbehalf of AID Administrator McPherson, for taking time from your busyschedules to alttend this conference and offer you advice and counsel. Weare making progress toward the day when a malaria vaccine will addnew tool to our aarsenal atgainst !his age-old, worldwide scourge of
mankind. 



Closing Remarks 
L,BRUCE-CHWA-F 

MIr. Chairman. ladies, and gentlemen. I am honored and delighted to 

participate ill this electing of hearts and minds of a large group of 

distinugishCd coll (!cusand Iriends involved in the prollemnl of alaria 

control in Afica. 
I also %ish to apoloi/ Ior solle dcla in arriving here olt direct 

'11o(lo1 1ut i\a BaIltiliOrC. Mv wilC and I dCcidld to, have a snack at 

the Haltim1or airpot bIlore taking a taxi to Washington. A waitrcss came 

aid ,aid,. Would ,on ikc to Cat s,.oiCthinei''" I said. "YC. ('ould VOn 

i'c e;tch of ntusA scramlcd c.g anId( a kind ',,ord.- Within 10 lminultCs She 

broUnhIl ni food. After',, e at'. I said. "Well. thank you vcry imich for 

tle cgcs. bit \',hat al;uboit the kind \word? She said. " eat thCl."C)ont 

Such a \\Clcolic to the tijitid States ,l-s prom ing. lnd a look at the 

tmocral ofl the loitlicoiiuic cmulec ,-hovCd 111C 1 lic 11problemse the ran 

that ".,lcto he _ Io[ a comli1t.plesellt,.d d 1Ins Calls 
.\s ,iu \ell ICeiCitIIII . tile ,.asibilit ofl' a hllpolhclcal vaccine was 

iolmtcd b\ the cncy for ,temrntional lDevelopmentl AI)) in tlhe 

I900,, in ,pite of geneld -,ptcisn. The inital stldies on rxidents and 

Inhmkcvs S",ome t el dillicult, of this enterprise. but the ic\ knowledge 

.' ofgreat value. You kno\\ that in the 1970s. \k hen the drean of'glohal 

crldication ot' tiuia ,,camn erCwto ,an end. there a need to deveop 'rCsh 

appirorclics to nialaria Control as the llealls to ciurb this discase iII 

ge.LndCmic tropictal areas v rmadtull.,, depleted. 

[hc l\\in, nrieacic of resst1ance of ,;lo/lciVAT. vectors h most tI 

orni cl'cctiv~c iund incruciisiinglv expensive) insecticide.,, as also tile resist

arice of nmalari;t p,niodi:u, especially iu b'iJipniur,. to manyPIumo'.o /im 

therapeutic comipouunds and even to the good old quinine ",ere the main 

reasons for the interest ill prospective viccimes aLc!aust mhalaria. The 

renlarkjile progre,,s of modern iiUmn lclOg' h:id stinllted the World 

Health ()rgai/ation (Vll()) and AlI) to bring about new methods of 

malaria Control, at Icat against tile notoriolsly virulent 1'. flh'ilurum. 

mjor international (;CnCva.'wo nI recent meetings. one in and the 

other in I lontlul. were devoted to planning o' clinical and field trials of 

prospect iv'e Malaria vaccincs. It w,,as generally agreed that these trials 
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should proceed sequentially through live main phases. The absence ofadverse effects and high imruinogenici y of the vaccine material are ofprimary concern to tle first phase. The si bsequent four phases involvehtman s,ubljccts and fiomrlce clinical trials on suralla number ofcaretfilv selected volunteers, unr_ strict medical stlprVision and thengrdwTally c.\til to lnger groups of people in field cnditions. 
Many ethical, technical, and Iocis-,tic problemsu o' these trlial, wereexamined. and it appea's that most of them could be solved. I lowever,the prCCnt Illethod oi e\vallatlion Of i1lllnltine2 response to nalaria irfection, ither natlurally aCtcquired or ailiciallyv inducd, arc ',till adCqualc.It seems, that tile orgai,attion . ;itiplelie ntatio and appraisal of clinical

field trials, na\ bC m1ore ificrult than tie prodiction of' the vaccile.
The presenlt *-hiicveicrit and the grcat pos,,ibililies of future scientific -eC-ach in the laorato- and in the field have been well pr,sentcdand discusCd wkith incUh l anknes, during the fc\past dav,. '[Thetcfhnical problen, ha, e bcen Olrtlifled and are Cll understood. Iut what emcrgeu it h preat rit VtAla thi, conferencc is the cnoruillethusiasmof'a rclaticl. small illternalinal group of'all -ciCertific and field workers,

stimulatcd b\ hth th, ,lhallIgC of' the Cterpril- C arid it, necssity. It,teil, olirl the niliati'.e arid aipporlt o this challengc endeavoi given byAlI), and otle. national and riterulaiional bodics. Thi, diffelrcnce was"treCd before. and I fltI it dtlritl thi,, wcck more than c. cr before. Wehad a large ilirlllher"_ooclllu, hOi/ tropical Africa. arid I \\as dCli.uhtcd
adiltdllprs',,el \ ith tie qlllltity of the CollIitibition we rcccivc d from all
of, them. Fhiu" is to rile one of 
 the bct,l Cinrories. of' the past week, apart
Irorr aim thin clc. The kindnesth'e, tremendous generosity, 
 the belityoft lit place, tie liendiirncss that %e havC cxpClierlC~ Wile IlbCremem l'eled by all Ors fo malny ,ears to come. ()ri behalf' of' all ofr the 
participants, I ' ourld like to express to our host,. to oulr Amlrerican hosts,)r. ('hillers, I)r. I riekson, to l)orothv ,Jor'dan. and the rest of' the staflloll profound aid -ice tllhank, for the miirvelorus week we have spent
here and for tlie great deal that we have learned. Thank you very much. 



Closing Comments 
CHARLES M,CHAMBERS 

[here i,vr,, Ittltc ijf-Ih,'r that I could add to those kind words, except to 
clutphasic most sincerelv that we Could do no less fll a "moredeserving 
grolp. We are d'liPhited to have you w,ith st,,.I laving worked in the academic 
profesionl k\ here ,c valtic hccdom of' speech, I have learned that mally 
prto'essor, co-sidr olr Fst Aenciudmuie lnot to be a right, but an obligation, 
so I will not t f" to take that privilege here and talk at great length. 

It has bcci. as I said. our .lct pleastiur to host o.toithis e'ck. We 
hope otl foulnd th sessions intrt-atIllive, stilatliting. ;aid perhaps even 
inspirinu in terms of the nmignituld of the task \\ all lace. l)isease knows 
no politil Ialbot 'uics.It does not r'spect cultural diflercnces. Pain and 
,,Iilring i'ne\ Cr al individtal sittuation. We have all devoted otiirselves 
ill solving very dificult health prolenms. I woutldoir.rcspc.t:Ive carters, to 
like to ,\tecnI our thank,, to the workshop chairmen 'and it the rappor
tcurs. lhe\ ha,.c taken tileresponsibility of suumarizing and collecting 
the indinsg, ofl youir discussions and pr-senting them in a folll that can he 
uscd for futue rsc,c;arch 'and stud\. To l)r ('Ivd and I)r. Nkijra, or their 
summalrics: :and to the Agency fol International l)evelopment, which has 
pro\ ided atnd continucs to provide unMlagging stpport for the contitluing 
v,orHl\,ide cwits, to c..mtrol this mid other disease,,. 

"I have haCd the ICm "*bullions of dolhlrs herc and "billiotIs of 
dollars there a,sk\k 'alk ;ibout the need, ilhealth care. I was at a meeting 
once ,here another glot' ,, italking iontIt their budget requirements, 
%% also,0 in the the speakers made anhiCh we',vre illiOns of dollars. One of 
effort to describe to tlhe group What a billion dollars was in tei'rms of the 
1)',7 lV.S. budget: 

A billion hour u IkCS i,bck to the dit\k i ot l'rcol d history a llnWaslItS 
cvoI kiIg citturc il '--IiFig fro11 the c ,%c. A billitn klliIItites, go takes us toItrI IFI 

the time in ouu M i
hitor, ben the loni'tn civilization \,,as at its peak. A billion 
CLonds ago likes to h nI1man fimst beganR iexpring oiu uepc.l iit a 

billion tollls ao'o, ....a billion dolhas 'igo. wa,s onI, tast night! 

So in tlhe scope of the needs of the word, and the elbrits vhich we 
must all make. the nmey certainly is there. What we have been doubly 

317 



31.. 

C'halrlc.s
Wt.( '11111bcr 

hlc cd with in [he Agcnc for Intlrnalional )evelornicil is an indcl'al
iahlc pcrsistcncc vith thiS prolem. As you haW c hcand, not onlv in the

carly dayN,of' \cct. 'ctontrol and in.cticidc 
 use. hut , th'l ICuhCul ,
idki\ lcc.. in fil fic'rolit ol illillilloloi\v. AS Ithpoliticatl \.i , Iiavc

shilc'd il tii, Ct . " tili\ (t \'crl\ *\i Ic\ ir,.it hls, ',kcln;iticat dca 't 
p'c.lit n ;1i, tl .sc lcitdtiiI lilifeto ll',llNtill11iiittIk \khere is hu 1ritt n di . 11:1hit i Iciin 11t.1an tilel+,++1 I "+itI,thc >,Iiniglcnlot Im po+rt' lt Ihin -' 

Wit t rl i) t hi h - d lot tt\,Lr thcSc lirSt Ic\k dta s,:\tii hiivc larincd ai Itt
;iho it ll ll;i tic't h dt'ii Illitt h i ii t rlNtland ic Ol~t utI lclt i,.cid,
hilt It 1m uil d th tcrc I',-tu"lctluiinu C\Ci flutie inllptltait \\itlh \\hlich \tui 

l.;\.
,,ill thill cint.lll. N1iimN t itu ki \, ttic iitthe in) ri llr irol'cs
sita\tl oi k CtlL:tLt titiLu 
 hiclc. hit atill th thcrc a (i, aillccllI 'llc 
_lc;tt'l rltlillI'tt t, N ti\t~ll+hi itt_ sztl, t.c 


l.L't t l , ;tslI,..-, 

iik- llki fir, iilttqi t,c , licr'c. ()ic oft 

h its ccn th,. CuitlctI[ iiCCt to Ni "ut ll[0 1li il il"lt
 
IIitt.I tiltI iI tI i t;IIc \tN Itllpoi-t tiit ,tilk \Nn 
 tic doilng Ill tIr tMkllCt0tl1tlltc". fi ' ).'[,r~t',itm
pII L- IIthl~tl,,tl!,t1i tha~\Ct '0It1rnL,.tlt0111\ in tile
 
51Lusittll. Ittit1 tlt1I tI tl sn ath
I tici' ticli . Ih ii,-h tourut ourS in l, a itlioll 

Iil\. il ltiltic :(llit\ill hclp Not i a
I'l j \ai t nt w5 'k ofl"CuO unlitlcd 
collCt2tLcs', iv.wL %,ik 5 ith thicc' prohlcni' i thIt\ col ntli I toc '\ lcc.
 
V it I_.5 tlll llltt2,l/ ltcIpots itoft'. 5 IiCli 
 Is 5 idc
distilI til' Illtdhi-, C 11i' ,ti\l , ill \ c.+oL liltitr\ , ilil tilc t.c llcct rclitrl 
\tullf iiii .Ortlii \t.tlk lui ',lld ill IlCL. \c t 't t1 c) i t l H ie 1it t0tlu, rs il a 

t5ll5. ttlllollii
IhIIc ()lltlI 1 ,c . lilvoc,tlil Illi;tl puli'li u killu ti,, \kc \ Iil~c' Il a lhe
 
illt;tIJt . tstti 
 ii tll 


hut tlll Clk~l ll;t t itilt2At iC c;itlon. 


I w l tii~ tl lliii: tuplii,':i thit \\C huasc ill hc'rd. 
,,fi t ,t[fl; that OtlrIof It i Lt iSc 

ilcil il"/,i/ .Illm ,illdthu ollicr proloto, pa;ts'itcs ilc. cilv \\it\'
 
Criltci )- 1,i1c\ ;tic 
 sw Iulk uvolscdi ()[]I- grc,:i prtiliiic is til't ill Ole

1t1,1 it1iL55 t1t±, I\L % ipuhcs and a 1ti 1 tol cutilct i'to pbclltieh 

ItiCL:iN"lt t11hu1 c l i'cl'ol'. in 2 inuolih,-1hi1kincull t itt t')ic prubicuii like;11i' t)tUlt(I iic1iitttwCdt CAIi l. I tinIctiiilllCdthil it 'ol call l c_i hllaip
iiisiitlncit of , u , ilt iI,l the light plauc, i Iall tip ill cleaeivc

haltl. [li;tt " %k tat %tutic Itkaig ll---litt filthkdic haiiicr. hill the vcr\

in
 

si'tip illCi'iiCi t100! thC tbittcClhnuhw nICHliL S aric uivinz [is.
lh:tt 

1,t 2\W C us t ' CatI Ill i IlCt t1' Iun iiiNI I lit IIilillliliaIll iillliitilic 
S"stcii,li tl ttl sol isIlic patla i liltiiLticr \ Inch \k.C;illpl)CiclC. W'c aIcJUtl Ict-'inlui.! it _;scic and tcSt it and tt ask it to sharc with iu,miorc ol'its 
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Stagc ,,Ihl-et ,on and all of your collCeICe., in the primary health care 

deliver, ,\,teIn will hC tle tO d lll.sllStlatC its s',aleCIv. efIfC IVCIn SS.s,1.nd 

Itility ilcraltinu a lntiliC cnrc for disc;sc. 

With that in mind, I ask Ilr. Wiltcl and Mis. Jodal for any 

,dttinfltl,tilli\c annonneeCClnleti or other del-,ls th'at \c should sharw with 

the i:tl".On 1oIc conchiding thc ',InpoInni. I v,onld likc to tihank cach 

on ol \o i Iot colino to hc I,-, for,-ha,tin, not only your\%ith alnd 

pe,,t1' hot \wl icti\c mind nlol\ d paIticiFation in tihe conlt'er';o o 

citc. ( )11hclullol, .AIBS m, I ,is.h you v.Cll inl ,onr travel, hack to your 

of ow sss'ion chair, Dr. Salako, IhomCland', :ald %'i the prmissionl 

lackthis ( oncrlellcc ol Mlalkria Il ,\-ict aJd.Oired. 

http:i:tl".On
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