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AllSTRACl' 

/I cohort or n101ltcrs and Iii , ,11borns at lgbo Orn, Oyo S1u1c 

wns s1u1.hcd longi1udi11ally for 12 rnonths 10 detennrne the incidence of 

rnalaria p;11asi1acr11ia, episodes of clinicnl n1nlaria and l11cir hurnor.il 

i1111111111e response lo rnalaria infection. Cross scc11011al studies ,verc also 

perfonncd on ;rdulh al l11c Govenu11c111 ·rcclu11cal College, lgbo-Ora 

and bloo,I donors at Ilic Univers11y College I losprUJI, lbadan durrng the 

rainy ,111d dry sea suns 

Pcrrphcr rl ;111d curd hluod san1ples ,verc collccred from 116 

won1e11 al 1.khvc1y und 111:11c111,1l 11c,vbon1 r11alanornc1rrc r11d1ccs ,11crc

recorded. l11l,1111s were n1011r1orcd for 1111i,:l11ly 10 detect rpisodcs of 

clinical r11al:i11i1 and scrrul blood san1ph:s were collected 111 b1-n1011thJy 

cluucs. 

Blood s,1111plcs were collcc1ed frorn 100 \'olu111ccr.!i :11 the G.T.C. 

li,:bo Ora 111 July. 1991 und 33 or these volunteers 1n f'eoru:ir), 1992: 

224 blood donor\ .11 the U .C: 11., lbadan between October :ind 

Novcrnbcr, 1991 and 111 192 d[IIIOr.i 111 f\.larch, 1992. 

l1111nu1111logical assay� 111dudcd 1rnglc rad1:1I 1111111u11od1ffu)1011 

assuy lor lgG, lgt-1 and l!!A, ir11r11unolluorcsccncc a\�:J) for :11111b0Jrcs 

10 1u1ul hlnud siai;c anllgcns, cry1hrcc) le 111crnbranc 
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IV 

immunofluorcsccncc (E�1TF) assay 10 dc1cc1 antibodies 10 lhe 

Pfl55/RESA: and an enzyme-linked immunosorbcnl assay (ELISA) for 

antibodies 10 four syn1he1ic peptides. 

Malaria parasites were de1cc1cd in 2.5% of cord blood smples 

and in 22.4% of the p:inuricnl women. The mnlaria parasite rares and 

dcnsiries of 1he study infants increased significantly wilh incrcnsing age. 

Parasite rates 01 1Jic July and February surveys 111 llie G. T.C. were 

similar (P>0.50) while paraslle densuy was higher (P<0.01) :11 lhe July 

survey. TI1e parasite rate of blood donors 111 1he Ociobcr-Novembcr 

survey was higher (P<0.001) than :11 1he �1orch survey while parasire 

den�lly 1n March wJs higher (P<0.001) 1han 111 lhe Oc1obcr-Novembcr 

survey. 

Cord blood lgG was significantly lower 1han n1a1em:il lgG levels 

nnd a correla11on was observed between cord 30d n1a1cmal lgG bur nor 

lg�1 levels. During Ilic firs1 yeJr of life, lg�I bur no1 lgG ond lgA wns 

s1gn1ficon1ly higher 1n malana posirive infanlS compared wi1h ncga1ive 

u1fan1s. 

An1ibod1cs 10 10131 blood stage 11n11gens were de1ec1cd 1n all sera 

IC.Sled. �IJIJnil•spc:c1fic lg�I was de1cc1ed m 5.8% of cord blood 

san1ples. There was a corrcla11on bc1wecn marcmal and cord blood 

30llbody 111n:s 10 lhc Pf l5S/RESA (P<0.001) antigen. In add111on a 

corrcla11on was ob1Jinr:d bc1ween m111cmal and cord blood ELISA 
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(00405) values 10 the (EENV)6, U5 and �1AP2 pc:plides but not

(NANP)6 peptide . 

There was no com:lll1ion between cord blood lgG. lgM, anli-

Pfl 55 antibody 1i1res, ELISA (0D40s) values 10 the (EENV)6. 

(NANP)6, US and MAP2 pep1ides and dur.uion of onset of malaria in 

u,e inf:lllt. Cord blood �eroposi1ivi1y for an1ibodies 10 the Pfl 55/RESA 

and (NANP)6 an1igcns or (EENV)6 and (NANP)6 peptides did not 

influence age of onse1 of clinical malaria. However, infanlS with 

haemoglobin AS whose cord blood was seroposi1ive for an1ibodies 10 

the Pfl55/RESA and (NANP)6 an1igcns or (EENV)6 and (NANP)6 

pep1ides showed delayed onsc1 of clinical malaria compared with AA 

infan1s. 

ln aduhs, an1i-Pfl55 an1ibody 1i1res and ELISA serorcac11vi1ies 

to the (EENV)6, U5 and �1AP2 pep1ides showed II wide vari111ion and 

1nd1v1du:il levels "'ere sinl1l:1r on eonsecurive surveys. Serore11c1ivi1y 10 

the (NANP)6, WJ\ higher a1 u,e end of tlle rainy se:ison than 111 the end 

of Ille dry season, llle presence ond level of antibodies 10 the 

Pf l55/RESA. (EENV)6, (NANP)6, U5 and MAP2 onugens did not

mfluence Ille presence and density of malaria paras11es. 

Porasi1olog1cal data in infants suggest some relative protection 

w11hin the first 2 • 3 ,nontlls of life. IIO\l.ever, m:11cm:11ly acquired 

an11bod1cs oloru: n1:1y not be fC\p0n\1blc for 1h1s obscniauon llic
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VI 

presence of malaria-specific lgM in cord blood suggest inu-nuterine

sensitization of lhe foetus by malarial antigens. Although no relationship

was observed between malarial antibody levels and parasite

r.ues/densities in the aduh subjects, lhese antibodies may still play a role

in immune protection against malaria.
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presence of malaria-specific lgM in cord blood suggesl inuauierine 

sensi1iza1ion of lhe foe1us by malarial an1igens. Ahhough no rela1ionship 

was observed bc1ween malarial an1ibody levels and parasiie 
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1.0 

1 

CMArTER ONE 

INTRODUCTION 

Malaria a disease rooted in antiquity, remains the 1nos1 in,portnnt of 

the tropical diseases. Molnrin pnrnsites are transmined fron, infected 

people lo susceptible people by the bile of fe1nnle 1nosqui1ocs of the genus 

Anopheles and in sonic: rorc cnscs, congcnunlly t11rough the placenta 

(A1redc, 1991 ), nnd olso by blood transfusion rron1 1111 infected blood 

donor (Guerrero et nl., 1983). It wns reported by \VHO ( 1990n) that 267 

million people nrc infected with n1nlarin, with I 07 1nillion clin1col coses 

nnnunlly affecting I 03 countries while 2100 1n11lion people nrc: considcrcd 

n1 risk of being infecttid. �lnlano " c,1in1oted to be responsible for the 

deaths of over 1 million cluldrcn 111 Afncn nnnually. the 111njont, of them 

being children le\\ Limn five years of nge (\\'HO. 1990a). Gn.-cnwood cl al 

( 1987) 1dcnlif1ed mnlnna :1s the probable cause of 4% of infnnl death\ nnd 

of 25% of deaths in children nged I 10 4 yenri. 1n TI1c Grunbm. 

In mnlnrin cnden11c nreas, where fnlc1pnn11n nmlnria 1s holo- or 

hypcr-cndcm1c, children below 5 yenr\ of age and rircgnant won1en arc 

more vulncroblc to the disen\e than an: other age group, (\VI 10. 1974). 

l11c morbidit)' nnd mortaluy cau,cd b)' 1h1, paro,1!1c 1nfccuon 10 )'Oung 

children living in mnlnri,1 cndc1nic un:n\, I\ tn ,hnrp contm�t to the oln10,t 

la, k ol patent panl\ltnenun, 1n ,\fncan inlnnt� dunng the hr,;1 few \\L'Cl,
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2 

of life (Nard in c1 al., 1981) The protection of lhc newborn against lhe 

malaria parasite has been anributcd to various non-immunological 

nu1loriosu11ic mechanisms such as the milk diet deficient in p­

arninoben-zoic acid (I lawking, 1965), hacma1ological factors such as an 

ageing red cell popuhuion and the presence of crythrocy1ic foc1J1l 

haemoglobin (Wilson cl aJ., 1977; Pasvol and \Vi Ison, I 982), and 

selective biting by mosquitoes among different age groups (�1uirhead­

Thon1p�on, 1951 ). 

TI1c Mngle n10M imponant factor thought 10 be responsible for the 

specific resistance 10 1nalaria parasites by infants i� the presence in 

neonatal blood of an1i-n1alarial antibodies transferred across the placenta 

(Orucc-Chwau, 1952; Gilles and McGregor, 1959; Biggar c1 al., 1980: 

Nard in et al .. 1981 ). Such antibouics have been docun1en1ed in both 

maternal and cord blood and arc csscnually in1munoglubulin G (lbeziako 

c1 al., 1980). �lorcovcr. 1hc gnmmnglobuhn rr.iction of cord scrun1 v.hcn 

adn1in1stcrcd 10 acutely infcc1cd children has been sho�n 10 reduce 

paras11acm10 (Edolien e1 ul .. 1962) and 10 inhibit 111.ilana par:u11e growth 

,n vitro (Chiuolini c1 al, 1991 ). This serological 1nhcri1.1ncc pro\ ides 

pann1I pro1ec11on !luring the first few weeks of life and fonru a biological 

sl11cld under lhc pro1cc1ion of which the child can s1an r:11s1ng 11.S 

1nd1v1dually acqu1n:d 1mmuni1y. 

In n1alari.i cndcn1ic areas, infants under 6 months of age r:ircly 

contrac1 1hc disease I lowcvcr, aflcr sill months of age unpro1ectcd 1nf:u1t1, 

suffer repeated and <,even: allacks tha1 become milder v. 1th 11n1c :n the) 
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3 

gro'A-, due to acquired immW1ity. By lhe age of 5 year� in1munopro1ecuon 

is reflected by the di:�reasc in lhe chn1cul manifc.�muons of lhe disease 

dc�pite lhe den\C evident parasiL'.lcmia, and later by the decrease in lhe 

mean parasite density with age (McGregor, 1986) . 

Although it was exceptionally rnre for an infant 1n a malaria 

endemic area to contract the dise:ise before lhe age of 6 n1onths. tl11s is 

now being observed (TiJ1n1 311d Adeleyc, Personol communication) 

\Vhethcr this obscrvauon 1s due to the cn1ergcnee of chloroquine resistant 

n1alana, genetical differences lhat renders some individuals more 

susceptible to 1nfccuon, 1ncreJsed 1ransn1ission intensity or son1e 1nnn1c 

factors rem:11ns 10 be elucidated. One 1mponan1 factor lhat warrant\ 

inv�1iga1ion 1s the use of chcmoprophylaitis in pregnancy to allcvuuc tl1c 

morbidity expcncnccd by pregnant women, followmg recommcndJt1on� 

from previous licld studies (\VI 10, 1986b; Greenwood et al., 1989). 

Studies conducted in The Gambia (Voller nnd \Vil\on, 1964), Uganda 

(I larland et ol., 1975) and Nigeria (l3radley-�foorc et al., 1985b) 

however, showed I.hat chcn1oprophylait1s cxcn.s on 1tnmuno)uppn:ssivc 

effect on the humor:il immune response to crude malaria an11gcns. 

ChcmoprophylaAis ,n pregnancy is being recently cn1br.sccd b> our 

primary health care S)Mcn, 01emoproph)l:i1.1s IO\\Cr.. the humor.sl 

111,mune rt\ponsc 10 crude malana anuscns :ind African newborns 

pan1ally depend on uunsplacenL'.llly acq111n:d mal;iria 411tibod1c1 (or

protccuon during the fint wee�, of life. l lypolhctu::ill> 11 tl1cn:rore 

fullow, th,11 d1c1noprophyla>.1\ 111 prcgnlncy will lo\\cr the lc\cl or 
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transplacental malaria an1ibodies and consequenlly hasten the duration of 

onset o f  clinical malaria in the infant. 
-

Protection of the African newborn has also been linked with innate 

factors and malarial control measures. II hos been reported that foe1:ll 

hemoglobin provides a less suitable environment for the development of 

hun,nn plasmodia (Allison, 1954; Gilles, I 957. Friedman and Trager, 

1981 ). Sickle cell hetero1.ygo1es in m:ilnrious zones have been kno"'" to 

be relatively protected against malaria (\Vilson el al., 1977: Friedman nnd 

1 rager, 1981). In addition, Glucose-6-phosphmc dchydrogcn:ise (G-6· 

PD) deficiency in heterozygous st:ue aho confers n powerful pro1cc1ion 

ogainsl P.falcipar11111 mal:irio, which accounts for 1hcir high frequency 

in nearly all pans of 1.he world where malaria is or has been con1mon 

(Bienzle cl al.. 1972; Usnnga and Luwuo. I 985; \VIIO. 1989). 

TI1e protec1ive role of these innale fac1ors have been invcs1ig:11ed 

individually in children and adults There i s  need to in,•csugatc the extent 
• 

and possible syncrgisuc protective role of these 1nna1c foc1ors cspcc1:1Uy 

wuh regards 10 n1alaria in infanlS. 

Another innate foclor worthy of considcrnuon in the evaluation of 

prolection again\! malnrio ore the erythrocyte siologlycopro1cins. II h:u 

been cstabli�hcd thnt mcrozoue invnsion of red blood cells occu� 

through iu binding lo lhe erythrocyte mcn1brnne s1aloglycopro1c1n 

receptor.> . .ind genetic vari:in1, of thele glycoprotcins difrcrcntiJII) rcs1�t 

mcrozoilc 1nvos1on (Pa�vol et nl., 1982.:i,b; Facer, 1983: Pns,·ol et �1. 

198:J. �htchcll cl nl .. 1986). It is al\o kno\\n lhal during mcl\,zonc 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



s 

1nvas1on of red cell�. a parasl!c protein of �lr 155-kd is dt'posi1cd in 1hc 

erylhrocy1e membrane (Pcrlmann e1 al., 1984). I lypol11c1ically, it �ould 

be expected lhal individuals dcfic1en1 1n any of lhc s1aloglycopro1eins 

would be relatively pro1cc1cd ngainst malaria and their levels of 

antibodies 10 the �lr 155-kd par:isilc protein would be lower cornpan:d to 

1ndiv1dual� w11h normal s1aloglycopro1c1ns. An 1nve�11ga11on of 111.: 

frequency of gcneuc polymorphism of the erythrocyte �1aloglycopro1cins 

nnd i1s correlation wilh pro1cc11on from malaria n1:iy shed some lighl on 

l11e possil>ili1y of nn evolutionary selec11on pressure on lhe gcnc:llc 

vnrinnts 1h01 protects 1nhabi1nn1s in malarious areas just a, 1s  the c:ise 

wuh the �ickle cell trail. 

For several decades treatment and control of n1alaria especially lh;it 

ca�ed by P fulripa,11111 have been uns.'.lllsfuctory 1n ninny areas, panly 

because or 1hc_grow1ng problems or drug rcsist:ince of l>o!h tJ1c pnrJ\llc� 

nnd the mosquito vectors Following this developmeni. onention h:is been 

focussed on 1n1n1unoprophylaxis a, a possible solu11011 to control the 

1nalaria \couri;e. 

A n1nJOr acl11eve111cnt in 1he search of o rnalaria vaccine ha\ been 

lhc 1de111illcn11on of sonic plnsn1od1al anugens .ic,css1blc 10 the 1n1n1une 

system of the hos1 and capable of inducing pro1ec1ivc 1n1rnun11y. The 

Mruciurc of the 11nn1unodominan1 cp11opc, of lhc!IC anllgen, has been 

defined, 1hu� opening the way to the development or m:ilari.l, :1cc1ncs 

using chcrnic.illy synthc,i1cd or genetically engineered n1olccuks (�1111..:r 

et al , 191!6). ·111c\C ant1i:cn, cnvi\agcd ll\ po1cn11JI n1:il:in3I , .rccuic� 
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represcnl a powerful tool for lhe dissection of 1hc sp..:c11ic 1mn1une 

r..:sponse of lhe hos1 to tl1c parasite. Prominen1 an1ongs1 lhcsc nn1igens is 

lhe circumsporozoitc protein (CSP), a single polypept,llc with repeal and 

non-repea't regions which covers tJ1e surface of 1he sporozoi1e. An1ibocliei. 

to the CSP in1munodominnn1 repeat region has been dcn1ons1roted in 1he 

scra of immune individuals using both rccombinan1-R321e132 (1 loffman 

et al., 1986) and �ynthctic • (NANP)11 peptides (Chiuohni et al .. 1988). 

Scrocpidcn1iologic s1udics conducted in Indonesia (I loffman et al., 1986), 

Tanzania (Del Giudice et al., 1987), Kenya (Can1pbell et al., 1987) and 

The Gan1bia (Snow ct al., 1989) demonstr:111:d tl1u1 unli-CSP specific 

an1ibodics increase wilh age and may con1ribu1e 10 in1munc pro1cc1ion 

against mulnriu in humans. On the contrnry Marsh et ul. ( 1988) in 111c 

Gambia and Burkot et al. (1989) in Papua New Guinea reported tl1a1 the 

humoral imm\UlC response 10 the CSP repent region (NANP) does not 

play a major role in the developn1cn1 of immunity 10 clinical maluria in 

tl1c popul,11ion studied. 1

1l1c nng-1nfcctcd erythrocyte surface anligen (RESA) ul�o known 

as Pfl55, located in tl1c men1branc of crytl11ocy1cs 1nfcc1cd with nng­

fom1� of /I fulc1par11111 (Pcrhnunn cl al., 1984), 1s one of tl1e n1al,1na 

candida1c vaccines under inves11gntlon. Antl-Prt55/RF.SA .ui11bo<lic� 

have been reported 10 inhibit paru,itc 11row1h i11 vitru (\Vahlin et al., 

1984). ln cpitkn1iologic studies, nn11-Pfl55/RcSA antiboJics 1ncrca� 

with age and trol\$miss1on (\V:1hlgrtn et 111 .. 1986, �(or!,h cl al., t9M9. 

0111.1olini et ol., 1989; Dcloron nnd Cot, 1990) c�te[\t in  c:ul) d11IJhooJ 
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(Bjorkman cl al., 1991, 1 logh et ul., 1991 ), and n1ay be related 10 the 

acquisition of protective im1nunity. 1 lowcver, there nn: conflicting rcporti, 

as regards the protective role of nnti-Pf 155/RESA antibodies. In l.ibcrin, 

Petersen Cl al. ( 1990) and Bjorkman et ul. (1991) reported sonic 

correlations between nntl-Pf 155/RESA antibodies nnd lower 

parasitacmin. On the contr,uy, Marsh et nl. ( 1989) 1n TI1e Gambia and 

13 jorkmnn et al. ( 1990) in Liberia reported that there wa� no correlation 

bet,vcen anti-Pf 155 nnubodics and protection :1gmnst malaria 

It is evident from the various serocpidemiologic i11ves11 ga1ions 

oin1cd al ascertaining the protective potentials of the CSP and 

Pfl55/RESA nntigens that, the factors governing the acquisition of 

antibodies to thcJ.c two 1naloria candidate vaccines arc �1111 inadequately 

understood given the 1ncon�istcncics in their findings. Consequently there 

is need to carry out n1orc field surveyJ. so ns to clearly define the 

funetion:il relation bet\vecn nn1ibodies to these defined an11gens nnd 

pro1ec1ion ni;ain\l malaria. 
I 

So fur only 1wo cross-sectionul �,udies hove been conducted 1n 

Nii;crio pcnainini; 10 lhc protective role of the nbovc two n1alarin 

cn11d1dn1c voceincs. \Vlllla1n� et nl. ( 1987) reported that then: wo, no 

corrclntion between on1l-(N/\Nll)�O :ind antl-Pf 155/Rl!SA lUltibodic� 1n n 

lari;e population of Nii;cnnns. Ach 1d1 (1989) 111 a cross-scct1onnl �tudy 

observed on age progn:�sive mcrc.i,e 1n nnu-Pfl55/RES/\ �ro(l\)�iu, II)

with u com:.,ponJins reduction 1n r�ra�uc pn:voh:ncc rate llo�e\i.:r. 

there wn� no �ul nc1cnt evidence 10 �uggcst lhJt anu Pfl SS anuboJic, 
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proLected against clinical malaria. 111ere is need therefore 10 conduct 

more field studies preferably executed longitudinally involving cohons so 

as to usccnain the protective role of these antigens and to e>.runine 

whether seasonal variation affects scroprevalencc to the CSP ruid 

Pfl55/RGSA antigens. 

Serocpidcmiologicul studies provide useful informauon on tl1e 

endemicity and 1rnnsn1ission rates and lhe success of n1alaria control 

projects (\VI 10. 1974) which is viwl for planning of appropri:lle public 

health measures. It is also considen:d necessary in identifying non­

immune individuals from endemic areas and in the selection of test 

populations for early vaccine ticld trials. 

There nrc previous scrocpidcmiologicol data n1a1nly fron1 a fc\l. 

specific study nrc:is in Nigeria. This includes the Malumfashi area 1n the 

Northern Savuml3h where epidemiological studic.� were undertaken 
• 

during the early 1980'� (\Villinn1son and Gilles, 1978; Gille� et nl., I 983). 

These datn Indicated holocndcmic 1ro.nsn1isslon of malaria with 
I 

significant seasonal variation. Main mularin vcc10� were idcnuticd a.s 

Anopliclcs gonihiae and A.f1111cs11,s. In lgbo-Or.1, Oyo Suite, there il.l'C

some data indicating n1cso 10 hyperendemicily with perennial 

uunsmission ahhoui;h marked seasonal variation \l.'llS ob!ltrvcd. TI1c 

species found were P fa/cip11r11m (about 90%), P 11u1/an11e (5-S'it,) 11nd 

I'. ovule (2%); A11opliclcs gc1mhic1e and A. f1111cst11J were main ,cc1or­

(l.4wn:ncc, 1965). Voller uni.I Orucc Chwall ( 1968} 111 11 

scrocp,dcmiologitul ,urvcy tn Northern Nigcrin reJ\(lrtcd Q ,cropo\l\11)'
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protected against clinical m.ilaria. TI1cre is need therefore 10 conduct 

more field studies preferably executed longitudinally involving cohorts so 

as to ascertain the protective role of these lllltigens o.nd 10 exruninc 

whether seasonal variation affects scroprev:ilence 10 the CSP and 

Pf155/RESA antigens. 

Scrocpidcmiological studies provide useful information on the 

endemicity and trnns1nis�ion rates and the success of malaria control 

projects (\VI 10, 1974) which is vital for planning of appropriate public 

health measures. II is also considered ncccss:iry in identifying non­

immune ind1viduol� from endemic areas and in 1hc sclccaion of tcs1 

popul:itions for early vaccine field 1nals. 

There arc previous scrocpiderniolog1c11I data n1:11nly fron1 u few 

specific saudy area\ 111 Nigeria. 1111s includ� the t.1aluntf:hhi 11reo in the 

Northern Savannah where cp1dcmiolog1c:il saudic.� 14Cn: undcn:ikcn 

during the early 1980's (\Vilhomson 11J1d O,llcs, 1978; Gilles cl ol., 1983). 

These data lnd1c:11cd holocndcmlc 1111nsmistlon of n1alori:i with 

s1gn1ficant se:isonal vanauon. t.f:un n1alaria vccaon wcn: idcnaificd :is

Anopheles gan1h1uc ond A./uncstus . In lgbo-Ora. Oyo S1atc, then: arc 
•

some d:ua 1nd1ca1111g 111cso 10 hyperendc1111c11y w,1h fk:rtnn,al 

uunsmission although m:irkcd sc:uonal vari:ition wos ob-.c�cd. 11,c 

,pccles found were P./11/c1p<1r11m (.ibou1 90'l.). P. n1<1/ur1<1c (5-8%) :and 

P. Ol'tJlt (2%): A11uphcltf gamh111t nnd A. /1111CJ/Uj 14Cl'C m.11n \CCIOD

(Lawrence, 1965). Voller and Orucc-Chwan (1968) 1n a 

scrocpidcn11ulog""' ,ur,cy 1n Northern Nigeria reported 11 \cropo�1\'11y 
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rate of 92% in all sera tested. In a study of the epidemiology and control 

of malana, conducted in the Garl.i District of Kano State, Voller et al. 

( 1980) measured malaria antibody levels by the ELISA technique in two

different populations, one expo�d to intense malari:i 1rons1nission llJld 

the other protected. They observed an incre.ise in ELISA valuci. with oge 

in the unprotected population renecting the development of i111n1un11y 10 

mularln. l\1alurio control oc1iv11ies reduced ELISA values 1n tl1e pro1ec1c:J 

population. 

All tl1e above �crocpidcm1olog1cal studies .... ere c.irricd out ..,.hen 

tl1c various ,ualaria candidate vaccines had not been fully charJc1en1cd 

and consequently then: were no adaptable field 1cchniquc\ 10 measure 

tl1eir scroprevalence. Antibodies directed 10 the total blooJ Mage antigens 

arc known a� non-reliable indic.110� of protective humeral immunuy 

(Voller and 8n1cc-01wau. 1968; Ach11h, 1989; l\lar,,h et ol., 1989). 

I lowcver, w11h 1he reccn1 eluc1da11on of tl1c fine ,1ruc1un: of n1:1ny 

plasn1od1al an1igcn� cnv1�.1gcd :J\ po1cn1ial malarial ,...icc111cs, 11 1s 

relevant to u..e 1hc,c defined anugcns to d1sscc1 the ,rcc1fic 11nn1une 

response of tndi, 1dual\ inl1ab111ng m:ilanous :irca,. lnfonn:uion from such 

o study will ,hcd 111orc light on the protective role of n1:1l.1n:1 c1111JidJtc

vaccines 11nd oho proYidc bJ�llne cpidcnuolog1col dohl for future

vaccine field trinh
To advance the progn:ss towanh the dcYclopmcn1 of :1 m:if3ria 

vaccine and 10 help 1nc.1�un: ,u po1cnt1al Impact, licld )tud11!, arc nccJcd 
to clc:irly define the n1cchanl\m!. 1nvoh cd 1n tl1c ue,ctop111cn1 anJ 
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mainicnancc of nat. rJlly acquired in1n1unity to envisaged ,nalaria 

candidate vaccines. Cross-sectional studies in which comparisons arc 

made between different oge groups within a community hos o role 10 ploy 

in identifying factors worth further investigation as possible indicators of 

protective immunity. I lowevcr, it docs not permit analysis of individual 

responses 10 infection. Longitudinal field studies allow a bcncr 

assessment of protection '1f1d of 1IS rel:uion�hip in the imn1une response to 

putative pro1cc11vc ancigcns. In general, the follow-up of o communicy 

submiued 10 n:11ur.1I conditions of e�posure 10 malariJ rcprcscncs a bcucr 

means 10 invcs11ga1c the variations of the immune response of the 

individuals in rela11on to o wide variety of cnvironrncnlal ch:ingcs. 

Since infant\ :tnd young children occount for the highc�t n1orbnl11y 

and n1onal11y rates from malano 1n endemic areas, s1udi� on 1111: p:issive 

transfer of n1atcm:1I inununity and die development of 1rnn1un11y to 

malaria ore or great in1ponancc in v.1ccinc develop111en1s It 1s 1101 clc:ir 

whether 1nolari;1 v:iccina1ion would be �u11able and effccu, c � hen 

applied tJrly 111 lire. TI1is considcrJllOn i� n:lcva111 as it 1s 1.nown that 

maternally acquired an11bod1cs 1nh1b11 11le 1mn1unolosic.1I process induced 

by vaccination ag:iinst measles, rubella or rnumps, wh.:n 1hc:.e ,·Jcc1nc� 

ore adm1nis1crcd b.:forc 1hc age or one year (AJJ:in, 1988). UNIV
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F IB
ADAN LI

BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



.. 

11 

1.1 RESEARCl-1 OBJECT1''ES 

Sequel to  previous inconsistent findings (ns regards the 

protective role of nntibodies to mnlnria candidate vaccines) and the recent 

observations of malnria in infants under six 01oolhs or age (Spencer et al .. 

1987). contrary to previous findings (Gilles, 1957; Nard in et al., 1981) 

t111s study intends to: 

I. Determine the level of tr.msplncental mnlnrial nntibodies and

its duration of protection against clinical 1nnlarin in the infant.

2. Investigate the devclop1nent of mnlarin pnr.:isitnemia/clinical

mnlnrin and the hu1noml i1nn1une response to malaria in

infants during the first year of life. 

3. Dcn:n111nc the 1nalariu pnmsite rates/densities and the effect of

sensonnl variation on antibody levels to some defined

Plasmodi11n1 falc1par11111 antigens in on adult study 

popul:11ion 

4. lnvestigme the e><istence of n po�siblc rclatio!Thhip bct,vcco

antibodies 10 some defined P. faklpan1111 untigcns and

protection fron1 1nnlario 

The ohjccll, c:s of 1111, Mudy would be oclucvcd ns follo,vs: 

I Po\!>ivc 'frnn5fcr of �lnlnrln ln11nunily 

TI1c level of uunsplncental tmn,fer of nrnlnrin immunity would he 

dc1crm1ncd using 1nntcrnnl/curd paired �on1plc� The: lc\'cl 11f tot:a.l 

im1nu11011lohulin i�otypcs (lgG. lpt,.I and Ii:\) \\ould be r511m31rJ. 
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1.1 RESEARCH OBJECTI\'ES 

Sequel to previous 1nconsis1enl findings (ns regards the 

protective role of nnlibodies 10 mnlnna candidate vaccines) and 1he recent 

observations of n1olnria in inrnnts under si). 1non1hs of nge (Spencer et nl.. 

1987), contrnry to previous findings (Gilles, 1957; Nard in et nl., 1981) 

this study in1ends 10: 

I. Determine the level of trnnsplacental mnlnrial nn1ibodies and

its durnuon of pro1ec1ion nga1nsl clinicnl rnolaria in 1he infnnt.

2. lnvcs1ign1c the development of molnrio pnrasitaemi:i/clinicnl

111nlnria ond !he hurnoml i111n111ne response 10 n1alorin in

infants during the lirs1 year of life. 

3. Dctcnninc 1hc 1111dnria parasilc rntcs/dcnsiries and the effec1 of

st:m,onal varu11ion on antibody lcveh 10 some defined

Pla.wnadi11n1 falclpar11111 nntigtns in nn odull study 

populnuon. 

4 lnves1igntt: the e,1�1ence of a posqhlt relationship bct,vecn 

antibodies tn some defined P.falcipar11111 unugcn� nnd 

pro1cc1ion fmn1 n1alnrin. 

The objeCll\'C:S of th1\ ,tudy would be nclucvcd ns follo,vs· 

I Pn'>!li\'c Trnnsfcr of �lnlnrin ln1munlty 

The level of trunsplacenlnl tmn,fer of n1ah1rrn ,mmunily \\llUld he 

dctcnn,ncd us1nJ:1 ,nntcronl/curd paired s111nplc�. Tl,e: level of 1111111

imrnunoglohulin hntyrc, (lgG IJ!t-l ond lg.\) \\'ould be c�1in1�1cd. 
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Antibodies to the total blood stage anugens ,vould be measured. Specific 

antibodies to the Pf 155/RESA, MAP2 and the i1nmunodominnnt repeat 

regions of the CSP and Pf155/RESA antigens ,vould be assayed. 

Results fron1 these investigations •.vould provide baseline 

infom1ntion on the level of tr.insfer of nutlarial antibodies from rnother to 

infant. This infonnution ,vould be required to arrive ot o conclusion 

,vhcther chemoprophyln�1s 1n pregnancy hos any effect on the level of 

troosplaccntal n1alnrinl antibodies us previously suggested and ,vhether 

the level of such antibodies ot birth hns any effect on the duration of onset 

of clinical n1alnrin in the infant. 

2. The Dcvclopn1cnt of i\ Tnlnrinl Antlbodle.� to P.Jnlcipa,11111

Antii:cns.

The ontogeny ol n1alnriol antibodies 1n the study inf:inrs would be

1nvcsugntcd by close I)• 1nonitoring these infants from bu'th till one year of 

age, dunng ,vhieh time serial blood samples ,vould be collecred :it bi­

monthly intervals. Infants would be rcgulnrly screened for malaria 

pam�itcs and episodes of chnicol mnlnnn recorded Annly�is of tot:il 

11n1nunoglob1n ssotypcs and molnrinl nntiho<ly levels to the above rest 

antigens (totnl blood srage nntsgens, CSP. MAP2 .ind Pfl55/RFSA 

antigen�) would be carried out 

Resul!s fron1 these 1n\'c�tigat1ons \\'OUld dctcm11nc the durut,on of 

on\el of clinicnl snaluria in the \tudy infanls nnd help nuthcnucnrc the 

1c1:cnt ob&crvallon of mnlllria sn 1nrnnt'> under 6 n1onth, ol ,\gt hy �onte 
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clinicinns. ll ,vould also provide useful infonnation on the seroconvcrsion 

period of the study infnnts ,vh1ch ,viii represent ,vhen nuuemnlly derived 

nnt1bodics arc on the ,vnnc ond the child is tJ1crcfore exposed to 1nnlnrm 

parasite nttncks. 

3. llu111oral l111111u11c Response to P.falcipar11111 Anti,::cns

and Protection.

To 1nvestignte the h11n1orul immune response to the above test

nnligcns and the cxistcncc or u possible relation bet,veen an11gen-spcc1fic 

nnubodies nnd protection ngainst m11l11nu, two cross- secuonnl \Urveys 

,vould be corned out (during tJ1e r:11ny nnd dry seasons rc\pcctively) 

1n\'Oh 1ng the udult Mudy subJccts. The 1nothcr\ of the study infant� 

,11ould be sampled nlong ,�ith their infant�. Anuly,1s of total lg 1sotype.� 

ond malnrinl nn11bodies to the above 1c�t anugcns ,vould be cnrricd out as 

pn:v,ously discussed 

Results from these invcs1ig:11ions v,ould cMabli,h adult panulle 

rotcvdensatics nnd scropositivity mtc, 10 test 111nl.1ni1l antigen,. U!>ing 

malar1n pnrositc rateiJdcn�ities and nntigcn-�pccllic antihoJy lc,cls, nn 

attempt \\OUld be n1ndc 10 find out if there i� any corrclGtion bct"«n 

nntibody level� nnd protccunn fro111 moloria It would be poJ.\thlc 10

e,tabh�h "h�thcr \CA.\011:il vonnt1on ha..� :m)' cllccl on scror,cnitl\ II)' rate!

10 the test unugcn,. 
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clinicians. ll ,vould also provide useful infom1ation on the seroconversion 

penod of the study infnnts ,vhach ,viii represent ,vhen 1nntem:1lly derived 

nn11bodic.� nre on the ,,,nne ond the child is therefore exposed lo n1olaria 

parasite nuocks. 

3. llun1or:al ln1111unc Response to l'.falciparu111 Antigens

nnd Protection.

To investigate the humoral i1nn1urH! response 10 the .1bove test

untagens 1111d the e�ish:nce ol a possible relation bet,veen an11gen-spcc1fic 

antibodies and protecuon ng111nst 1n11lona, t,vo cross- secuonnl �urvcys 

,vould be corned out (during the rainy and dry seasons rcspec11vcly) 

1nvolv1ng the ndult Mudy subJcet�. The n101hcrs of the stud)· infants 

,vould bt! snmpled olong with 1hc:1r infants. Anuly1>1s of totul lg 1so1ypes 

nnd mnlnrinl nntibod,es to the above 1c�t antigens ,vould be earned out as 

previously discussed. 

Results from these inves11ga11on\ \\'Ollld cstahli,h uduh paru�1tc 

rotcs/dcnsiues nnd �eropoMtivity rate� to test n1alarinl nntigcn,. U\ing 

malann parMate rates/den\1t1c� ,and .intigc:n-�pc:cafic nnllbod) le, els. nn 

nttcmpt \\OUld be nu1dc to find out if there 1, any correlation bet"�n 

antibody level\ and protettann rro1n m.ilnria It would be po�Mble to 

eM:ibh�h �hc1her -�.i,onal �an.11100 h.is any cllcct on s;cropo 111,11} rutrs

to the ICM ,1nt1ccns. 
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4. Innate Protcclivc Factors nnd Arliliciol Malaria Control

l\lcnsurcs.

In the osscss1ncnt of the protective role of mnlnrin specific

!lnt1bod1cs, 11 is desirnble thul study subject\ be chnractcriLcd for nny

likely conl'ounding l'nctors. These include innntc factors knO\Yll to protect 

ngo1nst n1nlnrin 1norb1dity and/or affect the dcvclop111en1 of molnrio 

antibodies Por the purpose of this study the following confounding 

factors ,vould be dctennlncd. 

o. lnnute factors: (i) hac111oglob1n genotype

(i1) MNSsU(Gc) blood group 

b. Artificial control measure:- use of chcmoprophylnx,s.
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2.0 

CHAPTER T\\ 0 

LITERATURE RE\ IE\\ 

Malaria is caused by s1nglc-cellcd protozoan parn�11es of 1he genus 

Plasmod1um. Human malana 1s identified ,vi1h four Plasmodium species • 

widespread throughout the tropics and also 1n some 1empern1e zones os 

sho,vn 1n Fig. 2.1 The} include: Pl,u111ndi11111 falr1par11111 (mahgnan1 

1enian mnlana). P. v1\•ax (benign tertian malaria). P 111a/ariat (quar1nn 

malaria) and P. 01•(1/r (ovalt: 1er1ian 1nnlnria). 

2. I Life Cycle 

111c hfc cycle of the n1nlarin parnslle 1s essentially s1n1ilnr in nil 

species of plo�n,odin and 1n,·olvcs 1,vo ho,ts. invertebrate (sc,unl phase) 

and vertebrate (.iscxunl phase). 

2.1.1 'rhc Life Cycle in the 1\loscpiito (Sporoi:ony) 

Blood ingested by n n,o�quno Iron, nn infected indl\ 1d11nl n111y 

con1n1n asexual singes in addition 10 sc,ut1ll} difleren11:11ed gn1netocyte$ 

The fom1er are digested 1n the n11dg111 of the 1nosq11110 11,e gan1c1ocy1cs 

undergo go1nc1ogenesi\ in tlu: lunu:n ol lhc ,1unrnd1 rcsuh1ng 111 1lu:1r 

1ransformation 1n10 huge n1ncrogan1c1cs nnd thread like nucrognn1�·1cs O\ 

sho,vn 1n r,g 2.2 111csc {!On1c1cs ru�e 1n fer11h2ot1on to  produce u 

n1l1lionh.'.\\ 1ygo1c Ahcr 18 2-1 hour, the ZY{!Ole elongn1c'- nntl become\ 

n1obilc fomung on ook.1nc1c winch nu�rnlc\ 1hro11Fh lh!! \ton1ach ,vnll nnd 

round, up 10 lorm nn OOC)''' 1 yin� he1w1.-c11 1hc coh11nn,1r 
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11,IAN 

injected by mosq��t. 
-�;'.\--. . . 

MOSQUITO 

Oocy:1 rupluru 
1l)Ot010IIU l1be11111d 

Qocv1 I c,>n1tln, f!O 
IPOfOI0.1tl 

. ..._._ \; 
.... •!; ••  

., 
• ..•

---

Fig. 2.2. We cycJe of lhe malaria parastlo 1n man 

(Deans and Cohen. 1963) . 
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epilhclium and lhc elastic membrane covering lhc outside surf ace o( lhc 

IIOmleh, these oocysts grow rapidly by nuclear division and buddm& off 

of wall po,tions of cytoplasm each conraining a nuclc1U. The budded 

poruooa aic lhe sporozoiies. RuplW'C of lhe oocysl releases lhous:ands of 

mobile sporozoilCS which cn1er lhe hacmococlc of lhe niosquilo anJ 

circulalC wilh lhe blood lo the salivary glands. Fro1n lhc saliva,y gl.uld 

cells Ibey cn1er lhe s:ilivary ducu and arc deposi1ed in 1hc subcu1ancoui 

tissues of man \\ hen s.1liva is injec1ed during a blood lllt'3I.

2.1. 2 Tbc Lire Cycle in P.fan (Schizoi:ony) 

When an infected mosquito reeds on a susceptible individu:ll, 

sporozoitcs arc in1roduccd in10 lhe blood suc.im. These cin:ul.11c for 1bou1 

half an hour before invading 1Jic liver p.1rcnchym.1I cells where !hey 

undergo c1.o-cry1.hroc)lic schizogony 10 produce schizonlS e:ich 

developing within the liver cell and bounded by I li1ni1in, n1en1br:U1C. Al 

!he end or lhis JlCnod, more 1han 20,000 mcrozoircs 11rc rcl.:.1SCd info 1hc

blood ,1rcain by rurrurc of 1hc hcpa1oc:y1.:s (I locln1cycr :11111 Uallou,

1988). TI1cM: invade the Cl)throc)'tcs 10 in111a1c the cryrhroc) 1ic .i�c1.u::I

ph3se.

11ic Jl3r.UilC begins as 1iny rings and ckvelop, in10 1ropho1oi1cs 

\lohich coiu.i,1 or II cy1opl�n1 fflJ a nucleus. A, the p.1r:is11c gro11.s it 

bccon1cs actively 1n1ocboid and i;r.111ulu of a brown picmen1 c.illcd 

hacinowin, fom1cd from h.wn.uin an1I dcna1urcd protein, appear in 1hc 

cytopbsm. 1l1C 1ropho1oi1cs m:111.1rc into schizuius. \Vhen ichizon1-

inlcctcJ cry1hrocytcs ruprurc, n,any new mero1.011cs .1rc n:lc:3sed cxh 
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capable of invading another erythrocyte. It is this cycle o f  invasion, 

multiplica1ion and rcinvasion of erythrocytes that results in the disease

lhat is clinically recognized as malaria. llowever, some of  the ring-forms 

develop in10 gamctocytes (male and female). 

2. 2 Invasion or Er} throcytcs by J\lalaria Parasites 

Research findings sugges1s thal P. falciparu"' mcrozoitcs 

rccogniz.c and 111tach 10 cluslcrs of carbohydr.ucs on the surface of most 

erythrocytes by means of lec1in-likc bonds (Pasvol et al., 1982: Facer, 

1983). 1l1ese discoveries suggest the possibility that crythrocytc 

receptors for P.falc1parr1111 migh1 invol\c a specific fan1ily of molecules, 

the gl)'cophonns, sho""n in Fig. 2.3. Blockage of receptor-ligand 

intcniction, might prevent the survival of the blood-singe mlllana pam1tc, 

which is an obligate inUilcclul:ir p:irasitc. H:idlcy et al. (19863) suuested 
,. 

that malaria p:irasil.C rcccplors can be used as ammunogcns to indul% 

o.nt1bodics lhat block mcroz.oitc U1vasion of red C%lls. 11011. ever, it IS not 

known whether anti-receptor DllliboJics ore imporumt in the acquisnion 

of n:irurally acquin:d 1mmun11y. 

2.2.1 :'tlorphologlc Studies on ln,a,lon 

lni1i'11 atwchn1cn1 of o mcro:onc 10 an cl)1ltrocy1e occuri bc111.un 

any two points on tJ1e surface or the mcroz.oltc ond erythrocyte (Ju�r,. 

1985). Non-specific elcctrosuue forces 1111gh1 pro\1Jc ndhcli,'CllCU 

during lhu 1n1u:il coni.ict (P1s�ol cl al , 1984) After 1n11lal atudunelll. thr 

mcrozo tc reoricnu tuclf so thlt Its op1clll end Is In ppo 11100 10 1hr 
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Fig 2 3 Schem11tlc diagram of tho red cell gtycophor1ns
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erythrocyte. The apical end of the mcrozoitc is characterized by an apical 

prominence, a pair of apical organelles termed rhoptries and adjacent 

oraaneUcs 1crmcd microncmcs. BBMistcr cl al. ( 19n) observed lhat the 

surface coat of lhc apical end of lhc mcrozoitc all.aches 10 lhc crylhrocyte 

and tha1 sirong adhesive forces arc exerted, as evidenced by lhc degree of 

spasmodic dis1ortion in the red cell membrane. Bannister et al. (1977) 

described both long nnd short dislancc connections bc1�ccn p:ir:isites and 

red cell, lhc fom1cr ch:irac1criz.ed by extensions of the mcrozoitc's surf au 

bristles. This long-disuu11 a11achmcn1 occurs bc1�ccn !he mcrozoitc's 

apical end and the red cell, Fibrils of Ilic n1crozoi1c's bristly surface, 

especially Ilic th1c�cr fibrils, appc.1r 10 he 1hc i.ilc of :11U1chmcn1, 

Banni�1cr cl al. {1977) also noticed :a p.:iucn1 of sporadic bending 

and rclax:nion along the cry throe) le surface 111 points of a1U1chmen1. as 

mough the meroL011c:s �ere adhering :and then !cuing go 111 a zippcr-likc 

movcmcn1. This observ;iuon is consis1cn1 with the notion 111.11 lhc 

mcrozoitc coMects first 10 carbohydrate groups (Fig. 2.4.) at the 

glycophorin N-1crminal, and then forms a "ronger bond with the in1cmal 

Ksmcnts of !he molecule (Jungery, 198S). Followina dcfomu11on on 

1u.:ac:hmcn1, the ery1hroc)le mcmbr:ane 1nvaglll.'l1cs :and the mcrozoue 

enters lhc cavity so fomied and the erythl"OC)te membrane rcsc3ls. 1bc 

mcrozoitc dicn rclc.i$Cs Ille contcnts of the apical organelles rc$Ulllns in

the formation of the p.:ir:asilophorous vacuole (Aib11.'1 cl al ,  1978) Entry 

of the mcroto11e into the J>Jr.u11ophorow vacuole is ch.:aractcrittd b y  1hr 

movement of the JUnc110n (formed 11 the 11,a of 11pos111on �111.C't'n 1hr 
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merozoitc and the erythtrocyte membrane) from the apical end to the 

posterior end of the merozoite. 

2.1. 2 Glycophorin Variants and In,·asion. 

The nonnal erythrocyte membrane carries a1 leas1 lhn:e distinct 

glycophorins (gps) which include gpA (MN glycopro1ein), gpB (Ss 

glycoprotein) nnd gpC ( � + y- glycoprorein). GpA is the major 

component and contributes .ipproximlltely 60% of the si:alic acid of the 

nonnal red cell membrane (Anstee, 1980). Both gpB and gpA hllve 

identical amino acid sequences for the first 26 residues from the amino 

terminus, with the exception that gpA expresses �I and N blood group 

antigens, when:.is gpB carries only N antigen (lss11t, 1981 ). Genetic 

variants of erythrocyte sialoglycoprotein have been described and tJ1cse 

include erythrocytes l3cking gpA (homozygous En (a-)) cells, nonnal gpB 

(homoiygous S-s-) cells or the absence of both A and B (the rare �fk�tk 

homozygous cells). 

Previous studies with En(a·) cl')'lhrocytes ga�c invasion rates th:11 

',1,Cf'C 50% (�filler et al., 1977), 37% (Facer. 1983) and 10% (Pasvol et al., 

1982 a, b) of those obu1111ed with normal erythrocytes. Perkins ( 1981) 

rcponed a 90% or greater reduction r.uc. Rn(a-) cells h3vc increased 

glycosyhnlon of band 3 and 11n overall decrease in sialic ocid (impon:int 

for optim:il invasion) and lack the \Vri1:h1 (\Vrb) antigen (Anstcc, 1981 ). 

Pasvol et al (1982 b) �ho\l,ed tJu1 U1\'Ds1on or S-\·U- (gp B 

dcnelent) cell WG\ 211% less than that ,n control 1,;c:lh. Facer ( t 98J) 

rcponed a \lgn1nc.in1 reduction in ill\J)ion of S-s- hon1oz)'gOu\ \Dn:111t
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cells. The U antigen resides close to lhc erythrocyte membrane {see Fig. 

2.3) on gpB normal erythrocytes, and this ponion of gpB is nol involved 

in invasion (Facer, 1983). I IOYiever, tl1e above findings indicate thal gpB 

as present in normal erythrocy1es, n1ay also carry de1erminants necessary 

for recognition. 

Pasvol et 11I. ( 1984) rcponed tllat tl1e exicnt of invasion of P. 

falciparun1 into gpC-dcfic1ent cells is on Lhc a,·eragc 57% o f  that of 

norm11I human red cells. Trypsin trcuLmcn1 of nonnal red cells reduced 

inv11Sion to nbout 34% of the control ,, hile 1rcu1ment witll gpC-dcficicnt 

cells reduced invasion from 57% to 22'10. GpC carrie� similar 

oligosaccharides to those found on A and 0. This suggests thal the 

oligosacchnride components of gpC may play a role in tllc ini1inl binding 

between red cell and mcrozo11e. 

Since me a111igens on me gps exhib11 a high degree of 

polymolllhism with son,c vanants reshung merozoite in\.'n�ion of 

erymrocy1es, 11 Is ,vortllwhile 1n11es1ig:1t111g in mis cnvironn1en1 the 

frequency of occurcncc of mcsc variant� in u cross-sectional Mudy and the 

possibiluy of relative protecuon fron1 n1alario tllrough a longitudinal 

study. Individuals deficient 1n sornc oflhcsc i;p antigen� \\Ould be 

expected to hnve lower :1ntibodic� 10 the Pf I 55/RESA :1n11gcn since this 
• 

a.nugcn is deposited in the crythrocy1c n11::n1br:111c during mcrozoite

mva\ion. 
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2.3 Specific Ccllulnr Acquired Immu:iil) 

2.3.I T. Cell Numbers 

ln man, numerous studies h:ive reported :ihcr:itions in the 

proportion of peripheral T o.nd B cells during m:ilari:i infection. \Vyler 

(1976) reported that both the pcrcenl:lgc and concc:ntrotion ofT cells "''ere 

decreased in mnlnri:i while the percenl:lge but not conccntrouon of B cells 

was increased. Both the percentage and conccntr.111on of 'null' cells ,vcrc 

increased in malaria. They suggested that these :iher:itions may be due to 

sequestr.111011 of T cells in the spleen or other organs. 

Ade-Serro.no and Osunkoy:i (1977) in a scudy of Nigerian children 

with acute malaria observed a n,:irkcd falJ in the differential :ind absolute 

counts of T cells but linlc or no change in D cell numbers. TI1ey suggested 

that the apparent decrease in circulating T cells was due 10 T cell 

mobilisation (to extrovascular sites) necessary for cffccuvc host rcs1s1ancc 

against infection. \Velis et al. ( 1979) 1n a Mudy of Thai odult5 w1tl1 n,alaria 

reported n decrease 1n botl1 percentage nnd conccntrution of T cells, 

increased percentage but not conctntrution of n cells and an increase 1n 

the 'null' cell percentage but a decrc,1�c 111 the ob)olute number of null 

cells. 
• 

S.tlimonu and Akin)'cn1i (1986) in :i study or Nigerian children :igeJ 

2-10 )'Cats with acute malaria conlinncd pre\'ious finding, of depressed 

T • lymphocyte numbers. lncy observed nonn:il lc11ch of n �Lis. lnc) 

suggesc.cd tl1;1t the decrease in T-lyn1phOC)IC numbers ITU) be Jue to 

1eques111uion of this lymphocyte subpopulatlon In �pcc1nc area\ of sonic 
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lymphoid organs. It has been reponed recently that both the percentage 

and total number of y/6 T-cells increase significantly in acute malaria 

infection (!lo et al., 1990). It has been suggested that y/6 T-cells may 

function in vivo by inhibiting the development of the parasite's liver 

stages (Tsuji et al., I 993). 

In all these studies, a significant dccre:ise in both percentages and 

total numbers of circulating T cells was reponed. Phenotyping of T cell 

subsets has revealed a decrease in the helper/inducer subsets and, in sonic 

studies. also of the cy1otoA1c/supprcssor subsets (I lo et al., 1986; �1erino 

et al., 1986). 1l1e clinic:il significance of these changt:s i� unkno,vn, but 

the general decrease in T cell pool ha� been po�1ul:11ed 10 be due 10 the 

errec1 or lymphocy101oxic antibodies ,vhich preferentially reacts "'ith T 

cells (l\1erino et al., 1986). 

2.3. 2 Cell - l\tcdiatcd lrn1nunlty 

Accumulating evidence suggests that imn1u11i1y 10 rrulari:i is 

mediated by additional mechanisms "h1ch e:lll act in conccn "1th or 

independently of pro1ec1ive antibodies. Observa11ons suppon1ng this 

concept include: (a) the 111ab1li1y of sera from inm1unc hos1 10 tr:uufer 

protection (Jayawordcna et 111, 1978); (b) the dirnn1ishcd cffccti\cness of 

unmunc scra transfcrrcd 10 \plcncc1orni1.ed or T cell deprived rccipicnb 10 

protect ag111ns1 infcc11on (Bro,�n and Phillips, 1974): (c) the abilit) of o

cell-deficient hosts 10 spon1uncou\ly rc\olvc n1alon.1l 1nfcc11on\ or 10 resist 
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infection (Weidanz and Grun, 1983) and (c) Lhe adoptive trarufcr of 

immunity 10 malaria with T cells but not 8 cells (Cavacini et al., I 986). 

Cytotoxic T Lymphocytes (C
T

L) of the CD-I+ and COS+ phenotype 

have been implicated in immunity 10 the hepatic stages of Lhe malaria 

parasite. This is because CTL rccogni,c ·r cpitopcs in association wilh 

class I major his1ocompa1ibili1y gene product) present on Lhe surface of 

most nucleated cells. CTL plays no role in irnmunity against the 

erylhrocytic sUlges since human erythrocytes do not express class I !1.11 IC 

antigens. 

Greenwood et al. (1977) also 13rown and Smalley (1980) described 

increased nonspecific and specific antibody-dependent cellular 

cy101oxici1y (ADCC) in malarious Gnmbians. Erythrocyte:; infected with 

marure malarial parasites carry surface plasmodial antigens and mny 

therefore be destroyed by ADCC. The nature of the effector cells in 

ADCC include killer cells, monocytc\ and polyn1orphonucle.1r ncutrophil 

leucocytes (Greenwood ct :ii., 1977; l\lcOonald :ind Phillip, 1978). 

Gilbreath et al. (1983) observed a significantly impaired lccun­

induced cellular cy101ox1chy nnd �pontancous cell-n1cdia1cd cy101ox1c11y 

in malarious subJccts. No change in ADCC was ob�crvcd. They concluded 

th:it mllari3 plticnts have defective ·r cell and natural killer cell 

cytotoxicity c:ip:ibilitics but do not CAl11b11 defective killer cell function 

Riley cl al. (1989) rcponcd that cellular 11nn1unc response to m:ilui:tl 

antigens ore suppressed durin11 acute falc1p:irum n1Jl11ri.a, �ui;g�ung th3t 

paruhe derived f:ictOr\ may be d1rcc1ly i1nn1unosupprcs,,\c, 
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Results from previous studies suggest that the major pathway of 

cell-mediated immunity in plasmodial infection involves the release from 

antigen-activated T cells of ly1nphok incs such as IFN-y and interleukin I, 

which then s1imula1e cells of other ceU sys1en1s (e.g., the mononuclear 

phllgocy1ic cell system) to exert nn1ipar11�i1 le effects. 

2.3.3 Serum Inhibitory Substunccs to Ccllulur Immunily In 

l\1nlnrh1 

In a study of Nigerian children from Zllria, Greenwood cl al. 

(1972) observed a selective form of immunosupprcssion during acute P.
t 

falciparum infecions. Children with acute malaria showed a diminished 
.. 

antibody response 10 the I I-antigen of Saln1onclla l)plii and their cellulllr 

immune response was normal. In lbadan Nigeria, Osunkoya et al. ( 1972) 

rcponcd a significantly higher "spon1aneous" transformation 10 blast cells 

in vitro , of lymphocytes fron1 malonous children compared with con1rols. 

They suggested th!tt the blast transformntion observed mny be due to 

lymphocyte :1c11va1ion by immune complexes 

Moore et ol. (1977) observed that in several c.ises of n1al.1ri.i a.nd 

protein energy n1i1.lnuttit1on (PEt.-1), the ob11i1y of I) mphocytes 10 

uunsform was depressed In autologous plasma. Tc.,t� of two mnlttnn 

plasma indicated th:u deprcsssion was due to inhibition r:uher than l:iel of 

es5en1ial nutrients TI1ey suggcs1cd that pla\mJ inlubi1on induced dunng 

an acutc au:ick of mol.irio interfere wllh the development, or e>.prc�"on ,,r

an effective pro1ectivc immunily. 
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Plasma inhibitors of lymphocyte trJnsfom1ation occur in a number 

or diseases (\Vhittaker et al .. 1971; Kun,ar and Taylor, 1973; Heywonh et 

al., 1975). \Vhittle et al. ( 1978) in a �tudy of Nigerian children with acute 

measles from Zaria observed thot depletion of T cells, an inhibitor of 

lymphocyte proliferation and possible defect in antigen processing, 

interacts to depress cell-medi:ued in1munity in measles. Salimonu et al. 

(1982) dcmonstrJted that sera from rnalnourishcd children inhibit sheep 

erythrocyte roscllc fonnation by lymphocytes. n,e sera of mlllnourished 

children having inhibitory substoncc did 1101 inhibit au1ologous 

lymphocytes whereas the E roseue fonnation of homologous lymphocytes 

were inhibited. They suggested that the E roscue inhibitory substance(s) 

present in the blood of some malnourished children either s1erically 

hinders or cross reacts with the T cell receptor in vi,•o and in ,•itro. thus 

reducing the proponion of T cells that can form E rO!>Clles in sheep 

erythrocytes i11 vitro . They p0Mula1ed lh:11 the inhibitory subsuncc is 

likely to be either soluble inununc con,plell.e�. cndotoll.in or a 2 -

macroglobulin. 

S:ihmonu et :ii. (1986) dc1nons1n11ed that the presence of E roscue 

inhibitory substance in patients with acute m.ilann. me3Sles and 

kwashiorkor. They also observed 1hn1 n10M of the pa11cnts who had 

soluble immune con1plcx levels >S2n1g/dL hod scrun1 E roscne Inhibitory 

subSUIJlCC$ in their scra and they Invariably had low pcn:en1aae1 of E­

roscues. Children infected with mal.iria or mca�lcs had low lc�cls of 
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circulating E rosctting lyn1phocytcs; de1cc1uble scnun E rosette inhibitory 

substance, and elevated levels of clrculu1ing soluble lmn1une co,nplexes. 

2.3.4 The Role or·r. Cells In llu111orul l111111unc RcsJ>onsc lo

l\lolorlu 

Existing evidence suggcs1s that T cells func11on as helper cells in 

the production of protective on1ilxxlics. Good et al. ( 1987b) observed thn1 

T cell stimulation with sclcc1ed constructs containing T cell cpitopes of 

the clrcumsporoz.oitc protein of P.fa/clparu111 ollowcd ,uch niice to 

produce fgO antibodies following challenge. Troyc-Blomberg ond 

Perlmann (1988) exposed Tccll, to P.fa/clpar11111 antigen 

preparations. They observed that at very low doses, tlie�c antigens induced 

lgG secretion in 11utologous B cells, whereas the control antigen did noL 

Exposure of 8 cells 1n the absence of T cells gave no increment in lgG 

,ccrction, ind1ca11ng that it was T helper-dependent. In control 

lymphocytes tlle 11111igens Induced no 1mn1unoglobuhn secrctton \'cry 

little lgr-.1 was round 1n !lie P /1JfC1pllr11n1 -cAposed cultures TI1cy 

postulated that IFN-y incrcu�� the exprc.sMon of r-.11 IC clus II anugcns 

on an11,cn-prc�nti11g cells which b 1tnronw11 for theo tnggcnng of T

helper cells. • 

Specific T-dcpcndcnt O cc:11 nctlvouon can he 1nduc:td In patients 

with acute m31vi:i. in 1,1,hon111ntigcn,lnduccd T cell pruhfcro11on anJ 

lntcrlcukin,2 producuon mny be 1boncJ or ,uPJltUKCI (Troyc•DIM\bcrs 

cc al., I 98S). T cells ""h1ch mcdu1tc p1otcct1on ago Inst the Cl) llmx")'tk 
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circulating E rosening lyn1phocy1cs: dc1cc1ublc scn1111 E roscuc inhibitory 

substance, and elevated levels of clrcula1ing soluble im,nunc co,nplexes. 

2.3.4 The Role orT- Cl!lls In l l111nornl l111111une Response lo 

l\lulnrla 

Existing evidence �ugi;cs1, 1hut T cells function as helper cells in 

the produc1ion of pro1cc1ivc nn1ibodlc5. Good et ol. ( 1987b) observed tha1 

T cell stimulation with selec1ed cons1ruc1s con1oining T cell epltopcs of 

lhc circumsporozolte pro1el11 of P./alclpar11111 11llowcd &uch n1ice to 

produce lgG antibodies following chollcngc. Troyc-131ombcrg and 

Pcrlrnann ( 1988) exposed T cell!> to P /alciparur11 antigen 

preparauons. They observed 1ha1 al VCI') low doses, these antigens induced 

lgG secretion in au1ologous 13 cells, whereas the control nntigen did nor. 

Exposure of 8 cells in the ab)Cncc of T cells g:ivc no in,remcnt lll lgO 

\Ccretion. indic.iting that 11 was T helper-dependent. In control 

lymphocytCJ the antigens Induced no ilnn1unoglobuhn secretion Very 

hnlc lg�! wns found in the l'.futc,pJrun1 -exposed cultures TI1ey 

postulated that IFN-y ,ncrcu\Cs the expression of �11 IC class U :i.nugcns 

on antigcn-prcscnung cells wl11ch h hnport11111 for tJ1c 1nggcring or T

helper cells. 

Specific T-dcpcndcnt O ccll 11clivo1ion can he Induced 10 p:it�nu 

witll acute m:iforia, Ill �horn ontigcn·lnJuccd T cell proltfcrauon 111d

lrucrleulin,2 production 1111y be 11bortcd o r  ,upprcs,cJ Clro)c-Dlotn 11 

c1 aJ, 1985) T cells Y.h1ch mediate protcct,on asalns1 the Cf)1ruoc)tl 
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111gcs of rodcn1 malaria parasncs an: of 1hc helper/inducer (L3T4) 

phenotype (Cavacini cl al., 1986) and. thus, ,nay provide help for anuboc.ly 

production. An1ibody may then be nccl!l)al) f1>r 1he hosl 10 survive acute 

infection and to clear the blood of parusiics during chronic infection. 

2.4 Specific Humoral lmn1unlty 

1.4.1 Immunoglobulins 

West African adults living in hypcrcndc,nic mal:irill areas sho1,1,• 

elevated levels of IgO and lgM. In tl1ese clinically inunune subJect.s the 

rate of albumin synthesis 1s simil:ir to that in nom1al Europcons, but lgG 

production 1s almost seven time� greater (Cohen and �lcGrcgor, 1963). 

1 lowevcr, much of this antibody rcspon,c 1s non-specific since only about 

5% of the tol.31 lgG in in1mune scnun n:ucL, wilh pla�n1odiul llllligcns, and 

still less is pro1ec11ve (Cohen and Dutcher, 1969). 

Specific m:ilorial a111ibody oc11v11y hus been den1ons1m1cd in the 

lgG. lg�1 and lgA frucrions of inllllunc hu1nw1 scm rroylor. 1989) but 1101 

os ycl in lhc lgD cl:1)s. Recently u1111n111lt1n,1l lgE has lxcn dc1cc1cd 111

humD.ll malaria immune scru (De,owll1. 191!9. Dc,o,v1u. et al., 1993, 

Pcrlmann cc al .. 1994 ). 

In mtllorio immunotl1crupy the clossc\ of inin1u11oglobulln 

rusponsiblc for lhc 11n11p�rusltic action ullscrvcd belonss 10 tl1c JgO t and 

lgG2 lsotypcs (Cohen nnd Lllmbcn, 1982). Some pro1cct1on was ol�o 

found in the lg�! fraction. S:ili1no11u c1 ol. ( 1982) rcponcd 1hut niol.irio­

lnfcc1cd Nigerian pacicnts h:id clcv;iccd levels of lgG and lgG 1 subelais 
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compared to uninfected controls 111cy observed a sh�ht dinunution in tilt· 

mean lgG3 concentration in n111lanous pJtu:nts. \Vnhlgrtn cl al. ( 1983) 

observed elevated levels of li;G I subclass iu both SwcJish and Liberian 

malaria immWlC scra. Libcnan 1mn1w1c scra dc:munstr-JteJ higher lgG3 

levels than the Swedish �era while the tuner had strikingly high levels of 

lgG2 compared 10 Libcrinn sera. Perhnnnn and Cerouini ( 1979) rcponed 

that lgG 1 :ind lgG3 mediate phagocytosls or target cell I} sis by 111onocy1es 

whereas lgG2 and lgG4 arc inaclivc or less efficient in this respect. 

2.4. 2 1\1:il:iri:il Antibodies 

Plasmodiol infections rapidly induce II large variety of humoral 

immwie responses. \Vhile some of these 1nay be protecti\e, others m:iy 

help the parasite to e\·ode n protective host response (Anders, 1986) or 

m:iy give rise 10 immunopathological reactions hnnnful to the host (Grau 

et nl., 1987). In general thc correlauon between 101ul antimnlannl 

nntibodics nnd protecuve immunity h poor, indicu1i11g that most of the 

antibodies fonncd have no pm1ec1lvc rffcct. 

The role of scrum ontlbo<llc, In acquired l111111uni1y 10 mnl:iria was 

cslllblishcd by passive transfer ,1udlc� ol hypcnrnn,une scrurn in human 

:ind ci1pcrimcnllll 1nfcc1io11 (Hdo,lcn cl nl., 1962, Subchnrcon et nl., 1991 ) . 
• 

1n acute mnlaria immunothcrapy, trunafcrrcd nntil>odlcs failed 10 

completely suppress parusllacrnlo. 1111s 1nlght be c,pluincd b y  Insufficient 

varinn1-spccific nn11body 10 \U(lprcs� parus1lllen1i:1 or the absence of nn 

1ddillolllll mcchnnisn1 or rcsiM1111cc nccc��ory ror cxprcs�ion of 1mniunhy 

(Brown et al., 1986). 
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Malarial anubodies nu,y c,C'n pru1cc11011 along different pathways 

including direct prevention of pari1�111: h111J1ng to host cell receptors, e.g 1n 

sporozoite/liver cell interaction or inva.,ion of erythrocytes by merozoitcs. 

H1>wever, antibody-mediated cellulur cy1otoxicity or ph3gocytosis appear 

to play a major role in mos1 lnstllnces (KJ1u�ilh et al., 1982). 

It has been suggested that nn importMt function of lhc immune 

system in nularia may be the prevention of disease rather than of infection 

(Playfnir et al., 1990). This "nn1i-d1se35e" immunity may be due to 

antibodies against soluble malorlal "cxoantii;ens" which arc by themselves 

toxic. 

2.5 Non-Spcclnc Ccllulor ln1111unity 

1.S. I Phagoc) IOSIS 

Phogocytosis is o prominent feature of mal:iria Early Y,orkers 

observed free p:Lr.1s itcs, paru�hi,cd CC) throcytc�. uninfected CC) throe) tes, 

molllna pigment and erythrocyte dcbrl, in the macrophages of the �plcen, 

liver lllld bone morrow of rnnlorlou� hoM, (llro" n, 1969). 

Shc:igaren et al ( 1970) observed c11hnnccd phagocytosis during 

acute molario. Following trc11tn1c111 nnd complete rceovcry, phagocy1osis 

returned to normal. Ccloda cl ul (1983) co11fim1cdprcviou& findings that 

Immune sera cnhlllll'CS phugOC)lO�is of P. /alcipar11n1 infected red cells 

by monocytcs lllld polymorphonuelcar lcucocytcs (Pt.IN) in ,.11,0

Phogocytosis lllld destruction of antibody co:itcd p:irasitcs and 

puasltiud cells is regarded a, nn lrnpormnt immune cfTcctor nicchanrint 
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in plasmodial infection. An11boJy-n1cJintcJ plt:1gl1C) tosi, ol infc:ctrd red 

cells by monocytcs and P�IN n1,1y b,: 11111· uf the n1i:1 h:u1h1n, 10, olveJ in 

the control of malaria 1nfec11on. 

2.5. 2 !\1ncrophnge Aclh It) 

The malnrious ho�t n:sponds to clrculo11ng parasitircd 

erythrocyt.es by a dramatic increase In blood n1onocytcs nnd the 

accumulation of macrophages in 1110 liver ond spleen. ·n,e recru1uncn1 of 

these cells and their activation Is mediated by lymphol.1ncs (such os 

macrophage chcmotnctic fac1or and IFN-y) secreted by T cells acuvated 

by plasmodiaJ mitogens as ,veil as specific malurinl antigens (t\llison nnd 

Eugui, 1983: \Vcidnnz nnd Long, 1988). 

Macrophage acuvntion cnn also n:sult from phogoc} tosis of 

immune complexc�. opson1zed p.irasitcs and debns Ac11v:11cJ 

macrophages have been shown 10 release TNru nnd IL-1 ,�hich induccs 

the production of reactive fn:c n1Jlc11h rc,pon�ihlc for pnnisitc deatJ1 

(AU,son and Eugu1, 1983, Liew, 19!1 I}. Por II long tln1c, 11 wn, tJ1011gl11 

thllt reactive oxygen intermcdiu11:• (ltOI) �uch as �up,.!roxide and hydrogen 

peroxide were the maJor para\ltC I.Ill Ing mc\:honis111 I lowcvc:r, recent 

studies suggest 1h01 nitric Oltldc (NO) derived fn11n I -nrginlnc und 
• 

molecular oxygen is tJ1e prh11:lp.1l effrctur 111e\:h;1ni�n1 (l icv.-, 1991: 

LI et al .. 1992). 
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2.5.3 Natural Killer Crlls 

J5 

The possible role of natural killer (NK) cells in providing some 

protection during malarial 1nfcc1io11 has hcen proposed (Eugui and 

Allison, 1980) nnd later challenged (\Vood nnd Clurk, 1982; Ska.n1cnc et 

al., 1983). Eugui nnd Allison ( 1980) found tl1a1 mice \vi1h lo\v NK activity 

were more susceptible 10 P. chobo1uli Infection. Ojo-Amaizc et ol. 

(1981) reported raised NK ccll lcvcl5 ln mnluria infected children 

compared 10 controls. Solomon et al ( 1985) reported tlu11 beige mutru11 

mice, deficient in NK cell�. cxhibi1ed a significantly higher parnsitaen1in 

tllM tlle parental C5713LJ6 s1rnin. 

It has been proposed tllat NK cells may participate in immunity 10 

malaria tllrough tlle lysis of parusi11icd crytl1rocy1cs and perhaps form tllc 

first line of defence against the pnrnsltc prior to the develop1nen1 of on 

immune responsc(Eugui and Allison, 1980; Solornon et ul., 1985). Later 

during tlle course of infection, II 2 and IFNy produced by nc11va1cd T 

cells could contribute 10 the cnh1111ccrnc111 of the cytolytic acuvit)' of NK 

cells (BraakmM et al., 1986) and th� nppcur,1ncc or antibodle) could 

promote tlle ADCC oc11v,1y or NK cells. 

1.6 Nonspcclnc llu111urol llnrnunll} 

2.6.t Complement 

Ncv:1 et al. (1974) reported II full in con1plcn1e:nt Jc,ch around 

tllc ume of schiLogony in infected hunmni Depiction of i:oanpknicnt �n� 

aswc:iJtcd directly with degree of p.im)ibc1111:1 and prc,cncc of 
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complement-fixing antibody. lkplc11un involved rotal haemolytic 

complement and C4 indicu1111g 1h01 co111pkn1c111 was being utilized via the 

classical pathway. Greenwood and nruc11111 (1974) also noted low levels 

ofC3, C4 and Clq in Nigerian children w11h a.cull: n1alarla, again 

suggesting activation via lhc cla�sical pathway. 

Pctchclai cl al. ( 1977) obscr.,.ed a coruiden1ble n:duc1ion in C3, C4 

and C6 levels in Thai malarlou� ,ubjecl� while Clq, CJPA. C8 and C9 

levels were raised. They concluded lhot uc1iva1ion of complement through 

the classical pathway occurcd In 010s1 of the mol:iriuus subjects \\'hile in a 

few subjects activation or both clo�s1col ond ahcn1u1c p:11hw11y1 did occur. 

Atkinson et ol. (1975) described a cyclic-JI paucm or consumption or early 

componcnu or the cl:iu1cal complement pathway (C I, C4 and C2) 

usoci31cd temporarily with ,ch110111 ruptun: and ,uggcstcd 1ha1 the l:i1c-

1cting componcnu ore not required for protective host immunity in 

m:alorio. Adon, et :ii. (1981) round h}'Jl01:omplc1ncn1ucmla and ruiscd C3d 

in ccrcbrul malaria patient�. They \UllRC 1ed 1h01 co111plcn1cn1 :ic1iv:i1ion 

may be an imporun1 f:ictor 1n 1lw pa1hoi;rn.:,l• or rcrcbrul m:ilari.a. 

2.6. 2 lnterrcron 

The presence of interferon (ll·N) In the �cru of hun1ans with 

ffll_Laria 1w been rcponcd on \.;vcral occ11,s1011\ (l!ugui ond Allison. 19!!2, 

Allison and Eugui, 1983) Adm1nluro11on of ,hccp w11i-n1ousc alpha and 

bcia IFN antibodies 10 mice has been n:portcd to o�cclcra1c p bcrgl,tf 

Infection in mice. although 111fcc11u11 wu, Ulu:tlly fu1:al c\cn In the 
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presence of IFN. In children, the presence of IFN, correlated with the 

degree of parasi1.ncmia (Ojo-Amaiz.c et al., 1981 ). 

IFN-y produced by antigen-or mitogen-activatcd T cells is also an 

imponant rcgul:itory lymphokine. IFN-y h:is been sho\vn to be produced 

by T cells ;,, i•itro in respose to P. berghei sporoz.oites (Ojo-Amaiz.e et 

al., 1984), to P./alcipar,1111 nsexual erythrocytic stages (Troye-Blomberg 

et al., 1985) and to P. /alcipar1J111 sexual s1.ngcs (Good et al., I 987 a}. 

Troye-81on,bcrg and PerlmaM (1988) found the highest amounts of lfN. 

y 10 be produced by antigen-stimulated T cells from donors who were 

clinically in1mune 10 P./a/cipar11m. IFN-y has by itself no effect on the

erythroeytic sugcs of the parasite. I lowevcr. in a recent study. Or:igo and 

Facer (1993) rcponed thnt lr-N-yrcwds the growth of p:ir.uites in vitro.

II has been �uggcstcd th:11 the t.1rge1 of IFN-y could be the infected 

hcp:11ocy1es (Manhcshwan et al., 1988). 

lFN-y is :ilso inlponant for macrophnge activation nnd for the

expression of t.lHC cuss U antigens on antigen-presenting cells imporunt 

for triggering ofT helper cells. 

2.6.3 Tran5ferrln 

Tr.msfenin ,� a P • globulin and decreases in inlbmnutory 

proccucs. t.lig.tscna et al ( 1978) rcponcd that tturufcrrin levels rcnuined 

low in m:ilm:i p:iticnts four wctu after admission 10 hosph.11 The 

beh3viour of 1r11nsfcrrin during lnflamm:it1on and h:icmolyiis in rmwu 

aupporu the obscrvauon of Kb1ncr et al. ( 1969) of an intcnniucrul> 

acruscd bctJ glycoprotc1n peak. 
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Mcsawc et nl. (1974) rcponcd that patients with negative iron status 

usually have high levels of scrum tronsfcrrin and arc thus procected 

against infection. 1l1cy suggested thnt the protective factor could be 

tr:msfcrrin itself. The Plasmodium parasite requires iron. Ravnntos-Suarcy 

et al. ( I 982) reponcd that desferrioxaminc (DES) inhibits the growth of 

P /alcipar11n1 at concentr:11ions readily achievable in vivo . This 

observation was confinned by Pollock and Fleming (1984) and they 

suggested that the intraerythrocytic parasite obLains iron from transferrin. 

It hos been observed that in iron-deficiency anaemia, malarial 

attJcks usually develop only after iron therapy (Byles and D'SA 1970; 

l\,lcsawc et al., 1974). lron has a critical modulating influence on the 

structure and function of the lymphoid app:iratus and is necessary for cell­

mediated immunity and for efficient neut.rophil function (Nurse, 1979). 

Iron overload inhibits the killing and digestion of phagocytosed par.uiies 

(l\,lesawe et al.. 1974). 

It lus been shown that the malari11 parasite can synthe5iu ilS own 

tr.insfcrrin receptors to supply iis iron needs os m.11ure red cell$ luve no 

tr.11\Sferrin receptor. Rodriguez and Jungcry (1986) demonstrated that a 

protein S)Tithcsiu:d by the intr:icelluw- p3.J'Uitc and inscned into the 

erythrocyte mcmbr.ine of mature infected cells, is a receptor for 

fcrrotransfcrrin. The p:ir.isitc receptors lus a single high-affinity bind111& 

1it.c for humAn ferrotransfcmn. 
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2.(1.4 (;Johulin, 

S1ud1c� on 1hc nhcration of globulin lt:,cls in malaria patients 

dcmonstr,ucd ,1n 1ncrca,c 1n the UJ- glohulin fraction" 11h ,1 concon1it:1nt 

dccrcn,c 111 the: lc\'cl of the u. 2-fr11c1ion (Kl;iincr et nl , 1969; i\lurphy et 

,11. 1972, /11011,,1 et ul.. 1973, i\ligascna et al., 1978). u.1-n111i1ryps1n ,vns 

1dcn1ificd ,i- n 1n,1Jor, b111 nol ,olc con1nbu1or 10 1hc: r11-globulin clevauon 

(�lurph} et nl , 1972), P·globulin lc\'cls \\'as i111crn1i11cn1ly decrc.1scd 

(Kli11m:r cl .,I, 1969) ,,Jule y-globulin rcnuuned unchanged (Klnincr cl

ill, IIJ69, t-lou,.1 et al. 1973). 'I he decrease 111 p-glohulrn levels n1,1y 

have hcen due 1 0  :i dccre;l\e 111 1l11.: k:vel of 1n1nsfcrnn (t.ligascna et al., 

1978). ll1e dccrcnsc 111 u 2·i:lobulin WilS 1hc rc,uh of ,I decrease 1n scrum 

haplO(:lobuhn �eco111l,11; 10 1n1r.1,asculnr h:H:n1oly\1s. nhhough nn 1n11inl 

nsc preceded 1hc foll 111 some p.u,cnls (i\lurphy cl al • 1972) h "'IIS 

sug&cs1cd Ihm scrun1 globulrn chongcs dunng mlll.lrlll appeared 10 rcsuh 

from an 111111:il ,nnnn111i.11of)' response w11h an rncrc.1� of u1-nn111ryps1n 

1n nil pa11cn1� nnd h,1p1ogloh11lr11 111 wmc pa11c111s. followed h) 11 

prccrpiluou� tnll 111 ienrrn hnploglobuhn once h.rc:1110I) �,s occumd 

Ch1cwd1p c:1 nl (1988) rcponcd n ,1gr11l1'"3n1 ck,nuon or p �. 

1111croglob11lrn lc,c:I, 111 n111l11rro1u compnn:d w,1h control �uhJCCL\ 'fhco)

iugge,1c:J 1hi11 lhc c:lc,.iuon of �:? • nucroi:lobuhn lc,cl, "13) h.1\'t' tttn 

due to pol) donJI II\ lion of bo1h T anJ 13 cell, 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



'10 

1.6.5 C-Rcuctivc Protein (CRP)

CRP was firs1 said to be prescnl in the blood of malarious 

patients in 1954 {Muschcl and \Vealherwax, 1954). Ree {1971) observed 

that CRP iind P./a/ciparum frequently, but not invariably, coexist in lhc 

blood of Gambians. SubjecLS wilh high parasite dcnsi1ies or wilh acute 

mabria luld higher levels of CRP compared wilh low non-parasitacmic 

individuals. Follow up studies in untreated children showed that CRP 

conccntrotlons tend 10 nuc1ua1e widely nnd perhaps 10 reflect changes in 

pM:Uue den.!.ity. Pollowing 1rcaunen1, concentr.uions fall swiftly 10 low 

levels and Lhcn pc��, at tJic�e for several weeks. Recurrence of 

parasi111cmi11 is marked by rupid increase in CRP concentr.11.ions. 

Naik and Voller (1984) in a study ofZnmbian children with malaria 

observed higher scn11n CRP levels in paticnLS with high P./a/ciparum 

parasit11emia. I lowevcr, even African children with lower parasitaemia 

luld higher CRP levels than otheri; without parasit.1cn1ia. All lhc Afrian 

,roups studied had CRP levels nbove U111Led K1ngdon1 conlJ'OI group. 

C-re.ictive proteins luvc been shown to reduce tJic number of

1ul»cquen1 liver schi20nts tlwt develop in  primary hum:an hepa1ocytes ,,,

v,rro (Pied et al., 1989). RcJuc11on o( sch1u,n1 lo:ad wu sugiClted to be 

due to nucroph:igcs nc1ivo1ed by parusi1c a111ii;cn �, produced 

Interleukin (IL)·6 and IL-1 which tnggcrcd hep:11ocy1cs in lhc vlcutuy 1o 

1ynlhc1lz.c C-ructlvc protcm. 
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2.6.6 Coeruloplasmin 

Previous studies have rcponcd clevoted levels of caeruloplasmin 

in malaria patients compared with control subjects (Migascna et al., 1978; 

Chie,vslip et nl., 1988). ti-ligasen:i et nl. (1978) observed that 3 weeks after 

adult mularious patients wcn: discharged from hospitnl, their mCJ.11 

e:ieruloplasn1in levels ,vns w11hin the same range :is the controls and 

significantly lower than on the day of admission. 

2.7 Innate ltcslst:incc 

1ncrc urc some gencuc traits that influence innate rcsis1ru1cc to 

molarin. For cxrunplc indlv1dunls locking Ilic Duffy blood group (Fy3• and 

Fyb·) arc protected against P �·n•ax 1nfccuon, as dctcnninanLS on this 

blood group are required for mcrozoitc invasion of red cclh (t.f11ler et ol., 

1976). 111c absence of some glycophoriru in the red cell membrane, as in 

En(a-). t.fk t.tk and S-s-U- mulllnLS C.111 confer n:sisuu,ce 10 P.falciparum

-mcrozoi1c invasion llS previously dtScus.scd, ln1raccllut.u growth of the

m:il:ui:i parasites is  also affected by a number of host gcncuc foctors

which include the sever.ii h:icmoglobinop.1thiCl and glucosc-6-phosplutc

dchydrogcnasc dcric1cncy.

2.7.1 llcmoi:lobln S 

'lncrc is conclunvc cv11.kncc th.lt the gene rc.sporulblc for the

production of h.lcmoglobln Cl lb) Su nuinlaincJ 01 high frcqlJC!K) in the 

troplei bcc:iusc of the b1olog1cal Advantage it confcn on hclenll) EO(tJ 

(llbAS) through J1,1rtial protection from r /aldpanun (LI\ '"'"one
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2.6.6 Cacr uloplnsmin 

Previous studies have reported elevated levels of caeruloplasmin 

in m3.laria patients compared with con1.rol subjects (Migasena et al., 1978; 

Chiewslip e t  al., 1988). �ligasena et  al. (1978) observed that 3 weeks after 

adult malarious patients were discharged from hospit3.l, their mean 

caeruloplasn1i11 levels was within the same range as the controls and 

significantly lower thnn on the day of admission. 

2. 7 Innate Resistance 

TI1ere are some genetic traits that influence innate resisLnnce to 

malaria. For example individuals lacking the Duffy blood group (Fya - and 

Fyb·) are protected against P. \1iva.r infection, as determinants on this 

blood group ore required for merozoite invasion of red ceUs (�,!iUer et al., 

1976). The absence of some glycophorins in the n:d ccU membrane, as in 

En(o-), Mk 11,lk and S-s-U- mutnnts can confer resistance to P. folcipar11m 

-merozoite invasion as previously discussed. Intracellular gro\Vth of the

malaria parasites is also affected by a number of host genetic fnctors

which include the scvcrJl hocmoglobinop:uhies and glucosc-6-phosphate

dehydrogenase deficiency.

2.7.1 lle1noglobin S 

There is conclusive evidence that the gene responsible for the 

production of h:iemoglobin (I lb) Sis mainl:lincd ot high frequency in the 

tropics bec.1use of the biological ndvanuge It confers on heterozygotes 

(l lbAS) through p:mial protection from P.falc1parun1 (Living,.\tonc,
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1971 ). Bengisson and Thompson (I 981) reported that HbS is associated 

with a 92o/o reduction in the relative risk of severe malaria. The clearest 

indication of the proteclive effect of the sickle-cell gene is that very few 

carriers of the gene die from cerebral complications of P.falciparum 

malaria (Friedman and Trager, 1981). Luzzatto et al. (1970) reported that 

HbS infected cells sickle much faster than uninfected ones. 

This observation suggested the following mechru1ism of protection 

against malaria in l lbAS individuals as described by Friedman and Trager 

(1981 ). The parasite in an infected AS cell develops normally until the cell 

is sequestered in tl,e tissues. Then. given the low oxygen environment and 

the low intracellular pH, the host cell sickles. 1l1e pot:1ssium level drops 

and the parasite dies. However, alternatively infected cells might, for 

some reason sickle while circulating ratlier than while being sequestered, 

and are eliminated by the filtering action of the spleen, by phagocytosis of 

the cells of the rcticulo-cndothcli:11 system. 

Comillc-Droggcret al. (1979) and Molineaux et al. (1979) showed 

thnt the distribution of various P.falciparum specific antibodies is 

shifted towards lower values in AS and SS compared to AA individuals, 

suggesting that they are subjected to less :111tigenic stimulation by the 

parasite, presumably as n result of their earlier removal from the 

circulation. This was not found to be true with AC subjects (Storey et al., 

1979). Bayou mi (l 987) suggested tllat tlle selective advantage of I lb AS 

individunls is due to e:irher acquisition of immunity against P.

falciparum Abu-7..cid et nl. (1992) reported tl1at llbAS indh·iduals with 
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clinical malaria had lower plasma IL-2 receptors and parosi1e densities 

compared to HbAA subjects. 

2.7. 2 Haemoglobin F 

During IJ1e first fc\v months of life, infants are relatively 

unsusceptible to malaria. Wilson et al. ( 1977) showed that foetal 

hemoglobin (HbF) may contribute to this pro1ection. Gilles (1957) in a 

study of Gambian infants observed an apparent relationship bc1,veen the 

disappearance of HbF and IJ1e onset of malaria infection (Fig. 2.5). After 

binh, erythropoicsis is known 10 cease comple1ely and rc111ains inactive 

un1il haemoglobin levels physiological for the newborn are n1t:1ined. High 

frequencies (50-90%) of HbF red cells are found in the peripheral 

circula1ion a1 biru1. Afier a few weeks llbF levels decrease linearly 10 

about 5% 01 I 00 days from birth (\Vilson et al., 1977). 

There is conflicting repon as regards the mechanism of proiection 

of I lbF. Gilles ( 1957) suggested thnt HbF is mnlariostatie as it may 

provide less suitable environment for the development of 1he human 

plllsmodin. On the contrary, it has been suggested that infnn1 protection 

against malaria is due to an ageing red cell population rall1cr than the 

presence of l lbF (\Vilson et al., 1979; Pnsvol cl al., 1977: Luunuo, 1979). 

Wilson et al (1977) observed th:u P.falcipar11m invades "young" 

erythrocytes in preference for "older'' ones. In the blood of infected infants 

under six months of age, ilien: ,vas a paucity of p:irositcs in I lbF 

crylllrocytcs; the.,c cells ore "older" on the nvcragc tlun the l lbA· 

cont.:iining cells. I !envy tllld prcfcn:niial parasitiution of l lbF-cont:1ining 
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erythrocytes was observed on the othc:r hand "hen their avenge age \l,1JS

"younger" as in the umbhcal cord blooi.l. In uduh� \\'Ith h.:redi1ary 

persistence of HbF, red cells ore invaded al the snme !'(lie as 1n c0111rols 

(Pasvol c1 al.,1977). uiwt10 (1979) successfully infected HbP red cells 

in virro demonstrallng that new erythrocyLCS conulning HbF can be 

invaded by malaria p:irasites. 

It i s  evident from the above findings that susccptibili1y of 

crythrocyt.es to invasion by P.falc1pnr11n1 is n01 correla1ed \\'ilh I.he 

presence of HbF bu1 that the ageing of the red cells decreases ll1eir 

susceptibility 10 invasion. 

2.7.3 Glucosc-6-Phospholc Ochydrogcnusc (G6Jl0) 

There is impressive evidence through geogruphical data, field work 

and in vitro studies to show thu1, opan fron1 the hcn101:loltinopnll1ics, 

G6PD denciency olso confer'$ rela1lvc pro1cc1lon against P.falcipnr11n1 

malaria (\VI 10, 1989). Fric:dn1an nnd Trager ( 1981) found thal p:1n1si1es in 

06PD dcliclcn1 cells were highly scn.,illve 10 oxidu1ive stress. Bicnzle Cl 

al. (1972) reponcd tha1 hc:n1izygou1 061'D deficl1·111 ninlcs do no1 ha,e 

any greater rcsis1nncc 10 n1alarin 1hnn 11on11uh. 1101110,ygous deficient 

females also showed no evidence of pn11cc1lo11. I lnwcvcr, hctcrozygou� 

deficient females had slgnllic11111ly lowllr p11n1�ho cou111s. GhPD 1, 

encoded by an X-chromosome-linkcd i:cnc. Co11su11uc111ly pro1ec1lon 

ag:iins1 mnlaria Is mn11if�1c:d in hc1croiygous fcnml c� who are ccnc11c 

mos:iics (Usanga 11J1d Lumto, 1985). 111oy ob�crvcJ tlrn1 in hcmizycous 

06PD deficient males, P. /alrlf1nr11nr 111�ruLolloa emerging fron1 nonntil 
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erythrocyics have on lhe overage, on even chance of infecting a nonnol or 

06PD deficient cell. In heterozygous fen1nlc1, lhc chunce 10 complete 

successfully lhe next schlzogonlc cycle 11 reduced by approximately 50%

lhus justifying the reduced pnr11�1lnen1lu 11c1uolly observed. The existence 

of two red cell populations ensures the exposure of the parasites 

alternately 10 G6PD • rich and GGPD • depleted environment, so that 

adopto1ion of the parasite docs not occur on a long term basis (W}-10, 

1989). 

2. 7.4 llumnn Lcucocyle Antli:cns (IILA) nod Protection 

from l\lolorlu. 

The discovery of 1\11 IC reltrlctlon of the lrnmune resporuc led 

to lhc proposal lhot 1\11 IC polymorphisn1 Is 1nolntol11ed by different 

alleles providing varying degrees of protecrion og1lns1 infccllous 

pathogens (Dohert Md Zinkcn,agcl,1975). llctcrozygotc1 for MIIC 

alleles would hove QJ1 incn:ascd cupachy to present antlMcn1 frorn I range 

of pathogens compared with homoLygotca. 

2. 7.4.1 IILA Class I Antigens 

In Sardinia, llllly the I ILA haplOt}JlC 1\2-11\VI 7 w111 more 

frequent in two lowlMd villages cxpoicd to rnalana t1un 1111wo highbnd 

vlllag" never cxpo$Cd to malaria (Pl1111• et al,, 1972). In north-east 

TII\Wlia, the some A2·13\Vl7 (1ogcthc1 wllh 1\2,/\ \V30) haplOl)pc w-.s 

fOWld IO be more frequent In lndlvldu11l1 whJ, high tltrr,. of 1111iboJecs 

1plns1 p /1Jlciparum blooo fornu llic 1lanlnn1111:c of llu, Jl(UJ1blc
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linkage beiween resislance 10 nularia and HLA Cl3ss I antigen is nol 

known. 

Hill cl al (1991) found 1h31 bolh IILA-A24 and HLA-B14 were 

more common among Gambian children wilh seven: malaria. They also 

observed lh:11 !he frequency of HLA-B\V53 was significantly decreased 

among seven: malarious children. The association bctY.ccn HLA-B\V53 

and protection from seven: disease suggest !hat ,class I-restricted 

cytotoxic T lymphocytes play an in1poCUlllt role in providing protective 

immunity against liver stage parasitc(H11l et al., 1992). 

2.7.4. 2 HLA Class 11 l loplotypcs 

!Iii! et al (1991) rcponed that the DR01•1302 subtype (DR\VJ3

allele) was less frequent 111nong cuscs of severe rnalaria anaemia, 

indic111ing that it is o protective haplotypc. A comparison of the protective 

cffiCllcies of the two haplo1ype� OR\VJ 3-DQ\V5 ond OR\VJ3-DQ\V6 

•&abut severe malario onacn1ia ,howed ll1a1 ll1e as�oclutt•d relative risks 

were similar, suggesung that both arc protecti\e and that Ilic ORD J • 1302 

and lllc DRBJ•OJOI alleles ll10t llley have in comnton m:iy be more 

imponant than the DQB gene for prorection from severe rnuhtria anaemia. 

An o�sociotion between IILA • Dll4 ond low antibody response to 

the vaccine immunogen SPf 66 has been rcponcd for Coloml>ian donors 

(PoUlrroyo et ol., 1991). Troye-Dlomberg et al. (1991) did not find ony 

association between T cell rcsporuc11111d I ILA -DR or -DQ alleles or 

DRB-DQA -DQO haplotypcs in 14.5 adult Gambians. Riley et al. (1992) 
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reported an association be1wccn possession of DQA -V/DQB -VI 

(DQW2) and high frequency of an1ibodics 10 lhe (EENV)6 peptide of 

Pf 155/RESA. 

2.8 INTERACTIONS BET\\'EEN ClfEl\lOTHERAPY 

AND Il\ll\lU�ITY TO l\lALARIA 

2.8.1 Chemoproph)la,is and Immunil) lo l\lolorio 

Chemoprophylaxis for risk groups such as children under lhc 

age of 5 years, and pregnant women has been suggested for the control of 

malaria morbidity in m:ilaria endemic areas (\VI 10, 1974; 1988). In a

recent study, Schuhz cc al. (1993) showed that in a malaria endemic area 

of Malawi where the prevalence of chloroquine re�istance is high, limiccd 

use of sulfodoxinc/ pyrimcth11mine resulted in markedly reduced 

placcnllll infection rates. Critics of this concepts of chcmoprophyl:lxis 

argue that there is little point in protecting u child from malaria i f  t11e 

child is likely to get life-threatening n1uluriu as soon os prophylllxis is 

in1crrupted. 

2.8, 2 Cllnlcal Protcclhc hnmunity 

In a study of Nigeriun t111ldren, no increa$c in malaria morbidi1y 

was observed when chcn1oprophyluxls "D\ interru11tcd after I • 2 yc.irs of 

drug administration (Archibald and Urucc-chwall, 1956; Bradley-Moore 

et al., 198Sa). In Liberia, porasltoc111lo was portly suppressed in children 

2-9 yws old by mont11ly doic, of chloroquine or chloroproguanll for 1wo

ycm (Bjorkman et al. 1986b). 111erc wns no sisnlfkant change In spleen 
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rates and sizes, parasite densities and fe,er episodes "hen 

chemoprophylaxis was stopped during the third year of the study. lt was 

concluded thnt recurrent parasitacmia a few times per }ear m3y be 

sufficient to l'T13inl:lin a certain degree of protecti\'e immunity. 

In the Pare region of Tanzania, malari3 w·as effectively controlled 

for a period of 3 years after which there was a tendency of increase of the 

incidence of clinical m3'3ria in most 3ge groups (Pringle, I 967). In the 

Garld project of nonhem Nigeria, effective malaria control \\'llS achie\'ed 

over a period of two rainy seasons by combined vector control Qlld 

chcmoprophylnx1s (�lohneaux and Grammiccia, 1980). Follo,ving the 

interruption of control measures, the prev3lcnce of malaria p:irasi1aen1i:i 

graduolly rose to the pn:-intervenuon level. 

In The 0,11nbia, primigrovld women who received m:iloprim h:sd a 

lower p:ir.isitc r:ue and a significMtly higher n1ellll packed cell volume 

tl11U1 controls, lllld their babies were signific11111l y heavier (Greenwood et 

al.,1989). 1n muhigravid:>e chemoprophylnx1s resulted in IOY.er p:u:isitc 

rote but it 113d no beneficial effect on hoen1oglobin level nnd much less 

effect on binh weight thM was observed in pri111igr:ividoc. 

2.8.3 Antlbod) Response to r.tulnrlu 

In n Gnmb1on study, a sn1all nurnbcr of infants lllld rnothcrs 

were pro1ec1cd from malaria by weekly pyrin1cth:uninc for 7 months 

(Voller and \Vilson, 1964). �lnlaria 11111ibodlcs were found In none of7 

protected infnnu, In con1.r:1�1. all 7 conll'OI infonts had 1111ibodics. In the 
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protected mothers the mean titer was about one-third of the mean titer 

found in control women. Harland et al., (1975) in Uganda found that the 

malarial antibody titers in children who \\'ete given monthly 

pyrirnethamine up to the age of 3 years \\'llS lo\;·er than those of 

unprotected control chiu ren. In a Nigerian study, chloroquine \Vas given 

weekly to children throughout the first two years of life (Brodley-1'1oore 

et al., 1985a). The mean malaria antibody levels were lo\vcr in the 

protected than in the control children, although by the nge of 2 years a 

high proportion of protected children hod also developed antibodies. 

lbez.i:i.ko and \Villiams (1980) reponed a decrease in malaria antibody 

tilers in pregnant Nigerian ,vomcn on pyrimethamine prophylaxis 

throughout pregnancy. In the Garki ProJcct very lo\v immunonuorescence 

or ELISA antibody levels were found in :i group of protected infants 

followed from birth until the ogc of one ye:i.r as con1pared to controls 

(Molineaux et ol., 1978). 

Token together, the above studies sho,v th:it mnlnrin control mny 

produce a reduction of malaria antibody levels in the protected 

population. This observation hos serious implic:itions as newborns 

depend on tr:insplncentol n1alorio antibodies for protection against n1alnrio. 

during the first few weeks of ltfe. 

2.9 �IALAIUA IN NEONATES, IJ\'FANTS AND CHILDREN 

2.9.1 Congcnltnl �lulorlo 

Congeni1:il malaria is that which the foetus ncquires from its 

mother. in utcro and in which plasmodio nrc dcmonstrnblc tn tl1e inf:>.nt's 
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blood at binh or soon aficr binh before lhc expiry of the malaria 

incubation period. In endemic areas, dcspiic a hiah incidence of maternal 

and placcni.al par:ui1Jemia, congeniully acquired clinical mawia is a ram 

evcnL l!owever, there arc a few reportcJ ascs of congenital malaria in 

endemic areas (Covel, 1950; Brucc-Ch\\'llll, 1952; Hindi and Azimi, 

1980). The incidence in endemic countries has been shown JO be low 

(0.3'11) but higher (10%) in \\'Omen who move from non-endemic areas 10 

endemic ones (Covell, 1950). Aircdc (1991) reported a case of congcni1:il 

malaria with chloroquine resistance in a prctcrm i11fan1 born 10 a 29 )'CM 

old malaria infected muhigravid n1olhcr :11 the Jos Universi1y Tc.1�hi11g 

llo�pital. 

Low density infections of cord blood are frequently recorded in 

African newborns: prevalences of 3.8% (KortJnllll, 1972) and 7.6'l, 

(V�ugcls, l98�) h3ve been rcponcd in Tan1..111i.m ne.,..bon1s ;anJ 21% in 

b.1bics in the Ivory Co.1�1 (Rcinh:irdt et :II., 1978). 

1l1c pl.1ccn1.1 i� nom1ally nn effective b.inier 11goins1 1he malaria 

parasite. 11011.c\cr, so111e rcM:orchcr� b.:licve that the foc1us :icquirca 

paruitcs Y.hcn the placcnt.1 is d.1111.igc:d, cilher during normal dc:livcry o� 

owing to pl.1ccnu1I paracvi.1 or 11bn1p1io pl,1ccnt.1, when infected red cells 

arc 1r.1nsfcm:d into the fo01�1 circ11la1lon (Logic :ind t.1cGrcgor, 1970;
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1.9. l f\,1ulurlu In Jnrunts nntl Children 

Very young inf11n1s in highly c11tlcn1ic nl4111rious areas appear 

1101 10 be susccp1iblc 10 maluria. 1l1i� pro1cc1ion has been a11ribu1cd 10 

1111nsplacci1111lly acquirctl ,nalurial an1ibotlics (Dn1cc-Chw1111, 1952; 

Collins c1 ul., 1977; Iliggar c1 nl., 1980; NarJin cl ul., 1981: Chiuolini cl

al., 1991 ); and other non-immunnloi;lcal fac1ors such os I lbP (Alli)on, 

1954) aversion 10 youn111nfa111) t,y 1hi: Anophclinc mosquuo (�1uirhc:11.l-

111umpson, 195 I) ontl 1hc nulk diet tlcfic1c111 ,n p onunobcnzoic aciJ 

(PAl3A) (l laY.klng, 1963). PADA is nn csscnual i;ru,v1h fncror for 

nu1lari11 p:in1�i1cs bccau�c ii i� required for 1hc syn1hc�1� of folic ni;iJ. 

Pro1cc1ion is  hoY,,cvcr, trnnsicnl, prcsu1na1Jly wi1h 1he decoy of 

im1nunologic:il and non-iinmuno!ogical factors �1cGn:gor one.I Smith 

(1952) observed 1ha1 the incidence ond de�i1y of par.islwcmi:a were 

m:axin1:il 10 I.he very young children 1111d d.:chned progressively in Ilic 

older age-groups, suggc)ling a grac.lu:il acquis11ion of in1n1uni1y. 

Druce-Ch\\ an (1952) 10 a long11ud1nal s1udy of 138 Afric11n 111f;L11u 

Ill Sou1hen1 Nii,:en.i observed 111:11 during 1hc (ir)t qu:iner )car uf life Ilic 

m:il.iria p:inuue rate ".u lesi than 3�, P1nu11e r:ue ,ncruscd 10 20% 

during the �conJ quJncr 10 abou1 60'Ai durini: lhc llurJ qu:incr, onJ 10 

over 70% during the fourth lfUJr1rr. Ne:irly all the children v.crc uurord 

lhcrcaflcr �lcGregor et nl. (l1JS6) r.:poned 11ta1 rnDl.:ina c,encd 11,

n�,in1al eCfcc11 1n the fi"t I H n1onll11 or l,fc G11lc1 (19.57) rcponcJ th.11 

the 111e:111 p:ira,hc rutc or G;1r11b1.1n infants 1ncl'C3led frun1 tO'l n !he fiDI
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two months of life 10 42'1o in the third and founh months and to 53% in 

the fifth and sixth months. 

The above observations suggest that the clinical impact of malaria 

increases as age progresses. Episodes of dense: para!>iWc:nua and �, erc 

clinical disease �eh peak severity in the second yMr of life when, in 

addition lo pyrexia, faltering growth and marked hepatosplenomcgnly rue 

universnl features. In the second hnlf of the third year of life, children 

begin 10 show marked clinical improvemenl. despite the persistence of 

moderately dense plll1lsitacmia. Throughout later childhood, immunity 

slowly develops, parasite densiues diminish, :is docs the size of the liver 

and spleen. 

2.9.3 The Dc,clopmcnt of �l:il:iri:il Antibodies 

The Afncan infant emerges from his 9 months sojourn in the 

norm3lly sterile 1ntniuterine cnviroMlcnt into n world sw:irming "ith 

potent folly pathogenic orgnn1sms. A sign11icnnt part of the neon:ite's 

3bility lo survive its environment is temporarily provided by the mother 

viii the pl3ccnUI For e�nmplc, Edozicn et nl. (1962) showed conclusively 

th:it highly purified cord y -globulin lmd an antip'11'Ds11tc effect ng111ns1 P.

/alcipar11111 when ndmwistered 10 children ,vith ncutc f11lcip:irum 

m3l3rfa. In El S11lvador. Collins et nl (1977) found th:it 44% of infants 

bom to mothers ,vith a posiuvc IFA response 10 P. 1•i1·ax hnd positive 

IFA response to this .intigen. Nard1n et nl. (1981) detected antibodies 10

sporoz:oitcs of P./11/c,par,1111 in the scrn of moM babies bom 10 mothers 

living 1n endemic o.n:as of The G:imbin Ouuolini e t  al. (1991} in Gabon 
_______,,;_ 
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confi1mcd prcviou� results tl1at :111tibodies specific for P.falc1pari1n1 

BJ1tigc11s arc uunsfcrrcd frorn n1otl1cr) 10 newborns. 

Gilles and McGregor ( 1959) observed th:11 Ilic y- globulin leveb of 

Ganibinn inf.ulls fall �tcndlly fro1n birth for Ilic first 3 - 6 months of life 

and tlicn begin ton�. /'.1atl1c,v et al. ( 1976) noticed :i �hi;ht decline of 

n1nlarial antibodies in 6 to 8 111ontl1s-old infants who h:id no mal:uia 

para�hes. Child1c11 older than JO n1ontJ1s haJ Mnul:ir an1ilx,dy levels 

lrrcspcc!lvc of 1nalana p,1ra�i1ac111i:i Nard in et al. ( 198 ! ) observed that 

nntl-sporozoile antibodies wen: gradually lost from tJ,.: circulation of 

Ga111blnn infants until 6 nionths of ogc ,vhen po�itivc reactions :ig:ilnst P

/11h1par11111 �porozoitc) were no longer detected. 

The levels of ontin,alarial Wltioo<lies remain low or undctce1.1b!e 

throui;hout the n:mainJcr of the firit year or life and, tJ1Cl'C.'lfler, rise 

progrc�s,vely throughout chih.lhood and into aduh life (t.1c0rcgor. 1986). 

1ne ru!e ur incn::ise in c.1rly childhood is rapid; ii tJ,en slowi ln older 

dri!Jhood and :11Joh:scc11cc and pl,uc;ius in  adult life. ·n,is ge11cr:il pa11c111 

p:irallcls clinical e\ idcncc or tr:idu;illy lncrc.ising rcsi,111ncc. 11ic 

antibody 1itre� at birth .ind in the ensuing weeks or life lit well with the 

observed 111fn:qucnce or plrasit:iernb ru1d clinielll allncs� at tl1is tune, TI1e 

low titres th:11 pcr,i�t into the tl1lrd yc.1r or life corTesponlh 10 the period 

or muhnun1 �u�ccpubllhy 10 the Jisc;isc, "'hllc the progrcs,lvely nuni: 

tr•rcs t!1ercaftcr reflect cc,nsolld •ir" lmmu1ii1y. 
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2.10 l\lALAltlA IN ADULTS 

In Ll1e naturally i1nmuniz.cd udult, effector mcclumisms function 

by restricting Ll1c n:pllcution of blood pnrnsites rather thon by preventing 

the occun:'ncc of purusilncmia. lmnn1ne nduhs comn1only show low grude 

asyn1ptoma1ic purusiu1c111la (prc1nuniLion). Drucc-Chwnu ( 1963) in a I - 2 

yCllrs longitudinal study of Nigerian adulLS exposcJ lo natural infections, 

found Ll1a1, nhhough he could dcmonstrJl\! paras11acn1io in only 25% Jl 

any one tinu:, over 90% had blood infections 01 sonic tilne when followed 

for I . 2 years. 

/\<lulu in 111:iloria cndcn1ie orc:is u�ually e1.perlcncc fewer :11uicks 

of 1nal;1n.i annually as co1npan:d 10 children below I O ycnrs of ugc due to 

ncqui)ition of protective inununity. In c:isc) of clinicul n1ulari,1 auocks, 

confim1ation of 111alaria par.1)iUu:n1h1 by tJ11tk Mnc.1n Is usually Jifflcuh 

due to the low r;mdc par.111tacn1lo. 

2.11 r.tALi\RlJ\ 1'1 l'ltEGNA:'li<.:Y 

In highly cndcnuc area�, c�accrl.iati a of P.fc1(c1p11r11n1 

p.1r.isilacn1ia 111 U\\OC1a11on \l'ith pn:rnnncy ha, been widely ob�rvcJ 

(Orucc,Chwau. 1952, �lcOrcgor and Srnilh. 1952). 1'111:uhil.:i11011, often 

very severe, of placcnt.il blood is a frequent occurcncc 111 panuntion. 

Consequently pn:g11.i.nc.y "thought to 11br1>g:11c rrcviously acqu1rcJ 

Immunity to 1nalaria oniJ n:ln,totc 1usccr11b1llty to se,·cn: clln,c.il ilu�s. 

It Is iucte5lci.l thut pregnancy a.1socl111cd horrnoll.ll chlUl&Ci 11uy dcrrcu 

1mn1uru:,rcspo11sl\'cnb, or the o:hcrwuc hc:i1lhy fr,n:ilc. Uccr atnd 

Dilllngh:un (197H) ruu11J tlu11 con! one prod ccd ilurln rrtr,1W1Cv h
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2.10 �IAL,\l{l,\ L'< ADuL'l'S 

In the n:1turuUy immunized adult, effector meeh:u1isms function 

by rcslric1ing lhc replication of blood parasites rather than by preventing 

the occurencc of paruiUJ.Cmi:a. Immune adults commonly show lo"' grade 

asymptomntic p:arasilllcmi:a (prcmunition). Brucc-Chwnu ( 1963) inn I • 2 

years longi1udin:il study of Nigeri:an :idullS exposeJ 10 n:irural infections, 

found th:ll, :all11ough he could dcmons1ro1e p:arasitacn1ia in only 25% a1 

any one 1ime, over 90% had blood infections :u some 1i111c \vhcn followed 

for 1 · 2 years. 

Adults in m:alaria endcn1ic nr.::is usu:illy e>.pcrience fc\ver 111tncls 

of m:11:iri:i :innu.1lly :is compared 10 children bclo\v 10} curs of  age due 10 

ncqu1sitio11 of  pro1cc1ive in1muni1y, ln cnses of clin1cul n1nlaria auacls. 

conlim1a1ion of m:ilaria p:1111si111cn1io by lhick s1nc:i� is u�ually Jiflicuh 

due to tl1e low �rode pams11:icmi.a. 

2.J I t.lALARIA I� l'l(EGNANCY 

In highly cndc1nic nreu1, c,:iccrbau II of I' /11/i ip11r11n1 

p.1r,ui1acm1a in a,sociJlion..., i1h pn:rnancy hns been \vidcly ob�rvcJ 

(llrucc-01\va11. 1952: t.lcGn:gor and S111i1.h, 19.52). PuraAlti1J11ion, often 

very seven:, of pl:iccnu1I bloo<l is II frcquc:111 occurcncc at pllrturillon. 

Coniequcnlly prcg11Jncy "l11oubl11 10 abrogn1c 11rcviously acquired 

lmn1unily 10 m1lorio and rcinMJtc su!a:p1lbillty 10 severe t:llnlcal illness. 

It Is suggcited 1ha1 11rcgnancy ass0t:ia1e<l honnonal ch:mgcs n1ay t!crn:i.s 

in1munc-rrspo11s1vcnes\ or 1hc utl,crn isc hcaltlly rc,nalc. Uccr and 

Dlll111i:hru11 (1'>711) fou11J 111411 conlsonc (lru<lucc<l durhtt 11rt'61W1CY ia 
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inununosuppn:l)IVC. ·n1cre is ulso evidence thot scru from pregn:int 

women can inhibit the chcrnotactic rcspo11)1veness and plwgocytic 

acuvlly of phagocytes (Ojorkstcn, 1980). 

2.11.1 t.lulurlu und Purity 

In maJurio endemic 11rco), porJ,itucmia is slgnificunlly 

con,,noncr nnd hcuvier in pr11n1gruvids 1hun in 1nuhib1JviJs. It appears ro 

pcnk around the end of the flrs1 1rlmcs1cr und f11U during the second half 

of prcgnuncy (Orobin, 1983). Pura�ilc rules tend 10 decrcll$C wilh rising 

parity and mcnn purusite l"Jlcs in prcgnu111 wornen of parity 3 and above

arc lower llum Ilic overall mcJn for non,prcanan1 wo1ncn of rcproducthc 

ogc (l\,lcGregor, 1984). Gilles Cl al (1969) found n1:al.1rla lo be on 

impon11111 cause of :inacnua 1n N1gcnan pnrnrgruvids while t-.fcGrcgor 

( 1984) found 111:11 deprcs,ion of hocn1oglob1n levels in pregnant women 

with n111lan:i po1rasi1:icm1J d11111n1shcd progn:)livcly as parity incruscd. 

�lcGrcgor et al. ( 1983) reported that pl.::rccnt.11 infections ore highest in 

pnmr�r.a, itb ;i.nJ decline) sit:nificantly 11111.I proircs)ivcly with advancing 

ponty. In 12ssoc:ia1ion with pl.iccntal infection, mean inf:in1 b1rthwe1,h1J 

were r.:duccJ overall by 170g. 

1.11. l ln1n1unosupprcs.\lo11 or Prc1tnanc1 

Scrolo11lci1l 1tudk1 have failed to r,roducc convlnctn, C\'tJcnce

that hu,noral Immune rcJponscs 10 1n:il.iri11l ln!'cc1lon arc 1uppn:��J u,

prc9n.u,cy. f,lcGrcgor c:1 I • (1970) observed that mc11n lc\CU or 1,0 anJ 

laA, but not l�\I, (11II Jorinr, prr£11.U1cy. �le.in \lluc1 or''° arc 
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1ignificantly higher in p:irJsi1:11:n1ic than non-parasi1acmic pregnant 

women (Logic et al., 1973). Similarly, while assays of specific malarial 

antibody levels in pregnant nnd non-pregnant women have produced 

conflicting resulis, mean levels in prcgnnn1, parnsi1ncmic wo,nen ore 

signifa111Jy higher !hnn !hose of prcgnnnt uninfected women (tvfcGrcgor, 

1984). 

Since ccll-n1etli,11cd immune n1cchanisn1s ore imporun1 in the 

m11intcno.nce of immunity 10 m11lorio, impain:1ncn1 of !his im,nunity 10 

nulari11 niuy In p:111 explain !he su�ccp1ib1lrty or pregnant women to 

�l.iria. Riley et al ( 1988) found that women ngctl 18-45 yc:ars were 

significantly lc\s n:�ponsivc to 111nlurial 11111igcns than a iimilJr i;roup or 

n1en. In TI,c GJ1nbia. Riley cl al. (1989) showed that lyn1phoprolifc:nuive 

responses 10 P,falcipur11n1 antigens were: deprcs�cd in prci;nnnt women 

con,p:arcd 10 pJrity matched non-prcgn:int wornen and thot !his effect was 

pan1cularly mnrkc:d 1n prin1igravid.ic. There was no ,ignilic.tnt di(fcr .. ncc 

in anti-malarial antibody titres bct\\lccn the two groups. Rasheed \:I al. 

(1993) found �imilar n1;ilarial .u111body levels in matcn1:il pcriphcni.l :111J 

pl:iccnul blooJ, �la1crnal mononuclcar placcnt:il cells prohfcr.ucJ ICls 

than tlios.c fron, Ilic pcriphcr:il blood; the� differences were compar:1blc 

acro$S p:iri1y croups. I lo\l.cvcr. primip:irac hlld lower prolifer.ihon to

nuL.11:il 1u11igens. 

2.12 IJ!.000 fR,\!'1:Sl•USIOS ,\:'\O �1,\1,,\RIA 

1oc tnuumlss1on or nulari:a n:UtcJ 10 the practice of blood 

lrlnllua on ,� of p:inieular 1n•crc.11 lcc:iuse or Its chn,c:al 100 rub! c 
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health aspects. Bruce-Otwan ( 1980) estimated about 2500 cases of 

transfusion malaria between 1920 nndl 980. Guerrero et al. ( 1983) 

reported 26 cases of lransfusion-induced malaria in the United States 

from 1972 through 1981. Four of the paticn:s ev.::nruJ.!ly died. 

P. vivax infections are most commonly incrimiruted in accidenul

infections follo\vtng blood transfusion: ho\1,ever, P .  falc,parum 

infections occur not infrequently and more recently P. malariac \\ere

reported \vith increasing frequency, because of the asymptomatic, long­

term carrier st:ne of donors infected ,vith this Plasmodium. \Vhile the 

longevity of P fo/c,parum 1n man seldom exceeds one ye:ir and P. Y/l'a..f

or P a\·olc usuwly die out \Vithm 3 years, P nialarioc mny remain in 

the infected host for up 10 40 ycnrs (Bruce-Ch\vatt, 1980). The v1abiliry 

of mal:irio parasites stored 1n dextrose at 4°C hos been put :11 bcl\vccn one 

week nnd I O days. 

Transfusion mal:ui:i is of common occurcnce m the University 

College ltospi1al, lbad311 (Ambc and Njiny:un.PersonaJ Communication). 

This could be 011ribu1cd to the current wave of economic hardship th:it 

has transformed voluntllry blood donation into a commerc1nl 1rans:1c1ion 

involving mo�1ly the less :iffiucnt soci:tl class who now sec blood 

donation ns a profiUlble ven1un:. 

Follo\ving this obscrvnuon. 11 is expected tl101 p3ed1n1nc patients 

arc tltc most vulnerable v1ctinu of blood 1r.uufusion mo.lnria as this age 

&roup of pauents arc usually tr:msfu\ec.l with ftc5hly collected blood. h 

will therefore be worthwhile 10 c.lc1erminc the prcv:ilcncc of m.ahtrio. 
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parasites in b:uoo Junors so as to cv:ilu:uc its potcntl:il impact oo 

ll'IIUfusion nularia. Results from such a study may assist in lhe 

fonnulation of guidelines governing the acceptance of donors of \\hole 

blood for IJ'llnSfusion or pro1np1 trcaunent of recipients of 1n:il:ui:1 

infected blood. 

1.13 ADVANCES IN I\IAL,\RL\ \l,\CCJNE RESEAJtCII 

During the l�t 40 years, then: h:ivc been n:pc:11eJ 1111cn1pts 10 

obtain :in errcctivc vaccine oi;:iinst mal:irin. Clyde et al. ( 1975) r,crfomieJ 

the first hu111:1n trials u,in� sporozoitcs fro111 irrad1J1cd n1osquitocs :is 

imn1unogcns. Volunteer.. were imn,uniz.cd by feeding imidi:ued 

sporozoite•infcctcd moMJllitocs on the vaccinces. 1l1cn: w1s a corn:l;uion 

bct11.cen CSP .intibodics and protection against n1ulari;i. V11ccince5 

in1n1uniu:d with P. /ulcipar11111 sporo,oitcs ,,ere protected against other 

strJins of/> /11/rip,1riu11 bul nut against P. 1•i1·,u. 1l1is cxpcri111ent 

produced the fir�t clear u11Jica1iun th;ll induced Immunity in su�cep1il>le 

hosLS was o po1cn1ial 111cthoJ of co111ro!li11i; the disease. Ne11c11hcle�. ror 

pru1ec1ion 10 l>c induced, cxpusurc 10 hunJn:d.s or infected 1nusquitUCJ 
• 

was n:qulrcd und consequently 1he u�e of this type of unn,unoi;cn 1s a 

v11cclne Is hli;hly lm!lroctlcul. 

111e continuou� culture n1c1.hoJ of P./alciparum dc11clopcd by 

1·r:iger and Jensen ( 1976). pcnniuecl I.he prcp:imtion of 13rgc quantitle& or 

antigen without dcpcnJin& exclusively on isolates. 11,is together witli 

n:ccnt odvuncc\ in inununologic nnd b101cchnolugic Louis hos pcmiined 

lhe antigenic chJrJcleri1�1iu11 or n,�ny bolulc� Scunc of tl1csc :antigen, 
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arc now obtain.ib!c by both n:con1uinan1 D .\ iechnology anJ chemical 

1ymhesis and provide a powerful 1001 for the dissection of lhc specific 

immune response of the hos1 10 the p:u'3si1c. 

In the search for mil.laria c:indid:itc v:iccincs, s1:1gcs in which !he 

nwaria p3t:1Sitc is accessible to the immune S)'Stem of the hos1 h:lvc been 

considered (Fig. 2.6). TilCy include tlic sporo1oi1c, mcrozoile, nulurc 

infected crytlirocyte, e�OCr)throcy1.: and gamc1ocy1c sr:iscs. 

2.13.l Sporozoilc Vaccine 

111e membranes of infective sporozoitcs 3l'C covered by :a 

protein c:illc:d the circumspomzo:1c protein (CSP). 111c CSP genes h:lvc 

been cloned and sequenced from sevcrJI sp,:cics of PIJsn1odiu1n (Enc:i er 

al., 198-1; Arnot et :ii., 1985) :u1J 1111 Jis1,h1y the s11111e general structure:: an 

inimunoJomin.:int repeat-coding cent ml Jon1ai11 (fig. ::?. 7) nankcd by two 

sn1:ill coll,ervcd sequence� on bo1h sil.!cs of the imn1un0Jomi11:in1 rcpcJI 

n:i;ion 11.:fcir.:J to ii\ n:i;ion, I and II. Rccc111ly, it h.1, h,.:cn rcpuo1cJ th:11 

sporo,oitc, bind 10 :uni enter hr'.)Jll1cy1cs in tl1c �pace of Dissc, and that 

binding is accornph,hcJ by :i region 11 �c11uencc on tllc CSI' gene 

(Cernmi cl 11I., I 99�). I lollinsd;ilc cl .al. ( I 993) 1.l..:n1onstrJtcJ that a

peptide 1cquenc:c sp.inn111s rogion I of the CSI' binJ, 10 1 lcp G2 �Its. 

AntiboJics 11&:iin,1 thi, �C(llll'IICe i11hibi1 �poro,oilc invo�ion of I lcp 02 

cells sugso.:�tln� 1!1.11 rct;ion I is hkcly 10 b.: invulvc11 in sroro2oi1c 

mvw.1on. 
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A Sporozoites intecrive to humans

B. Gometocytes intective to Mosquitoes

Fig 2 6 Malaria parasite ttre cycle and vacclno ltlrgets
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Signal RC{!IOll A1111no acid R<!gion Anchor 

�equcncc l n:pcnt� II 

• • • •• ••• • •: u ::••• • • • 1···:1·· • • • • • • ••• •• • • • • • :1:: ·:i.:.1.:.:•••••• ••• 

' . ···: ·:··• • ••• .. ·••••• : ;•• • • • •••• • ' • f;'t"' ,., • 
• • • 

I 7 I �.a J7 , �ANP !JX 1 X 11 JI • 

I , NVOP 

l�ig. 2.7. Schc111nlic presentation of the prln1nr) 

structure uf' the circun1sporo1oltc protein. Nun1bcrs 
Indicate arni no ucid posi lions. 
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The gene for Ilic CSP of P./ulcipariun encodes a protein of 412

anuno acids, 40% of which arc included in 41 tandem repeated 

tctrapeptides: 37 of these arc ASn-Ala-ASn-Pro (NANP) and 4 arc ASn­

Val-Asp-Pro (NVDP) (WIIO, 1986). DNA hybridization studies of 18 

gcogrophically distinct P./alcipar,un isolates indic:itc lliat the rcpc.11

region is highly conserved (\Vcbcr and I lockmcycr, 1985). 

2.13. 2 Jlosl Jn1munc Responsiveness 10 lhc lm1nunodo111ln11n1 

Rcpclllivc Epltopc of l',fa/clparun, CSP. 

\Vith the identific:uion of the inununodon1innn1 repeat region as 

the prin1nry vaccine 1:irgct, it has been �hown by 2.:ivula et al. ( 1985) that 

after naturJI infections \Vith P./11/c1j,aru111, Ilic great majority of 

nntil>odics produced ognrnM sporozoites ore directed ag11ins1 the CSP 

repetitive epitopc. Doth syn1lu:1ie-(NANP)n (Del Giudice et 31., 1987) 

and rccombimnt. R32tel 32 (lloffn1nn c1 ol., 1986) peptides lulvc been 

successfully employed in dc1cc1ing u,ni-CSP Mtibodics in scra from 

immwic individuals in n1alaria cndcn1ic areas. Doth monocloruil and 

polyclonal anubodics d,rcctcd :ig:iirut sporozoitcs luvc been �ho"'n 10 

inhibit sporo2oi1c invo�ron of cuhun:J humJn fibroblast (I 11.1U1ngdalc et 
al., 1982) iind hcpatoma (llullingd:ilc et al., 1984) cell lines in a Jpccic, 

specific nlonncr. 

r.,�rc h.ivc been connicling report, as rcganb the pro1ccti1tc role

of llll1t-CSP anubo<lics in II nurnber of eridcm1ologicnl ,tudici. I loffnUlll

e1 al ( 191!6) in lndonc�io rcroncd th.'ll anti-CSP 11111ibod1c1 n1cdi:1tcd
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circumsporozoite - precipitation reactions and blocked sporozoite

invasion of hepatoma cells in vitro and such reactions have been shown

to correlate ,vilh protective immunity. The age-specific prevalence of

lhcse antibodies correlated wilh decreased prevalence of malaria

suggesting lhat a v:iccine derived from lhe CSP repeat domain will

produce protective in1munity. C:unpbell et al. (1987c) in a study of

children I monlh to 10 years from 3 villages in wcsiem Kenya observed

lhat the percentage of antibody-positive children increased with age and

differed in lhe lhrce villages. The village wilh the lo,vest percent.age of

antibody-positive children had the lowest percentage of malaria

infections. In a longitudinal study of 132 rural Tanzanian children, Del

Giudice et nl. ( 1987) reported that anti-(NANP)40 antibodies increased

with age. A negative correlation ,vas observed between lhc levels of anti­

sporozoite antibodies and botl1 spleen enlargements and mal:irin

parasilOCmio. 

Deloron e1 al. (1989a) and Deloron and Cot (1990) in a study in

\Vcstem Kenya and Durkina Faso respectively found an Increase of anli­

(NANP)s antibodies wilh oge and antibody-positive subjects were Jess

likely to be infected wilh P. falcipar11m. The inverse relation between

rc:ictivity to (NANP)s and prevalence of molorio led tl1em to suggest t lut

tllcsc antibodies may play :i role in immune protection. 1 lo,vever. their

observation mat individuals with high an1i-{N1\NP)5 lllltibody tit� were

infected witll p Ja/c1pattu11 1ndica1cd that these lllltibodies alone \\ere

not $umcicnt to confer protection agoinst m:11:iriti infection Snow et al.
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(1989) in the Gambia reported an increased seropositivity to the

(NANP)40 peptide with age but not with sex nor ethnic group.

Eposito et al. ( 1988), using multiple cross-sectional surveys found

some evidence for protection in adults at the begining and at the end of

the rainy season, when the pressure of infection was IO\V, but not during a

period of high malaria lrlll1Smission.

llowe\•er, field studies by Hoffman et al. (1987) in Kenya, Pang et

nl. ( 1988) in TI1ailand and Marsh et al. (1988) in The Gambia, :is  weU as

sporozoitc inhibition studies with \Vest Afric:in sera (Mcllouk et al.,

1986) showed that anti-CSP antibodies arc not protective. \Vebster et al.

(1988) reported that CSP antibodies may not be sufficient 10 confer

protection against crythrocytic infection by reducing !lie number of

sporozoites which successfully invade liver cells. They suggested t1101

ccll-mcdi:11ed immunity may however, contribute to protection against

sporo£oitc infection. Burkot et al. (1989) observed o significnnt trend of

increasing anti-CSP antibodies with age but there was no evidence of

protection �goinst m:ilaria. \Vijcsundera et ol. (1990) sho\vcd that anti·

sporozoite :intibodies are of short duration, unrelated to recrudescence

and independent of the anti-blood-stage antibodies. Rosenberg and \Virtz

(I 990) reported that intrinsic differences exist in Gil individuals' ability 10

respond 10 the CSP. A plausible CJ(pl:inatlon for these intrinsic

differences i s  th:11 t11ere is some genetic restriction of the hum:in T cell

response 10 (NANP)n peptide.
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1l1c CSP repeal is lnown ro bi: included in the imn1unodou1inan1 D 
cell epiropc of this antigen. When injecti..: inro 11-2 congcnic mice, 
R32rct 32 induced both 11111i-NANP 11111ibodies and specific T cell 

prolifcrnrion in vitro in 4 of 7 strains (Good c1 al., 1986). 1lic response 10 
the plasmodial antigen was restricted by All IC class 11 molecules 

encoded by the 1-Ab genes. Good et al. (1987b) reported 1h01 intact CSP 
conlllin 01 least one T helper ccll-octivaring site outside the rcpeo1 region, 
ll1us cmphasiling the necessity of n13pping vaccine candidJtes for T cell 
ruuigcnic sites. A vailublc evidence indicate that Ilic CSP 1w a limited 
number ofT helper antigenic sires capable of amplifying die fom1111ion of 
nnubodie�. 

It is cv1dcnr from lhc above observ:11io11s 1hu1 the factors governing 
ll1e acquisition of anti-CSP onuboJies ore still in3dequatcly understood. 
Consequently d1cre is need to conJucr furtl1cr field s1uJies 10 asceruin Ilic 
protective role of these a111ibodics. Such studies ore of tremendous 
importance in sporozoite vaccine c!c\•elopn1C11I. 

2. IJ.J Spurozoile Vucclnc Jrn11111nirollun Trlul,
• 

Several irnrnunirotion trials with 111d1n1ion-a11cnuJted 
1poro.<ollci, synllicrlc und rccornblnunr CSI' hnvc 1>1:cn shown 10 prorccl 
animuls and humruis 11goinsr n1alaria. Canipe II er 111, ( 19117a) sho11. ·cd IJIIII

mice immun17.ed with R 321c112 proJuced II secondary antibody rcsporue

after intravenous lnjectrun of P fi1lciparu1n sporotoircs. 111is suri;cilcJ
111111 boosting of :inrlbody 111igh1 occur after narural exposure 10 
apomzniics, O.:l G1ud1cc cl nl (1988) ihnwcd lhJI C.S7111.J6 (I l•:!b) mic-c
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responded �1ro11gly lo carrier-free (NANP)-10 bu1 1101 (NANP)3 nor 
(NANP)4 peptides. TI1e ability to produ� .. .i111ibodie, against (NANP)4o 

was shown 10 be linked 10 the presence or 1hc b allele in 1he I • A 
subregion ·or the 1 1  • 2 cornplc.x. 

Khusn1i1h c1 al. (199 l) found 1ha1 BALB/C mice immw1izcd will1 

irr:1di:11cd P. yo,•lii sporo.toitcs produced on11bodics 11nd cy1010.xic T
Celli :igainsl a 140-Kd protein, sporozoi1c surface protein 2 (SSP2). �1ice 
iinmunilCd ,vith cith1:r SSP2 or CSP !:encs were partially pro1ec1cd, while 
those inuuuni.tcd wi1h a n1i.x1urc of SSJi2 1111d CSP 1r:ansfecuan1s were 
comple1cl)' pro1ec1ed against malaria. P./11/c1j,arum SSP2 (Pf SSP2, Mr 
90Kd) h:is recently been idc111ificd (Rogers cl al., 1992). Anti-J>f SSP2 
wuibodies inhibi1 sporoloitc inv:ision of hcp:i1ocy1cs in wtru. l luman 
volun1ccrs immunized with irr:idia1cd sporozoitcs develop antibody and 
prolifc1a1ive 1· cell n:�ponscs 10 Pf SSP2 suggesting that ii is a 1;1ri;e1 of
pro1ecti\'C imn1uni1y. 

Fiflcen volunteers .,..ith no priur cxpvsurc 10 nulari11 were

unrnunizcd with rcconrbinlnl R32tcl J2 aJ.\orbcd to alun,.falcip:uwn 
sporoz.oitc v:iccinc·I (FSV-1) by Uallou et ;ii. (1987). Atnigcn,spccific
llnliboJy was dc1cc11:d as eJrly a\ ,.,..o .,..eels oftcr pnm:uy i111muniu1lon. 
Antibody response .... as sus1.rlned for 3 • 4 1,1,-ccl.s anJ 111cn rc1umcJ 10 
bo.sclinc with a alcullltcJ 112I( life of 28 d1ys. To dctcm11nc v.hclhcr 1
•ubscqucru booster might incrc.uc 1111lboJy 11tcn and thus protection,
four doses of r:sv-1 \lo'IS adn1inis1tttd ro 6 of the origuul \Oluntccrs. Nl>

hidcncc of booiting WJS obscl\cd Five n1o�ui1ocs Infected v.uh 1
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�Of�uinc sensitive NF54 strain of P. fa/cipan,m were llllowed 10 feed 

on lhese six subjects :ind two controls. Seven of lhe 8 volunteers 

developed clinical m313ria 9 • 13 cbys 1:uer. Parnsil4emia never 

developed in the individu31 who bad the highest antibody response llllJ 
the incuootion and prepatcnt periods were prolonged in lhe t\\'O subjects 

with the highest antibody tilers among the subjects who became 
• • p:iras1�cm1c. 

In another v:iccinc trial, I lcrrington et al. ( 1987) immunib:J 35 

he:iltby malc:s \vitb :i P.falciparum Bllti-sporozoitc nlum-ndjuv:ucd 

vaccine consi>ting of (NANP)3 -IT. TI1e f n:quency and magnitude of the 

antibody response correlJtcd with the vaccine dose. No evidence of 

boosting w:is observed nor did antibody tilers incre:ise following 

administration of t11c 2nd and 3rd doses. Five 1nosqui1ocs infected with 
the chloroqu,nc sensitive Nf-54 strain of P.falciparun, \\Cre 111loweJ 10
feed on t11rcc voccinecs with lhc highest anubody 1i1crs 111d four controls.
All four corumls developed m:il:iria \\itl1in 7-10 dilys. Two of the three 
v:iccinared volunteers Jc:vclopcJ 111.ifaria 11 d.1ys after exposure. Tiic 
third volunteer was in1n1unc and free of par:i>it.icmi;i 29 4ays :iftcr 
clullcngc (I Jcrringron et al., 1987). 

• 

A CSP �ccine called CSP-2 (42/S-lkd) "'hich is p�nt in P. 
fulciparum and P. btrghti (Drown, 1991) h;is been identified anJ lhe
genes cloned. Antibodies 10 the CSP • 2 antigen protcctcJ mice lhJt were

infected with r. btrghci from tlic dii,cuc (Anders et al., 1991). Anotl,cr
csr v:accinc c:illc:d CSP. 3 ha� :also l>cc:n idcnuficJ iaml ii is :in1icip.11cJ

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



69 

that CSP • 3 could be con1bincd with other sporozoue protcins 10 booit

the immune response (Anders et Ill., 1991). 

2.13. 4 Asexual Dlood-Stugc Vucclncs 

Numerous P.falcipa,um antigens bnvc been ideutified ll101 
might serve ns malaria candidute vaccines. They include Ilic n1ajor 
merozoite surface protein, the ring-infected erythrocyte surface 11ntigcn, 
the S-antigen, I li�tidine rich proteins, gl}cophorin-binding proteins, 
llllligcns of tJ1e parasi1ophorous vacuole, falciparum erythrocyte 
membrane proteins, tronsferrin rcccpto�. Ag332 nnd m.1ny otJtcr SmQJI 
molecular weight protein�. For tJtc purpose of tJt1s review only tJtc 
1nero.:oitc surfoce protein, the nng-infccrcd erythrocyte surface nntigcn 
and Ag332 \Viii be considered because lhcy are the mo�t studied. 

2.JJ.S The r.tujur r.JcroLuilc Surfncc Antigen (Pfl95)
·n1c m:1jor mero,oitc surface nn11gcn i\ o glycoprotcm

syntJtCliLcd throughout schilogony nnd 1ranspor1ed to tJ1e ,urfoce of the 
intnaccUulM para�ilt. 11tis 111okculc ,v11ll o rcfat1ve molccul:ir mass 
�lrl 95-ld (Pf 195) is Ilic prccur�or of �cvcral smaller proteins (83, 42 11nd
19-kd), some of which ore expressed on the merozotte's surracc (\VI 10,
1986). 

Anil-Pf 195 oniibodic� h.ivc �11 dcn1onstruted 111 tJ1c scni or

individuals lnhabhing 01aluious arc.is (Holder and f-rccmon, 19112; !loll

tt al .. 1984). Ant1bodics din:cicd 1gailu1 m.:rozo1tc su1facc components

nuy inhibit i;rowtJ, Ill \ltrO ,n 01 lc.ul IWO WA.)'S An1i!ioJje5 nl.\y
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. " Sttnc;i ·Y block merozoitc reccplors on rcJ cell m.:mbr:inc or altcm:uivcly
may agglutinate mcrozoitcs prior lo their dispersal fron1 lhc nuturc
schizont (Chulny et DJ., 1981) thereby c:1.-1.1.1ively reducing the numbers of
invasive fic:c mcrozoitcs.

2.IJ.6 The lling - infeclcd Erythroc}lc Surf.ice An1ii:cn (RES,\)

1l1e RESA wns identified 3S 3 con1ponen1 of the Cl) throc}tc 
rncn1brnnc by Perlm:inn et al. (1984). The RESA also l.no\1.11 :is Pf JSS is 

Present in tJ,e dense granules in the apical complex of mcrozoiacs 
(Aikaw:i et al.. 1990) and bccon1cs associuted \lo•ith the cry1.hrocy1.c 
membrane  shortly afler invJsion. II is not expo)cd 01 tJ1e cxtcmAI surface 
of the crytJ1rocy1e n1cn1br:inc (Berzins, 1991 ), but seems 10 be associated

With the intrncellular cy1os�cle1on (Fii;. 2.8) :intl C)peciJlly with spectrin 
(Foley et al .• 199 I). The Pf I 55/RESA IJJS oho been tlctc:ctcd in spent 
culture n,cdium (Carlsson er nl .. 1991 ). 

11,c co111pkrc �uu�tun: of rhc i;cnc cncodiui; RESA ha, �en

dcrcnnincd (f':ivoloro cl al.,!986). An inrron in the gene: separates a unall 

C>.on f (65 anlino acid>) from II very n1uch 1:irgcr ( I 008 .uni no acids)

citon 2. \Vithin cxon 2. there arc t\\.'O regions of n:pctitive sequences: tJ1e

3' repeat region (C-tcnninus) encodes sc\'crol lllndcm n:pcats cr:ig. 2.9) of

an 8 llnlino acid sequence (El!NVCIIDA) rcpciucd 4-S tlrncs followed by

a much niorc extensive set of 1a11Jcmly rcpc:11ed 4-:imino acid ,cqucnccs

(pn:Joniinantly EENV) rcpeJtcJ 30-40 11mcs. 11,c S' repeat region (N-

ie,_. ) • d ,.cnc ... te with :in 11-:uninu acid sequence... ,1nus 1s rnorc c0 ,.. • 
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Fig 2.8 Schomallc diagram of the topological dlstrlbtutlon 

or P faJclparum proteins (Pf HRP2. Pr EMP2. Pf EMP I. 

RESA) In the surface membrane of Infected erythrocytes. 

Tho lipid bilayer of the red blood cell membrane (RBCM) Is 

Indicated together with the cytosketeton and electron­

dense material (EDM) undor knobs (Howard. 1988) UNIV
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Fig. 2.9. Schcn1nlic prc.scnlntion of the prirnnry
str11cturc of the the Pf 155/RES,\. Nurnhcrs indicutc
ainino acid positio11s. 
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(DDEI IVEEPTV A) occuring t\Yicc and fiye shorter )CC)uenccs derivedfrom the 11-mcr by deletions and, in  son1c coses, by conservntive
substitutions . 

• 

No antigenic diversity or size variation hos been detected between
different Slr.lins and \Yild isolates (Pcrln1ann et al., 1987). A 155-kd P.

folcip<J111n, protein that cross-reacts with Ilic RESA has been identified in
mature gamctocytes (tvlasuda et al., 1986). Antigens sin1il:lr to Ilic Pf
155/RESA also occur in otl1cr Pl:ismodiun1 species (G:ibriel et a.I., 1986;
Nguycn-Du1h e t  al., 1988). Jn1munodon1inant 8-ccll cpitopc� :an: loc:ircd
within tl1c 3' repeats, central repeats Mt.I fc\v sequences loc:11cd ouu1dc
tllc repeat regions (Troye-Blon1bcrg et al., 1989; Chougnet et al., 1992). 

TI1c Pf 155/RESA is considl!red ns a prime candidate for a vaccine 
:igninst the asc>.uaJ blood s1:igc of J'.f<Jfcipnr11n1 since botll polyclonal 
and n1onoclon:il ru11i-Pf 155/RESA ontiboJics efficiently inhibit 
erythrocyte inv:,\ion by mcrozoitcs in ,•itro (\Vuhlin er al. 198 1, 1992:
Bcnu1s et nl., 1986). onJ the dcvclopn1c11t of nnti-RESA antibodies in 
human� nppcars 10 correlate \Vith t11c acqubition of clinic:il lnununhy
C\Vahlgrcn et al., 1986). 1 lo\vevcr, tl1c role of anti-RES/\ antibodies in 
rrotec1ivc unniunity against n1Jlariil is '1ill quc�1ionilblc since field 
Studies have yieldcJ connictini: result�. 

In scrocphJcniiologic \tuJlcs, antl-RCSt\ 11111ibodics incrc:uc with 
•gc and lraJtirnls\ion (\V:ihlgron cr at. 1986, O.:loron c1 :if., I 989;

C'hil1olini et al.. I 989, O.iirJ cl 3.1 .. I 991) c�cepr in CJrly childhooJ
(UJ01�11:in cl ol • 1991) and n111y b.: n:latrJ lo the acquis11l.,n t1f
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protccLivc imn1uoity. Nguyen-Dinh et al. (1987) found low or 
Wldclect.able levels of anti-Pf 155/RESA antibodies in syn1ptomatic 

patients �d high levels in asymptomatic ones and suggested that these 

antibodies might play a role in protection against n1alnria. Ot:loron et nl 

(I 989b) in a study of gravid and nulligrovid ,vomcn in Kenya observed 

high nnti-Pf 155/RESA antibodies in n1ulligra\lid wo1ncn, moderate levels

in nulligrJvids and lowest level in prin1igravid won1en indicating a

pattern consistent ,vitl1 clinically O£Sessed protection against malaria.

Petersen et nl. ( t 990) in Liberia observed a positive corn:lution between

llllli-Pf 155/RESA antibodies and lower pnrusilllcmio und suggcstt:d lhat

high tilers of nntl-Pf 155/RESA antibodies might ploy a role in protective

llllmunity in ndulls. 

On t11c contn1ry Ocloron et nl. ( I 989a) in Kenya found that

intlividunls ,vith high antibody 1i1.crs to the Pf 155/RESA ,vere infected

With P.falciparu,n indicating dial t11esc antibodies ruone were not 

suflicicnt 10 confer protection ogainst malaria infection. Deloron and Cot

(I 
990) reponed O similar obscrvution in Burkina r-aso. Djorkmt1n et .ii. 

(1990) in O longitudinal study of 32 adult Ubcria.ns ob�crvcd no 

algn·,n 1 . bet v"'"" a,111-Pf 155/RESA antibodies ond pur.uitc

ICQn[ com: UIIOII � ..... 

<knsnics, A similar obscrvotion was rcporh:tl by a,umpilnLi cl al. (1991)

in n ,. . 1 1 ( 1989) in 1l1c O:unbln found no corn:lilllon 
u1,.1na Fuso. �lnrs I cl :i 

bet . "cA tlbodles lltld number, of cllnicol cpi�odCJ.
wccn ontt--Pf 155/R� Q.11 

1 I di iduul .,,.11,1,lc� fro1n tile l'f 155/RESA 11'0

A111l1Jodlcs ago 11st II v r-

ln l''" c ({Xluron et 111., I 9SQa), Pcll:�cn et 11. 
C:tcQgc to sonic c�IC:111 W UI ns 
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(1990) reponcd n negative correlu1ion be1,vccn paru�i1acmia and nn1i­
(EENV)5 an1ibody levels in Liberi3Il ndulls. llogh e1 al. (1991) did not

find any correla1jpn in Liberian children bclo,v 5 years of ngc . 
. 

2,13. 7 Antigen 332 (Ag332) 
A clone, 11un1ed Ag332, ,vns isolnted tro1n o P./alcipar11111

expression libr.iry based on iis reoc1iviy with u pool of African hun1un

. 

immune sero (Mattei cl al., 1989a). Ag332 is located in sn1all patches in

1he ery1hrocy1e cy1oplusm and is nssocinted ,vhh 1he membrane of

asexually infected cry1hrocy1es. Ag332 is encoded by o single, lorge gene

lhat is polymorphic in different P./alcipa,11111 isolotcs (Mauei anti

Scherf, 1992). 111is antigen con1ains hii;hly degcneru1cd gluUlmic ncid-

rich repeal� of 11 an1ino ocids. 

The rccon1bin:1111 332 fusion protein rcncts ,vith the hun111.11 mAb

33G2, which is able 1o inhibit t11e cy1oadhcrcncc of parusi1iu:d red blood

cells on the ,nclanoma cell line CJ2 (Udon1songpe1ch c1 al., I 989.i). 

Furthen11orc, niAb 332 cfficii:n1ly inhibits tl1c invasion of crythrocy1cs by

ll"lcroLoitcs In vitro (Udoms:ingpetch et QI,. 1989b: \V11hlin cl nl .. 1992), 

sugge.\ting tJiat the antigen encoded by Ag332 is of potential intcre,t with

tcgnr(b 10 protcciive inimunity, A series of ovcrlllpping S)•nthctlc 

l>Cptidcs repri:�coting one Ag332 rcpe111 (ESV1'li6IA) hllS been 

'YntJ1cstzcd and used 10 dctcmiinc the cpitopo rccogni:r.cd by mAb 332

(Alhborg et al., 1991 ), 11,c cpitope hlS l,ccn tJclincd ns :a !incur i.cquc:ncc

of 5 nnuno ncitls, vr� UI.
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2.13.8 linn1un i1.11tlon '!'rials with Asexual Ulood-Stnge Vaccines 
llolder and Freeman (1981) inununized BALD/C mjcc on 3

occassio� with 1.he n1eroz.oite surface protein and challenged 1.hem with 
l04 P. yoe/ii parasites: o.ll t.he control group mice died wilh a 

ful . . mmating par.1s itac1nia on day 8 after challenge. In the immunii.cd 

mice, a relatively lo\v grade purnsitaemia was cleared by day I O and all 

the mice survived. Although lmmuniz.ation induced high antibody titres, 

serun, from in1munizcd mice ,vas not protective on passive transfer thus

suggesting that lhe resislOllcC 10 infection was not due simply 10 the

antibody response. Other nnimnl inununiuuions (llall et nl.,1984: Perrin

et al., 1984) demonstrnte thut sterile immunity cnnnot be achieved by 

lmmuniz.:ition with the Pf J 95 antigen. Al best a tr:tnsienl, low grade

p:ir:isiluemia is observed followed by p:unsite clearance. So fur, no 
. 

unmunization Mudies have uecn carried out in humms employing the Pf

l95 antigen. l lo\vcvcr, peptide derivatives of the Pf I 95 antigen have 

been used in humllll vaccine trials (Puu1rroyo et al .. I 988). 

Using � • gnlac10s1d:1se fusion proteins containing the repeat

regions of Pf I SS/Rl:SA in O vaccination trial in Aotus monkeys. p3ni:it

Prot ect ion against P.fn/c,parLlfll challenge wns observed with some of

lhc imm C 11. t ol 1986) Pnssive inwunl:r.:11ion of /\otus 
unogcn� l o 11\S c ., 

11\
onlccys with nf!inity-purilied 11umnn nntibo<lics rc:1ctlvc will, Pf 

I SSm '"' d I d pressed P.falcip,1ru111 pa_rositacml11 :i(tcr
,.,r.:,/\ repeats rcsulte n e · 

Cl\aUcnse (llcn.ins cl :ii , 199 1 ). 
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Pa1nrroyo et ol. ( 1987a) i1nn1unized Aotus n1onkeys wit11 purified 
pre parauons of the Pf 155/RESA protein and other merozoile derived 
proleins o� n1oleculnr \veighlS ranging from 115 to 23-Kd. Afler 
chnllenge, llllin1nls im111unized wilh lhe Pf 155/RESA antigen and n 
merozoite derived protein of Mr 55-kd sho,ved delayed onset of 
Pnmsitaemiu by 5 to 7 dnys, suggesting u partial protective inununity 
induced by vuccinution. �lonkeys imrnunized ,vi1h the 83-kd nnd 35-kd 
fragments of t11c Pf 195 protein were completely pro1ectcd os sho,vn in 
lllble 2.1. lmmuniz.ution ,vil11 the other frngn1en1s of the Pf 195 did not

Confer protection. 

Putnrroyo et nl. ( 1987b) imn1unizcd another group or Aotus

monkeys wil11 Ilic pfl 55/RESA protein nnd fragments or the 83-kd 

Protein nnd oilier merozoile derived protein.) in different con1binn1ions.

Scvcrn.1 pcp1id1;s d id not elicit a pru1cc1ive inununc response ogoinst the

c�l>Crimcnlnl infection, regardless of high nntibody 1i1rcs. I lowever • 

lmmuniz:ition with pnrticulur peptides (derivatives or the 83-kd, 55-kd• 

atld 35-kd) dcluycd the onset of dlseuse in some of the v11cc111oted onlmols

suggesting lllut lliese peptides were able 10 elicit partial protective 

1mmunil n ., 1 • . f ..,..011 ·on O new lmmunizntlon scheme w"

y. nseu on t us 111 o.... 

developed . ,.· ·on of two or three of the p:irtlally protective
• using o co111u1nn11 

�Pti·'- W . or mortl..eys were challenged, four of the 8
lolCS. hen 1l11s new group · 

l
t
tOllltcys lmn1unlud \vlth a n1iitturc of iwo peptides (Spf 31.1 onJ Spf 

SS, I) de 1 .,. . llor to controls 1l1e rcmGininr, four 
vc oped O ul�eusc Sllll 

llt>t I . ll ront:uu:ously rccoverct.l. or Slll

e; Opct.l n1odcrutc pam�11.Dcmiu nn 5 
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monkeys · d · immunize w11h a 111ixture of 3 pcptidt:s (Spf 35.1, Spf 55.1 andSpf 83.1 ), three developed low par.isitnemia levels significantly later than
in the controls nnd recovered spontDneously. The renu1ining three nnimols
never developed parasitaen1io.

In order to overcome carrier problems, Patarroyo et al. ( 1988)
synthesized two hybrid polymers: Spf ( 105) and Spf (66). 111e spf (105)
contained the Spf 83.1, the CSP repent region (NANP) and the 5' repeat
region of Pf 155/RESA whil e  t11e Spf (66) contained the CSP repeat
region, Spf 83.1, Spf 55.1 nnd Spf 35.1. TI1inecn n1alc volunteers ,vcrc
selected to be vaccinated fron1 0 toll11 of 109 hen1thy hi&h school graduate
Volunteer soldiers from llie Colombian Mililllry forces. Antibodies to the
mcroioitcs o.nd schiionts ,verc detected in nll scra. No corrcl:uion was
found between antibody levels o.nd 111:unria protection. After Ille seventh
d
.ly of challenge, volunteers ,vho received s:ilinc hild p:11usiU1cmias 11101

rose in 12 hours from very to,v Jc:vels ond ,vere promptly treated. Two of 
fo

ur Volunteer� vuccin:11ed ,villi Spf ( 105) shov,ed paniul control of
infection · h 1 . nts during doys 13 ond 14 and received wu ow parasite cou 
dru., th . . bi The other two behaved as0 crapy wuh no ch111cal pro cnis. 
COntrots � ... ,, d , 'lnrly 11,rce of the five volunteers

... ,11 were trcatc slnlt · 

v:icciruted wilh Spf (66) hod mild infections ,villi �tcndy inc�c in

Patusi� counts and towl recovery by day 21 (Tuble l.l), Tiie founh
Vol O ii I 'Ai and on cby I 0, decitlcd toUntcer had pal'll\itacn1ios below 
V..i•'-d J Toe £iflh dc\Jelopcd "1 rnw from 01c study nnJ was ucute 
l>lr;uil!lem1u sim1lnr 10 l11e control group.
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The synthetic hybrid polyrner Spf (66) is the first synthetic vaccine 
for human use against the asexual blood smges of P.falciparun, nulorin.
PaUUroyo et ul. ( 1992) evaluated the safety o.nd immunogenicity of the
5Yllthetic Spf 66 vaccine on Colon1binn children ogcd I - 14 years. A 
majority of the children developed high o.ntibody tilrCS against Spf 66.
lney concluded that the Spf 66 vaccine is safe and highly imn1unogcnic
for use in children greuter thnn I year old. The efficacy of the Spf 66

vaccine has been put at 82.3% against P.Jalcipar11n1 o.nd 60.6% against
P. vivax (Amador et al., 1992). In a phase I l l  randomised , double blind,
Plnccbo-controlled triul in Ln Tola, Colombi:i, Valero et ol. ( 1993)
showed that I.he SPf66 n1alaria vaccine is safe, immunogenic antl
Protective against P.falciparzun mnloria. SPf66 is being taken seriously
by the \Vorld I leahh Orgoniz:ition ond other 1rit1ls ore under \YDY (Cox,
1993).

lt3,9 Sexual Stage Vaccines

r I · u·Jnsn1i�ion-blocl.. ing Some wrget antigens o 1110 ana · 
lnl'bo · · hove been studied most 1 dies again�, the sexual stage paroSites
corn . p ,a/linacc11n1 o.nd also 111Prchensivcly in the chicken moluna, · 8 
P,fatciparw11 .. Three malariol proteins 230Kd, 48/45Kd and 25Kd
'Yn•1. . cd on the surface of sarnetcs and"•cs17..ed by �xual swges and eitprcs> . iyg . 1 tar""IS for uunsm,ssion·Oles hnvc been identified as impotwl 0 
blacL 83 Verrneuleo et 11I., 198S)."Ing Immunity (Rener cl nl .. I 9 
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Quakyi et ul. ( 1989) rcponcd that 43% or adult sera reacll!d with 1he 

230Kd protein and 9% reacted with I.he 48/45Kd anti�cn. None or the 

Sera reacted with the 25Kd protein 

Antibodies developed in  the mammalian host ng:iinst gametes or 

zygotes of malaria parasites can block tl1e infectivi1y of the parasites 10

mosquitoes. Other antibodies induce complen1en1-dependen1 lysis of

g.imetes or zygotes (K:iushal et al., 1983).
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CHAPTER THREE 
MA'fERIALS AND t\lETHODS 

�IATl�RIALS 

Study Aren 
The study 

Gov, 
,vns earned out nt lgbo-Orn, 1n the lfeloju Local

crnrnen1 Ar• 
or roll 

en of  Oyo State. bordering the rain forest belt. II consisL�
ing snvnn nnh . . 

�iltcr 
country. ,v1th re:.1dunl patches of forest gro ,ving near

COUl'<;es t\l 
lcvet Th 

· · O!\l of lhc land hcs between 400 and 600fl above sea

· c clin1·n · th d� � 
• e 1s nt of the tropicnl rn1n-fores1 1one. There 1s u ,vann

. nson fr 
t\Pril 

oin Novc111ber 10 t\lnrch. nod n cooler rain)· scnson fron1

lo Octob • Th 
. . 

die .,.. er. c menn nnnunl nunfnll 1� of the order of I 270n1m.

tttc�, m f� onth (June) hnving about t78m1n of m1n and the dnest

l'llbcr and J tiii, , .  
nnuary) about 8011101 {Ogunlcsi. I 988). Temperature\ do

oll) g 
¼40C 

rcnily, the higlu.:�l ,nonthl) ,nc:an nunin1un1 being around

"-
in Feb '\1ng 

ninry nod !Vlnrch, and ihe 10,vt:\l monthly n1can m1n1mun1

ilround 2 
1 

4.1 °c for rnost of the year Hunudit) i� foirly h1ph 

I &bo.Q I 
¼llli I'll 1e� about 97kin \\'e,t of tbadnn nnd ,� the lnrges1 1own

1 
Iii",� ratJve hcndquaner) ,n the lfoloJU I ocnl Govc:rn1nent Areil ,vith

""' 

111.iuo :ro,1,.d 
n of 29,435 1nhnbi111111� (1963 populnuon ccn,u,) II I\

I '' Cd ;)r,i;i by ,cvernl ,illagc:, "hich include Tnpa. ,\ayetc ldcrt 

I) nnd r 
� 0c !l'Uw,, to,vn ·n1c populnuon bc:lonf, 10 the '\ onaba tnbc. The

('lJp I' 
. • 

,1 ton of lhc n1e11 ,ire fonn1n1• ond hunung Ilic occup;111on ol 
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!he women in  l d u· c u e se mg of farm produce (mostly in Lagos), retail trade
and brewing pitto (a type of beer) from guinea corn. Malnulrition is not a
serious problem.

The health facililies include a hospiuil (Fig.9) which is run by the 

University College Hospiw.l (U.C.H.) lbadan in collaboration \Vilh the 

Oyo State Government There are t\VO maternity units localed at rgbole

and Oke-gogo. 
Common diseases in lgbo-Ora besides mnlario. include

schistosomiasis, onchocerciasis, loaisis. drocuniiasis and diarrhoeal

infections. Infant mortnliLy rate has been put ai 33 10 44 per 1000 Uve

births ,vhile  child (1-4 years) mortality rate is bcL\veen 1610 21 per 1000

children (Oni et al., 1982). t.lajor causes of de:1111 \VOS due to malaria 

(35.6%), measles (I 9.6'fo). diarrhoeal disc:ises (8. I%). prcmoturity 

(5.9
%) nnd chest infections (4.5%) (Oni ei nl .. I 982). Bir:ibi c1 al. (l 976)

dcsc 'be · •1-1 • 
• • • 

n d lgbo-Ora o.s mesoendemie for malnnn, ,, wana tr.lllSm1ss1on 1s

!>Cn::nniat all.hough transmission reaches its peak during the rainy season.

T
he malarial species found in lgbo-Orn arc P./alciparu,11 (about 90%) P.

fll4/ariac (5-89'o) and, P. Ol'olc (2%). Anopliclcs gambiac and A ./u11cs111s

arc the main vectors of mnt:irin p:1rnsi1es (L:i\vrcncc, 1965). 

J.2 
l�'TTI"\L SAi'oll'LfNG OF THE STUDY POPULATION

i',tothcrs ond their Newborns 

I •1crm residcnlS of lgbo-Orn,
Pregnant women ,vho nrc ong 

l'tpo · Ok . ogo :ind comprehensive
rting for delivery .it the lgbole. c g 
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m:ucmity units constituted the study population of !he mothers. Blood 
samples (3-5m1s) were collected from umbilical cords at dt:livery and 
also from panurient women 6-18 hours after delivery into ethylene 

di3minetetrazicetic acid (EDTA) conutiners. The binhweights, sexes and

dates of birth of the newborns were recorded. A questioM:iire designed to 
provide infonn:ilion on the age, parity, use of chcmoprophyhuis, 
occupation :ind residenti:il :iddrcss ,vos prep:tred for e:ich volunteer 
Parturient mother. tvlothcrs were given identiric:itioo c.irds and were 
advised lo seek treatment 111 the Comprehensive I lospital. They were all 
i
nfonned of subsequent visits by O F:imily Visitor n fortnight Inter. None 

or 
lhe subjects exhibited signs or coniploints of clinical miilario. A total of

116 P•llrcd m:uemal nnd cord scr:i were obwined between Fcbru:iry and
�lay 1991.

3, 2. 2 At.lull Study Populutlon
111c ndult study populJtlon consisted of students nnd teachers of

lhc 
Government Tcchnico.l College (O.T.C) Jgbo-Or:1 and blood donors nt

t
he University College l lospit:il (U.C.11.) lbadilll blood donor clinic. Aflcr

c�re
f
ul explanation of the alms, procedures ant.I �ignificnncc of the study 

IO 8 Order to seek their consent, 100 individuuls (15 ti::ichcrs and S 
�u� I 

' 

nts) volunteered to pnrticlpnlC in the Mudy." quest onruure 
llcafgnct1 to provide  lnfonnotion on �,c ogc, sex, c1lu1ic group. use or
Cfic I 
w ll'l

oprophylnx Is nutl met.hot!(�) used 10 reduce ,nosqu 10-11\D.J\ con1nc1

� Prepare(! v I b' cts ,vcrc t,lcd by vencpuncture ond 5,nl of
bi . o u111ccr su �c 

00t1 c II I July I 99 I· the pc3k of the rainy 0 cc1cd Into (;1)1'A contufners 11 • • 
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se:i:.on when niaJ·,..; ,... · · · 1 · h. Th .... ,J .... nsnuss1on IS 11g ey \\-..-c each given an

ideniifica1ion card and advised Lo seek free medicnJ treo1unent at the 
Comprehensive Hosp11al, Igbo-Orn. Blood samples \verc ln!J\Sported to

lb:id!Ul snmc day. 'n1ick ond thin films ,verc prcp111,:d ond slllined with 

S% Gicmsa. A sma11 aliquot of blood (1.5ml) was siorcd (for t.1NSsU

blood grouping) and 1.hc remainder was centrifuged. Pln.s.ma supematn.nts

Wcrc SIOred at -2QOC for the Cl>Lilllntion of irnmunoglobulins n.nd mal.ui:ll

antibodies. The red cell deposits were ,va.shed with nonn31 saline and

stored nt ·200C for hacn1oglobin genotyping. 

Blood samples (5ml) ,vere collected in10 EDTA s11J11ple conl3incrs

f
rom 224 blood donors nt the U.C.H. lb:1d3ll blood donor clinic towards 

!he end of the rainy season rutd a malaria peak trrutsmission period 

(Octobcr-Novc111ber, 1991 ). To,v:1rds the end of the dry sc:ison when

l'llamri:i lr:lnsrnission is lo\v..:st (!'-larch, 1992) a further I 92 blood �rnples

(5ml each) were collcctcc.1 frorn blood donors at dle snmc blood donor 

ClioJ 1 
corded during the 1,vo 

c. ne age nnd sex of each donor ,vo$ re 

�Pling periods · 
d f 0111 each donor's blood and

lnick nnd thin film� \vcrc prepare ' 
'wc,t . rnsitc e;uirnlnntion. A small 

Sla1ncd ,vith Oicruso for mulorlo po 

Iii . ason ,vos s1orcd In EDT A

quot or blood collected during the rouiy se • 000
cror M rcn111indcr ccn1nfuged QI 2, 

NSsU l>lood grouping) ond thc
d 1 2ooc for the 

1•P,rn • 15 ,vcrc s1orc O • 

for 3 n11nutcs. rlu.sn10 �upcrn:uan 
. tf The n:d cell 

Catini . . d ulariul on111.>0 ,c:s. 

illlon of immunoglol>uh11S un ° 
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deposits from th. 1 , . c \\ o sample surveys 11.·ere "ashed in normal �ne and 
Stored Ill -2QOC r ,or haemoglobm gcnotyping.

3.J hlORDIDITY hlONITOiiING AND Slu\fPLE SURVEYS

J.J,l ht others nnd Infnnts

. . 
Each mother and her bnby were visited fortnightly by a Fnmily

V1s1tor d • unng which history of recent illness ,11as recorded on a
morbidity questionnaire. Mothers and infants who reported ill v,ere
brought 10 the Comprehensive I lospital for diagnosis by the U.C.H.

Pacdfot nc Registrars. A thick blood film was prcpored from mnlnrin

,uspcct d 
· · · 

e cnscs and a curative dose of chloroquine given. �fotJ1crs were

ag. ain reminded 10 use their idcntificntion cards in obtaining free

cn1 a t  the hospital phannacy in case of nny illness. The fortnightly�car.n, 

hornc visits were corricd out for the first ren months and thereafter c:ich

rnouicr was .
. VIS!ICd n1ont11ly. 

Mot11crs ,vcrc n:qucsu:d 10 visit the Con1prchc:ns1vc Jlosphol bi-

lllonlhly D . . . t1 rectal 1cmpc1111urc of each

in 
· unng such bi-1nont11ly clin1cs, 10 

filn1 11J1d 11 1 f each motlier ,vos n1easurcd. TI1e body
1e orJ 1c1nperature o 

Weight cl . · 0 portable dish-liL.e beam

b 
of ench infant wns also rncosun: U)lllS

.\lane cl · f:ints were then referred to
e to the nearest 0.1 Kg, �1ot11ers 011 ,n 

Ilic lat>o bi d by vonepunturc and the

In 
nuory where the mot11crs were e 

fasits b f ,0 heporlniicd tubes \\'Cr'C

Y nngcr prlcL.ing. A mlnln1u,n ° t\\ 
ColJctt ct1 fm11 1  c11ch i11fu11t.
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TI1ick blood fil 
and 

I ins were prepared from bo 
were stained by r.· Id' 

111 mothers und infunts

. . 
,·1e s rup'd .. 

Jl0su1ve for I . 

I stn1111ng mct11od (Field I 942) S b·' 

mu Orin pu . 

• . u �CCIS

clinicinns'for
rns11es ond oilier sick cuses ,vere referred lo t1 •

b 
ln,OlmCnt. PJ osm r . 

" 

!'Caking the tube 
n rom tl1e hcpnnniz.cd tul>es obtained by

lb 
s nnd plasn10 fr t1 

nda.n snm 
om ie motllers ,vcrc lmllSported to 

· e day nnd stored 2 
llllrnunogl b . 

· 01 • OOC for ll1e es1ima1ion of 

o uhns nnd m I . I . 
were cl:iss'fi . 

n nno on11bod1cs. Episodes of clinical mnlurio

I 1ed 111[0 (! d'f tree I ferent categories: 

I. rcbrilc illn . . . 
. 

of 37 .5oc 
css ,v1l11 rec1uJ (1nfMts) or or-JI (n1otl1crs) tcmpcr:iture

nnd nbove · I LI 
�it . 

• ,v111 1e usuol n1alurln sympton1s and confinncd 

ncn110.111is . 
locopilbl 

cntcno was adopted bccnuse sonic motl1crs were 

c of dctc · r 

2 
cting ,ever in tllcir babies when interviewed. 

· Pcbril 
With

c illness ,vitl1 body tempera1urcs of 37.50C 1111d above

was c 
iwcmia but wit11 the usual n1nloria symptoms. TI1is criteria

OU! Partis' 

to the. . 
been use some mothers oun11nistered anti-rnoLlrial drugs 

onsfdered 

111..... 

s on not1c1ng fever before coming to tJie hospit.al 10 seeL 
i r  infant . . 

. 

Uic ... _ 
�iumcnt. Likewise. some mothers 100k an1i-malarial drugs or

''"'(Ilea! 

.... d 
�1 icin.il herb 'ogbo'. In both cases there is 1111 incl'C3SCd likelihood •

l'll.:l I llr. 

llie 
13 par:uites would not be detected by the thick film method. In

•bo 
,, ''''" tttOlment wal ,;ther cont ;nu<d wid• the ,oning ,.,;. 

&.. •• drug o r  ll/1 allcm,uive depending on the dunttion or"'' 

�'tation • 

r.:,_ 
3
· Fcbnlc illnc�s with mlllario 5ymp101ns but for �hich the nularia

""4CJ1tc 
lest wu not done Atld tJ,c pJtients �'Crc trcatcJ only for nul:)111 
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and th ey report d 
lrc 

e well thercnfter TI 
nied by the U.C.l I lb d• 

. icse cases include ihose pa1ients 

for labo 
. a an Pucdlutric Re islrll 

rntory diagnosis. Info . . 

S. rs nnd were nor referred

nnauon ,vas oblained fro 

3.3. 2 · 

m case 1101es. 

Adult St d u Y Population 
Blood 

33 
srunplcs ,vere c II 

of the I 00 p . 

o ec1ed by vencpunc1urc (3-5n1ls) from

Fe 
revrously s I 

bruory 19 
amp ed volunteers of lire OTC lgbo·O . 

I 
' 92' lhc peok of d, d 

' ra " 

owcsr 111· k 
e ry season when mnlario 1ronsn11· .. ,·o I. 

• IC • smears 

.., I IS

s;unplcs 
,verc proparcd and swinccl willi Oicn1so Plu�ma

were sc pnrn1cd und stored nl .2ooc.

METJIODS 

lllood F'I 11 rns nnd !'CV 

� 
'"" films wc,c p,cp,,cd from d• ,oo! ond """""'

111ick ru1d I . 
samples TI · 

didc 
· "" films wc,c r,,cd fo, l "'""" wid, mcdunol. Do>

s Were �UI 
.,,.. . 

mcd wnh S% GlcmsO siai• fo, 30 "''"""· olr-dncil ond 

Ill a srd 
,...,, • 

' ' box unhl ,,..,poncd 10 JbOdon r or ,.,,.,;10logic,I 

1�11on Th 
bi,,., 

· c pocked cell ,oiwncCJ'CV) of bolh cord ond "''"""'

<t.u,; "°'Pies wc,c "''"""d using, I 1,wui•Y microh>cma1ocn1 

fugc p 
ll'lin 

· bsmo �:,.mples were ccnttlfui;cd 111 2,000 r.p.m (or ubout J

Ute "'i..·,. Plasm, supcmOlon� (or ,he'"'""'"" 
of m,oonoglo., li,u ond

Ill an . 
..Ntl" 

c..,, 
hbodics ,..,. ""''"'d and sior«l" .,,,... "d• 

Prthcr . 
,. d , 

1s1vc J lospital 1...3t,or:>IOf)'• Tht)' were ... 1cr tJ'II\Jporte 1n an 
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9 I 

tce-pnckcd r coo mg nusk 10 tl1c ln11nunology Unit, U.C.11. lbadon where
lhcy \YCre StOrCd Ut -20°C Ulllil analysed. 

3,4 PARASlTOLOGIC EXA�llNA1'10N

Microscopic cxwninutlon for the dctccilon of ,nnlurlo puroslles 
was made in 200 high po,vcr fields of tl1e !11ick fi!Jns, before being
COnsidcrcd negative. For parasite positive slides, one hundred high power
fields were cxan1incd nnd the n1ularia pumsitcs counted agninSI
lcucoeyics, assuming o consl!lnt lcucocycc count of 8,000 per µI of blood

(Roolh et nl., 1991 ).

J.s llt\E�!OGLODJN GEN01'YPING

Re:igcnts 
( ) . . EDTA bor:llc buffer S1oclc Solucion.
o Prepara11on of Tris· ,,. 

th 1. s-EDTA·borolc buffer 
The following con1ponen1s of c n 

•toe� SOI • i '"etlcr l):lfance: Ut1on were ,vcighcd us ng o rv• 

11 anc S 1.0& 
Tris (hydro,.yme1hyl) ominoc l 

. tr11occ1ic ocid J.Og
flthylcne di:11n1ncic 

J.2g
Durb11onc Sodiuin 

16.0g 

• 

'h. 
Done acid d ihc pi J adjusted 

'llt lbo distilled water 1111 
\tc rc;igcnts were d1�solvcd 111 wu rn.idc up 10 I

to 8 6 . 
111c (ulJI \IOIUl1lC

1 .• _ · '4-tlh 0.1 N I !Cl when nccc.sSlll'Y• T bonuc buffer JC>lutlon
"'lt v.-· • 'Tris· ED A· 
..._ 1lh dis1illcd wotcr. n,c wor�in1; 

• . S with cJisrillcd "-acer. 

·qPr k solu11on I tn 
'�red by dtluling the stOC 
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, .. 

{b) Staining Solution 
Ponccnu s (0 2 ) 

3.0g of lrichloronc 
t' 

.
. 
g ,vns d1ssolvc<l in 50n1l distilled wntcr nnd

e ic nc1d ,vns ndd d I 

•� made up to 100ml 
. . 

c oto the'°'"'"· 11tc ""' ,ol,me

with d1sulled ,voter. 

(c) Acetic Acid 

. 
?.On1l of Gl· · I 

• • 

dtitilled 
"'" UCCI" octd wus d il,ted 10 l 00ml w Jth

,vater. 

�lcthotl 

I laemoglob. 
•Uuio 

Ill genotype w,s dc,c,mincd by elo,«ophoresl, "" 

sc accuitc s 
-.i ,.u,

tnps by the mcd1od or Moreoco·R••• ( 196S). r-,0,.0

(obtained r 
blood d 

rom st,dcots w,J To,che• or the G.T.C .. lgb0-0"·

onors at LI U 
Utf'"" 

" · C .l l . n,,don and ,oluote« moth•" ood thCi r 

when lh 
l io l . 

cy were obo« 6 moothS or ,ge), we« thow•d ond dil"ed

W1l11 distilled wutcr. 
The cell I 

Ila,,· . 
u osc '""" membn<" WllS dt0roughly ,o,ted by fior 

Ing II on tl 
�lut 

" ,urfact or d,c """''"g Tris-EDT A·bo"" b,ffe, 

I 
ion .l11d lhc . 

d f . 
. 

0 0 
" ,mme<Siog whencomplctelY wet• •" mm""'"' or

inutcs 0 
Pi....t · nc drop rrom eocl• ol dtc dil,tcd ,..,moly,.J red «lls wu

On� 

� 

•Uul 
C nsl,cd platfonn l  or dlC .... ple oppllC,lOI PlAtc, ',lC 

- occ 

I 

�,. 
tote mcmhrrr"' wu .,,.0,eJ "'' ploe<d be<-''° e "' m•r

II lo bs ,,: orb cxws nuiJ. 

'lpfJ "'' s,mplcs w«< ,ollo<"d '"'" drt plotronnl onto rh< 

-r 

·1 

an.I nnli�tl on to llit acc1.11e rni:mbr.U'e b)' �cruet cont.Acl.
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The mc,nbrane was then suspended in a 1,vo con1partn1ent elecuophorclic
l4nk liUed one-quarter way \Vilh Ilic working Tris-ED'fA-borate buffer
sol 
. uuon. Sufficient tension ,vns npplied 10 n1ninrain 1hc membrane firmly
1110 horiz6nLU! position. 1l1c vollllgc ,vns adjusted to 200111 V ond tJ1e

clcctroph oros1s was run for 30 minutes. 1l1c ceUulosc occtntc mcn1branc
wns removed ond stained for 2 minutes in 1lle Ponccnu S staining
sotu lion Exec · · · · tJ 7t1t. • ·d· ss s1n1n \VUS removed by nns1ng 111 1e ·"' nccuc oc1 
SOiution 11 · IC hacn1oglobin bands ,verc read using hac1noglub1n AS ond 
sc :is controls. 

3,6 
�INS�U(G(.') ULOOD GROUPING

Rcal!l'n IS
(a) l\lonoclonal antibodlc� (l\lab)

� 
111e follo,ving t.1ab (supplied by Prof Gcofrcy Pa�vol.

hdur cscx) were used 10 identify tl1c MNSsU blood group 411ugcns:

(i) An11-t.l (6A 7) Mob \\•as a specific ru111-t--1 reagent.

(Ii) Anti N (URIC !57) l\lub when u5cd undiluted 11gglu1in:itc.s
tlJ llo 
• 

rTn.11 red cells. tv1t-N-S-s-(U·) phenotype red cells arc not
C&liitin.,led � I c nlycophorin 0 

de · Trypsin treated N+S-s-(U·) phcnot,r- · · • 
fl'icicn1 c Us ""'I 411t1-N t.,inb was diluted in 

� 
c. an: also not agglutinated. 111 ' 

·� 
Ph.:itc. buffered s;ilinc: (PDS), PI 17,3 cont.1ining 3� boVUlC KNm

ltlio to b . The rtquircd dilution C I 
��r .. _ 

0 uun :i specific 41111-N rCllgcnt, 
"llllle of · S PI I 7 3) w'» cktcm1incJ by

�. ar111-N + 10 volun1cs of ro , 
Uon w111, nonnml �I +N-. �1+N+ snJ �1.N+ red cells.
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(iii). An1i-sialoglycopro1cin bet.a (BRJC 10) �r:cili.:: �lab 
agglutinates n I orma red cells but not Gerbich negative (Ge-) i.e.

glycophorin C negative red cells . 
(b) Prcpam1ion of Phosphate Buffered Saline (PBS), pH 8.0

The follo\ving stock solutions were prepared: 
A 0.5M Na 2I IP04 (70.98 g/L) 
8 1.01'1 KH2P04 ( 136 g/L) 

7n 
C I.SM NaCl (87.75 g/L). 

•ng BS solution \vas prepared by adding I931nl A+ 7.0n,I n +c Work· p 
100rnt c 

11> 
and the pi I adjusted 10 8.0 \vhen necessary. The lin:il volume 

as macJe up to I l11rc \vith distilled ,v:iter. 

(c) Preparation of Phosph:ue Buffered Saline (PllS}, pi I 7 .3

l1ie follo,ving stock solutions wen: prepared: 

A 0.2�1 Nat l2P04. 2HJ.} (62.40.1 g/2L)

8 0.2�t Na 21 IP04 (56.8 sf2L)

� 
C J.5t.-1 NaCl (87.75 g/L) 

cwork' u· "130 I\ 

771 1 
tng PIJS, pi I 7.3 solution ,vas prcpnrcd t,y ud ,ng -· · n, 1 +

'ioln O + 1001111 C nnd 1hc pll adjusted 10 7.3 \\hen necc��ary. 'Ilic final

un1e ,vu . . J s n1nde up 10 I 1i1n: \V1th d1s111lc "'111cr. 

(d) Trypllill treated n:d cells 

d;,� Oovine p11ncrcn11c trypsin (Sn1g) (ODIi 1.td, l!n�lnnd) ,va,

c Olvcd in 2.0n1I of Pl3S pi I 8 O. rrcsh ,vholc blood �ample, " ·ere

Cntrj� 
' ' .. 

\co: 
ll
g

cd ond �1c pl:1sn1u supcni:11ant separated 1l1c n:d cell Jcpos11�

\\-a�hc·1 11 1 . 1,us 11 u O 11,c \\'a�hcd red cells (0 Srnl)

" lr�e I lllC\ Ill , p n, · 
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v.en: adJed 10 h · · · t e 1ryps1n soluuon, mixed gently and, incub.11eJ :11 ,1oe 
for 30 m· mu1es. A1 the end of I.he incuba1ion period the red cells \\ere
Wllshcd lhn:e liln\!S 1n PBS, pi 17 .3 .

. 

l\lcthod 
The MNSsU(Ge) blood group ru11igens were iden1ificd using the 

IUbc a" I • .,g ut1nnt1on test described by the South \Vestem Regional 
Trans� usion Centre, Dristol, U.K (source of t-.lab). Tl)ps1n unu-e:11ed red 
CCUs from h . . 1 e s1udy subJec1s ...,,ere ,vashed three umes 1n PBS, pll 7.3. A 
3% sus"" ,�nsion of red cells in POS, pi I 7.3 was prepan:d from ,vashed
00rrnaJ and trypsin 1n::au:d red cells. Equal volumes ( I drop) of 1'1ab 1111d
l'td Cell . 
. suspensions were mixed in u glass 1ube. 1111; nu>.iun: ,va� 
lfleubatcd · Th bes , und1s1urbcd, for one hour 01 roon, 1cn1per.11un: e 1u were 
&enuy a Sllatcd ,1nd the cells inspected for agglu11na1ion. 

3.7 
QUi\N'rl'I',\ 1'1VE OETEltl\llNA'J'ION OF
l�I,\1 UN()GLOUULIN CONCEN'J'ltA1'!0N

Hcacc111s 
(n) A 1111 -�era 

/\ii . 
Con,incrcial goat 01111-humun lgG, lgt-.1 and lg,\ (Atlnnuc

llbodic�. Scarboro I U S A) "ere used 111 1hc i1nn1unoglobuhn
'11.Q 

UIJ I, , • 
Y. 

(bJ lrnn11111oglobulin S1nndanls 

Co111crc1· �11 I . d ·•a-•s or in1n1uno1,lubulin� (lgG. lgr-.t
"id I 

" )' o 1111111c s1a11u ru 

1:1\) we... b I f O 1 0,,, .. crkc ,\G Gcmi,111) · nnd u�cd o�
... 0 IUlllC( ron1 C ,n o ' ' 
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constant reference sero in the immunoglobulin nssay. The slllllcl.1rds were

dilu!Cd w·th h 
1 

1 P osphatc buffer, pH 7.2 as follows: 25%, 50%, 75% and 
00%. 

• 

(c} Preparation of immunoduill.\100 plates 
Noble agar (DIFCO Laboratories, U.S.A) wns weighed (3.0g) nnd 

added 10 99ml of PBS, pi 17 .2. Sodium nzide (1.0ml of 0.1 t-1 solution)
was added as n • 11,· 

· · 
d · 00·1· preservative. 1s mu:rure was immerse 1n a 1 1ng 

warcr bath d . . . 
. nn surrcd occass1onally unul the agnr ,vas completely 

dissolved I O 
. . 

· · m l of goat anti-human IgG, lgt-1 and IgA ,verc p1pct1cd mto
three �be lied tubes containing 8.0ml of phosphate buffer, pi I 7 .2. The
tube, 

d' were lncub:ued ot 560C for 10 minutes. An cquol volume of the
issolved a ( 

. d . 'I gor 9.0n1I) ,vas added 10 each labelled tube, m1:tc qu1c,- Y 
�d"U�·•· l"d . 
1 u 1mmedio1cly on 10 labelled clean large glass s I cs mcasunng
0,0crn 8 . . 

lt .3cm. Tiie 0.,0r ,vos allowed 10 solidify nnd n sencs of72 
WclJs 

c, 
, llbou1 1.0cm apan were punctured in 1.hc agar pbr� using o gel

Punch of . 

' 

d111n1c1er 0.3cm. The ogor rro,n the punctured wells were 
�rcru11 Y removed ,viUt O pn.\lcur pii,ettc attnchcd 10 o vacuum pump.

ti lcrhod 

I lne three major clnsscs of pwma lrnmunoglobins {lgG, lgl'>t ond

-�)� 
� 

cl\! quantified by o n1odifico1ion of Uic single mcliol 

l
liu

n
O<.liffusion method in agar gel (Solimonu et al ., 1978).

Ilic 11
1

c standard inununoglobin diluent� ,vcte npplicJ into the wells in

Ordt:r 2Sit, 50%, 75%, I OO'N and 200% usin& o m1cropir,cttc wh1th 
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deh\'crs Sµ I 1 ·  I . · o ,o uuon. The 200'! s1and:lrd ,, a, applied b) pipetting
twice ( i c I O I h . . . · · µ ) 1 c undlluced 1mn1unoglobuhn ,tandard 1010 the ,ame
11c11. Th • . . . c 1c,1 plasma samples ,vere then applied 1010 each "ell and !he
agar Phnc, ;illo,ved 10 �cand ac room 1empem1ure for J-5 m1nu1es The
agar plo1 • . - . cs \\ ere placed 10 a mo1s1 chamber and d1ffu,1on allo\\ed to 1al:e
Place ill r oom 1emperarure for a minimum durnuon of 6 hours for feG. 8
h 

� 

_
ours for lgA and 24 hours for lgl"-1 The di::imecers of the precipiun

nngs we re read to 1he nearest 0.1 n1m u�1ng an 1mn1unopl::i1e reader The
'lnndnrd , curves ,vcre prepared by plouing 1hc nne d1nn1eLer, agn1nsL
concen1r � - . niions of relcrence 1mn1unoglobulin on a scnu-log p:iper Using 
the d. 1arnc1c · 

· f I G I \ d 
1 

rs of the precipitin rings the concentrnuon, o g , g, nn 
8�1 in II le: 1es1 snmplcs 1\'ere rl!Ud off the s1and,1rd gmph

3,8 DF'l'l�H�l ll\;\'1'10 OF COUD ULOOD TOT,\L ljli\l

L \Ing 1h1; single rndinl 101munodillus1on 111c1hod 10 agar gel. lg�I
"-'�\ no1 
C 

dctc,·1cd in a n1njority (92�) of the cord hlood snniple., 
on,eq 

Ucntly lhe n1ore ,en�itivc ELISA 1c:st ,vn, c111ploycd in ihe OS'il}' of
to1ij1 1, 
I� i,:�1 111 these ,nn1plcs n,e ELISA rest ,,·ns c;imc:d out in the 

llijrtn1c111 of ln1n111nology, U111vcr�it) of S1ockholn1. S\\.:den. 

H, .. , ,. �l'llti.

(o) lncubn1io11 Uutfcr 

)� '
I 
he lncub.11100 huller con�l�tc:<l ol PllS + O. 5r R�,\ + O.OS"

ec,, 20 
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3.8.1 lg\l ELIS\ 
ELIS·\ plal. ( \I D 

affi 
' cs · unc. cnmark) ,, ere coa1ed \\ith 50µ1 of 

tnlly punr d 
D 

ie rabbu anti-human lgi\1 (i\liu-chrun specific, 
AKOPArrs D 

buff 
en mark) a1 a concen1rn1ion or I Oµg/ml in coalini 

er (pH 9.6). . .. 
ovem· 

The plnres ,vere ,,·rapped 1n Aluffiln1um foil and left
1gh1 Jn the cold a[ 40c 

Cord blo d . . . 
l�t 

O samples ,vere diluted I 1,000 1n 1ncuba11on buffer. The
\landnrd c . 

oblain 
urve ,vas prepared using human cr}oglobuhn (3.5mg/ml)

cd from a . . 
drf 

' paucnl w11h lgl\l myeloma. TI1e �1nndnrd �olu11on wn.\

Ule(l \VJlh j 
ic,n.. . 

ncubauon buffer 10 g1\'e 300. 100. 10. J nnd Ing/ml
,--.Cfl\cly 

'l1it Et ISA Pijg 
plarcs ,vcrc ,vashed -I times w11h ,vash1ng buffer (se!e

c 106) anti
Plate 

SO�t I of  the \UJndards and cord �11111ples were added lne
' \1tcr • · 

hulll c incubated for I hr at 37«'C ond \\•ashed -I 11111ei.. Goal anu-
�n l�I\I 

Ph°' (:VIJu-cha111 ,pcc1fic, 01\KOP1\ TfS, DcnrnnrK) nlknlinc 
Phara\c . 

. . . 

111i1 5 �1111J11ga1c (S1gn1a) ,vos diluted I 1,000 ,v11h 1ncubn11on buffer

0µ1 Was . . 
ie1c 

· ,,tided pcr ,veil and 1ncubntl!d tor I hr ,u 3711C nie pla1i:s 

\\·n�hcu 4 I · 
-1/)501 

llnlc\ and 50�1I of subs1r:1tc nddcd fll!' we I. l11e OD nt 

n of the IC 
I . ' ·  "l I'" \ I 

1trdcr . 
st sa1nplcs ,vcre recorded 11\111g n n1u tJ\,;nn i:; .�, f) ntc

'h { 1 th:ri •' , d d • <l I 000 
•11� t:" L.S. '\) when the OD of the lughesl ,inn or rc;i . 

Concc tiil\ . 'llrntron of lg�I 111 the test snniph:s ,,ere «:,1d off ,1 ,t;1111lard
C 11,111 ' ·1 'rf g' �lncl111osh con1p11tcr sof1w1 1rc (Soflinn,) 

\J1,11 '.e �111:citic-11y or the Rnhb11 ,1nt1-hun1an l��I ""' conlim1cd h>

g tl11ter • . 
COi COIIC'CllllllllOJl\ of fllllllilll lg(i in,tcnd of tcsl pl[l<.111,1 
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I �mplc:s. The ()D ,alut:� \\t:ri: below 0.07. Human fgA could not be used 

I ber.ause II ,, as found 10 cross reac1 with nnn-human leG -

3·9 \ 1·1 d' 8 n 1 >o ll'S Against the RES,\/Pf 155 and To1al lood 
Stage Antigens of P. Jalcipar11111

lmmunonuori:scence assays 10 detect anubodie, against 
RESI\/Pf l 55 nnd 101nl blood s1age an1igens ,\"ere camed 0111 in the

Deparunen1 of ln1111u11ology. University of S1ockholn1. S"cden.
Rcagen1s 
(a) 81cnrbona1c Conung Buffer (pH 9.6)

Nn 2CO., 1 .59g 
NaHCO, . 2 93g 

l 
NaN, . 0.20g 

he nbovc ri:.igcn1s were thsolved in I lure of �olution wilh di,ulled
11·a1tr •

(b) Phn,pha1c lluffcrcd Snhnc (PBS)

A �lock soluuon of PBS ,,,us prepared whh the following
1�&en1\

K11,ro-1 

Na2IIP01 

i.06g
• 24.Sg

l� NnC I .S8.6g 
c �ho,·c • 1. • f oluuon w11h d1,1illcd

·� rc111-!1:n1, \\Cri: di,ol\'cd 111 I 111-c O ' 

artr ror 11\c I inl of �tock PllS "tl\ t1il111cd w11h 5rnl of d1,1ilkd ,voter

le) ·r fh-ll1tllered I l,1nk\ ( 1'1311) 5oluuon

I. • ,an:d h)' d1.,soh•ing tin:
'011 r" hullkr (0 f'\�I) pll 7 'J. wa\ prq · 

(11\·1 
ng rcngcnt� 111 t1i,11llcd '"n1cr 
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Tris base {Tris(hydrox}mclhyl) :uninoe1h.ane} - I.S:?g/lOOmJ 
Tris I ICI {Tris(hydroxymelhyl) a.minoelhrule 

• 2.37 g/100mlII ydtochloride} 
NaCl • 7 .88gf)OOml

Tris base I · so uuon ,vas added 10 Tris HCI untill lhe pH "a.s 7.2. IOOn1l of
Ilic T 
. 

ns buffer was added 10 the 900ml solu1ion of NaCl. For 
lllUn11oonuon:scence studies, 0.02% NnNJ ,vos added '1S a presc,vo1ive.

TBJ I solution was prepared by mixing equal volumes ofTris buffer 
and commercially prepared I lank's balanced s!lil solution. For nul:uia
Pol!:Uire cultures 200ml of the TOI I solution was dispensed in10 300ml
1't3gc,u bo tiles and autoclaved.

(d) lvlnlaria Cuhure t.,1edium (�IC�1)
One vial of RP�U 16-10 mcdium(Gibco llRL, U.K.) "'illl L-

Olu1iun· 
, 

6 0 ) rnc was dissolved in double distilled wo1cr. l lepcs ( · g ' 
�a11co3 (2.0g) and 0.51111 genu:rn1icin (50rng/n1I) were ndJcd ,o the
lol Uhon and r l Ii 1 1 d 10 I litre 11re solution ,vns filtertd
, 1c rnu vo urne 1n:1 e up · 

�11h Nufgcni; d r�posuble filler (Sybron Corporurion. Ne,v Yori-).111c 
11(? ·, 11 e lllc·•·1 70 I) JOml of �tcrilc 11on-in1munc hun,un
It 

u un, ,vos added (2 rn 10 

1\1
111 

Obtained from :i Swcdi)h donor who hud never been cxpo�cd 10 
111�1ar· IQ' UNIV
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(e) 111 vitro culture of P.fulc1parum

(i) Uninfec1ed Eey1hrocy1es (Eo)
�f:ilaria parasite uninfected erythrocytes (Eo) was obtained 

from a Swed· h 1s donor who had never been exposed 10 malari:i. 1l1e

blOOd sam I P e was screened by the Central Blood Bank, S:ibbJbergs, 
Stockholm. 

The blood sample ,v:is dispensed aseptically into 50n1I falcon tub.!s
lnd SIOrcd at 4°C. Thick film examin:uion ,v:is perfom1cd 10 confinn the
absence f 0 inalaria parasites. The red cells of the donor blood w:is \l.'llsheJ 
lluce limes ·u, · · E wi s1enlc TB! I solu1ion llJld a 5% haema1ocn1 ·o 
•uspcns· ion was prepared in ,vann mnlnrin cullurc n1cdlum. 

(ii) �1,\laria Pomsi1e 1nrec1ed Ga1lu:ocv1cs <Fil 

/> The ,:nnin source ot malaria p:inisites w:is o Tnnuni3n strain of

,/a/c,par11,11 (F32) isolu1cd in 1978 (Jepsen and Andersen, 1981) nnJ 
CUitured · cl J 111 vitro in blood group o+ according 10 Trager an cn�en 
(1976} · 111e purasircs ,vcre stored in liquid N11rogen.

Liquid Nitrogen froz.cn P.falciparuu1 ,vas thawed 1n o J7oC
"-'�tcr b· . . 
� au, nnd centrifuged 01 I 800 rpm for 3 minutes 111 o cold centr1fui;c.

� 
following i.olu1ions \Vere added 10 the n:J cell pelkt scquenu.ill)' nod 

n1riru ... d . 
. 

oC 1n n cold centrifuge 01 1500 '1'111· 
I. Intl 17 S"'- b' I' roS + 2ml t0% sorbitol + 2ml 7.5%

. ,o SOI 110 Ill 

aorbitol 
2. Ian! 10% sorbhol I- 2111I 7 5% sorbitol + 2.inl 5% sorbilol

3. I nll 7.5'.t, r.ortii1ol,. 21nl 5th sorllitol + 21111 2 S't sorlii1ol
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(e) In vitro culture of P.fulciparum
(i) lJninfected EQ'lbr«ytes CEo)
�alaria parasite uninfected erythrocytes (Eo) was obwincd

from O Swed· h 1s donor who had never been exposed to malaria. TI1e
blOOcJ sam I P e was screened by the CentrnJ Blood Bank, S:ibbJbergs,
5tOCl:holm. 

The blood sample \Vas dispensed aseptically into 50ml falcon tubes 
and st0red at 4°C. Thick film examination was perfomicd 10 confinn the
•bscnce of I . ma ana p:irasues. The red cells of the donor blood wns v.•asheJ
three limes with sterile TBI I solution nnd o 5% baem:itocrit Eo
&uspcnf ion \vas prepared in \vann malario culrurc medium.

(ii) �1nlnriu Pnrnsi1c 1nrcc:1cd r:a1hrocy1cs <ED
111e main source ol 1nalario parosi1cs was a TanZJnittn strain of

f>,[a/c· 'Par1111, (F32) isolated in 1978 (Jepsen and AndcrSCn, 1981) nnd 
ttlhurcd . 111 11irro in  blood group o• according 10 Troscr nnrl Jensen 
(1976) · The pur.isitcs \vcre storeJ in liquid Nitrogen.

\I/ 
Liquid Nitrogen frozen P.fi1lcipar11111 \VOS thnwc:d in a 37oC

�lcr b 1 
· Id ·r 

1) at I I\Jtd centrifuged at 1800 rpm for 3 minutes 111 o co ce nln ugc.

Ct � f
ollowlnc �olutions \Vtre added to the n:d cell pellet scque11t1JII)' nnJ 

11lrifu 
. 

. &cd 111 a cold ccntrifui;c ut 1500 rf1111• 
1 1ml 17.5% soibitol in PDS + 2n1I 1o�sorbi1ol + 2ml 7.5%

sorl>itol 
2- 1 nil 10% �orbitol 1- 21111 7.5% sorbito l + 2'111 S� �oruitol

3. I n1I 7 .5% so,liitol '* 21nl S� sorbilo l + 21nl 2. �'t· sorl>uol
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4. I mJ 5% sorbilol + 2ml 2.5% sorbi1ol + 2ml �'3.ntl m31Jri:1
culture medium 

Af 
S. 1 mJ i.S% sorbiiol + 2ml WllITll malaria cuhure medium

tcr the Wt ccnlliii · . . 
ugauon lhe Ei (mostly ring forms) \VllS rcsuspcndeJ

l!l rnalana cu h ure medium to 5% hncma1ocri1. 

(iii) Cuhure Procedure

Ii 
Equal volumes of Ei and Eo suspensions were mixed 10 yield a

ll4I volume of4 I . 
De 

m 1n a 50ml Nunclon cullurc flask(lnle t.led, 
lll'llark) Th · e culture flask was incubated n1 37oC in a candle: jar with 

g�ded 
111 

ges. Spent medium was replaced every 24hrs \vith \VllJ"ITl

aJaria cu It 
Pa • 

urc medium. After 72hrs of cullurc, one drop of mnlnri:i
l'llb1tc cul 

c� 
ture was added to one drop of acriJinc orange (0.001 %) anJ

ilnlined uncle I • • 
• • d

de 
. r u 1rav1olet light. TI1e percentage p:irus1taem1t1 on 

Vclopn1 
w 

0ntnl stages of t11e pnmsitc were recorded. The cullure mixture
lls Washed 3 . E" 

. 

1bc 
lime� with TBI I solution anJ a 5% ·1 suspension prcp:ireJ.

� Pllrnsite culture wos subcultivoicJ at I% parasi1aen1ia by adding the 
qui rccJ v olun1c o f  5% Eo 10 yield O fin:il volume of 41111.

Civ) hJolndo .vorositc lofrcu:d Ery1hrocv1e bl0u01ovca

Pc 
Jlornsitc growth was n,oniiorcd oner every 72hrs of culture for

1Ccn1o 
!le ce p:ir:1si1Jcmla and pnrusiie developmental sU1ges. \Vhcn the 

l'Cc1114 1L. ac p:imsi1Jcmin \Vl\S about 10� and 1he p:iros11cs were mo�tJy 1n
•ic1r I •He 't:1gcs (IJIC tmphozoilcs/�ch izonis) 1hc pnr:isltes \\Cl\! h:irvl:l>tcJ
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and erythrocyte monolayers preplrCd for detecting antibodies to total 
blood stnge antigens .When tl1e parasiuiemia ,vas be1,veen 5-10% and tl1c
Parasites w · th · ere m cir early developmental stnges (ring fonns) t11e
Pillilsitcs .:Vere harvested for detecting antibodies 10 the RESNPfl 55
antigen. Both the early and late stages of the malnrin parosilcs were
Washed 3 Limes witl1 TB! I solution nnd a I% haemo1ocrit of Ei
suspc nsion wus prepared.

Erythrocyte monolayers were prepared nccordlng to tl1c mctllod
described b . . 

Y Pcrlmnnn cl nl. (1984). Fificen -,veil n1ult11es1 �hdcs (Flow
�bor:uorics, Rockville) ,vcre treated for 30minu1es with one drop (20µ1)
Per well of bicarbonate coating buffer pi I 9.6. ln1mcdiaiely after
tspira1· · · 10n of the coating buffer , one drop of t11e I% E1 suspension wns
lddcd . to each ,vcll nnd ihc cells ,vcre Jefl to settle for 30m1n111cs 01 room
lernpcraturc in.a hu1nid chamber. Unbound cry1hrocy1es on slides
ton14 · . . tl 
alj 

111tng la1c singes of P./alciparun, ,vcrc nspinucd by sucuon ond 1c

. des were air-dried. tvlultitcst slides ,vitl1 early Slogcs \\-trc lirsi
lllirncl'led in a slide dish filled with PllS 10 rinse off unbouot.1
c')U1r0cy1es Th lid tl fi•cd ,vith 1% nJutnrnldchydc,w�hcd
'Nllh 

• 
· c s es ,vcre 1cn 1.. r, 

d1s1i1Jc<1 ,va1cr and air-dried. Dotll the lnte and early stages

lllono1 �Ycrs were stored 01 -500C.
l,!>.1

1 mmununuorc.sccncc A�oy 
A_ • ti cns were detected b y� . •u111bod1es 10 total blood S13St: Qll g 

�11c in p Rl F) 0 mo<.lific.111on of tl1c method
de 

1munonuorcsccncc ( A • 
'ctilicd t, , ___ ,. 10  �ic Rl!SA/Pfl5S 11nt1gcn �-en:

Y Voller ( I 962). /\JuruuulCl 
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detected by n thr ry ocyte �1embrone lnununonuorescence (E�11F) :is

�cribed by Perlmann et nl. (1984).
Plasma test samples for PARIF s1udics ,vere screned n1 1:100,000 

for adul(/c d 
p 

o r  samples and I: I 0,000 for serial samples fron1 infan1s. 
1
_
:ismn test samples for EMIF ,vere 1es1ed ar 5-fold dilurions beginning

Wtlhnn inirial dilution of 1:10. PARJr (lure singes) and EMTF (early stages) slides were air-dried 
for 10 . minutes nnd the dilured tesl samples ,vere added (20)11) 10 each
anligcn well . . . 
. and incubated for 30m1nu1es. TI1e shdcs ,,·ere washed 3 

�
llllcs With TD! I solu1ion. Affini1y purified nnJ bio1inyla1cd gont nn1i-
uma.n 1go (rcac1ing ,vitlt botli heavy and Jigh1 chains. 30µg/n1I; Veeior

�bor;u 
. ones, Inc, CA) was added 10 each weU nnd incubnred for 30 

rn111utc s  TI I ' A 'd. · le �tides ,vcrc ,vashed 3 tiines with TBll so uuon. v1 1n
co . llJugarcd with nuorcscein isotltiocyllllnte (SOJtg/mJ; Vector 

�bor:uories Inc, CA) ,vns added (20µ1) per well and incubated for 30
1'11

.
tnutcs. TI1e slides ,vcn: ,vnshed 3 tin1cs ,villi TBl l solution. PARIF 

&lt•s Were mounted ,vi1h TDI I solurion while E�11F sltdc� were 

Co
u
ntcli14incd with I drop/well of cl11idium bromide (IOJtg/1111: Signu

Co S · h 'd·, 1 Loui•) All · b . ere doiic at roo1n 1cn1peraturc 1n II um1 
C� � • lllCU :111011S \V 

11bcr. 

'Inc slide: d ··• a I oox oil in1n1crs1nn lens in in,idl!nt
llh s were score w1u1 

Co �'v
iolet light in n Zeiss Univcr.;al Rcse:trch n1icroscopc (Corl Zeiss 

Itri
., S

1
oc1J1oln1, S,\'cdcn) cquipcd for sin1ul1nncous ob.,crv1111on of 

111tuionuo J 1 :ir �t,nning(orani;c) (L.inJ fillet -ISO
rcsccncc(cn::cn) on nuc ' . 
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.,

·490 belll1 1· • sp  Iller FT 510 and barrier filter LP 5:!0). EnJpoin1 Lit.re for
&ntibodies to Lhe RESNPf 155 antigen were dctl!mlineJ as the last tit.re 
giving vis_ible smooth smining of the enlJrc surfuce of erythrocytes 
containing ring stiges or early trophozoites. Test S31llples with titres.? 10 
were considered positive. 

For each batch of  test., negative controls from S,vedish dono� "ho 
had never been exposed to malaria and a positive control from on African
Who had an auack of malaria while in S,vcden ,vtre includc:d.

J,JO AN1'JBOOIES TO SYNTIIETIC P.Jalc:iparom

ANTIGENS 
Rcugcnts 
(u) Antigens

. 111c following synthetic pcptidel> were used as clp1urc lllltii;cns
IIIQpc P1•de !:LISA: 

l. Synthetic peptides of wnino acids from the c1rcun1Sporozoi1e

Protein (CSP) repc�t region (NANP)n - (NANP)6 

2. SyntJietic pcptid.:s of nmino acids fronl the C-1em1i11:il 1�1r.1n1cr

([:•:NV) . r ·'-e RESJVPf I 55 antigen - {cLNV)6
r.;; 11 repeat region o u, 

3 S""U , . f 15 lno ac ids from U1c N-1cm1i11ol of the 
• J" 1e11c pcpudes o 0111 

RESA/Pf 15S nntlgcn (i\lQTL\VDEII\.IOINKRK, positions 

192 206) •• us 

4. SynU1e1ic pcplldes of 11 wnlno acids front the ��1 region or

J\n132 ( . . 2 !'1) coupled to lysine (S\17 EclACEDK)g.
tJ.1 po�1uons • .. 

(l.ys)7 - i\fuhiple Anlicen PcpriJc 2 (t.11\r1) 
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The first three: peptide, \Vere obtained from BACHE.\! (Bubendorf.
51111ZerlandJ Th · · . · • · c lounh pepude was synrhesrzed nnd punfied 10 
hornogenei1y br hig h-pressure liquid chroma1ogroph} in the Department
of lrnm I uno ogy Stockholm Uni\'l:rsuy The ELISA resL, were earned
oUt in lh O 

. 
e epanment of ln1munology. Un1\'erc.11y of Scockholm, S\1eden.

(b) Incubation Uuffer
f>BS siock soluuon • 150ml 
·1 \\c.!cn 20 - 0.45ml
Sodiun1 nzidc • Q.9n1I of 20% stock solution.

'Oic nbo .. . . . n · Ve n.:,rgcnts ,vere dissol\'ed 111 900n1I of d1s111led 11n1er ,·nor co 
u�.05 

1 · & of Bovine scrun, albumin (BS,\) was d1,,0l\'ed 10 I001nl of the
ncubnlion burier

(c) \V11sh1ng Bulfer
NaCl • 45g

l\ 'l'wccn 20 • 2 51111 •nc b n ave rc11gcn1, "ere di�solvcd in 500rnl of d1s11lled water

(c.J) Er11y1nc Subscratc Bufft·r pH 9.8 

l11c1hnnolo1n1n1; 97011 
�l!_!CI 2 6M20 • 101111g 

l11�111lcd \\'Iller 8001111 
• 1 ml of 10� stock ,olu11on.

I ( J()(}nil) \\a, oddl!<l co udJttst the1 i\l HC 
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(e) Enzyme Substrale
Allaline phosphatase substrate ublets (Sigrn3) ,ve1e used. Each 

Ublct contained S d' _,, . mg 1sowum p-rutrophenyl phosplure. One wbl�t "as 
dissolved · s tn ml of enzyme subst.nuc buffer prior 10 use. 

(() Coupling of Synt.hetic Peptides 10 BSA 
TI1e (NANP)6, (EENV)6 and US S)11thclic peptid.!S "·ere 

coupled to BSA. Double disliUed ,voter (0.Sml) "'l!S ndded 10 4mg of
�eh pc 'd . Pit e 1n 10ml tubes. Ammonium hydroAide (O.Jr-1) ,vns add:d
Oso11V1ube) to solubilize the peptides. The solubilizcd peptides were
cnch p OU red 1n10 I 0ml tubes containing 2mg BSA. 111c volun1e of ench 
IUbc was 1nade up 10 2ml ,vith PBS. Gluroruldehydc (2ml, 0.25%) "Js 
ld<Jcd dropwisc in10 each tube while mixinc on n touch plate. The lu�s
Were SCalc:d and placed on a roller drunl ovcmigh1 in a colt! room. After

24. 36hrs lJ1e IJSA coupled peptides ,vcre dialized in POS with 0.02% 

&od
iu

rn ai.1 dc. Arter l 2hrs of di;ilysis Lhe POS solu1ion ,vas chnni;cd nnJ
Ute d' . . 

iafys1s con1inucd ovcmighr. 11,c fin�I co11ccn1ra11on of the rcpt1Jl!s
Wt15 I lllg/1111. 

3,10.1 l'cptldc ELISA 

I 
1ne coupled synthetic pcpud.:s "ere dilut.:d io IOJtg/nu

S�NI\NP)6, (l:!ZNV)6 und US) and 111g/n1I (t.lAP2) wilh 1'0S pll 7.2.

I 
I
l
l 
of cu-.:h peptide ,vos oJJc:d to duplicnic \Veil� of a Nune 

llln1u11oplnt (D 1 ,H" "r.ipnt•J in Aluminh1111 roil anJ 
I 1: .:nma1 k). 111e p JIC , .. ., ' .,. 
or, In II IC ColcJ room OVCOlll!'"·
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108 
The ELISA 1>la1cs ,vc . l I 

0 5 
' · re en1p11ec 1 1e nexl dny nnd 100µ I of PBS + 

. % BSA ,vns ndd d 
lhe 

e 10 ench IVC!II (C!xcept for 1he blnnk colun1ns) and 
plmcs were , n b· d 

di 
cu ,lie for 3hrs 01 37°C. J\JI 1hc 1c�1 snmples were 

'Ulcd I I 000
. 

· ,vuh 1ncubn11on burler. Swedish ncgnu,·c con1rols and a
l>Osn,vc con1rol , . . 
I 

sc111n1 sn111plc Iron, a nmlnrin 1111111unc African donor 
icrc d'I 1 ll(Cd I 1,000.

Thc l lIS\ 
so 

' 1 pln1cs ,vcrc ,vnshcd 3 11n1cs with w11\hin!! buffer nnd . µf of lhc I • 
du . 

c,t ,an1plc�/ncgn11vc nnd positive con1rol, were nddcd 1n 
Phcaic,. ·1 I . . 

... 
le pl,uc, ,, ere ,ncubmcd for J hr nl 1711C and 1,·11,hed 1 timcs 

.,,11, ,, � I '' 11118 hut lei

Rahbu . 1 CD\ 
111111- 111111011 IgG conJugn11:tl 10 alknhnc pho,plml.rsc 

, !\or,1 r 
'llie 

S. l)cnrnnrk) \\'IIS di luted I: J ,000 \\'llh 1ncuh:11ron buffer.
ln1y111 

37,'C 
" conJ11ga1c wns added (�011J/\1 ell) and 1hc: pln1cs incubated n1

far I h 
:idd 

r Inc plntcs were washed ns nhovc and 50111 of substmle
�tl Jl\: 

or IIJe 
r \\·ell , 111d incuba1cd nt room 1cn1pc:ra1urc in the J,1rk. TI1e OD

le,1 , 
f11 arnptc, 11·crc read ,vich a mulusknn r l JSA pince n:;1dcr

i1cnek. U
to S ,\) ,u -105nm a�nin,1 cht plnle blank 1\hen che po,111,c

Olrot Or) \'aluc \\'as I.000,
l i:,, 

dcv '•111 1pl,:� ,,·uh on oo411� 1e�, 1h,1n 1hc ,nc;in + 2 �,and11rd
in11 on 

. 

IJi.it;\r '01 the vnluc..s froni 25 S\\cdi�h tlC1nor, nc,cr e,fl(l<.cd to
1,1 W<:r •t con�1ilcrcd n, nc�nll\t 
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3,11 DETECTION OF �fAL1\RIA. SPECIFTC Ji;f.f JN 

CORD ULOOD 
• 

�1nluri:i specific lgM ,vas detected in cord blood sornplcs by 
PARJp using total blood srnge antigens (late stages) of P.fi1/cipar111n

Total blood srnge antigen slides ,vere nir-dried und cord pfasnm (I.I 0
dilution) were added 10 each ,veil nnd incubared for 30 m1nurcs. Tiic
slid es ,vere ,vru;hed 3 1in1es ,villi 1·a11 solution ond o drop of rJl,IJ11 unLi·
huui11r1 lg�f (Miu-chain specific) conjugated 10 rhod.:iniinc (dilutecJ 1.50
lliU T 1 01 I solution; DAKOPA Tl'S, Denrnark) was aJJcJ per ,veil. 11ic
llidcs ,v I • ere ,vi�hcd 3 r imcs a11d mounted ,vith TDII so u110n.
Fluorescence ,vas scored ,virh u I OOx oil inm1crsio11 kns in lncld.:111 green
light in o Zeiss Microscope. n,c mnlariJ p:irusitcs ,vcrc SIJ111cJ n:d for

�itivc corJ san1plcs.
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4.0 
CHAP1'ER FOUR

RESULTS 

Birth11•cight� 
The mean b1 rth1v . I 0)0 St 

eig 11 of the �tudy 1nfnnt populnuon nt fuho-Oni nte 1� �h 
,. , 

I 9 · oivn in Tobi , .J I · �. p ::, 0 
c · · 1l1crc 1vn� no .�1g1111icont difference (t =

.OS) bcllvc • J ilt\l;b 
en lie rncnn birthweighl\ of 111111c and fernalc: 

orns T 
• 

' . . he n1c b 1ff�nt , 
on rrtl11vc1gh1\ of newborns ,vos srgnlficunrly 

b hc11vce11 tl f'f r( 0,0() 
le c I fcrcnt par it} group\ of the n1orhcl"i (F= 9.30,

1) � lenn b �1, (�· 
rrthi\'c1gh1 of the newborn� im:rcn�ed with incrl·a,1ng 

rig 4 I)�ty 1,,. 1 
1 111 p11r 11y 3 nnd 1here11flcr dccn:a�ed wtth incrcn�1ng 

•ll J ' 
!. "rnnrk ·d 
"'t ro II 

c s1gn1 llcnnr dccrc11 \e m pu(ll) � (P< 0.005) probably 

.. 
ic \Illa II . "illl,Jl.l 

s,in1plt \lle. The mt!nn b1r1hwc1ght of newborn, of 
me \\;i\ l�p, 

· \ign11icnntly lo,ver (t==S.361. P< 0.001) than tho�e of
.. r.ic G · en I 

�ei 
era I}' there 11·n� .i po� 1 11vc correlJ11on between the

\ &ht, of 
� � nc,vborn ond niothcr·� parit� (r=O 26. P< 0.005). 1111:rc:
� COrtcf;l(j . . 
-�1 °n hct,veen binhiveight and durnuon ol on,rt of pnmM)

...._ lll.ll,100 · ' h 
-.ii <t� 

Ill the 1ntonts (r=O. I 33, P:> 0 20). 1l1e d1ften:ncc 1n t C

15} alld·�) b1rif11ve1gh1s (K�) of newbon1\ of m:ilana po,itl\c (lll'.l ±
tn,11� · • II 

r� 'nn negntivc (3.21 :t o.04) ruothc� 11n, not \tllU\llt:n ) 

111 (t-
llcij bc -I 109. p < 0.30). Ho,,c:\·cr, 11 ncgall\C coni:lauon ,vu�

' IV.ccn m.1tcmaf parn\llC dcn�II} nt cJch,cl)' nnd ti1rtl1\\"CJght or
lr- 4 - J 4s. P < 0 02)
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Table 4. I

Oyo State.

Mean (± S.E) birt.hweights of newborns 01 lgbo-Ora, 

�CS combined

n Birtbwelght(Ko) Rnngc(Kg)a 

55 3.25 ± 0.05 I. I (2.8 • 3.9)

62 3. 14 ± 0.0-1 1.5 (2.5 • 4 .0) 

117 3.20 :t 0.03 I 5 (2.S • 4.0)

•v 
-

lluei . .rth . 
in P:t.rcntheses indiCllte minimum nnd mulmum b1 weight value.a
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Fig. 4.1 Mean birthweight (i S.E) of
nellborns at lgbo Ora, Oyo State according
to Parity.
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4'2 r.tALARIA IN THE STUDY POPULATION
(a) i\-lalnria at delivery 
Thick blood films of cord blood con1nined n1alnria parasi1es in 

lhrec out of o h d nc un red nnd sevenleen casc:s(2.6%). Two of Uu: nulluria
POsiiive co d bi d . . . r oo san1ples ,verc obu11ncd from muh,parac wlule the 
th' trd ,vas from . 

. . . • ' a pnm1parous woman. Mnlnnn pnrasues were wso found 
on pcnphernl thick blood fihns of the fonncr (n1uhip:1rae) but not in Uie
liutcr (primipnrne).

Malaria parasites ,vcrc found on peripheral U1ick blood films of 
twenty · ·Six out of the one hundred nnd sixteen p:inunent women (22.4%) 
llnd lhc menn (±S.E) parasite density 1v:is 2.4 ± 0.08. Tite incidence nnd 
density of malaria parnsi((lemia in the partuncnt women was signifiCJJ1Lly
diffcrc 2) A . nt between the different age groups (Table 4. · negauvc 
torrclauon ,vns obtained bel\vccn parasite density and age of the
P3nuricnt women (r = -0.4?, P<0.02). Parasite rates (x2• 27 .8, P< 0.001)

lnd mean parasite densities er-= 4J3: P< 0.02) decrenscd signtfiC3lllly 

:Ill 1ncn:asing parity (Fig. 4.2) nnd a neg:itivc corrclntion was ob1.1incd
lween parasite density nnd p:irity of the p:irrurient women ( r  = -0.5-4. 

p� O,OOS).

(b) �lalorio In Infnnls ond their �folhcrs

{i) Pnrosltc rates :ind porn.die densities 

Table 4J sho,vs the number of inf3111/molhcr �i� S3111p!cd at
diffc . r d11 ring the lonsituJinll rtnt time interval� (ron1 delivery ull one )'Cll 

�ic · rcascu 11p1dlys llt Jgbo.Qra. �lnluriil p.msitc 111es 111c 
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l'able 4 2 tv • . 
· lalann parasue rnics and mean(± S.E) parnsuc densities in

different age groups of Nigerian pnrturicnl women.

Pa,..,.· 
'""'11C raie

Age Group (Years) 
___________ Significance

s22 23 • 29 of difference 

16/43(62%) 4/31(15%) 6/42(23%) x2•8.62,P<0.02 

Pira_s· 
llc density 2.5 ± 0.23 2.6 ± OJ5 2.1 ± 0.21 F•J.56, P<O.OS
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:ig. �-� Parasite rates and parasite 

ens1t1es (Mean± S.E) by parity of 116

Parturient women al Jgbo-Ora, Oyo State .
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1'able 4 3
. 

· Nun1ber of infant/motlier pairs who auendcd the bi-monthly
eh · nics from d 1

· · · 
I · d' I d' c 1vcry 1111 one ycor dunng the onguu inn s1u 1cs ot 

lgbo O • rn, Oyo State.

Sampling periods after delivcry(monlhs) 

No. of infnnt/lllolhcr pairs 

\ Of O ''4d 11g1nat
Po y Pul11ion

At delivery 

116 

• 

2 4 6 8 10 12 

91 58 45 32 23 35 

78.5 50,0 38 7 27.6 19.8 30.2 
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with increasi f 1 • . ng age o l 1e study infants 11U 6 months of oge and thereafter 
decreased gradually till one year of nge (Fig. 4.3). The number of infants 
positive for mnlo . . d . tl b' tl I 1· . . na paras11es unng 1e 1-mon 1 y c 1n1cs increased 
significantly (x2 = 37 .5, P< 0.00 I) \Vitl1 increasing age.

Parasite densities \Vere also found 10 increase with age till 8 
months of nge nnd Lhcrenfter a gradual foll in parasite densities was 

observed till one year of age (Fig. 4.3). Tite rnenn parasite density 01 4 
mont1is of age \VOS significantly higher titan at two rnontlls of age (P< 
O,OOJ). 1-io\vever, no significont increase in parnsire densities with age 
11135 Observed in subsequent ages of t11e Infants. GenernUy, tltere was a 
Positive corrcJntion bet,veen parasite density and age of infnnl (r = 0.21,
p< 0,02.S). 

Figure 4.4 sho,vs tlie p:irnsite r:iics and densities of the study 
lllothcrs on 6 consecutive bi-monthly surveys after delivery. A gradual

lll
crc:isc in pornsilc rates \VQS obsef\•ed during the 1irs1 tluce consecutive

surv d · tl cys afte r delivery and lhcrcaftcr p3rasitc rates decrclSC in ie 
��cq �rc�no · ucn1 tltrce consecutive bi-montltJY surveys. 
113tisr · d ·ng the 6icalty significant difference in tlle p:ir:i.site rntcs un 

C011sccu11vc surveys (x2:: 10.949, p<Q.10) Pomitc denslly mcre3Sed at

Ilic Second survey, dropped s,gniliclllltlY (P< 0.00.S) at llte third suNcy 
� incr"•• d • 0 OOS) 111 Ilic {ounh su"cy. 1l1crc w� no, -..c s1gn1ncantly (P< · 
''&nific:in, d ·rr d .. 1-0 p:ira.site density after the founh 

1 ,ercncc 1n the ccn:as .. 
'�rvcy '1'l. 2 (-1 months after deh�cl')') lllld 

• '11 two peaks at suf\'CY 
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survey 4 (8 lh . mon s after delivery) corresponds to the months of June-
August and O be cto r - December respectively. 

(ii) Episodes of Clinical Mnlnria
Seventy-one infants were successfully monitored untill they hod 

!heir first ep· d r . . . iso e o chn1cal n1nlnnn. Twenty cases ,vcre det.ectcd from 
case notes ,vhile 51 cases were eid1er detected at die bi-mond1ly clinics or
by the fo rtnightly home visits. 

. The mean (± S.E) oge of onset of primnry clinical malaria in the 71
lllfnnts w as 4.2 ± 0.20 months ranging from 2.0 to 8.2 months. The mean
(iS.E) age o f  onset o f  primary clinical malaria in mole (4.27 ± 0.26) ruid 
rcrnate c4 . . .18 i 0.27) study infants was not s1gn1ficnntly different 
<1�02 
c 

. · 3, P > 0.50). T,vcnty percent of the study info.nts hod their first
PISOde of clinical malaria within the first 3 months of life, 67% within 3
·6 rno nths o f  age and 12% ,vilhin 6. 9 months of nge (Tobie 4.4). The
lgc of  onset of clinicol malaria in the study infants was not inOuenccd by
llloth r' c 5 parity (Table 4.5). 

A total of 2 I 08 home visits ,vere undcruiken during the follow-up
1111die .,..,_ i . I al . 
. �- 'ne mean(± S.E) nunibcr of episodes of cl n1CJ m 3fll per 

�ant during the one year follo,v-up visits WllS l36 ± 0.13. Out of the 44

11\f�ls monitored , II for the first one yc:ir of life, 10 ll!ld one 

tp' 
5UCCC5S1U y 

� of malari:i, 10 had two episodes of nuwin while 22 h:ul three

��s of m:ilJria. Two tnfant5 h:id 4 episodes of cliniol malaria. Only

11lc:idcn1 of �verc ffl31ann (fron1 the group of inf:ints
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Table 4.4 M 
l,,r '"" " I 

con ngc or onso< or prim• ry clioi c,I molori• io 7 I N igc ri"

-
gbo-Orn, Oyo S1J11e.

Age G 
_ 

roup{months)a

s 3.0 

3.1 . 6.0

6.1 • 9.0 

14 

48 

9 

n Mean ogeb 

2.2 

4.2 

7.2 

s.Ec

0.07 

0.12 

0.25 

�=-----------------
bA 1 

'"" who had primory cl in jeol ronlori• with in th< spcci r,,d age gmup.

can age of onset (months) of pnmary clinical ma.l3J'1'1 1n �eh age 

&roup 
C 

•

Stand 3rd error.
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Table 4.5 Mean (± S.E) ngc of onset of clinical n1olorio in

Nigcri• . 
f 

tl , . 
"" in ants at fgbo-Ora occording 10 mo 1er s pan1y group.

Parity n Menn Age of Onset

I 14 4.35 ± o.so

2 14 3.82 :t 0.21

3 17 3.87 :t 0.26

26 4.35 :t: 0.38 

s· 1&nilic;mcc
Ofd· 

Q,50 
1rrcrcnce F .. 0.59, P ::>

......__--�---------------
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who had 2 episodes of mnlaria) 
the study period . . 

wns recorded in the study infants durino 

1nvolvmg a 6 6K 

o

and blood gro O 
. g femn le of haemog lobin genotype A A 

up Rhesus · · 
second 

pos!l1ve. She hud febrile convulsion 

ary to mnlarin at the a f 6 
a malaria . 

ge o .3 n1on1hs. On ndn1ission she had

parnsne count o f  71 308/ 
40.Goc 

, µI of blood, rectal temperuiure of

nnd a PCY of 1 9%. 

(c) ri1nlnrln In the Adult Study Populution

Malaria po . 
Feb 

rnsite rote� and densities ot the July,1991 and

ruory 1992 
•ble 4 ' 

surveys undennken ut II• G.'l'.C. lgbo-Oro ,n: shown "

Joi 
·
6· Then: wos no slgnmcont d;rr,n:ncc ;n 1hc pamhe roles" lhc

Y,1991 and f' 
de . 

·cbruo <Y, I 992 su ,veys. On d• coni ro ,y, lhc mew p,ros;•

nsuy at lh 
,, 

• Ju I Y su ,ve y was s lgnmcnn1I y hi gl<' 1hon " 1hc Fcbru•<Y 

p 
ivey (Tobie 4. 6), The ;n clde ,•e of mn I"" p,rushaomi• bo'"" mc.,n

cnsny wus significantly different between the different 11ge 
:lltsite d 

0 study subjects (Tobie 4.7). TI1cre was nu correlation between
&roups f 

::";" dens;,y nnd n g e  (r =OJI, P< OJO) of d• G.T C siudy "bjccts"

0_ 
July SU,vey. A sunll,r 51.,;11;.,1 inference could 001 be mnde of lhc 

·�bnia ry survey because of the �1110II )lluplc )1/C, 

Tobie 4.8 shows the ,ualarl1.1 p;irusltc r.itcs onJ densities at the 2

cross 
, ·1Ct1lon� surveys u,d,,.,i.,n" d< U.CI I ll•d" blood donm 

cf 1111 

C towards lhC end of the ruin)' �,i,1111 (Ocluhrl f'lu\cn1�1, 1991)nnd

lt lhc end of the dry sca500 (t.lu«:h, 11JY2), 11.e lnc tJcncc or
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1'ablc 4 6 · Malaria 
the st 

parasite rates and mean (± S.E) parosire densities of

udy sub'e 
1992_ 

� cts nt Ilic O.T.C. lgbo-Orn in July, 1991 and Fcbruory, 

- Sign11icance 

July 1991 February 1992 of difference

Paras· He raten 18/100(18�) S/33(15%) x2 • o.697: P>0.50

ll'Qsitc densityb 2.41 ± 0.06 2.08 t 0,07 I• 2.54: P< 0.025 
p 

lp
ilt.si 

-
. 

tc rate 
a Percentage of subjects 1vlth asexual n1al:1rin pam1lei

detected In tliick blOOo nlnn, 

b P
aras He density .. Log(x) uf the nurnhc:r of o�"uol n1:1l.in�_f1Jm11cs rc:r

m1crollttc or blooJ In d1kl n1111 uf p0lltl\'C 1ub,JCCIS

(±S £'.)
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Table 4·7 Malar,·a · d ( SE) 
· 

d 
· · ·

. 
parasite rJtes on mcan ± . parasite ens111es ,n

different age groups of the G.T.C. lgbo-Om study subjec1s in July 1991.

Paru sue rote

Age Group (Ycnrs) 

___________ Significance

of difference 
21 -25 �26 

s20 

11/23(48%) 5/55(9%) 2/22(9� p < o.OOI 

2 31 ± o 16 2.62 ;t 0,24 P < 0.50

P�ra i s tc density 

..__ _____________ _
2,42 ± 0.07 · 
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Table 4 .8 Malaria parasite rates and mean (± S.E) parasite densities of

blood donors at the U.C.H. lbadon blood donor clinic or me Ocrober­

Novembcr, 1991 and March, I 992 surveys.
-

PaM,' · "-'llC rate

P3,,.,. '"-'11C density 

Oc1ober-Noven1bcr 
1991 

91/224(41 %) 

2.28 ± 0.04 

March 
1992 

Significance 
of difference 

J6/192(19%) x2= 23.33. P< 0.001

2.64 ± 0.09 t = 4.11. P< 0.001

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



malaria parJsitnemia was significantly higher in blood donors towards 

lhe end of lhe rainy season lhan at the end of the dry season. Pornsi1e 

densities were however, higher in blood donors during the Mnrch,1992 
survey (t = 4.11, P< 0.00 I). Malaria parosi1e rn1cs n1 the �1nrch
U2=11.93; P<O.O I) bu1 not October-November survey <x2=3.22; P< 0.40)

Was significanLly different be1ween the differen1 age groups of the srudy

subjecLs (Fig. 4.5). There was no correlation between parasite dcnsuy and 

age of blood donor during the October-November (r= -0.08, P > O.SO)
and Morch (r = -0.16, P< 0.40) surveys. 1 lowever, me:in p3rasite
densities bct\vccn the different age groups \V3S significan1ly different nt
01c �larch survey but not at the October-November survey (Table 4.9).

(J I I C ind Protection frorn �lnlorin
aemoglobin cnotypc 1 

. . the 1nfan1 siudy populnuon
The prevalence of sickle-cell trail 10 

. 
w d'fi rcnce In 1he parns1tc nitesas 2.5% ( I sn2) TI1ere \V3S no significanl l e 

Of 
• 

• fi ear of life e�ccpl in
haemoglobin A S  and AA infants in the •�I y 

f 
IJlf; . \Vi1h the cxcepuon of in nnts

ants aged I On1ontJ1s of :igc {Fig. 4·6>·
. Ii ily diffcrcn1 

�& d . . were: not s1gn1 ic:in 
c 6 monlhs mcnn parasite d1:n5iucs 

bet 
. 

' 

, and AA (Tobie 4.10).
"'cen infants with hJcrnoglobin AS

f . 3ry clinical mol:uin
. (months) o pnm 

. n1e mean (± S.£) age of onset 
nnificnnily different

tn h ) . fnnis \VOS not s10 
acmoglob1n J\J\ (4.1 ± 0.20 10 

. AS (4 9 + 0..18). Then:
(t .... 11oen1oglob1n . -

c: l.99 P>o 05) rrom t11ose \\'lu• 
d f , . f ep1�0 � o 

wQJ . . tJ c nun1bcr o 
no �1gnificnnt diffcr4!ncc in 1 
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Table 4.9 Mean (± S.E) parnsiie densi1ies in differenl age 

groups of blood donors at the Ocrober-Novcmbcr, I 991 lllld 

March, 1992 surveys.

Age Groups 
(Years) Oe1obcr-Novembcr 

S24 2.41 :t 0.12 

25 • 31 2.20 :t 0.06 

32 · 38 2.36 :t 0.10 

� 39 2.22 :t 0.10 

Significance of 
difference r = 1.36, P< O.JO

-

Morch 

J.00 :t 0.16

2.46±0,10 

2.26 ± o.06

2.83 :t 0.01 

F = 4.40, P< 0.02 
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• 

'. 

l'able 4 1 o · Tiie cffcc1 of haemoglobin genotype on mean (±S.E) p11rusile

dcnsi1ie · . . s tn Ntgcnan infants nt lgbo-Or:i during t11eir first ye:ir of life.

Age 
(�lon1hs) 

4 

6 

8 

IQ 

12 

n 

10 

16 

20 

10 

4 

10 

I lncmoglobin 
AA 

2.1 ± 0.04 

3.0 ± 0.14 

3.5 ± 0.18 

3.3 ± 0.16 

3.2 ± 0.55

2.7±0,10 

s�r 'st1colly sign1fic::uit.

Genotype 
n AS 

5 2.3 ± 0.06 

6 3.2 :t OAO

6 2.6 ± 0.12

6 J.6 ± 0.32

6 3.4 ± 0.22

6 3.1 :.t0,20

Significance of 
difference 

P < 0.20 

P > 0.50 

P<0.01• 

p < 0.50

P > 0.50

p < 0.10 
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clinical ma! · d ana unng the first year of life between haemoglobin AA and 
AS infants (P>0.50).

No significant difference was observed in the parasite rates 
1�2- .
14 -0.18, P> 0.50) and parasite densities(!= 0.48, P > 0.50) between

haemoglobin AA and AS mothers nt delivery. There was no significant
difference in Ilic nun1ber of episodes of clinical malaria between

haemoglobin AA and AS mothers (P< 0.10).

The prevalence of sickle-cell 1roi1 in tlte G.T.C. lgbo-Orn study

sub' iec ts was 26% (26/100) while 3.0% (3/100) of 1.he s tudy subjecLS had

haemoglobin AC. Only one subject with haemoglobin SC was detec ted.

'lltcre was no significan t difference in tl1e pnrosite rates ru,d p:irasiie

dcnsuics bet\vccn haen1oglobin AS and AA subjccLS 31 lhe July, 1991

survey (l' able 4 .1 J ),
11 , II · · blood donors 01 the

1c overall prevalence of s1ckle-ae trait 10 

tv.,o er be I 991 and �larch, 1992
oss-scc1ional surveys in Octobcr-Novem r, 

WilS 27% ( 113/416). No significant d ifference in parasite ra tes wns

0bscrv d S d nors 01 the October·
c: bet\vccn haen1oglobin AA and A 0 

Noy 2 _ I 74 P< 0.20) surveys
ember (x2 = 0.76, P>0.50) und M:irch U - · 

(Fig 4 7 . ·ri anti)' tower in blood
' · ). Mean Parasite densities were signi ,c 

do1101'\ . 
the March survey, but not al

'>Ytlh httcmoglob1n geno type AS 01
Ute Oc 12) 

10bcr-Novcrnber survey (fable 4• 

�-� d m:iturio Parns!lucmlo

Chcmoprophylnxls In Prcgnonc} un 
, d 

I\ h . 1111.is dunn& pregno.nC) use a

toU1ers who wc:n: Oil chcn1op�P ) ·u 

'--tell I 20th wc:ck of prci;n:incy ll 

'I dose of pyrirncth:im1ne from , ie 
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• 

Table 4 11· 111c rcla11on�hip between haemoglobin gcno1ype. p11rosi1c

1 bo 
mean (± S. E) parasite densities in 96 study sobJCCIS at the G.T.C.tales and 

g ·Or · ainJuly199I.

I lacmoglobin 
AA 

Genotype 

AS 

Para •He rate s ) 
14no(20%) 4/26CI % 

Para Site density 2.4 I ± 0.08 2.41 ± 0 10 

Significance of 
difference 

x2= 0.26, P > o.so

1 =- 0.006. P > 0.50
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l'able 4 12· 111c relationship between haemoglobin genotype and mean (±

S.E) pa rtlSllc densities in blood donors a1 the U.C.H. lbadnn blood donor

clinic in 0 ciober-Novcmber, 1991 and March, I 992.

n 

llnemoglobin Genotype

AA n AS 

Significance 

of difference 

Oc1ober-
Novcn1ber 62 2.28 ± 0_06 29 2.34 ± 0.09 1 = O.S9, P > O.SO

�larch 29 2.73 ± 0.11 7 2.30 ± O.� i = 2.02. P:0.050
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ljb 

binh There w · 
·n · · as no s1gn1 1cant difference in the parasite rates (P< 0.40)

and parasite densities (P> 0.50) at delivery between women who were on

themoprophylaxis during pregnancy and those ,vho were not (Table

4·13). There was no significant difference (1=1.17, P< 0.30) in the mean

PCV value between mothers on chc moprophylaxis (31.8 ± 0.4 ) in

pregno.ncy and ll1ose ,vho were not (3  t.4 ± 0.31 ).

The mean age (month s )  of onset of primary clinical malruin in

Study infon1s born 10 mothers who were on chemoprophyloxis ,vas 4.29 ±

0·26 nnd infants bon1 10 motl1ers who ,verc not on chcrnoprophylnxis was

4"16 ;t 0.27. TI1ese values ore not significantly different (i= 0.35, P> o.5o).

ihcrc was also no significnnt di fference (1=0.71, P<0.50) in lhe mean 

(t S.E) binhwcights (Kg) of nc,vboms of mothers who were on

chcrnoprophyla xis (3.2 ± 0.04) and t11ose who wcn: not (3-17 ± 0.05).

Molnrio Purosi 1:1c1n ia nnd rev Lc\'CIS

1'hc mean (± S.E) cord blood PCV value was 39% 1 0.2S. There

"'as no · . p o 1 O) in the mC30 PCY 
sig111fican1 difference ( 1  = J .822, < · 

"illu (3S 9rL. ± o 34) There was n
cs of males (39.9% ± 0.34) and fcrnoles . ·,o • • 

Posiiivc cor L . d btoOd pCV Jcvel and mother's pQfltY

( 
re UIIOll bcl\VCCll cor 

r"' 0, J 95, P< 0.05).
. . . 1 lowered PCV lc\'cls

tvlalori:i par:1sitocm1a stgnificnnt Y 

b.:tv.,c 11·,� rcncc in the metln rev

en 4 • I O mon ths of age while the I c 

"�lucs be 
. us infnn1s at 2 ll!ld I 2 months

twccn malanous lltld non-n14l3rio 
or •&cw } No com:lntion wos o�r,·cd

.._ 
:is no1 �1gn1ficrui1 (fublc 4.14 • . I . I 

�"" • or onset of pnn1nry c U\1� 

CCii Corti blood PCV v11Jucs :ind duniuon 
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Table 4.13 TI1e erfcct of chcmoprophylaxis in pregnancy on parasimemia

at deliv cry tn 116 porturient women at Igbo-Ora, Oyo Stlltc.

Chcmoprophylaxis No Chcn10- Significance of 

prophylaxis difference 

Paras· He rntc I 0/53( I 9%) 

Par.is.nc densi1yn 2.36 ± 0.11

11'nb1 e shows n1cun ± S.E.

16/63(25%) x2=- 0.11, P > o .. so 

2.42 i 0.11 t : 0.38. P > 0.50
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Table 4 14 
. . 

· · Correlation between mean (± S.E) PCV levels in malnrfo

negauve study infants during the first yenr of life. pos111ve and 

Age Molnria 
( 

Malaria 
months) n Positive n Negative 

Significnncen

of difference rb

2 

4 

6 

8 

10 

12 

19 31 ± 0.49 72 32 ± 0.29 P< 0.30 -0.11. P>0.50

26 29 ± 3.01 33 32 ± 0.48 P < 0.001 -0.68, P<0.001

26 27 ± 0.78 19 31 ± 0.76 P < 0.001 ..0.43, P<0.025

16 28 ± I. I 16 31 ± 0.53 P < 0.025 -0.82, P<0.00 I

10 27 ± 1.7 12 34 ± 1.0 P< 0.01

17 33 ± 0.98 22 34 ± 0.57 P < 0.50

-0.49. P>(),20

0.17. P>().50

.__ 
as :;:-------------�---�

ig
nificance of dirfercnce between menn rev values of n1nlnrin positive 

ilrld rnalaria negative infants. 

Co�lation coefficients between pcv Jevels ond pnrn�1te density ot

tlifrc rent oges of the study lnfnnts UNIV
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F IB
ADAN LI

BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



139 

malaria in the infants (r = 0.09, P< 0.50). There was a posiLive correlation
between birthweight of newborn and cord blood PCV level (r= 0.57,

P< 0.00J ). 

The-mean (± S.E) PCV value of lhc 1 16 parturient women was 32

± 0-25cro ranging from 26% t o  41 cro. The mean PCV value of prim iparous

wom ( en 30.7% ± 1.98) was significanlly lower (t = 2.084, P< 0.05) than

lhe mean PCV value (31.9% ± 2.8) of muhiparous women. A positive

corrc1 lllion was obtained bct1veen mothers parity and PCV level 31

delive ( 
· · ·

ry r =0.28, P< 0.0 J ). The menn PCV value of malona posu1ve

(l07o t 0.45) pnrturient 1vomen was significantly (t = 3.33, P< O.OI)

10wcr ll 
• n

1311 that of n1ulor io negative (32% ± 0.28) partunent wome 

Chernoprophylaxis in pregnancy had no significant cff'ccl on PCV levels

a1 d I' c I Very (t = 0. 73, P< 0.50).

�INSsU OloocJ Group nnd Protection against r.talarlo

T 
. d mc!lll porasite dcnsilics

. able 4 .15 shows the porasuc rnics QJ1 

Ill d1ffcrcn1 �INSsU blood groups of blood donors ot ,he Oc1ober·

Novcrn'·· . . d'ffcrcncc in the p:uus11c

U1:r survey. There 1vos 110 s1gn1fican1 1 

raies 'ftd . d'f' 11 �11-is�u blood
"'' Pllr3Slle densities between the I acrcr 

&roups,Thc d . f f ·mur/ clinic.ii molario in lhe study
· urauon o on�et o pn 
l1tfa.nlS 

the different r-11-is�u

b 
was not significantly different betwten 

loOd 6)&roups (F .. o.566, p > 0.50: Table 4. I .
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'!'able 4.15 Pa . d SE) 
. d . . . d"" 

� 
rasue rates an menn (± . · pnrasue ens111cs 1n 111eren1

lNSsU bi ood groups of blood donors ot the October-November survey.

MNs�u

�1-NSsu

MN.s.s.u.

�tNs.s.u.

Sign Ii 
dirt 

t ltancc of
crcncc

----

Purasi1e Ruic Parasite Density 

51/131 (40%) 2.28 ± 0.05

22/52(42%) 2.31 ± 0.11 

9/25(36%) 2. 15 ± 0.09 

9/15(60%) 2.34 ± O.l 3 

x2 = 2.77, P < o.so F = 0.39. P > 0.50UNIV
ERSITY O
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'l'abte 4, 16 MNSsU blood group nnd duration of onset of primary clinical

lllalaria in the infnnt study population at lgbo-Orn, Oyo State.

Blood group n Age (months)3 ± S.E 

�INSsU 29 4.26 
0.30 

M-Nssu 20 4.60 
0.40 

MN.s.s.u. 4 3.50 
0.17 

�INS 
9 

�
U- 4 3.98

0. 8

�1e.in a . , . I I · · F = 0.566, P > 0.50
ge of onset of pnn1ary chn1ca mo nno, 
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I 4.7 Immunoglobulin Levels and �tal:iria Parasitoemia 
Figure 4.8 shows Ille standard curves for IgG, lgA and lgM 

dctennined b ... . Y u,e single radial immunodiffusion mclllod.
(a) Infants and their C\lolhcrs
The major fraction of cord blood immunoglobulins \\•as JgG. The 

mean(± s E · ·) cord blood lgG at delivery was 1265 ± 34mg/100ml. �1ean
Cord blood I G . . g was s1gn1ficantly lower man Ille mean maternal lgG (t = 
s.s6.�oo 
,�-

· I). In some cases where Ille cord blood lgG level was higher

u1,1n them 
l<Xl() 

atemal lgG level, the maternal lgG level was below 

bi mg/lOOml. There ,vas no significant difference in the mean cord
0od lgG 

w 
level bet,veen male and female newborns (Table -1.17). There

as no co I • ( 
rrc nuon between cord blood lgG level and parity of molhcr 

r"·OOJ 
er . · ' P>0.50) and between cord blood lgG and duration of onset of

in1caJ . . . 
ob,.• rnatann 111 the infant (r = 0.13, P< 0.30). No com:lnuon ,vas 

-uincd be 
(r" 0 

twccn b1rth,vcight and cord blood IgG level 
.Q6, P< 0 .50).

u,· A majority (93%) of the cord blood samples had no detcctnble Ig�I
•Ing th 
de 

c single radial immunodiffusion technique. Uo,vevtr, lgl'-1 was 
ltctcd

fc...., 111 all cord scra using the more sensitive ELISA technique. A
(3) co d b b . 

111.J . 
r lood samples had very high levels of  lg�I comp:1r.1 le with

t 111 aduf 
� 

Is. 1l1c n1can cord blood IgC\I was 44 ± 4.1 mg./lOOml. There 
no sl 

�le Snificant difference in the melll1 cord blood lg�1 levcl bct�ccn

�, 
illld fcm:ilc nc,, boms (Table 4.17). No com:l:iuon ,vns obUined 

� lftcc,1 co . . 
rd blMrl In A I -,n,I ,f11rntiOtl or OOSCl of pntlltlr)' chntCJI m3.l103
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Table 4.17 Mean {± S.E) cord blood JgG (nig/100ml) and lg�!

(tng/lOOml) levels according to sex of newborn.

n 

lgG 55 

37 

Male n Fcmulo 

1271±46 62 1260ii19

52±7,l 43 37±4.J

Significnnce of 

difference 

I:::(), 17, P> 0.50 
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. . ., 

in lhe infant (r = -0.28, P > 0.05) and between cord blood JgM and 

b' inhweight of ne,vbom (r = 0.07, p > 0.50). 

(i) IgG 

Table 4.18 shows mean JgG vnlut:s In molorio poshivc and

ive m1ants in the first ten nionlhb of life. lgO levels fell significantlynegat' . 
r 

(P< O.OQ I) to about half of tl1e blrtl1 lgO level at the age of 2 montlis in 

bolh mnloria positive and negative lnfunts. Menn lgO values In molorio

P<>sitive infants rose rapidly 01 6 months of ugc while o gradual rise wns

observed in malaria negative infants between 6 and I O months of oge. 

The lowest plasma lgG values were rtcorded in infants at 4 montllS of

age, 

Mean IgG values were significantly lower In molorious infunts

aged 2 and 8 montlls than in non-n1olnrious infunts of tl1e same age 

O'ablc 4-18). There wos no signlficnnl difference l11 the nienn lgO value�

or matario positive and negotive Infants ut 4, 6 ond I U ,nontli.\ of age. 

(ii) Igrit 
A steady rise in n1can lgM values wus obso1vud within tl1e first 8

lllonlhs of life in both rualario positive and ncgutivc infants (fable 4.19),

A 11
pid rise in mean lg�1 values was observed In n1ularious infants 

between the ages of 8 and 10 months. lg�l le11els were sign lficillltly 

liighcr in mat . , , 1 , t .... 11 In nllllorlo negative infan1s agcJ 2,

4 
nna pos111vc n111n s u,a 

• 6 Q.nd 10 months.
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Table 4 18 
. 

· Mean (± S.E) plasma IgG levels in Nigerian infllllts with and

n nna parasites dunng the first ten months of life.Wtthout m I • • • 

Age 
(months) 

2 

6 

8 

10 

n 

19 

23 

Molorio 
Positive 

562±22 

n 

72 

MnJario 
Negative 

691 ± 23 

555 ± 29 35 609 ± 24 

27 717±47 18 696±26 

13 1206±72 14 881 ±95 

SigniJicnnce of 
difference 

1 = 2.82. P<0.01 

t = 1.44, P<0.20 

1 == 0.33, P.>0.50 

t ,.z. 71, P<0.02 

6 1141±73 6 1092±52 ,.o.ss. P.>O.so
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Table 4.19 

0 

Mean (± S.E) plosn1a lgM levels in Nigerian infanlS 01 lgbo·

ra 'lh . wi and ,vilhout malaria par:isilllcmio during the first ten months of 

lire. 

Age 
(rnonlhs)

2 

4 

6 

8 

IQ 

n 

19 

23 

27 

13 

6 

Mnlaria 

Positive 

55 ± 1.3 

70 ± I.8 

93 ± 6.1 

167 ± 15 

207 ± 36 

n 

72 

35 

18 

14 

6 

Malarfa 

Negative 

36 ± 0.75 

49 ± 1.4 

66 ±2.4

132 ± 13 

104 ± 9 

SignifiCllllce 

of diffe�nce

t :11.28, P<0.001

I c:9.44, P< 0.()01 

1 :3.59, P< 0.001

t :1.77. P< 0.10

t =:2. 78, P< 0.02UNIV
ERSITY O
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(iii) lgA
IgA \Vas not detected al birth in any of the cord blood 

samples using the single radial immunodiffusion technique. However,

lgA was pre ? 
• • 

. 
sent at _ months of age in all the study infants. A steady 

m mean IgA levels \Vas observed during the first eight months oflllc rcase 
life \V· lh lh . · 1 e exception of infants aged 4 months, there was no 

n, ican1 difference in the menn IgA values be1wecn malaria positives1g · Ii 
and negative infants during the firs1 eight months of life (fable 4.20). 

Ai delivery, no significant difference in the mean IgG and IgA 

values ,vas b 
. . . d 

. . 
o served be1\vecn malana pos1uvc no negauve partuncnl

Wornen (Table 4.21). I 10,vever, menn IgM \vas signilicnnlly higher in

ma�ria . 
• 

, d!nA 

. pos1uve pnrturien1 ,vomen. MtDn plasma JgG, Igtn an I>'' was

1 ar bct\veen the different parity groups (fable 4.22). There was no 
sun· I 
correlation bet,veen lgM (r = -0.18, p > 0.05), lgG (r = 0.02, P> 0.50),

lgA (r o 

· · th 
= .09, P< 0.40) and parity of mother.111c difference in e me3J1

lgO I ' gM and lgA values bet,veen mothers who were on 

0Prophyhuis during pregnancy and those \vho were not w:is not 
chem 
'ta1is1· 

I • b . d 
ically significant (Table 4.23). A positive co� auon � o to.me 

bcl\vecn cord blood and ma1cmnl IgG levels (r = 0.65. P< 0.001) but not 

between maternal and cord blood lg�I (r = 0.44, P< O.SO).

(b) ,\dull Study Population 

h; Meon plosm• 180 ,nd 13M bu< "" IJ!A "''" "�" ,;..,,r""''11 

&her 1n "'"In . . . b cts coniplttd ,vilh n,olan:i ncgGu,·c
"W na pos111vc su �c 
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· Mean (± S.E) plasma fgA levels in malaria positive and
Table 4 20 

nn negative Nigerian infants 01 lgbo-Ora during lhe lirst 8maJ:i 

months of L'' IIC.

Age 
(months) 

2 

4 

6 

8 

n 

19 

23 

27 

13 

Malaria 

Pos itive 

28 ± 1.0 

42 ± 1.4

66 ± 1.9 

104 ± 8.4 

n 

72 

35 

18 

14 

M:ilorin 

Negative

28 ± 0.69 

38 ± I.I 

65 ± 2.1 

92 ± 6.5 

Significance 

of diffcn:nce

t = 0.22. P> 0.50

t = 2.3 I . P< 0.025

t = 0.54, P>0.50 

1 = I .20. P< 0.30
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Table 4.2 I Mean (± S.E) plasma in1munoglobulin (lg) levels in mahuia

P<>sitive and . N' . ri 0 
negative 1genan partu ent ,vomen at Igbo· ra.

lg 
lsotyPe n 

lgG 26 

lgM 26 

lgA 26 

t,ilalaria 
Positive n 

t-.1nlaria 
Negative 

Significance 
of difference 

1568 ± 79 90 1568 ± 45 t =0.0005. P :>0.50

266 ± 11 90 204 ± 9 t = 3J9, P< 0.001

141±10 90 160±8 t=l.21. P>0 .05
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Table 4 22 · Mean (± S.E) plasma lgG, TgM and TgA (mg/IOOml)levels Ill

pnnty groups of Nigerian parturicnt women at lgbo-Or:i.different 

Parity n 

1 28

2 22 

3 24 

4 I I 

31 

lgG 

1535 ± 83 

1526 ± 71 

1705±91 

1412± 119 

1577 ± 79 

Tgtvl lgA 

247 ± 13 155 ± 14

229±21 147±17 

185±13 140±11 

211 ±35 160±24 

210± 16 1'74 ± 13 

Sio .. •,., oro;j.'ncnncc
iffcrcnce f-'=1.13, P<0,40 F=I 98, p<0.20 r,..0.89. P<0.50

---------
-----------
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'!'able 4.23 1l1e rela1ionship bel\veen plasmn immunoglobulin levels nnd

use of chcmoprophylo.xis during pregnancy in 116 pnr1uricn1 women at 

lgbo-Ora, Oyo Swte.

No chcmoprophylaxis Significnncc
lg 
lso1YPc 

Chemoprophylo.xis 

n t-.1cM ± S.E 
----------------

n Mean ± S.E of difference

63 1591 ± 53 I :Q.65, P:>{).50 
lgG 53 1540 ± 58 

lgM 53 213 ± 12 63 221 ± 11 t :0.49. P:>{).50 

lgA 53 152± 9 63 159 ± 9 1::0.53, P:>{).50 
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!UbJec1s · h · in I e July. 1991 survey 01 the G.T.C. lgbo-Orn (Table 4.24).

Pla.ima lgG and lgM levels were found to be �ignificantly higher in n1nlaria

oo onors 1han 1n mnlana negn 11ve blood donors a1 the Oc1obc:r -
positive bi d d 

. _ _ 

er, 1991 survey (Tobie 4.25). The n1eon lgA Jeveh bel\\een malannNovcmb 

nn negnuve blood donors ,vos nol sigmfican1ly diffcrcnLP0s11ive d 
(8. An1ibodics 1\gninst ·rotn l Blood StL,gr An tigens

Aduh and cord blood samples "'ere screened for antibodies agmnst

lotaJ blo d - . 
. -

0 S1,1ge nnugcn, of P ft1lc11111n1111 nl I I 00.000 d1 luuon "'h1le senal

bl�d s  · nmplc\ collcc1cd rro1n 1nfnn1s during 1hcir fir�I year of life were 

�cnt:d I 

.. 

01 I 0,000 di 111110n. A l1 1es1 san1plcs showed v1s1ble 

'lllmunotl 
· 121

uorcsccncc (Pln1c I) a1 their respt:Cll\'C diluuons Seven out of

��bi 
a ood sample� (5 8%) ,vcre positive for mnlnna-spt:c1f1c lg!VI 

Po . cs lo lotn l blood \tnge ,111ugcns Ill I JO d1Ju11on n,rec o u,t? se,cn 
n11bodi • 

. . 1 ·  ... • 

h· �IIJvc cord blood ,;i111plcs were: posiuve nl I. 100 dilution and hod 1he

18hc I M gl\il vnlue� 
4.8. I 

. 
An1i-Pr 155/RESi\ An tihodie\ 

i 
l'ln1c 2 sho,vs 1nt:n1brnnes ,111munonuoresccnce of c1Jthroc) ie,

nrcctcd \Vllh nn[! fom,� or r f(l[(l[l(lfll/11 (Rl.:S;\/Pr 155). 

(n) lnrnnt� nncl their \lothcr�

Th• . • 1 nn<l cortl blood :in1i-Pfl 55

. ere '''O� n correl,111on bl:t\\ccn n1,11cmn 

%11� 
lh dy titre� (r = 0,6-1. P<O.OOI ). ·nu: prevalence of ,1n1itiody P"''""'') 10

1: l>ft 5c . . . ., I 62 P< 0.001) higher 1n 

·' ,1n1 1gen ,vn\ �1gn 11ic,1ntl)" (x· · - · · 
"1;111:rnnl  Coin I I J 11 cl I towtvcr 1hcrt wn, no qi:n1ticnn1

11,r 
p.in:< w11 1 cor , oo , 

fcrencc II c. 0 47, I'> 0,SO) in the nlCnn ( r. SI) ,1nt1·1'fl!i� 
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1'nblc 4 · 24 [mm I b 1· I I · I · · d -1 • 

unog o u 1n eve s 1n ma ana ncgnove an mwana

positive asymptomatic study subjects of the G.T.C lgbo-Oro 01 the July

survey. 

Malaria positive Nlolario negative Signilicnnce

of difference
n tvlcan ± S.E n l\1eon ± S.E 

--------------

lg 
lsotypc 

lgG 18 1309 ± 76 82 1150 ± 29 I "' 2.24, P<0.03 

lgM 18 171±14 82 t'.l8 ± 7 I:: 2.17, p<0.05 

lgA 18 120 ± 9 82 114 ± 5 I - 0,54, P>()JOUNIV
ERSITY O
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ADAN LI

BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



155 

· Mean (± S.E) plasma 1mmunoglobulin levels in moJ:11i3
Table 4 25 

0 
malan3 pos1uve asymptomnuc blood donors nt the

ncgaiive o.nd . • . . 

ctobc N 
_ 

r- ovembcr, 199 l survey.

SignifiCllllCC 
lg 
lsotyPc n Malori3 positive n t,,1olnria negative or diITerence

--------�-----------

lgG 91 1408 ± 52 133 1274±43 t= I.99. p<().05

91 174±8 
133 144 ± 6 1::2.97, P<0.01 

lgA 91 152±7 
133 1�9±5 t::0,39, f>'>().50 
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Plate1. lmmunofluorescent Staining of blood •
stage P. falciparum intracellular parasites 
llllost1y schizonts) by Immune serum from a blood
donor. Serum was diluted 1 :25,000.
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Plate 2. lmmunofluorescent staining

membranes of erythrocytes infected 

of 

\Vith 

the 

ring 
forms of
blood

P. falciparum by immune serum from a 

donor. The parasite nuclei \Vere 
counterstained with ethidium bromide. Serum was
diluted 1 :so.
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I 

antibody titre betwe en maternal (1.72 ± 0.09) ond cord blood (1.78 ±

0.09). AU an1i-Pfl 55 antibody positive cord blood samples were obuined

from anti-Pfl 55 antibody positive mothers while some positive mothers' 

cor� blood samples were negn tive for anti-Pf!SS ttntibodies. 

The prevalence seropositivity for nntibodies 10 the Pfl 55 antigen

showed nn initinl fall fron1 birth till 4 months of ngc (Fig. 4.9). A rapid 

increase ,vns observed ill 6 months of age followed by a gradu:il rise til l
• 

onc,year of lire. No correla1ion wns obse rved between cord blood nnti­

Pf( 55 antibody titres and duration of onset of c linical 111alaria in 1.he 

infa111s (r = 0.32, P< 0.1 O). 11,crc was no significant difference (t = 0.51:

p >0.50) in the mea11 (±S.E) age of onset of clinic:il malaria in tl1e 

inJants between nnti-Pfl55 antibody positive (4.56 ± 0.33) and ncg:itivc

(4.3l ± 0.34) cord blood sarnplcs. 

There was no significant difference in the pcrtentuge of mothers

P0sitive for nnti-Pfl 55 antibodies ni de livery and during the six 

consecutive surveys (P<0.50) afte r delivery (Fig. 4.10). Si1nilarly. no

sicnilicun1 difference was observed in the  mean onti-Pf l  55 ontibody

l
itrcs during Ilic six consecutive surveys (fable 4.16). No correlation w.u

observed bc1,vccn n1a1cn1ol tgG (r = 0.12, P<OAO), plr.is11c densuy 

(r .. 0.10, P>0.50) and ont,-Prt55 antibody titres 01 delivery. There wns 11

correlation between n101hcr's age (r .. 0.42. p<0.01 ). parity (r � 0.39, 

p� 0.0 I) nnd nnti-Pf I 55 ontibodY 1i1rc.s at delivery t>leln nnti,Pfl 55

antibody titres were 1101 siinilar between the different P.irity groups or I.he

rnou,cl'! ITublc 4.27). 
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Table 4.26 Mean (± S.E) nnti·Pfl 55 antibody 1iues of Nigerian women 01

lgbo.Qrn on six consecu1ivc surveys nfler delivery.

Sampling Period �lonlhs)

Al delivery 2 4 6 8 10 12 

Mean AnLibody 
Titre I.72 1.72 1.69 1.73 1.79 1.8 I 1.83 

Si:ind:ird Error 0.08 0.10 0.15 0.15 0.14 0.08 0.11

F:: 0.65, P > 0.50 UNIV
ERSITY O

F IB
ADAN LI

BRARY
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Table 4.27 Mean (± S.E) nnti-Pfl 55/RESA antibody titres in different

parity groups of parturicnt women ot lgbo-Oro.

M_can Antibody 
Turc 

I 

J .499 

Parity 

2 3 4 

J .489 1.580 1.437

Significance 
:! 5 of difference 

2.214 F= 4.514, 

P< 0.01 

Sta11d"rd E O 4 0.182 O. 168 0.226 0. I 68
.. ·rror .11 

19 
14 JO 12 8 
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There was no s ignificant difference in both die number of mothers

posi6ve for an1i-Pfl 55 antibodies (x2 = 0.93; P< 0.40) and m !he mean 

(± S,.E) an1i-Pfl55 antibody 1i1rcs (1 = 0.45; P>().50) be1ween malaria 

positive (1.64 ± 0.135) and n1alaria negative (l.74 ± 0.101) molhers al

· · ere ,vas a correla11on between ma1emal and cord blood 
delivery Th 
anii-J>fl55 antibody titres ( r  = 0.64, P<0.001).

I 
, (IJ) Adults 

, There was no s ignificanl difference in die Pfl55 scropositivi1y

rates <x2 = 1.84, P< 0.20) and in die mean an1i-Prt 55 an1i1Jody 1i1rcs 

- · , P< 0.20) between the July and February surveys of G.T.C s1udy 
(t-1 40 

�ccis. No significant difference was observed 111 bod• die percentage of
sub' 
llnti,Pf l  55 antibody positive (P< 0.20) and in the mean onii-Pfl 55 

antibod · 
· · · d I • 

Y litres (1=0.55; P:>0.50) between molono pos111vc an ma ana

ncga · live subjects nt the July survey. 

11,cre was no correlation t,c1wcen anti-Pfl55 antibody titres :ind

Parasite densities n11Jo1h !he July (r = -0.03, P>0.50) and February 

(
r

::: r 0.0 I, P> 0.50) surveys. No correlation ,v:is observed between :inti·

P�155 antibody titres and age o1 die July survey (r = 0.08, P< 0.50). The

d
if
ference in the me:in nnti-Pf1S5 ontillodY 1i1rcs in individuals who were

•�1nplcd consecutively DI die July and fcbrunry sul"cys was nut 

'1&ni!icont (I a l .JO; p.,Q,iO), No sigiulican1 difference wns ollscl" cd in

lhc nican anii-Pfl 55 anubody titre 1tnd 111eon ELISt\ (0D405) value to the 

(NANp)6 . I d'(r .... 111 �tNSsU blood groups ot the July

pcp11de bctWCCll I 1e I 1,..v 

•urv cy ITnble 4.28),
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Table 4.28 Mean(± S.E) anii-Pf155/RESA antibody titres nnd mean

(± S.E) ELISA (OD4os) values to the (NANP)6 peptide in different

MNSsU blood groups of G.T.C siudy subjects a1 !he July survey.

n Pfl55/RESA 

MNssu 46 2.09 ± 0.13 

�1-Nssu 16 2.09 ± 0.22 

�1N.s.s.u. 2 2.05 ± 0.35 

�INS.s.u. LO J.98 ± 0.2s

Si
gn· 

Of d,tficnnce 
P= O.OSS. l'>{).S0iffcn:ncc

n (NANP)6 

28 0. I 6 ± 0.02

13 0.21 ± 0.06 

2 0.21 ± 0. 10 

7 0.19 ± 0.04 

F== 0.506, !?0.50
UNIV
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I 6.f 

i The percentage of blood donors posi1ive for anli-Pfl55 antibodies

a, lh� Octobe N 
. 

r- ovember, l 991 and Morch, 1992 surveys was not 

s1gnificCllltl d' ft 
. . . 

Y I erent (x2 = 0.91, P< 0.50). S1m1lnrly, lhe n1eon anu-

1 0 Y titres at the October-November (2.27 ± 0.06) :i.nd �ltuch
Pfl55 lll1t'b d 

· surveys ,vos not significantly different (1 = 0.67, P> 0.50). 
(2.33 ± 0 07) 

, There ,vns no significanl difference in 1he mean an1i-Pf1SS 

an1iliod Y lttre bel\veen malaria posi1ive and negn1ivc blood donors during

lhc (;)clober-November and March surve}'S (Table 4.29). In addi1ion no 

con-!I . auon ,vas observed bc1,veen nn1i-Pfl 55 antibody titn:s n11d p:lfllsite

$,Illes 111 the Oc1obcr-Noveniber (r=. O. 18, P< 0.20) and t.1nrch 
den · · 
(r,: "0 19 · , P< 0.40) surveys. 

111c mean nnli-Pfl55 oniibodY 1i1rcs of �,c blood donors could be

scpnzu,cd in1o three groups i.e. "low responders" wilh Et,IIF titres 

between � I O and < 250, "medium responders" wilh Et,IIF tiucs between

�
2S

Q and< 7250 and ''high responders" with Et.llf- titres between 2 7250 

ant13 

· d ·· 

(1' 
s 6,250. No s; go; r,c,o1 diff ,�o« ;, "" "''"' 

P'""" """"

Dble 4.30) and p:1r:isi1c rn1es :II the Qct.-Nov. exl = 0.58, P>O.SO) nnd

�1arch (x2"' 3.S9, P<0.20) surveys (Fig 4.11) ,vas observed between the

three groups. 1l1e me:in age of low, medium and high responder� were 

n
ot significa n1ly different 01 the Qc1obcr.·Novcmbl:r (f-o I 52. P<0.30) 

:utd M:irc:h (F:02,66, P> 0.05) surveys. 
1 

N . b d t,ctwccn llllll·Pfl SS .u11ib0d)' 1itrc$

o c:om:lutton ,vas o serve 

arid n�e r bi ., Qcio•-•·Novcn1bcr (r • O. IOS. P< 0.20)

o o ood donors 111 uie .,... 

:U,IJ M 1 0 SO) ..,eys 111crc ,vt1i no corn:l:uion bo:l"'-ccn

:ire ' (r • 0.07, P< • su,. . 
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Table 4.29 Mean (± S.E) anii-Pf155 lllltibody titres in malaria positive

and ma! ana negative blood donors a1 the Oc1ober-Novcmber and �lnrth

surveys. 

October­
November

�larch 
-

Signilicanc.e 

n Malaria Posiiive n Mnlaria Ncgoiive of difference

80 2.28 ± 0.09 I 10 2.25 ± 0.08 1:0.26. P>0.50

24 2.22 ± 0.15 I 12 2.21 ± 0.08 1:0.0-1, P>0.50
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Table 4.30 Mean (± S.E) parasite densities in tow, medium nnd high an1i-

A antibody responders of blood donors during the October·
Pfl55/RES 

Novembc 
_ 

r nnd March surveys.

Low Mediun1 
-

I ligh 

SigniliC.'IOCC 
of difference

October-Nov. 2.27±0.0B 2.3 ± 0.07 2.4 ± 0.14 F::0.56, P> 0.50

-

I 

2.5 ± 0. I 2 2.8 ± 0.1 S 0 
1=1.87, P< 0.20
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CJ 
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Cl 
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Cl 
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High 

Fig. 4 l 
. 

· 1 Malnrin p:irnsite rntes in three groups of blood donoll

Wtlh I 
(> 7 

ow (> 10 • < 1,250), m,diom (> 250 • < 7250) "" high 

2.SO • < I :36,250) :1111i-Pfl ssJRESA anubodY tlues nt the

Octobc r-Novcmbcr, 1991 11J1d �tnrch, 1992 surveys. 

LO\V 
�1cdium 
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anti-Prt55 antibod 

P> O.SO) 
Y litre and lgG level :it the Oct.-No, ,urvey er= o. 18.

val 
· The mean nnti-Pfl 55 antibody titre� and mc:an ELISA (0D�us) 

)6 pepude between the different t,1NSsU blood uroups

ues to the (NANP 
��o 

. o .

ct.-Nov s . 
. 

4 8 
· · un ey ,vas not s1g01ficon1ly different (Tobie 4.31 ) . 

Scrorcnct1vity Against Oligoprptides . ·2 ELISA . 

Plnie '.\ sh 
rnnt . . • · o,vs :in ELISA plate w11h a colour reaction from n

nnn imm11n c sern and the test synthcttc pepudcs. 

• ,nl� und lhc1r l\lothcr� (n) lnf• . 

There ,vn, 
(OD 

· u correluuon between n1n1crnnl and cord blood ELISA

·11lS) vnlu • 
O,OQI) 

cs to the (EENV)6 (r = 0.32. P<0.01), 1J5 (r = 0.76. P< 

nnd �I AP? 
(r :::Qo 

.. (r = 0.67. P<0.001) peptides but not (NANP)6 pcpude

(OD� 
1
)' 

P>O.SO). n,crc wns no significnnt difference 1n the 111ean E l  IS,\

os value� 
ll'abt 

to the four ohgopepudcs between maternal and cord blood 

C 4J2) S' 
(l>,:Q 

'cropositiv1ty rote to the (N/\NP)o pcpude was h1rhcr 

\crop,
OQ· 

1) •n nmtc1 nal con1pnrcd with cord blood "hile no clifien:ncc in the

os1 11vit 
(�o 

Y r,nes wns observtd with the: (EEN\1)6 (P<OJO), U5 

\ain 1 
' l\lJ\P2 (P >0.50) peptides between 1natcrnnl and cord blood

·50> ·tnd 

'era 
g. ·I. l 2). 1lu:1c wns no cortt l,1uon between ccird blood C.US,\

p C\ ('1 

rcac1i , l•s:o ., 'itic\ to 1hc (FLNV)<, (r = o.01 t»O 50). (N,\NP)6 (r =- 0.1 'i. 

�"d d · J � lr -= 0 02, P ,-Q 50) and l\1AP2 (r -0 12. P -,,o SO) pcp11Jt.,\
�O) 1 

0 onset of chnical 111ntnru1 1n the 1nlanh urnlinn r 

l111i 

-·' 

lhc ;,h 
1111' who,c cord blood �;i111plc\ 1\crc p(l\\ll\'C for :in111',,..1c< to

O\'c '1 
• • d f 

On\(: 

• n11gc11, ,howcd 110 ,1goificont ,hftcren.:c 111 their ur.1t1on o 

I Of Clt nicnl 111,tlnnil llllllpan:d l\llh thO\� ,,ho wt1c <cn111egnll\t 
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Table 4.31 �lean(± S.E) nnu-PrJ55/RESA ontibody titres and

mean (± S.E) ELISA (0D40S) vulucs 10 the (NANP)6 peptide in

different MNSsU blood groups of blood donors at the October·

Novcn1ber, 199 I sul'\lcy.

n 

�INSsU 111 

M-NSsU 44 

MN-S-s-U- 21 

MNS-s-U- 13 

Signific:ince 
of difference 

Pfl55/RESA n (NANP)6 

2.33 ± 0.08 72 0.26 ± 0.02

2. l 6 ± 0.11 30 0.22 ± 0.04

2.2-1 ± 0.1 s 19 O.'.?O ± o.o.i

1.97 ± 0.21 5 0.18 ± 0.06

I 03 P<o 40 F., 0.72, P>0.50
F:c , , . 

-

------
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A 

0 

c. 

0 

E 

F , 

J /\,. •• 

AA) ./ 4 

Plate 3 PI b .. a)
· lOtograph show, nn enzyn1c linked in11n11110,or ent ,1,s 

(ELISA) Plate wnh colour 1cac11011 rc�111t1ng lron1 on El !SA cniploy ing
tn.ilnrin 1111 . Coh1111n 11111nc ,era and synthetic peptides n, capture nnugrn�. 
I::: Plntc bi· ,. , ,- (NANP)t,, ,111,,, coh11nn, 2+1= Coated \1'ilh (FI· NV)c,, .. +. -b+7- t JS • c I ne ,crum - · · o+ 1" �IAP2, 10 .,. )2 were canted wi1h ,ov, 
nlbuniin ("S . ·pudes coupledn A) to dctcnn1nc BSA b1n<l1ng for syn1hc11c J>C to BSA I C D �nJ E con1;11n,Cl·.I.NV)c,. (Ni\Nl>)1, and U� I Row, \. ll • ' ' 
l'llnlaria · iain, ni.1lnnn non-' •mmunc test sc, ,1 1\ hilc rows r 1<1 H con ' 
'lllrnune • ( scrn con1rnl).UNIV
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F IB

ADAN LI
BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



172 

Table 4.32 Mean (± S.E) anti-Pf155/RESA antibody Litres and mean (±
S.E) ELISA (OD4os) values to four oligopeptides in paired mntemnl-cord
blood samples.

Significance 
O!igopcptidcs n �Internal n Cord Blood of difference 

29 0.08 ± 0.01 20 0.06 ± 0.01 t=l.34, P<0.20 
• 

56 0.11 ± 0.02 45 0.08 ± 0.01 t=l.26, P>0.20 

LJs 18 0. I O ± 0.02 20 0.09 ± 0.02 t=0.36, P>0.50 

MA1>2 12 0_06 ± o.02 14 o.os ± 0.01 1..0.49, P>O.soUNIV
ERSITY O

F IB
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Fig. 4.12 Seropositivily rntes ror lllllibodics 10 the (EENV)6,

(NANP)6, US and MAP2 peptides in p�ircd mu1cm11l-cord 

serum samples from tgbo·Oru, Oyo State. 
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(Table 4.33). We evaluated u1e possibil11y or ru1 enhanced protection 

against malaria in infants whose cord blood wu� rllhcr positive for

antibodies to the Pfl 55/RESA und (NANPJ<1 nnllUl"IIS (frorn rhl' blood

and sporozoite stages of1hc 1u1111hho ruspl•c1lvcly) or 10 tire (£-ENVJ611nd

(NANP)6 peptides. 111c p,��c11c1• or nhsrnco or curd blood 11111lbudics to 

the Pfl55/RESA and (NANP)6 rnuigcn� or Ill 1h� (131!NV)6 ond (NANP)<i

pepiides did not influence u1e ogo of onset of cllnlcnl rnulorin in the study 

infants (Table 4.34). l lowcvcr, h was observed 1lru1 infants with 

haemoglobin genotype AS whose corJ hlood wcro po�i1ivc for W1tlbodies

to the Pfl55/RESA and (NANP)6 antigens (Tobie 4.35) or 10 the 

(EENV)6 and (NANP)6 pcprides (Tnbl� 4.36) hnd 1heir first auack of

malaria ln1er in life compared wWi ! lb AA !nfonls Un rite conunry, there

was no difference in the uge of onscl of c!inicul mnlario between I lb AA 

a nd AS infants whose cord blood were negative lor antibodies 10 the 

P
f155fRESA nod (NANP)6 anrigcns (Tobie 4.35) or to the (EENV)6 and

(NANP)6 peptides (Tobie 4.36). 

1l1e prevalence seroposi1ivi1 y (or antibodies 10 four oligopeprides

lC'EENV)6, (NANP)6, U5 11t1d t.lAP2l in infonlS during the li111 year of

lire ore shown in Fig. 4_ 13, Toe number of infonrs pos11hc for 

llnLibodics to the (EENY)6 
pepridc fell r.ipidly from b1nh (38%) Md b; 6

1
11
0
oths of  ogc, none of the study infan ts were scroposnive. Aflcr 6 

1110nlhs of age scroposltivily r:ires ro!.C rapidly 10 48% by one yw or age.

Scroposirivity rates for onrit,odics to tlle (NANP)6 pcpridc fell 

f
rorn birth to about holf of rhc binh ,croposi1lvi1; 1111c 01 the "ilc or 2
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Table 4.33 Mean (± S.E) age of onset (months) of primary clinical

malaria in infants with nnd wilhout cord blood nntibodies to some P.

falciparun1 antigens. 

Antigens 

(EENv)6

Antibody Antibody 

n Postive n Negative 
Signific:111ce 
of difference 

13 4.41 ± 0.56 39 4.48 ± 0.26 t=0.13. P>0.50 

29 4.71 ± 0.31 23 4.16 ± 0.01 t=l.16, P<0.30 

lJs 8 3.99 ± 0.29 44 4.55 ± 0.27 t=O.SS. P<0.40 

�l/\f>2 g J.98 ± 0.28 44 4.5 ± 0.27 t=0.85, P<0.40 
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Table 4.34. Age of onset of clinical malaria in Nigeri:in infnnts at

lgbo-Ora and cord blood serore:ictivity to the Pfl55/(NANP)6 and

(EENV)6/(NANP)6 antigen pairs. 

Antigen 
Pnirs 

Pflss &
(NANP)6

Antibody Positive• 
n Mean± S.E 

2 7 4.59 ± 0.38

I 7 4.66 :t 0.59 

Antibody Negative 
n l,lcnn :t S.E 

19 3.94 :t 0.41

2 7 ,1.23 :t 0.37

Slgnific:incec: 
of difference 

1.13, P:>0.05 

0.64, P<0.50 

--:--------�-:----:---

1t.1can age of onset of clinical maltuia in infant� whose cord blood 

was posi11ve for nnubodics 10 the Pfl5S/(NANP)6 w,d 

{EENV)6/(NANP)6 antigen p3ilS 

bt.lean age of onset of clinic.ii matJria in infants whose cord blood

Was ncgatve for antibodies to the ibo,c: anugen plllrt. 

esludcni's t•test values and levels of 1111nificancc. 
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Table 4.35. The effect of h:1emoglobin geno1� on the age of onset 
of clinic:11 rn:1lari:1 in Nigeri:in infants whose cord blood was posiuve 
or negative for antibodies to the Pf155/RESA and (NANP)6 :intigcns.

llacmoglob,n 
Genotype 

AA 

AS 

Si n0 • r· " I ic:incc  
or d·r 1 ferenced 

Antibody Posi1ivc�

n t.lcan ± S.E 

I 9 4. I 9 ± 0.35

9 6.94 ± 0.74 

3.63, P<0.0 I 

Antibody Ncg11ivcb

n /llc:m ± S.E 

I I 3.85 t: 0.31 

I 3 4.00 ± 0.69

0.18. P > 0,50 

Combincdc 
n Mean ±S.E 

3 0 4.09 ±0.26 

2 2 4 .98 ± 0.66 

1.47. P > 0.0S 

-:-:---------
--=--

-:------­
l�1c:in age of onset of clinic:il m:il:iri:i in inf:ints 'whose cord blood 

Was Positive for nntibodies to the p(l55/RESA tllld (NANP)6 
11n t 1 gcns. 

b�I c:in :igc of f linic:il matar i:1 In mfants whose cord blood
w onset o c 1 

a :U negative for an1iboJ1cs 10 the pfl55/RESA and (NANP)6 

n11gens.

c�c� age f f 1. 'c:•l m:ilariil in Infants who\e cord blood
o onsc:t o c 1n1 .. 

""Gs cith , II\C for :1nubod11:i 10 the Pf 155 1RES � 
•nd

er posl11vc or nci;a 
(NANP)6 antigens. 

QS1ut1cn1'i ,., .... """'"t 3nJ lc\Ch of Jisnific:incc.
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Table 4.36. The effect of haemoglobin genotype on the age of onset
of clinical maluria in Nigerian inft1nts whose cord blood was positive 
or nc gauvc for an11bodics to the (EENV)6 and (NANP)6 pcpudes.

ffaeO'loctob,n 
Genotype 

Antibody Po111i,e1 

n �lc.111 ± S.E 

AA I 2 4.18 ± 0.42 

AS 1 0 7.47 :t 0.73 

Si., ·r. 0111 rc:incc 
O( d0( 1 fcrcnccd 4.26. P<0.01

Anribody Nc,11,�cb

n �lean ± S.E 

I 8 4.SJ ± 0.44 

1 2 3.54 :t 0.81 

1.17. P > 0.05 

CombincdC 
n Mean ±S.E 

3 0 4.43 ± 0.JJ 

2 2 .s.12 ± o.s.i

0.38, P >O SO 

••1 r 
CilJl age of onset of clinical mah1n:i 1n 1n,11n1s 11.hosc cord blOOd 

"".u Posnivc for an11boJ1cs 10 1be (EENV)6 and C,.ANP)6 :antigens, 

b�lc • · · r h :in ag e or onsc1 of clinund mJl:in11 tn in an1s v. o�c cord blOOd 

W3s negative for a.n11boJ1cs 10 1hc (EF1'"V)ti ond (N.\:-:Pl6 anugcns,

c�lc3n :igc of onset of clinical m:aliril tn inf�ls 11.ho$C cord blood

"'1h c11hcr posutvc or ncgall\C for an11bod1cs 10 the (l:.E.'\V)6 Dni.l
(N A NP)6 antigens.

-. __ d_S1udcn1'• Llcs' ... •uc, and lcvch of iisn1fic1ncc.
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Pig. 4.13, Prevalence of scropositlviiy for an1ibodics 10 the

(EENV)6, (NANP)6, US ll.Jld �IAP2 antigens of P falciparum

illld maJnrio parasite r.llCS in Nigcri:lll inf:llllS during their fint

Year of life. 

D tEENV)s 
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months. None of the infants was seroposilive at tl1e age of 4 months.

However, se�ositivity rates rose rapidly at 6 months of age and rc.mained
,I\ 

high till one year of nge. 
Twenty-four percent of tl1t cord blood san1plc:s were positive for

antibodies t o  the U5 peptide. However, none of the inf:uus were

seropositive bct\vcen 2 and 6 months of age. At 8 months of age, 11 % of

lhe infants had seroconvertcd and tlie number of seropositives remained 

low till one year of life. 

Seventeen percent of the cord blood s,unplc:s were positive for

ilnti-MAP2 antibodies. None of the infants were seropositivc for these

an 'b 11 odies between 2 and 12 months ofoge .

111e number of motliers positive for antibodies to the (EENV)6,

Us and �1AP2 peptides during the six consecutive surveys after delivery

Were not significantly different (Fig. 4.14). However, anti·(NANP)6 

illltibody positivity showed significant (x2:18.28, P< 0.01) vllri:ition

nng the surveys. \Vith the exception or the (NANP)6 peptide du 

C:c
2
:::J4,22, P< 0.01) scropositivity rates for antibodies to the (EENV)6

(;cl"' 5.19, P<0.30), U5 (xl = 9.42, P> 0.05) nnd 1',,IAP2 peptides 

(:cl"' 4.46, P<0.40) \Vere simil:lr between the different p:irity groups

(Fig 
. r . 

, 4.15). None of the prinuporae was scropos111ve ,or nnubod1cs 10 
the

l.Js and ,..IAP2 peptides. t.le:in £LISA (OD4o.s) values for the (EEN\f)(._

<N,\Np)6, U5 nnd t.lAP2 peptides were similar bct�ccn the different 

Pllri ty groups (Tobie 4.37) 
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The pre, alcncc seropo�111,·11y for antibodic\ 10 the (EEN\1)6 and 
(NANP)6 peptides ,vere si1nilnr between malnnn po�itl\C nnd ncgnuvc 
panurient ,von1cn (Fig. 4. 16) None of the malorin positive parturicnt 
women ,vns pos11i\'C for antibodies 10 the U5 .1nd l\lt\P2 pepudcs. l\lenn 
ELISA (OD.ins) vnlues for the (EENV)<, p,!pttdc but not (NANP)6 wns 
significantly higher 10 nl(llann ncgou,e compared with malarin po�111ve
Pnrturicnt women (Table -l 18).

(h) t\clult,
1111: number ot ,,1hJccts posill\C ror 11nttbod1cs to the (EFNV)6 

(�2-o · - .66, P<O. SO). (Nt\NP)t, (x2 = 0.09. P>0.50). us (x2 = 1.86.
P<:0.20) and l\l •\P2 (;c 2_ 022. P>0.50) pepudcs at the July .tnd 
Pebrun · ·,- I d·t r· I) Sllr\'�ys al the G.T C wns not s1gm 1c:1nr) 1 lcrent { 1g.
4 I 7) T1 th · ·1 • 1erc \Vil\ no significant difference: 1n e pos1 I\ lly rates for 
�ntibodteI to the (Ef.NV)ll (x2 :: 0.-10, P>O 50). (NANP}6 (x2 = 0.16,
J>::.o .SO), U5 <1. 1 = OA'.l. P>0.50) and l\lt\P2 (x2 = OJ4, 1'>0.50) 
Pcp11<.1 . d . cs nt th� July sun·cy t;irt11tcn malarm ros1111e ,1n n1nlana 
lltg·1 _ , t,,c ,ubjcct, (Fig. 4 IS) No ,1j!mf1c�nt d1fh?rcncc 1n the n1can 

lt.tsJ\ v.itucs 10 the (EENVlfi, (N1\NPl11 U5 .inJ �1Ar2 p.?ptidc�

be
t
ween nmlmin pos11i11: nnd nl!gHtil'C GT C. suhJCCI\ (T:iblc 4 J9).

ti
e 

lntJ1v1dual� \ntnplc:<l ctin\tl·UUl'l:I}' at the July nnd Fcbru:il) ,unc) �
i11on,1rmc<.1 ,11111 ! .1r r l .IS,\ (004n�) ,•:ilu.:, fnr the (l·f:..'1\')ll 

�lld � li\l''> pcpti<l1:, whik <t�111r11:antl) ht�hi:r [ I !SA , .1l11c:, 11c:rc 
f�co <.f r ' tl tor the (N,\Nl')t, und I JS rcrtnlc, ot th, July �ur. '') ( l'nhlc
4 ·l(J) ·d • No \l g1111i�.1111 d1th:1.:nct· \\B\ oh,cl"• in the number or \UhJCCI
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Table 4.37. Menn(± S.E) ELISA (0D40s) values to the (EENV)6 ond 
(NAN P)6, US and MA?2 peptides in Nigerian pmuricnl women of
different parities.

Pority n (EENV)6 n (NANP)6 n US n �1AP2 

I I O 0.02± I O· 2 I S 0.14 ± O.Oil O 0 0 0 

2 7 0.14±10·l I O 0.08 ± 0.03 7 0.0S±IO·l 7 0.01 ± tQ...l 

J IS 0.08±0.04 I I 0.03 ± .OOS 9 0.11±0,02 I I 0.0S ± 0,03 

4 7 0.1 7±10·3 11 0.09 ± 004 II 0.07±.QO.i 7 0.0,S ± IO•l

S 2 7 0.09±0.02 2 J O.IJ ± 0.03 IS 0.14±0.0S 11 0.11:!:0.02 

Sic ·r. n1 1cance
F•l 06 

p<(),JO 

r-.2..s1 
P<0.20 

Of 

di ffcrcncc 
F-2.63 

P>O OS 

F::1.61 

P<0.20 
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Tobie 4.38 Mean (± s.E) ELISA (0D40S) values 10 oligopeptidcs ,n

niolario positive and malaria negative Nigerian plnuricnt won1cn at

lgbo-Ora, Oyo State. 

Oligopeptidcs 11 

Signific:uicc 

t.lalariu positive n t.lalJria nesa1ivc or dirrcrcncc

(N/\NP)6

LJs 

7 0.02 ± 0.005

9 0.18 t o.os

0 . 

0 

22 0.10 t 0.08 

47 0.10 ± 0.02 

18 0.10 i 0.02 

12 0.06 1 0.05 

1a2.4 I, P<0.03 

I= 1.87, P<0.10 

• 

-
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Table 4.39 1\lean (-1: s El ELISA (0D4115) 1·3Jue, to oligopepude, 1n

malana positive and malaria neemi1.: G.T C ,md) ,ubJe,h at 1he Jub.
1991 �urvey,

-

<1.:tNVJ r, I� 0.29 ± 0.07 

(NANP) <, 12 0.27 i 0.06 

l.)5 
I l 0,-12 :t o.os 

�1Ap2
9 O 25 :l: 0.0-1 

-15 

-lli

52 

Significant'e 

1\1:tl.,riil Negouve of difference 

0.2-l ± 0.0-I t=O.o 7. r>>0.50 

0 2J ± 0.02 t;:0 7-1, Jl>0.50 

OJti i O.OJ t;:I -l7. 1'>0.30

J-1 0.22 :I! 0.0� t=O 79. I'> 0.50

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



posuive for antibodies to the (EENV}6 (Pdl.50), (NANP)6 (P>0.50),

US ( P<0.20) and I\IAP2 ( Pdl.10) during the two consecutive surveys

(Fig.4.19). 

There was no significnnt difference in the positivity rntcs for

anti�odies to the (EENV)6 (x2=0.23, P>O.SO), US (x2= 1.29, P<0.30) and

"1AP2 (x2=2.6S, P<0.20) peptides between the Oc1ober-Novc1nber nnd 

Nlarch surveys of blood donors at the U.C.11, lbadan. However, the 

number of seropositives for the (NANP)6 peptide was s1ginilicantly

higher (P< 0.001) at the October-November survey compared with tl1e

March survey (Fig. 4.20). 

There was no significant difference in the number of scropositivcs

lo the (EENV)6 (x2:0.02, P>O.SO), (NANP)6 (x2•3.23, P<0.10). US 

Q 2::: 0.01, P>0.50) and l\!AP2 (xl = 0.09, P>0.50) peptides (Fig. 4.21)

between mal:irin positive and negative blood donors at the October 

November survey. Similarly, at die tltJrch survey. no signilicant 

differenc e  was observed in the number of scroposith•cs to the (EENV)6

Q
2::: 0.02, P>O.SO), (NANP)6 (x2 = 0.05, P>0.50) and US (xl = 2.07. 

P.;0.20) peptides (Fig. 4.22) between 111alarin positive and ncg:illvc blood

donors. None of tl1c ,nnlarin posilh·c blooJ donors were scroposi11vc for 

ilntibodics 10 the tltAP2 peptide.UNIV
ERSITY O
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Table 4.40 Menn(± S.E) ELISA (0D405) values 10 four P. falciparum

pep1idcs in individunls sampled on 1wo conscculive surveys (July, 1991 

and February, 1992) a1 lhc G.T.C Igbo-Ora.

Pcp1idcs

us' 

Significance 

n July 1991 n FcbruDJ)' 1992 of difference

16 0.28 ± 0.06 20 0.13 ± 0.04 l=l.89. P>0.50 

19 0.15 ± 0.03 19 0.04 :I: 0.01 1=3.36. P<0.01 

18 0.23 ± 0.05 15 0.07 :t 0.02 1=3.44. P<0.01 

l2 0.14 ± 0.03 14 0.07 ± 0.02 t=0.83, P<O SO UNIV
ERSITY O
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CHAPTER Fl\'E 

DISCUSSIOl\ 

This study investigates mnlnria p:unsi1e rates and den,1t1es in 
Ni&ena n infants nnd adults and nlso de1ermmes which. if nny. of n rnnge ofa11ays of tl 1e hos1 response 10 mnlorrn provide useful 1nfom1n11on 
��m· . . 

C ing the immune stmus of individuals m a n1alnnn enden1ic orcn.ross-�ectionol surveys and longirudinnl monitoring of individual �11bjec1s
0ffers a . . . P0ss1ble means of achieving these obJe<:lll'l!S.
2(X) The mean birthwc:igh1 of the infnnls in this \IUd} is 3.200g. llus 1s
C g (:t JOg) belo,v the Hnvnrd srnndord b1nhwcigh1 reference l'aluc foroucasi by La 

ons Uelhffe. 1966). �lenn b1nhwe1gh1 wn.- s1n11lnr 10 thm fl!ported

1 '�0Y1n nnd Oycdiran (1992) 1n lbadnn. Nigcnn (3170g) Slightlyowcr bir 130 1hwc:1gh1s ho\:c; �11 reported b) Bn1cc-Chwnu (1952) 1n Ligas
� 

48g), Archibold ( 195S) 111 Nonhern Nigeria (3076g), Spill ( 1959) 1n�,t�rn N· 
'lli 

1&Crio (29�0) nnd Reinhardt (t al ( 1978) m hol) Co;t\t (3080) c Obs1:rv d . d rr e increase 1n mc,,n b1nhwc1[!.ht compare to rre,·1011s dotn 
Or11 N· fgb 1&erin n1oy not be unrelated II ilh imrrovcd nnte-nni,11 cur1: since
0-Q� . . . lit is the fir�t rur-il community 1n Nigeria to adopt lhe pnninr)QJth cnrc: ' 

Uci progrnmmc None of the �tud} 111fant\ hnd ,1 lo\\ b1rthwcight 
\ thon 2roo ., g). 

hild 'Inc P�,cncc: or pcnph�ral nrnlnrin pam\llC\ in pnrturicnt ,,on1cnno �trr 
sign1 Ii cunt eflccl 011 the tiirthwe1gl11 ol their newborns, Inc

crcncC! .. A • In the mcnn hlr1h,icipht ot hub1t\ vurn 10 1nlccted or 11011•
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infected mothers ,vas SOg. Spitz (1959) obser"ed a slightly higher 
diff4rcnce (89g) between babies born to mothers with or without pbcenllll 
P3rasitaemia. Higher values have been reported by Druce-Chwa11 ( 1952) 
in Soul.hem Nigeria (145g) and Archibald (1958) in Northern Nigeria 
(298g). Birlhweight differences between bJbies born of mothers infected 
or non-infected at delivery arc variable but in all studies (Bruce-Ch\V:111, 
1952; Spitz, 1959; Reinhardt cl al., 1978) lower n1e:in birhtweights were 
35socin1ed ,vi lh placenllll ma!Jria. However, in the present study n1a1emnl 
llCrirheral parasite density was found 10 correlate negatively with 
bi rth weight of newborns. It is not known if there is any com:lation
between placental IUld maternal peripheral parasitacmia. 

Our observation 1hnt birlhwcight wo.s not significantly influenced 
by sex is consistent with tJ,e findings of Nhonoli et al. (1975) nnd
On:tn,,•ood et ol. (1989) in 1lic G:imbi:i. I lowever, Reinhardt et nl. 
0 978), Antia-Obong et ol. ( 1986) in Calabar and Lnwoyin ond Oycdiran 
Cl 992) in tbadan, Nigeria reported a significnntly lughcr mcnn birth,veight
1" ninlcs compared with females. 

It hos been suggested that the incrcase in birtll\vcight with p:irily is 
Progressively reduced 31 higher parities (llr.ibin, 1991) :ind 1h01
birthwcigh1s may even decline below values for primipar:ic DI hi&htr
P�ri1 ics (Reinhurdt et al., 1978). Analysis or 50.000 birlhwcight.s in
Scolland showed no sisnilicant rise in birthw.:icht5 after the sectlnd �by
Onllrnson et nl., 196S). In the prc�cnt study the mc:in birl111\cights or the newbo

rns incn:nsed s1gnilic:1ntl) rrorn p3rh)' 1 to 3 Gnd dcct1::1scd \liQhtl)
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for parities 4 and above. Newborns from primiparous women had the 
lowest mean birhtweights and primipme 113d the highest incidence and 
derdi1y of malaria parasi1nemia. This obseJVntion is i n  accordnncc with I.he 
findings of Bruce-Chwau (1952) in Nigeria, Reinhard! et al. ( 1978) in 
Ivory Coast, l\lcGregor et al. (1983) and Greenwood et al (I 989) in The 
Gambia. Malaria is the only kno1�n specific environmental factor which
selectively depresses birlhweight to a greater extent in primigrovidae than
muhigravidae, and !his rcla1cs 10 the much higher prevalence and density
of ll)alaria in primigravidae (Drabin, 1991). It is possible th:u the
generalized immune depression observed in pregnancy is more
Pronounced in first pregnancy.

Since low birthwcight has been auributed 10 ma1cmal or placental 
rruilaria infection (Spitz, 1959: Reinhard! et al., 1978: 13rabin, 199 J ). u,cn
chcmoprophylaxis intervention !hat protcctS the mother throushout
Pregnancy mighi be expected 10 show greater differences in mean
birthwcighi values between prophylactic o.nd non-prophylactic groups. As
n maucr of policy, all women 01 lgbo-Ora rue gh•cn n single dose 
(
J tablets) of chloroquine 01 first ante-natal clinic nucndMce followed by

weekly pyrirncthaniinc prophyll�is for those who ca.n afford the cost.
In this study, weekly pyrimethamine prophyl:ixis fro1n the 20th

week of prcgnQncy resulted in a modest incrc.tsc in binhwcight of 53g.

This Observation is sinillnr 10 the findings of I larnihon et al. ( 1972) in
l!:is1 Africu who reported n bir�1wci&ht incrc3se of 70g :u1d 1hnt of Gilles
Cl nt. 0 969) in Nigeria who obsc"cd no �i&nifican1 difference ,n
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binhweigh1s lollo,, 1ng ,1 cekl} pynme1haminc prophyla,is, Howe\'er, 
Morley Cl al l 196-H 1n \\'c\h:m "-: 1gcna reponed an o,er:JII increase 1n
birthwcight ol 157g follo ,,in g monthl) p)nmc:thnmim: prophylaxis, the 
highcs1 was obscr\'ed in prim1grnl'ldne and 1,omen with -I or n1ore 
previous pregnancies A ,imilar obsenmion was n:poned by Gn.-cnwood
Cl 

al. ( 1989) 1n The Gomblil following mnloprim prophyla,1s The 
dura lion of prophyln,is wn.s not stated in both studies 

It 1s evideni from these studies 1h01 chemoprophylnxis in pregnancy
has rn · h f · · d lll\1n1n l  effects on b1r1hwc:1gh1s ol ne,1 orns o pnm1gro,1 oc und
l'lluhigrnv1dae of higher pariucs. 1l1e rs·suh of the prescni ,1 11d) n1us1however. be inierprctcd ,1 uh cauuon ns II might hnvc been 1nnul·nccd hy
1C\'c r  I · I · 

n f.ictors such ,1, the prc1 alc:ncc of pynmct rnminc resl\tan1 stmins 
Ofp 

• J11/c111<1n1tu • Funhcnnore. the: pn:gnnnt wo1ncn 1n this study were
Oot I 1· . h c Osei} nion 1torc:d 10 ensure: con1p 1011cc w 1l mnlarin 
chcrn oprophyl,l\a, .,nd lnsll\ prophyln.\ 11 wus nc11 comntcnccd early 10
llrc.,110 . . - I · , , 0 IIC) Chcn111 1uoph) loXI\ ,111cn�n11ons car ) 1 11 pr�g1u1nc) mny hove
llln;1t 1 f h d nin l effect on hirtl111 e1gh1 None o L c pr<qou, ,tu 1cs nddre�sed
th,, l\suc s�11sfnc1oril}' Further �t11Jics nrc ihercforc needed to c:onlirn1
Ilic be • , , .11cli1, of e,,rl) chcmoproph)I��,, '"pn:gnanc} 

No tnctth:n�·c of congcmtnl cli11 1cal mnl�nn w,1s re<"ordc:d illnong,tthe\ tud) 111r11111, 111 l)!ho-Or,t 11111, ,11ppon111)! the \It'\\ that conJ:!.cn1tnl
1ttn1-,.-. 1 r h ' 11 11111, 1 he , er> rnre .,moll!! 1nd1scnou1 popu ,111011, o oloendcn,ic
to11 lltric, ( llrt1rc,(h11,111. 1952), 11, rnfn:qucn.:} Joe, not :tp(l\•,,r lo be iluc1n 1 111hrrc 01 the r,u.,,uc ui cro" the plnccntal ham..-r nr to )!ntn """tc,, 10
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the foetus. Cord blood parasilllcmia was detected 1n 2.6% (3/116) of the 
deliyeries. In these 3 c:ises, two of the mothers (mulliparae) had peripheral 
P:trasilaemia while the third molhcr (primiparous) w:is negative for 
malar ia parasites. The presence of nularin p:u11Si1es in cord blood might 
hav� been due 10 a 'spill over' al binh of plr.lsi1es from mother's blood into 
cord blood probably due 10 mechanical 1r.1uma of the pl:1cen1a during
uterine contractions as suggested by Nhonoli e1 nl. (1975). 

, Lo\v density infections of cord blood arc frcqucnLly recorded in 
African newborns; prevalences of3 -8'1 (Kortnm.nn, 1972) and 9.6% 
CVlt:ugels, 1984) have been rcponed in Tanzanian newborns and 21 % in
babies in Ivory Coast (Rcinhnrdt cl al .. 1978). On the other ho.nd
llCripheraJ blood pnrnsitncmia is rarely dc1ec1ed in the newborn (llrucc­
Chwau, 1952; SpiLZ, 1959: \Villinnu and t.lcFarl11nc, 1970).

In malaria endemic regions, where c1•cn adults may h:ivc Q 

curnuJativc parasite rate approaching JOO� (Bruce-Olwi!lt, 1963a),
dc1cnnining whether llJl illness episode is due 10 co-<:xistcnt pnrasit:iemi:1
'.s cx1rcmely difficult. Parasite density alone is not necessarily a goad
111dica1or since it was observed In this 11udy L11a1 even \>cry low
Parasi1acmins in in fonts nbovc 6 n1onths of n�c n,ny be caus:illy n:latcd to
'Yrnpton,s. Oy conir:ist, apporen1ly :isymp1oma1ic individuals 1vith high
Pn • • 

. I rosnacn1ias were cncoun1crcd in the cross•scc11ont1 sur1 cys of lhe adult51\Jdy  population l;pisod�s of clinlcnl n13l3ri:i in infnnts was 111111�1
Dh f I . . "• ys accompanied by the presence o mo o.na pJrasitcs in !luck blood
lilins. 
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Longitudinal monitoring of inf:uus proved sensitive in detecting 
inci

1�
nces of parasitllcmfa and episodes of clinical malorio. �lolari:i

P3rasuc rates and densities rose rapidly in the study infants after 2 months 
of n3e and remained high throughout the first year of life. This 
obseivation suggests that the African infant has o considerable degree of 
resistance to malaria infection during the first 2 months of life o.nd raises
dou�ts whether any appreciable protection can be claimed beyond 3 

I mon,lhs of life. �1:ifario parasite rate at 2 months of age (21 %) ,vas higher 
than

1 
that reported by Gilles (1957) in The Gambia (10%) and Bruce­

Ch
1011 (1952) in Nigeria (3�). fn the later study first infections were

con1.roctcd during the second half of the first year of life. Spencer et al.
0987) in Kenya detected malaria pornsitcs in some infants less Lh:m one
month of age and alinost half of the infnnts 4 n1onlhs of age and above• 

Were positive for malaria p11r.1sites. TI1ey suggested that tl1c relatively 
linear rate of acquisition of Infection observed in the first 4-5 rnontJ1s of
life indicate that trnnsplaccruall)' acquired immunity docs not inOuence
Uic development of pJrusiU1cmia. ln a recent study of Ken)':in infants, 
l<ralncr et al. ( 1993) reported that tlic median age at which infants bcco.meinfected with molorin parasites 11•as 17wccks (·l.25 rnonths),

The pattern of increase In parasite rates durins the first 6 nionllis or
life ore similar 10 ll1ose reported by Orucc-Chwnu ( 1952) in uigos. Gilles
c1 DI. (1969) in 1lie GnmbiQ nnd �lolinc�ux Qlld Grn1runiccit1 (1980) in
NortJ1cm Nigcrio. However, infants abo, c six rnonths or osc were
Ob • 'I . f served in tl1c present study to h�vc s,m, or propon1on o p:uusitc l'lltcs
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while Bruce-Ch,vau, (1952), Gilles et al. (1969) and r.toline:iux and 
Grarmiccia, (1980) found that pansilc ro1cscon1inucd 10 increose up to 

80 · 90%. The re:ison for this difference in findings is unknown. Anti­
malarial drugs are no,v readily available compared 10 the I 960's and some 
of ll }e inf:tnts may have been on chcmoprophylaxis. The most critic:il 
llCriod of I.he studied infants was between 4 and 10 months of life when 
mal�ria parasite rates/densities were highest and episodes of clinical 
mal�ria ,vas common. This may represent the period when inherited 
im�unity is on I.he wane.

Dam from I.he present study indica1c I.hat I.he Afric:in infant exhibits 
some degree of 'pre munition' (a phenomenon common with African
adults) during the first 2-3 montlts of life. \ViLhin this period some n1al:uia
Posit ive infants did not pre.sent with clinical symptorns of n1alaria and 
P3nisi1aeniia was niild. On tlic con1rory. infants who experienced nn 
Cpispdc of clinical n,alarfa within this period had very high parasite 
dcnt,ties llnd clinical symptoms were relatively mild. As the infnnt ages,
0boyc 4 nionths of age prernunition is sradually lost and by 6 months of
0
Sc 1nild infections usually led 10 episodes of clinical n1al:iria.

111e mcnn age of onset of primary cliniClll malaria 10 the study 
inf

ttpll was 4.2 ± 0.20 nionths.111c dur.11ion of onset or clinical m:1lo.ria 
Showed a high degree of varfability with the earliest onset ot 2.0 months 
0nd the lntcst onscl 01 8.2 montlls (ln heterozygous twins). 1l,c rc:ison ror
lhc Wide variation be1wecn individual infunts is unclcnr. 11us vnria1ion in 
duriuion or onset of clink.11 n1alorin n1ay be c�ptaincd p�rtinlly by &cnc1ic
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factors such as the major his1ocompactibili1y complex (t.lHC} r esuiction. 
11 h¥ been suggested th:11 possession of some HLA class I antigens 
renders the individual susceptible 10 clinical m3farit1 (Pinzz:i cl :ii., 1972;

Osob:i e1 al., 1979; Hill cl :ll., 1991). On the conir:iry, some IILA class II 
haplotrpes have been shown to protect ogoins1 severe mabria (Hill c1 :ii.,

199) ).

1 Clinical episodes of mallrfa were mos! common between 3 and 9
rno�ths of  age. This ,vos mirrored 10 some extent b)' t.he high p:irasi1c rates
llnd ,densities found within this age group. However, p:ir:isite ro1es and
dcniities remained high aner S months of nge wlulc rclntively less inf:ints
Cltpcricnccd clinical molnria wit.hin this period. One possible tl:plana1ion
for this pnuem is that some infnnLS wcn: probabl)' developing ilMlunily
ilgnin st the disease but not against die parasite. In addition some infants
rnigrt have been on chcmoproph)'laxis which is commonly available in
llled' • 

ICIIIC shops.
Nlost of the study infants (67�) h3d !heir first episode of clinical

lllnlaria bct,vccn three and six 1no111hs of age. '1111s observation disagrees
\Vhh the previous assertion d1ot clinical malaria r.ircly occurs in infonts
belo,v 6 nionlhs of age (Onu:e-Chwalt. l952).111is linding is of direct
l'Clcvancc to rur.il healdt workers who religiously stick to the previous 
sugtcstion that clinical malaria 311tl mfoms IJclow 6 months of ngc hn,•c
nothing in conunon. During u,e longitutlinal s1ullics in lgbo-Or:i, Uircc
coses of fever In Infants below 6 mont.hs of age wns di:1gnoscl1 for
&Cptic�0min by the Nursini: Sister, Pcriphcr.il blood c�arnination ho\\cvc r.
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showed high densities of P.falciparim1 p:irasites in the affected infanis. 
Thi� observation suggest Lh3t blood film ex3111inn1ion of infnnis presenting 
with fever is of vital impo1UI1ce in arrh•ing 31 3 conclusive diagnosis of
malaria. This simple procedure is very relevnnt as it was found in this 
study that almost all the infants presenting with symptoms of clinic:tl 
malaria had detectable p:irnsiuemia. 

Previous longitudinal studies of malarfa in infnnts did not 
adequately address the issue of clinical malom. Th�se studies based their
. 
•nvcstig:uions on changes in p3rasi1c rates and densities during Ou: first
)'ca�of life (Bruce-Chwatt, 1952: Gilles et ol., 1969; 1'lolineaux and 
Gtnrnmicciu, 1980; Spencer et al., 1987). 

The protection of the African ncwbon1 against clinical mol:u-ia has 
been linked to various factors such os focl41 haemoglobin (Allison, 1954;
Oillps, 1957), niilk diet and the sclccth•e biting by mosquitoes (l'-luirheod­
l'hornson, 1951 ). It was beyond the scope of this study to investigate tlie
conr,ribution of the above factors in the protection of the study infants,
1101ycvcr, all tlie infnnis were brcnstfed durini; the first yeor of life and
OduJ . • "th t food ,vas gradually introduced at varying umes w1 tl1c earliest 
lllotJ1cr beginning at 4 ,nonths of age. None of the infants 1vas fed \\'ith
tornrn crcinl milk.

It wos observed in this study that binhwcisht, haen1oglobin
Ccn�typc, cord blood PCV, l\tNSsU blood group and chcmoprophyla;..is in
Ptci!nnncy had 110 si&nlricant effect on the duration or onset of pnm:u-y
Clinjcal mnlorio. Pltchcr-\Vilmotl et al. (1980) suucstcd tl13l low
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birthweight infants had lower levels of lgG which may account in p:in, for 

their,increased susceptibility to infection. Howeycr, none of the study 
infants had a low birthweight (less than 2500g). This may probably 
explain why birunveigh1 did not significantly inOuence tltc duration of
onset of clinicnl n1ruaria in !he infants. In addition, no correb1ion was
obtained between birlhwcight and cord blood lgG levels. Comille-Broggcr
et al, (1979) suggested tllat during the first six months of life, there is no
significant effect of haemoglobin Son nuloria infection. panly bcc:iusc
haemoglobin F prevails ond partly because of passive inununity and
rcla1ivcly Jo,v exposure. If this suggestion is  true then hacn1oglobin S
could not significantly affect 1hc dur:uion of onset of clinic:il n1alaria in
the �tudy infants u� ,nnjority of 1hen1 hod d1cir first episode of 1nnlaria
between 3-6 months of life.

Oppcnhciincr et a l. (1986) dcmonstr:llcd an association between the
le"cl or hnenioglobin 31 birth and malaria parasite prevalence at 6 and 12
010nths of nge in infants. Further longitudinal studies ore required to 
11

1"�tigate the cpidcn,iology of 111Jlario in infants in relation to the pattern
or 111a laria and nno0111in in pregnancy.

Genetic variant� of crythroc)'IC sinloglycoprotcins \\1hich resist 
llll!rotoitc in,•asion hJvc been described (llhllcr et nl., 1977: Pasvo l  et al.,
1982b). 'Ilic reuson why IIINSsU blood group could not lnOucncc Uie
dur:itlo

1
1 of onset of primary cllnicnl n,3l3rio in the �tudy infants can b.!

Partluuy explained by the di)covcr) of �0111e f.falcipar1111, isolatci \\lllch
can jnvade crythroc) tcs deficient in both gl)cophonn ,\ nnd D or ,,:illc
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acid. Howc:ver. for other P Jalnpan,111 strain, to 1n\:tdc: c:r,throcvic:s 
lhesc molecules are c,,enual (\\'ahlgrc:n et al.. 19891. In nd�ition, ;he
frequency of occun:ncc of defic1en1 gly,ophorins 1, \C:I') IO\\ e.g. for gpO 
deli iciency a pre\ a knee rate of about 8� 1\,1, obsen cd 1n lgbo.Qra.

In infam, there is evidenec for an 1n1cr.icuon bet\\n!O 
chemoprophyl:i.,1s 1n pre!,!nunC) ond risk of malnna infc:cuon 111 the first 
Year of life ( Brab1n. J 991 ). Spencer e1 ul. (1987) found no sign11icon1 
differ c:ncc 1n parns11c rmcs bet\1�n infants born 1 0  mother,; who were on
Chen, oprophyl:1\ls in prcgn,1ncy nod 1ho�c: \I ho were not Further ,1ud1c:s
arc r . ec1uired to C\ nluatc 1he effect of chemoproph) lo\ls comn1enced enrly
in Pregnancy on ihe dur.uion o f  on,ct of parns11n�m1a or clin1cnl n1alnrio. 

All lhc ,wdy infants had 01 Je.1,1 one episode of clinical 111:dorio 
du�n g the l'lrq ) Cilr of hfe. The mc:in number of episodes of mnlurin per
infant d d' · , '.\ c1· •· I d urrng the ont: }'C.tr tollO\l•IIP MU 1e, \1as -·. m1e,1 cp1so e, of 
111Alnr 9 h f Th· 1

il I\ ere 1110,1 c:ommnn t,e1,1 ccn 3 anti mont s o :ige 1s wns 

1n· 1rrnrcd 10 ,omc cxt�·nt l.iy 111� high p,1m'IIC rn1c1 and den\ltk1 \11thin
1111, d . ngc !!•oul' Ho\\c:vcr parn,uc: riltci nn1t c 111111e1 l'l!n1.11n1:d high nftcr
nine 1110111111 01 arc Ont 110,,,hk c:,plnnnuon tor 1111, p:iucrn 1\ that son,c
•nr 

., 

II 
011t, 1110) ha,c b�c:n on chcn10J>rophyh1111 which nuµht hnvc proiccicd

1cm ug�1111t chn1c-:tl n1o1lnnn hut not p,1rn111ncn11,1. 
In •\lr Iran duldu:n, ,�i·cn: 011,1crn1:i 1, ,1 c11n11nnn p11:,1:n11ng lc:uun:

Ill tnnlar1,1 \VJlO ( 1990h) reported 1h01 1hc Jcircc of anacmH1 com:l:uc, 
With pa J sc:rum "''·'' hilirub1n h w:is rn,11n1:1nrn. ,,h110111ncm1,1 ,in 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



2117 

observed in this study lhat ltl3faria p:u-nsiuemia had a signific31lt effect on 
PCV levels in infanlS between 4 and 10 months of age. The me311 PCV 
levels of malaria positive 1nfa.nlS within this age group was significantly 
lower than that of malaria negative infants. The difference was so distinct 
that during the bi-monthly clinics the PCV of the infants within this age 
group could be relfobly used as a diagnostic tool for clinical rnalaria since
alniost all of them hod PCV values bclolV 25%. These observations 
confinns previous findings by r.tcGregorct al. (1956), Greenwood et nl. 
0987) and Snow et al. (1991), t.lcGregorct al. (1956) sucgcsttd 1hat 
significantly reduced PCV levels and erythrocyte sedimentation r:ites in
lllalarious in fonts was entirely due to malaria infection. In o study of 
l<cnynn infants, Blolnnd et al. (1993) reported that 1nalori:i parasil:ierni:i
wa · . 

I 
s associated with lower haemoglobin concemr.111011 as c:ar y as tl1e

Second month of life.
Several mechanisms have been postulated to account for the 

0
11:icrnia �ccu in ussociutiou with malaria. Among �uch 111cchan1�nb ore:-

111lr-Jvusculnr hacmolysis, e�trJva�cular n:mo\•nl of parusilizcd red cells by
Phui:ocytic cells, imniunc mechanisms, bone morrow h)poplasia,
<Hrninishcd iron 111corpor.ition o11J rol�tc iklicicnc:y (Es:111, 1975), 111c lin.1
llltchunisni was n,ost likely n:.,ponsiblc for the obse"'cll low PCV levels
10 Uic pornsitizcd infants. A plausible c�plonltion n1ay be Lhll the
�ticulocndo1hcliol system of the infant Is not yet n101urc to account for tl1c
Observed dcstructton r.llc of rcJ cells, Secondly all 1hc infant� \\'Crc
brcastfod \Vltliin the nbove stipulated period (4-9 months) w1d h3d
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adequate nutrient intake as reflected in their normal weight for age. The 
suggestion that inl.J'3vascular haemolysis was responsible for lhe observed
low PCV levels in parasitacmic infants is corroborated by the findings of 
\VHQ (I 990b) which reported that the degree: or anaen1ia correlates with 
serum total bilirubin. Lastly, that mal:uin p3rasirncmio wns responsible for 
th e observed low PCV values is e1•iden1 by the high parasite rates and 
densities between 4-10 months of age. In addition, a significant negative 
correlation was obscr.•cd between PCV levels and parasite densities
Within 4 • 8 rnonths of age.

171e above observations suggest that control of malaria in lhe study 
3ren (lgboOrn) would lead 10 a substantinl increase in PCV levels.

The parasite rnrcs a11d densities obscr.·cd in tl1c adult study 
Population correspond well wld1 findings fron1 other rnalari:i cndc,nic
Drcas (Petersen et al., 1990; 1ljork111an et nl .. 1990). Par:isitologic:11 �ults
of the longitudinal studies at the o:r.c. lgbo-Orn show that 111al:1ria
transniission in lgbo-Orn is perennial �llhough pnrnsitc density 11 as higher
during the rJiny scnson (July). 1l1is finding is confim1cd by the
ObsJrv:11 ion of high parJsile rates and densities in the lgbo-Orn study
infants which is indic,uive of O hish level of trnnsmi�ion.

11ie crude: parosirc rJle of 40.6% in blood donors recorded during
U1c end of the rainy season underlines die well knol\11 fnct U1nt naturully
ncquircd . ·t 11013ria t'ikes ) 'curs to de1•(lop and is ncl"ct1111mu111 y 10 1 • 

ubsoJut 11 . i·scs the quc�tion of blood trnnsrusion ninl�riaC. OWCl'Cr, II rn . 
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especially in vulnerable recipients such 3S infants, young children :ind 

pregnant women. 
P:irasitological data confirms prc\•ious obscrYations that adults 

living in malaria endemic environments have a high degree of immunity 
against malaria (Bj!lrkman et al., 1990; Petersen et al., 1990). They are
normally asymptomatic although they are c:iniers of recurrent lo\v grade
Parasitaemia, and a negative finding docs not exclude par:1si1aemb but 
may rather describe a subp:uent density of pamsitaemia.

111c prevalence of the sickle-cell trait in the study population was 
2S • 279'0. A prevalence rate of25-299o in Nigeria (t.lolincaux et :ii., 1979;
Adckile e t  al., 1992), 14% in Z:urc (Nagel :u1d Fleming, 1992) hove been
ICponcd. Haemoglobin genotype had no effect on parasite rates and
Par:isite densities in infonts during their first ye:ir of life. 1 lowevcr, it rnoy
be intcrresting to mention here that the only case of seven: n1alona
recorded involved o hacn1oglobin AA female infant.

It has l>cen suggested that hacmoslobin S docs not protect infants 
below 6 nionths of age. However, 1x1wccn 6 months and 2-5 yc:irs of age,
AS hcteroiygotcs ha\'C sisnificantl}' lower n1alnria 111orb1d1ty and
rnonality (Luuauo, !979), t,larsh et al. (19S9) obscn·ed significantly
lo\\lcrcd pnmsitc densities and episodes of dinic:il n1:i1Jria in children
llJ;cd 1-11 years with haemoglobin AS comp:ircd to i\A controls, In this
Study haemoglobin i\S infants showed no relative protection og:iin11 

llloloria parnsiluc111it1 nor as0lns1 dinicJ1 malaria during the fil':\t one )Car
or life. 
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Haemoglobin genotype had no effect on plrosite rote and density QI

delivery in the study mothers. n,is finding lgrees with the observ;ition of 
llrabin and Perrin (1985) in western Keny:i. However, Flen1ing et 31. 
(1984) in northern Nigeria reported a slight protective effect in 
Prirnigravidae. 

In the adult study popul3tion, haemoglobin genotype hod no 
' 

tnOuencc on parasite rates and densities in both the G.T.C. and blood
donor study subjects. 1 lowcvcr, blood donors with hac,noglobin AS hod
significantly lower parasite density during the r:iiny se3.Son co1nparcd 10
AA donors. 

h 1s evident from the present invcs1isa1ion of haemoglobin S
P01Yrnorphisni mid susceptibility 10 malaria tl1at the strongest protection is
fron1 severe niulorio ond death with less protection fro1n n1ild illness :ind
very liule fron1 parasirncmia. 

It ,vos observed in this study that the mean maten1ol li:G level ,vas
higher than tliot in cord blood. '111is finding agrees with tl1c obscrv:nions
of l\tcForlune (!966b), �lcFarlonc nnd Udcoto (1968), \Villiams nnd

McParlanc ( 19?0) nnd Solimonu et ;11. ( 197S) who found higher level$ of
1i:G in African mothers in the tropics lhon those of Ilic cord blood �cru of
U1cir newborns. In Cnuc:isians, Kohler ond r,ur ( 1966), Allans111itli et :ii.

0 968) and Pitchcr-\Vihnott et ol. ( 19S0) found that n1n1cn13l lgC ,vas

usually lower tl1on cord scrulll lgG.111c)' concluded that lgG is actively
transported froni the niothcr 10 1hc foetus through the placcnt�. 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



• ..

Although il has been demonstrated th:n lgG is selecti\'ely 
transferred across the placent:i, it has been shown lhnt a 12-week­
(Hya'varinen et al., 1973) or 20-wce_k-old (vn.n Funh et al., 1965) human 
foetus can synthesize a considerable tllTlounr of lgG which contributes
negligibly to the total foetal lgG. �lcfarlmc (1966) detected, in addition 
lo IgG in cord scro, small nmounts of lg�I but no IgA in the dry season. ln
the rainy season, he detected increased concentrations of scrun1 IgG, Jg�!
and  some lgA in cord scro IIJld suggested that the foetus might respond to
antigens and synthesize its own immunoglobulins if adequately 
SLim�lated. 

�lcFarlanc et al. (1970) suggested I.hat the African foetus may have 
capacity to synthesize its own immunoglobulin at a much earlier period of
intrauterine life than its Cnucnslnn countcrpnn due presumably 10 a higher
llntigenic stiniulation of the former by tropicJI infection, panicubrly
lllalnri11• Titc African foetus, because of the relatively hi&h concentration
or lt:G received froin ils mother, would catabolizc its supply or n1:11emallgG more rapidly thnn the CaucJsi:1.11 foetus, the earlier it c:nabolizcs its
supply of matcmnl lgO. t!le tower its total ti:G ot birth.

A positive correlation was observed between ni�ten,al QJ\tl cortl seralgG, This conlinns the previous lindlng of \\lilliams and �lcP:irlnne
0 970) that n1ost of the foetal lgG may have been passh•cly acquired l lowever, in this study n few cord scrn hld higher tsG \':llucs than their
Olntcn,al 180 level. In 50111c oftl1esc c3Scs, n1atcmal levels \\'ere 
relati vely low (below tOOOmg/lOOml).1l1is obsi:r\'ntion susgcsts :icti\'e
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placen13I transport in the presence of low nutem3I JgG values. Gitlin 
(l97 l) reported that placentllly t.ransported lgG is not only 3 p:issive
rcn cctton of Lhe matem3I JgG level but th3t a second enzymatic 
mechanism may exist which activc:ly tmnSfcrs lgG between the maternal 
and foetal circulation. This enzyme is inhibited at high matem:il JgG 
levels and is incre:isingly activated at low maternal le\•cls. 

Cord blood lgtll was not de1ec1cd in a majority of cord blood 
samples using the single r:idial immunodirTusion mctl1od. I lo,1•cvcr, \1• itli
lhc more sensitive ELISA 1es1, most cord blood samples dcrnonstrau:d
1'Cla1ivcly low lcvel.s of lg�1. Since Jgr,..1 c:in not cross the pl3centa, 11 
follows that cord Jg�I niust ha\·e been sy11thesiz.cd by the foetus in
response 10 antigenic siimul3tion. Previous studies of cord-vcrsus­
rnatcn1at Jgt.1 levels detected tg�I in nil cord blood sa111plcs studied
(Allansmith et al., 1968: \Villiams and �tcForlanc. 1970).

There arc conniciin!l reports as regards the pR:$ence of lgA in conJ 
scr:i. 1'.1o1nnia ( 1965) did 1101 dc1cc1 lgA in Caucasian cord sera.
r-.1cr-orlanc and Udcozo ( 1968) , \Villiams and l>kFarlanc ( 1970) :ind
4dipo et al. 0978) detected lgA In African cord scra. Adcniyi and Aycni
0976) did not detect lgA In Nigerian cord scru. ln tl1e prese_nt study noneof the cord scru had de1cc1able l�t\ usin!l die single r:rdial
1111111unodiffusion method in ngar 11cl. 

The high level of con! sctu lgO found in the stud)• infants fe ll d
l':linaticnlly lo nbout hair its value ol 2 n10111hs of ogc 1l1is dr.11natic foll

111 Igo may be because: (i) moSI of lh( corJ lsG \\'�S of tnntcmal origin
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which ,vas in tum being catabolized faster thm the infant ,v:is 
synthesizing its own JgG (�lcFarl:ine et :tl., 1970); (ii) high lc\'cls o f  
plasma IgG predisposes its rapid caLlbolism (F:thcy lllld Robinson, 1963): 
(iii) haemodilution factors are known to occur in the first month of life ns
a result of rapid blood volume exp:111sion (Adcniyi nnd Oycni, 1976).

After the initial rapid foll in lgG, blood levels n:n1aincd n:l:uivcly 
low I ill about the fourth month of life when a StClldy rise w:is observed.
The infant at this state appears 10 have tnkcn up the syntl1csis of its o,vn 
lgG_ These observations agree with the findings of All!lnsmith et al.
0 968) o.nd Adcniyi :intl Aycni (1976). However, in the present study it 
Was found !lint although majority of infants scroconvcncd at 6 montlis of
age, some infants scrocon�cned nt 4 months of age, 1l1c orucrv:11io11 of n
significnntly lowered lgG level in malaria positive infants cornparctl to
ncg:uive infants nt two montlis of age sui;gcst antigtn consurnpuon of
lranspJ:iccntnlly acquired malaria•spccilic lgO. On the conuury, Salimonu
et al. (1982} found s,gnilicantly elevated lgG :intl lgG 1 subclass levels 111 

'11alario-infectcd adult patients comp:ucd with non-infected controls. 1liis
Observation suggest that malaria infection in o�ults lnll!lcrs lgG and
Prcrcrtnti31Jy lgG J production.

It is generally thousht thGt mnny uncAplaincd illnc��cs arc :i
Consequence of some imbalance of immunity. Ho,�evcr, it is often
difficult to interpret obscf'\'cd seruni lg lel'els in relation to the disc35c in 
""hich they occur. 1l1ls nt3Y be pll11Y c,plainctl by tJ1e fact that not all lgs
Ort Qntibor.Jics. Ducklcy and Dorsey (1970) ob.\cr\cd tl1a1 m:i�in1un1 
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serum lg concentrations were reached in lhe lhird decade of life. �le:m
lgt.-1 Jevels decreased significantly by lhe sixth decade while n1ean lgG 
le vets decreased from the third llU'Ough the sixth decade. \\lest et al. 
0 962) reported that small quillllitics of Jgtil :ire often present QI birth. 
They observed tha1 lgt-1 synthesis increased from the second 10 fourth 
days of life and by 9 months of age aduh levels arc a110ined. Adult levels
Were maintained for aboul 2 years and then drops 10 about 70% of aduh 
levels during the 5111 • 9th ycttrs of life. lgG synthesis s!4rtcd QI about 41h •

61
h Week of life nnd aduh Je1•els were obuined :11 about the third year of

life. lgA synlliesis was observed 10 SlJrt aboul lhc thin! 10  fourtl1 week of
life and increased slowly nnd unin1crrup1cdly such tha1 adult levels 1vere
au:iincd by adolescence {\Vcs1 et al., 1962). Result� suggests early
synlhcsis of lgt-1 and late synthesis of JgG and lgA in life.

, 111c initial amil>ody response to rnfections gcm:rolly in the neonatal 
Ptriod is of ihc lgtvl cbss {Stiehm el ol .. 1966). It may be concluded
U1crcforc that the fairly r:ipid rise in l11c level of lgl'-1 in 1110 first 10 months
or life rcnccts the primary immune response of 1.he study infants 10 

"nrious nniigcnic stimuli from ihe common infections known 10 occur.
111a1 malaria parasiinc:mio nuy tx: responsible in part for the observed
l"ilpid rise in lg�I vnlucs is corro1>ora1ed by the finding of significnntly
higher Jg�,1 levels 111 malaria positive infants complrcd wi1h ncgotwc
ii1fa1115 throughout �,c first I o monl11s of life: c:xccpl in infants ;igcd g
lllonu1s. 
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scrum lg concentrations were rcJchcd in the third dec:ide of life. /lle:in

lglv!'levels decreased signific:1111ly by the si.1.th decnde while mcJn IgG 
levels decreased from the third through the siitth decade. \\lest er al. 
0 962) rcponed tll:it small qu:in1i1ics of lg/II :ire often present nr birth.
They observed thnr lg/II synthesis incre:iscd from the second to fourth 
days of life and by 9 mont11s of nge adult lc1·cls nre auained. Adult levels 
Were m:iintaincd for about 2 )'Cars and then drops 10 about 70% of adult 
l evels during tlle 5th . 9th years of life. JgG synthesis suned at about 41h

6th Week of life and ndult levels were obuined 01 obout the third ye:ir of
l't 1 c. lgA synthesis wos observed 10 sran about the th1nJ 10 fourth week of
life :tnd increnscd slowly and uninterruptedly such that adult levels were
lltt;1incd by adolescence (\Vest er al., 1962). Result� suggests early
syntJ1csis of lg/II :ind late synU1csis oflgG and lgi\ in life.

1 The initial amibody response to infcc1ions gcm:rall) in the ncona1:1t
Period is of the lg/11 class (Stiehm c1 al •. 1966). h may be: concluded
Uicreforc lh:u the fairly r:ipid rise in U1c level of lg/II in !lie tirs1 10 months
or life reflects the prim:try immune response of t11c study infants to
Vari?us antigenic stimuli from the common infections known 10 occur. 
11101 molorio pnrnsirocmin rn:iy Ix: responsible in port for the observed
r.ipid rise in lgt-1 vnlucs is corro1>or:1tcd by the Onding of significa111ly
h1cltcr lg/I-I levels in nialnria positive infonts compared 11 ith ncgouvc
inro1us throughout the lir$! 10 months of life: except in infonrs agcl.l 8
fllonu1s. 
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Mean lgA levels between m:ifarfa positive and neg31ive infants w.is

not significant lhroughou1 the firs1 S months of life e�cep1 in infants aged 
4 mon1hs. This observa1ion suggest lhJI m:ifori3 plrasi1cs do no1 cons1itute 
3 strong stimuli i n  the production of lgA during lhis period even though 
malaria specific-lgA has been demons1r:11cd in immune adults.

These resul1s show that lhc Nigcrion infQnt possesses the innate 
capacity of producing immunoglobulins required for mounting humeral
antibody responses early in life. Activation of !his system is nn imporunt
Prerequisite for survival in lhe tropics. This sys1em is vit:il for ll1e
augmentation of ma1en1al pro1cc1ion against malnriu which 1v:is found in
lhis �tudy no1 to exceed 1he first 2 months of life.

I lane nnd Ployfair (1983) ditl not observe rui immunological 
�5Ponsc in niicc born 10 immune mothers who wen: vaccinated with 
blood Stage parasite antigens. The observed failure was a11ribu1ed 10 
lransplnccn1111 specific mJtcmnl lgG in  the progeny (Ajjan, 1988). This
llla1crna1 antibody while dlrccily Inhibiting priming by the vaccine also
serves 10 induce O population of afferclll T suppressor (Ts) cells 1vhich
'Pccifically inliibil ihe de,•clopmen1 of memory T helper cells involl'cd 10 
lgc Production. llnric: and Playfair (1983) obs(IVCtl ll1a1 Ts cells persist 10llliec until 8 iveeks of age, being main11lnct l by 1hc presence of maicmaJ
llntibody, 

The oge 01 which inununiza1ion is pcrfonncd n1us1 1hcrcforc takeinto nccoun1 lhc dis�ppcaroncc of passive �ntibodics of n1:11cm:il origin.
'lnc lowest level or lgG in the infonts occurcd at 4 n1onll1s of :igc �ftcr

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



216 

which most of the infants seroconvertcd. Consequently when eventually n 
mal3ria vaccine is found, infant imn1uniz.:11ion may be most appropri31c :u 
6 months of age and above.

Mean lgG and lgA le1·els in mal3ri3 posi1ive 1111d negative parturicnt 
women nt lgbo-Ora was not signific300y differen1. However, the mean 
lg�! value for parosi1e positive women was significantly higher than in
ncga1ive ,vomen. The effccl of par.1si1aemfa on lg levels has yielded
vnrinblc resuhs. Reinhnrdl cl nl. (1978) reported significn111ly higher JgG
and lgM but not lgA levels in parasi1c posi1ivc p:1rturicn1 won1c:11
compared ,vi01 ncgaiivc women while Logic cl :ii. (1973) found only
elcva1ed lgG values in parasi1acmic women compared 10 controls.

Chcmoprophylllxis in pregnancy did not innucncc the levels of JgG, 
1&�1 and lgA at delivery. n1en: arc connicung reports os regards 01c effect
of chernoprophylaxis on scrum lg levels. \Vhile �lcGregor and Gil les
0 9GO) found O significant dccrc;ise in lgG levels in G111nbion children 011

l'Cgulnr chemoprophyloxis, �lolinenuxc 1 al. (1978) in Nonl1cm Nigeria
l'Cponcd that there was 110 ch:mgc in 101al lgG values in infants Clnd adults
following combined vector.ii control and chc1noprophylo�is.

Sign ificantly higher mean lgG 3nJ lg�l lcvcls wns ob1nined in
lllalnrla positive: compJrcd wilh ncg�tivc adult siudy subjects �t o,c G.T.C 
1&bo-Ora in the July. l99I sun·cy and in blood donors at the U.C.11
lbada . " n 111 the rainy sc3�on sur.·e, · 

�lalorio infcct1011 rupidly induces 311 incrcm in 111 synthesis (Cohen
c1 at., 196 I). \Vhilc �tcGn:gor (1968) and 1'ori;cu (1970} n:cordcd 0
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subsiantial increase in Jg�! levels in subjects with acute f:ilciplIUm
malaria, Tobie et al. (1966) and coUins et al. ( 1971) observed th:u in
malaria infected adults JgG. Jg�! nnd IgA levels rose simultaneously.
Pasay et al. (1993) observed higher lel'cls of mlfariJ·Spccific lgG and
lg�1 in malaria parasite positive compared with mJlarfa negatil•e adult
stud�· subjects. In the present study higher lgG anti lg�l le,•efs were

associated ,vith malaria positive compared with negative subjects.
However, unlike in  the G.T.C study subjects, mean lgG levels were not
different between n1aloria positivie and negJtive pnnuricnt won1en. The
difference in observation may be partly c;,.pfaincd by the different
s:i.rnpling periods. The porturicnt women 11erc sampled between February
and tvlnrch when nialaria transmission is low while the G.T.C subjects
were sampled in July when ninlnria trnnsmission is high.

All test sera were positive for IsG·spccific :uuibodics to

P,falcipar11111 total blood stasc nntigcns. Although all the cord san,plcs
had mc:\Su rablc lgl\l by the ELISA te�t, only a small nurnbcr (5.8%) of
cor<J samples wns positive for P./nlc,parum • spccilic lg/\! antibodies
11\tl' tl . d . rcating tl1a1 n1ajori1y of the cord lg�! were S)'l1 ics,zc ,11 response t o
antigens oilier tlinn mnlnrio. In Gabon, Chiuolini et Qf. (1991) rcponc d  :i

slightly higher nunibcr 
1
(11.9�) of scropositi1·cs for l'./nlcip11r11111

specific lgM aniibody in con! 1>tood samples. n,e)' sui;.scstcd 1ha1 Jgt.l
Prot111c11011 l>y the foetus was prol>:ll>fy f:cilllatcd by a placent:il

Parusitac,niu severe crrt>ugh to c.1usc his1op.1tl1ologlcal Jhr.:rntion�.
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Desowitz et al. ( 1993) in Papul New Guinc3 using the ELISA test 
did no1 detect malaria-specific Jg:.t :mtibodies in 46 cord sera tested. 
1licy suggested that their observation may be p3niolly e>.pl:uncd by lo,v 
malaria transmission in Papua New Guinel since, unlike in tropiC31 
Africa, malaria of pregnancy presented 3S n rulativcl)' �ningn infcc:tion 
With high placental parasirnemia r.ucs of low density m tl1e prin1iparous
group. They reported that 36.9% and 16.6% oi cord scra were positive for
0ntin1alorial lgG and JgE an tibodies respccti\'tl)'. In the present study,
"1al:iria parasite rJtes nnd densities were highest 111 primigra,·1dae and P.

/a/cipar11n1 -specific lgtl1 amibodics wns detected in a few san1plcs. TI1c
Prcsc11cc of rnnlarin-spccific lg�I in cord blood susgesis inimu1crinc
scnsiti2.ation of the foetus by malarial antigens. II ap�ll thni in cndcn1ic
3rcas 111alaria parasites can stirnulale malaria-specific antibodies in utero.

Antibodies to the crude p3ros11c ru111gcn is a measure of exposure 
311d the datn indicate heavy e.,posure of the tes t population to n1nlaria
tnfcction. 11ie use of nicthods employing crude blood-stage antigens to
rncasurc the hunioml or;timalnri3f n:sponse does not nllow the
dirrcrcntiation of protccii,•c: responses from lliose that n1cn:ly rtOcct
Ctunulative exposure. 1 IOll'ci•cr, it is gcncrnlly assumed tl1at if hunior:u
nicch:inisnis an: important in protecting ngainst 1nalari:1, tliey n1usi be
hit1t1c11 i,, t l ions• ·'cicctcd by the use of crude antigen

IC 111:ISS rc:Sf • u 
Prcp11 ... t.,o \ '··r of ,,,..cilic a�pccts of the �n1i-n1alarial 1niniune•u l1S, I l1Unh,., "F" 

. 

"=spo11sc , 1 . 1 . 1 tJ ass:iys 3rc 111 ailnl>lc were e,.:1111inc1J,,or IV llC I Ill ,,, , 
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Dcsowitz Cl :ii. ( 1993) in PJpua Ne\\ Guinea using the ELISA 1es1

did not detect malaria-specific lg�I antibodies in �6 cord ser:i tested. 
They suggested 1ha1 their observation nll)' be paninlly eApllined by lo,v 

malari:i tr:insmission in Papua Nc1, Guinea since. unlike in tropical 

Africa, malaria of prcgnanC)' p!t.Scntcd as a relalil'cly bcningn infection

wiili high placental parJsiiaemia r.11es of  low density in the prin1iparous
group. 1l1ey reported that 36.9% and 16.6% of cord sera were posith·e for

antimalarial lgG nnd JgE antibodies n:spccli¥cl)'. In the present �1udy,

malaria parasite r:iies and densities ,,ere highes t in primigra,•idne :ind P.

/alciparun, -specific lg�I antibodies was detected in a few s:imples. 111c 

Presence of ,nnlnrio-spccific  Jgl',I in cord blood suggests in1rau1erinc 
scnsi1ii:i1ion of the foetus b)' malonal antigens. It appear.; that in cndcnlle
3rtas n1aluriu parasites c;m siiniulalc n1alaria-spccilic nn1ibodii:s in utcro.

Antibodies 10 the crude par.isiic Mligcn is :i mcasurc of citposurc

311d the d.iin indicate heavy cxposull! or the 1cs1 population to 111alaria 
111foc1ion. 1lie use or methods employ ms crudt blood-siasc antigens to

'"ensure lhc hun1oral ant imalarial n:sponsc <loes not nllow the 

d
lrrcreniiation of protcciivc 11:sponscs from those 1ha1 merely rcncct

curnu1n1ivc c>.posure. I lowc,•cr, ii is generally a$Sumcd that if hu,nor.il

lllcchanisn1s nn: imponant in pro1e,1inc again�, mabrfa, the)' n1ust be 

h" 
. 

1dll1:11 ;,1 11 c ·'ctcctct.l b)' 1hc use of crude n1111gcn 
1c ,nnss respons u 

Prcllar.uions. A nunibcr of �pccilic aspcets of lhC an1i-n1alarlal 1nununc
rcapo11 •• , 1 1 . . ,«a)·S ar'I! avail�blc wore c,a1ni11cd. 

"'- ,or IY IIC 11/1 l'//,0 � .... 
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Dcsowi12 et al. ( 1993) in Papua New Guinel using the ELISA test
did not detect malaria-specific fg�I 3!1tibodics 1n �6 cord serl tested.
lliey suggested that their observation m3y be plnially c�plained by low 
malaria transmission in Papua New Guine:i since, unlike in tropical 
Africa, malaria of prcgn3ncy presented 35 a relatively bcningn infection 
With high placental par3sitaemil rates of low density in the prin1iparous
group. TI1ey reported that 36.9% ond 16.6% of cord scrl were positive for
antin1:itarial fgG and JgE antibodies respectively. In tl1c present �tudy,
malaria par.isite rJtes nnd densities were highest in primigrl"idae and P.

falciparu,11 ·specific lg/'. 1 antibodies was detected in o few samples. The
Presence of ,nnlaria-spccific lg/'.! in cord bloat.I suggests intr.iutcrinc
sensitization of t he foetus by niolarfal 3ntigc11s. It :ippcnrs tJ13t 111 endemic
areas 111:ilari:i par.is,tcs c�n stimulate mal:tril·spccific 3ntibodics in utero.

Antibodies to the crude par:isitc :111tigen is a measure of exposure
a
nd the data iiidic ltc heavy exposure of the test population to n13Jorin

111fcction. n1e use of methods employing crude blood-stai;e nntii;ens to

l'l
1
Casun; the hu 111ornl 0nt11nalarfal response docs 1101 Glfow tl1e

<l1rrcrcnt· . 
f . ...sponses fron1 thos.: 1ha1 merely n:ncc1iu11011 o protecuvc ,v · 

cu111u1�t· 1� ,� •er It is generally assumed tltot if hurnorul" 1vc: exposure. ,ow�� 
11lcchon · . proicctins ai.:ainst m�laria. they n1ust Ix 1s111s nn: 1mpo11nnt 111 
�idl)c11 · . d tectcd b)' the u�c c1f crude 4111ii;c11

111 the 111:iss response c 
Prcp·tr: t' f .-''ic 3 s.,..cts of the anti-n1a1Jrial inununc• u 1011s, A numllcr o sfl(�11' r-

rcsp . re 3,·ailablc wtrc c>,a111incd. 
0nse for wl11ch 1111•itrtJ assay� a 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



219 

The pre, alence ot amibodies 10 Pfl55/RESA 11a, higher in 
maternal compared ,, rm cord blood. Thi, obser\'alion agft!I!, with our 
observac' · ' ron ol a higher macernal l[:G compared 111th <'ord blood lgG. A
numb(:,- of cord blood samples failed 10 ,ho11 an antibody response even
'h0ugh their mothc:rs were: po,1uve ior anu-Pfl55 an11bod1es. In a
maJorit} of the,e anci-Pfl55 antibody negau,e cord blood sample, the
rorres I . 

· pone 111g n1ntcrnal sample., demon11r.11c:d 1011 anubod) 111res ( I 10.
1 
:SO). Generallr cord blood ,,m1plc1 had lowc:r anu-Pfl 55 amibod) tures

th.in d'd . . . 1 lhc ni.uem11I group. S1n11lar hndings ha,e been l'l:portcd by 
Collins et nl. ( 1977) nnd Cmnphdl cl al. ( 19S0) in1 olnng antibodies 10
10,�1 bi · . 'bod ("' d. • Ood ,tage ;mugcni and anu-,porozollc: ,mu 1cs ,,ar 1n et al., 
1981) ,, · I 

. 
f ·ood' · "ran1er et al ( t99J) lllpOrted '1ml nr n-.enn 111res o nnu 1es 10 

lhe n l\:rozo11c surf.ice prolcln I ttl!SP· 1) in pain:d nrn1cmal and cord

'en1111 snn1nl . 
I' CS. 

H�IIF claia from pnrlurknt women 111d1cn1e n 11idc range of

rc'Pon,c 10 lhe Pf l.'i� nntil:en, llhich wn1. howcn:r. fuuly con�istent for
e • 
11�h it1dl\·1dual ll)Olhl!r ,lt th� ,,� bi,nlOlllhl) C(l01Ci:llll\C IUf'\t!)'\ The 

rc,i�on 101 11 . • ... 1 ·��n ,ndii idual mother, of 1;�111· t11r� I\
1i: vnnnunn , ... 11,, 

U
nc1c11r ,\, the l:�llr t11n:s 11crc c1111,111cnt on cc1111L-c11111c: ,ur,c)s, 

"'hcrc11\ ,, 1 , 10,111,>i: for 01.,lann p.1m111r, on one 1un·.:y
1111c 11101 1c1, 11cr( I ·

nfld nc,.11 ,01111101puon ol a111ibod1c1 " not thoughtc• l�c nu nnoth!!r, ,1n11i:�n' 
10 he lhc . n ,11. mth�r be .:,plumcd br 1,i:ne1k factor,

(,H1�c n,c vnnnuon i.. • 
�llch �1 'IIIC . d llot1nic ,c,tric11011 ol ant100J� n:pcrto1n:.

" 1�11nc11on ,1n n , ,. 
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An11-Pf155 anubodie, \\en: found to co1Teln1e 111th parity .1nd age of 
the Pnnurient women. Anu-Pfl 55 J11tibod1e� ha,e been ,hown to incn:il�e 
With Q ge in previou, studies (\Vahlgren el nl.. 1986; Deloron and Co1. 1990). Dt:loron e1 al. ( I Q89a) in Ken}a n:poned that pnmigrovidae had the
lowesi nntt-Pfl 55 antibody 111re, follo11ed by nulligrnvidac and lastly
flllfhlgf'll •d . r ·1 C 

· '1 .ie Both the pn:,cnce and 111n: of ,mu- I .,5 anubod,e., hod no Protccth ·r · d 1 · I 'C et,cct ag:un,1 malona inlectmn 01 e 1vel') 1n t 1c present study. 
The nun1bcr of ,nrnni, po�1111·c for anli-Pf155 antibodie, fell mp idly aJ1cr b 1rth n:aclung 11, towe�t pre,·i1lencc r:ne .u -l months and rose 

l'nptdly ,11 6 month� of age Prcl'nlcnce rote, remained high till one year oflikp. . . · nss,vcl) ,tcquucd mnlarinl on11bod1e, from the n101her lll!l) pers1s1for 4 • 6 . • . . -n1nnth, nher binh bul any further pers1,1cncc 1s n1n\ketl 111 1l11(

JlOpul,uion h) · ,1 n ipid n,e of nniihoJks in n:spon,c to onttgenic s1in1ulation1" 1n1nn1, older than 4 nion!I,, In nie Gombta, r.lcGrcgorct nl. (1965) 

rep Qrted n rnrid dcchnc ,n 11,n:, or anubodles 10 101al blood stnge ant igen�
dur111 b · · S lhc nr,1 16 \\t:ck, 01 life Ho11c1cr. comr.iry 10 o ,er\'allon, ,n 1hc:

Ptc,cn1 ,11111>, d 11 , ,,oluuon 11f anlt Pfl55 anubod1c,, nniihodv1 · a, rcgnr , 1� � �
�'eh rern,,incd low 10 ih� r,,nn,nder of 1hc 11r,1 )Cnr of lilc In EL 
801vndor C 1 11 1 (IQSOl ah,t·ricd 1ha1 01cr 50'i. ol infant, locked, n1n11 ic cl n • 
<le11:c1nb1c u1111hodic, to 101111 blood ,wgc nnii�cn, ticfl'ln: 1hc age ot 3 
fllon11t� t• 99.) 1 ,iud, of 1'eny,111 1nfont, reroncd tha1
ll 

· "rn1nc1 et nl (I ., 10 1 · · 
1
� n1c<1,n 1 10,1 dctl'...:1nhlt' mn1cmal anu IIISP-1n n!!c n t  11 luch 111tan ' 

�1111%t1ic 11 . 11,11,t·itl-d thnl the h1,, or mnlnnn ,pccilic
\ \\:J\ 20 111.'Ck\ It') \ c>r 
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antibodies is associated with incn::ised risk of infec1ion in infants less lh:in 
3 months old. 

The Etl,IIF data of the adult SIUd)' population indica1c :i high degree 
of variability in their reactivity 10 the Pfl55 antigen prob:ibl) due 10 
genetic factors. Doth the pen:entagc of positive subjects and mean titres 1o
lhe Pf l  55 antigen remained unch:inged 01 the rainy and dry season
surveys. Similarly the individual Litn:s of antibodies to the Pfl 55 antigen
Were consistent on 1wo consecutive su"·eys of the G.T.C study subjects.
In all the adult populations studied, no correlation was observed between 
nnti-Pfl55 antibody titres nnd age, p3r.isite rates �d p:ir:isi1c dcnsilics. In
Previous reports, lloih the prevalence rotes and level of serore:ictivity to
Pf l  55 ,vere found 10 increase wi1h ai;e (\Vohlgn:n et al .. 1986; Deloron et
DI,, 19890; Chizzolini et al., J 989). In these studies, cross-sectional 
surveys included nil age groups while in llte present study llte youngest
SUbJect was I Sycnrs old. It therefore follows 1ha1 by adolescence,
111dividuals in inalnria endemic artJS hove been maxunally scnsi1i1.ed  10
different inal:iriltl antigens and demonstrate An npprecioble desrcc of
naiurally acciuirc<l inununiiy. Continuous exposure 10 11101.iria 1nfcc11on

11110 udulthootl results in an intprovcrncnt of ll1� qualil)' but 1101 qu:1111hy of

Qntibodics ns the individual is exposed to diffcn:111 s1r.iin� and antigens or
U1c 010laria pnrosite. 

The i11 t·itru finding that antibodies directed 3ga111s1 Pfl SS .inlli;cn
&�cific"ll i 1 .,.. t� orowth C3II nut therefore lie co11finnccl ;11 \'i,-o . .. y II llull p;1r:1s1 � .. 
lfl 11\c adult studv Portulation, I 10\1·e1·cr, it nlJ)' be: ll1.11 by :idulth()l)cJ the
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indi,:idual h· · ., . 
as acqu 1rcu protecuon lhroui:h several 111echanisn1s and hence 

15 not dependent  on one unique rcsponst, e.g. humoral response 10 Pfl 55 
antigen. Bjorkman et al. (1990) observed !hat high reactivity to Pfl55 1n a 
group of adult Liberians did not relate to nny degree of protective
•mmunity as all study subjects were hyperimn1unc and no corrcla1ion \\'llS

found ,vith the obsen•cd parosi1aen1ils.

Parasite rn1cs/dcnsi1ies were not different between low, n1cdium lllld
hig h  responders 1o the PflSS antigen in blood donors at both the rainy and

dry seasons. However. !he absence of mal:irfa parasit:icmia in high
responders a1 the ,narch sun•ey could imp I)' that Pfl SS nntibodics offers

Protection against infection in s11ua1ions of low 1rans1niss1on • but other
fac:t · r · • · TI ors arc nion: imponant when !he 1111ccuon pressure 1s 1111cnsc. 11s 

finding contrnsts with the obsef\•ntion of Petersen et :ii. (1990) ,vho 

n:poncd lower pnrusitc densities In PflSS high responders(� I :250) in the

l':liny season. They suggested that nnti-PflSS antibodies offer addi110m1l 

Pro1cc1ion in situations of intense unnsniission. Howe"er, Petersen et 111

C
l 990) f nilcd 10 reproduce the tower parasite dcnsitil!S in Pfl SS high 

f'i:spondcrs in n subsequent rniny season. 

t-·lo 11 r-111., antibodies 10 the PrtSS nre directed
st nutur.i y occu o 

nca111st epitopcs of the 4 an1ino acid sequence EEN\I in the 3' repeat

tccio11 (C 11. 1 1966) •iotcnitil 3nd cord blood scrorcactlvitu:.s to
o ins et o ., , 1• 

Ut
e (l!ENV)6, US and �11\l''l but not (N1\NP)6 pcplldc.\ showc:ll .i 

111lniri1 • \I I unli thC11: w3S no dif(crcncc in the n1.:an
c:int COITCl31101l, I l 10 o 

!!LISA .. I I (Er...iv)6 (NANP)6 US �nd t,IAP2 peptide,\ �t,\-ccn
•Cl UCS 10 I IC •1!1' • 
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maternaUc d or pa1n:d ,era. a cons1der:1tile number of cord �amples wa, 

�ronegnu . I 

N 
,e or lht: '\..\\Pin pepude In The Gambrn. u,1ng the IF,\ test. 

nrdin et al. ( 1981) reported onl) one ca,e ol a ,porozo11c ,cronegati\'e

child b orn 10 a st?roposu,e 11101hcr in,olnng 20 matemalllnfan1 pairs

The seropo,111\ily rate, 10 tEE�V)«. a, nie:isured b) ELISr\ dropped

rapid I 
• Y after birth and by 6 months none: ot the 1nfo111, 11;1, posit I\ c The 

numb er of ,eroposiu\'e, then incn:a,cd steadil) 11II one year of hfe. 1l1e 

di�crep 
· 

nn cy 111 the pmtcrn of evoluuon of anubod1es to the.- PI 155 and 

IEENY) 
• · · · d ·Ii· fth 

<, n,ay rt:Oect the difference 1n ,ens1u1·1t)' .in spect 1CII} o c r,vo

le,t Ill. cthnds \nu-Pfl 55 :intibodies nl(a,urcd b)' Et.llf includes cpunpes 

01h
er than the! inimunodonllnating (EENV)t, 1ncludin� ep11opc, cross 

reijct' 
d tng '''tth other anll!!Cns. ,ind the,� n1a) h,: more pronounced during

t
f
fercnt pcnods of tht' dcidoprncnt of the 1n11nunc system Hogh et al. 

11991) in ii longitudinal �tlld) of Liberian children obscned thnt the 

"ctopo\illvit, 01 .1 ,, ,n,1 (LFNVl 11 ,1tri: both ni.1,in1111n 111 1nran1,
, f,IIC\ 10 ,. .1.1 , , 

·

"Seu :\. 11 I • ,i nl!C· n1u111hs ,1nd trorn I ·" )"ors l '· 

·111.. 'or anti-(N,\NP)t, a1111bod1e, fell rnp1dlv
� \CIUj10\ll11'1l)' 1,1\C!.< I' 

. 

�ftcr bit tl, 11 1 01 - .1�c none of the 1nfonts wns (lO\lll\C

11 
, 1111 lY lour n1on11, •.. 

011·c"cr , 1 , 1 11. ,· ihe in(nnt, ,.1111plcd w.:11! scropo,111,·e and the

f 
• ,I ,1111onth,. 10 0 

c,r>on\c 11 01 hk ·n11, olhcn·n11011 \Ugge,1 lhM 

n lll1tt.1lcd ull one )c,ir 
' ntiboJ II rcp1on ol 1hc (Sr dc1 .:IIJJl C,1 tl} Ill

1· 
ic, ni:nin,t 1hc 1111111unodo1nin;1i 

lfc ilftt . 1 .• ·tion In 1l1c t,;1111tiin. N:1rdin et .,I

11 
r c,,,o�urc to 111,11,,nn 111 c, • 

1181) , 
,. �' 111 .i�c. �n11-,pl"rtl70lh.' ,1ntibod)' utre,

It) • l'C()<lrtCd th:it ill ,\t,(1111 II \\t'( 

1tilt1 ( heir 111othCf\, ,11thr,11gh the 111re, 
111' l'orrch11ctl w11h thl1'i: 0 1 
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werr, lo,ver in infants. Howe\'er, 01 6 - 7 months 3fter binh these 
ant�odies could not be detected in :my of the infants. In this study,
3ntibodies against the sporozoites were measured by the circunlsporozoite 

prccipit:1tion reaction ®d the IFA technique two methods which lack 

sensitivity and spccilicity cornpJn:d with the (NANP)6 ELISA. In a study

or Liberian infants and d1ildrcn, Hogh et :ii. (1991) reported that (NANP)6
seropositivity rates did not correlltc with age. (NANP)6 scropositivity

rates fluctuated over the yc:irs ond in children the highest rote w:is in t11e

3•5 years age group. 
Cord blood seropositivity rates to the U5 t111d �IAP2 peptides was

very lo,v compared witli the other peptides 1cs1ed. Al 2 months o f  ogc, 

none of the infants ,vere seropositivc for both :mtigcns. \Vhilc none of the

infants ,vas scropositive 10 the �t/\P2 peptide throughout the fir.;1 yenr of 

life, n small number of infants scroreactcd 10 the U5 peptide betw•ccn 8 

12 months of age. 11,e corrclution of m:11en1al and cord n1alarial 1u1tibody

titres and the loss of these antibodies during the first 4 10 6 1110111hs of life 

s
uggest th111 the i11f:1-111s' n1alari�l antibod)' responses \\Cn: p:issi\'ely 

acquired. 
11 . . .... tcs 10 the different n1olariol antigens tc�tcd in

1e seroreacnv11y , .. 
infa11ts sho,vcd diffcn:nt p:iuenis ofvariJtion during the first )'C:ir of life.

"Inc Observed difference In the evolutionlry pancm of n1:ilnri11l nntibodics

in 1nr111 . 11 e pllincd by differences in inm1unoscnici1y or
icy can be part1a y � 

Uic tlntigcns, l'vtl IC rcs1ric11on nod degrte of exposure to mosquito biles. 

Ccncr"II 1,.�.•· dcicctcJ sho,1cd ropiJ decline artcr birth till 4
" Y ull lhe nnt UV\11cs 
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to 6 months of 3g b bi . d e pro J > uc to :inugcn consumption of :intibodies. On 
the contr:iry se · · · r - -

. 
, ropos1uv11y ,or lllt1bod1cs to most antigens tested 

in
�
reased 3fter 4 • 6 months of age prob3bly reflecting aniigenic

Sllmul:ition. 

lnspite of the different pJttcms of scrore:tcti,•ity 10 the different

antigens, it is apparent that between 4 and 6 months of :ige :intibodies 1o

lhe different antigens tested were either low or not de1cc1:iblc. In addition,

P3rasi1e rates nnd densities wcn: highest in the infants within the 4-6 

months age group. 
\Vhilc p1rosi1e rates 30d densities declined gradua lly

after 6months till one year of age, scron::ictiv11y r:ues 10 malarial antigens

tested increased rnpidly within this pcnod suggesting the developn1c111 of 

nnturally acquired inimunity to m:il:iri:i. TI1is suggestion is consolid:itcd 

by the observation th:ll episodes of clinical malaria 1n the infants '"ere 1101

frequent to,vards the end of the: first year of life. Parasitological :ind 

1m111unological data of the infants in lgbo-OrJ dc1nonstr.ite :i high level of• 

Citp" urc to ,nalariu infecuon early 111 life which is reflected by 1heir high 

Scroreaciivity mtes 10 different malarial antigens especially 1he CSP 

nntin,.11 -11 . b . 0,,n:cs with 1he t,eh:i,•iourul pauen1 uf the 
o" . 11s o scrv:111011 o 

1nt1igc f O . faiits s""nd a sn::itcr p3rt or 1h�1r li�t )'ca.r of
ncs o lgbo- rJ as 111 r -

lifc ,v· 1 1 . . 1 • '•nn "here the)· ore n1:n.i111ully cAposcd to 
11 1 1 1cir n1othcrs 111 11c •� 

rnosq . . fi J" f :in active antibody re�punsc 10 n1al:iriJI 
' UIIO b11cs. 1l1e Ill 111£ 0 

.ltlti, . . CS tlic hop,.: thlt .i n1alori:1 v:iccinc 
&cns 1n 1nf11ncy cncouros 

Odn,i . 
ccckralc tht dc"elopmcnt of 11:itur.1II)'

n1stcrcd early in life n1:1y 3 

l1Ct1 • 
tC(I (}IC popull11011 1110St QI ns.k . 

• ,uircd inv11uni1y und thus pro 
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Previous studies in m3lari3 hypcrendemic :ueJS hlve suggested 

that l111nsplacental uansfer of m3lari:i 3ntibodies mly provide n

significant degree of protection for the newborn during the first fc\v

months of life (Bruce-Chwlll, 1952: Bigg3r et :ii .. 19S0). Ln the present

Sludy the presence and level of cord blood lgG and antibodies to four 

J)Cptides ( (EENV)6, (NANP)6, U5 and 111AP2) tested including the 

Pfl 55/RESA did not cone late with the dur.ition of onset of prin1:iry 

clinical malaria in the infant. Furthem,orc, we observed no difference 1n

the age of onse t of clinical ma13ria in infants whose cord blood was either

Positive o r  negative for :intibodii!s to the Prt55/RESA and (NANP)6 

:intigcn s  \Vhich represent antigens from different stages of the parasite:

sporozoitc nnd blood stages respectively. A si milar finding was recorded

for the (EENV)6 and (NAN1')6 antigens.

h is evident from the present study that I lbi\S and scropositivity for

:intibodies to antigens frorn tWO different s 13gcs of the mal:tria parasite 

(sporozoite t1nd blood stages) dcl3ys the age of onset of clinical n1olorin 10

tltc stud , f I mpJrtd with 1\1\ scropositive infants . Although 
y 1n ants \\1 ,en co 

our results indicate that tronsplocental antibOJics offer no significant 

Prete • . . d ·ns the first few month s or life, lllltibodies in
c11on ngnrnst n1alano un 

con . . 1 os lib genotype n1;1y be n?Sponsiblc for 1hc
ccn ,v1l11 other fucto� sue 1 

Pro . . t chnlcal 01:1t11rr:i during then�, few 
tec11on of the 11cwbon1 again� 

ll\o , tl thM palilsitt r;itcs and dcn�i11cs \\Crc vcr}
111hs of life. I t \VOS obsCr\ e 

lo • 35cJ by nhnost n I 00% by the :11,c of 4 

\Y at 2 months of osc and ,ncrc . • 

Ill . d' JcclincJ r,1p1dl) after birth with the 
0�ths ,vhilc malurial ontrbO ,es 
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IOI\ est le, ·1 1.: ' ,u 4 n1001h, of age Thi, iindmg ,ugge.,ts some relnu, e 
protec1ion f. I • o 1 1c 1olant dunng the iir,t 2 · )month, of life. 

The t:ftecu, eoes, of mallnal antihodie., 10 protecting 1ofoots ng:un,t 
m:ilaria 1 1 ' uoc ear. Edoz1en e1 al. ( 1962) :md Saochan:oo el al ( 1991)

have sh , . . 
· O\\ n that y -globuhn ,1nd lgG fr:icuon, lrorn n1nlana 101munc

subjects rcspt!ctivel) dt:nioo\lrnle an1imalanal acu,1t) when administered

lo ac . 
Utcl, ill n1aloria paucots. Pn:riou, ,1udies ha,c: ,ho\\o contm,uog

results a, regards the protecti\ e role of tmn,placcntal malarial nntibodie.,

\Vh·t 1 c r-. tcGregor t!t ,11. ( 1965) reported that tr:insplnccntill mnlruinl 

nntibodic, provide O signitic,,nt d.:grcc: of proh:ction for the m:wborn,

Cottin, et al ( 1977) and C,inipbell .:t al (1980) 111 El Sal\ador and 

B
igg;ir e1 al ( 1980) 10 Ghnnil suggtste<l thnt 1r.1n,plnccntally acquired

an1ib · I f · 
Ody n1n) 1101 he chmcall) rclcvunt tn pro1ec1111g t 1c 1n nni from 

111:tlaria 

t' nr 1 f. 01 ·  11111110rnt 11nrnunc �spon�e 10 the adult
., ,. < 111101!01 C,llUfl! 

�
lul)� popul,111011 is the �011s1,1�11cy in anuho<h ,erop<1,1111·11y/u1ro� to

\01111: ni•I 1 d 011 cr0,,.,e,uonnl nnd lo11g1tud1nnl survey,.
" nr1a no11cc1t\ tc,tc · · 

Howe\' ,. d, ,crono,111,11)· nuc, were higher ,11 or 
er, ,1011 (Ni\NPlt, nn111,o , · 1• 

1ow,1r·' . , 11 when 111alnna 1ran\ln1�\10n wn, 
u,; the end or 1hc r,11t1Y ,cn,o 

h1chc 1 1 ca,on or 1>cgi111nj! oi the rniny �1:.,,00
'1 o, con1pnn:d wllh 1 1e  I r) ' 

l'h,, Ii (NANPlt ,�ro,10,111111y reOcc1� c,po�ure
tt1d1ng 111thl·,1 1c, rlrnt ,inll· • 

lo •llf .... ucnth 1rno,n11,,1on 1n1cosil) 
l!Cll\c 1no,q111111 ti11c, nnd con, • ., · 

l1rtv ,J 1 1 ,ne,,,11n:111cn1 or anttbotl)' re,ri1n,c.,
1011, ,1111hc, h,I\ c ,ug):e,t� 1 1'1 

to 11 1,... ot ir.in\ 1111,�1on 1111cn,111 1n 
ln (N \ I I 111ea,1" . ' 
... ' Nl1)11 111.1) ,cr1C' •'' 
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seroepidemiological studies (Druilhe et al., 1986; Espo.si10 et al., 1988). 

e anu y response 10 the (NANP)6 an11gcn pc:rsis1s after Ho,v long th 'bod 
p osure 1s not nown. \\'hether the fluctuating response observednatuml ex . k 

rcnects poor  i111munogenicity or is the res ult of imn1unc suppression

re . mains specula tive.

It ,vas observed in the present study that hi gh serorcactivity to the

(EEN V)6 ,vas usually followed b y  high rca cth•ity to the U5 peptide in nll

populations studied. This is not unexpected ns both peptides ore derived 

from th e  s:ime antigen (Pfl55JRESA) although the (EENV)6 peptide is 

1mm h. I 
· · 

unodominwit. Ho\\·evcr, in a few cases 1g 1cr rc:ic11v11y 10 U5 ,v:is
• 

Observed comp:ucd ,vith the (EENV)6 peptide. 11,is finding w:is n1on: 

con llllon ,vith the lgboOra study subJCCLS who relatively showed highc_r

rc:ictivity 10 the the U5 pc:ptide compared wi th the blood donors in 

lb:idan. ·n,e observed difference 111:iy be c�plu1ncd p:irti::illy l>y the fnct

Uint hurnor.il inullunc response 10 malarial antigens is 1'11 IC rcstrictccJ

since n given f\lHC ntolccule is oble 10 bind some, but not oil. of tllc 

Peptides derived rro,n O given anti gen during processing (Riley e t ol., 

199 I).

11 of malaria pJr:isilcs in the adult populn11on
1c presence or Ql)scnce 

h�cJ no 1., 
.. lty r.1tcs 10 nt3l�ri31 Jnti:;cns tested. Rc.,ults 

e 1cc1 on scropos111v • , . 

tonn, . ll l3jorkf113Jl et nl. ( 1990} ,n Lrbcnl who found
nns previous rcpon Y 

•10 11• • 
.... A·•·cs 10 the Pfl 55 nnd 11s n:pcat scqul!llC\!S 

.,,oc1nt1on 1>c1wce11 a1111uvu1 

arid . . 0 1 c coi\tr:11)', reports by N&uycn-Oinh et 

mnlariu p:i_ras11ac1n1a. n 1 1  

nl.(1987) and r,.1ursh et ol (1989) in 11,c G:in1biJ su�&cs1 � protccthc role
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for Pfl55 antibodies. Similarly while Hoffm:in et :ii. (1986) in Indonesia, 
Del Giudice et al. (1987) in Tanz:mi:i :ind Esposito el :ii. (1988) in Burkin:i
Faso reported that anti-CSP :mtibodies are pro1ec1ivc, Hofffn,nn et al. 
(1987) in Kenya, Pang et nl. (1988) in Thailand and /1,lnrsh cl al. (1988) in 
The Gambia argue thnl these antibodies do nol protect ng:iins1 m:il:iri:i. So
far there arc no rcponed seroepidcmiologic:il studies involving the Ag332
repeat region (tvlAP2). Howe1cr. in o recent study of 10 :iduh G:imbi:ins
(Pcrln,aJUl et nl., 1994) higher te,els of lgfi :ind lgG-sp.:cilic antibodies to
lhc Ag332 of P.falciparum rcpe:11 sequence wns observed con1pnred
With the (NANP)6 peptide.
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CHAPTER SIX 
CONCLUSIONS AND SUGGESTIONS 
POR FURTHER STUDIES 

CONCLUSIONS 

tvtatono pornsitizntion in en demic areas is nn e,ceedingl)·
tornptcx h 
1 

P enomenon It 1s worthy to �,ress here Lhn1 1he anal)·sis of
ntcr-corr I c nted data generated b)· s1ud1c, of this nnture requires grea1
Cclut1on R 

. -

d" · esults both posiu,c ond ncgn11vc:. are bcsl re_gordcd as indicating
ircctio 

. 
lo ns for further 1n,·csligauon than pro\'lchng dcfin111ve answer� 

e refat 1onsh1p ,v11h age or parit) of prncucall) all 1mportnnt vonobles
tonccr . ned ,v11h n,ntorio provides on e�amplc of confoundint: fac1ors

Whi
ch lllny be encountered 111 studies of 1h1s nn111rc:: It 1, therefore

llllpon � d" f 
ant to take into considero11on �uch con,oun 111g nctor� ,vhcn

tvn1u niing field dntn Agmn�t ihis background of ca1111011 n number or

tooctusj d · Ons cnn be drown fron1 t111s ,,u > 

1 (I) Pyrinicthnminc proph)·hi�is front the 101h week of pregnnnc)

lit d . et.very d fi ntl} 10nuencc b1r1h\\e1gh1. n1n1ernal .111d

to ocs not s1gn1 1c11 
rd blood "CV 1 1 nl 1111111unoglobuhn O!!G, lgl\1 ,1nd ltA)

I• 1• eve n1.ttcrn 
•ve1 t 

� olfld duration or on\et ol cli111cal n1alnnn tn the in nnt 

{2) p d on\trtllC thnl odults 1n tnalnna endemic

�c 
oro�11ologic,1I dnta l' 111 . 

ii\ nr. mde ;1\)fllplon1attc 1nnlann p:1C11\llllen1i.,

I� C U�Ulllly cnnu:rs ol IOI\ e 
8gc\li . · l.v•n j, 110, \lenh: Unh�c 1n 111fnnl!,, 

nc lhill 1111111111111} ng111n<l 111•1 
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episodes of clinical mal:iria in adults may not always be accompanied by 
lhe presence o f  malaria parasites in thick smears. 

(3) Transfer of maternal tu1Libodies to lhc foetus may invohe both

:tctive and passive transpon mcch:inisms :icross the placcn1:i :ind involves

principally lgG antibodies. However, !he foetus is cap:ible of syntl1esizing

l gtvt antibodies in response to antigenic stimulation such :is n1:il:iria.

(4) The rapid increase in both p:1r.1sitc rote and density afte r  2

months of age nod tlie rapid decline in :in1ibody levels to about half the

birth level at 2 months of age suggest thlt protccuon of the African infant

against clinical malaria is problbly limited to tl1e first 2 months of life.

(5) t.1ost of the infants c�pericnced their first episode of clinic:il 

malaria bct,veen 3 • 6 months of age. 1 lacmoglobin genotype. cord blood

PC�. binh,veight nnd l'>!NSsU blood group do not .11tc r significantly the 

dur:ition of onset of clinical mnlaria in �1c infnnt. Similarly cord blood 

antibodie s against the pfl 55, (EENV)6, (NANP)6, U5 :ind l'>IAP2 

�tigc 1 1 d . n on tlic duration of onset of clinical 01:ilari:1 in
r s 10 no 10 uence 

Uic infants. 
(6) . . ,ia or ctinicnl n1ollriJ in inf:ints 1s u�u::illy

/', lnlana pa r.1s1taen 

ncco . 
. 

. d e 10 intr.1vascula r  hacmolysis. 
rnpa111ed \\'tlh anaen11t1 u 

l•ction of 113en1oglob1n AS is  fron1 SC\'Ctc

(7) TI1c strong�! pro � 
m I . . r 01 rnild illness and "cry htlle fro111 nu1l:iri:i

3 0nn ,11iU1 less pro11:c11011 ro 

Par:isi1ac:n1i:i. . 
' . tiol lnnnune n:�ponsc to n1:1lnn;i

(8) The African infunt s 1111 
· f lg�!. In 1he odulls however, n1:1l3ri4
lrlfcction involves the producuon ° 
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pa
�jlaemia or acute mal:!ril resu lts in increastd production or lgG and

pan1qularly Jgl\l. 

(9) This study s hows  that tr.U1Spl3cenully acquired immunity is

sient. After 4 months of age the stud)' infan ts were cap:ible oftran 
producing antibodies to the (NANP)6, Pfl55/RESA, (EENV)6, and US

antigens. 1l1e relatively earlier production or :intibodies against the

CNANP)6 and Pfl55 antigens in infants, the most susceptible :ige group,

encourages t he  hope tliat a sporozoite nnd blood stage vaccine 

administered early in life mny accelerate the dcve lopn1cn1 of imn1unity

and lhus protect the population most at risk.

(10) In the studied popu lation there was no correlation between

artti•Pfl 55 antibody titre, El.ISA seroposi tivity 10 the (EENV)6, 

(NANP)G, US and 1'IAP2 antigens and mal:iril pJr:isitacmia. Rcsuhs do

no1 in1ply that these nnligcns arc of less importanc.: ror tl1e development

of a n1:ilaria cocktail vaccine and subsequently n1al�ria immunity.11lis 

observat ion indicate that unless the humor:il response gcner.11cd by 

vac�"\n 1. . 1. . 1 or quanutntively different fro111 that induced
a ion 1s qua 11ouve Y 

nntu ... tt • .11 be ·•iblc 10 link the hun1or:il inunune response 

• .. y. II \VI not po .. 
from • . . ·e 1nununi ty, In addition. antlbo<l,cs against

vacc1nm1on 10 protcCll' 

tnala · 1 . 
., c�ctusil ·c mediators of pro1cc1lon ng:iinst 

nn nntigens nrc not u1e · 

lllnl • 
. . 11 l(nown 1h21 cell·n,ediQll:d inm,uni ty :ilonc

Qna pnras1tnc1n1a. It ,s "i: , . .  

o r  ·· . . _,iuctiOO is 101por1.1nt for n1J1111�1111ng 
111 concen w11h unubOdY P'"" 

ac • . In �dJitlon bOlh non,spcclic cellular-o.nd

quircd in1n1uni1y 10 n1ulono, 
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humoral immune re,pom,e, ma) pla) a iundamen1al role in acqu1rc:d 
•mmun1t) 10 1nalana

6,2 SUGGESTIONS FOR FURTHER STUDIES 

In the: prc:senl \!Ud). cord blood lg�I \\a� decec1ed 1n all samples
tested ,vh· 1 1 e n1alann-spcc 11ic lgt-1 \\(Is derecred in a fe11 cord blood

snrnplc ·1 ·  . 
b 

'· his obM.:I'\ nuon �ugl!c:sl incrouterine <c:nsi1iwuon of che foelu�

y ma lnria l  ancigcns Sequel 10 1h1s finding 1n "'''" 

l)'lllphopruhfer.111\e stuihcs on nmlnnn-s�cific lgt-1 pos1uve cord blood

sampl es using cuhcr Lrude malnna parosue prc:parnuon, or defin ed

rnaJan 1 . 1 J 
n an1 1gcn, ,1re cs,cn1 inl Rcsuhs fron1 sue I a ,111 y n1ny confirn,

the C . 
bi t ·  

. 

,_,s1cncc of n,enuir)· ,ells 111 neonn1c, capo e o re,pond1ng 1o

lllnlnrinl an tigen, and thus ,onsolidalc recenl obscr\ au ons of rna lana­

Sfleci fic lgf\1 ;uul lg.G ,1n11b111he, in cord blood samples. 

Ahhough cla:ni<1prophyl,l\lS has bc:cn reco 1nn1cnded 10 control rhc

c� I · h 
nccrhmion ot nial.'irin n<socin1e:d with prc!!nancy, rcsu ls ol I e prc.scnl

'111<.ly do n d �n,t·,canl Jillcrence, of all n1�lnriome1ric 
01 1n 1en1e ;111} ,1., • 

10<hcc, ,1 ., . d 1 .... ,-d nnd non-prorcctcd l!roup, However. it
llulC lxl\l�'ell pro•• ' 

I\ �nown 1 ·,·u:niin 10 prcl!nanc) j, lnghe,1 durine the 
I 1u1 111:ilann p,1n1\1 1 

• 

fir,, tn _ 98 ') con,cttuentl) chemoproph)•ln,I\ 
. n1c,1cr (f\lcGn:�11r. I � • 

11'1tcrv ) '  hn.: n1,1'1mnl li.:ncfict.tl effect, on
cn11011 earl) 10 p\'\:1!11:inc) 111a • 

111111;01 , f lilt: po:,·t!III' ,md1c� 1nclud1ng rhi: prc.,cnt
nc ot pi cgn.lll�') None ll 

'h1t1 ·iv Furth�r �111d1e� <1n ca11\ 
Y ntltlrc,,c<I 1111, 1,,ut "111,f�c1on • • _ 

· 

Chern 1 ,,rou()' u,1ng J1flc11:n1 drug rcg1n'IC,
Opropln IH\I\ 11111ilh:ll!III p:tn ) " 

• 
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to overcome the possible problem of drug rcsismnce arc urgently needed 

to confinn the benefits of early chcmoprophyl:ixis in prcgnnncy

There i s  good evidence 1h31 m3tem:tl nn3cmil 3ffccts prcgn311cy

outcome (Brabin, 1991). Antimalarial drug eCTic:icy in pregnancy can

therefore be quantified in relltion 10 the pn:1·Jlcnce of nnacmia in the

study popul:11ion. In addition the incidence of severe :inac:n1ia in

Pregnancy cohons on different drug regimes should be established.

Previous studies h3ve demonstrated :in nssoci:ition between highly

Pnr:isitized placcntoe and low birthwcight (Brucc-Chw:iu, 1952; 

Kortmann. 1972; Reinhnrdl cl al .. 197S); none of the studies invcstig:ued

lhe relationship between maternal peripheral p:irasiucmia and 

b1nh,vcight of newbOnl including otl1cr rna1en1:il rnoloriome1ric

Par.inu:u:rs. r-unhcr studies are required 10 i11vcs11gn1e the possible

Cl\istcnce of  a correlation t,ciwccn mntcm:tl periphcrol p3rnsi1ncn1i;1 :1nd

placcnuil parasi1ae111i:1 in different paril)' groups. Furthcm1orc, 

infonnation 011 the effects of 11131cm;1l anacn1io on placcm:il weight nnd 

b 1rt11, · 1 f bo ft• r equired in women with nnd ,vi1hou1
ve,g 11 o new ma,� 

Pl:iccntnl/pcriphcr.11 m:1lnria, 

C . d' on l) ·mpho<:yte u:insfo1111:uion assays :md
omparauvc s1u 1es 

ll'lnl . . 1 •-t ·ccn ptaccntill 1111d m:\lcn1al peripheral blood
anol anubody !eve s .,., w 

is . . r such a study ma)' help c:i:pl:iin the 
required. l11fonn1111on ron1 

PI , . rbJtions 1n prcgn:mc)' cspcciully 111
u:nomcnon or n1llonil exocc: 

pri1nigrJvil1s. 
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\Vith the recent development of microJss3y techniques for 
lymphoprolifer:nive studies using fmger prick S3Itlples :ind cytokine 

assays using ,vhole blood s:unples, future studies iue required on the 
development of cell mediJted imn1unity to mal:iri3 in infancy ,vith 

particular reference to v:iriJtions in the lc\'els of C)tokincs following first 
and subsequent mol:irio infections. 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



236 

7 .o REFERENCES 

Abu.z.e d y 1 • .A., Theander. T.G. and Abdulhadi. N H (1992).
Modulation of the cellular immune reqion�e during Plas111ndi11111 
falcipar,1111 infection� in sickle rell trail md1\'iduals. Clin. E.,p. 
lmmunol.. 88. 112. 118. 

Achidi E . . . . 
• .A ( 1989). lmmuno:i�sny of mn)anal :mubod1cs an N1gerinns
and C:.uneroon1nn�. Ill.Sc thesi�. Um\'crsuy of lbadnn. Nir.cnn.

Adam C
1 

• • Geniucau. Ill.. Gougcro1-Poc1dalo. Ill.. \lerroust. P .. Lchra�.
·•

Gilbert, C and �·lorcl-t.lnrogcr. l.. ( 1981 ) .  Cf)oglobulins,
circulo11ng immune complc,es, Jnd �omplen1cnt ocu,•auon an
cercbrul 1nalnrin Infect hnmu111t) , l I 530 5�5

Adett 
·i 

e. A D, Kuundu. Ill N, Gu. I 11 .. Lando�. K D. Atkodu, 0.0 ..

I lui\ninn, T H .J ( 1992). Hnplotype., in SS p�uent� fro1n Nigcnn:

charncteriL:111011 of one a1yp1cnl �' h,tplotype no, 19 {Dcmn)

il.\\oc1ntcd \\'ilh eh:\'ntcd HbF ,md high Ggamma 1c,cl\ Ann

t\dc . Hne1nntol.. 65 "I • .l5. . 
111Yi A ., 976) PI 1,01,11nununogtoh11hn le, el� an• nnu 1\ycn1, 0 {I •' 

N1 • 
r life \fr J lllcJ Sc1 •

gerion 1nfnn1, in the fi"'t yc:ir 0 
" s 279 285. de.Serr· ., 0 (!9''1) C1r.:ul,111ng tand 13

,ino, �I A nnd O�unkO)'tl u. 
I; . 10�tnn,t �1� t.lcd J ..

111Phoc) h!s 111 ncute l,1tc1 pnn1m · 
7 25 I • 154

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



237 

7: 251 -254. 
Ahlborg, N., Berzins, K. and Perlm:lllll, P. (1991). Definition of the 

cp itope recognized by the Plasmodium falciparun1 -reactive 
human monoclonal antibody 33G2. �fol. Biochem. P�sitol., 
46: 89. 96. 

A'k 1 a,vn, tvl., �·lillcr, L.I I .. Johnson. J. :ind Rabbcgc, J. (1978).

Erylhrocy1c entry by malorfa parasiies. A mo\'ing junction bct,veen

erythrocyte and plr:isitc. J. Cell Biol.. 77: 72 - S2.

Ailia,vo, �1., Torii, t-1., Sjol:inder, A., Berzins, K., Pcrhnann, P. and

�1illcr, L.H. (1990). Pf 155/RESA antigen is located in dense

granules of Plasmodi11m folcipat11111 mcrozoi1cs. E:<p. Parnsitol.,

71: 326 - 329. 

Aire de, A.I. ( 199 I). Congcniial nllloria wiih chloroquine resistance. Ann.

Trop. P11cdia1 , 11: 7.67 • 269.

Ajjan, N. ( l 9SS}. 11,c inimunolog,col b.lscs or vnccination In:

VQ · . (, 01., 11 cd ) lnstiruie t.lcncu,;, L)'On, pp. I I • 15.
CCl113ll0rl, 1,m u, •• · ' 

Allans  ·,, Cl 11 0 II Buncrworth, 1'I. and t-laloney, J.R. 
m1u1, t-1., Nie c nn, · ·• 

' 
( 19 1 1 of i,ninunoglobulin levels in man. J. 

68). The deve opmcn 

Pncdiat., 72: 276 • 7.90. 
1\11· . (liorJcd b)' sickle-cell 1r:11t :ii;oins1 .

1son, A.C. ( 1954). Pro1cc11on a 
. . Ur t,tcd. J., I 290 • 29t

subtcr1inn ,nnlnrinl ,nfecuon. . . 

Att· (t9S2). A radical 1111crprc1a11011 of
1son, A.C. and Eugu1, fiJ,I. 

. 1..,111ctl, i1: 14)1 • 1433. 
• 1 ·a parJs11c�. 
11nn1u11i1y 10 n,� ur1 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



. 23 g 
Allison A C d E · E ' . . an ugu1, .t,I. (1983). The role of cell-media1ed immune 

responses in resistlllce to m3'3nJ, with special reference io oxidant 
stress. Annu. Rev. lmmunol., 1: 361 • 392. 

Amador, R., 1'1oreno, A., Valero, V., �lurillo, L., l\lora, A.L, Rojas, 1'1.,

Rocha, C., S:ilccdo, 1'1., Guzmlll, F .. Espejo, F., Nunez., F .  and

Patarroyo, 1\1.E. (1992). The firs1 field trials of the chemic:illy

synthesized malaria vaccine SPf66: safeiy, inu,1unogcnic11y o.nd

1 
protcctivity. Vnccine, 10: 179 - 184.

Anders, J., Zhu, J., Aikawn, 1',1., Chen, G .. Sina, D., Offun. S. ond

I lollingdole, fll.R. (1991). CSP-3: A Plasmodium falciporu,11

sporoz.oite-spccific mal:iri31 vaccine candidaic. Am. J. Trop. ?-,led.

l l yg., 45: 1 3 8- 139. 

Anders, R.F. (1986). t,luhiplc cross-rcacu"ities amongst antigens of

Plasn,odiut1i falciparum impair the dcvclopn1cn1 of pro1cc1ivc

immunity against niol3ria. l'arnsiie lnU11unol., 8· 529 - 539 .  

Anstcc, D.J. (l9Sl), 11,e blood group �1NSs-4c1ive sialoglycoproicins.

Scn1in. I laemniol .. 18: 13 • 15·

Archibald, 1 I.flit. ( 1958). 1nnucncc of 1noicrn:il m:tlaria on newborn

infants. llr. t,led, J., 2: 1512 • 1514·

Archibald, I I.NI. nnd orucc-Chwall. LJ. (1956). Suppression of nu1la.ria

. Ni�crian school-clnldn:n Dull. \Vld. 111th.

,v11h pyr1n1c1h111n 1nc 111 D 

Org., I 5: 775 • 784. 

A ,, Ton)'• J.P., Nusscniwc,g. V., Nussc:nzw�,i;.

mot, D.E., B:in1well, J \ • 
985) C,o:unisporotOIIC pn>lclll Of 

R.S. nod Enc!l, V. ( 1 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



23'1 

Plasn1odiun1 · I • i·n-a.r: gene c onmg and charoc1eriu1ion of the 
unmunodominant cpi1ope. Science, 230: 815. 818. 

Alk· inson, J.P., Glew, R.11., Ne\'a, F.A a.nd Fronk, t-.l.t-.1. (1975). Serum 

complement and immunity in experimental sin1ian malaria. II. 

Prefercnti:il ac1iva1ion of e.1rly components and failure of 

depletion of later components 10 inhibit protective immunity. J.
' Infect Dis., 31: 26 • 33.

!3:iird. J.K., Jones, T.R .. Danudirgo, E.\V., Annis, B.A., Bangs, �1.J.,

13:isri, 11. and t-.1:isblr. S. ( I 991 ). Agc-<lcpcndc111 ncquircd 

protection against Plasmod111m Jalcipa,11111 in people having 1,vo

, years exposure 10 hypcr:endernic mal3ria. Am J. Trop. t-.lcd. I lyg .• 

45: 65 - 76. 
13:illou, \V.R., I loffman, S.R., Sherwood, J.A. llollingdalc, t-.t.R., Nev:i,

F.1-1., Hocknieyer, \V.T .. Gordon, DJ,! .. \Virtz, R.A., Schneider. 1 ..

\Vasscnnan, G.F., Young, J.F., Diggs, C.l .. , Reeve, P. and Chulny,

J .D. ( 1987). Snfcry :ind efficacy of :1 rccombinonl DNA 

PI d. ,. 1 . ar,,n, sporozoite vaccine. L:u1cc1. 
asn,o 1111n 1a Cl/I 

i: 1277 • 1281. 
13�1 • 1 G , and t,.titohcll, G.11. (1977). Recent

"1111stcr, L.I I., 13urc 1cr, ·1'· 

• .,111,, the in1•�sion of cry1hrocy1c.s by 
odvanccs 111 u11dc11ton" o 

I. 
J,J,oirlesi. Dull. \Vld 111th Org.,

1ncrozoilcs of 1'/1is11io, ,um

55: 163 • 169, • . . 
r,_ !,le cell trait 1nodtfics 1ntcns11y :ind
uayoumi, R.A. (1987), 11\C sic . . 

spouse 3g3111st Pla.rmm/111111

spcciricil)' of the 111\lnunc rt 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



21f0 

falciparwn m:lllria and leads 10 3cquircd pro1ec1iv,: inimuni1y. 
tvted. Hypothesis, 22: 2S7 -29S. 

Beer, A.E. and Billingh:im, R.E. (1978). t.131emJI immunologicnl 
recogni1ion mechanisms during pregn:incy In: t.latemal recognition 
of Pregnancy (\Vhel:in, J. ed.), Cibl Found31ion S)inposiuni, 

Ams1erd:1m, PP. 292 - 322. 
Be r£1ns, K. (1991). Pf 155/RESA is no1 a surfa� nn1igen of Pla.s111odium

falcipar1m1 • infected erylhroc)ICS. fl3rasi1ol. Today, 7: 193 - 194.

Berzins, K., Perlmwin, H., \V3hlin, B., Ruangjirachupom, \V., llogh, 13.,

Pc1crsen, E., Bjorkman, A. nnd Pcrln12M, P. (1986). An1il>ody 1o

repe:ued :uni no 3cid sequences in Pfl 55, n mcrozoiie nssocin1cd

on1igen of Plasm0tli111n falciparum .. �lcn1.lnsL Oswaldo Cruz.,

8l(Suppl. 1 1): 77 • 81. 

Dcnins, K., Pcrlinwin. I 1., \\lahlin, D., Ekre, 11., l logh, 13., t>etcrscn, E.,

\Vcllde, D., Schocnbcchler, �I.. \Villiams, J •• Chulo.y, J. nnd 

Pcrlmann , P. (!991). p3ssi1•c immuniuuion of Ao1us monkeys ,vith

I 'bod. s 10 tlie p[asmodi11m fafcipar11m nnugen 
1uman nnu 1c 
Pfl 55/RESA, Jnfcc1. JJnmunit)', 59: l SOO • 1506· 

Bien"! U d k bo o L. Olusola, /\. and Luuono, L. (1972).
<- C, ., A CIO Ull , • ' 

0-G-PD and malarc l, uncc1. ,: 107 • 1 lO. 

Oinn . \Vi: ft id CJJnpt,cll, C,C. (l9S0).111c scrolog1cal
aaar, RJ., Colins, ,._. �1 

. ( c:iioll in urb�n Ghln3ion infants. 
response 10 malon,1 111 c 

I 29' 720 • 724.
An1, J. Trop. �1cd. I )'S·• 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



2/f/ 

Birabi, B.N., Sijuade, A., Ndikwu, F.0. llld L:iw:ll, A.0.A. (l976). 
1'>•1aloria cndemici1y in lgbo-Oro using spleen r:ue. In: 25)'ears of 
The lbarapa Community He:illh Progr:inune (Oyediran, A.B.0.0. 
and Brieger, \V.R. eds.). Africlll Press Ltd, lbJdi111. pp. 46 

Bjorkman, A. (1988). Interactions be111ecn chemo1herapy and inununity 

to malaria. Prog. Allergy., 41: 331 · 356.

Bjorkman, A., Brohuh, J., Peh�on, P.O., \Vilcox. 1\1., Ron1bo, L.,

Hedman, P., Kollic, E., Alessig, IC, H:inson, A. and Dengtsson, E.

(1986). Malaria control by monthly 11111im:ilarials to children in a

holocnden,ic 0� of Liberia. Ann. Trop. l\lcd. Par:isi1ol.,

80: 155 - I 67. 
Bjork1nan, A .. Pcrhnann, 11., Pctt�e11, E., llogh, n.,Lcbbad, 1\1 . .

\V:irsamc, 1\1 .. l!onson, A.P. and PcrlmnM, P. (1990). Consecutive

detenninations of serorcac1i1•i1ies 10 Pfl55/RESi\ antigen nnd to its

d'fr - · se11uenccs in aduh men fro111 n holocndcmic 
1 ,eront repelltl\'C .., 

area of Liberia. Purnsite trnn1unol .. 12: 115 • 123. 

n1-0 km d ,1 PcrJma.nn, 1 1., Frccm:in. T., I logh. D.,
r nn, A., Lebbl , ,. ,, 

P G.11 r. Lindgren,,\., \Vilco:<, i\1. and I lanson, A.P,
ctcrscn, E., 1 e ,  .,,, 

. d' 1 study of scroreac1ivi1ics 10 Pfl55/RESA nnd
( 199 I). A tong11u rna 

·o sniall chi!Jrcn fron1 o holoendcnuc nrc.i
its rcpc1i1ivc sequences 1 

t 13' JO I • 311
o f  Libcrin. Purnsi1c tnununo ·• · 

(3, 
(unction ,n pregn,1ncy lnununol,

JOrks1cn, D. ( 1980). Ph�JlOC)'IIC

T otl:iy, I: 55 • 56, 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



llloland, P B., Ruebush, T.K., Ooriga. O.A .. N:ihlcn, n.L. Oloo, AJ. :ind 

�lcConnick, J.B. ( 1993). Acquisition of Plasmodiu111 folc,par11m

infection and developn1cnl of an�emiJ in inf:1nts 1n wcs1c:n1 Kenya. 
Am. J. Trop. t-.1ed. Hyg., 49: 1-1-1. 

llrn akman, E., Vnn Tuncn, A .. t-.lcagcr, A Jnd Lucas. CJ. (1986). IL-2

and l FN -y enhonccd n31ur:il cy1010:uci1y: :111Jlysis of Ilic role of

different lymphoid subsets nod in1plic:uions for octiv:llion routes.

Cell lmmunol., 99: -176 
Brnbin, BJ. (1983). An analysis ofrnal3ria in prcsnoncy in Africa. Bull.

\Vld. 111th. Org., 6L 1005 - 1016.

Ur-1bin, BJ. ( 1991 }. The risks nnd se,•cril)' of 111:ilnria 111 pregnant

1vomcn. \V.I t.0. TDR/FIELD�IAIJI, PP· 8 • 3-1. 

llrJbin, [3.J. and Perrin, L.11, ( 19S5). Sickle cell 1rai1 and Plos111odi11111

,. 1 • .1 �..,10 in prcgnlncy 111 \\les1em Prov111cc, 
10 c1por11n1 p:ir:1s1 n ..... 

K T I' 5,.,. Trop �led il)'g., 79: 733 • 737. 
cnya. r-Jns. ,oy. .,... 

Brn\llcy-t-.loore. AJ,I .. Grl!cnwood, DJ,I., Or:idlc)', 1\.K .. ,\ldn1undc, A.,

A ..,1 · ,\ ·F Oortlen. ,\ .. 13id11�II. DI!., Voller, 
11ai, E.D.E .. ,. em111s, .. 

. 0 R nd Gilles, 11J,I (1985:i). A comparison of 
A., Kirkwood, . · J 

th;unme as 1113laria chcn1oprophyta, is 111 
chloroqu111c and pyunic 

. . d 'frons. Ro) Soc. Trop. �led. 1 lyi: .. 
young N1gcnnn clnl ren , 

79· 722. 737. . 

U 
ood o.�I .. Dradlcy. /\.K., 13:inleu, -\.,

l'Jlllcy-1'.loorc, /\,t-,1., Gn:c11'' • 
, • 

• 

A ClllSl-c. J., Knkwood. R and Gille�.

Oidwcll. D,ll, Voller, ·• . • . 
. 1 ,01,r-ophyl,I\IS wuh chloroquine 1n 

I I.tit. (1985b), l\,l,1lon3 c ,en 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



243 

young Nigerian children. II. Effect on the immune respons� 10 

vacc1na1ion. Ann. Trop. �led. P3r:is110I., 79· 563 . 573. 

Brock, J.F. and Autrcl, t,I. (1951). Kwashiorkor 1n Afric3. t.lonograph 

\V.H.O., No. 8. pp. 1- 14 

Bro,vn, I. N. ( 1969). Immunological :ispccis of malaria infection. t\dv.

1 Lnmunol., 11: 267 - 349. 

Bro,vn, I.N. :ind Phillips, R.S. (1974). lnununil)' to Plas111otli11111 bcrghci

in ruts: Passive 1r.11lsfcr and role of splccn. lnfect.lnununily, 10: 

1213 - 1218. 

llro,vn, J. and Snintle)', �I.E. (1980). Specific antiboi.ly-<lcpcndcnt

cellular cytutu;.;icity iu hun1:1n 111:1la110. Clin. E:1.p. lnununol..

41. 423 - 429. 
l lro,vn, K.N .. Berzins, K. :ind Scl1c11crs. T (1986). ln1n1u11c n:spunsc:s to

crythrocytic n1al:11ia. Chn. 1t11111unol. Allergy, 6: 227. 2-19. 

Bro,,,11, P. ( 1991 ). \\lidcnins the search for an effective v3cc1nc. 

Science, 259: 26. 

Bruce Cl J (!95.,) •tnlaria 111 African 111font.s :ind cludn:n 111
• \\VOit, L . # • ,. 

Southcni Nigcnn. 1,1111_ rrop. t,lcd. Purositol , 46. 1 73 • 200. 

[ln, 63) A 1011.,11ui.li11.1I �urvcy of natural 111fcc1ion in 3
• .. cc-Ch,van. t.J. ( 19 · " 

. dulls \Vc�t 1\fr t-lcd.J., 12:141 - 173. 
group of \Vest 1\fncan ° . . 

0 O) CllnicJI course of 111:ilona. tn· Fssc1111;il 
rucc-Cll\vnll. L.J (19S 

11 nciu.in t,l�dical Uooks. London. 

nn1lariolo�.)' \V1lh�111 ci 

11p. 42 • 49. 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



Buckley C E d D • . an orsey. F.C. (1970). 111c effect or l"in� on h " ,. un1:in 
se · . 

• rum 1n1mun oglobuhn concen1r:nions. J. lmn1unol.,

I 05: 964 - 972. 

I3urkot T R G 
. . 

• · ·• raves, PJ,1., \V1rtz, R.A., Drabm. DJ., Ba1tisiut1:i, D., 

Canani, J.A., l\laizels, R.1\1. and t\lpcrs, f\l.P. (1989). Diffen:niial

antibody responses 10 Plasn1odi11n1 folcipar11n1 and p ,•,wi.i

circumsporo2oitc proteins in a hun1an popu!J1ion J. Clin.

Microbiol., 27: 1346 • 1351. 

I3yles, A.8. and D's:i, A. (1970). Reducuon of re:ic1ion due 10 iron

dc>.tran infusion using chloroquine. Dr. illcd. J., 3: 625. 627.

Cainpbcll, C.C., f\l:1nincz, J.f\l. and Collins. \V.E (19SO) 

Scrocpidcnuologicul 51udics of 111:il:iria in pn.:i;n:uu wo 111cn anJ

nc,vbon1s rron1 Co:istal El S:ill'ador. A1n. J. Trap. ilkd. 11) g., 
I 

29: 151. 157. 
Campbell, G.l f., Aley. $.B .. Ballou, \V.R .. ll:111, T., Hockinc)cr, \V,T.,

l lorrniru1 , S.L .. llolfingdalc, 111,R .• lloward, RJ .. Lyon, J.A., 

\Vcbcr. J,L., \Vcllcrns, T.G .. Young, J F. and Z;l\';ila, F.(l9�7a). 

Us e  of synthciic and n:con1bin.1111 pcptu.lcs 111 the s1ud)· of host· 

P ...... . • 1.0 15 1-1111,e ni�fanoS, Am. J. Trop. t-lcd. H�·n 

.. , .. sate 1111crac 1 1 

o·• 

37: 428. 444 

C:unpbcll, G.11 .. nrnndfi11,;-Uennet, ,,.o., Robcns, J.t-1.. CoUins, 1:.1-1.,

K CO O rb,!r A ill .u1d Tun1�r. ,\. (19li7b). Oe1eclion of
nscJC, D. . ., o , � 

. . -�rJ 10 ihe repciuinl! ep11ope or the 
an111>odics ,n hun1an .,.. 
. - of r1osmmli111u /alci11<1r11111 using the

c1rcumspozol1c pro1c111

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



Z-45 

synthetic peptide (NANP)3 in an cnzyn1e-linked imn1unosorb<!n1 

1 assay (ELISA). Am. J. Trop. t.led. Hyg .• 37: 17. 21.

Campbell, G.H., Collins, F.H., Br:indling-Bcnncl, A.D .. Sch\\':lltZ, I.K.

and Robcns. J .r-1. ( 1987c}. Age-specific pre,·:ilence of :mtibody

10 a syn1.hc1ic peptide of I.he CSP of Plasmudi11111 falcipa,11111

i n  children fro1n 1hrce viU3ges in Kcny.:i. Am. J. Trop. t-.lcd.

Hyg., 37: 220 • 224. 

C:irlsson, J., 13cnins, K., PerlrnJrm. H. :ind Pcrlmnnn, P. (1991). S1ud1e s

on Pf l  55/RESA and other soluble :in1igens fro,n in \'ilfo cuhun:d

Plas111odi11111 falcipan1111 .. Par:isi1ol. Res .. 77: 27 • 32. 

Cavacini, L.A., Long. C.t\. ond \Vcidanz , \V.P. (1986). T cell i1n1nuni1y

in n,urinc nialaria: ndop1ive 1r.msfer of l\!S1s1ancc 10 Pl11s111udi11n, 

cliabaudi adanii in nude n1icc with splcnic T cells. Infect. 

lmn1uni1y, 52: 637 • 6�3. 

Cclada. A. Cruclmnd, ,,. and Perrin, L.11. (1983). 1\sscssmcn1 o f  inunune

Ph · f p/A•,uudium Julcipnr11111 infcc1ed red blood cells
ogocytos,s o .,.. 

b I •nd pol�niorphonuclcor lcucOC) 1cs t\ 

Y 1un1on n1onocy1�s � , 

n1c1hod for visualizing infected red blood cells ingtllCd b) 

I , I iJiods 63: 263 • 271. 
phagocy1cs. J. Jnm1uno · '' e " 

Ccr: • 
s· s p TakJCS,ll .• CIOVIJO, P .• Santos. I\IJ.

•1m1, C., Fn:,·er1, U.. 11u11 • " 

. V ( 1 g9?). ,i1e basola1cr.il don1ai11 of lhc 
and Nussc11z.\ve1�. · 

nc t,cllS n:c,:p1ors for 1hc 
hcpa1ocy1e pl:1sn1� nicnibr.i 

. f P/11t/11Udi11n1 fu/clflOfllnl sporoloilc�. 

circumsporozoilc pr0tc111 0 

Cell, 70: 1021 IOJJ. 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



210 

Chic,vslip D eh· • ·· iewshp, P .• Doonpuckn:ivig, S. and Rugs:ikul. T. 
( 1988). Eleviltion of 6'>- microglobulin in nialaria T�ns R S - · ,.. . oy. oc.

Trop. Med. Hyg .• 82: 68S. 689. 

Cht&ohni, C., Dupont, A .. Akue, J.P., Kaufn1Jn, "I.H., \lcrJini, A:S:,

Pcssi, A. and Del Giudice, G. (19S8). Nn1uro l anubodics against

three distinct and defin�d antigens of P/01111odi11111 falc,par11111 in

residents of mesoc:ndcmic :iren of G:ibon. ,\m. J. Trop. 1'1cd. Hyg.,

, 39: 150 - 156. 

Chizzolini, C .• Delnporte, E., Kaufman, �I.I I .. Al:uc, J.P .. VcrJ1n1, f\.S.,

Pcssi, A. and Del Giud ice, G. (19S9). t\gc related prev:ilcncc of 

antibody response 3gamst three diffcn:nt, defined l'/as1110,Ji11,11

Jalcipar,1111 antigens in children from the Hnut-Ogoue f>ro,•incc in

Gubon. Trons. Roy. Soc. Trop. "led. Hyg., 83: 1-17 • 151 

Chizzolini, c .. Troucin. F., Dcnit1rd, r-.X. nnd Knufm:in, 1'1. ( 1991 ).

lsotypic analysis. nntigcn specificity, :111d inhibitory funcuon or

mntcm:illy tr:insn1iuc<l Pl11s111odi1m1 Jolcipnr11111 • specific 

nnt1bot.lic s in Gabonesc ncwbonis. ,\m. J. Trop. �led. 1 lyg .•

45: 57 • 64. 

Chougnct, C., r-ievet, N .. 1\st�gncJu, P., Troyc-Olo1nberi;. l'-1 ond

D I ,ro 11un1nn ccllu l:lr rc�ponscs to the
c:loron, P. (1992). 11 rt 

, lli<•Cll pf(55JRl!S1\ ;u1d

l'las111odi 11111 Ja/c1parr1111 �, 0 

Dull Inst. P�s1cur, 90: 12.S • 138.
cpitlcrniologicJI aspects, · 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



247 
Chuloy J D A k • · ·• 1 01\0. �I.. D1gg�. C. :llld H:i)nes. J.D. (1981) lnhibiio11

effects of immune monkey �rum on tynchron12ed P/as,11od111111 
falcipar11T11 cuhures. Am. J Trop. �led. Hyg., 30. I 2 • 19. 

Chu,np1tnzi. B.F.F .. Dcloron. P .. Pc:yron. F. Boudin. C . Pico1. S nnd
An1broi\e-Thoma.�. P ( 1991) Rdauon�h,pt be1ween clinicnl 
protection nnd nntibod1e, to Plc1smodi11m falc1pun1111 RESA 
(R1ng-infec1ed el)lhroc)IC �urfoce antigen) pepudcs lnt J. 
Pnrnsuol • 21 271 - 27-1 

Clark, I.A and Chaudhri, G ( t 988). Tunior necrosis fac1or in nu1laria-
1nduccd nbonion. t\m. J Trnp. �led. Hyg .• 39: 2-1 • 29

Clyde, D I .. l\lcConhy. V C. r,.liller. R./11 and \\'oodwnr<l. \\' E.
( 197)} Jninuiniz!IUOn of man ogmn�t fnlc1pan1m and 1·1v11, n1alnria

by u�e of  111tenua1cd �poro1oitc� ,\ni. 1 Trop /lk'tl. Hyg.,

2-1 397 -102 
Cohen S . lnnn proc RO)' Soc London .• 203• ( 1979) Jm111uni1y 10 m.1 

321 • 329, 
Cohc ( 196 ,i. Gamnin-plobuhn .1nJ n�qu,�dn. S. ilnd I\ le Gregor I A 

I nll) 10 pro101.oa (G,1rnha1n. P C C.1n111111111tv to n1nlnnn In mniu . . • 
, 1 1 Jllackiidl Sc1l'n1tfic- Pubhc;iuon�.

P1cr,c ,\ � ,111d Ro111. I • �,' ' 

o,rord pp ,,, 159 
CoJ 

· -
9) C 1110ic1u, on 11nrnun1za1lnn, �hh ien. S nntl Outcln:r. G A < 196 · 0 

f\1cd., I 14 I I 91 • I 197 
lnununolop, 01Cot1 (t9•·l) �tnl,1r1;i In

c11 s pit .,_ · • • .ind L,11nt11:r1 -1.,., • .J2J 
, tll Lon1l00, PP ·-

.,,,... . . , . ""n BIHC"" • 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



2�7 

Chulay. J.D., 1-\ikawa. t-.1., Diggt, C and Haynes. J.D. (19S1). lnhibi1ory 
effecL'- of immune monke} terum on synchronized Plasn,odiun,

fulcipur11n1 cuhures. Am. J. Trop. t.led. Hyg., 30: 12- 19 
Chumpitaz.i B F 1· Del p P F B d C • . •. ·.. oroo, .. c!}TOn, . ou ,n. .• Pico1. S nnd

Ambroisc-'fhomat. P (1991). Rdn11onth1pv between cl.in,cnl 
protecuon and anllbodie, 10 P/1isn11>d111111 /olcip11n1n1 RESA 
(R1ng-infec1ed ery1hrOC)IC surf:ice antigtn) pepude.v. lnL J.
Pnrns11ol • 21 27 I - 274 

Clnrk. I.A and Chaudhri. G. ( J9SSJ. Tun1Qr necrosis fac1or ,n mnlnrin­
induced nbortion ,\m. J Trop. /lled Hyg .. 39 24 - 29. 

Clyde, D F .• /llcCarthy, v c, t.hller. R./11 and \\'oodwnnl. \V.r:

( l 975). lniinunizntion of man ng:iinst fnlciparun1 :ind VI\ n, n1alarin

by use of n11enun1i:d �poroloi1es. ,\m J, Trop. /I led. Hyg.,

24 397 402Coh
un, S ( 1979) ln1n1unit) 10 m:1l,1ria. Proc Roy Soc London., 203.

32'\ 329Cohen S 
., 

1 \ (IQ61) Gnnun,1-plobulin ;1ntl acquired• · nnu r.1cCircgor , · · 

111 1 . 1111uunit, 10 protozoa (Ciurnhan1. PC ( •1111111111,, to 1nnlnn:1. n 1 • 

l, 
• 

1 J ) Olad.:I\CII Scienufic Publicauons,tcrcc A E ,tnd lll111t , e ' · 

O,rnrd, pp 123 159 . . • Cohen S 969) (:onuncnt, 01111nmuniz:111on l\lih
' nnd Outchcr, G .\ ( I 
�1cd .. 114, IIIJl • l l97 

Cohc 9S,} �lal.in.1 In lr11111unolog} oln, S ilnd l �ml"'II P,11 ( I ' . . . , "" ' 
�2, ,1,, 

11arn\tttl ,nlt•, 111111 Al,1ck"fll, L.011,lon, PP .. • -

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



�48 
Collins. \\'.E .. Cedillos. R.A. and \\'arren. �I ( 1977). The

serocpidcn1iology of rrolari:110 i\hddle America. h. Pas,age oi
malarial antibodies from mothers 10 1nfon1,. An1 J. Trop lllcd
Hyg. 26· 1105- 1107 

Collins \V C . · .. Andc�. RF., Pnppa1onnou. "1 .. Campbell, G H .• Bro\vn •
G V . Kemp. D.J .. Coppel. R L. Skinner, J C .. Andrys1al... fl 1\1 .
Favoloro, J Ill. Corcoran. LIii. Broderson. J.R .. lllnchell. G.r. 
nnd Can 1pbcll. CC ( 1986) lmmumZJtion of Aotu� monkey� wllh 
recombinant protein� of an clj·throcytc ,uriace :intigen of 

P/u"'''"di11111 /11lcip11n1111 Nature. 323 259 - 262. 
Cor 1 n, le-Broggcr. It, l\lathcw�. H.1\1 .. Storey. J. Ashkilr, 1.S .. Brogger.

S. nnd I\ lolincau, L ( 1978). Chnng1ng patterns 1n the hun,oral
1nun11ne re,ponsc 10 ninlann befon:. dunng nnd after application of

control nien\ures ,1 longitudinal \Utd) in the \\'est Afncnn

sn\'annn Oull \\'Id 111th Ort, Sb 579 600
Corn,tc - Oroggcr. It. r1t:niing. Ar t,.,1g.1n. I i\h11su,hina, T und

I\ lohnc.iu,. C ( 1 979) Abnc,n11nl hnc tno!!lobin, 1n the Sudnn

snvnnnn of Nigen,i 11 101111unolog1cnl re�pon,e to nialMn in

nornial\ nnd �ubJects wllh ,ic�le cell troll Ann. Trop l\led

C 
Pur.tsttol 73· 171 I 76. 

ovett, (i (19'i0). Congcntt,1 1111,1larh1. Trop. D1<. Hull,. 47, 1147. l 167.
Col\, I .L C.i ( 199J), Thnt , ·u,·,inc Pi"'<c< n 11101 Nn1urc 362 -110

Dct Ght I • H D Tou"nt. C Utro. 5 \\'et<\. 'I .
c 1C't!, C, En!!cr., ·· '" 

V ',onl 1\ \ l·rey, uicl, I \ 
Ctdtni ,\.S Pe,,1. 1\ • 111:�rtl 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



L:unbcn, P. and TaMcr, /II. (19&7). Antibodies to the repetitive 

• cpi tope of Plosn1od1wn folciparum circumsporozoi tc protein in 0
rural T:uu.:in ian community: a longitudinal study of 132 children.
Am. J. Trop. l\led. Hyg .• 36: 203 - 212.

Del Giudice, G., Grau, G.E. and L.lrnbcrt, P.11. (1988). llost 

responsiveness to malaria cpitopes :ind immunop:nhology. Prog. 

Allergy, 41: 288-330. 

Dcloron, P., Campbell, G.H .• Bmndling -lleMett, D., Robert, J J,1.,

Sch\VOrtt, 1.K., Odc:ra,  J.S., Lal, A.A., 0s:inga, C.O .• Cruz. V .and

McCutchon, T.1\1. (1989a). Antibodies to PlaJ111odi11111 falc1pariun

ring-infected erythrocyte surface :intigcn :ind P.falc1par11111 nnd

P. n1alario,: circurnsporozoite proteins: seasonal prevalence in

Kenyon villages. Am. J. Trop. l\lcd. 1 lyg .• 41 · 395 • 399.

Dcloron, P .  Steketee, R.\V., Campbell, G.11., Peyron, r-., K:i�ejo, D .C.O.

nnd t3randl ing-Ocnnctt, A.O. (1989b). Serological reocth•ity 10 the

RESA nnd CSP in i;rnvid and nulligravid won1en infected \Vllh

Plasn,odi,1111 folcipar11m .. Trnns Roy. Soc. Trop. l\lcd. I lyg •• 

83: 58 -62. 

Deloron p d C •1 (l990). Antibodies 10 the ring-infected
, . nn 01, " • 

erythrocyte �urfocc antigen ,111d the cin:urnsporozoite protein of

•
Plasniaclilllll /alcipt1rr1tll in O rural conm1unil)' fro111 Uu rkina

r,. ·r R S"" Trop I\ICJ, llyg .. 8-1; 191 195. 
aso. rans. oy. """ 

Deso,vil;r., R.S. (!9S9). PlasnioJiuni-s1icc1Cie lgfi in ierJ frorn :in arc.:i of

I I I . , ·rans. Roy. Soc. Trop. l\lcd llyg .. 
10 ocndcmlc ,nn nno. 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



:!50 
83 4"'� 479 

De�o\vitz R S El J , • · 01 • .  and Alper-. �IP. (1993) Pla.H11(1di11n1 
falc1pun1111 - ,pecific 1n1munoglobuhn G (lgG). rgr-1. and lgE 
anLJbodics 1n pnircd maicmal-cord scrn from r-�s1 Scp1k Province. 
Papun New Guinea lnfec1 fn1muni1}, 61 9SS · 993. 

Doheny, PC. and Z1nkcmagcl. R.1',I (1975) .. \ biological role for 1he
maJor h1s1ocon1pa11bilit)' an11gen�. Lan.cl. i· 1406 • 1409 

Druilhc, P . Prndicr. O .. �tnrc. J P .. �lihgcn. D. �lazier, D. and Pan:n1,
G ( 1986 ). Le\'cls of antibodies 10 P/111m11di11111 Ji1lcipar11111 
�porozoitc ,urfacc antigen� n:ncc1 n1alaria trnn�n1J\<1on ro1c.� nnd 
arc pcr<is1cnl in ihc ilb�cnce of n:infcc1ion Infect. hnmunity. 
53 39� - 197 

tu oz1 c11, Jc Gilles II �I nnd Udeozo. I O." (1962). ·\duh anti cord

blood gaanmn-l!lnhuhn and im111un11y 10 1nalnnn 1n N1gcrim1, 

Lnncc1. 11 ()'i I <l55. 
l::nc.i, \', r11h. J. .. Znvnln r -\rnnl. 0.1:. .. Savunccu A. l'>la\11c.li1. A ..

011nky1, I nnd N11<<i!nz11c11,: R S (198-i) Cloning 

c • n ·1c.l s�ucnce< ol the rcpc:tiuvc 1rc11111,p1irolo11c gene. uminn '• 

l:'. 
cp11npc Scicncc. 22'i b2S (IJO. . 

'""· G J f I •1cnl �<J)�C(\ of 111alnn:1 C1111C<
· { I 97'i) 1i.1�n11110 O!! ' 

I lnc111a1ol . ,I( I) 2-17 1�1

l:�Pllsiio 1 5 'lodiano o. l�1\,1la. r. Retn1c. J,. Lamizana,
, .. l.ornbnrih 1, • ' 

1 N '"c'" R " ( tQSS) Pre\ ;lien� an,1 
·, Colu211 r.l .,nJ 1 11,,�n ... 

I ('SI' of f{1111•111c/111111 falr1pt111,n1 111 nn
cvcl\ ol ,1n1ihotl1c, to tin: · 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



251 

endemic area and their n:13tionship 10 resis1:ince :ig:iirut m:il:iri:i 

1 infection. Trans. Roy. Soc Trop. l\led Hyg., 82: 827 • 832. 
Eugui, E.l',-1. and Allison, A.C. (1980). Differences in susceptibility o f

various mouse slroins 10 h:iemoprotozo3Il infections: possible 
correlation ,vilh natural killer :ic1ivi1y. P:irasitc lmmunol., 

2: 277. 292. 

Eugui, E.M. nnd Allison, A.C. (1982). Natural cell-mediated imn1unity

and interferon in malaria and b:ibcsi:i infections. In: Natural killer

cell s  and other natural effector cells (I lerberm:in, A., ed.).

Acaden1ic Press. New York, pp. 1491 · 1502.

Facer, C.A. ( 1983). £:i; 1hrocyte si:iloglycoproteins and Plas111odi11111

falciparu11, in,•osion. Trnns. Roy. Soc. Trop. l\lcd. 1 lyg., 

77: 524 • 530. 

Fahey, J .L. nnd Robinson, A.G. ( I 963). F:ictors controlling scrum and

, gnn,n,n- globulin concentration. J. E�p. t>tcd., 1 18: 845 - 848. 

Favoforo, J.�I .. Coppcl, R.L. corcor:in. Lt.I., Foote, SJ., Bro,vn, G.V.,

Anders, R.F.and Kemp. OJ, (1986). Structure of RESA gene of 

Plas111od1'11111 /t1lcipar11111, Nucleic ,\cids Res., 14: 8265 • 8277. 

Ferrcir:i, l\l.U., C:inmrgo, L.t-1.A,, De C:il'I nlho, 1\1.E., Ninornia, R.T.,

Care· LA v onJ oos Santos, F.R (1993). Pn:,·:ilcncc and lc,cls
10. • • .. 

of lgG and Jgt,I anubodies ni;:iiil)t Plasmodi11111/alt:1par11n1 :uid 

PI . . ·, blood donors fro111 Rondonia, Br.uilr.in 
as111od111n1 1•11·,1t rr 

A I I 0•\\'31t.lO Cnll, 88(2): 263 • 262.
muzon. t, lcnl ns . , 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



251 

Field, J. \V · ( 1942). A simple :ind rapid method of s1:iining nl:ilari:il

p:irasitcs in blood smears. Trans. Roy. Soc. Trop. t.led. Hyg ..

34: 195 - 202. 

Fleming, A.F .. Harison, K.A., llriggs, N.D., A11�Ed.E., Gha1ourn,

G.13.S., Akintunde, E.A. and Shlh, N. (1984), ;\nacm1:1 in young

prin1igravid:1e in the Guinea s3vanna of Nigcnl. Ann. 1'rop. t.. lcd.

Parnsitol .. 78: 395 - 40-I. 

Foley, r..i1., Tilley, L., Sawyer, \V.H. and 1\nders, R.F. (1991). The ring-

infected erythrocyte surface antigen protein of Plas,,,odi11111 

falcipar11n1 associates with spccuin in the erythrocyte 1111!111brnnc.

• l'\lol. Biochcm. p;irJsitol., 46: 137 • 14S.

Friedman, t..lJ. and Trager, \V. (1981). The b1oche111is1ry of rcsisunce 10

n1alariu. Scientific J\1ncrica, 1<14. 113 - 110. 

van Funh, R., Schuit, 11 .R.I!. :ind llijmans. \V. (196S).111c 

irnniunologicul t1e,•clopn1c11t of tli<: ltum:in foetus. J. £:1.p. t..led.,

122: 1173 - 1187. 

Gabriel, J.A., I lohnquist, G .. perhnann, 11., Ucnins. K • \Vigzcll, 1-1. and

I> 1 . p ( I 98'-) 1t1cntifica1ion of P/1umoili11111 clralx111d, 

er nu1nn, • u , 

.. . . tlte 11,cnibrane of ring stage infected 
.. n11gen present 111 

e I ,1 1 Biocltcin Parasi1ol .. 20: 67 • 75. 
ry1 1rocy1cs. ,, o . 

Cilbrc:ith, l'\I J .. Povanand, K .• �1ncixnnou, R,P., Phisphun1vi1h,, P.,

P . 8 d \VinionwJltnw�tct, T (1983). (xficicnt 

cm1pnn1ch. nn 
I d·Jtcd C)latoiticilY ond lcc1111-111duccd ccllul:ir

SpOl\ltlllCOUS eel ,(ltC I 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



253 

cytotoxicity by pcripher.tl blood mononuclell' cells from Th:u 

1 
adults naturally infecred with lll!llariJ. J. Clin. t-licrobiol., 
17: 296 • 304. 

Gilles, I 1Jv1. ( 1957). 1l1c development of mlllrill infccuon in bre:istfed 

Gambian inf:ints. Ann. Trop. r-.led. P:irasi10I., 51: 58 . 62. 

Gilles, H.tvl. and t.lcGrcgor, I.A. (1959). S1udies on the sign ificance of

high serum g:unn1:i-globulin conccntr.nions in G:unbian Afric:ins.

I. G:11n1n.1-globuhn conccntr.11ions of Ga,nbian children in the first.

1 
t,vo years of life. 1\1111. Trop. t.1cd. Parosi10I., 53; 492 · SOO.

Gillcs, l l.t-.1. , Luwson,J .ll .. Sibcl3S, 1-1., Voller, /\ . anti All.in, N. (1969).

I\ lul:ina, arwc:rnia anti pregnnncy. /\nn. Trop. t.lctl. Parasitol. ,

63: 245 • 263. 
a·1 1 lcs, I 1.1\'l., Greenwood, n.r-.1., Gn:cn11ood, A.t-1 .. llr:idlcy, A.k.,

• 
Blakebrough. 1 .. Pugh, R.N.H,, l\lusJ, n., Shchu, U .,  T:iyo, r-.1. and

Jc,vsbury. J. (19S3).11ic l\1olumfashi Project: An cpidcmiologic:il,

clin ical and lut.>oruiory study Truns. Roy. Soc. Trop. t.lcd. 

llyg.,.77: 24 • 31. 
Gitlin, o. ( 1971 ), Dc:vclopnicnt nnd rnetab0hs111 of the imn1une globulins.

In: hrununologic con1pc:1enC\: (Kog:in, 0.1\ I. �nd Stiel 1111. l!.R .• 

eds.). Year [look Puplishers. Chicngo, PP· 3. 10. 

Coou •. 1 F O � , J A r,.t�loy. \V l.., H:t}:tshi, Y .. Fujii. N ,
•iv • •  , e:rzo1S"'-Y, .,, .. 

11 k \v T id r,.liller L..11. (1986). Genet ic co111rol of the
oc ·mcycr, or • 

. . ·cc to ffllSmudi11n1 /afcip11r11n1 iporozoi tc
11nn1unc response u1 nu 

vaccine. J. Exp. 1',lcll .. 164: 655 • 660·

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



25-1 

Good, f\1.F · Quak,1. I.\. SJul. ·\ . Benofsk). JA .. Caner. R. and 
"-1i Iler, LH. ( 1987a I. Human clone( reJcti,c: to the se\ual stages 01

Pla.'111r1di11111 f"lopar11m malaria. High frequenc) of gan,c1c­
rcac1ivl! T- cell, in peripheral blood from non-exposed don ors J 

lmmunol .. I 1S 106. 311 
Good, t-.1 F .. t-lnloy. \\'.L. Lunde. �IN. t-targnlit, H. Cornette. J L .. 

Sn1ith. G.L .. �los\. n. :.ttller, LH and Benofsk), JA ( 1987b).

Con\ln1c11on of a \)'nthelic immunogen: Use: or a new T-helper

epnopc on n1alaria circun1sporolottc: pro1e1n. Sc1c:11ce.

2,s 1059. 1062. 

Grau. G L . Fojnrdo L r .. Piguet. P F. ,\llct. B uinibcrt. PH ond

Vo,,alh. r. ( 1987). Tuinor necro�i( foctor/cachcctin (1'Nl··CX) as an

l!S\cnnal nlc:tliator in murinc cerehrnl n1nlnno. Science. 

2J7: I' I O • t 112 
Grcl!n\\·oou, llt,.,l (Ind l3ructon. t,,1.J ( 1974). Con1plt:n1c:nt ncti\'ation 1n

children ,, Ith ncute iualnria Chn F\11. hnn1unol . IS '.!67 272 

Grccn,voutl, B �I O�uorojo. ,\ J and Snnuon. D ( 1977). Lyn,phocyte

thnnge, in ,icu1c nli1t.1nn Tr.1n� Ro)·· Soc Tmp \led. Hyg, 

71 �08 • -1 I 0 

Grccn,,·0011, A t,,I. Bradh!), .\ i-.. G�nwood. A 1'1 Ry,1,,. r.

J I l Tull(l('h S .• Oldlicltl, F S.J antl Have�. R.
111111111.:h K l\lar, ,. " · • 

( 198 tl rbitlat\· frtun n1alnn,1 ,unong ch1ld�11 ,n u
, 7). l\lort,1ht\' .111 nio · 

. , · . 1 \\ C\t .\f11cn rn,n,. Ito) �<x T,i,p. 
rurnl nrc:i ol I he (1;1111 nn, 

t-.lcd llyg .. SI. ,17S tSo 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



255 

Grecn,vood, B.t,t., Greenwood, A.t,t., Snow, R.\V .• Byass, P., Benneu, S. 
and Hatib-N'jie, A.B. ( 1989). The effects of n1Jloria 
chemoprophyl:uis gi\'en by Lr:ldilion:il birth :u1cnd:in1s on the 

1 
course :ind outcom e of pregnancy. Trans. Roy. Soc. Trop. t.. led. 
1-lyg., 83: 589 - 594. 

Guerrero, l.C., \Venigcr, 13.C. and Sd1ultz, t.1.G. (1983). Transfusion 
n1alaria in the United S1:11es, 1972 · 1981. An11. ln1enul t.lcd .• 

99: 221 . 226. 
lladley, T.J., Klotz, F.\\I. and t.lillcr, L.H. (1986:i). lnvasion of

erythrocytes by malari3 p:uasi1cs. A cellular and n1olecul:ir 
ovcrvie,v. Annu. Rev. t.licrob10I., -10: 451 • 477 

llall, R., Osland, A., 1 lydc, J., Simmons. D .. llopc, I. and Scaife, J.

(1984). Processing, polymorphism o.nd biologic:il significance of

Pr 190, 0 inajor surface antii;en of the eythrocyuc fonns of

P/as,nodiun, fa/cipnrurn. t,lol.13iochcm. Pnrnsitol., 11: 61 • so.

l lan1ihon, P.J.S .. Gcbl,.c. D.i\ t,l .. \\lilks, N.E and Lolhc, F. (t9n), The

role of rntiluria, follic acid deficiency �nd h:ic1noglobi11 AS 111

pregnancy 01 t,lulallO 11ospi1al. Tr.ins. Roy. Soc. Trop. t, led I lyg.,

66: 594. 602 
1 lorland, P.S.E.G .. Frood. J,D L. ru1d Pork in, J,t,1. ( 1975), Sonic cficcts or

PII • 1 1 . P"'"ion in Ugnndan children during the firstrua 1110 ana sup , • .,. 
,l f I'' "'"'11S Roy. Soc. Trop. t.lcd. llyg .. 69.u1rcc ycors o uc. • ,.. · 

261 • 262. 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



�56 

'1 31. Failure oi malana ,accinntion 10 Harte, P J and Pia) 1·a1·r. J.H.L 9S 
mice born 10 immune n1olher, II lndu,1ion of specific suppre,or 
cells h) maternal lg.G Clin E,p. lmmunol.. 51 157. 16-1. 

Hawk.ino r. (19" . 
.,. ,·. :>3) l\hlk d1e1. p-anunob<!nzorc acid. and n1nlari11

(Plas11u,tl111111 hergltt1) Br. l\lcd. J .. I. 1201 · 1202. 
Ha,vking. F ( 1965). l\ !ilk. p- an1inobenzoa1e and maforia of r.ll\ and 

monkeys. Br l\led J .. I -125 · -129 
lie rnngion. D.A. Clyde. D.F. l.oson�k), G. Conesrn. l\l. l\lurphy.

J.R. Dn,·1\, J .. Bac,ir. S. Fell\. A.i\l.. Hc:irner E.r. Gilles\en, D.

Nardin. E .. Nu,,cnzwcrg. R.S .• Nu"cnzwe1g. \ Hollingdnlc,

M R and Le,ine. l\l l\l (1987). Softly ,1nd 1n1munogentcil). 1 n

n1a11 of ,1 ,ynthcuc pepudc n1alnno ,accinc agnins1 P/11,11111//111111 

/t1/r11111n1111 ,porozoite N�111r\!, '\2S 257 259 

Hin, A \1,5. ,\11,opp. C.L l\l. i,_win1ko, ,,k1, D .• ,\n\lC}', l\l.N .•

·1 \\unin,,. p Roiic, P.i\. Bcnncu. S .. Hrt\\\lcr. D .• l\lcl\lrtlrncl.

A.J nnd Grccnwoud, 13 l\l (1991). Commun \V�1 ·\fricon HI •\ 

u1111i;cn, nrc ns,od,11cd wi1h pro1ec11o n fron1 ,c,cre malnria. 

1 . 
Nillllrc. 352 595 . 600. 

lill, A V S 1:1\'111 J \\'1llis, A C .. \idOO, �I.. \11\opp, C.r �I. Gotch.

r 1'I G \ 'I 1·n1ao11d11. �I .. G�n,1ood. R !II. Town.�end, 
,nu. ., . ,t'I 

,\ R 'I . I \ J 1011 \\'hittlc II C 11992) 1\lolecul.,r 
,, 1'1c1\lu:1MC., • 

of Ill .\ D)J ,1nd rc,1\ta11cc: to  ,c1crc
Dnnl)·�i� ol the a,��()('1,111on 

01ol,1r111 Nn1un:, J60 .fl-l • -1�9•

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



257

H" d. in. 1, R.D. nnd Azimi, P.H. (1980). Congeni1:tl m:ilari:i due 1o 
, Plasmodium falc,parum. PaedioL, 66: 977. 979. 

Ho, M., \Vebs1er, H.K., Loo:ireesuwan, S., Sup:in:iranond. \V., Phillips. 
R E., Chanlhavanrch, P and \Vam:I. D.A. ( 1986). Antigen-specific 
immunosupprcssion in humm m:il:iri:i due 10 Plasn1odi11n1

falciparun,. J. lnfect. Dis., 153: 763 • 771. 
Ho, t-.1., \Vebster, H.K., Tongtawe, P., p311anapanyas:1t, K. :ind \Veid:inz. 

\V .P. ( 1990). Increased yo T cells in :icu1c Plosn1odi11111 falciparun,

mnl:irin. lmmunol. Len., 25: I 39 
I lockmeyer, \V.T. :ind Ballou, \V.R. (1988). Sporozoi1e immunity :md

vaccin e dcveloprncnt Prog. Allergy. �I: I · 14.

Hoffman. S.L .. Oster. C.N., Plowe, C.U., llollingdalc, lll.R., Ocicr, J.C. ,

Chuluy, J.D .• \Virtz. R.,\., \Voolell. G.R. and 1\lug;iml,c, NI. 

( 1987). t-.lalnria 1101 prevented by naturoll)' :icquin:d sporozoite

oniit,odics: iniplicotions for vaccine dcvelopn1cnt. Science. 

237: 639 • 642. 
l loffni"" S , ,v· R It Ballou, \V.R., llollingd:ilc, �I.R., \Vinz,

w.,, .L,., 1s1ur, , , 

R S I 'd 1 �laf\1010. 11,A ru1d Hock1ncyer, \\',1'.

A.. C JnCI er, ., 

( 1986). l niniunit)' 10 m:illno and n:llurully acquired :intibodies

. ro•oitc protein or Plosmocli11n1 falciporum N
10 the c1rcu1nspo � 

Engl. J. 1\lcd., 315: 60I · 606·

lloc,Ji O ·. NT Petersen, E., rcrln1:i1111. 11., Dolopayc, E.,
c. , ., t-. larb1,1h, ... 

• I 311 ,,, 3011 rcrlnllOO, P. ( 1991 }. A 
I lanson, A.P., UJor,-rn 

r on:ncth·11ics to l'lnsmo.li11n1 /olc111ar11.m
, longllutlinnl �1utl)' 0 �er 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



258 

aniigc:n, 10 infan1, and children h\'lng 1n a holocndcmu." :irea of 
Liberia. \m. J Trop. �led Hyi; .. 44 191 - 200

Holder, •\ t\. ( 1988). The precur,or to ni.1JOI n1erozo11c surface antigens: 
Structure and role in immunit,. Prog Allergy. 41. 72. 97

Holder, A and rreeman. R (198 I). lmmuniz.1tion agnrn,t blood-,1ngc 
rot1en1 malaria using purified parositc nnugens Naiure, 
29-J.. 361 - 364.

Holder .  \ and ferccn,an. R. ( 1982). Bios)·n1hesis and processing of n

P/as11111t/11,11, fii/c,p,,,11111 \thi1ont anugen n-cogni1ed by immune

scrun, .1nd ,1 nionodonal .,nu bod) J E,p !llt!d .• 156 I 52� - I �38.

liolhngdnle. r,. I It. 7,1, .,In. r.. Nu(,cnz,,eig R.S. and Nu,sen1wc1!l, V

( 1982). ,\niibodie, to ihe pro1ec1i,c anugen of /1/as111,>J111111 

ht·rg/rc•r spot OlOites prcl'ent, tnll}' into cultured cell�. J, 

ln11nunol . I 2S 1929 - 1930 

liollingdnlc 1\1.R. Nnnlrn. EH. n,aml'nntJI, s .. Schworu. ,\ L rind

Nu,,cn .• , R ,. ( 19S.J I lnhihitton of entr) of Plaimndi11111 
Z\\ Cl)!. .., 

Jule·, ., n 1.111 ,n11r(l1011cs into cultun:d cells: :in 111
11111·11111 nnu ,-, 1·1 · ,,-

,.,,r �ti,· • ·,n1iboJ1c, J lrnmunol • I ,2 909 - 9 J J
" 11,,ny ot protc, c • 

11nllino•• I I . I R r ,nd r<:11. J \' (1993) Spor11loitc
c:-ua c. II R., S1nt l'll, " 

1 
•nvaqun Nature. l6�(t,.II S) 16

1>'vilnncn, t\l Zeller. p. Oh.\\' .,nd suchnL £.R ( J97J) tnnucnctt of

1• •1� ot nlph:1· l-ktorrottt1n. lgG 
8C\11111onal :tgl' on ,cru1n ( '1 

I horn 1nt:in1,. J, Jl,1�1111. 2 -4�0 - .1,7
g nhulin ,1nd nlbu111in 1n ne" · 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



25'1 

J�ziako, P.A., Okereng\\O, A.A. :md \VilliJms, A.1.0. (1980). t.lalarial 
immuni1y 1n pregn:uu Nigerian women and !heir newborn. lni. J. 
Gyn:iecol. Obs1e1.,l 8l: 1-17 - 1-19. 

lbcziako, P.A. and \Villiams, A LO. (1980). The effec1 of mal:iria 
chemoprophylJXiS on immunoglobulin level of prcgnan1 Nigerian 
,vomen and their newborn. Br. J. Obstel. Gynaecol., 87: 976 • 982.

lssil, P. (I 981  ). 111c t,IN blood group system. t,lon1gon1cry Scic111ific 

Puplic:11ions, Ohio, pp. I • 50. 
Jahiel, R.I., Vilcck, J. and Nusscnzwcig, R.S. (1970). Exogenous

in1crfcron pro1ec1s mice oglins1 Plnsmodi11111 blrghe, nu1laria. 

Nn1ure, 227: 1350 • 1351. 

Jnyn,vardcna, A.N .. T:irggeu, G.A.T., Lcndiars, E. :ind D:ivies, A.J.S.

( 1978). 1lic imniunolog1cal rtSPonse of CO,\ mice 10 P/os,nodiun,

yoc/il. 11. 11ic passi,•c ullnsfer of inu11uni1y with scrum :ind cells.

lm1nunol., 3�: 157 • 165, 

Jell ire, D.O. ( 1966). The lsscssmen1 of 1he nu1n1ionol status of 1he

co,nmuniiy, \VHO t,lonograph Strics No. 53, Geneva, pp. 

221 - 242 
Jensen, J.B. (l9S6). Crisis in (alciplrum 111alari3. J, Cell Oiochcm.,

10:159. 
Ju1!"C S d' s 011 the b11xhcn11cal b:isis of Lhe interaction of

C: ry, �I. ()985). IU IC 

I . f Plt smcu/ium folripar11m and the humM red 
t 1c n1crozo11cs o 1 

S Tron, t,lcd. ll)S·• 79: 591 • 597, 
cell. Tnins Ro)', oc. , .  

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



25q 

l',ziako, P.A., Okerengwo, A.A. :ind \\'illi:ims, A.1.0. (1980). 1'.lalarfol
immunity in prcgnlllt Nigerilll ,,omen and their newborn. lnt. J. 
Gynaecol. Obstet.,181: 147. l-l9. 

lbcziako, P.A. and \Villiams, A.1.0. (19S0). The effect of n1nlaria 
chemoprophyla.xis on immunoglobulin level of prcsn:int Niscri311 

,vomen and their newborn. Br. J. Obstct. Gynaecol., 87: 976 -982.  
lssit, P. (1981 ). The 1',1N blood group system. 1'.lontgon1cry Scientific 

Puplications, Ohio, pp. I • 50. 
Jahiel, R.I., Vilcek, J. and Nussenz"cig, R.S. (1970). Exoscnous

interferon protects 111icc :i!pinst Plnsrnodi11111 berghci n1alnria. 

Nature, 227: 1350 • 1351. 
Jaya,vardcna, A.N., Tnrggcll, G.A.T .. Ltnch3rs, E. :ind D:ivics. AJ.S.

(1978). The imniunological n:sponse of COA mice to P/as,nodi,1111

yuelil. ll. 11,c p:issi,•e 1r11nsfer of inm1u11ity with serum and cells.

ln11nunol., 3-1: 157 • 165, 

Jclfifc, D.B. ( 1966). The assessment o f  the nutntion:il status of the

community, \VHO 1',lonogr11ph Serie5 No. 53, Geneva, pp. 

221 - 242. 
Jensen, J.B. (l9S6). Crisis in f:iJciparun1111aloria. J Cell Oiochcn1.,

10: 1 5 9 .
Ju,1.. S d' s 011 the biochemkJI blSis or tJ1c interaction of

.:cry, 1'. 1. ( 1985). IU IC 

I . . r l'ftism1>di1tm Jotr:i11arun1 and the hun,311 red 
t 1e 111c:roio11cs o 

S Trop, 1',lcd. llyg., 79. 591 51>7
cell. Tn,ns. Roy. °'' 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



' 

Kuushal, D.C., Curter, R., Rener, J ., Grolendor", C.A., Miller, I.JI, and 

I I lo,vanl, ltJ. ( 1983), t.1onoclon�l a111iboJies 11g:i1n\l surf11cc 
uclc11ni11.u11s 011 gainccc5 of l'/u1111°'ltu111 galli11t1c�un1 blocl

11uns111issio11 or 111alana par.:isi1cs 10 niosquuocs. J. lrrununol., 
131 2557 • 2562. 

Khus1n11h, S., O,huille, P. und Gc1111h111, t,I. (1982) l:.nhJntcd

Plas111udi11111 /nlcip11111111 mcrOLOIIC ph.:igOC)'IOJIS by monocyr.a

frorn hnmunc individuals. lnrcc1. lrnmu1111y, 35 87( • 879

Khus1niLh, S., Churocnvit, Y., Kumlr, S., Scdcgllh, M .. Uu .. "doin, R L

und I loffln:in, S. L. (1991), Protection ap,nsl �Lub by

vuccina1ion wilh sporozo,te surface pr01tm 2 p us

circun1sporozoi1c protein. Scitncc, 252 715 • 718

l<luincr, A.S., Gilliland, P F., c,rtscJU, \VJ • Bancl�1. P J. an:, Bm:1.

\V R ( 1969). Scrum i;lycopro:cuu in rutumly !!af.nn:� _,.uu m

rna11 ,\rch. Jn1cn1JI, ,',leJ, 123· 620 • 625 

Kohler, p .K. and F:irr, R.S. (1966). Ek�1111on of corJ over� l.(i

immunoglobulin E, ilknt'C for un acuvc: p!ltcnUI li(j u�;;:,a�

N111urc, 210: 1070-1071,

l<onman, HF. (1972) �t.,l.lru andp:t � �l D the

U11ivcrs1 1y of N1Jmc�n. Th: N:thcrllr..!s. 

l<r11111cr, K .. Schtn._, V. ,\lpcrs. t-1, llul G � S t

K111c1ks or n1a1c11ul u,tiod 5 10 l\lS I ol 

/ait:11,a,um tn lnf ,1 b)m 11 

New Gulnc.i Am J ft(t!- I 11 4 14 \

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



2.1 

L3,voyin, T.O. and O)cdir:m, A.B.0.0. (1992). A prospective study on

1 some factors which influence the dclh·ery of Jo," binhwcight

babies in :i developing country. Afr. J. 1'1cd. Sci., 21: 33. 39 
La,vrence, 8.R. (1965). 1'ledic:il entomology at lgbo-Ora \Vcstcm 

Nigeria. J. Niger. 1'1cd. Assn., 2: 198 • 205. 

L· 1
, Y ., Seven1, A., Rogers, �I. V., Palmer, R.�IJ., �1onc:id:i, S. and Lie,v,

F. Y. ( 1992). Cotalose inhibits nitric oxide synthesis :ind the killing 
of inlr:lcellul:ir Ltis/unania m(ljor in n1urine n1ocrophagcs. Eur. J.

lmmunol., 22: 441 -446. 
Lie,v, F. y. ( 1991 ). Role of cytokines in killing of intraccllul:ir pothogens.

ln1munol. Leu., 30: 193 • 19S. 

Livingstone, F. o. ( 197 l ). 1' laton:i ond hu1n:in polymorphisms. Ann. Rev.

Genet., 5: 33 - 36. 
L ogic, D.E. ond 1'1cGregor, I.A. (1970), Acute mal.1ria in newborn

infants. Dr. 1'lcd. J .. iii: 404 • 405.

Lonfc DE ,1 0 1 A Rowe. D.S. and Oillewici, \V.Z. (1973).
o , • ., ,, c regor. . .. 

PI . lo'·ulin concentrations 1n n101hcrs and nc\\ born
:is1nn 1n1n1unog u 

I Id . . 1 reference 10 pJJccntttl n1al:1na. Studies in 1lie
c u ren w1lh spcc1J 

G 
. . . d Switzerlllld, Bull. \Vhl. 111th. Org.,

un1b1u, Nigeria an 

49: 547 - 55•1. 
Luz . of n:d cell susceptibility to ntal:iri:i. Ulood 

zauo. L. ( 1979), Gtncucs 
·•

54:961-976 

-

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



262 

Luuauo, L., N,vachuker-Jarrcu, E.S. :i.nd Reddy, s. (1970). Increased

sickling of parasilized erythrocytes as niechanisn1 of resistmce

against malaria in lhe sickle-cell tr.1i1. 1.:lnce1. i: 319. 321. 

Mahesh,vari, R.K .• Cz:irniecki, C.\V., Ou11.1, G.P .• Puri. S.K., Dhwan '

13.N. and rriedm:in, R.1'1. (1986). Recombin:u11 human gr.unmn

interferon inhibi1s simian mlllri11. lnfec1. Immunity, 53: 628 • 630.

�-tarengo-Ro,ve, AJ. (1965). Rnpid elec1rophorcsis and qu3ntitntion of 

haemoglobins on cellulose nctt3tc. J. Clin. Palh., IS: 790 - 792. 

Marjarian, \V., Daly, T., \VcidlllZ, \V nntl Long, C. (198-1). Passive 

i1n111nuniZ11tion against n1urinc molarfo ,vith :in lgG3 ,nonoclon:il

nntibody. J. 11111nunol., 132: 3131 - 3137. 

Marsh, K., I lnycs, R.H., cnrson. O.C., 0100, L .. Shenton, F., Byass. P.

Z:tvala, r. and Greenwood: OJ,!. (I 9S8). Anti-sporozoi1c 

nntibodics und im1nunit)' 10 n101lrit1 in 3 nir:il Gonibion popul:11ion.

Trans. Roy. Soc. Trop. 1'led. llYS·1
82: 532 • 537· 

�larsh, K., Oioo, L., tlnyes, R.J .. Cnrson. D.C. nnd Greenwood, B.1'1. 

( 1989). Antibodies 10 blood singe anugens or /1/asn1odi11111

r. 1 
. . r:·•l Gombions nod their relation 10 protc:cuon

,u c1por11111 111 ru .. 

Q • • r . T ... ns Roy Sac- Trop. 1'1cd. Hyg .• 83: 293 • 303 
&n1ns1 1111ec11on. ,. • . 

l\!nsuda ,. �,.. I F Nusscnr.weig, V. :ind Nus!cntwcig, R.S. (1986).
• ,, •• UJ\IU a, •• 

•1 1 1 _,.11cioC)'IC antibodies idcntif)' an anugcn present
,, onoclono ant .g ... 
. r p/11snio.li1IIII I a/CifltJTllnl l\ lol. 0 iochcm 
01 11II blood s111i:c� o 

' P 
· 9 '113 .,.,.,.

Uf"JSIIOI., I : • 
••••

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



263 

lltalhews, H.111., Lobel, H.0. :ind Brcmlfl, J.G. (1976). lltal:iri:il

antibodies as me35ured by the indirect hem:igglu1inltion test in

\Vest African children Am. J. Trop. t.1cd. Hyg .• 25: 217. 220.

�l aue i, D. and Scherf, A. (1992). The Pl132 scnc of Pltumodiu111 

f alcrparun1 codes for :1 gilfll protein that is tronsloc:ucd from !he

paras ite 10 the membrane of infected erythrocytes. Gene, 

110:71-79. 

McDonald, Y. and Phillips, R.S. (1978). lncrcase in nonspccific

antibody-mediated cytotoxicity in malarious mice. Clin. Exp.

lmmunol., 34: 159 - 163.

111cFarlane, H. ( 1966). !Jnmunoglobulins in Nigcri:ins. Lllncct, i i:

' 445 • 446. 
lllcPorlane ,  11., Talcrman, A. and Steinberg, A.G. (1970).

lniniunoglobulins in Jamnic:i nnd Niscrin with in11nunogcncti c

typ ing of myetom3 1111d tympho111n in Jn111nic:1ns. J. Clin, Path.,

23: 124 • 126. 

McGregor, I.A. ( 1968), tnununolo�)' of tna13na. In: Proc. Trop, t,. led.

Conf. Roy. Coll. Phys., June. 1967, Piunan lllcdic:1I, Lond on, 

pp. 14 • 28. 

�lcOresor, l.1\. ( t 984). EpideniioloS)'· m:il3ri:i and pregnant)'. An,. J.

Trop. r.1ctl Hyll .. 33: 517 • 525. 

ll'lcOregor, I.A. (l 9SG). 'T1ll: Jevclopmcnt and 1unlntcnancc of inununity

to n,utnria in highly ciuJcmlc orc:is Clinics Trop. II led. Conu11un1c

Dis., I: 29 • 53 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



264, 

McGregor, I.A. and SmiLh, D. (1952). A hc:ilLh, nulri1ion and

parasitological survey in a rural vil13gc (Kcncb3) 1n \Ves1 Kiang,

The Gambia. Trans. Roy. Soc. Trop. �led. Hyg., -16: -103 - 427.

�tcGregor, I.A., Gilles, H.�I.. \V3lters,J.H., DJ,•ies, A.H. and PC!lrson,

F.A. (1956). Effects of he3Y)' 311d repelled malari3l infec1ions on

Gan1bin11 infants and children; effects of eylhro<:) tic p3r.1si11z.:11ion.

Or. !vied. J., ii: 686 · 692. 

McGregor, I.A. and Gilles, H,J,1. (1960). S1ud1es on 1hc significance of

high scrum conccn1r.11ions in GambiJ11 Africans. II. Gan1n1n­

globulin concen1rn1ions of GJmbi3n children in tl1e fourth, fifth

and sixtll years of life. Ann. Trop. �led. Parnsi1ol .. 54: 275 • 280.

t.lcGregor, I.A., \Villiams, K .. Voller, A and 13illewicz, \V.Z. (1965).

lrnmunonuorcscencc and 1he measurement of imunc response 
10

hypcrenden,ic malaria. Tr.ins. Roy. Soc. Trop. l\led. 1 lyg., 

59: 395. 414 
lvtcGn.:gor, I.A., Rowe, D.S., \Vllson, l\t.G. 1111d llillcwict. \V.Z.. ( I 970). 

Plusniu imntunoglobulin conct111rn1lons 111 an 1\rric3n (G:inibian)

co1nn1unity in relation 10 season, malaria and otllcr-infcc1ions and

' prci:noncy Clin. l;xp. hnmunol., ?: S 1 • 74· 

l\1cGrcgor, I.A .. \Vilson, r,1.6. and 13illcwicz, \V.Z. (1983). l\lalana

1nrcc1io11 of the placenta in 'Tlic Gambia . \Vest Africa; iu incidence

und rclu1ionshlp 10 s111lbinh, birtl 1wcight and placental ,vcillhL 

Trans. Roy. Soc. Trop, Mcd. 1 lys .. 71 · 232 • 2�4. 
UNIV

ERSITY O
F IB

ADAN LI
BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



16.-.)

�lellouk S .. \ln21er. D .. Druilhc. P. Berl.11gu1c:r. N .1nd Danis. \I.

( 1986 ). /11 ,.,,,,, :ind ,n 11111 re�ults ,uccc:,uni: that anti-
.. -

sporozoite antibodies do not 10rally block P/11.1111nd111m fa/cipe1n1n1 
sporozoue 1nrect1\"it} I\. Engl. J. l\led .. 315 648 - 652 

l\lt:.rino. F. Layri�se, z .. Godoy. G. and \'okan. G ( I 9S6).
ln1n1unoregulmory oheroiion in P/a5mnd111111 /e1lr1pan1n1 nnd P 
1•11·111 1nf1:c11ons Trop. � led. P,,ra,110I.. 37· 1-11 - 2-14 

l\lesawe. ·\.C.J. l\luindt. J 1\1. and Swoi. G.B R (1974). lnfec1ion in i ron

defich:ncy and other I} pe, of anaemia 1n the 1rop1c,. uincct.

i, 114 317 
l\ti gnsenn. P .  Schelp. I r. Vudh11a1. N., Boonpcnn. P. Supawnn. \/.,

Pongpae\\. p ,md llannn,urn C ( 1978). S�nun protein fmcuon,

•n ncu1c P/1 11111,11/111111 /11/n/,.,n1111 malarin nlltaincd by 

pol)·ncrylnm1dc !!d de�1ropho��,, \ni1 Trop. l\lcd Pams11ol.,

72.3-12, 
�II ' 1 lcr, 1 .. 11., J\lnn,on, s J, Cl)de. D.F. ,111d /',lcG111111r.\, 1\1.11 (1976).

·n,c ,c,1,tnnc.: lncior 10 P/111111111//11111 rll'111 in blnck, ll1e Duffy­

blood gioup !!cnot)P,:· FyF) N Engl J t.1cd, :?95 102 JO,I, 
l\1illc · L •1 SI· · h T 

r, L II I h1y11c,. J D t,Ic-1\uhlh:. r '' • nroi, 1• , Ourochcr,

J R nnd tlkCiinm,,. �1 ll (19771 F111kncc fnr Jiffcn:nce\ 10

crythro.:yt� ,u.-ln,t rc('CfltOI' 111r the malarial pam.�lh?\,

/'f11,11111d111111 /11f111111rt1t11 ond f. A1111 11 lr,1. J E,r. f\lC11.

I'!<, 277. 2SI 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



26b 

1'1illcr, L.H., Ho"-ard, RJ., Carter, R., Good. t-.1.F., Nussen1.we1g, V lllld

Nussenz,veig, R.S. (1986). Rese3rth 1011'lnl mallrin vaccines.

Science, 234: I 349 - 1356.

1'1olinenux, L., Comille-Droggcr, R., t-.!Blhews, H.t-.1. llJld Storey,

J.( 1978). Longitudin:il scrologic31 study of rnalnria in infants in

lhe \Vest Africllil SlVOM3, Comp3risons in infnnlS exposed 10, or

pro1ec1ed from tr:1nsmission from birth. Dull. \Vld. Hlth. Org. ,  56:

573 • 578. 

1'1olineaux, L., Fleming, A.F., Comille-Broggcr. R., Kagan. I. nnd Storey,

I. ( 1979). Abnomial haemoglobin S in lhe Sud:in savnnn3 of 

Nigeria. Ill. t-.lalaria, lmmunoglobulins and antimal:iri:il nn1ibodies

in sickle cell dise:ises. Ann. Trop. t-.1cd. Por.isi10I., 73: 301 • 31 o. 

Molineaux, L. nnd Gnuniccio, G. (1980) .  11,e Gariti Project: Research on

I 

1he epidemiology nnd control of malnria in Sudnn s3vnru1a of \Vest 

Africu. \VIIO, Geneva.

�lommn, K. ( 1965). !Jnmunochcmicnl scn1i-quan1i1ativc estimatio n  of

1g1'1 and lnA inununoglobulins in hcallhy nnd diseased childn:: 
" 

II, 

Acta Pactllat. Jap., 7: 1 • 12.

Moore, D.L., l leyworth. n. anti Orown, J. ( 1977). Effects of nutolologous

plasina 011 lymphocyie 11:insfonnalion in n1al�ria und 111 acute 

proicin-cnel'QY 111olnutrilion. 1inn1unol., 33: 777 785. 

tlloussa, \V,. Teneyck, o,R. anti \Voslicu. C.!. (1973). Scrun,

&lyeoprotcil� and 111:11Jril in Ed11opia. J. Lab. Clin. !'.led •

82: 924 • 929. 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



267 

l\1uirhcad-Thompson, R.C. (1951). The distribution of Anopheline

mosqu ilo bites among differ ent age groups: a new fnctor in 

malaria epidemiology. Dr. l\!cd . J .. I: 1114 · 1118. 

l\1urphy, S.G., Klainer, A.S. tllld Clyde. D.F. (1972). Characterizntion and 

pathophysiology of scrum glycoprotcin alterations in 111:il:iria.

J. Lab. Clio. l\ •lcd., 79: 56 • 61.

�luschell, L.11. and \Vcathcl'\vnx, RJ. (19S4). Complement fii;otion in the

C-reactivc protein system. Proc. Soc. Exp. Biol. I\ led., 

87: 191. 193. 

Nagel, R.L. and Fleming, A.F. (1992). Genetic epidemiology of the �s

gene. Daillierc's Clin. H3cmatol .. S: 331 • 365. 

Naik, P. and Voller, A. (1984 ). Serum C-rc:ictivc protein levels :ind

f:ilciparum malaria. Trans. Roy. Soc. Trop. l\1ed. 1 lyg., 

78:812-813. 

Nardin, E.H .. Nusscni.wci&, R.S., Dryan, J.11. and 1'1cGrcgor, I.A. ( l 9S 1 ).

Congcnilul transfer of ru11ilx>dics against malarial sporotoitcs 

detected in Gambian infonts. 1\m. J, Trop. Mcd. llyg .. 

30:11S9- 1163. 

Neva, r-.A., 1 lowurd, \VJ\., Glew, R.11 .. Krotosk1, \V.A .. GQJn, /\.,

Collins, \V.E., Atkinson, J.P. and r-rru1k, t-.1.1\I. (1974). Rcl:itionship

of scrum complement lel'cls to event s of malarial paroi.ysn,. J. Clin.

Invest., 54: 451 • 460 

Nguyen-Dinh, P., Derzins, K., Collins, \V.E .. \\lahl&n:n, 1\1 .•

' Udon1sangpctcl1, It ond rer1n1:1nn, P (19S7). Antlbodic� tu PflSS 
'

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



�6S 
o maJor anngcn of Pla\m11J111m ft1lc1pan11 longuudinal s1uJi..:,

in hu111an,. An1 J. Trop. Med H)g., 3-i �01 505 

Nhonoli, A ;o.1 . RamJr. B.D. and ShemJgho<la J Y ( 1975). TI1e cffec1 of

molnrra 1nfcc1ion in 1ht: ploctnta and facial growth. and the concept

of congenital malaria. (:aq Afr J �led Re,., 2: 149 157 

Nur�e. G.T (1979). Iron, 1he 1hola�scrrua, and malaria. L,1nce1. 11 938-

'\40 

Ogunle,1, To ( 1988). lbampa. 1he Di�1ric1 and it� People, In: 25ycim-

of The lbarapa Community Health Progrnnnnc (O)·ediran. 

A.8 O O anti Brie�cr, \\ R. ed�.). t\frican Pre,, l td. lbod:m. p.4-7

Ojo.Amnizc. r .\ Sahmonu L.S. \\'illinm,. A .1.0 .• Akinwolcrc. 

0 i\ 0 .. Shnbo. R. ,\hn . G V and\\ ig1ell, H ( 1981 l Po,iu,·c

con·elauon between dcgrl!� of p.1m,itoemi,1. ,ntcrferon titer<. and

naturill krlkr cell ,icuu,ry 1n Pl111·111111/i11m /11lri11urr1111 • rnf�ctcd

children J hnmunol .127 2296 - l'\00.
Ojo Amn,7c l. ,\ . Vikek. J .. C!IChmne • .\.H. ;rod Nu,,en11,c1!l, R.S.

(191!-l l ,,,111111,,i1,1111• 1,er!/l1r1 ,poro1011c, arc mitogenic for 

murrnc I cell�. ,mhrce in1crfcr11n. and nctive na111n1I killer cells.
l ln11111111ol .• 1,l 1005 · 1009

C.o . ·\ri111t J C Uolnde. I O \ rum.an . 1,11. G A KufOflJI.

n A NI.nm, 1 s .in� Pnn11ln, 0 ·\ ( !9S2). lnlnnt �nd child 

n1t11H1lil) in li:h<l·Oni In 2.'iytnr, or n,e ll•nmpil Conm1u111t}

I l�nhh rn1)!1,,11nnc tO)cdir.rn. 1\,ll O O nml llne�cr, \\ R c:d,)

Al11l'11n Pre,, 1.tJ, lh,trlJll PI' 210 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



26Q 

Oppenhein1er. S .J \lcF1rlruie. S B \lood1. J.B .. Bunari. 0. and
• 

Hendrick,e. R G ( I 9S6). Efied o f  iron proph} la,1s on morbidil}'

10 inli:c1ious disc:a,e repon on clinical qudit, 1n Papua Ne,,·

Guinea. Tron, Ro) Soc Trop. t.led, Hvg .. SO: 596 602

Osoba. D .. Du:k. H.t-1 .. Voller A , Goosen. T J. Draper CC and De

The. G ( 1979) Role of HLA compk, 1n tht a111ihody re�ponse 10

malnrin under na1urnl condition, lmmunogcnc1.. S. 32J - 33S. 

Pang. L .. I ,m,omwong. N .. !-nrwack1. J. and \\'eb,1c:r. H.h. (19S8).

Circnn1,purozm1e ,inubod1e, and 1alc1pnrum rnalan,1 111cidcncc in

children lil'lll!;! in a ninl;1ria endenuc nre,1. Rull \\lld. Hllh Org .. 

66 159. 161 

Pa.,ay. C.J .. Busto,, l).G. Bdiznno. VY .. 1 ... ,ngsan�. tit.A and Saul,A.J

(199:l) ,\ longitudinal ,mdy of anubod) levels 111 ,m area of low 

n1alann cndenucit) 11,mg tht indirect nuorc�cent anuhody {ll'A)

h.:chn,quc ,\m. J rrop. \led lly� .. 49· 249,

1'0,vot, G .. \\•cjuh�r.,II, o.J ,111d \\'ilson, R.J.t.l (1977) Effect or foc:tal

hnen1oglobin 011 ,11,cepubilit) '  ol reJ cells 10 Plt1.,111111/i11m 

ft1lri1>11r11111. N11111r�. 270: I 71 I �5.

p 
. 

O\vol, G .uni \\ilson. R J �I (J9S2l TI1c 1nt�r.tct1on ol m.il.iriil

1111n1'1tc, "ith red t,100,I ctll� Ar �kd J, '.IS 1.33 1-10 

Pn,vol, G . llm!!Cl)' �I .. \\'c�thcrnll, D.J rnrson,, S r ,\n\lC\:, 0.J and

'l'nnm:r ,1 .\ 119s2�l Gl)C<'prote in n\ n pn�,ibk receruor for 

f>/11"1111,1111111 ft1ln/1t1rlllll l,Jnctt, 11 Q47 • 950

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



• 

Pasvol, G., \Vainsco1. J.S. and \VcatheroU, OJ. (1982b). Erythrocytes

, deficient in glycophorin resist inv:ision by malarial p:ir:isites,

Plasmodium falciparum .. Nature, 297: 64 - 66. 

Pasvol, G., Anstee, DJ. and T:mncr, l\tJ.A. (19S4). Glycophorin C and

invasion of red blood cells by Plasmodi11n1 /alcipar11111. L:mcct, 

i: 907 - 908. 
Patarroyo, G., Franco, L., Amador, R., t-lurillo, A., Rocha, C.L. Rojas.

l\il. and Pn1nrroyo, t,1.E. (1992). Study of the safety :ind 

in1n1unogemcity of 1he S)nthc1ic mnllria SPf66 vaccine in children

aged I • 14 yc:irs. Vaccine. 10: 175 -178.

Pa1arroyo, t-,,1.E. , Romero. P .. Torres, t-1.L., Cln\lijo, P., Andre\\•, o.

Lozada, o .. Sanchez, L .• Del Portillo, C .. l\lorcno, A., Alegri:i, A.

nnd Houghtcn. R. (1987n). Protective synthetic peptides against 

cxpcrimcniol P/asm0Ji11111 falcipar11n1 induced malaria. Jn: 

1 Vaccines 87, (Chanock. R.1\1., Lcnicr, R.A., Drown, E .. Ginsberg .

H .. eds.). Cold Spring Harbor L:iborotory, New York, 

pp.117-125, 
Paturroyo, l\1.E .. Romero. P .. Torrcs. 1\1.L., Clavijo, P., l\loreno. A.,

tvlnninez. /\ .. Rodriquez.It. Guunnn, F. nnd Cubcus, E. (1987b).

Induction of pro1cctivc unmunity ai:ains1 experimental infection 

with ma lnnu uslni: �ynthctic peptide�. Nature, 328: 6'29 _ 632 

Pm,uroyo, t-,1.E .. i\mador, It, Clavijo, 1' .. l\lorcno, A .. Tascon. R ..

Frnnco, �l.1\ .. Muriollo, l.., ron1on. G. lnd Trujillo, C. ( I 9SM). A
UNIV

ERSITY O
F IB

ADAN LI
BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



synthetic vaccine protccl5 humans ogsinst challenge with nsc:1.unl

blood stages of PIOJmodiw11 falri(lar11111 111alana. Nature,

332: 158 - 16-t 

Patarroyo, �1.E .. Vinasco, J .. An1ador, R., Esptjo, F, Sliva, Y .. �lureno,

A., Rojos, 1\1., !lloro. A.L., Salcedo, 111., Vulero, V .• Ooltlberg, 

A.K. and Kalil, J. (1991). Genetic control or the inununc response

t o n  synthetic vaccine against l'/asmocli11111 fc1/ripr11m. Purnsitc 

lmmunol., 13: 509. 

Pcrlmunn, 11 .. Berzins, K., \Vahlpl'l'II, t.1 , Curlsbllll, J., Ojorknrnn. A.,

Patarroyo, 111.E. nnd Perlornnn, P ( 19H•l). Antibotll� i11 n1nlnrinl

sero to parJsitc untigc11s in the me111ht1111ll ol tf) throcytcs infectctl

with early o.se,-unl stage! of P/usnwJ/11111 /11/ri1111t11111. J. lli.ri, 

tvled., 159: 1686- 170-l.

PcrlmllM, H., Berzins, K., \Vohhn, B., Udonuonypctch, R.,

Runngjirnchuponi, \V., \\lohlgrcn, 111. nnd Pcrlmo.nn, P. (1987).

Absence of nntigcnic divc1$lty In Prt S5, 0 ,nnjor parasite antigen

in membranes of eryU1rocytcs Infected with Plnsmodiittn 

falcipar1,m. J. Clin. 11t1crobiol., is: 2347 -2354. 

Pcrlmunn, H., Pcrlmann, p., Berzins. K., \Vnh lln, 8., Troyc-lllninbcrg,

111., 1 higstcdt, 111., ;\ndc�son, I., llogh, U • Putcncn, Ii anti 

Bjorkman, A. (1989), Olssecilon ,,r the hu111011 antibody n:�ponsc

to lhc malaria antli;en rrtS5fRUSA into cpltopc �rccilic 

components. lnununol. R1:v., I I 2: I IS • 131. 
UNIV

ERSITY O
F IB

ADAN LI
BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



Perlmann, H., Helmby, H., l lag,ted:, 1\1 .• C,ubun, J • La�,on. P.11 ..

Troye-Blombcrg. 1'I. und Pcrlmllln, P. (199-1). l!lE clc,·otion and

IgE anti-malarial antibodies in P/a.snmdi11m f.1/r:ipa,11111 malaria:

Association of high lgE levels with ccrcbrul mJlarla Clin. Exp. 

lmmunol., (in press).

Perlmann, P. and Cerottim, J.C . (1979), Cytoto�lc lymphocytes.

The Antigens, 5: 173. 

Perrin, L.H. and Dayal. R. (1982). lmmunity 10 �c�ual er) throcytlc s1.11ges 

of Plasmodi1 1111 Ja/c1por11m:. Role of defined nntigcns In the

humorol response. lmmunol .. Rev .. 61 · 245 • 269 

Perrin, L.H., Loche, 1\1., Oed�t. J.P .• Roussllhon. C .  nnd Fautlcur. T.

(1984), fmniunilation ngulnll P/11J111ndi11111 /olcipar11111 usc,ui1l

blood stages using soluble antlg�ns, Clln E,p ln1n1unol .. 

56: 67 - 72. 

Petchclai, n., Clurnnondh. R., 1 lhunrJs, S. ond llcnjupongs, \V ( 1977).

Activation of clo•slcnl nnd ollcnu11e com11lcnu1n1 pnthwoy� in acute

falciparurn malariJ. J t,led. As\11. I h,11hm,I t,0; 174 176. 

Petersen, E .• Hogh. n., t,tarlllah. N,'I' .. 1'crhnn1111, 11, \V1lcox, r-.t.

Dolopaic, E., llnnson, A.I' .. Bjorkin�n. A nntl l'c1ln1n1111, f>.

(1990). A longitudimtl )tudy of nn1lbodlc1 Ill the /'/asmudiuni

Ja/ciporum antii;tn 11rt 55/Rl !SA and ln1111unhy to ninlnrl,, 

Infection In ndull l..lbcrln11t. T1tt11S. ttoy Su�. lr\lp, l\lcil. I lyg,

84: 339. 345, 
UNIV

ERSITY O
F IB

ADAN LI
BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



Pi1wi, A .. Beh edere, :.\C. llci. u.--o, U iJ Ccrp. lh1u, C' 1Iv121

HLA-A , :m.:1011 ill f.,;a S.1nl111t;:1, i.l t • un.Lr d1ff r1t 111ul

selcethe prcssul't' by n;.il1n1 In· II l,);"t, 1 11h1l.1, tr Uil[l 

(D:iuss�t. C.� Clllomu::nl:).edi ), /,I. l.,r, 1J, Copenha&en, pp

73 - 76. 

Pied, S., Nussler, A., Pont:t, t,1 , �.1,,1rr11. I .. hlntllc, 11., Ul!llb;:n, I' and

�1a.zier, D. (l9S'l) C rt .11,t pn11e,: prutf•'U .gJln.il prr· 

crylhroc) 1ic slAc�s of n111.J1i1 lnftA I lmnsu; II). 57: :178. ZR2.

Pitchcr-\Vilmou. R,\\', llind(lch1, I' anJ \\'ow, l' ll.S (19f.tlJ, Th:

placcntlll l�O)fCr uf 11nmU008lob:,lu1 Q ,�h< ll$U Ill htiiJQZI 

prccn3ncy Clin. f:.lp, 1Jnmunol1 41: 303 - lO!l. 

Playfuir, J.H.L, Tavcrne, J., BAie, C.A,\V. 111J de SOU111, J.B. ( 1990). The

mal3.ria v5ccine: 11111!-pilli>ilt or Q11ti-di\cuc7 lmmunol. Today, 11•

25 • 27. 
Pringle, G. (1967). �131303 in� PJrc 11rca ol T11111J.nl11 Ill. TI1e cou�

or malaria u-.i.nsmis)lon .since the iu,pcn�lon or an c:1-pcrim.:nul 

pn:,grununc or rcsiduJI i11scc1iddc ,ria>ing. Trnu. Ro) 
s, ,c Trop

�led. Hye., 61· 69 -79, 

Qunkyl, \.S., 0100, L.N '1>o111b.>, D .. Su�.1fi, L.' � �knon, A., Degroot.

A.S .. Johnson.;\., ,\llln11, 0., �lillcr, l.ll.11nJ Good, lit f. ll9�9).

Dlffcrtntl31 non•rt>P'"'shcn�.u in hum&J\\ lU rinlliJ.Jt.: 

PluJmoJ/11111 /J/1·ipJ1""' ,a.:dn� 1111\�n,. ,\m. J. Tl"Clf'. llteJ.

llya .. ,U: ll5 • I)�.

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



274 

Rasheed, F.N .. Buhner. J.N., Dunn, D.T., r,.tencndez, D.C. J:iwla,

t-.1.F.B .• Jepsen, A .• Jakobsen. P.H. :ind Greenwoo d, B.�1. (1993).

Suppressed peripheral and pl3cen1al blood Jy1nphoprolifero1ive 

responses in first pregn3nc1es :  relevance 10 malori:i. An1. J Trop.

t-,,ted. Hyg., 48(2): 154 • 160. 

Ransome-Kuti, O. (1972). t,.lnllria in childhood. Ad"· Pcdi:it., 19:

319 • 329. 
Ree, G.H. (1971 ). c-re:ictivc proteins in G3mbian AfriclnS ,vitl1 �pcci:il

reference 10 P.falr:ipc1rt1111 malaria Trons. Roy. Soc. Trop. t,.led. 

I lyg .• 65: 574 · 5S0. 

Reinhardt, t,. \.C., Gautier, E., Gautier, R., K:ikou, D. :ind Ouuuaro.

(1978). A survey orn iothcrs nnd tl1c1r newborns in Abijan (Ivo ry

Co:ist). I Jc1'•. Pocdint. 1\ctl,. 33: 7 · 110. 

Rel\cr, J .• GrJ,•ts, P.�I .. Coner, R .. \\lilliams. J.L.. and llurkot, T.R.

1 ( 1983). Target 11nuse11S of 1r.1nsn1issio11-blocking irnmunily 011

gan1c1cs of Pl11s11111di11111 f11/c,par11111 . J. E,.p, t-.lcd., 

158: 976. 981 
' 

Riley, E.1\1., Jepsen, s .. /\ndersson, G .• 0100. L..N. nnd Grcenwwood 

n r,.1 (1988), Ccll·lllcJiutcd immune rcspon�cs 10 /llas,,i 1 

' ' ' 

UI 111111 

Jc,lcipunim. J. �p. t,Jcd., 71: 377 • 3Sl. 

Riley, E.t-1., Schneider, Q, SJ111bou, 1. aml GrecnwOOd, o.r,. I. ( 1989).

SupprcssiOll of e1:ll·01cdlated i111munc responses 10 ni:il ana
• C • l)'C,,

antigens III pn:llnant G31111>ian \\OIIICll A1n. j Trop r,.1 d 1 

40: 141 • 14-1.

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



1�._,:, 

Riley. E.1'I .. Olerup. 0 anJ Tro)e-Blomt"it:rg, �I. (1991 ). The 1n1mune

rccogn111on of mal,1na antigens. Par.l\llCIL Tod:iy. 7( I). 5 • 11. 

Riley, EJ,l.. Clcnm�II S Rowe. P .. Allen. SJ . Blackn1an. t-1 J • 

Troye-Blomberg.. �I. Holder. A.A. and Gn.-en\\ood. B l\l (1992).

1'IHC nnd malaria. The rda1ionship bc111een HI \ ctn,s II alh:les 

and in1mune rc,ponses 10 P/a.1m111/i11111 fi1/rip11n11n. lnt. hnmunol.,

1n pre,,. 
Rod· 

· . 
ngu.:L. l\111 and Jun,:en·. l\l, (1986), 1\ protein on Pla.\111111/111111 

- . 

J11/clf111n111 • infoctcd ey1hrocy10:, function a, n 1ronsferrin

receptor Nature. 324 JSS • J9 I 

Rogers.\\ o l\1alik. ,\. t-,lcllouk, S, Nnl:a11111r.1. 1-. Rogers, t-LD ..

S1..irl111an .\ Gordon. D,l\l.. �u,,lcr, t\ K, t\11:awn. l\1. and 

Holfnmn. <; I ( 1992). Chnmc1cn1;11lon of Pl,1.111111d111m 

J11ln1111r, 1111 ,porozollt ,11ri.1cc: protein 1 Proc. Natl Acad Sci.

USA 89 9176. 91S0 

Rooth, I l'crlnmnn. H aml BJorl:11 1n11. \ ( I 9911 Pl111mod111111

fulnpurum n:nifccuon 111 children l'rc11n holoc11dcm1c nr.:,1 10

rclnuon 10 ,cn,,c,,cti' i11c1 ,1g,un11 oh�optpud�\ fron1 d1Hcn:nt

malnn,, ,ullil!C"' ,\in J Trc>p . t.1cd. H,·�-· 45: 309 • , 1 s. 

Ro,cnhc,l!, It ,ind \\'lll1, R .\ (l<)<lO). tn1n11,1c ind1\1duol d11Ttrl!n('(s

in l'irc111n,r111ro1011c nntillod)' rcsp<'ll'� .11 n hnicrenden1ic IIMl.1ri.i

roc11, lmn, Roy 5r,c Tro11, �led lly�. S-1 206 . :?OS. UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



l. I"" 

Salimonu. L.S. :uid Akinycmi, A A (1986). Lymphocyte nun1bcr. E­

rosette inhibitory substance, and soluble immune cornplc,.cs in 

protein-calorie m3ls1utrition, 013l:iria. :ind n1c:isles. Nutr. lnt..

2: 264 - 267. 

Salimonu, L.S. , L:idipo. O.A .• Adenir:in .  S.0. nnd Osunkoya, 13.0.

(1978). Serum inlffiunoglobulin le1ds in norn1:il, premature and

post-mature newborns nnd their mothers. lot. J. Gynecol. Obstct.,

16: 119 · 123. 

Sahn,onu. L.S., \Villiams, 1\ t.O. and Osunkoya, 13.0. (1982).

hn1nunoglobuli11 G subclJSS lc¥els in n1alaria-infoctcd Nigerians.

Vox Sung .• 42: 248 • 251.

S:1uvai;cr, F. :uul 1:auconnicr. ll. (t97S).111e pro1cc1ivc crfcc1 or

cndot:cnous inic1fcroll iii 111ousc 1nJIJr tJ, as dcn1ons1rJtctl by the

use of :ulli-iutcrftron glo\>Ulin. lliometl .. 29: 184 - 187. 

Schult1, L.J .. Steketee, R \V., Machcsn./1., Chitsulo. L., Kuzcn,be, P. and

\Virimu, J.J (1992), Sulfado:dnclpyrimc1hn1nine 
(SP) and

chloroquine for pr,:vcntion of f/uJ1110<lit1m falci/la,11111 in 

pr..:i;nunl wolllCII, Mol;1,11i 1\lll, J. Trop. f\lcJ. I lyi; .. ,19: 89.

Shcni;n:n, J.N, Tobie, J.U .. r-o�. \.,f\l. and \Volff. S.f\l. (l970). 

llc11cutocndo1hcli;1l )ys1cin ph�i;ocytic aud phai;ocytic fu .
IICtlOII Ill 

mitumll) ·  ucquln:J 11u111a11 111alar1;1. J. L;1b. Clin. f\lcd., 

75· 481 • 487, 

Shear, 11.L
. (t98l), (\lurmc 1nalarlo: l111m11nc complc>.cs inhibit Fe 

receptor· nicJl.ucJ ph3Socytosis. lnkct ln1n111nil>·, 44: 130 _ 116.

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



/.II 

Skamenc, E., Stevenson, �1.1',I. :i.nd Lcmie uii.,S. (1983). t,furin.: n1alari:i:

dissociation of OJtur:11 killer (NK) cel\ ac1ivit)' and resist:ince 10

Plosmodi11m clzabomli. Parnsi1e lmsnunol., 5: 557 • 565. 

Snow, R.\V., Shenton, F.C., Lindsay. $.\V., Greenwood, 13.t,I., llcnncll,

S •• \Vhcclcr, J., Del Giudice, G., Vcnlini. A.S. :ind Pcssi, A.

(1989). Sporozoi1e nn1it,odics and mal3ria in children 111 a rural

area of111e Gambia. Ann. Trop. t-led. Plrasiiol .. 83: 559. 568.

Snow, R.\V., 13yass, P .• Shenton, F.C. and Greenwood, 13.1',I. (1991).11ic

relationship between 3nthropomc1ric n1casurcme1us of iron status 

and suscepiibilily 10 malaria in G:unbian children. Tr.111s. Roy. Soc.

Trop. t,lcd. llyg., 85: 584 • 589.

Solo,non, J.B., Forbes, 1-,1.G. �nd Solomon, G.R.A. (1985). A possible

role for natural killer cells in provid in� protcc1ion ai;ainst 

1 Plasmocliillll bcrghti in early singes of i11fcc1ion ln1niunol, Leu.,

9: 3-19 - 352. 

Spencer, 11.C., Kuscje, o.c.o .. Sempebwa, E,K.N,. lluong, A. y. Jlld

Roberts. J. t,l. (I 9S7). t,lalarin chemoprophylaxis to pregnant 

wonicn provided by co111munily hcald1 workers in Saradidi K , Cl\y:l

11. Erfccl on pJrnsiincniin 311d hucmoglobin lc,cls, Ann. Trop, 

t,lcd. Purasiiol., St(Suppl. I): 83 • 97• 

Spitz, A.I. \V. ( 1959). �1ala rin infection of the placc11U1. Bull. \Vhl. I lhh.

Org., 21: 242· 244
UNIV

ERSITY O
F IB

ADAN LI
BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



ll'r> 

Stiehm, E R.,Ammann. AJ- :ind Cherr)'.J.D. (I 966). Ele\'ated coro

l m:icroglobulins in diagnosis of intrautennc 1nfec1ions. N. Engl J.

t,ted., 275: 971 · 977. 

Storey. J ., Fleming. A.F., Comil le-Broggcr, R .• t,lolincau�. L.,

t,\atsushiin,a, 'f. and Kogan, I. (1979). Abnormal haemoglobins in

the Sudan savanna of Nigeria. iv. t,bloria imn1unoglobulins and 

o.nti-mnl:irial antibodies in h1cmoglobin AC individunls. Ann. 

Trop. t,\ed. Parasitol., 73: 311 • 315. 

Su bchnreon, A., numouf, 1'., OunttBrB, D .. Att:inalh, P.,

Bouharoun1'oyoun, H .. Chru11avanich, r .. Foucault, C ..

ChongsuplrnjoisiJdhi,'f, und oruilhc, P. (1991 ). Parositologic and

clinicul human iesPonsc to inununoglobulin :idn1inistrat ion in 

fnlciparum mularia. t\111. J. 'flOP· t,\cd. Hyg., 45: 297 - 308. 

Targcu, G.A.T. (1970). AntibOdY response to Plnsmodi11111 folciporuni

malaria. Comparisons of inu11unoglobulln conccntrotions, aniibody

titres nnd the unti•enicity of di!l'crcnt asc,uol forms of the p•� 
" 

,uUSIIC. 

Clin. Eip. hnn1unol. 7: 501 • 517. 

Taylor, 0,\V, (!9S9). uu1noral im111unc responses in 1nicc and man 10

,naluriul parasites, Jn: t,lalnriu: host response� to ,nfcction 

(Stevenson, 1,1.t,I., ell.), CRC PrtSS, Florida. pp. 16. 21. 

·11111lnson. i\.l\l .. OillcwicL, \V.7 and ll)UCn, f-ll (19611). Tiic 

osscssmc111 of roc1al sro,,tl,. J. Qb$tct. Gynaccol., 75: 903. 916•UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



Tobie, J.E., Abele, O.C., \Vollf. s.r-.1., Contacos, P.G and Evans, C.B

1 ( 1966). Serum immunoglobulin le\·cls in hum;in m:tlaria and their

relationship 10 ontibodY production J. Ln,n1unol., 97: 498. 505. 

Trager, \V. and Jensen, J.ll. (1976). I lum:in n131:lrfa parJsilcs in 

continuous culture. Science, 193: 673 • 675. 

Troye-Blomberg, 1'I., AnderSSon, G., Stoczkowskn. t-.1., Shabo, R.,

Romero, P .• Patarroyo, t,1.E., \Vigzell, H. 3nd Pcrln1ann, P. (1985).

Production of intcrl�ukin-2 3nd interferon-g:imma by T cells from 

nmlaria patients in response to Plasmodi11m fnlciparru11 or 

erythrocyte u111igens in \'itro. J. ln1munol.. 135: 3498 - 3504.

Troyc-Dlo1nbcrg.1'1. and Pcrln1:1110, P. (l9S8). 1' cell functions in 

Plasmui/ium J11/cip11r11111 nnd other m;1lnrias. l'rog. /\llcrgy ,

4 I: 253 • 287. 
Troyc-Blomberg, !\I .. Riley, E.t-1 .. Pcrhn:111n, II,, Andersson, G .• Lnrsson.

A., Snow. R.\V .. Allen, SJ .. lloughtcn. Pcrlmann, P. (1989). T nnd
D cell response of Plos111odi11111 fi1lcipur11m mulari3 inlffiune 

individunls 10 synthetic peptides corresponding to sequences in
different regions of the 1'/ns1110Ji11111 /alciparum nn tiscn 
Pfl55/R6SA. J. l111111unol., 143: 3043 • 30-lS. 

1'royc-Dlo111bcr11. t,1 .• Olcrup, 0., 1..:1rsson. t\ .. Sjoberg, K., Pcrln1:in n  11 
Riley, ll, 1.,c1,crs, J. nnd Pcrl111nn11, P. (1991 ). l�Qilurc 10 detect ' ·•

nsc induced !Ill IC closs II ossoci�tlons of the hum�n 1111n1unc respo . 

by n:"".itcd 111;11,irio 111rcctio11s 10 the l'lnsmutlium ,01 1 

r· 

J' C 11a111111 

nnti!)eO rn�S/Rf:.Si\, 1111. 1i11mu110I. 3: 10-13.1051. 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



2•0 

T\uji 1\1 l\lon1h,K·r1,, P. l.elranco1�. L, /\u,,;en1wt1g, R 5. Toneg11�'ll.

S ,uni Z,l\a. I· (1'113) Role ofy6 T-�c:11, ,n 1mmuni1y ng111n\l the

h,e, ,1ngc, 01 111,11.in.1 ,\m J ·1 rop �led H)g .. 49 249 

Udo111sangpc1l·h R (;u(\,on. J , \\':ihhn, A . llolmqui,1. (i Ozaki L

S Scherf. ,\. \INlc!I D �lercc:l(.1U·Pu11alon, 0 .. Uni S 

i\11..awa. i\l., Bcrz1n, II. . ..ind P�rlmann. P. (1969b). Rca.;a,11> of

the hun1an monodonal anubod) 33G2 ,,uh rep,:.1tcd �equc:ncc:I of

lhc: d1,1 1nc1 Pl:!'lllOJ1u111 fnlc 1parum aniigcn, J. ln1munol.. 

142. 3620. 3626. 
Usann 1· 1 .,a, • .. ,\. mid 1.u,z.1110. 19S5l -\dap1auon of Pla.1m(ld111111

fi1/i ,,,,,,11111 10 GbPD 1ktic1cn1 110,1 ml cells tw producuon of

pnr:iq11: cudcd cn1)•ntt Nn111rt, J 13 793 '95 

Valero. 1\1 \' • \maJor, I R, Galindo. C, Figueroa. J • Bdlo. �I S ,

l\lunllo, I \ �lorn. 1\.1 , 1',11;1rro)O, G Rocha CL RoJa.,. I\I

Apomc. J J s ,unucn!O, l�I!., I ozado. I).I\\ Coroncll. C G . 

Onc�n. I\ ,\1, Ro,,1, JI', ,\lon,o, PI� and Pni�rroyo 1\1 r:

( 191) \ 1 \ ,,,,in.,uou wi1h Sl'f66. o ,hemkJtly �) nthe,1�"f.l ,,;ie.:inc.

ngmn,, /'/•""'""""" I ,,111,,,,n,111 111alan,1 111 Colombi� 1..inett, 

ll 1 70� 710 
• 

Vcrn1e11lcn, ,\ N. 1'01111111l11r:11, T Bed,cr .. p J .\. \'crh1,c, J r., S1n1t\

tll ,\ imd �kwi«(II, J 111;. r I 19�\l Stq11cn11al c:.,pre,s1C1n \lf 

,11111gcn\ on ,\•\11,11 ,1,1i:c' of rt,111111,d111n1 fi1/c1110n,m uccc,\tbh: 10

1r,tn\llll\,,on· \IIOC�111i: nnutio,hr, 1111hc 1110,q,1110 J E,p. :'llc:d • 

• 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



281 

Vlcugcls, r,t.PJI. (198-l). Conisol Jlld matJria immunity in hun1an

' p rcgn:incy. t-,1.0.thesis, Unil'crsity of Nijn1cgen, 1l1c Nethcrl:inds.

Voller, A. ( t 962). Fluorescent :in1ibody studies on malaria. Bull. \Yid. 

111th. Org., 27: 283 - 287

Vol ler, A. and \Vilson. A. (1964). lmmunological asixcts of :i popul:ition

under prophylaxis ag:1inst mnl3ria. Br. /',led. J •• 2: 551 - 552. 

Voll�r. A. nnd Bruc e-Chwatt, LJ. (1968). Serological n1Jlnrio surveys in

Nigeria. Bull. \Vld. Hllh. Org., 39: 8S3 • 897. 

Vo ller, A., Con,lllc-Broggcr, R .. S1orc)'. J nnd I", tolinc:iu,'."(, L (1980). A

longitudiuu l  study of Plasmotli11111 folcipar11111 111:il:irit1 in the west

Afric :,n savannah usmg the ELISA 1echnique. Bull. \Vld. 111th. 

Org., 58; 429 - 438. 

\Vohlgrcn, 111., Berzins, K .. Pcrlmann, P. nml Persson, /'.1. (1983).

Charuc1crization of 1hc hu111orJI immune response in l'/as111ocJi11,11

Jalciparum m:ilJria. II. lgG subclass lc"cls of nnti-Plasmodi,1111 

fa/ciparum antibodies In di!Tcrcnt scr:i. Clin. Exp. !Jnmunol.,

54: 135 - 142. 

\Vnhlgrcn, Ill., Bjorkman,,, .. Perlnitlllll, H .• Berzins, K . .1nd Pcrlmonn, P.

( 1986). i\nll-1'/iumodi11111 f,1lcipar11111 nntibodic\ ncquircd by 

residents 111 u 1101ocndc111i c urea of Lil>cria during de,clop n1cnt of

Clinical im111uni1y. 1\111, J. 'l'rop. lllcd. I ly&., 35: 22. 29. 

\Vahlnrcn 111 Cnrlso11 J .. Udo111snni:pc1ch, R. nnd Pcrhn'"Ul " 
" ' •• • . 

"' 11• .-. (1989).

\Vhy do Plalmodi11111 fafc,par11111 • 1nfcctcJ cr)·lhroc,•t r , cs onu

spontaneous crythr0C)IC rosettes? l\1r:i.sitol.Toda)•., 5: I S3 185

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



282 

\Vahlin, B .• \\'ahlgren. �I.. Perlmann, H .. Berzins. K • Bjorkman, A.,

Patarroyo, �I.E. and Perlmann, P. (19S4). Human antibodies ro a

t-.lr 155,000 PlasmoJium falciparum anrigen cfficicn1ly inhibil 

merozoitc invasion. Proc. N3tl. Acad. Sd. U.S.A., 81: 7912. 7916.

\Vah!in, B., Sjol:111der, A., Ahlborg, N., Udoms3Jlgpc1ch, R., Scherf, A., 

tllonei, D., Berzins, K. :ind Perlmann, P. (1992). lnvolverncn1 of Pf

155/RESA and cross-reac1il·e B!lligcns in Plasmodi11n1 falciparuni 

rnerozoi1e in\'asion i11 ritro. Infect. Immunity, 60: 443 -449 

\Veber, J.L. and Hocl.meycr, \V.T. (1985). Structure of the 

circumsporozoite gene in 18 s1r:1ins of Plasmodi11n1 falciparu111 •

fl.lol. Biochem. Plr:isitol .. 15: 305 • 316. 

\Vebster, H K .. Brown. A.E., Chuenchitr.1, C .• Pcnnpanich, Il. ond

Pipithkul, J. (1988), Char.icteriintion of antibodies 10 sporozoilcs

in Plasmodium falciparum mnlnri3 nnd correlo1ion ,,•ilh 

pro1cc11on. J. Clin, �licrobi ol., 26: 923 • 927.

\Vc idnnz, \V .P. and Orufl, J.L. (1983). 1\ntibody independent mechonisms

in ihc devcloprncnl of acquired immunity 10 malaria. In: I lost 

defences 10 lntr:icellular p3thogcns, (Eisenstein, \V., Actor. P. ond

Fricdmm, t,IJ., eJs.), Pknuni Pu:ss, New York, pp. 409. 423_ 

\Veidnnz, \V.P. ond Long, C.A, (1988). 1l1c role o(T cells in immunity 10

n1olnrm. Prog. Allergy,� 1 215 • 252 

\Veils, R.A .. PQvanand, K., zo1yo01i, S. PcnnpJnich, n. ond  1'lt:Dcrmo11 •

R.P. ( 1979). LoU ol' cireulu1h1i; T ly01phocy1c1 wilh nominl  lc\'el\

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



of B and 'null' lymphocyies U1 Toll ad u lts with n1;ilaria. Chn Exp.

Immunol., 35: 202 - 209,

\Ves1, C.D., Hong, R. and Holland, N.H. (1962), ln1munoglobulin levels

from the newborn period 10 aduld1ood and in immunoglobulin 

deficiency s1a1es. J. Clin. 1nve51., 41: 2054 • 2064.

\Vijesunder-J, �I. Petris. J.SJ,I. Ariyaral!le, Y.G •• Vcrdini, A.S., Pessi. A.

and Del Giudice, G. (1990). Antibodies 10 Plasmodi11111 falcipar11111

sporozoiies follow mg a malarial ouibrenk in n non-endemic area 

of Sn Lanka. Trans Roy. Soc Trap. t-led. Hyg .. 84: 35 - 39. 

\Villiams, A .. Drager-Dayal, R., Engers, I I.D., Al:inwolcrc, 0., Verdini,

A.S., Pessi, A., Ixl Giudice. G. and L:tnibcrt, P.11. (1987). 

Dissociated nniibod) response 10 defined Plas111odi11111 falcipanim

an1igcns in m3n. 1n1. Archs. Allcrg) Appl. lmmunol,. 83: 13 • 19. 

\Villiams, A.1.0. 11nd �!cF�rlanc, Ii. (1970). ln1munoglobulins levels 
• 

m:ilnrfa ru11ibodY 1iu-es and plncc ntol p1rasi1aemio in Nigcrillll

n,o1hcrs nnd nconn1es. 1\fr. J. �led. Sci., I: 369 . 376.

\Vilson, RJ .. t>as,•ol, G. :ind \Vcathcrnll. DJ. (1977). lnvosion nnd

growth of Plasmo,U11111 fnlcipor11111 m different lypcs of human

cry1hrocy1cs. Dull. \\'llh. llllh. Org .. SS: 119 - 186. 

\Vood. P.R nnd c1;1rk. I./\ (19S2), ,\pp3rcn1 irrclc,•nnce of NK celu 10

resolution of tnfcction wilh Bobtsia 111icro/1i and Plasmodium

i•iurkcl pct1cr1 in mice. Porn�itc lmmunol. -1: 319. 327. 

\VII o. (1974). �lnlarla co111rol In co11111rics 11hcrc 1in1c-llmitcd

cn1dlcalion is unpr.icticablc ul prcscnl. \VI 10 Tech Re S P er.

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



2a4-

' 
1 No. 537. 

\V H 0. (I 986J). Sporozoite vaccine development and research tO\\':lrds

development of ascxu:il blood stage vaccine.

TDR/ll\ll\lALJS\VG(9)/86.3., pp 2 · 19

\V 110. (1 986b). Advances in maloril chemother:ipy. 18th \VIIO expert

conuninceon m31Jria, \\'HO. Tech. Rep. Ser. No. 735. pp. 57 • 59.

\V 11 0. (1988). PrecJutions ogoinst cclt3in diseases and injuries. In:

VoccinJtion cenificatc requirements and health advice for

intcn1a1ional trlvel. \VIIO, Geneva, pp . 46 - 47.

\V 11 O. (19S9). Glucosc-6-phosph3te dehydrogcnase deficiency. Dull.

\Vld. 111th. Or& .. 67: 601 • 61 I .

\V 11 o. ( 1990a). t, 1.iluria. In: Tropical Disc.1ses, TOR Communications

Geneva, pp. 4 • S.

• 

\V 11 o. (1990b). Scv�n: ond complicated malaria. Trans. Roy. Soc. Trop.

I-led. Hyg .. 8.\(Suppl. 2): I • 65.

\Vyler, D.J. (1976). Pcriphcrol l)1mphoc)h:: subpopulations in huinan

folciparum m,1lona. Clin. E.,p. lrnmunol., 23: 471 • 476.

Z:i\•ala, F .. t,bsuuJ. A., Groves, P.l\l., Nussen1wcig, V. nnd

Nussen:r.wcig, R.S. (19S5), Ubiquity of the rcpctith•c ep't I Opc 0r

the circumspo1ozoite protein in difforcnt isolates or hu •nan n1alari:i

parJsitcs. J. ln1n11mol., 13S: 2790 • 2793.UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT




