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AUSTRACT

A cohort of moiliers and 1he i niewborns at Igbo-Ora, Oyo Siate
was studicd longaudimally for 12 months to detennne the #icidence of
malarta parasitacruia, episodes of clinical malaria and thetr humoral
imennie response to malaria infeclion. Cross-secticnai studies were also
perfonned on adults at the Governmient Technical College, Igbo-Ora
and blood donors at the University College tiospital, Ibadan daring the
rainy and dry scasons,

Periphedil and cord blood samples weie collecred from 116
womien at delivery and mmeaiai-newborm walamometric indices were
recorded. Inlass were ruomitored fortnightly to detect episodes of

clinical malaria and seiial blood samples were collected at bi-monthly

chnics.
I3lood zamples were collected from 100 volunteers at the G.T.C.

lgbo-Cra it July, 1991 and 33 of these volunteers in Feoruary, 1992;
224 blood donors at the U.C.I1., Ibadan between October and

November, 1991 and my 192 doners in March, 1992,
Inemunclegical assays tucluded single radeal numunodiffusion

assay lor 1gG, 1gh and [gA; inununolluorescence assay for antibodres

o wtal blovd stage antsgens, erydiroeyie membrne



[V

immunofluorescence (EMEF) assay to detect antibodies to the
Pf155/RESA; and an enzyme-linked immunosorbent assay (ELISA) for

antibodics to four synthetic peptides.

Malaria parasites were delected in 2.5% of cord blocod samples
and in 22.4% of ihe paruricnl women. The malaria pasasite 1ates and
densities of the study infants increased significanily with increasing age.
Parasite rates at thie July and Februaty surveys at the G.T.C. were
similar (P>0.50) while parasite density was higher (P<0.01) at the July
survey. The parasite rate of blood doners at the October-November
survey was higher (P<0.00!) than at the March survey while parasite
density in March was higher (P<0.001) than at the Oclober-November
survey,
Cord blood 1gG was significantly lower than maiemal IgG levels
and a correlaiton was observed between cord and matemal IgG but not
IgM levels. During the first year of tife, Ighf but not IgG and IgA was
significantly higher in malana positive infants compared with negative
inifants.
Aniibodics to total blood stage antigens were detected in all sem
tested. Malana-specific Igh was deiccted in 5.8% of cord blood

samples. There was a corrclation between matemal and cord blood

antibody titres to the Pr1S5/RESA (P<0.001) antigen. In addition a

correlation was obtained beiween matemal and cord blood ELISA
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(OD4ps) values to the (EENV)g. LIS and MAP2 peptides but not
(NANP)g peptide.

There was no comelation between cord blood IgG, IgM. 2nit-
Pfi55 antibody titres, ELISA (OD4os) values to the (EENV)g.
(NANP)e, LIS and MAP2 pcptides and dusation of onsci 0! malaria in
the infant. Cord blood scropositivily for antibodies tc tire Pt SS/RESA
and (NANP)g antigens or (EENV)s and (NANP)g peptides did not
tnfluence age of onset of clinical malaria. Howcver, infants with
hacmoglobin AS whosc cord blood was scropositive for anttbodics to
the PfISS/RESA and (NANP)g antigens or (EENV)g and (NANP)g

peptides showed delayed onset of clinical malaria compared with AA

infants.
In adults, anti-PrtSS antibody tities and ELISA scrorcactivitics

10 the (EENV)g, LJS and MAP2 peptides showed a wide variation and

individual levels were similar on consccutive surveys. Scroreactivily (o
the (NANP}g, was higher at the end of the rainy scason than at the end
of the dry scason. The presence and level of antibodics to the
PfiSS/RESA, (EENV)s, (NANP)s. LIS and MAP2 antigens dtd not

influence the presence and density of malaria parasites,
Parasitological data in infanis suggest some relative protection

within the fitst 2 - 3 monihs of life. However, matemally acquired

antibodies alone may not be responsible for this observation The
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presence of malaria-specific 1gM in cord blood suggest inlrauterir.le .
sensitization of the foetus by malarial antigens. Although no relationshi?
was observed between malarial antibody levels and parasite
cates/densities in the adult subjects. these antibodies may stitl play & role

in immune prolection against malaria.
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presence of malaria-specific IgM in cord blood suggest intrauterine
sensitization of the foctus by malarial antigens. Although no relationship
was observed between malarial antibody tevels and parasite

rates/densitics in the adult subjects. these antibodics may stili play a role

in immune protection agasnst malaria.
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CHAPTER ONE
1.0 INTRODUCTION

=

Malaria a diseasc rooted in antiquity, remains the most important of
the tropical discases, Malaria parasites arc transmitied from inleeted

people to susceptible people by the bite of female snosquitoes of ihe genus

Anopheles and in some rare cascs, congenitally through the placenta
(Airedc, 1991). and also by blood transfusion from ai infected blood
' donor (Guerrero et al., 1983). [t was reported by WHO (1990a) that 267
million people ae infected with malaria, with 107 inillioa clinicai cases
annually affecting 103 countrics whiie 2100 multion people are considered
at risk of being infected. Malaria is estimated to be fresponsible for the
deaths of over 1 million children i Africa annually. the majority of them
being children less than five years of age (WHO, 1990a). Greenwood ct al,
(1987) identilied malariaas the probable cause of 4% of infant deaths and
of 25% of deaths in chsldren aged 110 4 years in Tlie Garnbia
In malaria endennc areas, where (afciparuin malaria is holo- or
hyper-cndemic, childrea below S years of age and pregnant wonien are
more vulnerable to the disease than are other age groups (\WHO, 1974).
The morbidity and mortality c:used by tws parositic infection in young
children living in malarii endcinic areas. is in sharp contrast to the almosl

lack of patent parnsitacnstas in Affican infants duning the first few weeks
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of life (Nardin ct al., 1981). The protection of the newbom against the
malaria parasite has been aitnbuted to various non-immunological
malariostatic mechanisms such as the milk dict deficient in p-
aminobenzoic acid (I lawking, 1965), haematological factors such as ar
ageing red cell population and the piesence of erythrocyic foetal
hacmoglobin (Wilson e1 al., 1977; Pasvol and Wilson, 1982}, and
selective biting by mosquitocs among different age grovps (Muirhcad-
Thompson, 1951).

The single most imponant factor thouglit to be responsible forihe
specific resistance to inalaria parasites by infants is the presence in
nconatal blood of anti-malanal antibodics :ansferred across the placenta
(Bruce-Chwatt, 1952; Gilles and McCiegor, 1959; Biggar et al., 1980;
Nardin et al., 1981). Such antibodies have been documented in both
matemal and cord blood and are essentrally immunoglebulin G (lbeziako
¢ al., 1980). Morcover. the gammaglobulin fraction of cord serum when
adniinistered o acutely infecied children has been shown to reduce
parasiacima (Edozien et al., 1962) and 10 inhibit m;Iaria parasite growth
in viizo (Chizzolini el al., 1991). This serological inheritance provides
partial protection during the first few wecks of life and forms a biological
stticld under the proteciionof which the child can stant raising its
individually acuired immunity,

in malaris endemic arcas. infants under 6 montis of age rarely
contract the discase. | lowever, afier six monihs of age unproiected infasts

suffer repeated and severe atlacks tha become milder with time as they
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grow, due to acquired immunity. 8y the age of 5 years imimunoprotection
is reflected by the deuicasc in the clinical manifestations of the disease
despite the dense evident parasitaemia, and later by the decrease in the
mean parasite density with age (McGregor, 1986).

Allfllough it was exceptionally rare for an infant tn a malaric
endemic arca (o contract the disease befoze the age of 6 morths, uns is
now being obsceved (Tijam and Adeleye, Personal comraunication),
Whether this obscrvation is due to the emergenee of chloioquine tesistant
malana, genetical differcnces that renders some individuals more
susceplible to infection, increased irnsmission intensily or some innate
factots remains (o be elucidated. One impoitani factor that warrants
investigation is the use of chemcepiophylaxis in pregnancy to alleviate the
morbidity expcnenced by preginant women, following recommendations
from previous [teld studics (WHIO, 1986b; Greenwood et al.. 1989).
Studies conducted in The Gambia (Voller and Wilson, 1964), Uganda
{Ilarfand et #!., i975) and Nigeria (Biadley-Moore et al.. 1985b)
however, showed that chemoprophylaxis cxcrts an itnmunosuppressive
effeci on the humoral immune response 10 crude malaria aniigens.
Chemoprophylaxis in pregnancy is being recently embraced by our
primary health care system. Chemoprophylaxis lowers the humosnl
immune 1€Sponsc to crude malana antigens and African newboms
partially depend on transplacentally acquired malaria antibodies for
protection during the ficst weeks of life, | lypothetically it therefore

fullows that chernoprophylaxis irs pregnancy will lower the level of
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transplacental malaria aniibodies and conscquently hasten the duration of

onsel of clinical malana in the infant.

——

Protection of the African ncwbom has also been finked with innate
factors and malarial control mcasures. It has been reported that foeial
hemogtobin provides a less suitable environment for the develoraient of
human plasmodia (Allison, §954; Gilles, 1957, Fricdmaa and Trager, |
198} ). Sickle cell heterozygotes in malarious zones have been known 10
be relatively prolected against malaria (Wilson e1al,, 1977: Friedman and
Trager, 1981), In addition. Glucose-6-phosphate dchydrogenase {G-6-
PD) deficiency in heterozygous stale also confers a powerful proteclion
apainst P. falciparum malania, which accounts for their high frequency
in nearly all parts of the world where malaria is or has been conimon
(Bienzle ct al., 1972: Usanga and Luzatio, 1985: W10, 1989).

The protecuve role of these innate factoss have been investigated
individually in chiidren and adults. There i's nced to investigale the exient
and possible syncrpistic prolective role of these innate factors especially
with repards to malana ininfants.

Another innate factor wornthy of consideration in the cvaluation of
protection against malaria are the eiythrocyle sisloglycoproleins. [t has
been established that merozoite invasion of red blood cells occurs
through its binding to the erythrocyle menibrane sialoglycoprotein
receplors. and penclic variants of tliese glycoprolcins dif(erentially. tesist
merozoite Invasion (Pasvol ctal.. 1982a,b: Facer, 1983: Pasvol et al ,
1984: Mitchel) et 87,1986, 1(is 2iso known that during merazone



nvasion of red cells, a parasite protein of Mr }55-kd is deposited in the
crythrocyte membrane (Pcrimann et al., 1984). Hypothetically, it would
be expected that individuals deficient in any ol the sialoglycoproteins
would be 1elatively protected against malaria and their levels of
antibodies to the Mr 155-kd paiasite protein would be lower cormipainid to
individuals with noimal sialoglycoprotcins. An investigatton of the
frequency of genetic polymosphism of the erythrocyte sialoglycoproteins
and its coirelation with protcction from malaria may shed some light on
the possibility of an evolutionary selection pressuic on the genelic
vaniants that protects inhabitants in malarious areas just as is the case
withthe sickle cell trait.

FFor several decades treatment and control of malatia especially that
causcd by P. falciparum have been unsatisfuctory in many arcas, party
becausc of the growing problems of dryg resistance of both the parasites
and the mosquitc veciors, Following this development. atiention has been
focussed on immunoprophylaxis as a possible solun"pn to control the
nalaria scourge.

A major achieveient in the scarch of a initana vaccine has been
the identitication of sonic plasmodial antigens accessible to the immune
system of the host and capable of inducing protective imenunity. The
structure of the inmunodominant cpitopes of these antigens has been
defined. thus opening the way to the development of malaria vaccines
using cheinically synthesized or genetically enginceied molecules (Miller

er al . 1986). ‘1licse amngonsranessapedbstopetoneta| malarinl vaccines



represcnt a powerful tool for the dissection of the spucitic immune
response of Lhe host 1o the parasite. Prominent amongst these antigens 15
the circumsporozoite protein (CSP), a single polypeptide with sepeal and
non-repcat regions which covers the surface of the sporozoite. Antibcdies
to the CSP immunodominant 1cpeat region has been demonstrated n the
sera of immune individuals using both recombinant-R321et3z (L icfiman
ct al,, 1986) and synthctic - (NANP),, peptides (Chizzolini ot al., 1988).
Scrocpidemiologic studics conducted in [ndonesia {t {of{iman ct al., 1986),
Tanzania (Del Giudice et al., 1987), Kenya (Canipiell et at., 1987) and
The Gambia (Snow ct al., 1989) demonsltcated that anii-CSP specific
antibodics increase with age and may contribule lo immune protection
against malariu in humans, On the contrary Marsh ct al. {1988) in The
Gambia and Burkot ct al, (1989) in Papua New Guinea repoited that the
humoral immuie response Lo the CSP repeat region (NANP) does not
play a major role in the development of immunity to clinical malura in
the population studicd. )

"The nng-infccted erythrocyte surlace antigen (RESA)also known
as Pf155, located in the membranc of crytlioeyles infecicd with ring-
fomis of . fulciparum (Perlmann et al., 1984). is onc ol the malaria
candidale vaccines under nveshipation. Anti-PlISS/RESA amibodics
have been reporicd to inhibit parasitc growih in vitrro (Wahlin et al.,
1984). In epidemiologic studies, anti-PrISS/RESA amibodics increase
with ape and transmission (Wahlgren et al., 1986; Morsh ct al., 1989.

Chizzolini ct al., 1989; Deloron and Cols 1990) except in catly childhood



(Bjorkman ct al., 1991, llogh ct al., 1991), and may be related to the
acquisition of protective imsnunity. However, there ar: conflicting reposts
as regards the protective role of anti-Pf 15S/RESA antibodics. In Liberia,
Petersen ¢1 al. (1990) und Bjorkman ct al. (1991) reported some
correlations between anti-Pf 1 SS/RESA antibodics and lower
parasitacmia. On the contrary, Maish et al. (1989) in The Cambia and
Bjorkman ct al. (1990} in Libena icporied that there was no conclation
between anti-Pl 155 antibodics and protection ag:instmalaria

Itis cvident from the various scrocpidemiologic invest galions
ainicd al ascceraining the prolective polcatiais of the CSP and
Pr1SS/RESA antigens that, the factors goveming the acquisition of
antibodics to these iwo maloaria candidate vaccines are still inadequaicly
understood given the inconsisiencies in their findings, Conscyuently there
is nced lo carry out moie ficld surveys so as 1o clearly define the

functional relation between antibodics to these defined antigens and

protcclion against malaria, ‘

So {ar only two cross-scclional siudics have been conducied in
Nigeris penaining to the prolective role of the above two malaria

casididate vaccines. Williams ct al. (1987) reported that there was nv
conclastion Xiwceen anti-(NANP)so and antl-Pf L SS/RESA antibodics in a

large population of Nigenans. Achidi (1989) ina cross-sccifonsl study
obscrved an age progressive merease in anli-PIISS/RESA scropositivity
with a corresponding reduction in parasite prevalence rate. llowever,

lhere was no sullicicnirevadencetorsagpestthat:anti-P1 55 antibeslics



protected against clinical malaria. ‘There is nced therefore 0 conduct

morc ficld studics preferably exccuted longitudinally involving cohorts so

as 1o asccrtain the protective role of these antigens and to cxasnine

whether scasonal variation affccts seroprevalence to the CSP and
PFLSS/RESA antigens.

Scrocpidemiologicul studics provide usclul infortnaticn on the
cndemicily and transmission rates and the success of malaiia control
projects (WHO, 1974) which is vitat (or planning of appropriate public
hcalth measures. [tis also considenzd necessary in identifying non-
immunc individuals from cndemic aieas and in the sclection of test
populations for carly vaccine ficld tials.

Thiere arc previous scroepidemiological data mainly froms a few
specific sludy arcas in Nigeria, This includes the Malum/(ashi arca in the
Northern Savannah wiicre cpidemiotogical studics were undertaken

during the carly 1980's {Williamson and Gulles, 1978; Gilles ct at., 1983).
These data indicated holoendemic transmission of malaria with
significant scasonal variation, Main malaria vcc:ors,wcrc identificd as
Anoplieles gombiae and A. funesties . In Igbo-Orz, Oyo Staie, theie are
some data indicating meso 1o hyperendemicity with percnmial ‘
transmission although marked scasonal variation was obseived. The
species found were 2. falciptram  (aboul 90%), P malarive (5-8%) and
P. ovale (2%); Anvpheles gumbiae and A. funesnes were main veetoes
(L.awrence, 1965). Voller and Bruce-Chwatt (1968) in a

. sceocpidemiologicyl sumveydnNedheavNogesineporied a seroposivity




protected against clinical malana. Thaie is need therefose (o conduct

more {icld studies preferably exccuted longitudinally invelving cohorts so
as lo ascertain the prolective role of these antigens and to extinine
whether seasonal vanation affects seropievalence o the CSP and

Pr1SS/RESA antigens.

Scrocpidemiological studies provide uscful infomiaticn oii the
endemicity and transinission rates and the success of ma!aiia control
projects (WO, 1974) which is vital for planning cf appropriate public
health measures. It is also considered necessary in identifying non-
immunc individuals from endemic arcas and in the sclection of test
populations for carly vaccine ficld trtals,

There arc previous serocpidemiological data mainly from a few
specific study ateas 1n Nigena. ‘This includes the Malumfashi area in the
Northem Savannah where epidemiological studies were undenaken
during the carly 1980's (Williamson and Gilles, 1978; Gilles ct al.. 1983).
These data indicaled holoendemic transmisslon of nlmluria wilh
significant seasonal variaiion. Masn malaria vectors were identificd as
Anapheles gombiae and A. funestus . In Igbo-Ora, Oyo Sialc. there are
some data indicating mceso 10 hyperendemicity with perenmal
tronsmission although marked scasonal variation was obs¢rved. The
specics found were P. falciparum (abour 90%), P. maluriae (5-8%) and
P, ovale (2%); Anopheles gambiae and A. fimesius were main veclors
(Lawrence, 1965). Voller and Bruce-Chwatt (1968) in a

scrocpidemiological survey in Northem Nigeria reported 8 scropasivity
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1atc of 92% in all sera tesicd. In a study of the epidemiology and control
of malana, conducted in the Garki District of Kano State. Voller et al.
(1980) mecasurcd malaria antibody levels by the ELISA technique in two
diffcrent populations, one cxposed to intense malaria transinission 2nd
the other protected. They observed an incecasc in ELISA values with: age
in the unprotected population 1cflecting the development of iruniunily to
malaria. Malaria control activitics rtduced ELISA values w2 ilic protected
population.

All 1he above seroepidemiological studics were carricd out when
the various malana candidate vaccines had not been fully charucternzed
and conscquently then: were no adaptable ficld tecliniques to measure
their scroprevalence. Antibodics directed to the total blood stage antigens
arc known as non-reliable indicators of prolective humoral immunily
(Voller and Bruce-Chwatt, 1968; Achidi, [989; Marshd al., [989).
However, with the recent clucidation of the fine struciure of many
plasmodial antigens envisaged as potential malariai paccines, 1t 1s
iclevant io use these defined antigens to disseci the specific immune
1icsponse of individuals inhabiting malanous arcas. Infonnation from such
a study will shed tore light on ihe protective role of malana candidate

vaccines and also provide baseline cpidentiological data for future

vaccine {icld trinls.
To advance the progress towards the development of a malaria
vaccine and 10 help reasure its potential impact, ficld siudies arc needed

1o clearly definc the mcchanismy involved in the developiem and
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maintcnancc of naturally acquired imnwnity 1o cnvisaged snalaria
candidate vaccines. Cross-scctional studics in which comparisons are
madc between different age groups within a community has a role 10 plny
in identifying factors worth further investigation as possible indicatais o)
protective immunity. | lowevcr, it docs not peimit analysis of indwidual
responses 10 infection. Longitudinal field studies allow a betice
assessment of protection and of its relationship in the imiituice response (o
putative proicctive antigens. In genceral, the follow-up of a community
submitted 1o natural conditions of exposure to maiaria represcnts a better
means to investigatc the variations of the immune response of the
individuals in elation toa wide veriety of cnvironincntal changes.

Since infants and young children account for the highest morbidiy
and monality rates from malaria in endemic arcas, studies on the passive
transfcr of matemal inuinunity and the development of immunity to

matlaria ore of great iniportance in vaccine developmients. [ 1s not clcar

whether malana vaccination would be suitable and c'ffccdvc when
applicd =arly in life. This considcralion is n:levant as itis known that
maternally acquired antibodies inhibit the imniunological process induced
by vaccination against measles, rubella or tnumps, when these vaccines

ae adminisicred before the age of one year (Ajjan, 1988).
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1.1 RESEARCH OBJECTIVES

Sequel to previous inconsistent findings (as regards the
protective role of antibodies to malaria candidate vaccines) and the recent
observations of malaria in infants under six months of age (Spenceret o .
1987). contrary to previous findings (Gilles, 1957; Nardin et ai.. i5§1)
this study intends to:

1. Determine the level of transplacental malarial antibedies and
its duration of protection against clinical ina!aria in the infant.

2. Investigate the development of malaria parasitaemia/clinical
malaria and the husnoral immune r2sponse 1o malaria in
infants during the first yeas of jife.

3. Determine the inalaria parasite rates/densities and the effect of
scasonal varintion on antibody levels to some defined
Plasmodinm  falciparim antigens in an adult study
population.

4. Investigate the existence of a possible relationship betweeo

antibodies ta some defined . falciparum antigens and

protection from snalaris.

The objectives of 1his study would be aclieved as follows:

1 Passive Trunsfcr of Malarin Jmmunity

The leve) of tunsplacenta) transfer of malaria immunity would be
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1.1 RESEARCH OBJECTIVES
Scquel to previous inconsistent {indings (as regards the
protective role of antibodies 10 malaria candidate vaccines) and the recent

observations of molaria in infants under six nonths of age (Spencer ¢t a! .

1987). contrary to previous findings (Gilles, 1957; Nardin et ai.. i561)

this study imends to:

l. Determine the level of transplacental malarial antibodies and

| its duration of protection against clinical inataria in the infant.

2. Investigate the development of mataria norasitaemia/clinical
malaria and the hurnorl immune response to madariain
infants during the lirst year of life,

3, Deterinine the malaria parasite rates/densities and the cffect of
seasonal virimion on antibody levels 1o some defined
Plasmodinm  falciparum antigens in an adull study
populatson.

4, [nvestigate the existence of a possible relationship between
antibodies to some defined P. falctpariun  untigens and
protection frem malasia.

The objectives of this study would be achieved as follows:

1 Passive Transfer of Malaria lmmunity

The leve! of transplacental sransfer of malaria immunity would be

. dctcrmmcd using naternal/cord paired smnples, The level of total
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Antibodics to the total blood stage antigens would be measured. Specific
antibodics to the Pf I55/RESA, MAP2 and the immunodominant repeat
regions of the CSP and PI155/RESA antigens would be assayed.

Results from these investigations would provide baseline
information on the level of transferof malarial antibodies from miotics to
infant. This inforination would be required to arrive at a conclusion
whether chemoprophylaxis in pregnancy has any effect on the level of
transpiacental malarial antibodies as previously suggested and whether
the leve) of such antibodies at bisth has any effcct on the duration of onset

of clinical malaria in the infant.

2. The Development of Matarial Antibodies to P. falciparum

Antipens.

The ontogeny of malaria! antibodies in the study infants would be
snvestigated by closcly monitoring these infants from birth till one year of
age. during which time scriaj blood samples would be collected at bi-
monthly intcevals. Infants wouid be regularly screened for malaria
parasites and cpisodes of clinical malana recorded. Analysis of total
iininunoglobin isotypes and malarial antibody levels to the above test
antigens (totnl blood stage antigens, CSP. MAP2 and Pl1SS/RESA
antigens) wottld be cartied out.

Results from these investigations would deternsine the ducation of
onset of clinical tnalaria in the study infants and help authenticate the

eent observation of maldfS AP THHEPS MoHths of age by same
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clinicians. 1t would also provide uselul inforination on the seroconversion
period of the study infants which will represent when malernally derived

anuibodies arc on the wane and the child is therefore cxposed to inalaria

parasitc attacks.

3. Humoral nanune Response to P, falciparam  Aniigens

and I’rotection,

To investigate the humoral immune response to the above test
anligens and the existence of a possible relation between antigen-specilic
antibodies and protection agninst malesia, two cross- secttonal surveys
would be carricd out (during the rainy and dry scasons respectively)
involving the adult study subjects. The nothers of the study infanis
would be sampled along with their infants. Analysis of total Ig 1sotypes
and malarial anubodies 1o the nbove test antigens would be carried out as
previously discusscd

Results from these investigations would establish adult parnsite
rates/densities and seropositivity rotes o lest malanial antigens. Using
malarin paiasite rates/densities and antigen-specific antibocly levels, an
attempt would be made 1o lind out il there is any comrelation between
antibody levels and protection from malsria. It would be possible to
establish whether scasonal vartation has any effect on seropositivity rates

10 the test antigens.
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clinicians. 1t would also provide uscful information on the seroconversion
period of the study infants which will represent when maternally derived

antibodics are on the wane and the chiid is Uicrefore exposcd 1o malaria

parasitc attacks.

3. Humeral Immunc Response ta 22, falciparum Aniigens

and Protection.

To investigate the humoral isnmune responsc to the above test
antigens #nd the existence ol a possible relation between antigen-specilic
anhbodies and protection agitnst maleiia, (wo cross- sectional surveys
would be carried out (during the rainy and dry scasons respectively)
involving the adult study subjects. The mothers of the study infants
would be sampled along with their infants. Analysis of total Ig 1sotypes
and malarial antibod:es (o the above test antigens would be camed out as
previously discusscd.

Resu)ts ftom thesc investigations would establish adult parasite
rates/densiiies and seropositivity rates o test nialartal antigens. Using
malaria panasite rates/densilies and antigen-specific anfibody levels. an
altempt would be made to find out if there is any correlation belween
antibody levels and protection from malaria. It would be possible 10
establish whether scasonal variation has any effect on seropositivity mies

10 the lest anligens.
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4.  Innate Protective Factersand Arlificial Malaria Conlrol
| Mensures.

In the assessment of the protective role of alarin speciiie
antibodies, il is desirnble that study subjects be characterized for any
fikely confounding [nctors. These include innate factors know: to prolecl
ngainsl mnlarin morbidity and/or affect the developmeni of malaria
anlibodics. IFor the purpose of this siudy the following confounding
factors would be dctermined:

a. lnnate factors: {i) hacmoglotin genolype

(1)  MNSsU{Ge) blood group

b. Austificial control measure:- use of chemoprophylaxis.

' AFRICA DIGITAL HEALTH REPOSITORY PROJECT
I
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CHAPTER TWO
2.0 LITERATURE REVIEW

Malaria is caused by single-celled protozoan parasites of the geaus
Plasmodium. Human malaria is idemified with four Plasmodium species -
widespread throughout the tropics and also in some temperate zones as

shown in Fig. 2.1. They include: Plasmodium falciparum (malignant

tertian malaria). £. wivax (benign lertian malaria), £. malariae (quartan

malasia) and P. ovale {ovale tertian inafaria).

(39
f—

Life Cycle
The lifc cycle of the mnlarin parasite is essentially stmilnr in nll

species of plasmodia and involves two hosts: snvericbrate (sexunl phase)

and vestebrate (asexual phase).

2.1.1 The Life Cycie in the Mosquito (Sporogony)

Blood inpested by n mosquito from an infecsed mdmdunl niily
contnin ascxual siages in addition to scxuatly differentinted gainetocyies.
The former are digested in the midgut of the rnosquito. The gamiclocyles
underpo gametogenesis in the lumen of ilie stomack resulting i their
transformation into lnrge macrogamicies nnd thread-like microgamicics 8s
shown in Fig, 2.2, These gonictes fuse in ferthlization to produce u
malionless zygote. After 18-24 hours the zygole elongntes nnd. becomes
imobllc forming an ookincte winch migrales through the stomach wall nnd

AFRICA DIGITAL HEALTH REPOSITORY PROJECT
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Approximate Distribution of Matarious Regions

(E2g). (WHO, 1990a).

Fig 2.1).
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epithelium and the elastic membrane covering the outside surface of ihe
stomach, these oocysts grow 1apidly by nuclear division and budding off
of small portions of cytoplasm ecach conigining & nucleus. The budded
portiois are the sporozoites. Ruptuse of the pocyst releases thousa:ds of
mmobile sporozoites which enter the haemocoele of the mosquilo a:id
circulate with the blood to the salivary glands. Fron the salivary gland
cells they enter the salivary ducts and are deposited in the subcutancous

tissucs of man when saliva is injected during a bload meai.

2.1. 2 The Life Cycle in Man (Schizogony)

Wihen an infected mosquito feeds on o susceptible individual,
sporozoitcs arc introduced into the biood sueam. These circulate for about
half an hour before invading die liver parenchymal cells wheie they
undergo exo-crythiocytic schizogony ta produce schizonts cach
developing within the liver cell and bounded by a liiniting menibrane. Al
the end of this jenod, more than 20,000 mcrozoiles are relcascd into the
blood stream Ly rupture of the hepatocytes (Llockmeyer and Ballnu,
1988). Thesz invade the erythrocytes to iniliate the erythrocytic ascxuzl
phase.

The parasite begins as tiny tings and Jevelops inio trophozoitcs
which consist of s cytoplasn and a nucleus. As the parasitc grows it
becomes actively amocboid and granules of a brown pigment callcd
hacinozoin, fomied fiom haematin antl denatured protein, appear in the
cyloplasm. The trophozoites mature #ito schizonts. When schizonl-

Linfcclcd erylhrocyles rufneTesTaRy YRERSTRRYOESTS are released ¢ach
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capable of invading another erythrocyte. It is this cycle of invasion,
multiplication and ieinvasion of erythrocytes that results in the disease
that is clinically recognized as malaria, llowever, some o[ the ting-foims

develop into gametocytes {male and female).

22 Invasion of Erythrocytes Ly Malaria Parasites

Rescarch findings suggests that P. falciparum metozoites
recognize and attach w clusters of carbohydrates on the surface of most
erythiocytes by means of lectin-like bonds {Pasvol ci al., 1982; Facer,
1983). These discoveries suggest the possibilily that eryithrocyle
receplots for P. falciparum mightinvolve a specific family of molecules,
the glycophonns, shown in Fig. 2.3. Blockage of receptor-ligand
interuction, might preventihe survival of the blood-stage malaria parasite,
which is an obligate inmcc;l:';.r parasitc. Hadley et al. (1986a) suggested
that malaia parasiic receptors can be used as unsnunogens to induce
antibodics that biock mesozoite invasion of red cells. However. it 1s not

kinown whether anti-receptor antibodics are important in the acquisition
of naturally aequired immunity.

2.2.1 Morphologic Studics on Invusion

Initial attachment of a merozoiie 1o an erythirocyte oocurs between
any two points on the suiface of the merozoile and erythrocyle (Jungery.
1985). Non-specific electrostatie forces might provide adhesiveness

during this initial contsct (Pasvol ct al., 1984). After initlal artachowein, the
merozoile reorients itsell so that its apical end is in gppogition to the
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erythrocyte. The apical end of the merozoite is characterized by an apical
prominence, a pair of apical organelles teimed rhoptries and adjacent
osganciles termed micronemes. Bannister et al. (1977) observed that the
surface coat of the apical end of the merozoite atiaches to the erythrecyle
and that strong adhesive forces are exened, as evidenced by the degree of
spasmodic distortion in the 1ed cell membrane. Bannister ¢! al. ([977)
desciibed both long and short distance connections betweca parasites and
1ed cell, the former characlerized by extensions of the merozoite's surface
bristles. This long-distant attachment occurs between the merozoite's
apical end and the red cell. Fibils of the nierozoite’s bristly surface,
especially the thicker fibrils, appear 1o b ihe site of attachment.

Bannistcr et al. (1977) also noticed a pattem of spoiadic bending
and relaxation along the erythrocyte surface at points of attachment, as
though the merozoites were adnering and then ctting go i a zipper-like
movement, This observation is consistent with the notion 1hat the
merozoite connects {irst 1o cartbohydiate groups (IFig. 2.4.) at the
glycophorin N-ierminal, and then forms a stronger bond with the intemal
segments of the molecule (Jungery, 1985). Following deforniation on
attschment, the erythrocyle membeane invaginates and the merozoite
enters the cavity so formed and the erythrocyte membrane cseals, The
merozoite then relcases the contents of the apical c;rgancllcs resulting in
the formation of the parasitophorous vacuole (Aikawa et al, 1978). Entry

of the merozoite into the parasitophorous vacuole is characterized by the
movement of the junction (formed st the area of aposition beiwcen the
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merozoile and the erythtrocyie membrane) from the apical end to the

posterior end of the merozoite.

2.2.2 Glycophorin Variants and Invasion.

The nortnal erythrocyte membrane carries at least theee distinct
glycophorins (gps) which include gpA (MN glycoprotein), gpP2 (Ss
glycoprotein) and gpC ( B + Y - glycoprotein). GpA is th= masjor
component and contributes approximately 60% of the sislic acid of the
nonmnal red cell membrane (Anstee, 1980), Both 2oB and gpA have
identical amino acid sequences for the (irsi 26 residues from the amino
tetminus, with the exceptionthat gpA cxpresses M and N blood group
antigens, whereas gpB carries only N aatigen (Issitt, 1981). Genetic
varianis of erythrocyte sialogiycoprotein have been described and these
include erythrocytes lacking gpA {homozygous En (a.)] cells, normal gpB
(homozygous S-s-) cells or the absence of both A and B (the rare MMk
homozygous celis).

Previcus siudies with En(a-) cryshrocytes gave invasion rates that
were S0% (Miller et al., 1977), 37% (Facer, t983) and 10% (Pasvol et al.,
1982 2.b) of those obtaiicd with normal eryihrocytes. Perkins (1981)
reported a 90% or greater reduction rate. £n(a-) cells have increased
glycosylation of band 3 and an overall decrease in sialic acid (important
for optimal invasion) and lack the Wright (W) antigen (Ansice, 1981).

Pasvol et al. (1982 b) showed that invasion of S-s-U- (gp B

B deficient) cell was 28% less than that in control cells. Facer (1983)

meoncd a significant rcakaGHESAD-ER YHEOSEH SrollecchOMOZYROUS varianl
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cells. The U antigen 1esides close 10 the erythrocyte membrane (see Fig.
2.3) on gpB normal erythrocyles, and this portion of gpB is not involved
in invasion (Facer, 1983). tiowever, the above {indings indicaie that gpB

as prescnt in noimal erythrocytes, may also carry determinants necessary
for recognition,

Pasvol et al. (1984) reported that 1he extent of invasion of 2.
Jalciparum into gpC-deficient cells is on the average $7% o f that of
normal human red cells. Trypsin trecauncent of nonnal red cells reduced
invasion to nbout 34% of the control while treaiment with gpC-deficicat
cells reduced invasion from 57% to 22%. CoC canies similar
oligosaccharides to those found on A and 3. This suggests that the
oliposaccharide components of ppC may play a role in the initial binding
beiween red cell and merozoiic

Since the antigens on the gps exhibit a high degree of
polymosphism with some vanants resisting merozoite invasion of
erythrocyles, wis worhwhile investigating in this eavironment the
frequency of occurence of these variants in a cross-sectional study and the
possibility of relative protection from nialaria through a longitudinal
study. Individuals deficient in sorne ofthese gp antigens would be
expecied to have lower antibodics 1o the Pl I35/RESA amigen since this

antigen is deposited in the erythrocyie membrane during merozoite

invasion.
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2.3 Specific Ccllular Acquired Immuaity

23.1 T-Cecll Numbers

In man, numerous studies have icported alterations in the

proportion of peripheral T and B cells during malaria infection. Wyler

(1976) reported that both the percentage and concenuation oi T ccils were
decicased in malaiia while the percentage but not conccntiatton of B cells
was increased. Both the percentage and concentration of ‘null’ cells were

increascd in malaiia. They suggested 1hat ihese alterations may be due o

sequestiation of T cells in the spleen or other organs.

Ade-Serrano and Osunkoya (£977) in a study of Nigerian children
with acute malana observed a markcd {all in the differential and absolute
counts of T cells but little or nc change in B cell numbers. They suggested
that the apparent decrease in circulating T cells was due to T cell
mobilisation (1o extravascular sites) necessary for cffective host resistance
against infection. Wellset al. (1979) in & study of Thai adults with malaria
repoited a decrease in both percentage und concentrution of T cells,
increased percentage but not concentration of B cells and an increase in
the ‘null’ cell percentage but a decreasc in the absolute number of null
ceils.

Salimonu and Akinyemi (1986) in a study o} Nigenan children aged
2-10 years with acute malana confirmed pievious lindings of depressed
T - lymphocyte numbeis. They observed notinal Icvels of B cells. They,.

suggested that the decrease in T-lymphocyte numbers may be due to
sequestration of this lymphocyie subpopulation in specific arcas of sone
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lymphoid organs. It has been reported recently that both the percentage
and total number of /0 T-cells inctease significantly in acute malaria
infection (ko e1 al., 1990). It has been suggested that y/8 T-cells may
function f» vivo by inhibiting the development of the paiasite's liver
stages (Tsuji et al., 1993).

in all 1hese studies, a significant decrease in both priceniages and
total numbers of circulating T cells was jeported. Phenotyping of T cell
subscts has revealed a decrease in the helper/inducer subsets and, in sonye
studies. also of the cytotoxic/suppressor subsats (iHo et al., 1986; Merino
etal., 1986). The clinical significance of these changes is unknown, but
the general decrease in T cell pool has been postulated to be due 10 the

effect of lymphocy:otoxic antibodies which prefercntially reacts with T
cells (Merino et al., [986).

2.3.2  Cell - Mcdiated Itninunity

Accumulating evidence suggests that immunity to malaria is

mediated by additional mechanisms which ¢can act in conecrt with or
independently of protective antibodies, Obsetvations supporting 1his
concept include: (a) the inability of ser from inynune host to transfer
protection (Jayawardena et al., £978); (b) the dimmished effectiveness of
inmune sera transferred to spicncctornized or T cell deprived recipients to
protect against infectson (Brown and Phillips, 1974); (c) the abulity of B

cell-deficient hosts 10 spontancously resolve malanial infections o to tesist
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infection (Weidanz and Grun, 1983) and (c) the adoptive transfer of
immunity 10 malana with T cells but not B cells (Cavacini et al., 1986).

Cytotoxic T Lymphocyles (CTVL.) of the CD-I* and CD8* phenotype
have been implicated in immunity to the hepatic stages of the malariz
pasasite. This is because CTL recognize T cpilopes in association with

class 1 major histccompatibility gene products present on the surface of

most nucleated cells. CTL plays no role in immunity against (ne

erythtocytic stages since human erythrocytes do not cxpress class | MIHC
artigens,

Greenwood et al. (1977) also Brown and Smalley (1980) described
increased nonspecific and specific antibody-dependent cellular
cytotoxicity (ADCC) in malarious Gambians. Erythsocytes infected with
mature malarial parasites casry surface plasmodial antigens and may
therefore be desuoyed by ADCC. The natuie of the effector cells in
ADCC inctude killer cells, monocytes and polymorphonuclear ncutrophil
leucocytes (Greenwood ct al., 1977; McDonald and Phillip, 1978).

Gilbreath et al, (1983) observed a significantly impaired lectin-
induced cellulor cytotoxicity and spontancous cell-nicdiatcd cytotoxicity
in majarous subjccls. No change in ADCC was obscrved. They concluded
that malaria paticnts have defective T cell and natural killer cell
cytotoxicily capabilitics but do not exhibit defective killer cell funciion
Riley cl al. (1989) rcporicd that cellular irnniune responsc (o malanal

antigens are suppressed during acute falciparum malaria, suggesting that
pansitc derived factors may be ditectly imnmunosuppressive.
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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 lytnphokincs such as IFN-y and iterleukin |
whichthen stimulate cells of other cell systenis (c.g.. the mononuclear

phagocytic cell system) to exert antiparasitic effects.

233  Serum Inhibitory Substancesto Cellular !'mmunity in
Malarla

In astudy of Nigeriun children from Za2ria, Greenwood et al.
(1972) observed ca seleclive form of immunosuppression during acute .
falciparum infecions. Childien with acuic malaria showed a diminished
antibody response to the li-antigen of Salmonella typhi  and their cellular
immune response was normal. In lbadan Nigeria, Osunkoya et al. (1972)
reporicd a significantly higher “spontancous” transformation to blast cells
in vitro , of lymphocytes from malarious children compated with controls,
They suggested inat the blast transformation observed may be due (o
lymphocyie activation by immune complexes.

Moore et al. (1977) observed thut in several cases of malaria and
protein energy malnutrition (PEM), the ability of lymphocytes to
wonsform was depressed in autologous plasma. Tests of 1wo malana
plasma indicated that depresssion was due (o inhibition rather than lack of

essential nutrients. They suggestcd that plasma inhibitors induced dunng

an acute auack of malartia interfere wiih the development, or eapression of
an cffectjve protective immunity,

l AFRICA DIGITAL HEALTH REPOSITORY PROJECT




29

Plasma inhibitors of {ymphocytc trunsformation occur in a number
of diseases (Whiuaker et al., 1971; Kumar and Taylor, 1973; Heyworth et
al.,, 1975). Whittle et al. (1978) in a study of Nigenian childien with acute
measles from Zaria observed that deplction of T cells, an inhibitor oi
lymphocyte prolifcration and possible defect in antigen processing,
interacts to depress cell-mediated immunity in measles. Salimonu et al.
(1982) dcmonstrated that scra from rnatnourished children inhibit sheep
erythrocyte roscile fortnation by lymphocytes. The sera of malnourished
children having inhibitory substancc did niot inhibit autologous
lymphocytes whereas the E tosente formnation oi homologous lymphocytes
were inhibited. They suggested that the E sosctie inhibitory substance(s)
present in the blood of some mainourished children either sterically
hinders or cross reacts with the T cell ieceptor i vivo and in vitro , thus

reducing the proporion of T cells that can form E roscttes in sheep
erythrocyles in vitro . ‘They postulated that the inhibitory substance is
likely 10 be eithei soluble inynunc complexes, endotoxin or & 2 -
macroglobulin.

Salimonu et al. (1986) desnonstmied that the presence of E rosenie
inhibitory substance in paticnis with acute malaria, measles and
kwashiotkor. They also obscrved thar most of the patients who had
soluble immune complex levels >52mg/dL had serum E rosctte inhibitory
substaices in their sera and they invariably had low percentages of C-

roseltes. Children infected with malasia or measles had low levels of
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circulating L rosetting lymphocytes: delectible seruin E rosette inhibitory

substance, and clevated levels of circuluting soluble imniune cornplexes.

2,34  The Roleof T - Cells In Humeoral hnmunc Responsc (o

Maluriu

Existing evidence suggests thut T cells function as hetper cells in
the production of protective antibodics. Good et al. (19870) coserved that
T cell stimulation with sclected constructs containing T cell cpitopes of
the circumsporozoitc protcin of P. falciparum allowed such mice to
produce [gG antibodics following challenge. Troyc-Blomberg and
Perimann (1988) cxposed T cclls to 2. falciparum antigen
prcparations. They observed that at very low doses, these antigens induced
IgG sccection in autologous B ceils, whereas the conirol antigen did not.
Exposurc of B cells in the absence of T celbls gave no inciement in 1gG
vecretion, indicating 1t it was T helper-dependent. In control
lymphocyies tlic antigens induced no immunoglobulin secretion. Very
little IgM was found in the P. fulciparum -cxposed culwres. They
postulated that IFN-y incrcuses the expression of M1 IC class )l antigens
on antigen-presenting cells which s iinponant for the iniggering of T
helper cells.

Specilic T-dependent B cell activation can be induced in patsents
with acute malaria, in whom antigen-induced T cell prolifcration and
interleukin-2 production may be aboried or suppressed (Troyc- Blamberg
elal., 1985). T cells which mediste protcction against the erythrocyric
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- Ic'iu:ulmi'ng E rosetling lymphocytes: dcicctiblc scnamn E rosette inhibitory

~ substance, and clevated levels of circulating soluble iminunc cornplexes,

234  The Roleof T - Cellsin Ihitnoral Immune Response lo

Malaria

Lxisting cvidence suggests that T cells function 25 helper cells in
the production of prolective antibodics. Goud c1 al. (19870) observed that
T cell stimulation with selected constructs containing T cell epitopes of
the circumsporozoite protein of P. falciparum eliowed such mice to
produce IgG antibodics following challenge, Troye-Blomberg and
Perlmann ( 1988) exposed Tcells to A, falciparum entigen
prepaations, They observed thai at very low doses, these antigens induced
IgG sccretion in autologous B ceils, wheseas the control antigen did not.
Exposute of B cells in the absence of T cells gave no increment in IgG
sectetion, indicating that it was T helper-dependent. In control
lymphocytes the antigens induced no immmwunoglobulin secretion. Very
litle Igh! was found in the #. fulciparum -exposed culiures, They
postulated that 1FN-y increuscs the expression of MiIC class 1] antigens
on antigen-presenting cells which is irnpostant for the uriggering of T
halper cells. .

Specific T-dcpendent B cell aclivation can be induced in patients
witly acute malann, in whom antigen-Induced T cell proliferation and
buerleukin.2 production may be abatted o rauppressed (Troye-Blomy 23
¢t al., 1985). T cells which mediate protection sgalust the erythrocytx,

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



3l

stages of rodent malana parasitcs an: of the helperfinducer (L3T4)
phenotype (Cavaciniet al., 1986) and, thus, tnay provide help for antibody
production. Antibody may then be nccessary for the host to survive acule

infection and to clear the blood of parasites during chronic infection.
2.4 Specilic Humoral Imnwnlty

2.4.1 Immunoglobutins

West Alrican adults living in hyperendcrnic malanal aieas show
clevated levels of IgG and IgM. In these clinically inunune subjects the
rate of albumin synthesis is similar to that in noral Europeans, but 1gG
production is almost seven times greater (Cohen and McGregor. 1963),
However, much of dus antibody response is non-specific since only about
5% ofthe towal IgG in immune seruin reacts with ptasmodial attigens. and
still less is protective {Cohen and Butcher, 1969),

Specific malariat antibody activity has been demonstrated in the
IgG. IgM and IgA {ractions of inmune huinan sera (Taylor, 1989) but not
as yctinihe igD class. Recently antimalurial IgE has bxen detected in
human malaria i/mmune scra (Desowitz, 1989: Desowitz et al., 1993;
Perimann ct al., 1994),

In malaria immunotherapy the classes of inimuuoglobulin
responsible for the antiparusltic action observed belongs to the 1gG t and
1gG2 Isotypes (Cohen and 1 ambert, 1982). Some protection was also
found in the IgM fiaction. Salisnonu et al, (1982) reported that malatia-
infected Nigerian patients had elevated levels of 1IgG and 1gG | subclass
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compared to uninfected controls. They obscived a slight dinunution in the
mean lgG3 concentration in malarious patients. Wahlgren et al. (1983)
obseived elevated levels of 1gG) subclass iu both Swedish and Liberian
malana immurie seia. Liberian isnunurnie seru demunstrated higher 1gG2
levels than the Swedish sera while the jatter had strikingly high leve!s of
IgG2 compared to Liberian sera. Perlinonn and Cerottini (1972 reported
that 1gG1 and 1gG3 mediate phagocytosis or target cell lysis by monocytes

whereas 1gG2 and 1gGs aie inactive or less efficient in this respect.

2.4.2 Malarial Anubodies

Plasmodial infections rapidly induce a large variety of humoral
immune responses. While some of these inay be protective, others may
help the paiasite to evade a proicctive host 1esponse (Anders, 1986) or
may give rise 10 immunopathological reactions harnmful to the host (Grau
et al., 1987). In genenal the correlation between totel antimalarial
antibodies and piotective immunity is poor, indicuting that most of the
antibodies fonned have no protectlve clfect.

The role of serum antiboclics In acquired lsimunity to malaria was

establishied by passive transfer studics of hyperitnnwune seruin in human
and experimental infection (IEdozlcen ct al., 1962, Subchareon et al., 1991).
| in acute malasia immunotherapy. trunsferred nntit;odics failed to

| completely suppress parusitacinla. This inight be expluined by insufFicient

variont.specific anttbody to suppress parusitaemia or the absence of on

additional mechanism of resistance necessary for expression of immunity

(B rown et al,, | 986)_ AFRICA DIGITAL HEALTH REPOSITORY PROJECT



34

Malacial antibodies nwy exert prutechion along different pathways
including direct picvention of pamsite binding to liost cell receptors, ¢.¢ 1n
sporozoite/liver ccll intcraction or invasion of erythrocytes by merozoites.
However, antibody-mediated cellulur cytotoxicity or phagocytosis appear
lo play a major role in most instances (Khusmiih et al., 1982).

It has been suggested that an important function of the wnmune
sysiem in malaria may be the preventlon of disease rather thin of infection
(Playfair etal.. 1990), This "anti-discase” immunily may be due to

antibodics against soluble malarial “exoantigens” which are by themselves

toxic.

i; 2.5 Non-Speclfic Ccllulor inununity

2.5.1  Phagocylosls

Phagocytosis is a prominent feature of malaria. Early workers
I observed free parasites, parusliized crythrocytcs, uninfected erythrocytes,
malana pigmeni and erythrocyte dcbrls in the macrophages of the splcen,
liver anid bene marrow of minlarlous hosis (3rown, 1969).

Sheagaren et al. (1970) observed calianccd phagocytosis during
acute malaria. Following treatnieut and complete recovery, phagocyiosis
rztumed to normal. Celada et ul. {1983) conlirmedprevious findings that
immune scra enhances phagocytosis of P. falciparum infected red cells

by monocytes and polymosphonucicar leucocytes (PMN) ¢n viiro

Phagocytosis and destruction of antibody coated parasites and

parasltized cclls is regarded as an important immunc cffector mechantsm
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n plasmodial infection. Antibody-nicdinted pliugocytosis of infecied red
cells by monocytes and PMN may by une of the mevhanisms wwvolved in

the control of malaria infection.

2.5,2  Macrophage Aclivity

The malarious host responds to clrculating patasitized
erythrocytes by a dramalic increase in blood nmionocytes and thae
accumulation of macrophages in the liver and spleen. The recruiunent of
these cells and 1heir activation is medlated by lymphokincs (such as
macrophage chemotactic factor and IFN-y) secicted by T cells activaled
by plasmodial mitogens as well as specific majarial antigens (Allison and
Eugui, 1983; Weidanz and Long, 1988)

Macrophage activation can also nesult from phagocytosis of
immune complexes, opsontzed parasites and debns, Activated
macrophages have becn siiown to release TNFa and IL. 1 which induces
the production of szaclive frce midicals responsible for parasite death
(Albson and Eugui, 1983, Liew, 1991), For & long 1lme, it was thougl
that reactive oxygen intermediates (ROI) such as superoxide and hydrogen
peroxide were the major paraslie killing mechanisin. However, recent
studics suggest thot nitric oxide (NO) derived from I_-arginine and

molecular oxygen is the priticipul effeclor mechinism (1 jew, 1991;
Liet al., 1992).
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2.5.3  Natural Killer Cells

The possible role of natural Killer (NK) cells in providing some
protection during malarial infcclion hos been proposcd {Eugui and
Allison, 1980) and later challenged (Wood and Clark, 1982: Skamene i
al., 1983). Eugui and Allison (1980) found 1hat mice with low NK activity
wcre more susceptible o 2. chabaudi infection. Ojo- Amaizc ei 2!
{1981) reported raised NK ccll levels In malaria infected children
compared 1o controls. Solomon ct al. (1985) reported tha: beige mutant
mice, deficient in NK cells, exhibited a significantly higher porasitaemia
than the parental CS7B1/6 strain.

It has been proposed 1liat NK cells may participate in immunity to
malaria through the lysis of parusitized crythrocyies and perhaps form the
first line of defcnce against the perasite prior to the development of an
immune response(Eugui and Aliison, 1980: Solomon ct al., 1985). Later
during 1he course of infection, 11.-2 and [I'Ny produced by activated T
cells could contribute to the enbinncement uf the cytolytic activity of NK

cclls (Braaksnan ctal., 1986) and the appesrance of antibodles could
promote tiie ADCC aclivity of NK cells.

8 Nonspcclfic Humural hnimunlty

2,6.1  Complement
Ncva et al. (1974) reported n full in complenment levels around

the me of schizogony in infected humans. Depletion of complement was

astociated ducctly with degree of pamsitacmia and presence of
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complement-fixing antibody. Depletiun involved total huemolytic
complement and C4 indicuting that complement was being utilized via the

classical pathway. Greenwood and Bructutt (1974) also noted low levels
of C3, C4 and Clq in Nigerian children with acuie malarla, again
suggesting activation via the classical pathway.

Peichclai et al. (1977) obscrved a considerable neductior in C3, C4
and C6 levels in Thai malarious subjecis while Clq, C3PA. C8 and C9
levels were raised. They concluded that activation of comnplement through
the classical pathway occurcd in most of 1he malarious subjects while in a
few subjects activation of boih classical and alteruute pathways did occur.
Atkinson et al. (1975) described a cyclical paiicm of consumption of early
components of the classical complement pathway (C1. C4 and C2)
associated temporarily with schizonit rupture and suggested that the late-
acting components are not sequiced for prolective host immunity in
malorie. Adam et al. (1981) found hypocomplesnentaemta and raised C3d

in cerebral malaria patienss, They suggusted that complemient activation

may be¢ an important factor in 1lie pathogenesis of cerebrul malaria.

26.2 lnierferon
The presence of interferon (11-N) In the scea of humians with
malaria has been reported on several accassions ((2ugui and Allison. 1982,

Allison and Eugui, 1983). Administration of sheep anti-mouse alpha and
beta IFN antibodies to mice has been repoited 1o accelerate P berghed

infection in mice. although nfectiun was usually fatal even [n the
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presence of IFN. In childien, the presence of IFN, correlated with the
degree of parasitacmia (Ojo-Amaiz¢ et al., 1981).

IFN-y produced by antigen-or mitogen-activated T cells is also an
important regulatory lymphokine. IFN-y has been shown to be produced
by T cells it vitro in respose to P. berghei sporozoites (Ojo-Armaize et
al,, 1984), to P. falciparum  asexual erythrocytic stages (Troye-Blomberg
etal, 985)and to P. falciparum sexual stages (Good et al., 1987 a).
Troye-Blomberg and Perlmaan (1988) found the highest amounts of [FN-

Y to be produced by antigen-stimulated T cells from donois who were

clinically inimune 10 P. falciparum. IFN-y has by itself no effect on the
erythrocytic stages of the parasite. Ilowever, in a1ecent study, Orago and
FFacer (1993) reported that [FN-7y retards the growth of parasites fa vitro .
It has been suggested 1hat the target of IFN-y could be the infected
hcpatocyies (Manheshwan et al., 1988).

IFN-y is also imponant for macrophage activation and for the
expiession of MHC class II antigens on antigen-presenting cells important

for triggering of T helper cells.

263  Transferrin

Transfertin is a B - globulin and decreasesin inflammatory
processes. Migasena et al. (1978) reponed that transfermin levels ienained
low in malana patients four weeks after admission to hospital The

behaviour of transfersin during inflammation and haemol ysis in malana

supports the observation of Klainer et al. (1969) of an intenuinently
AFRICA DIGITAL HEALTH REPOSITORY PROJECT
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Mcsawe et al. (1974) 1eporicd that patients with negative iron s1atus
usually have high levels of serum transfeerin and are thus protected
against infection. They suggested that the protective factor could be

transferrin itsell. The Plasmodium pasasite requiics iron. Ravaatos-Suvzeey

et al. (1982) rcported that desferrioxaminc (DES) inhibits the grov/ih of
Pfalciparum at concentiations readily achicvable in vive . This
observation was confirtned by Pollack and Fleming (1984) and they
suggested that the intraciythrocytic parasite obtaias iron from transfeeein.
It has been observed that in iron-deficiency anaemia, malanal
anacks usually develop only after iron thempy (Byles and D'SA 1970;
hesawe et al., 1974). lron has a critical modulating influence on the
structute and function of the lymphoid apparatus and is necessary for cell-
mediated immunity and for efficient neutrophil function (Nurse, 1979).

Iron overload inhibits tie killing and digestion of phagocytosed parasites
(Mesawe et al., 1974).

It has been shown that the malania parasite can synthesize its own
tansferiin jeceptors to supply ils iton needs as mature red cells have no
transicrtin receptor. Rodriguez and Jungery (1986) demonstrated that a
proicin synthesized by the intracellular parasite and inseried into the
erythrocyte membrane of mature infected cells, is a receptor for
feirotransferrin. The parasite receptors has a single high-affinity binding

site for human ferrotransfemn.
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2.6.4  (Globulins

Mtudics on the alicration of globulin levels in malaria patients
demonstrated an increase in the &(. glohulin fraction with i concoimiian
decreasc in 1he level of the o 2-fraction (Klainer et al., 1969. ifuiphy et
al,. 1972 Mansa ct al., 1973; Migascna et al., 1978). e)-rariirypsin wns
idemtificd as a major, but not sole contributor to the c¢;-glnoulin clevation
(Murphy ¢t al,, 1972). B-globulin levels was intermiiicntly decreased
(Klainer e1al, 1969) while ¥ -globulin remrincd unchanged (Klainer et
ak. 1969; Mousa et ol., 1973). The decrease i [3-globulin levels may
have been due 10 a deercase in the leve! of wwansferrin (Migasena et al,,
1978). The decrense in & 2-globalin was the result of a decrease tn serum
haptoglobulin secondary 10 1tenvasculor hacnolysis, although an inttial
nsc preceded the fall in some patrents (Muephy et al.. 1972). t was

suggested that serum globulin changes duning malania appeared (0 1esult
from an imnni inRainmatory response with an increase of @ -antitrypsin

in all patvents and haploglobulin in some palienss. followed by a
preeipitucus fall in serum hapioglobulin once hucinolysis ogcured,
Chiewshp et al. (1988) reported 2 <ignificant clevation of B ; -

iucroglobulin levels 1n malarious compared with control subjects ‘They.
suggesied that the elevatton of P 2+ nucroglobulin levels may have boen

due 1o polyclonal acivanion of both T and B cells
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26,5 C-Iteactive Protein (CRP)

CRP was first said 10 be present in the blood of malarious

patients in 1954 (Muschel and Weatherwux, 1954). Ree (1971) observed
that CRP and P. falciparum frequently, but not invariably, coexist in the
blood of Gambians. Subjects with high parasite densities or with acute
malaria had higher levels of CRP compared with Jow non-parasitaemic
individuals, Follow up studies in untreated children showed that CRP
conccntrations lend to fluctuate widely and perhaps (o 1eilect changes in
parasite density. Following treatinent, concentrations fall swilily to low
Ievels and then persist al these for several weeks, Recurrence of
parusitaemia is marked by rupid increase in CRP concentrations.

Naik and Voller (1984) in a study of Zambian children with malaria
observed higher serum CRP levels in patients with high P. falciparum
parasitacmnia, Hlowever, even African children with Jower parasitacmia
had higher CRP Jevels than othets without parasitacmia. All the African
groups studied had CRP levels above United Kingdom contsol group.

C-reactive proteins have been shown to 1educe the number of
subsequent liver schizonts that develop in primary human liepatocytes a
virro (Pied ctal.. 1989). Reduction of schizont Joad was suggesied (o be
duc w macrophages activaled by parasite antigen that produced
interleukin (1L)-6 and iL.-1 which inggered hepatocytesin the vicuy 1o

synihesize C-reactive pioiein,
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266 Cacreloplasmin

Previous studies have rcported clevated levels of caertloplasmin
in malaria paticnts compared with control subjects (Migasena et al., 1978;
Chiewslip et al., 1988). Migasena et al. (1978) observed that 3 wecks after
adult malarious paticnts were discharged from hospital, their mean
caeruloplasmin lcvels was wilhin the same 1ange as the conlols and

significantly lower than on the day of admission.

2.7 Innate Reslstance

There are some genetic traits that iniluernice innate resistance to
malaria. For example individuals lacking the Duffy blood group (Fy?" and
Fyb-) are protected against P.vivax infection, as determinanis on this
blood group aie requiied for merozoite invasion of rcd cells (Miller et al.,
1976). The absence of some glycophorins in the red cell membrane, as in
En(a-), Mk Ak and S.s-U- mutants can confer resistasnce to P, folciparum
-merozoite invasion as previously discussed. Inttacellular growth of the
malana parasites is also alfecied by a number of host genetie factors

which inciude the several haemoglobinopathies and glucose-6-phosphate
dehiydrogenase deticiency.

2.7.1 Hemoglobin S

There is conelusive evitdence that the gene responsible for the
production of hacmoglobin (i1b) S is naintained a1 high frequency in the
tropics because of the biological sdvantage it confers on helecorygotes

l-': (HBAS) through partial PrORLHOR O P Jf&1kun (Liviagstone
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2.6.,6  Cacruloplasmin

Previous studies have reported elevated levels of caeiuloplasmin
in malaria patients compared with control subjects (Migasena et al., 1978,
Chiewslip et al., 1988). Migasena et al. (1978) observed that 3 weeks after
adult malarious patients wese discharged from hospital, their mean
caeruloplasmij levels was within the same range as the contis and

significantly lower than on the day of admission.

2.7 Innate Resistance

There are some genetic traits that influence innate sesislance o
malaria. For example individuals lacking the Duffy blood group (Fy2- and
Fyb-) are protected against £.vivar infection, as determinants on this
blood group are 1equired for merozoiie invasion of red cells (Miller et al.,
1976). The absence of some glycophorins in the red cell membiane, as in
En(a-), MKk MK and S-z-U- mutants can confer iesistance to P. falciparum
-merozoile invasicn as pieviously discussed. Intracellutar growth of the
malaria parasites is also affected by a number of host genetic factors

which include the sevcrul hacmoglobinopathies and glucose-6-phosphate

dehiydiogenase deficiency.

2.7.1 lemoglobin S
There is conclusive evidence that the gene responsible for the
production of haemoglobin (11b) S is maintained at high frequency in the

tropics because of the biological advantage it confers on heterozygotes
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1971). Bengtsson and Thompson (198 1) reported that HbS is associated
with 2 92% reduction in the relative sisk of sevese malaria. The clearest
indication of the protective effect of the sickle-cell gene is that very few
caitiers of the gene die from cercbral complications of 2. falcigarum
malaria (Friedman and Trager, 1981). Luzzatio et al. (1970) reported that
EbS infected cells sickle much faster than uninfected ones.

This observation suggested the following mechanizm of protection
against malariain FIbAS individuals as desciibed by Fricdman and Trager
{1981). The patasite in an infected AS cell develops nommally until the cell
is sequestered in the tissues. Then, given the low oxygen environment and
the low intracellular pH, the host celi sickles. The potassium level drops
and the paiasite dies. However, altematively infected cells might, for
some reason sickle while circulating rather than while being scquestered,
and are eliminated by the filtering action of the spleen, by phagocytosis of
the cells of the reticulo-endothelial system.

Comillc-Broggeretal, {1979) and Molineaux et ai. (1979) showed
thatthe distsibution of vasious . falciparion  specilfic antibodies is
shified towards lower values in AS and SS compaied to AA individuals,
supgesting that they are subjected to less antigenic stimulation by the
patasite, presumably as a tesultof their earlier removal from the
circulation, This was not found to be true with AC subjects (Storey et al.,
1979), Bayoumi (1987) suggested that the selective advantage of +Hb AS
individuals is due to earlier acquisition of immunity against P.
faiciparum, Abu-Zzid et o, (1992) icporied that HbAS individuals with
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clinical malaria had lower plasma IL-2 recepto:s and parasite densities

compazred to HbAA subjects.

2.7.2 Haemoglobin F

During the first few months of life, infants ase relatively
unsusceplible to malaria. Wilson et al. (1977) showed that foeial
hemoglobin (HbF) may contribute to this protection. Gilles (1557) ina
study of Gambian infants observed an apparent relationship beiween the
disappearance of HbF and tie onsct of malaria infection (Fig. 2.5). After
birth, erythropoiesis is known locease completely and remains inactive
until haemog!obin levels physiological for tiic newbom are attained. High
frcquencies (50-90%) of HbF 1ed cells aie found in the pesipheral
circulation at birth. After a few weeks HbF levels decrease linearly to
about 5% at 100 days from birth (Wilson et al., 1977).

There is confliciing report as regards the mechanism of protection
of HbF. Gilles {1957) suggested that HbF is malariostatic as it may
provide less suiiable environment forthe development of the human
plasmadia. On the contary, it has been suggested that infant protection
against malaria is due to an ageing red ce!l population rather than the
nresence of HbF (Wilson etal., 1979; Pasvoletal., |977; Luzzatto, 1979).
Wilson et al (1977) observed that P, falciparem invades “young™
erythrocyies in pteference for "older” ones. In the blood of infected infants
under six months of age, there was a paucity of parasites in I{bF

eeytlirocytes; these cells are "older” on the ave

|
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Fig. 2.5. elationship between Lhe disappcarance of
{oe!al haemoglobin and the onset of malaria in breast-
iad Gambian 1nfants aged six months and befow (Gities,

‘ I927)Mcacm toetal haemoglobin in the various age |

groups.
& Parasite rate in the various age groups: f
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etythrocytes was obscived on the other hand when their average age was
“younger" as in the umblical cord blood. In udulis with hereditary
peisistence of HbF, 1ed cells ate invaded at the same rate as in controls
(Pasvol et al.,1977). Luzzatto (1979) successfully infecied HbF red ceits

in viro demonstiating that new erythrocytes containing HbF can be

invaded by malaria parasiles.
Itis evident from the above findings thal susceptibility of
erythrocytes lo invasion by P. falcipartm is no1 conelaied withthe

presence of HbF but that the ageing of the red c=!!s decreases their

susceptibility 10 invasion.

2.13  Glucose-6-Phosphate Dehydrogenuse {(G61°'D)

There is impressive evidence through geogruphical data. (ietd work
and fn vitro  studies to show thut, apart froms the hemoglobinopathics.
G6PD deficiency also confers telative protection against P. falciparum
malaiia (WHO. 1989). Fricdmuan and Trager {§98|) found that parasites in
G6PD delicier: celis were highly sensitlve (o oxidutive stress. Bienzle et
al. (1972 reponed that hemizygous G6I'D deficicat males do not have
any greaier resistance (o malaria than nomuuls. flomozygous delicient
icmales also showed 1o evidence of protection. However, helcrozygous
deficient females had slgnlficantly lowor parusite couins. GOPE is
encoded by an X.chromosome.linked gene. Consecjuenily prolection
against malaria Is manifested in helerozygous fenmt es who ase genclic
mosaics (Usanga and Luzauto, 1985). They obsesved tlut in hemizygous
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eryUuocyies have on the average, an even chince of infecting a nonnal or
G6PD deficient cell. In heterozygous females, the chance (o complete
successfully the next schizogonic cycle I8 reduced by approximately 50%
thus justifying the reduced parasilacnila actuplly observed, The existence
of two ted cell populations ensures the exposure of the parasites
alicmately to G6PD - rich and GOPO - depleted environment, so that

adaptotion of the parasilc does not occur on a long temm basis (WHO,
1989).

2,74  Human Lcucocyle Antlgens (HLA)} and Protection

(rom Malerlu,

The discovery of MIIC testelciion of the inmune response led
to the ptoposal that MIIC poiyimcrphism Is insintained by different
alleles providing vatying degices of protection against infectious
pathogens (Dobert and Zinkernagel,1973). llcterozygotes for MIIC

alleles would have an increased cupacily o present antigens frotn a range
of pathogens compared with homozygoles.

2,7.4.1 11LA Class 1 Antigens

In Sardinia, ltaly the L ILA haplotype A2-BW17 was more
irequent in two lowland villages exposed 10 rnafaria tlan (n two highland
villages never exposed (o malaria (Plarsa ct al..1972), In north-east
Tanzanio, the same A2-BW17 (together with A2.AW30) haplotype was
found to be more (requent in indlviduals wlith hiéjh liters of antibodics
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linkage between iesistance o malaria and HLA Class I antigen is not
known.

Hill et al (1991) found that boih HLA-A24 and HLA-B!4 were
more common among Gambian children with severe malana. They also
observed that the frequency of HLA-B\WS3 was significantly decreascd
among severe malarious children. The association between HLA-BWSJ
and protection from severe disease suggest that ,class I-resiricted
cytotoxic T lymphocytes play an important role in providing protective

ymmunity against liver stage parasite(Hill et al., 1992).

2.7.4.2 HLA Class 11 Llaplogypes
Hill e1 al {1991) icponed that the DRBI*1302 subtype {DR\V13

allele) was less frequent among cuses of severe inalaria anaemia,
indicating that it is o protective haplotype. A comparison of the protective
efficacies of the two haplotypes DRW11.DQWS and DRW13-DQW6
agalist severe majaria anacntia showed that the assocluled relative risks
were similar, suggesting that boih arc protective and that the DRB{ *1302
and the DRB3*0301 alleles thal they have in common may be more
important than the DQB gene for proiection from severe nalaria anaemia,
An association between 1iLA - DR4 and low antibody 1esponse (o
the vaccine immunogen SPf 66 has been reponcd for Colombian donors
(Patarroyo et al.. 1991). Troye-Biomberg et al. (1991) did not find any
associalion between T cell 1esponses und FHILA -DR or -DQ alleles or
DRB -DQA -DQB haplolypes in 145 adult Gamblans. Riley et al. (1992)
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teported an association beiween possession of DQA -V/DQB -VI
(DQW?2) and high fiequency of antibodies to the (EENV)¢ peptide of
Pf 155/RESA.

28 INTERACTIONS BETWEEN CHEMOTHERAPY
AND IMMUNITY TO MALARIA

2.8.1  Chemoprophylaxis and Immunity lo Malaria
Chemoprophylaxis for risk groups such as childien under the
age of S years, and pregnant women has been supgesied for the control of
malaria morbidity in malaria endemic areas (W110, 1974; 1988). In a
secent study, Schultz et al. (1993) showed (hat in a malaria endemicarea
of Malawi wheie the prevalence of chioroquine tesistance is high, limited
use of sulfadoxine/ pynmethamine resulted in murkedly reduced
placenial infection rates. Critics of this concepts of chemopsophylaxis
argue that there is littic pointin protecting a child from malariaifilie

child Is likely to get life-threatening ninluria as soon as prophylaxis is
inlertupted.

2.8.2 C(linlcal Protective Irnmunity

[n astudy of Nigerion cpildren, no increase in malana morbidity
was observed when chemoprophylaxls was interrujpted afier | - 2 yeais of
drug administration { Archibatd and Bruce-chwait, 1956; Bradley-Moore
et al., 1985a), In Libenia, parasitaciiin was puitly suppressed in chaldren
2-9 yearsold by monihly doses of chloroyuine or ehloroproguanll for two
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tates and sizes, parasite densities and fever episodes when
chemoprophylaxis was stopped during the third year of the study. It was
concluded that recurrent parasitaemia a few times per year may be
sufficient Lo maintain a certain degree of protective immunity.

In the Pare region of Tanzania, malaria was effectively controlied
for a period of 3 years after which there was a tendency of increasc of the
incidence of clinical malaria in most age groups (Pringle, !967). In the
Garki project of nonthern Nigernia, effective malaria controi was achieved
over a period of two 12iny seasons by combined vecior control and
chcmoprophylaxis (Molineaux and Grammiccia, {980). Following the
interruption of control measures, the picvaicnce of malaria parasitaemia
gradually rose to the pre-intervention level,

In The Gambia, primigravid women who received malopam had a
lower parasite rate and a significantly higher mean packed cell volume
than controls. and the;r babies were significuntly heavier (Greenwood et
al.,1989). In multigravidae chemoprophylaxis tesulted in lower parasite

rate but it had no beneflicial effect on haemoglobin level and much less

elfect onbirth weightthan was observed in prinligravidae.

2,¢.3  Antlbody Response to Mulorla

In 2 Gambian study, a small nuinber of infants and mothers
were protecied from malaria by weekly pyrimcthainine for 7 months
(Voller and Wilson, 1964). Melaria antibodies were found in none of 7
protecicd infants, In conisass oall.7.conteobinfants had antibodies. 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 were given monthly
pyrimethamine up to the age of 3 years was lower than those of
unprotected control chitssen. In a Nigesnan study, chloroquine was given
weekly to children throughout the fitst two years of life (Braaley-Moose
et al., 1985a). The mean malaria antibody levels were Jowcr in the
protected than in the contzo) children, aithough by thie age of 2 years a
high proportion of protecied children had also devcloped antibodies.
Ibeziako and Williams (1980) reported a decrease in malaia antibody
titers in pregnant Nigerian women on pyrimethamine piophylaxis
throughout pregnancy. In the Carki Project very low immunofluorescence
or ELISA antibody levels were found in a group of protected infants
followed from bitth until the age of one year as compared to contiols
(Molineaux et al., 1978).

Taken together, the above studics show that malaria control may
produce a reduction of malaria artibody levels in the protected
population. This obsesvation has serious implications as newboms
depend on tronsplacental maloria antibodies for protection against malana

during the first few weeks of life.

2.9  MALARIA IN NEONATES, INFANTS AND CHILDREN
291 Congenital Malaria

Congenital majaria is that which the foetys acquites from its
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blood at birth or soon aftcr binth before the expiry of the malaria

incubation period. In endemic areas, despite a high incidence of matemal
and placental parasitacmia, congenitally acquired clinical malania is a rare
event. However, there aie a few reported cases of congenital malaria in
endemic arcas (Covel, 1950; Bruce-Chwait, 1952; Hindi and Azimi,
1980). The incidence in endemic countries has been shown o o low
{0.3%) but higher (10%) in women who move from non-endcinic aicas 1o
endemic ones (Covell, 1950). Airede (1991) reporied a case of congenital
malaria with chlorequine resistance in a preterm infani bom to a 29 year
old malara infccted multigravid mother at tlic Jo: University Teaching
llospival.

Low dcnsity infections of cord bilood are frequently recorded in
African newboms; pievalences of 3.8% (Kosunan, 1972) and 7.6%
(Vlcugels, £984) have been reported in Tanzanian newbomis and 21% in
babics in the Ivory Caast (Reinhardt et al., 1978).

The placenta is nommally an effective barrier against the malaria
parusite. lowever, some researchers belicve that the foetus acquires
parasiles v ien the placenta is damaged, cither during normal delivery or
owing ic placental paraevia or abniptiv placenta, when infected red ceils
aee 1ransfemed inlo the factal cirenlation (Logic and McGregor, 1970;

;xonsome-Kuti, 1972).
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2.9.2  Malarla in Infants and Children

Veiy youny infunts in highly endcmic malurious areas appear
tot to be susceptible 1o malaria, ‘This protcction has been atributed to
transplaceinally acquired malarful antibodies (Brice-Chwatt, 1952;
Collins ct al., 1977; Biggar ct al., 1980; Nardin et al., 1981; Chiz~rolini e
al., 1991); and other non-immunologlcal fuctors such os 1 [bR {Allison,
1954) avcision to young infans by the Anophcline mosquita (Muithead-
Thompson, 195t) and the milk dict deficicnt tn p-aminghenzoic acid
(PABA) (Hawking, 1963). PADA is an csscntia! growth factor for
malaria parasites because it isrequircd for the synthesis of folic acid.

Protection is howcver. transient, presumaldy with the decay of
tmimunological and non-immunological factors. McGregor and Smith
(1952) observed that the incidence and density of parasitacmia were
maximal 1n the very young children and declined progressively in the
olderage-groups. sugpesting o gradual acquisition of immunity,

Bruce-Cliwate (1952) in a longitudinal study of 138 African infants
in Southem Nrgena observed tliat during the first Quarter year of life the
malaria pamsite rate was less than 3%. Parasiie rate increased o 20%
durinp the second cuarter 1o about 60% during the Gurd quartcr, and to
over 0% during the fourth quarter. Nearly all the children were wfected
therenfier, McGiegor et al, (1956) reported that matana cxerted its

maximal effects in the Nine 18 months of lifc, Gilles (1957) reponied that

the mean parasitc rte of Gambian infants increased foum 10% in the firsi
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two months of life 10 42% in the thiid and fousth months and 10 53% in
the tifth and sixth months.

The above observations suggest that the clinical impact of malaria
increases as age progresses. Episodes of dense parasitaenua and severe
clinical disease reach peak sevetity in the second year of life whei, in
addition to pytexia, faltering growth and matked hepatosplencmegaly are
univessal features. In the second half of the third year of lifc, children
begin to show marked clinical improvement, despiic the persistence of
modetately dense parasitaemia. Throughout later childhood. immunity

slowly develops, parasite densirties diminish, as does the size of the liver

and spleen.

29.3  The Devclopment o Malarial Antibodics

The Afncan infant cmerges ftom his 9 months sojoum in the
nomually sterile intmuterine environsnentinto a world swaiming with
potentially pathogenie organisms. A signilicant part of the neonate’s
ability to survive its environment is temporatily provided by the mother
via the piacenta, For example, Edozien e1al. (1962) showed conclusively
that highly purified cord y -globulin had an antiparasitic effect against P,
falciparion  when admunistered to children with acute falcipzrum
malaria, In L] Salvador. Collins et al.{1977) found that 44% of infants
bom to mothers with a positive [FA 1esponse 10 P. vivar had positive
IFA response (o this antigen. Nardin et al. (1981) detected antibodies to
spotozoites of P, falciparnm in the sera of most babies bom to mothers
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confirmed previous icsults that antibodies specific for P. jalciparum
antigens aic transferred frorn mothers to newboms.

Gilles and McGregor (1959) obsceved that the y - globulin levels of
Gumbian infants fall steadily frorn birth for the first 3 - 6 months of life
and then begin 1o nsc. Mathew et al. (1976) noticed a slight decline of
malarial antibodies in 6 to 8 inonths-old infants who had no maiana
pamasites, Children older than 10 months had similar antitxidy levels
Irrespectlve of mnalaria parasitaemia. Nardin ct al. (1981} observed that
anti-sporozoile antibodies were gradually lost from the circulation of
Gambian infants until 6 months of sge when positive reactions against £,
falcipaniun  sporozoiles were no longer detecied.

The levels of antimalarial antibostics iemain low or undetectable
througlhout the remainder of the first yearof life and, therealter, rise
progressively diroughout chilithood and into aduh life (McGicgor, [986).
The rate of increase in earty childhood is rapid; it then slows in older
childhood and adolesceuce and platcaus in adult life. This geueral paticin
panallels clinical evidence of grudually Increasing resistance. The
antibody titres at birth and in the ensuing weeks of life fit well with the ,
observed ufrequence of parasitacmia wid clinical illness at this tirne. The
iow titres that persist into the third year of life cortesponds to the period
of maximum susceptibllily to the disease, while the progressively rising

titres thereafter rellect consolldatine Immunity.
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2.10 MALARIA IN ADULTS

In the naturally iinmunized adult, effecior mechunisms function
by iesiricting the nepllcution of blood parasites rather than by preventing
the occurcnce of parasitacmia. Immutne adults commonly show low grade
asyniptomatic putasitacmia (preinunition). Bruce-Chwatt (1963)ina 1 -2
yeass longitudinal study of Nigenan adu!is cxposcd to natural infections,
found (hat, although he could demonstrale parasitacmia in oniy 25% at
any onc time, over 90% had blood infections at sonic tiine when followed
for1 -2 years.

Adulis in malaria endemie orcas usurliy experlence fewer allocks
of tnalana annually as compared to childicn below 10 years of age due (o
acquisition of proicctive inumunity. In cnses of clinical muluria attacks,
confirmation of malaria parasitacnia by thick senears is usually difficult

duc 10 the low grade parasitacmio.

211 MALARYA INPREGNANCY

In highly endemic aiens, exacerbation of £. fulciparum
parasitacriit 1 ussociotion with pregnoancy has been widely observed
{Bruce-Chwall, 1952: McGiegor and Smnith, 1952). Pasasliization, often |
very severe, of placental blood is a frequeni occurence at panurition.
Consequenily pregriancy ts though! to abrogate previously acquired
immunily to tnalario and relnstate susceptibillty to severe clinical illness.,
It Is suggesicd thny pregnancy associated hormonal changes may depress
immune-rcsponsiveness of the otherwise heatthy fernale. Beer and
Billlnghain (1978) found- it ToHTHONEFIOITRES Blrin g pregaancy Is
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2.10 MALARIA IN ADULTS

In the naturally immunized adult, effector mechanisms function
by restricting the replication of blood parasites rather than by preventing
the occurence of parasitaemia. Immunc adults commonly show lov prade
asymptomatic parasitacmia (premunition). Biuce-Chwatt (196) inn I - 2
years longitudinal study of Nigertan adults exposed to nanira! infections,
found that, although he coulddemonstrate parasitacmia in only 25% at
any onc time, over 90% had blood infections a1 some time when followed
for 1 .2 yeas.

Adults in malana endemic arcas usualiy expericnce fewer atlacks
of malaria annually as compaied to children below L0 yearsof age due o
acquisition of protective immunrily. In cases of clinicul malaria altacks,

confimiation of malaria parasitacmia by thick sincars is usually Jiflicult

due to the low grade pamsitacmia.

2.1 MALARIA IN PREGNANCY

In Liighly endenic arces, cxacerbation of 2. fulciparum
parasitacmia in association with pregnuncy has been widely observed
(Bruce-Clhiwatt, 1952; McGregor and Smith, 1952). Purasitization, oflen .
veiy severe, of placental bloodl is a frequent eccurence at paiturition.
Conscquently pregnancy is thought to abrogate pueviously acquired
immunity to malaria and ieinstate susceptlbillly 10 scvere clinical illness.
It is suggested that pregnancy associated honnonal changes may depress
immunc-tesponsivencss of the otherwise healthy feinale. Ueer and
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immunosuppressive. Tlicre is ulso cvidence that scru from pregnant

wometi can inhibit the chemotactic responsivencess and phigocytic

activily of phagocytes (Bjorksten, 1980).

2.11.1 Mualurla und Parlty

In malaria cndemic urcas, parusitacmia is slgnificunily
commoncr and heuvier & prumigruvids thon in multigravids. It appears to
peak aound the cnd of the first trimestier and full duriny the sccond half
of pregnancy (Brabin, 1983). Posasilc rotes tend to decrease with rising
parity and mcian purasile ratcs in pregnant wornen of parity 3 and above
are Jower than tic overall mean for non-pregnunt women of reproductive
agc (McGregor, 1984). Gilles et al. (1969) found mularia to be an
important causc of anacnua in Nigenan pninigravids while McGregor
(1984) found 1hat depression of hacmoglobin levels in pregnunt women
with manlana parasitacmia diminished progressively as parity increased.
McGregor ct al. (1983) 1eported that placental infections are highest in
pnmigravids and declines significantly and progressively with advancing
panty. In asscciation with placental infeciion, mean infant binhweights

were a:duced ovenall by 170g.

2.i1.2 Ilmmunosuppression of Pregnancy

Scrological studics have falled to produce convincing evidence
that hurnors] immwune responses 10 rnalarial infection are suppressed in
psegnancy. McGregor e al., (1970) observed that mean levels of 150 and
IgA., but not 1gM, fal! during:pregnesreysMean-vatdcsof 1gG are
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significantly higher in parasitaemic than non-parasitacmic pregnant
women (Logic et al., 1973). Similarly, while assays of specific mularial
antibody levels in pregnant and non-pregnant women fiave produced
conllicting results, mean levels in pregnant, parasitaemic wownen are
signifanuy higher than those of pregnant uninfected women (McGregor,
1984).

Since cell-mediated immune mechanisms arc important in the
mainicnance of immunity to malaria, impaircinestt of this iminunity to
malaria nwy in part explain the susceptibility of pregnant women (o
malaria. Riley ct al. (1988) found that women aged 18-45 years were
significantly less responsive 1o malaria! antigens than a similar group of
men. [n The Gumbia. Riley et al. (1989) showed that lymphoprolifcrative
responscs 10 /. falciparum antigens wete depressed in piegnant women
compared to parity matchcd non-picgnant woinen and that this effect was
particularly masked 0 primigravidae. There was no significant differcnce
in anti-malaria! antibody titres between the two groups. Rasheed ¢ al.
(1993) found similar malarial amibody levels in matemal peripheral and
placcnw! blood. Matenal mononuclear placental cells proliferated less
than thiose from the peripheral blood: these differences were comparable

across parity groups. llowever, primiparac had lower proliferation

nulysial antigens.

2.12 BLOOD TRANSKFUSION AND MALARIA
'The transmission of malaria related to the practice of blood
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health aspects. Bruce-Cliwan (1980) estimated about 2500 cases of
transfusion malaria between 1920 and1980. Guerrero et al. (1983)
reported 26 cases of transfusion-induced malaria in the United States
from 1972 through 1981. Four of the paticnis everniually dicd.

P. vivax infections ate most commonly incriminated in accidental
infections following blood transfusion: however, P. falciparum
infections occur notinfrequently and mote 1ecently P. malariae were
tepotted with increasing fiequency, because of the asymptomatic, long-
term carrier state of donoss infected with this Plasmodium, \hile the
longevity of P. falciparum 1n man seldom ecxceeds one year and P. vivax
or P, ovale usually die out within 3 yeais, P, malariae  may remain in
the infected host for up to 40 ycars (Bruce-Chwatt, 1980). Thie viability
of malariy patasites stored in dextiose at 49C has been put at between one
week and 10 days.

Transfusion malasia is of common occurence in the University
College Hospita!, ibadan (Ambe and Njinyarn,Peisonal Communication).
This couid be attributed to the curreni wave of economic hardship that
has tiansiotmed volunuuy blood donation into a commercial transaction
involving mostly the less afflucnt social class who now see blood
donation as a profitable venture,

Following this obscivation, it is expected that paediatric patients
are the most vulnerable victims of blood transfusion malatia as this age

group of patients are usually transfused with (reshly collected blood. 1t
will therefore be worthwhieAB eteTRe 1hR Be¢valence of malaria
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parasites tn bluud dunors so as to evajuase its potential impact on
transfusion malaria. Resulis fromsuch a study may assist in Uie
fonnulation of guidelines goveming the acceptance of donors of whole

blood for transfusion or prompt treatment of recipients of malaria
infected blood.

2.13 ADVANCES IN MALARIA VACCINE RESEARCH
During the last 40 years, there hyve been repeated attempls (0
obtain an efTcctive vaccine against malaria, Clyde ¢t al. (1975) performed
the first huiman trials using sporo2oites from inadiaied mosquitoes as
imnmunogens. Volunteers were immunized by feeding irradiated
sporozoile.infectcd mosquitocs on the vuccinces. Thiere was a correlation
between CSP antibodies and pruiection against malaria. Vaccinces
immunized with P. fulciparum sporozoitcs were protecied against other
strains of P, falciparum bul notagainst . viwex. This expenimeat
produced the first clcar indicarton that induced immunity in susceplilile
losts was a poicntial micthod of conirolling the disease. Neveithicless, for
proteclion ‘o M induced, expusure 10 huidreds of infected inusquitoes
was reepuired and consequently the use of this 1ype of Unmiunogen as a

vaccliie Is highly Impracticul.

The continuous cultuie method of P, falciparum developed by
Trager and Jensen (2 976), pentitled tie prepamtion of large quantities of
antigen without depending exclusively on isolates. This togedicr with
recent advunces in inununologic and tholechnologic tools has permitted
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ate now obtainable by both n-combinant D 'A technology atid chemical

synthesis and provide a powerful tool for Uie dissection of the specific

immune 1esponsc of the host ta the parasite.

In the scarch for malaria candidaic vaccines, stages in which the
malaria parasite is accessible to the immune system of the hosi have been
considered (Fig. 2.6). They include tlie spotozoite, merozoiie, mature

infecied crylhrocyte, exoerythrocyte and gametocyte stages.

2.13.1 Sporozoilc Vaccine

The membranes of infective sporozolics are covered by a
protcin called the circumspornzoite protein (CSP). The CSP genes have
been cloned and sequenced (rom severai species of Plasmodium (Enea ci
al., 198.1; Amot cl 31, 1985) and all display the sume generol siructure: an
unmunadominant repeat-coding central domain (IFig. 2.7) Nanked by Iwo
small conserved seqquences on both sides of dic immunodominant repeat
negion elerred 1o as regions 1 and Il Recently, it has been reponced thal
sporozoiics oind to and ¢nler hepatacytes in the space of Disse, and that
binding is accompiished by a region 1! sequence on the CSI* gene
(Ceromi ct al., 1992). 1Tollingdale ct al. (1993) detuonstrated that a
peptide scquence spanning region | of Lhe CSP binds 1o llep G2 eclls,
Antibodics against this secjucnce inhibit sporazoite invasion of 1lcp G2
cells suggesting that region ! is fikely to b involve in sporozoite

Invasion
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¢ infective to humans,

A. Sporozoite . |
¢ infective to Mosquitoes.

B, Gametocyte

Fig 26 Malaria parasite ile cycle and vaccine Largels
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The gene for the CSP of P. fulcipuriun encodes a peotein of 412

amno acids, 40% of which areincluded in41 tandem repeated
tetrapeptides: 37 of these are ASn-Ala-ASn-Pio (NANP) and 4 are ASn-
Val-Asp-Pro (NVDP) (WHO, 1986). DNA hybridization studies of !8
geogrophically distinct P. falcipariun isolates indicate that the rcpeat

iegion is highly conserved (Weber and Hockmeyer, 1985).

2,13,2 Ilost Immunc Responslveness to the Iminuinodoiminant

Repetitive Epltope of P, faleiparun; CSp,
With the identification of the inununodominant repeat region as

the primury vaccine target. it has been shuwn by Zavala et al. (1985) that
after natural infections with £. fulciparum , the great majority of
antibodics produced against sporozoites aie dirccted againss the CSP
repetitive epitope. Both syntiiciic-(NANP (Dcel Giudice et al., 1987)
and recombipant - R32tet 32 (Hoffman ct al.. 1986) peptides have been
successfully emp!ayed in delccting anti-CSP antibodics in sera from
immuic individuals in malarta endemic areas. Both monoc]ong| ynd
polyclonal antibodies directed against spoiozoites have been shown to .
inhibit sporozoite invasion of culturcd human fibroblast (}ulisngdale
al., 1982) and hepatoma (llollingdale et al.. [984) cell lines in a species
speeific monner.

Ticre have been conflicting repoits as regands the protective role
of anti-CSP anyjbodlies in & nuinder of cPidemiological squdies, offman

ct ] (1986) in Indonesia teported that anti-CS? umibodies mediared
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citcumsporozoite - precipitaticn reactionsand blocked sporozoite

invasion of hepatoma cells in vitro and such reactions have been shown

1o correlate with protective immunity. The age-specific pievalence of
these antibodies cotrelated with decrcased picvalence of malaria
suggesting that a vaccine derived from the CSP repeat domain will
produce protective immunity, Canpbell et al. (1987c) in 2 study of
children 1 month to 10 yeass from 3 villages in westem Kenya obsetved
that the perccntage of antibody-positive children increased with age and
differed in the three villages. The village with the lowest percentage of
antibody-positive childien had the lowest percentage of malaria
infections. In a longitudinal study of 132 rural Tanzanian childien, Del
Giudiccet al. (1987) reported that anti-(NANP)40 antibodies increased
with age. A ncgative con slation was obsetved between the levcls of anti-

sporczoite antibodtes and both splecn enlargements and malaiia

parasilacmid.
Deloron ecal. (1989a)and Deloron and Cot (1990) in a study in
Westem Kenya and Burking Faso respectively found an increase of anti-

(NANP)s antibodies with age and antibody-posilive subjecls were Jess

likely to be infected with P. falciparum. The invetse 1elation beiween
reactivity (o (NANP)s and prevajence of malaria led them to suggest tha

these antibodies may play a role in immune protection. ilowever, their

observation that individuals with high anli-(NANP)S aitibody titres were

infecied with P. felciparis
not sufficient (0 conférpeerelienmgsimtommties infeciion. Snow e al.

¢ indicaled thet thesc antibodies alone were
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(1989) in the Gambia reported an increased seropositivity 10 the
(NANP)4g 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 theend of

the rainy season, when the pressure of infection was low, but not during a

petiod of high malana uaAsmission,
llowever, field studies by Hoffman et al. (1987} in Kenya. Pang et

al. (1988) in Thailand and Marshetal. (1988) in The Gambia, as well as

sporozoite inhibition studics with West African sera (Mellouk et al.,

1986) showed that anti-CSP antibodies arc noi protcctive. Webster et al.

(1988) reported that CSP antibodies may not be sufficient to confer

protection againsl caythrocytic infection by reducing the number of

sporozoites which successfully invade liver cells. They suggested hat

cell-mediated immunity may however, contribute (o protection against

sporozoile infection. Burkot etal. (1989) observed a significant trend of

increasing anti-CSP antibodies with 3ge but there was no evidence of
O

protection against malaria. Wijesundeia et al. (1990) showed 1hat anti-

' ibodi tion. unrclated to recrudescence
sporozoite antibodies are of short duiation 2 ce

ind independent of the anti-blood-stage antibodics. Rosenbergand Wirtz
(1990) reported that intrinsic differences exist in an individuals’ ability to

iespond io the CSP. A plausible explanation for these intrinsic

differences i s that therc is some genetic restriction of the human T eel

1esponse to (NANP)n peptide.
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‘The CSP iepeat is known to de included in the immunodoininant 3
cell epitope of this antigen. Whien injecte. into Fl-2 congenic mice,
R32tet 32 induced both anti-NANP antibodics and specific T cell
proliferation in vitro in 4 of 7 strains (Good ct al., 1986). The resporisz to
the plasmodial antigen was restricted by MUUC class 1! molecules
encoded by the I-Ab genes. Good et al. (1987b) iepoited that intact CSP
contain gt lcast one T helper cell-activaling site outside 1iie izpeal region,
thus emphasizing the necessity of mapping vaccine candidates for T cell
antigenic sites. Availablc evidence indicate thai the CSP ltas a limited

number of T helper antigenic sires capuble of amplifying the formalion of

antibodics.
It is cvident from the above obscivations thal the factors goveming

lhe acquisition of anti-CSP sniibodies are still inadequately undeistgod.
Conscquenyly giere is nced to conduct funlicr field studics to ascenain the

protective iole of these antibodics. Such siudics are of nemendous

importance in sporczoite vaccine developnicat,

2.13.3  Sporozvite Vuccine innminizatlon Triuls

Several iminunization trials with rndinlion-allcnbalcd
sporozoiies, syntheilc and recotnbinent CSI* have lecn shown to project
&nimals and humans agsinst malaria, Cantpell et al. (19870) showad that
mice immunized with R 32tety produced a secondary antibody response
aficr iptravenous injection of P. fulciparum spofozoites. Tiig sugpested

thay boasting of antlbody might Occur after natural exposure (o
t‘_ §porozoiics. Del Gludice €181 CTISBYSIEWETIRRTS INLYG (11-20) mice
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:espcznded strongly to catrier-free (NANP)0 but not (NANP)3 nor
(NANP)4 peplides. The ability 10 produ&. witibodics against (NANP)4g

was shown 10 be linked to the presence of theb alleleinthe ! - A

subrcgion of the 1] - 2 comnplex.
Khusmith et al. (199 1) found tl:at BALB/C mice immunized wach

irtadiated P, yoelii  sporozoiles produced antibodies and cytotaxic T
Cells against a 140-Kd protein, sporozoite suifuce protein 2 (SSP2). Mice
immunized with either SSP2 or CSP genes were paitially protected, while
those inununized with a mixtuse of SSI2 and CSP ransfectants were
eompletely protected against malatia, P. fuiciparum SSP2 (Pf SSP2, M
90K d) has recently been identiticd (Rogets etal.. 1992). Anti-Pf SSp2

antibodies inhibit sporozoite invasion of hepatocytes in vitro . | luman
volunteers immunized with irradiated sporozoites develop antibody and

Prolifciative T cell n:sponses to Pf SSI2 suggesting thal it is a target of

Protective immunity.
Fifteen voluniicers with no prior exposure (o nualaria were

Unmunized with recombinant R321et 32 adsorbed to alum. falciparym
SPoronitc vaccine-! (FSV.1) by Ballou et al. (1987). Amtigen-specific
anlibody was detected as corly as two weeks afier pomary immunization,
Antibody response was sustained for 3 - 4 weeks and niers retumed 1o
bascline with a calculated half life of 28 days. To descrmine whether a

’Uhquc"t M‘tcr mlghl inC:c&!c .lldwdy tiers and 'hul protcuion.
four doges of FSV- | was administered to 6 of the original volunieers, Ny

€vidence of boosting was ahserved. Jive.masguitnes infecied with o
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chloroguine sensitive NF54 stiain of P. falciparum were allowed ta feed
on thesc six subjects and two controls. Seven of the 8 volunteers
developed clinical malaria 9 - 13 days I;tcr. Parasitaemia never
developed in the individual who had the highest antibody response puid
the incubation and prepatent periods were prolonged in the 10 subjecis

wilh the highest antibody titers among the subjecis who tecamie

paiasitacmic,

In another vaceine trial, lleirington etal. (1987) immunized 35
healthy males with a P. falciparien  anti-sporozoite alum-adjuvated
vaccine consisting of (NANP)3 -TT. The frequency and magnitude of the
antibody response correlated with the vaccine dose. No evidence of
boasting was observed nor did antibody titers increase following
adminisiration of the 2nd and 31d doses. Five mosquitoes infected with
the chloroquine sensitive NIF54 sinain of P. falciparm  were llowed to
feed on thiree vaccinees with the highest antibady titers and four egnirols.
All four contrnls developed malaria within 7-10 days. Two of jhe three
Vaceinated volunteers developed malaria 11 days after exposyre. The
third volunteer was immune and fice of parasitaemia 29 dgys afice
ctailenge (Ilemington ctal., 1987),

A CSP vaccine called CSP-2 (4%/54kd) which is present in p.
Julciparum and P. berghei (Brown, 1993) has been idemified and \he
genes cloned. Antibodies to the CSP - 2 antigen protected mice hat were
infcctcd with £. berghei from thie discase (Anders et al., 1991), Anotlier

CSP vaceine called CS Prach demurimerireeosidemeeieet) and i) s anicipated
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that CSP - 3 could be conmbincd with other sporozoile proteins to boost

the immune fesponse (Anders et al., 1991).

2.13.8 Asexunl Blood-Stuge Vaccines

Numeious P. fuiciparum anligens have been identified dint
might serve as malaria candidele vaccines. They include the majoc
merozoile surface protein, thering-infected ciythiocyte surface antigen,
the S.antigen, Histidine rich proteins, glycophorin-binding proteins,
anligens of the parasitophorous vacuole, falcipaium etythrocyte
membrane proleins, lransferrin receptors, Ag332 and many other smatl
molecular weight proieins. For the puipose of this review only e
merozoile surface prolein, the ring-infected erythrocyle surface antigen

and Ap332 will be consideied because Licy are the most studied,

2.13.5  The Mujur Merozeite Surface Antigen (Pr195)

The major merozoile surface antigen is a glyeoprotcin
Synilicsized throughout schizogony and transpoited 10 the surface of the
Intraceliular parasite. This molecule with a refative molecular masg
MrlgS.kd (Pf 195) is the precursor of aeveral smaller proleins (83, 42 and
9. kd), some of which are expressed on the merozotie's surface (\WWHO,
1986),

Anil-Pf 195 antibodies have becn demonstruted in the sera of

| indiv{dugls jnhabiting malarious areds (Ho'der and FFreemen, 1982; (la)!

€1 3], 1984). Antibodies directed 8gainst merozoite surface eomponenys
. May inhibit growts wiro Inal leasl t WS WAYE Kiitibodies may
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sicncally block merozoite feceplors on red cell membrane or altemnatively
May agglutinate merozoites prior to their dispersal from the mature
schizont (Chulay 1 al., 1981) thereby eicutively reducing the numbers of

vastve fzce merozoites.

2.13.6  The Ring - infected Erythrocyte Surface Antigen (RESA)
The RESA was identificd as a component of the ¢rythrocyte
mcmbrane by Perlmann ct al. (1984). Thie RESA also known as P |5S is
Present in the dense granules in theapical complex of merozoiics
(Aikawa et al., 1990) and beconies associzted with the eryihiocyie
membrane shortly after invasion. It is not exposed at ihe extemal surface
of the erythrocyte menbeane (Serzins, 1991), but seems 10 be associated
with the intracellular cytoskeleton (Fig. 2.8) and especially with spectrin

(Foley et al.. 1991). The Pf 15S/RESA has also been deiccted in spent

culture medium (Carlsson et al., 1991).
The conplete siuctun: of the gene encoding RESA has been

detenmined (Favoloro et al..1986). An intron in the gene separales a small
caon | (65 amino acids) from a very much largee (1008 amino aciys)
Cxon 2. Wiihin cxon 2, there are (wo regions Of repetitive sequences: (fic
3" tepeat region (C-tenninus) encodes scveial tandem repeats (Fig. 2.9) of
an 8 ymino acid sequence (EENVEIIDA) repealed 4-5 tirnes followed by
3 much more cxtensive serof landemly ref reated 4-.amino acid sequences
(Predominantly EENV) tepeated 30.40 times. The ' repeat region (N-
lemyinus) is more degencrite. WitF3 #Egogmrimeoecid scquience
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dense material (EDM) under knobss(Howard, 1988)

IL



I I \ 414 R0§ 393
1671 Y ' e :

7x DDEHUVEEPTA Cx LENVEIDA 28 x EENY
4 x EEV
Ix FEYD
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(DDENVEEPTVA) occurtng twicc and five shorter sequences derived

from the 11-mer by dcletions and, in some cases, b y conscrvative

SUbSIilU[ions,

No antigenic diversity or size variation has been deteeted between

different strains and wild isolates (Pcrimann et al., 1987). A 155-k &,
Jalciparun; protein that cross.reacts with the RESA has been identified in
mature pametocytes (Masuda et al., 1986). Antigens similar io the Pf
ISS/RESA also occur in other Plasmodium species (Gabricl et al.. 1986;
Nguyen-Dinhetal., 1988). Immunodominant -cell epitopes are Jucared
within ghe 3’ repeals, central repeats and few sequences located outside
the repeat repions (Troye-Blomberg ¢t al., 1989 Chougnet et al.. 1992).
The Pf 1 55/RESA is considercd as a prime candidate for a vaccine
3B3inst the asexual blood stage of P. fulciparum since both polyclonal
and nyonoclonal anti-Pf 15S/RESA antibodics efticiently inhibi
Clythrocyte invagion by merozoites in vitro (Wuhlin et al., 1984, 1992:
Berzins o1 o, 1986). and the development of #nti-RESA antibodies in
humgaps appears (o coryelate with the acquisition of clinical imununiiy
(Wahl;mn ct al., 1986). 1{owever, the role of anti-RESA antibodies in -
Proteciive gnmunity against malaria is still questionable since tield
studies have yielded conflicting results,
In serocpidemiologic studies, anti-RESA antibodies increase with

%8¢ and transmission (Wahlgren ef at., 1986; Deloron ct af,, 1989:
Chizzolini eral., 1989; Baird et al. 1991) except in early childhaod

Blorkinan et of . 1991) gl b ksl ks acquisition of
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proteclive immunity. Nguyen-Dinh ct al. (1987) found low or
undelectable Jevels of anti-Pf 1 SS/RESA antibodics in sympiomatic
patients and high levels in asymptomatic ones and suggesied that these
antibodies might play a role in prolection ogainst malsria. Deloron ctal
(1989b) in a swdy of gravid and nulligravid women in Kenya observed
high anii-Pf | SS/RESA antibodics in multigravid wonen, modemie ievels
in nullipravids and lowest level in primigravid women indicaling a
patiem consistent with clinically assessed protection ngatns! malaria.
Petersen et al. (1990) in Liberia observed posilive correlation between
anli-Pr | SS/RESA antibodics and lower parasitacmits und suppested that
high titers of antj.Pf 1SS/RESA on ibodies cight play a role in protective
Kumunity in adults.

rary Deloron ¢f al, (1989a) in Kenya found that

sbody titers tothe Pf ISS/RESA were infecled

bodies afonc weie not

On thecon
intlividupls with high an! .
with P. falcipariom indicating that thesc ant
5uflicicnt 10 confer piolection ot s . :
(1990) senared a similar obs civation in Burkina Iaso. Bjorkmzn et al.

(1990) ixi 2 Jongitudinal study of 32 adult biderians Ob?crvc.d no d |
sigMiicant correlition between anti-pf 1SS/RESA lll'lllbOdlcf and paresite
o was 1eportetl by Chumpitazi et al, (1991)

g infection. Deloron and Col

dengities, A similar obscrvatio :

i i 989)in The

in Byrking Fuso. Marsh et 3L} | |

between anti-pr | SS/RESA antibodies and numbsers of clinicol cpisodes.
i~

f 1SS/RESA also
Anibodics agalnst Individoul peptides from the I'f g

. Pcicrsen ot al.
‘"Cncgu lo som¢ eatchl Whh M{ALGE)AQFP RIEOPcl)l's,cholR\‘(1 !;;JlEc?ngn)

Gambla found no correlation
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(1990) reponcd & negative correlution between parasitaemia and anti-
(ECNV)6 antibody Jevels in Liberians adulis. Hogh et al. (1991) did not

find any correfation in Libcrian children belaw S years of age.

2137 Amigen 332 (Ap332)

A clone, ttumed Ag332, was isolated lrom o P. felciparum
expression library bascd on its reactiviy with a pool of African human
immune sera (Matlei ct al., 19892). Ag332 islocated in semall patches in
the erythrocyte cytoplusm and is associated wilh the membrane of
asexyally infected erythrocytes. Ag332is encoded by o single, lorge gene
that is polymorphic in different P. falciparwn isolatcs (Mattei and

Scherf, 1992), ‘This antigen contains highly degeneruted glstamic ocid-

fich repeals of {1 amino oCids.

The recombinant 322 fusion proleinicacls with the humiwt mAb

3302. which is able o inhibit 1he cytoadherence of pnrnsilizcd sed blopd
cells on the melanoma cell line €32 (Udontsangpetch etal., 1989a).
Funthe myore. i Ab 332 efficiently inhibits the invasion of erythrocyics by

Merozoites iy vitro (Udomsangpeich ¢t al.. 1980b; Wallin c1 al., 1992),

Supges ting that the antigen encoded by Ap3il is of potential Intcrest With

: : ' verlapping synthctic
(®gards 10 protective immunity. A series of overlapping &Y

Peplides representing One Ap332 cepent (ESVTLELIA) has been
Yntliesized and used to determine the cpitope recognized by mAb 332
(Alborg e 1., 1991). The cpitope s becn defined 0s 8 linear sequence

of ; ot
5 amMino aCllIS . Vl LLlFRICA DIGITAL HEALTH REPOSITORY PROJECT
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2.13.8 Limmanization ‘I'riats with Asexual Blood-Stage Vaccines

Holder and Freeman (1981) inununized BALB/C mice on 3
occassions with the merozoile surface protein and chailenged them with
104 P. yoelii parasites; all the control group mice died with a
fulminating parasilacsnia on day 8 after challenge. In the intmunized
mice, a relatively low grade parasitaemia was cleaied by day 10 and all
the mice syrvived. Although immunization induced high aniibedy tties,
SeRIM from jmymunized mice Wwas not prolective on passive transfes thus
SugBesting that the resistance to infection wis nol due simply 1o the
antibody response. Other animal :nununizations (Mald et ol.,1984; Perrin
¢t a1.,1984) demonstrate that slerile immunity cannot e achieved by
immunization with the Pf 195 antigen. Atbest d transient, low grade
Parasitiemia is observed followed by parasile clearance. So far, no
UnMynizaion studies tiave becn casried oul in umatis employin g the Pf
195 antigen. lowever, peplide derivatives of the Pf 195 antigen have
been ysed in human vaceine trials (Putartoyo €1 al., 1988).

« fusion proteins containing the fepeut

Using B - gatactosidas

1€8ions of Pf 1SS/RESA in @ vaccination weia] in Aotus monkeys, partial

ed with some of
Polection against P, falciparm challenge Was observ

the ; ins et al., 1986 .
i A an antibodics teactive With Il

P. folciparum parasituemia afler

). Pussive immunization of Aotus

Monkeys with affinity-pufificd Ium
ISS/RESA repeats resulted in depressed
b Sallenee (erzins et al., 1991)
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Patecroyo et al. (1987a) unmunized Aotus munkeys with purified
Pfpatations of the Pf § SS/RESA protein and other merozoite detived
proteins Of molecular weights ranging from 115 10 23-Kd. Alter
challenge, animols imitiunized with the Pf 155/RESA antigen and a
MEroZoite derived protein of Mr 55-kd showed delayed onset of
Pamsitaemia by 5 to 7 days. suggesting a partial protective inumunity
induced by vaccination. Monkeys immunized with the 83-kd and 35-kd
fragments of (e P 195 protein were comple lety prolected os shown in
able 2.1. qymonization with the other fragnients of the Pr 195 did not
confer protection.

Pytarroyo el al. (1987b) immivnized another group of Aotus
monkeys witls the Pf1SS/RESA protein and fragments of the 83-kd
Prolein and oyler merozoite derived proteins in different conibinations,
Several peptides did not elicit 3 pruicctive inimune response apgsinst the
experimental infeciion, regardless of high antibody ttes. pilpatt
immuniza(io(_ with paryicular peplides (derivatives of the 83-kd, 55-kd

viael

and 3s.k“‘) do:ﬂycd thie onsct of disc;_\sc in some 0[ the VaCC|“nlCd nniM’S

e Lo elicit partia) proteclive

Peplicdes. When this new groupOf monkey$ Were challenged, four of the 8

i S
"onkeys immunlzed with a Mixture Of WO peptides (Spf 31.1 and Spf

o ‘'Y femaining four
33.1) developed a disease similarto controls

AFRICA DIGITAL HEALTH REROSIFARY§ tecovered. Of six
deve]oWd n'IOdCIn[C pamsiincerniu nna ii% E?JEDSU



- : ML ) £osiena1onon pur 87 )tarnis_(n renbeyd IMM ALY w it Qurified Qroleins.

Percenlsy of parziiiaemis on carsalter chelienme)

tnunLring Morxey . m— e —
- molecule — by & 7 & "9 o (T T2 T1y (4 1S - 122 1SS I9TERo O
1SSk 8?7 0 0 0 0 088 03 2 3 S35 86 ©
90 0 0 ¢ 0 0 O 08 02 045 09 15 16 2 34 103
11SK as O 046 084 3.38 3 993 0
150 0 00S 02 tY 1672 nd 6S? O
105K 165 0O 033 192 372 109 &
168 O 03t 16+ 333 11S ¢
90K 160 0O 013 12 339 414 136 O
170 O O0Y 13 12S0% S41a2 O
33k 12s 0 0 0 0 O O 0 0 0 0 0 0 0 0
130 0 0 O 06 02 03 363 12 11 06 ac 0 0 0
144 0 0 0 0 0 0 a 0Oi 00S 0S5 03 007 003 00! 0
(5414 119 0 0 O O\ 08015 +S 125 IS3 O
122 0 033 025 0'S ©O& 2S 1795 O
SSK el 0 0 0 0 0 ¢Clf n29 o8 157 3 35 44 740 2
102 0 0 0 0 0 0QS 00S OS O 0l 06 09 S4 73 O o
Y SOx 29 0O 043 1S5S 36 4964 10 O
S6 0 066 S6 443 642 42 113 O
134 0O 031 1S 05 393 2 165 0
a0c 111 0 0 0 0 102 02 27 32 143 O
Ite 0 0 0 U 08 05 2 2 2 %26 O
I, 135 0 0 0 0 o 0 001 003 003 O0.' 00' 0.0I Q 0 0
1S9 0 025 G2S 13 223 103 25 21 4 21 16 07 008 00| 0
301, 93 0 00S iS2 25 475 345 254 48 940
173 0O Ny 25 16 263 205 13 0@
3¢ 112 0 0Pc¢c 0 1 0O 36 637 66 12 0O
137 CQ 005 G005 02 O 119 32 nga O
Contrels S0l 0« 07 3 2 782 907 O
S0Z 002 006 043 047 3& 33 S9 892 O

199 ! 43 311 98 26 O

NE OIS "0t Slerimined TaltE waz COlairex Team Patarroyo el al (1987)
Q « Begins 1M & chiey TVINE 1T er oY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



l

79

’S“:;‘;:); -';.lll:::l::::l:i :; :: mixture .of 3 p.cg)lidcs (S.pf .3:5.1. Spf 55.i and
A W l’ewpv Ow parasitaemia tevels szgn.ll‘lcuntly later than
eted spontaneously. The remaining three animals

NCver devéloped parasitaenyiy,

in order to overcome carrier problems, Patarroyo et al. (1988)
sylthesized (wo hybrid polymers: Spf (105) annd Spf (66). ‘Thc spf (105)
CONtained the Sprga. 1, the CSP repeat region (NANP) and the 5" repeat
1gion of Pf | SS/RESA while the Sprl (66) contained the CSP repeat
region, Sprg3.1, Spr 55.1 and Spf 35.1. Thinecn male volunicers were
elected (g e vaccinated from a total of 109 healthy high school graduate
Volunieer goldiers from the Colombiun Military forces. Antibodies to the
MCroz0itcs and schizonts were deiected in all seia. No corrclation was
foung between gniibady levels and malaria protection. After the seventh
day of challenge, volyntecss who reccived saline had parasitaemias thay
03¢0 12 hours fFom very low levels and were promptly treated. Two of
foyr Volunieers viccinated with Spf(105) showed partial control of
infec ion with low parasite counts duting days 13 and 14 and reccived

dl'lig ‘hwap; with no clinical pfOb]cmS- The other two bchaved as

¢0n 0 3, ' ive volun

Vac:;]med with Spf(66) had mild infections with Steady incredse in
Parasite counts and toyl recovery by day 21 (Table 2.2). The fourth
"°luﬂlccr had parasitacmias below 0.41% and on day 10, decided 10

withdmw from tlic study and Was ucated. The fifth developed

AFRICA DIGITAL HEALTH REPOSITORY PROJECT

pm‘ilacmia similar to the control grouP.
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The synthetic hybrid polyrner Spf (66) is the fitst synthetic vaccine
for human ysc against the ascxual biood stages of P. falciparum nualiria,
Patartoyo et ul. (1992) evaluated ihe safety and immunogenicity of the
8¥ithetic Spf 66 vaccine on Colombian childien aged 1 - 14 years. A
Majotity of the children developed high antibody titres against SpL6o.
They concluded 1hat the Spf 66 vaccine is safe and highly immunogenic
for use in children gicater than 1 ycar old. The clficacy of the Spf 66
vaccine has been put at 82.3% against P. falciparum and 60.6% against
P. vivax (Amadorct al., 1992). In a phase 11l mndomised, double blind,
Placebo.-controlled trizl in L.a Tota, Colombia, Valero eral. (1993)
$owed that the SPI66 malaria vaccine is sale, immunogenic and
Protective against P, fulciparum muloria. SPI66 is being tuken seriously

;' he World §ealih Orgonization and other trials are under way (Cox,
1393y,

21
3.9 Sexun) Stage Vaccines

Some w;get antigens of malaria UraNSMISSIO
ave been studied most

n-blocking

ant; , -
'Bodies , gainst the sexual stage pomsitesh
Omp1ehe P. yallingceun and also m

p nsively in the chicken moaluna,

fatq Parum,, Three malarial proicins 230Kd, 180K Qange K
lyn"h“‘ztd by sexual stagesand cxpressed on the suface of gamelcs and

“YBOtes have peen identificd as imporant targets for Vansmission-
blocking immunity (Reneret al., 1983; Vermeulen et 2l ko
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Quakyi et al. (1989) reponed that 43% of adult sera reacted with the
230Kd protein and 9% rcacted with the 48/45Kd anticen. None of the
Scra reacted with the 25Kd protein

Antibodies developed in the mammalian host against gametes or
ZyBoles of malaria pasusites can block the infectivity of the parasitcs to
mMosquitges. Qther antibodies induce complement-dependent lysis o!

8ameles or zygotes (Kaushal ct al., 1983).

AFRICA DIGITAL HEALTH REPOSITORY PROJECT
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CHAPTER THREE

3.0 MATERIALS AND METHODS

MATERIALS

3.1
Study Area

The study was carricd out at Igbo-Ora, in the lfelgje Local
(}0 ' b ) 2
*¥mMent Areq of Oyo State, bordering the rain forcs! beit. [t consisLs
0[ l Fol : ,'
lling savan nah country. with residunl patches of forest growing Acar

Wate ,
eolirses, Most of the land lics between 400 and 600ft above sea

Vel :
; ' : : IS a4 wann
Ve climiate is that of the tropical rainforest Zonc. There

ﬂ .
'Y seasop from November to Masch, and a cooler rainy Scnsof from

"o Oclober. The mean amual rainfall is of the order of 1270mm.

be d the dnesl
(

Ay et and January) about 80mm (Ogunicsi. 482

Va S
y Y grealy, qhe highest monthly mean MR |
o y nicap summun?

W in an
Slest mopeh (June) having about | 78aun of rmn
), Temperatures do

1 being around

: thl
L " Febavary and March, and the lowest Aol g
R areyng fuirly hgh.

is the largest own

24.10C for most of the ycar. Hunudity 15

"%-“V\"‘"O"“ lies about 97km west of tbadnn and
|
|

P& ters: : inent Areqt with
Heative headguaner) in the lfcloju Lagpl CYEER It §
Dy | lation census). 1S

. lon of 5 | 1963 popt
9,435 inhnbjlmins (
o, 5 l  elgde Tapa. Alyete, [dcre,

d b 9 'hICh
Y several villages Wi orubn tnbe. The

\F
ng g on belong fo Uhe
u ion
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the women include selling of farm produce (mostly in Lagos), setait tiade
and brewing pitto (a type of beer) from guinea com. Malnuuition isnot a
senous problem.

The health facilities include a hospital (Fig.9) which is run by the
University College Hospital (U.C.H.) Ibadan in collaboration with the
Oyo State Government. There are 1wo maternity units localed at ighule
and Qke-gogo.

Common diseases in lgbo-Ora besides malaria, include
schistosmiasis. onchocerciasis., loaisis. dracuntiasis and diarhoeal
infections. |nfant montalily rate has been put at 33 10 44 per 1000 live
births while child (1.4 yeais) mortality rate 5 between 16 to 21 per 1000
children (Oni et al., 1982). Major causes of deatly was due to malania

(33.6%), measles (19.6%), diarrhoeal discases (8.1%), prematurity
5%) (Oni eval., 1982)- Birabi ct al. (1976)
for malaria. Malaria Uansmission 1

(5'9%) and chest infections (-
describeg [gbo-Ora as mesoendemic |
Perennial alihoyoh transmission teaches e Rl ;0%)

7, inar about 'k
The malarig1 species found in lgyo-Ora are P. falcipa f‘m (
malqy; (2%). Anopheles gambiae and A . funestus

cason,

ae (5-8%) and, P. ovate

3 ) : : Lawience, 1965)-
 the main vectors of malarid parasties (

12 THE STUDY POPULATION

INITIAL SAMPLING or

J ,
Ll Mothers and their NeWbOTRS

aad compiehensive
!

idents of Igbo-Ora,
Pregnant women who

rt'po“i"g for delivelyAFgf/iﬂ%Tifmenggmc
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Fig. 3.1 Map of lgbo-0Ora town showing major
roads and existing medical facilities (+).
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matemity units constituted the study population of the mothe:s. Blood
samples (3-5mls) were collected from umbilical cords at dclivery and

also from parturient women 6-18 hours after delivery into ethylene
diaminetetraacetic acid (EDTA) conainers. The birthweights, sexes ard
dates of birth of the newboms were recorded. A quesjionnaire designed io
provide information on the age. parity, use of chemoprophylaxis
OccUPation and residential address was prepared for each volunteer
Partutien mother. Mlothers were given identification cards and were
aVised 1 seek trcatment at the Comprehensive lospital. They wete all
"Nfonned of subsequent visiys by a Family Visitor a fortnight later. None

. e subjects exhibited signs or complainis of clinical malaria. A total of
6
pillt(.‘.d matemal and cord s¢ra were obuined bctween FCb"]:"y and

May 199

3.
22 Adult Study Populution
The pdult siudy population consisted of students and 1eachers of

the Govcmmcm Technical College (G.T-C) Igbo- .Ora and blood donors at

™ Univrsity College Hospita! (U:C.11.) Ibadar blood dortor clinic. Aficr
Qe Ul exolynation of the aims, procedures and significance of the study
tn

Mer 1o soek their consent, 100 individuals (15 seachers and 85
. study: A qQueslioniuire

"15) volunteered 1o participate in the
cthnic group, use of

ot to provide Information on dic 88¢, SEX,
moProm,),m”s and methiod(s) used 10 reduc e Inosquito-1nan Contact

b p'cpnrm Voluntcer subjects were bled by ¥enepuncture 8nd Sml of
I °0d co"cc{cd lnto EDTAAEF;C;\‘;E%?IEQLTH RTﬁiSPRIQQQOTUIC pcnk of the lﬂlﬂy

g
Che
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%edson when malaria timsmission is high. They woe each givenan
idengification card and advised to seek free medical treaunent at the
Comprenensive Hospital, [gbo-Ora. Blood samples were ansporied 1o
Badan same day. ‘Thick and thin tilms weie picpared and staincd with
% Giemsa. A small aliquot of blood (1.5ml) was stored (for MNSsU
blood grouping) and the remainder was centrifuged. Plasma supermatants
Were stored ag .200C for the estimation of inymunoglobulinis aiid malanal
atibodies. The red cell deposits were washed with nomna! saline and
810fed a¢ .200C for hacmoglobin Benotyping. .
Blood samples (Sml) weie collected inte LDTA sam;?lc’ containers
kom 224 blood donors at the U.C.H. fbacan blood donor clinic towards
heend of e 1ainy season and 2 Mal

hen
(ocmbCl’-Novcmbcr,l99l). Towazds theend of the dry sca:l)n :sa i
od sam
Malaria tansimission is lowest (March,1992)8 further 192 bl0

donor
o dhe samc blood
(Smi each) we re coilectec] from blood donots

| inp the 1wo
Clinic The ape and sex of each donor was recorded during

upling periods,

\ 3 ission period
arig peak transmisston p

ed from cacty donor’s blood and

mination. A small
was stored in EDTA
ed At 2,000
0°C forthe
e red cell

Thick and thin films were prepd!
e gt : . narasite CXN
i ' $tned with Ciemsa for mulana P

h iry s60S0N

J‘qum of blood collected during e Finy ey
inder

o MNSsU blood grouping) 80d U

e iemit .
gl -
wepe Stored
"Pm for 3 minutes, Plusmo supcmalanls

odies. TH
i . | anibodies.

AFRICA DIGITAL HEALTH REPOSITORY PROJECT
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deposils [; . :
POsils from the two sample surveys were washed in normal saline and

stofed at -200C for haemoglobin genotyping.

3 MORBIDITY MONITORING AND SAMPLE SURVEYS

331 Mathers and Infants

Each mother and her baby wese visited fortnightly by 2 Family
Vis“m’ duning which history of recent illness was recerdea on a
Olbidity questionnaire. Mothers and infants who seported ill weie
DOught 1o the Comprehensive Hospital for diagnosis by the U.C.H.
Pacdin[h'c Registrars. A thick blood film was prepared from maloria
‘Uspcmd cascs and a curative dose of chloroquine given. Mothers were

a 1 o ! ol . ° s o c
B3in teminged 1o yse their identification cards in ablawning fre

“lment gt jhe hospital phapnacy incase of any illness. The fortnightly

Ome VISitS ere carcicd out for the fiist ten months and theicafter each

Mol
er e
Was yisited sonthly.

: ‘hensive 1ospital bi-
Mothe rs were requesied 10 Visit the Compn-h nsive {losp

¢ature of cach
red. The body
dish-like bcam

Tnonlhly. During such bi-inonthly clinics, the rectal empe
h mother was Nicasu

: refeired to
e g the nearest 0.1 K g, Motliers aud infants Were il

s wele bled by vcaepunture
0 hcpnrlnizcd tubes wene

the andthe
lal’°'“‘°‘7 where the motlics

¥ 1 ey of W
C by finger pricking, A minimu'n
ou AFRICA DIGITAL HEALTH REPOSITORY PROJECT

c []
Cled from, ciich infunt.
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Thick blood filins weic prepared from both mothers and infonts
" were stained by Field's rapid staining method (Ficld, 1942). Subjects
po.si.livc for mularia parasites and other sick cases weie referred 10 lie
clinicions for yreatment. Plasma from the heparinized tubes obtained by

b .
feaking the (bes ang plasmn from the mothers were transporied 10

badan same day and stored st -20°C for the estimation of

im : gt ) e ,
Munoglobulins and malarial antibodics. [pisodes of climicai malaria

were ver 1 : .
classified into three different categorics:
or oral (mothers) iempemtuic

. Febrile iltness with rectul (infants)
sympioms and confinncd

ot‘37.50C and above, with the usua) maluria

Iaemio. This criteria wasadopted 06CIUS
es when intervicwed.

es of 37.50C and above

e sone molhcrs were

Peapable of detecting fever in their babi
2 Febrile illness with body temperatar

wi ‘ .
fout Parasitaemia but with the usual malan
nistered anti-matarial deugs

lie hospital t0 seek

q symploms. This criteria

wa :

* Considered beeause some mothers adm
mingto!
s took anti-malarial drugs of
s an increaséd likelihood .
film method. IN

lol %
Mrmfnnls on Roticing fever be fore €O
de Cl Yeayn,ent, Likewise, some mothcf
'nedicinal hegp 'agbo’s In both €563 theie

Bt oty the thick
Talana pansites would not be detected by

J widh the s37ting anti-

“ove cageg treayment was cither cont!nue

¢ depcnding O (he duration of sclf

st or an allemany

i for which the Malaris

ms but
for malana

malana sympto

| ; W
Wite ey was not done and he paticnts
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d
anC they 1eported well thercalier, These cases include those palicnls
realed by the U.C.I1. Ibadan Pacdintric Registrars and were not referred

for : : . :
lzboratory d lagnosis. Information was obtained [rom casc notes.

332 Adul Study Population

Blood saiaples weie collected by venepuncture (3-5mis) (fom
B of the 100 previously sampled volunteets of the GTC, Jgbo-Cra in

Fcbmnr)'. 1992; e peak of the dry scison when malarie (ransmission is

lowe g, th Ciemsa, Plasma

Thick smears were prepared and stained Wi

UMPles were separaled und stored al -20°C.
METHODS

}lood Pilins and I'CV

Thick and ihin films weie prepared 10 .
3 minutes with

m the cord and maternal

mcthanol. Both

b M >
Simples, Thin {ilms weic fixcd for ’
n for 30 nHnutes:

for parasitological

and matermal
Xami s (PCVY) of both cord
“nation, The packed cell volumte ey microhncmalocn't

. o g [Hawks!
“amples wee measured Using? 12,000 7.p.m for about 3

sir-dned and

i : -
deg WCTC siained with 3% Giemsa St

s ;
Oreg 'n & slide box uniil lfm’SPO“Cd toibadan

Qﬂbi C trifl Ugcd a :
B uc: esiimation of inununoglobulins and
5

edal 200C 8¢ the

.m"‘i- Plasma Supematants for

r . 3 .
il antibodies were scparated r
AFRICA DIGITAL HEALTI-W?TMJE‘"
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108D el :
Packed cooting Musk 10 the Immunology Unit, U.C.I1. Ibadan whcre

they were stored at -200C until analysed.

34 |
PARASITOLOGIC EXAMINATION

Micr oscoplc examinution for the detection of inaluris parusites
was S . ~ . . M
made in 200 high power ficlds of the thick filins, before being
co i . o o . | :
nsidered neglive. For parasite positive slides, one hundred high power

fiel : . ,
05 were examincd and the malaria parasites countcd against

kucocyies. assuming a constant Jeucocyte count of 8,000 per W of blood

Rooth ¢ 4 . 1991).

33
> HAEAOGLOBIN CENOTYPING

Rl.‘&lgcms |
.EDT;\.bOra:c bufler Stock Solution.

(a) Preparation of Tris
gof the 1'ns-EDTA-borte bufler

r o The {ollowing component
k < ® [
$olution were weighed using @ 7

' s1.0
Tris (hydroxymethyl) aminocihanc g

3.28
ek Sodum
Barbilonc 20UV 16.08

pli adjusted

etlcr balance:

. ‘ "
Ethylene diaeninctctdacell

Bonc acid

atad waler and the
iboyc reagents wefe dissolVﬁd i d!illliCd c

to |
h n final voluihe wWos made up
&6 With 0.IN HCI when necessarye e EDTA.bomlc il A

AL 0@ Tris*
Yath distillcd water. The xg:}H‘E':gH ?f;%sl S distilled watet.

Prepared by diluting the stock 1




(b) Staining Solution

Ponccaou S (0.2g) was dissolved in SOm distil
ution. Thie final volume

led waler and

308 of trichloroacetic acid was added into he sol

wis made up 1o 100m1 with distilled water.

(c) Acetic Acid
7.0ml of Glagial acctic aC1

distilled waer.

d wos diluted t0 100ml with

Mctliod
is Oh

ymined &Y clecirophores
Rowe (1965). Frozen

Teachers of the G.T.C.. lgbo-Orn.

Hacmoglobin genotype Was dctc
celluloge gecrate sirips by the method of MoIengo”
"l cells (obtained from studcats und
blood donors at e U.C.1H. Ihadon and voluntec!

: we
s when they were above 0 months of 38}
| 9 2w
wilh distillcd water firs
The cellulose acclite oughty soaked Y
Ilujose accl
Doag: . - :
Ang i on e surface of the workng

k!
“on gnd then immersing When comP!

' Minues, Ope drop from ench of Ute i

P
3 gy the miscd platforms of th
Uinge aceq tc membrane Was el

Rpe
%10 absorb excess fuid- ms GDLO
d rom d“ ph\[ﬂ

The cete \
leg| 53 mpiEQAW@m I—EQ.lr!« REROSITORY PROJERy o 0 by ve

mem
wkuof arvl snalicd on O the acetdic
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The memnbrane was then suspended in a two compastment electsophurctic
@k filjed onc-qQuarter way with the working Tris-EDTA-borate buffer
solution, Syfficient tension was applied to maintain the membrane finnly
a horizoniy! position. The voltage was adjusted to 200mY and the
eleclrophorusis was run for 30 minutes. ‘The cellulose acclate membror:s
WIS remgyed ond stained for 2 minutes in the Ponceau S staining
sOkition, Excess squin was removed Ly rinsing in the 7% pcciic acid

Solution , 19, haemoglobin bunds were read using hacnogivbin AS and
i a5 conlrols,

36 .
MNSsU(Ge) BLOOD GROUPING

Reagents
(@) Monoclonal antibodies (Mab)
The following Mab (supplied by Prof Geofrcy Pasvol,

iddlcscx) were used (o identify the MNSsU blood group antigens:

(1) Anti-ai (6A7) Mab was a specific anti-M reagent.

(i) Anti-N (LRIC 157) Mab when uscd undiluted agglutinates
red ceils ore not

ycophorin B

011
. "ormal e cells, M+N-S-s-(U-) Plienolype o
g&lUlim:cu. Trypsin treated N+S-5+(U-) phenoiype 1.€- 8 .
. thute
Rty aining 3% bovine serum
‘%l: ¢ buffered satine (PBS), PH 7.3 cont d dilution (I
. : e uim HU
vy © Oblain a specific ani-N reagent. THE 4

determined b
E"(,o Ofm“.N* 10 volumcs of PBS, PI 7.3) was Olcih y

AFRICA DIGITAL HEALTH REPOSITORY PROJ?ch Il’
L

N+ ¢
" with noppal M+N., MeN+ and M-N+
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(). Anti-sisloglycoprotcin beta (BRIC 10) specific Mab
agglutinates normal red cells but not Gerbich negative (Ge-) i.c.
glycophorin C ncgative red cclls.

(b Prepatation of Phosphate Buffered Salinc (PBS),pH 8.0
The following stock solutions were prepaied:
A 0.5M Na 21tPO4 (70.98 /L)
B 1.0M KHaPOs (136g/L)
C 1.5M NaCl (87.75 g/L).
i working PBS solution was prepared by adding 193m
00m! ¢ 4nd the pH adjusted to 8.0 when necessuidt. The linal volume

A+7.0mlB+

Wa 1
Smade up 1q | litre with distilled water.

{¢)  Ppreparation of Phosphaic ulfeied Saline (PBS), pit 7.3

b following stock solutions were picpared:
A 0.2M Nafl2P0y. 2Hp (62401 8/20)
B 0.2M Na 211004 (568 872L)

¢ 1.5M NaCi (8775 S/L)

7 WOrking g, pl1 7.3 solution Was preparcd b
Tmig, |
vo

y udding 23.0m1 A +

' The i
00mil C and the ptl adjustcd to 7.3 when necessary. 1Tie final

e was nude up to 1 litre with distilled waict.
{d) Trypsin yicated red cells |
(smg) (801 [1d, Englond) was

blood samples were
‘The tedl Cell depostts

ped cells (0.5ml)

Bovine pancieayic trypsin
Ved iy 2.0m] of PBS, pl i 8.0. Fresh whole

lrlr'gl?d and e pl:]smu supcﬂllllnm Scpamtcti.

c AFRICA DIGITAL HEAL S
B washed tiree rimes in PBS. DI (8 Fewased

é.

138 0
ccn
Y
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¥ere added 1o the 1eypsin solution, mixed gently and, incubated at 379C
for 30 minutes. At the end of the incubation period the red cells were

Washed three riines in PBS, pH 7.3.

Mceihod

The MNSsU(Ge) blood group antigens were identified vsing, tiie
lube 26glutination test described by the South Westemn Regional
Tansfusion Cenwre, pristot, U.K (source of Mab). Trypsin unteared red
“els from 1he study subjects were washed thiee times in PBS, pH 7.3. A
3‘Xomsl’@‘\s"on ofred cells in PBS, pl§ 7.3 was prepurcd from washed
omal 3nd ryPsin trealed red cells, Equa! volumes (1 drop) of Mab and
el SUSPensions were mixed in 4 plass Wbe. The ANxtun: was

. JURS bes wele
mcubq{Cd' Undis{urbcd, for one lioyr 8t roon [CMPEniun.. Thetu

geny Tgitated ynd the cells inspected for agglutination.

3. o, :
7 QUANTITATIVE DETERMINATION Ol

'CENTRA 10N
IMMUNGGLOBULIN CONCENTRA'
l‘ea‘:',""\

@} Anti_sen
d lgA (Atlanuic

Conmnecial goat anti-human 18G, Ighi an |
¢ immupoglobulin

iba 4 |
{ Odiey, Sc~'H'borough. U.S.A) were used th
ay,

(b) Imiyyno lin Standunis
globulin —
Coutereially oboiodsiasdagls,el mmunoglobutins (150G g

- ed 3s
4 ig,\) Were obtained from Belinngwerke AG, Gemany and us
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Constazit teference sera in the immunoglobulin assay. The stahdards weie
diluted with phosphate buffer, pH 7.2 as follows: 25%., 50%, 75% and
100%.

(c) Preparation of immunodu usion plates
Noble agar (DIFCO { aboratories, U.S.A) was weighed (3.0¢) and
Mded 1 9o ol PBS, pi17.2. Sodium azide (1.0ml of 0.} A solution)

W& added a5 5 pieservative. ‘Ihis mixture was immetsed i 3 voiling

“3Ctbath and stirred occassionally until the agar was completely

dissolye 4. L.OmI of goat anti-human IgG. IgM and igA weie pipetted mlo

tree labelled (ybes containing 8.0ml of phosphaie bufter, pl1 7.2. The
Whes were Incubated ot $60C for 10 minutes, An equol volume of the
olved agar (9.0m) was added to cach labelled tube, mixed quickly

2 Pouscd immediatcly on to kabelled clean large glass slidcs measuring
l - "8
e x 8.3cm. Thie agar was allowed to solidify and a sencs of 72

We _ :
. about 1 0cm gpayt, were punctuicd in the agar plates using d gel

pun . wet
Dol Giapcter 0.3cm. The agar from the punctured Al

Q
'ffully tMoved with g pasieur pipetle attached to @ vacuum pump,

:~?QC!I.d

lg The three major classes of plasma immuf.loslobiﬂsl tgG, Ighl and

' )ch: quantifjed by a modification of the single radial

lmwiﬁlﬂiion method in agar gc! (Salimonu ¢! al., 1978). :
in diluents weic applicd into the wells in

% nlc Slandard i“uanFgl IDothI"I'AL HEALTH REPOSITORY PROJECT E p i '
"Mer 250, 50, 75%, 100% and 200% using 8 mictopipeite el
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delivers Sl of solytion. The 200% siandard was applied by pipetting
Wice (i.e. 10y1) the undiluted immunoglobulin standatd into the same
Well. The fest plasma samples were then applied into each well and the
%3 plates :llowed to stand at room temperature for 3-5 minutes. The
B plates were placed in a moist chamber and diffusion allowed t0 iake
Place at room temperature for a minimum duration of 6 hours for IgG. 8
h.°“’5 for IgA and 24 hours for tgh). The diameters of the precipitin
MEs were read to the nearest ©.lmm using an immunoplate teader. The
T:CZT: cUrves were prepated by Plouing'thc ne din.melers‘ against |

alions of reference immunoglobulin on a semi-log piper . Using

the 4 ,
diamegers of the precipitin rings the concentraions of 1gG. IgA and

n . e
N the e snmples were read off the standard geaph.

3.8 : .
DETERMNATION OF CORD BLOOD TOTAL 1pM

, USing the single rdinl immunodiffusion method in agar gel. lgh
g S
"0t detyered i 2 ranjority (92) of the cord blood samples,
on .
"fqucm,y ihe siore sengitjve ELISA test wis employcd in the assay of

LISA testwas camed out in the

o) )
BM ia Wese snimples. The £
Sweden.

e
pi] [ 4 " 4 ¢
e of limnutnology, Liniversity of Stockholnt.

R""'!it"tts

{n) Incubation [Bulfer
”.e l"C"b.‘lIion bl”TCf consistcd Of PBS + O.SQ'. BSI\ + 0.05%

]s
wcc" AFRICA DIGITAL HEALTH REPOSITORY PROJECT
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381 1gM ELISA
ELISA plates (Nunc. Denmark) were coated with 30ul of

AMlinity purified rabbit anti-human [gM (Miu-chain specific:
DAKOPATTS. Denmark) at a concentration of I0pg/ml in coating
Ouffer (pH 9.6). The plates were wrapped in Aluniinium foil and e
Vemight in the cold at JoC,

Cord blood samples were diluted]:1.000 in incubation buffer. The
IeM sandard cyrve was prepared using human cryogiobulia (3.5mg/ml)
oblaineg from a patien with 1gM myeloma. The standard solution was
e incubation buffer 1o give 300, 100. 10. 3 and 1ng/ml
SPeciive)y

The ELigA plates were washed 4 times with washing buffer (see
e 106 and SOM] of the standacds and cord samples weee added. The
Pltes “eee incyubated for 1hr at 37°C and washed 4 times, Goal anti-

u r R 1
B M (Miu.chain specific: DAKOPATTS, Dentnork) alknlinc
y Jued 1:1,000 with incubatiot buffer

A% conjypaie (Sigmia) was d
a1 379C.° lates
as iidded per wetl and incubnted for lhe at 379C. Thep

"™ Souy

Ver :

0 : Yahed 3 times and SOp1 of substrisic ndded per well. The PE st
it o5 ELISA plnte

of ] : multiskan
oy the test samples were recorded USING

s ' d rL"ﬂd 1.000.
:\. { ﬂﬁf'ck_ USA) when the oD oflhc hlghCSt stondar ]
% ee ntj . ' (Lo (l Ofr 0 stang af(l
c“nl CL“" “0“ ('\r ]ghl ”" (hC ‘cst Snn]p]LS were |

€ iyt nny).
g & Maocintosh Compnter coftwine (Softnax) -
a5 Confirmed hy

»w

n o N W
v, £ hcificity of the Rnbbit anti-human I
] AFRICA DIGITAL HEALTH REPOSITORY PROJECT d nr [C,Sl piag“‘a

3
il _ insicn
Iereny concentrations of humart 1gC
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$amples. The D values were below 0.07. Human IgA could not be used
because it was found to cross react with ann-human IgG.

3.9 Antibodies Against the RESA/PE 135 and Tetal Blood
Stage Antigens of P. falciparum

. Immunofluorescence assays to detect antbodies aganst
ES 5 = +
APLISS and total blood stage antigens were camied ont in the

Oe
Pfumeny of Immunology. University of Stockliolm. Swedcin.
Reagenis

{a) Bicarbopate Coating Buffer (pH 9.6}

Na 2C0x - 1.59%
NaHCO: - 293
NaN - 0.20g
¢ aboyc reagents were disolved in | lire of solution With distilled

Wate r

B} Phasphate Buffered Saline (PBS)

A stock ¢olution of PBS was prepared with the following

rcag('nts;
KHaPOy - 306
Na2HPOs - 2488
T .. NaCl . 48.6g e
" el reitents were disolyed in | litw of sOlution ith distilled
e, d willh Sm| of distilled \water.

’or L}
e | m] of stock PRS was dhline

) Tris- Buggered [ank’s (1BH) Solutin i
T , , d by dissolving the
il I¥is hyfifer (0.15M) pH 7.2 Was preparee )

AFRICA DIGITAL HEALTH REPOSITORY PROJECT

N - _
¢ reage s o distilled waner:




Tris base { Tris(thydroxymethyl) aminoethane) - 1.82g/100ml

T1is 11CI {Tis(hydroxymethyl) aminoethane
llydrochloride) - 2.37g/100m]
NaCl . 7.882/900ml

Tris base Solution was added to Tris HCI untill the pH was 7.2. 100m! of
he Trig bufier was added to the 900m! solution of NaCl. For

Wy ,
W00 fluorescence studies, 0,02% NaN3 was added as a preseivaiive.
Tl solution was prepared by mixing equal volumes of Tiis bulfer
a : A :
: COMpercially prepared 1tank’s balanced sail solution. i‘or malana

Parsite oyl es 200m] of tie TBI 1 solution was dispensed into 300ml

el
Sent botles and auloclaved.

(d) Malaria Culture Medium (MCM)
One vial of RPAI 16.10 medium(Gibco BRL. U-K.) with L-

Clyt .-
b‘"“mlﬂc was dissolved in double distilled walcet. 11epes (603)0

N 2
al[COJ (2.08) and 0.5ml gentamicin (50mg/mi) were added lo the

0y , :
Utio =l . solution was {ilicred
M and the fins| volume inade up to 1 litee, The

W, ' "<,
' “l‘l Nalgene disposuble filier (Sybron Corpoiution- New York). The
2rifa "Cdiuny was gdded (270iml) to 30ml of stcrile non-immune hunwun

L1

G
“d “Mained from 3 Swedish donor who hud 7ieve? been exposcd o

a.'lh'n

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



(e) In vitro culture of P. falciparum
(1) Usinfecled Erythrocyies (Eo)
Malaria parasite uninfected erythrocytes {Eo) was obtained
from a Swedish donor who had never been exposed to malaria. ‘The

blood g Ple was screcned by the Central Blood Bank. Sabbabergs,
Stockholm,

The blood sam ple was dispensed aseptically into SOm:! izicon tubes
M st010d at goC Thick film examination was perfomicd (o confinn the
hsence of malaria paasites. The 1ed cells of the donor biood was washed
A imes with sierile TBI1 solution and a 5% hacmatocrit Eo

‘us . »
mﬂSlOﬂ was pleparcd in wann mainr;ﬂ Cu.li‘[c mcdium.

() Malariy Pacasite Infecicd Erythrocyics (Gi)
The main source o malagia parssites was 2 Tanzanian strain of

P‘Mn” artim {F32) isolyted in 1978 (Jepsen and Andersen Ll
cuhumd i vitro in blood sroup O+according 10 Trager and Jensen

(1926, 1,0 purasiics were stored in liquid Nifrogen.
Liquid | filrogen frozen /. fulciparum was thawed ina 370C
ball) g414 centrifyged ot 1800 rpm {or 3 minutes 10 a cold centnfuge.

'.‘"';Wiﬂs solutions were added to the red cel pellct sequentially and

Waser

JTE
uged in 5 cold cenlrifuge ot 1500 iphi
. 101 17.5% soibitol in PBS +2m!
30tbitg)

10% socbitol + 2nl 1.5%

' 1, sorbi
2. Iml 0% socbical ¢ 2l 7.5% Soibito! + 2ink 5% gorbital
l;ngICA DIGITAL HEALTH REPOSITORY PROJ%CT ‘) A
nl 2.5% sochito)

3¢ Inil 7.5, sorlsitol 4- 2m! g sorhitol + <t



{e) In vitro cultuwie of P. fulciparum

(i) Uninfected Eryihrocytes (Eo)

Malaria parasite uninfected eryihrocytes (Eo) was obtuined
from 5 Swedish donor who had never been exposed ¢o malafia. The
P1°0d sampte was screencd by the Centrat Blood Bank, Sabbabergs.
Stockpiotm

The blood sample was dispensed asepticatly into 30nil fa‘con wubes

U stored 1 40C. Thick film examination was perfomied o continn the
bsence of malaria pasasites. The red cells of the donor blood was washed

three (i '
"¢ times with sicrite TR solution and a % hacmatocrit Eo

e :
Pensjon y,qs prepated in wann malariz culwre medium.

(i) Mylarig pamgite Infected. Eotbrocyics (E1

The main source of inalaria parasites was & Tanzanian strain of

P fare
M%iparuns (£33) isolared in 1978 (Jepsen and Andersen, 1981)and

JTH . ’ _
Wed jx 170 in blood group 0+ according 10 Trager aid Jensen

(19 -
76). Tre pafusiics were stored in liquid Mirogen.
Licuig Nitrogen frozen P. falciparim W3 thawed in a 37°C

W : .
er by, wid centrifuged at 1800 7pm for 3 minutes in a cold centnfuge.

ol e , 3 Jllet seQuentially and
- 3 "‘W'ﬂs solutions were added (o the red cell pe )

THged in g golg centrifuge at 1500 1P

| 1l 17.5% sosbitol in PBS + 2mi 10% sorbilol + 2ml 7.5%

sorbito|
11 7.5% sobitol + 212l 5% sotbilol

2. Im) g :
% sorb"AQF!lCtD%l‘l’AL HEALTH REPOSITORY PROJECT i
] In;l 7.5% sosbitol + 2ml % sorbitol + Finl 2.5% sorbitol



4. iml 5% sorbitol + 2ml 2.5% soibitol + 2m] warm mzlania

culture medium
3- 1ml 2.5% sorbitol + 2ml warm malatia cultuie medium
Af : I . .
lerthe last centrifugation the Ei (mostly ring forms) was resuspended

0 ~ : ;
malatia culiure medium to 5% haematocri.

(iii) Culture Procgdure
. Equal volumes of Ei and Eo suspensions werc mixed to yield a
"6l volume of 4ml in a 50m] Nunclon culture flask(lnte icd,
Dc"m‘" k). The culture flask was incubated at 372C ina candle jar with
Bease ¢ cdpes. Spent medium was replaced cvery 24lus with warm
elara culture medium. After 72hts of culure, one drop of malaria

Parasite cylqype was added to one drop of acridine orange (0.001 %) and

xam; AL
"ned under uliraviolet I ght. Tic peicentage parasitacmia and

L/ g
clopmcmal stages o the parasiic were tccorded. The culture mixiute

W . ; X
:s “astied 3 times witl TBII solusion and a 5% Et suspension prepancd.

m .
Wiged ,, lime of 5% Eo to yicld a final volume of 4ml.

(iv) hmmmmmmmmxmuﬂﬂmm

s of culture for

Porasite growih was nionitorcd alter cvery 2w

kr
§ c
Sy Ige Parasitacmia and parasite devclopmental stages. Wiicn th

“‘ntggc Parsitacmia was abou! 10% and the pardsiles wese moslly in

"\cir ! 1 lres wene harvested
A : th ansites
I 51ag8es (luie lm]’ltmlﬂaﬁyﬁﬁlruéopgs[l?gmlwgmgm



atd erythrocye monolayers prepared for detecting antibodies to total
blood sqnge antigens .When the parasitaemia was between 5-10% and the
Pardsites were in their early developmental stages (ring fonns) tie
Parasites were harvested for detecting antibodies 1o the RESA/PIL 55
Wligen. Both the early and late siages of the malaria parusilcs were
“ah¢d 3 limes with TBH solution and a 1% haematacrit of Ei

HPension ygs piepared.

Ery lhrocyte monolayers weie prepared according o the method
describeg by perlmann c¢ al. (1984). Fiftcen -well muliitest slides (Flow
leorno,i(,s. Rockville) were nieated for 30minutes with one drop (201)

P well of bicarbonate coating buffer pi! 9.6. Immediately aficr
lsPil:llfr)n of the coating buffer , one drap of the 1% Ei suspension was

e 10 each well and the cells were teft to settle for 30minittes at room

L chanber, Unbound esythrocytes on slides

c o e . . lc
°n|a|||mg lale srapes of 2. falciparum WeiC aspirated by suction and ¢h

~.ll Were gir-dried, Multitest slides witliearly SIages \Weie Linst
Mmersed in a slide dish (illed with PBS ta rinse off unbound ”
cwu'mc}""'a The slides were then fixed with 1% Blutaraldehyde was

Nith ly stages
TR e and early stag
m Chiilled water and air-dried. Both the late

2y P

-;u;.,yC[S were SlOde (1} '50°C.

%1 :
immun ofluorcescence Assay

Anlibadies (o total blood stage %

i‘]l muno n u Ole SC&QG&NQII:AOHEALTH REPOSITORY PRO. T §
hed by Valter (1962), Auibodics 10 Ux RESA/PfI35 antigen were

tigens wele detected by
Rrgre

e



Lo |

detected by Erythrocyte Membrane Inununofluorescence (EMIF) as
described by perlimann et . (1984).

Plasma test samples for PARIF studies were screned at 1:100,000
f‘”ndult/co rd samples and 1:10,000 for setial samples from infants,
Plasma est samples for EMIF were tcsted at 5-fold dilutions beginning
with 2 jpigial dilution of 1:10.

PARIF (late siages) and EMIF (carly stages) slides wer= air-dricd
for 10 minutes and the dilused test samples were added (204:1) to cach
a'nligcn well and jpcubated for 30minutes. The stides were washed 3
'nes with TR solution. Affinity purified and biotinylated goat anti-
ma 1o (reacting with both heavy and fight chains, 30ug/mi; Vector

.bom'O' ies, Inc, CA) was added toeact well and incubated for 30
MHles, The slides were washed 3 times with TB11 solution. Avidin
c0|ljUgalcd wilh Muorescein isotliocyanate (50)1g/m3; Vector

| Rlories Ine, CA) was added (20ul) per well and incubatcd for30
minu(cs, The slides wene washed 3 times with TBI | solution. PARIF

gli '
&l were mounted T8I solution while EMIE slides were

with
co ° (] 1
Metsained wigy | drop/well of ethidium bromide (10jg/m: Sigma

0$ S‘ ° h 'Y
Y . . , temperatuic in A humid
) L°“'3). All incubations wege donc at rooin lcMpe

'Q'“hcr

' ; : - sametcion lens in incident
The slides were scored with 2 L00x oil iImmcis

iOIclﬁghl in 3 Zeiss Universal Research microscope (Carl Zeiss

“Stock i ' bservation of
I 'ockhol, Sweden) equiped for simultancous o¢

"Illllof]u° reSCCnCC(gmAcF:iAnDISIT hHﬁAé[Wgsﬂm'fﬂgeoﬂangc) (b.'md filler 450

“hflv
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*490, beam splitter FT 510 and barrier filter LP 520). Exdpoint titre for
Gubodies to the RESA/PS 155 antipen were determined as the last titre
giving visible smooth staining of the entise surfuce of eiythiocyses
conmininé ling stages or early trophozoites. Test sunples with titres 2 1C
WeIC considered positive.

For each batch of tesL, negative contiols from Swedish doners who
"d nevey poen exposed to malaria and a positive control from an African

who S F ) :
had an qitack of malaria while in Sweden were included.

MO ANTIBODIES TQ SYNTHETIC P felciparum

ANTIGENS

Reagents

(@) Antigens
ed as caplure antigens

The following synthetic peptides weie us

ha Pepiide GLISA:
| Synthetic pepiides of wnino
Protein (CSP) repeat region (NANP)a

acids from the circumsporozvile
- (NANP)s

2-Synthietic peplides of amino acids from the C-lemiinal retramice

(EENV), repeat region of the RESA/PL 153 antigen ~ (CENV)6

* Synihetic peptides of 15 amino acids from the N-tcrminal of the

RESA/PY 155 gntigen (MQTLWDEIMDINKRK, positions

192-206) .. LIS |
S)'nlhctlc peptides of 11 qinino acids (ron? the repeat icgion of

A€332 (positinps 2. 12) coupled 10 lysine (SVTEEIAELDK)g -

CA DIGITAL HEALTH REPOSITORY PROJECT
2 (MAPD)

(l.ys)] -~ Mulsiple Antigen Peptide
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| The first three peptides were obtained from BACHEN! (Bubendorf,

Wizerland), The fourth pepiide was synthesized and purified o

WoMogencity by high-pressure liquid chromatography in the Department
IMMynology, Stockholm University. The ELISA tests were carried

o in
the DePﬂﬂmcnt of Immunology. University of Stockholm. Sweden.

(b} Incubation Buffer

PBS stock solution - 1350ml

Tween 20 - 045ml
N Sodium az;de - 0.9m! of 20% stock solution,
¢
abo , ) Y )
) Y€ nsagents weie dissolved in 990ml of distilled water. Prior to
0

8 of Bovine serum albumin (BSA) was dissoived in 100m] of the
tlion buller,

{c) \v

’ncub

ashing Buffer
NaCl - 45g
My b Tween 20 . 2.5mi
by o
Y reapents were digsolved in S00m of distifted water

9 Enzyme Substrage Bufter pH 9.8
Diethanolamine - 97ml
MgCla gH20 - 10img
Distilled water - 800

Mg(.‘l Sodium Azide - Imlof 20% stock solution.

PLiif adju!
" Ha0 was added last. 1M HO (~100n1]) was added to adjust the

AFRICA DIGITAL HEALTH REPOSITORY PROJECT




(e) Enzyme Substrate
Alkalinc phosphatase substratc tablets (Sigma) wete used. Each
Gblet con}aixgcd 5mg disodium p-nitrophenyl phospliate. One wblet was
dissolved in 5l of enzyme substrate buffer prior to use.
() Coupling of Synthetic Peptides to BSA
The (NANP)6, (EENV)g and LJ5 synthetic peptidss were
“0UPled 10 BSA. Double distillcd water (0.5ml) was added & 4mg of
“hpepiide in 10mI rbes. Ammonium hydroxide (0.3M) was add=d
( lSOuUtubc) 10 solubilize the peptidcs. The solubilized peptides were
e poure d jngo 10ml tubes containing 2mg BSA. Tlie volume of each
Mbe was inade up to 2ml with PBS. Glutarsldchyde (2ml. 0.25%) was
kg dfOpwise into cach tube while mixing on & touch plate, The tubes
"4 sealed ang placed on a roilcy druni ovemigh in 3 cold room. After
%436 the BSA coupled peptides weie dialized in PBS with 0.02%

m azige. Afier 120z of diglysis the PBS solution was changed and

" Yalysis continued ovemight. The final conceniration ol the peptides

b hg/y|
J|
"L rentide ELISA

The coupled synthetic pepudes *efe Rl

VANBYG, (ENV)gand LIS) and Ingmi (MAP2) with PBS it 7.2
 wells of a Nunc

d o | 9ug/ml

i

u eag), peptide was added to duplical o
d nE infu foil and
luuoplmc (Denmark), The plate was \sla[lp'.d in Aluminium fo

'!]' | | i
e :
COld roo m ngﬂllﬂ!ﬂlgtﬁAL HEALTH REPOSITORY PROJECT
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The ELISA plaies were emplied the next day and 100p? of PBS +
V3% BSA was added 10 each well (except for the blank cotumns} and
'}:9 plates were |y ctibired for 3hrs a1 370C. AJi the test samples were
dlllr'.cd 11,000 with jncubation buffer, Swedish negative controls and a
Posilive conirg sethim sample from a malaria immune Afsican denos

Were dilyieq) I :1.000.

%, The EljsA pintes were washed 3times with washing biier and

Yl

ol N . ” i
the test smples/negniive and positive controls werc ndded in

pliCﬂ U 9 , 4
¢S The plates were incubated for Hhy at 375C and washed 3 times

Wi
th \\nslung hutier

(DA Rahiy amié-human 1gG conjugatzdl to aikaline phosphatase
KOPA; TS, Denmark) was diluted 1< 1,000 with incubauoa buffer.

CNoyiae :
2yIng conjygate was added (SOpiwell) and the plates incubated i

3?|(~
for 1he 4 T pintes were washed as above and 304 ol substrate

W,
of P well sud incubated at room temperaire in the dark. The OD

he

te | .

M U samplex were read with a multiskan ELISA pinfe seader
ek . _

US.A) a 40Snm agninst the plate blank when the positive

gy
rol
00 vatue was 1,000,

Tew
dv . Ples wigh an @Dgis less th
la.f
0 i ;
ol the vatues front 25 Swedish donors never exposed (o
“na |

an the mean + 2 <tandard

m
Wer
'¢ congydered ns negnrive.
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MI' DETECTION OF MALARIA . SPECIFIC Igh IN

CORD BLo0OD

Malaria specific IgM was detecled in cord blood samnples by
PARIR using jota! blood stage antigens (latc stages) of P. fletparieit .
Tatal plood stage untipen slides were air-dried and cord plisma (110
dﬂ“liO") were added to cach well and incubated for 30 minuzes. Tlie
Hhdes were washed 3 times with TBH solution and a dvop of rabibit unti-
hlf‘lmn Igh (Miu-chain specific) conjugated to thodamine (diluted 1:50
“hTp)y solution; DAKOPATT'S, Denmark:) was added per weil. The

‘Iid [ ® %
¢S were washcd 3 times and mounled with TBII solution.
Huo ) ¢ i | ident preen
TeScence was scored with u 100x oil immersion lens in Incident gree

ﬁ H . - Y .
8hi jn , Zeiss Microscope, The malaria parasites were stained ecd for

pOSil'v .
V€ cord samples.

AFRICA DIGITAL HEALTH REPOSITORY PROJECT
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CHAPTER FOUR
RESULTS

]b ) i .

: € Mean birthweight of the study infont population nt Igho-Cra.
OState 5 shown iq
194' P

Rey:

om H + o
i, 5 The meqq birthweights of newborns was significanly
y

kg

Table 4.1, There was no significant diffeience (¢ =
> 9.05) between the menn birthweights of male andl female

betwee, the different parity groups of the nwothers (F= 9.30,

007 )

iy Menn birthweight of the newborns increased with increasing

( :' il . &

’h'(y Flg. 4.1} tin pariny 3 and 1hereaficr decreased with increasing
Wit]

& ' Marked s1gnificnnt decrea s o! parity 4 (P<0,005) Probably

o Iy
; : | s of
Mo, SN sample size. The menn birthweight of newborns o
F“’b’p Was signifienntly Jower (1=5.361, P< 0.001} than those of
k Genem“y there wns a positive correlalion between the

o |
“‘no 8hts of neWhorn and mother's parity (r=0.26, P< 0.005). There

\:‘3 °°'rc|;,,,',dn between birthweight and duroton of onset of primary
\( "1 i the infants (,=0.133, P> 0.20). The difference in the

=] 2 posinve (1.13 2
.0!) » L) Ulrthweighys {Kg) of newborns of mataria positive {
B
I.l-'.% .
5 hy "=1109, p < 0 10). However, a Ncgatre correlatio
| %bﬂwct 3 rihweight of

t"""Irz

Malagin negative (1.2 + 0.04) mothers was not statistecally
Y N was

" matemal parasite density n! delivery and b

“. 48; P = 0 02) AFRICA DIGITAL HEALTH REPOSITORY PROJECT
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| Tab
€41  Mean (2 S.E) birnthweights of newboms al Igbo-Ora,
I O smare,
-“-"“'--.__
i n Birthweight(Kz}  Range(Kp)a
"’-q..‘____‘-__¥ .
Males 55 3254008 11 (28~ 39)
Females 62 304+ 004 15(2.5 - 4.0)
Sexes combined 117 3.20 £ 003 A2 T e 40
= A
Val e

"V i parentheses indicase minimum and maximum birthweight values

AFRICA DIGITAL HEALTH REPOSITORY PROJECT
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F“‘—-—___ﬁ_\\ st <.
3.5 = [ ]
-c;-,
X 3.3
35
.a
o
3 3.4= |
ic
t] 2.g=
2.7 L—T =T+ =] I (ST
Pority
o .

Fl“ 4.1 Mean pirthweight (¢ S.E) of

"€Wborns at lgbo-Ora, Oyo State according

o Damy.
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%2 MALARIA IN THE STUDY POPULATION

(@) Malaria at delivery

Thick blood films of cord blood contained malaria paasites in
hree out of one hundred and sevenleen cases(2,.6%). Twe of the nlaria
p‘?“’i"c cord blood saniples were obtained from muhiparae whiie the
titrd was from 3 primiparous woman. Malana parasitcs weie 8lso found
on Penpheral ick blood films of the fonner (niultiparae) bt ot in the
lattey (piimi parae).

Malaiia parasites were found on periphera! thick blood films of
Venty.six ouq of the one hundred and sixteen paniirient women (22.4%)
d the mean (+S.E) pasasite density was 2.4  0.08, The incidence and
d.cnsity of malaria parasitaemia in i pasturicnt Women \as significantly
different between the differen: age groups (Table 4.2). A negative
“orrelatioq was obtained between parasite density and age DA
Panurient yomen (; = .0.47, P<0.02), Parasite fates (x2=27.8, P<0.001)
“dmean Palasiie densities (F=4.53; P< 0.02) decreased significantly
With INcrensing sarity (Fig. 4.2)and negative cortelation was obiined
bCIwccn Parisite density and parily of the patturient Women (r=0.54,

<
]

(b)  Malaria in Infantsand their Mothers

(i) Parasite rates and parasité densitles | »
Table 4.3 shows the number o infanymother pairs sampied at

Meten i ntervals from delivery il one year during the longitudinal

AFRICA DIGITAL HEALTH REPOSITORY PROJECTd mp‘dly

el al Igho-Ora. Malaria parasite F3€S increase




. , '
able 4.2 Malaria parasite rates and mean (2 S.E) parasiie depsities in

diffeent 3go groups of Nigerian paituricnt women.

'-q_________
Age Group {Yews)
. Signiltcance
$22 23-29 226 of difference
-‘-‘-‘-‘-—_--_-_ — =
P

Rsite 1) 16/43(62%) 4/31(15%) 6/42(23%) x2=8.62,P<0.02

254023 262035 2.1£0.21 Fe3.56, P<0.0S

AFRICA DIGITAL HEALTH REPOSITORY PROJECT
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Fig. 4.2 Parasite rates and parasil;:w
denSllles (Mean & S.E) by partty .
Darluf:ent wvomen al Igbo-0Ora, Oyo State.
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]I"b?c 43 Number of infant/mother pairs who aitended ihie bi-monthly
hnies from delivery till one year during the longiiutinal studies at

'80-0ra, o state.
“-n-.._____‘_h-_--___

- Te——

Sampling peaods after delivery(months)

Atdelivety 2 4 6 8 0 12
""--._____‘___ ——t

‘-'-'"--_

e o 2 35
“pis.  y6 91 S8 45 ¥

ol .
‘mg«,b‘:gIMI

Phulagion . 135 so0 387 6 198 302

i

‘-\_‘-\_\_‘_h-'_-'-—_
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With increasing age of the study infants till 6 months of age and thereafter
decreased gradually till one year of age (Fig. 4.3). The number of infants
pf’SiliVC for malaria parasites during the bi-momhly dlinics increased
significantly (x2=137.5, P< 0.001) with increasing age.

Parasite densities weie also found to increase with age till 8
months of age and therealter a gradual fall in parasite densities was
observed till one yesr of age (Fig. 4.3). The mean parasite densiiy at 4
months of age was signilicantly higher than at two months of age (P<
0'00I) [ {owever, no significant increase in parasire densities with age

95 obseryeq in subsequent ages of the infants. Generally, there was a
Posmvc Coreelation beryween parasite density and age of infant (r = 0.21,
< 0 OB)

Figuic 4.4 ghows the parasite sates and densities of the study

"Others on consecutive bi-monthly surveys after delivery. A gradual

ti ; . . .

su
BEYS ﬂfICrdmvn » and thereaftcr parasite rates decreascd in the
kb
*Quent hree consecutive bi-montlily SUrveys. FheipaiEsa0

i
aus[mh' / significant difference in thie parsite fIES SURTREIE S
cmu"‘c‘“lvﬁ surveys (32 = 10949, P<0.10). Parasite density increased at

Ve
*¢0nd survey, dropped significartly (P<0: 003) at

g | NCrpaged significantly (P 0,005) at lhe fourth survey. Thete was no
&mﬁcam difference in the decrease in parasite density afier the fourth
hs afier delivery) and

the third sucvey

tve
pA nit: (wo peaks at suivey 2 (4 mont
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||-|._|___-___ — pt
B Poroune Denuty !
80 wy
= D Paiasiie Rate )
{
SO = | = I"L. =
; | e
0 | o~
€ (0 | | L30 i
: 'R | E
ﬂc &
) I &
| 5
20 - ﬂ— 22 3
“ - 12
2 L 6 g 10
L\____-__ﬁ_‘__ \ Agc | Months | l

Fig. 4.2 Pparasite rates (percentage of
'"ants with any asexval P /alciparvm
p“f'asiles detected by the lhick.hlm %
Bethod) and mean (+ S.E) parasite densities

o.f NiEerian infants at lgbo-Ora during the

TSt year of life.
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i 3
SO0=- - o
(0 = "
! ~. ,;
/ ~. L 5.6 2
: ' { 2
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/
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i : 1 | i
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Sampling Feciods | months )
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: Fig. 4.4 Malaria parasite rates and parasite densiljas
(Hean + SE) of Nigerian mothers at |gbo-Ora during 6
COnSOCUttve bl-mon thly surveys aller detivery.
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Sutvey 4 (8 months after delivery) corresponds to the months of June-

August and Ogrobe r - December respectively.

) BuissdesorClinical Alalstia
chcntyonc infants wete successfully monitored untill they hed
heit first episode of clinical malaria. Twenty cases weie detected {:om

ca [ . ] - (]
¢ notes while 54 cases were eitlier detected at the bi-mond:ly clinics or

by the f°rtnightly home visits.
The mean (4 S.E) age of onset of primary clinical malaria in the 71
HHants was 4.2 + 0.20 monthis ranging (rom 2,010 8.2 months. Themean

5.E) age of onset of primay clinical malasia in male (4.27 +£0.26) and

femgle (4.18% 0.27) study infants was not significantly diffezent

(1 =0.23,p> . 50). Twenty pereent of the study infants had their fust

Pisode of clinical mafaria within the first 3 months of life, 67% within 3

"% monehs of age and [ 2% within 6 -  months of age {Table 4.4). The
%ol onge of ciinical malgria in the study infants was nol influenced by
"others parity (Table 4.5).

A (0t} of 2108 home visits weie undestaken during
5. The mean (¢ S.E) numberof episodes of clinical malaria per
M during he one year folfow- up visits was 2.36 £0.13. Outof the 44

! ife, 10 had one
‘aﬂls monito,ed successfully for the firstonc year of life, 10
( malaria while 22 had three

the (ollow-up
Yudie

W}

::“Odc of malaria, 10 had two €pisodes ©
o’:"d‘s of malaeia, Two infonts had 4 €Pis
i0cident of severe pafARETITBNT Gogrovpolinfants

odes of clinical malaria. Only
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nfanig g Igbo-Ora, Oyo State.

rg:ﬁ)"l’(momhs)“ n “Seansge? SE
\S‘;O“ 5 s 0.07

31. 60 43 i

g ' 72 0.25
R wF wilh;l-—lht specified age BTOP-

‘I : icg| matarid
Manis who had primary clinical in each 8ge

b Va . [ Cliﬂlcnl mﬂjada
Meay 3ge of onsct (months) of P4 ¥
gfoup,

¢
su"dafd Ecror.
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Table 4.5 Mean (t S.E) age of onscl of clinicat matana 1o

Nigerian in fants at Igbo-Ora Bccording lo tmotlied's panty BrotP-
e ———— e —
Pariry n Mean Age of Onse!

‘-""'--—___ —

1 14 4.35 £ 0.50

2 14 382102}

3 17 3.87 £ 0.26

e 4 26 4.3 ¢ 0.38
Significance
of dlffc rehce F = 0.59, P> 0.504 i
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Who had 2 episodes of malaria) was recorded in the study infunts duting
e study period involving a 6.6Kg female of hacmoglobin genotype AA
#d blood group O Rhesus positive. She had febrile convulsion
stCOndary to malaria at the age of 6.3 months. On admission she had

dmalania parasite count of 71,308/ul of blood, cclal Emperatuic o

40.6°C and a PCV of 19%.

(¢  Malarla In the Adult Study Populition
Malaria porasise 1ates and densiliesat the Juiy, 19 and
Fcb'u‘")' 1992 survcys underaken at the G.1.C. 'gbo-Orn are shown in
3bic 4.6, There was no significant difference i1 the parasite rates a the
July, 1991 and Februnty.1992 susveys. o, the contrary, the mean parasite
de'“")’ at the July suivey was significantly higher than i.ﬂ the F Cb';f:':n
Hirvey (Table 4.6), The incidence of malarja parsitacmia but aot

diffeient age
Peragire density was significantly different eI DAY

8oy - 4.7), Ticre was no €0 |
PS of study subjects (TG?; ;( 0.30) of the G.T.C study subjects at

Pary; :
Bite density and age (r= e could not be magde of the

&

Tablc 4.8 shows the malariu paras!

Crogs. SCCtionn] surveys undctmkcn al dw (
M

sen
“lnle towards the end of the 1Ny =" vy2). The incidence of
Hthe eng of the diy season (Murch. |
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Table 4.6 Malaria parasite rates 8nd mean (t S.E) paiasice densities of

the study subjects gt the G.¥.C. Igbo-Ora in July, 1991 71 Sy iy

1992,
5 4 Significance
July 1991 Febary 1992 O differcnce
uty
-__l__--___ &
2 % 0.697; P>0.50
| | 5% 1

Pam“t ratel 18/100( 18%) 5/33(19%)

208 ¢ 0.07 1 m 2.54; P< 0.02§

Pirugie densityd 2,41 £ 0.06

;;;--—-:- A= '-—_l;—;;lh ﬂ$c3u3| ‘“ﬂ'ﬂfin pnm"cs
VAsiie rae = Percentage ofsubljﬂc inig
detected in thick blood

| malan3 puarasites pef

asexud ‘
L inve Subjects

the nunlee T (il of POSI

X

vp .
i ity m Log(x) of
te density = Log(x)  blood I

microlitre

(£5.10)
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Table47  Malaria parasile rates and mean (& S.E) puasite densiiies

Affereat age proups of the G.T.C. lgbo-Om SwdY subjects in July 1991

----_-"———-_ e
Age Group (Years) ~ Sigaificance
N of difference
s20 21 -2
‘--._______-_-_-__
‘ 0.001
22209%) P<
Parasite raqe 11£23(48%) 5155(9%) (
P c0l¢ 262202 K =
Mite densiy 2421007 221
/

\‘ L m—
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Table 4.8 Mataria parasite rates and mean {t 5.E) patasite densities ol
blood donors at the U.C.H. Ibadan blood donor clinic at the Octo>r-

November, 1991 and March, 1992 surveys.

.y October-November March  Signiiicance
1992  of difference

1991

—— —

——

12—.: 23-33. P< O-m]

Paragite ryre 91/224a1 %)  39N192(19%)

2 64 £0.09 | = 4.11, P< 0.00]

Patasite density 2.28 £ 0.04
—— -
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malaria parasitaemia was significantly higher in blood donors towards
lhe end of the rainy season than at the end of the diy season. Parasite
densities were however, higher in blood donors during the March,1992
SUivey (1=4.11, P< 0.00] ). Malana parasite rates at the March
G2=11.93; pe0.0; ) but not October-November survey (x2=3.22; P<0.40)
- Sig"i“w‘“)’ diffeient between the diffeient age groups of the srudy
subjects (Fig. 4.5). There was no correlation between parasiic ¢enstly and
age of blood donor during the October-November (r= -0.08. ¥ > 0.50)
" March (r= .0.16, P< 0.40) sueveys. Flowever, mican parasite
dengities between the different age groups was significantly different at

U
¢ Marcy survey but nol at the October-November sutvey (Table 4.9).

¢ \ M
neand Protection [rem lalaria

Haemoglobin Genoiy;
[ sickle-cell trail in the infant study
nce in the pamsile fAles
 of life exccpt I

of infants

population
The prevalence o
¥ 259, (18/22). 1iere was no SiB"mC“md'mm

*haemogiobin A5 aad A infants inthe first YE2r 7%
nfans : g, 4:6). With the €Xcepion
aged 10 : (Fig. 4.6 il
ged 1Gmonths of age (F1g o) signiticantly diflerent

38¢d 6y ont ite densitics were i
montfs, mean parasie A (Table 4. 10).

tWeep infants with hacmoglobin AS and & ary clinical matana
The mean (¢ S E) age of onsel (mOth) of pam

n hﬂcmo . . fants Was not
lob 4.1 £0.20) n A8). There
gt cmog lobin AS (494 0.48). The

niber of CPIISOdcs of

significantly different

s 1'99. P>0,05) from those with ha

W .
W10 5i0nificant difference in the M
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Parasite Rate
L)
o
|

<24  25-3
Age Group (Ye2rs)

s in differcet age &

1991 and March,

- roups of
18.4.5 MMalaria parasile ©le
bt'\b‘! donors at the Ocmbﬂ,Novcmb‘f'

l\
A2 cr08s.sectional surveys.
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Table 4.9 Mecan (x S.E) parasite densitics in diftzrent age
groups of blood donots at the October-November, 1991 and

March, 1992 surveys.

-

Age Groups
{(Years) October-November March
s24 241 ¢ 0.12 3.00+ 0.16

246 + 0.10

25.31  220% 006 6+
2.26 ¢ 0.06

32 .38 2361 0.10
243 ¢+ 0.0

239 2221010

Significancc of F =440, I'< 0.02

difference  F = 1.36, <00

i —
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80 7]

60 H
W
=
= : :
- 40 1 ':E E ,
< ‘ Y
ﬂ #
a,

20 .

e
Age(Months)

: lobin AA and AS
Fig. 4,6 Maigria porasite fotes \0 hacm 0§58

O during theif first year of life.
-Ona

Nigerian infants at 1gbo
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Table 4.10 The effect of hacmoglobin genatype on mean (£5.5) parusilc

densities i Nigerian infants at lgbo-Ora during their fitse year of life.

'--_____-_-__

Af Hacmoglobin ~ Oenotype Signif cance of
il i AA n AS difference
o 2 0.20
: 0 213008 § 232006 P <.
' 0.5
4 16 3.0%0.14 6 121 040 p>0.50
; 79 35+018 6 261012 P <0.01
p <0.50
; 0 3.3+016 & 3.6+ 032
314 $022 P>0.50
3,12 0.20 p<0.10
¥ 0 2710610 6

Ay e

sl&'is"cﬂlly significant.
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clinical malaria during the first year of life between haemoglobin AA and
AS infanis (P>0.50).

No significant diffetence was observed in the parasite rates
=0.18. p> 0.50) and parasite densities{1 = 0.48. P > 0.50) beiween

haemoglobin A A and AS mothers at delivery. There was no signilicant
difference n the number of episodes of clinical malana belween

haem°8|°bin AA and AS mothers (P< 0.10).
The prevalence of sickle-cell ait in the G.T.C. lgbo-Osa study

bjects was 26% (26/100) while 3.0% (3/100)of the stucy suDJECs had

"% mogiobin AC. Oniy one subject with haemoglobin SC was detecled.

'hete was pg significant differcnce in the parasiie 1(cs and parasiie
the July. 1991

ensitios between haemoglobin ASand A subjccts At
ey (Table d.11),

The overall prevalence of <ickle-cell ait in bloo
lwo Coss.secyjonal surve s i October-Novembes 199
Was 1% (g 13/416). No significant differcnce I parasile fales :f::-
%Servcd belween haemoglobin AA and AS donors at lhcoozc(;OSU‘veys
"Ovembe (42 0,76, P>0.50) and March &= A RECE
gni[icnntiy
March survey. bu

J donors at the
| and March, 1992

Fig. 4 5 G lower in blood
5 ‘). Mean Pasasite densitie s Were

0% with hye moglobin genolype Asailhe

4.12),

¢ not 3l

the
Ocmb'cf-NOvcmbt:r survey (Table

and maturio Parasitacmie

oring pregnanicy used &

W e
Chicyioprgphytanis in 7 egndne

e d
cophylaxis .
) 5'0 l]lc r$ who wens-Qsl D(I:G,I‘Tgln HIEQ\EI'H R‘E’POSITORY PR Jli‘:Tof p'cgnn fncy { I'I

: th Wee
ekly dose ¢f pyritncthanmine fiomhe




1133

Tﬂhle 4.] ] The rch}“’onship between ]memog[obin gcnolypc, pnmsilc

s and mean (4 $.5) parasite densities in 96 study Subjects & e

90-Ora in July 1991

"-=.._,_______‘___ —~
| Significance of
Haemoplobin Genotype difference
AA AS
‘-a_h_______________
P 2= (.26. P> 0.50
ite 10 14770(20%)  4/26 e :
= 0.006. P> 0.50

e 10
uite density 241 £ 0.08 24120

AFRICA DIGITAL HEALTH REPOSITORY PROJECT




134
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; [ | March 1992

Oclober-November 199

n haemoglobin AA ond AS

. | ) i
Fig. 4.7 Malarig parasile Fes mbef, 1991 and March, 1992

blood donors at the Octobef-NoYe

Cr0gs-seclional surveys,
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Table 4,12 [he relationship between hacmoglobin genolype and mean &

SE) parasitc densities in blood donors at the U.C.i. Ibadan blood donor

clivic in Octobe rNovember, 1991 and March. {992

S ignificance
Hlaemoglobin Ltnolype of dilfesence
n AA n A
“"'""--._________‘_ —
Octobe . +009 t=059.P> 0.50
Wember g3 228+006 29 23T
=202, P=0.050
Marey 20 27340n 7 2308008
‘--,___________ —-'-_-_—-_
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binh. There was no significant difference in the paiasite rates (P< 0.40)
ad patasite densities (P> 0.50) at delivery between women who were on
‘-'h"“oproph ylaxis during pregnancy and those who were not (Table
4-13)-'Ihc.rc was no significant difference (1=1.17, P< 0.30) in the mean
PCV value borween mothers on chemoprophylaxis (31.8 £ 04 ) in

Pregfancy and those who were not (314 £ 0.31)

' inical inaiaria In
The mean age (month s)ofonsclofpnma:yclmlca inpl

12K 4291
SWwdy infants bom 1o mothers who were on chemoprophylaXis &3

! IS was
0 . a2 cllemo :othlBXls w
26 and infants bom to mothers who wete not € P

“620.27. These values are not signi ficant! -
in the
Theie was also no significan! difference (t=0.71, P<0.50) 17

¢SE) binhweights (K g) of newbors of mothers Who weie O

.17 £ 0.05)-
Chcmop‘oph)’laxis (.21 0.04) and those who were not (3.17

15 pCy Levels

Mularia Purasitacsnia 8nd

The mean (£ S.E) cord bloo
1.822, P<0.10)

d PCV value Was 19% % 0.25. Tere

in the mean PCY

 no Signilicani difference (1= 0.34). There was a

valy . ] (38'9% K
£ of males (39.9% + 0.34) and females d mother's panty

level an
Posive correlytion between cord blood PCVY

\'au.195, P< 05) level
= | d PCV levcls
Malaria parasitacmia significont bals

, :(fcience
Ween 4 . 10 monhs of age While Uhe dilfe

Vﬂlu
€5 between malarions and non-M4 W
g 4,14). Nocorrelation o
¢ was nol slgniﬁmlzl&AGL.#/!?l-EALTﬁ REPOSITORY PROJEGT p;imnf'y clin lC‘l

durauon O

in the mean PCV
2 months

ey, cord blood PCV valyes #nd
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Table 4,13 The effect of chemoprophylazis in pregnancy on parasiwemia

% delivery in | |6 parturient women al ]gbo-Ora, Oyo State.

'I-____‘__ AX d
j . Signihcance
Chemoprophylaxis NO Chemo .
p piophylaxis difference
h‘-‘---__-_ o i
| 22071, P>0.50
(=038, P>030

Parasige densityd 2,36 1 (.11 242101
“-.._________‘_-_

a.
labje shows meun + S.E.
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Tabled.14  (orrelation between mean (t S.E) PCV levels in malana

positive and negative siudy infants during the fust year of life.

—

;;—_ Malaria Malaria SigniﬁcanCC‘l

(months) | positive  n  Negative of diffeience f

‘--2‘-_ 19 314049 72 321029 P<(0.30 -0.11, P>0.50
¢ 36 g9s30) 33 32:045 Pe000l 068 PO
6 2% 274078 19 3! 4076 P< 000; 043, P<0.025
8 16 28+ LI 16 31£0.53 p < 0.025 0.82, P<0.001
10 10 27+ 17 12 M2 1.0 P<00! .0.49, P>0.20
12 17 334098 2 41057 P< 0.50 0.17. P>0.50

Ao I’C; Jalues of malaria Positive

S]g’““‘chncc of difference belween mean
‘ t - - [
g malarja negative infants.

~ ond p:\ﬁsilc
Orrelation coefficients between pCy levels

difrc,en[ agcs of the s[udy infants.
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malarig in the infants (r = 0.09, P< 0.50). There was apositive corelation
Ylween bi;thweight of newbom and cord blood PCV level (r = 0.57,
P<0.001), '

The mean (£ S.E) PCV value of the 116 parturient womcn was 32
£0.25% ranging from 26% 10 41%. The mean PCV value of piimipatovs

*omen (30.7% + 1.98) was significantly lower (t = 2.084. P<0.05) than

he mean POV yalue (31.9% +2.8) of multiparous women. A positive

! . X
“0ifelation was otyained belween mothers parity and PC Jevel at

®livezy (¢ 0.28, p< 0,01). The mean PCV value of mafana positive

0% £ 0.45) parturient women was significantly {1 = 333,P<001)

ent women.
OWet than that of malaria negative (32% * 0.28) pariuncnt

tevels
CI.cm"pmph)'Iaxls in pregnancy had no significan! effect on PCV Te

at des
dC]ch:y (t=0.73, P< 0.50).

' 1) t
4.6 MNSsU Blood Croupnndl’mlec“‘m apainsl lnln;m :
jte densities
Table 4,15 shows the parasite r31es ang meau Pmsﬂ; i
Ociober-
" lfeery MNSsU blood groups of blood donars at the U¢

in the pasasite
! CMBEr syrvey. There was 10 sgnificant d,frclcncc P

i nd payasite densities beiween the differept

, d
*0Ups.he duration of onset of primary clinical malaria in the study

le the diffeient htNSSU
NS wos not significantly different between

" groups 1= 0,566, P > 0.50; Table 416}
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Table 415 pacasite rates and mean (5.E) parasite densitics in different

MNSs blood groups of blood donors ot ihe October-November survey.

Parasite Rule Parasile Density

""-.___‘___-
MNS,

-~

S1/131(40%) 2.28 £ 0.05
22/52(42%) 2311 0.11
9/25(36%) 215009
9/15(60%) 2.3420.13

>~ 0,39, P> 0.50
=277, p<050 F=0%
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Table 4,16 MNSsU blood group and duration of onse: of primaty clinical

Malaig i the infani study population al Igbo-Cra, Oyo Slate.

e -3
mOod group n Agc (nonthss )h 1 S.E
==l L
MNS -~ 030
4

MNSs 20 3.60 b

0.17
MN°S~5.U- 4 3.50

0.98
MNg s-U. 4 3.98
3&7‘\‘-—— lariﬂ: F = 0.5669 P ? 0’50

"4 age of gnset of printary clinical M2
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W Immunoglobulin Levels and Malaria Parasitaemia

Figure 4.8 shows the standard curves fos 1gG. IgA and IgM

determined by gie single radial immunodiffusion method.

(2) Infants and their Molhers

The major fraction of cord blood immunoglobulins was IgG. The
M (¢ S.8) cord blood lgG at delivery was 1265 £ 3dmg/100ml. Mean
M blood IgG a5 significantly lower than the mean matemai 120 (t =
386, peq. 001). In some cases where the cord blood fgG levei was higher
"M the matemyg) 1gG level, the matemal lgG level was blow
&/100mI. There was no significant diffesence iii the mean cord

ol
418G level perween male and female newooms (Table 1.17). There

ls ‘ N
( " correlation petween cord blood 125G level and parity of mother
i P>0.50) and between cord blood lgG and dutation of onsct of

linge
lmal“m ist the infant (c = 0.13, P<0.30). No cosretation was

%013
"doerween birthweight and cord blood IgG level

{r
026, P< 0.50).

Us; : Majority (93%) of the cord blood samples had no detectable Igh
l'lg th
(4

ever, lghl was
Uiecye

ingle radial mmunodiffusion technique. How

fo by m;,u cord scra using the more sensitive ELISA techmque. A
"l-a *0td blood samples had very high levels o f IgM comparable with

i adulm The mean cord blood IgM Was 44 ¢ 4.1 mp/100ml. There
" Significant diffecence in the mean cord blood Igh level betwecn

O]
bq I fe male new bomsAf.srdbkA.;HmT),RrE\{gsmquL fion Wwas oblLiined |
O corg blond 1okt il duration of onset of primary clinical malana

Wy
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Table 417 Mean (& S.E) cord blood 1gG (mg/100mD) wid igM

(mg/100m1) Jevels according to sex of ncwbom,

e

Signif cance of
difference

n Male n Female

. 0.50
1gG 55 1271 +46 62 1200209 B

s 0.05
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in the infant (r = .0.28, P > 0.05) and between cord blood Igh and
bicthweight of newborn (r = 0.07, P > 0.50).

(i) IgG
Table 4.18 shows mean 1gG velues inmalaria positive and
Regative infants jn the first tcn monis of life. 1g@ levels fell sig!

ontlie 0
(P<0.001) 10 about half of the binth 5@ level @ the 8ge of 2 FIN" |
in niolana

ficantly

bothmalaria positive and negative infants, Mean IgQ values

it i adual risc was
POsitive infants rose rapidly at 6 months of uge while n gradusl

~ Ihs of age.
obsetved in malaria negative infants betweet 6 awi! t0 monthis 01 08

it months of
'nlelowest plns ma [80 VaIUCS wele 1Qcordcu In mfﬂnts at 4

age.

' ious infints
Mcan 1gG values were Signif cantly lower In malario

o5 infunts of the same 28¢

agcd pl and 8 months than in nou.mulnno W
i the menn 1gG valu

(Tnblc 4.18). There was N0 signlficnm difference

inonths of 8g¢-
U malariy positive and nicgutive Infanté 2t 4, 6 ond 10170

() rght

§ WhS obsesved within e first 8

A steady rise in mean IgM valu¢ « infents Crable 4:19),

. in mal
A apig riSe inmean lgh volues was obscrved were significantly
%etWeen 1he ages of 8 and 10 mombs: g evels ™

e infants aged 2
bighe, ; e I malaria negetive
’ i malasie positive infants

4
Oang 10 months.

griovs infonts
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Table 4.18  Mean (¢ S.E) plasma IgG levels in Nigerian

| Without malaria parasites during the first

146

nfines with and

ten months of life.

-—.._____ - . : r
" hee Malana Malana Slgg.l:;lcance 0
{momhs) n Positive n Nepative iffercnce
--‘----_ [
= <0.01
: 19 562 £ 22 72 691 + 23 1 =282,
> 23 555 £ 29 3 609 + 24 ( = 1.44, P<0.20
= P>0.50
¢ 27 71747 18 696 & 26 (=033, F>
e P<0.02
: 13 1206472 14 88| 195 ( 2.1,
59, P>0.50
i 6 1141+7 ¢ 09252 (=053
e

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



147

Table4.19  Mean ¢+ S.E) plasma IgM levels Nigerian iniants a1 Igbo-

: i i months of
012 with and without malaria paiasitaemia during fst ten

life,
e —— N . -
hae Malaria Malaria Slg;.:fl;cnn::c
menihs) Positive n Negalive of differe ;
-...________ b
Y s RO P<0.001
3 n 7018 a9 +14 1944, P< 0.001
] - 0.
: 27 ¢3+61 18 24 12359 B¢ 001
=1.77, P< 0.10
; 13 167tks 1 3p+13  1=LILES
¢ =2.78, P< 002
0 ¢ e 6 @ 9

""‘"-._____‘_ ___________————
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(i) IgA
[gA was not detected atbitth inany of the cord blood

sam ; : ol
ples using the single radial smmunodiffusion technique. However,

2
was present at 2 months of age in all the study infants. A steady

InCregse |
in mean [gA levels was observed during the first eight monins of

life, yv;
ith the exception of infants aged 4 months, there was ne
ges between malana positive

I peparive :
negative infants dwing the first €1 ghtmonths of lit= (Table 4.20).

Al delivery, no significant difference i the mean IgG and IgA
tjve and negative parturent
y higherin

SIEnif; 1
$hificant difference in the mean IgA val

valu
es was observed betwecn malasia POs'
wom

en (Table 4.21). However, mean Ighi +vas significont|
Meanplasma 1gG. 1gM and IgA W3s

Sun |

llar perween the different parity groups {Table 4.22). There Was no
i8, P 50.05), 1gG {r = 0.02, P> 0.50),
diffescnee in the Mean

malag =
[id positive panturient women.

cor, .

| elation perween 1gM (1 = -0.

BA (r = :

b (r =0.09, P<0.40) and parity of mother-The
18V and {gA values between mothers Who \ere 01

Chcmop, i ; h Wh Qlire
ophy!axis during Pregnancy and those Ao

$Qlicp!
Shically significant (Table 423). A
gGlevels (c = 0.65. P< 0.001) butniot

{ (= 0.4, P< 0.50).

not was not

beiw
v e *
€N ¢ord blood and mate mal |

Delw
ech maternal and cord blood 18}

(b} Adull Study I’Opuinlion

Mean plasma 18G nd I&M but not
CA DIGITAL'HEALTH REPOSITORY PROJE . »
ared with molana negatve

igher;
N malaria positive subjects comp

[gA values were significantly



Table 4.20 Mean (¢ S.E) plasma IgA levels in malanz p°

malana negative Nigcrian infants at [gbo-Ora duning the lirst 8

149

sitve and

--_--__ ) ] -
Age Malaria Malana Slgqlﬁcancc
Monihs)  n Positive n Nepalive of difference
--.._____-___-_ va
|
- 9 sgrip 13 2089 RS P> 0.50
£ 0.025
? 7 gpels 35 B/l (=231, P<
- 27 6619 1g 65%2.1 t = 0.54, P>0.50
= 0.30
ﬁ 13 104 8.4 4 92165 1= 1.20, P<
St . .
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Tible 4.2]  Mean (¢ S.E) plasma immunoglobulin (Ig) levels

it 2 [ “ ‘orao
positive and negative Nigerian parturient WOmen at ighe

150

in malara

g Malaria slaria Siggigcanczc
lsolype  p Positive n INegative bl YNEIE
S —c—
P >0.50
= 3.39, P< 0.001
M a6 ggertl % 204EF T i
B P>005
BA g5 lazip % Q8 =
— R—
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Table 422 pfean (& S.E) plasma [gG., IgM and IgA (mg/!

151

SOmillevels 10

diffcrcnl pan'gy groups of Nigerian panu[icm womer dt !gbo-Ora.

‘-_--__ -~
Parity g IgG IgM [gA
---‘--_-_ ——  —
: 28 1535 + 83 24713 15514
2 22 1526 + 71 229+ 147217
3 g mossg M3 MOEE
160 £ 24
1 T wiag 119 21E3S
25 3 1577 £79 0416 17421
o P<0.50
Mficancc : P<0.20 F<0.89. P<US
or dl“tl’tnce F=l.l3a P<0‘40 r31+98-
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Table 4,23 ‘The 1elationship between plasma imamut

Use of chemoprophylaxis dufing pregnanty In 16 P

'gb0-Ora, Oyo State.

oglobuiin levels and

~artgiient women &

E:E Chemoprophylaxis rp*offh?:itv;o;rggxis :;g;lff:::nc:c

BP¢ n  McantSE 0

\Igg‘ 53 15404 e 63 1s1£53 =065, P>0.30
IeM 5 213+ 12 63 22111 . =0.49, P>0.50
A 53 15249 63 1599 1=0.53, P>0.50

o N
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at the G.T.C. lgbo-Ora (Table 4.24).

subjecis in the fuly. 1991 susvey .
higher in malaria

Plsma [pG and 1gM leveis were found to be significantly

;. : . . onors al the October -
wsitive blood donors than in malaria negalive blood dono

November, 1991 survey (Table ¢.25). The meon [g

Psitive ang negative blood donors was fol significantl
Bloodg Stage Antigens
for 2atihodics against

A levels between Malan)

y differenl

18 Antibodies Against Total

Aduli and cord blood samples were screened

Julcipanan Al 1:1.00,000 d

; . of life \were
toog samples collccied from infants during their +isi faf :

‘\\'Cd \'iSible
. - :
unoflyorescence {Plate 1) at their TESPES

ood S:l =g | .'
g \\ ‘," ‘\' ‘ m |i' -S C‘ Ill I !‘

positive nt -100 dilution and had the

1ien while Sentol
0 | | iluzion W
td blood siyge antigens of P

eened a1 1:10,000 dilutton, Al test samples S
Im rive dilupon

B ¢ a

Mibodies 1o toln| blood stags ¢
:05][1”0 cord blood samplas wert
|

Bhegy g0 values,

18.) - ihodies
. Q’ ! l - } E r\ f\ nl' ]0 ' 3 ’
Al el 35 B S mllﬂOﬂU ofesccrlx of cr)'lllfOC) tes

Mate I shows membranes 1M
iPr L55).

i IGA
’n[cC!cd with ﬂl‘lg forms ol P. fnf(ﬂmﬂlm {RES’

(9) Infants and their Maothe® o anti-PTESS

cord blo

There was n correlation betecn o " ( antibody
Mibogy 064, P<0001), The prevalcn® y cher i
lires (r = 0,64, : ) 21 62, P< 0.001) higher 1n

ntly (X- = - _
antty gnificant
eVCr,

pogm'\'il)' 0

e Al
Jon atigen was Signilic

my Hlow
erng| - d biooth |
Comp are d \Vlu‘AFcRgE DIGITAL HEALTH REPOSIT PﬁD.F:_Z) d\ﬂli‘P n S S

there \wns RO <
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' 41ve lana
Table 424 Emmunoglobulin levels in malana negaive and maian

~ the July
positive asymptomatic study subjects of the GT.Cigbo-Dnaal
Sulyey.
‘--'--___ —— v A—
i ignificance
\ Malaria positive Malaria negative i:'g:i!{;c:cncc
Otype g MeanxSE 0 MeanESE
\ — J——
= 2.24, P<0.03
G 1g 1ae7e 8 11S0EP
= 2.17, P<0.05
M yg 1414 82 13BET l
= 0.54. Mjo
A gg g9 B2 'ME t

"\.__1_________ __-_________,_————
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. in Tualana
Table 425 Mean * S.E) plasma lmmunoglobmln levels !0

: : donors 2t he
Regalive and malaria positive asymptomatic i

Oﬂobcr-Novembcr. 1991 survey.

— —

e

—

l Significatice
lf ” . Malaria negative of BfHcipsE
TyPe n Malarig positive Pl R
— L ”//
~1,99, P<0.05
4143 L=hi2 2
18G9 1403+ 52 133 127
l*‘“ i 6 t=2997l p<0'0l
lgM 91 7448 L

I2A 91 15247
""'—u-.._._________ _‘_,__/—"_’___’__
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P
Me1. ymmunolluorescent Staining of blood -

S : .
e p. falciparum Intracellular parasites
Mogyy schizonts) by immune serum from a blood
Dnor, serum was diluted 1:25,000.
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Plate 2. Immunofluorescen! staining of the
MeMmbranes of erythrocyteS infected with ring
orms of P. lalciparum by immune serum from a
bloog donor. The parasile nuclei were
counletstained with ethidium bromide. Serum was
Gilured .50,
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:
anktbody Litre between malc

0.09). Al anti-P£155 antibody positive cord blood samples W

(rom anti-P{155 antibody positive mothers while some positiv
antibodics.

1o the Pf155 antigen
(Fig. 4.9), A rapid

mal(1.72 £0.09) and cord blood {1.78 %
cre obwined

¢ mothers'

cord bjood samples were negative for anti-P155
The prevalence seropositivity for antibodics

showed an initial fall from bith ll 4 monghs of 2¢

increase was observed al 6 months of 3g¢ followed by a gradal dse Ll

k qt -
one.year of life. Nocorrelgtion \Was obse rved between €O d blood antt

P155 antibody tites and duration of onscl of
{nh?‘ls (r = 0.32, P< 0.10). Theie Wasno signili
P >0.50) in the mean (£S.E) ageof onsel of clinical malaria in thc

infants beLween anti-PM 55 antibody aositive (4.5 + 0.33) and ncgative

(4.31 £0,34) cord biood satnpies-
ignilicant difference
delivery and during thic six

4 10). Similariy, no
155 ontibody

K nica! nialaria in the

.ont difference (L = 0.5}

: . e percentage of mothers
There was no S in the pereentas

Pasilive for anti-pf155 antibodies 2t

CoNsccutive surveys (P<0.50) gfie ¢ delivery (Fig.
gved in themean anti-P{

Signiticant difference Was 0bse
(able 4.26), No corielation was

tHres during the six conscculivc survey s
_0.12. P<0.40), parasue density

vusc ved belween maqcmnl ISG (l’
ities & delivery. Theic was s

(ra0,10, P>0.50) and anui-Priss and

pody
042, P<000), parity (r = 0.39,

Correlation between mother's a8¢ (r
Mean anti.PEI55

P<001) and anii.pr155 snibeds titres aL delivery:
bewween e Jiffesent Parity groups of the

“ﬂlibod y m res weie lt@nlléxi!%i‘ll&‘HEALTH REPOSITORY PROJECT
mothers (Table 4.27).
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Seropositivity Rate

Age {Months)
libodics to the PIISS/RESA

FiE' 4.9 Scropositivity ryes for 3n |
ng their firss yeas of life.

in Nigerian infants dur
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1207

1004 |
30|

60 -

Seropositivity Rate

04|

204

4 6 B 10 12
{Months)

0k
Delivery 2 .
Sampling Period

Fig. 4.10 Prevalence scropositivaty for antibodies to the Pf155/

RESA of P. Jalciparum in Nigerian
e $
delivery and on six bi-monihly conseculive

Women at Igbo-Ora at
stveys after delivefy.
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Table 4.26 Mean (& .5) anti-PI1S5 antibody tives of

[£b0.0ra on six consecutive surveys afies delivery

Njgerian women ot

. -

Peiod (Monihs)

e

Sampling
Atdclivcry—’:——‘i_“_ﬁ g 10 12
= _—
M :
Ti::AmlbOdy 1.72 (72 .69 (73 179 181 1.83
0.11

0.14 0.08
Standard Error 0.08 000 015 0.15

—

"‘-\<_____ N

€065 P> 0,50
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Table 4.27 Mean (+ S.E) anti-PIISS/RESA antibody litres in differen!
parily groups of parturicnt women at {gbo-Ora. A
il ~ Significance
7 3 4 >S5  of difference
1
Mean Antibody ‘ 2914 F=451,
| 1580 1431 &
Titre 1499 1,489 P< 0.0)
0.168
Slillqdard Error 0.119 0.182 0.168 0.226
19
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' There was no signiticant difference in both the number of mothers

PUSi'ﬁvc for anti-Pf155 antibodies (x2 = 0.93; P< 0.40) and m the mean

(& S.E) anti.P{155 antibody litres (1= 0.45; P>0.50) bewween maland

positive (1.64 £ 0.135) and malaria negative {1.74 +0.101) motheisal

' : cord blood
delivery, There was a coirelation between matemal and

anti-Pf1 55 antibody titres (r = 0.64. P<0.001).

L) Adults

There was no significa :
ftes (x2 = |.84, P< 0.20) and inthe Mean anti-Pfl

ntdifference M the Pf1.55 scropOsitivily

§5 antihody titres
y Suiveys of G.T.C sludy

(1=l the Jul and Febivai
0, P< 0.20) between the July in both Lhe percentage of

Se'fv:‘-l

subjects | innificant dif ference Was 00
jects. No significant  the mean anti-Pf155

Wti-Pf 155 aniibody positive (P< 0.20) énd

. oositive and malana
| antibody tirres ((=0.55:; P>0.50) bewween maisria PO

negal; - uly suivey: _ .
Ive subjects at the July Su! ccnanti-Pf133 antibody litres and

. ion betw
Thete wasno CoEROn % T o Po050) and Febuuaty

Parasite densities at both the July (£= bseived belween anli-
- : Nocoﬂchtion wg 0DS
r 0.01, P> 0.50) surveys- ey (r= 0,08, P<0.50). The
p , _ July su S
AR g AT Sy liues inindividuals who were

-PfISS nnlibOdY

difg. .
€fCnce in the meananll
| 4 Cebruagy SUVEYS ™2

\ ?’“Plcd consegutively at die bt :f" ificgnt diffcience Was obscryed in
“gnificant (= 1.30; P=0.20). Nosigiies 0D.0s) valuetothe
¥ (ilge and Mmea ELISA (VY105

i

ANSsU blood g1oups at the July

s nul

e Mean anti. pe1SS antibody
WA P)6 peptide beiwegn I differen!

AFRICA DIGITAL HEALTH REPOSITORY PROJECT
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ey (Table 4.28).
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Table 428  ygeyn (4 §.E) anti-PFISS/RESA antibody tires 2nd @ED

*SEYELISA (OD.4gs) valucs to the (NANP)s peptid

MNSsU blood groups of G.T.C study subjects ot tie July Survey:
-‘--_-__ E——

~ in diffesent

o PrisSRESA o (NANPk
':':;;L 6 205x013 2 016£0%
MNSsy ¢ a09t0z 13 02 Ak
MN.S-s 1. , a0s:03s 2 0¥ A
MNS5-(5. 0 1981028 LA L
Signiﬁcancc ¢ 0.506, P>0.50

o dif ference Fa 0,055, P>0.50

"\\_____‘_‘-_ _-____—______...—-——
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. The percentage of blood donors positive for anli-Pf1 55 antibodies

al ‘hL October-November, 1991 and March, 1992 Suiveys was fol

significantly different (x2 = 0.91, P< 0.50). Similarly, the mean anti-
‘November (2.27 1 0.06) and March
different (t = 0.67. p> 0.50).
fI55

Pf155 antibody titres at the October

(233 0.07) survcys was not significantly

ant diffeyence in the mean anti-P
¢ blood donors during

4.29), In addition MO

Litns and pAdsile

There was no signific

antiiody titre between malaria positive and ncgativ

lhe Qctobcr November and March surveys (Table

corrCIauon was obseryed belween ang-P{135 ' ibody

densitics gt the October-November (- 0.8, P< 0.20)and March

(P= 10,19, p< 0,40) surveys.

The mean anti-Pfl 55 antibody * itres of the bjood don
“Jow responders  with EMIF utres

ith EMIF (ies belween

ors could be

StParaled into three groups i €-
belween 210and < 250, ‘medium r¢5F’°nd ers” W

3250 and < 7250 and "high respo” nders” Will EMIF fiifes

M £36,250. No significant diference in the fnean pagasite densit
o Nov. = 0.8, P00 e

ie 4.11) was observed between the

ymand high responders weic

between2 7250

jcs

(Tab]e 4.30) and patasilc fates the O
Of ]ow’ mCd‘

Tree Broups. ‘Me mean 8¢
the Octo ber. NovemDe?

! Significamly differcnt 3t

Ud M - suIve .
arch (F =2 66 P> 0. 05) y P“SS annbody Litics

No correlation Was obsetved 0.105. P< 0.20)

Novcmbcr (l' =
4d age of plood donofs,2! the Octobe” :
AFRICA DIGITAL HEALTH EPOWM&T“O CO“V]‘“IO

0 Mgech (¢ = 0,07, P< 0:50) SUT¥Y

n betweeh
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Table 4.29 Mean (+ S.E) anti-PF155 antibody titres in malaria posiive

) March
and malaria negative blood donors at the October-Novenier and

=3 Significance
; . e of diffcrence
a  Matarig Posilive 7 Malar:a Negativ
N . i, —
o 1=0.26, P>0.50

0.08
November g9 2284009 110 2253

2.21 £ 0.08 1=0.04. P>0.50

T ‘f__—__

>

———
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& 1 "' h."/ 3l'lli-
Table 430 Mean (+ S.E) parasile densities low, medium an< fitoh

o the Lotober -
PEISS/RESA antibody responders of blood donors during e

Nevember and March surveys.
5 — — " Significance
= of difference

Low Medium High

— A

\ I

e

Octobe;.Nov. 2274008 232007 24044 Fe036.F>00

1=1.87. P< 0.20

—

0
Margh 25012 282015
i3 D

...____________—_‘-
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50
: o} Octaber-Novembe
ol @ Mach
- ES%
& 307 | -
¢ AL A
‘> -_'r::._*l.
g 201 ||
Q 165% Wy
5
i,
107 | (S8
1IN o —
Ve Medium High
) ' groups of blood Lk
Fig. 411 Malaria parasite Ftes 1N s hich
‘ 25() . < 1250) and M

With Jow (210 - < 1;250), medium 2
27250 . ¢ 136,250) anti-POSSRESA *

0¢lobcr-NQVCmbcr. 199) and March,

ibody ties at the

1992 surveys.
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evel at the Ocl.-Nov. Survey ir=0.18,
(0Dans)

od groups

n6-P{1SS5 antibody tire and 1gG |
B>0.50). The mean anti-Pf155 antibody titres and mean ELISA

vilies 10 the (NANP), peptide between the ifferent MNSsU blo

athe Ocy -Now. survey was not significantly different (Table 4.31).

y Against Oligopeptides
ilh a colous reactio

4.8,
5.2 ELISA Serorenctivil
Plnte 3 shows an ELISA plate W

R\Eﬂan' : - .
2immune sera and the test synthetic peptides.

n from 3

(2) Tnfants and their Mothers
 =n+d blood ELISA

(0 o between Mnternnl anc &€
Bus) vlues 1o the (EENV)6 {r = 0.32, P<0.01), i JS(r= 0.76. P<
L (NANP)6 pcptide

004
1) nnd MAP2 (r = 0,67, P<0.001) Peptides OULF0
ELISA

(r < .
{0 b +P>{) 50). There was 10 signflicant diffcrence 1N the Mmean
.on ateraal and cord blood

D
s) valuex 1o (he four otigopeptides belwee
e was higher

(Tapy
¢ 4.32). Seropositivity raie o the (NANP)s Pt
blood ‘While MO differenc

(EENV)s (P<0.30). 113

cen materhinl and cord blood
ood ELISA

There |
here was a correlitio

cinthe

{pc;[)
00 :
) in miaternal compnred With cord

bero
tWVily rates was observed with the

(P
30) und MAP2 (P >0.50) peptides

LH] )Y 3
%, Foxd Ig. 4.12). Therc was nO correl? o
um 3 = 0.1
b Fclivities (0 1he (EENVIG (T = .01, P>030) (NANP)S
P 050 pepiides

<040 =012
an S (r = 0,02, P 50.50) and MAP2 € e

belw

it . <
Uniion of gnset of clinicnl mplana 1 Ity |
L Wie  ontippdics 10

POSHING o
¢ duration of

oW it in thei
o . Jiftesence I
On c “nfijens ﬂlmdd“’- "Tﬂ&ll&ESS?TlORY PROJEGT \fgml\‘(‘
J with those W0 wtre SCIol

e :
of
elinjenl malaria Cmpare



Table 431 Mean (& S.E) anti-Pf1 §5/RESA antibody titres fM
mean (& S.E) ELISA (ODygs) values 1o the (NANP)g Peptiae 1M1
different MNSsU biood groups of blood donoss & the October-
November, 1991 survey.

1
n PrISS/RESA n (NANP)

_'_._.—-—_-.'

S

MNSsy 11 273+ 008 72 0262 0.02

M-NSsU 44 216001 %0 022004

04
MN.S-s-U- 21 294 +018 19 0202 0.0
0.06
MNS-s-U- 13 Lg7+021 5 0182
Ignit - 072, P>0.50
Siiance oy pegs0 FoORPOS0
e e
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Plate 3
] pl r o - L
rotograph shows nn enzyme-linked immunosorbent assay

(ELISA - '
) plate with colowr reaciion resulling Irom an ELISA chiploying

mildna
RRING Sera ayd Synthetic peptides s capture SNtigeNS. el

I=p :
647 %€ blnk; columns 2432 Conted with (FENV)g; 4¢5= (NANPIG,
T Ul a0 ne s

US 8+9 = MAI; 10 = |2 were coated with bowine o
"lbum;n( HS A

103SA A 10 detcrnine BSA binding for synihetic peptides coupled

HEENYY, (NANPY, and 135). Rows A, 8, C.Dand L aprsos

Mlari.
Mg ria s mulnna 0ON-

N IMMUNE 1est sora while rows I Lo H contpins
Mne sern (comirqly.

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



172

Table 432 pean & S.E) anti-PF1SS/RESA antibody titres and mean (+
S.E) EL{SA {ODyqps) values 1o four oligopeptides in paired matemal-cord

blood gamples.

e

Significance

Oligopeptides n Matemal 0 Cord Blood  of differepce

"--..________; P

(EENV), 29 0081 001 20 00600l 1=1.34, P<020

-

(NANP), 56 0.41% 002 45 008+ 001 t=1.26, P>0220

LIs g 010t 007 20 0092 002 t=0.36, P>0.50

MAP2 b 006s 002 14 005% 001 =049, P>0.50

“'u.______-L ——
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1 Mauwmal
Coro b

Seropaositivity Rate

Fig. 412 Seropositivily s for antibodics 1o the (EENV)g,

:qec i) Pallc
(N"?"‘;?)ﬁ. LIS and MAP2 peptides ui p
[rom 18b0-013. QOye State.

d matemal<ord

seium samples
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(Table 4.33). We evaluated the possibility of an enhariced protection
1gainst malaria in infants whose cord blund was ehhicr pusitive for
antibodies 1o the Pf1SS/RESA mnd (NANP)G aitllgens (from the blood

ind sporozoite stages ofthc Dutitsho iegpectively) o o the (FLNV)g and
arnhsence of cord blood wiibodies 1o

(NANP)6 peptides. Thie pescice
(BENVIG and (NANP)

e Pf155 /RESA and (NANP)G untigens orlo the
Peptides did not influence die ago of onsetof clinical
nfanis (Table 4.34). lTowever, it wos abserved thut in
hacmoglobin genotype AS wlhose cord hluod were posiive for antibodies
lothe prl 55/RESA and (NANP)6 antigens () ahie 4.35) orto the
(EENV)g and (NAN P)g peptides (Toble 4.36) had theic first auack of

b AA Infunta. On ihe contrary, there

Malazia lgies in life compamd witly 4
ge of 0nset of clinlcal mnlario between fHib AA

negative for antibodies to the
ke 4.35) or to the (EENV)6 and

mulenie in the Study

{ants with

as no difference in the ¢
a0d AS infants whose cord blood é'¢
PIISSIRESA ard (NANP)G tntigens (700
(NANP)G pepiides (Table 4.35)
'Ihe prevalence seroposilivil
{(EENy ), (NANP)s, LIS aid MAP2} inin
€€ are shown in Fig. 4.13. The numbes of

Months o age, none of the study infants were seropositve. Aftee§
cs $05C mpidly (o 48% by onc ycaf of age.

diesto the (NANP)s peptide lell

y for antibodses 10 four oligopeptides
fants during the first year of

infanss positive for
iy from binh (38%) and by 6

g v
Aths of gge seropositivily ™t

Se fOpOSi!iVily 'E\‘FIR%A E%'T:.n HII:/E’L?H REPO%EOTWWBJWI at the e or2
| ¢ ~

from bifth 1o aboy! half of the irth seroP
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Table 433  Mean (& S.E) age of onsel (monlhs) of primary clinical

Makria in infants with and without cord blood anti

Jalciparum antigens.

hodics to some P.

——

Significance
of diffetence

a Antibody Antibody
Antigens n Posive 0 Nepae
(EENV), 3 441+ 056 39 448 +0.26
NANP), 29 47+ 031 B 16200
\JS g 399 029 355t 0.27
MAP? g 398% 028 44 45¢ 027

¢=0.i3. P>0.50

t=1.16, P<0.30

1=0.85, P<0.40

1=0.85, P<0.40
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Table 434, Age of onset of clinical malaria in Nigerisn fnfants al

1gbo-Ora and cord blood seroreactivily to the PaSS/i'ANP)g and

(EENV)g/(NANP)g antigen pais.

. - £ Negative Significancec
Anli ' Positlive? Anlibody .
pnirfcn A:“b(ﬁzan +SE n Mean £ S.E of difference
Pilss
(NANP)f 17 dsob 038 19 394 % O4 NI P>0.05
(EENV) & 037 064, P<0.50
[N;‘LN;}): 17 466 % 059 27 43 2 Q. r =i
o .} Tlmnfnms whose cord btood

“Mean age of onsct—;( clipical ™
was posilive for antibodies 1°
(EENV)GI(NANPM anligen i3

cal lna[nri
0 fhc L

of sipnificance.

Lhe pr15SHNANP)g and

b - 1 in infonts whose cord blood
Mean age of onset of clini bove antigen pairs.

Ws nepatve fos aniibodics !

C
Student's 1.test values and levels
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Table 4.35. The effect of hacmogiobin genolype on the age of onse!
of clinical mataria in Nigeiian infants whose cord blood was pesiuve

" negative for amiipodies to the PIISS/RESA and (NANT): aptigens.

e

Haemaglobin Antibody Positive® Antibody Negative® Combinede
Genotype n MeantSE 0 MentSE n MeansSE

---'-_-—-—

AA 19 419 + 035 11 3.55% 031 30 4.09 £0.26

AS 9 694 + 074 (3 4,00 £ 0.69 22 498 : 0.66
Signif;

1C3Nce

of differepced 3.63. 9<0.0! 0.18. P> 0.50 1.47, P > 0.05
\; :
a'M'tan age of onset of clinical malatia in inf2nts whose cord bjood

Was pOS;/(ivL for nﬂlibOdics to the P“SSIRESA and (NANP)Q

nn“ﬂcn‘s,

ch .+ in infants Whose cord blood
M 3ge of onset of clinical majari in
’ RESA and (NANP)
"% negative for antibodics fo the 42 :

;nligcns.
malaria in infants whose cord blood

C&Ic =
m age of onser of clinical antibodics 10 the PfISS/RESA

gy -t :
3 cither Positive or ncpalive for

(NA NP)G antigcnSAFRlCA DIGITAL HEALTH REPOSITORY PROJECT
484 significance,
L Udmt's t.bree valuete and levels of & 3
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Table 4.36. The effect of haemoglodin genotype on the age <f onset

of clinical malarid in Nigerian infants whose cord blood was positive

°F ncgative for antibodics to the (EENV)s and {(NANP); peprides,
----_-_-'_—-— -~

gumouobm Antibody Positive? Antibody ivegaiive® Combineds
€notype n MecamtSE n Mean:tSE n  Mean £S.E

B —
AA 12 418 + 042 !8 453 £ 044 30 443 £0.33
AS 10 747 = 073 12 354 £081 22 472 + 034
Sis"iﬁcancc
f differencet 426, P<0.01 117, P> 0.05 0.38. P >0.50
'--._____h____-_-_-'-‘

*Meq, 4%c of onset of clinical malana tn infanis whose cord blgod
Was Positive for antibodics to the (EENV)s and (NANP)g antigens.

\f\]can age of onsey of clinic:ﬂ ma[;ﬁa ln infants whose cord blow
35 negative for anibodics 10 the (EENV)s and (NANP)g antgens,

¢
Mean age of onser of clinical malaria in infants whose cotd blood
YM8 either oositive or negative fof antibodies 1o the (EENV)g ang

NANP)s antigens.

AFRICA DIGITAL HEALTH REPOSITORY PROJECT

d
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120
100 1
o 80 | O eenvis
= . (NANP)S
E 6O (3 us
1 ‘ W map2
40+ E] ParasitoRalo
20 1
0 -

Fig. .13 Prevalence of scropositivity for antibodies to the

(EENY)c. (NANP)g, LIS and MAP2 antigens of 7. falciparum

d mylaria parasite rates in Nigerian infauts dunng their first

Yedr of jife.
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months. None of the infants was seropositive 2t Iie age of 4 months.

However, scx%ositivity rates rose rapidly at 6 months of age and (cmained
high il] onc,;car of age.
Twenty-four percent of the cord blood samples wese paosilive for
antibogies t o the LJS peplide. However, none of the infants were
Seropositive petween 2 and 6 monthsof age. At 8 monthsof age. i }% of

the infants had seroconvested and the number of SEropoSIIVES rernained

oW till one year of life.
Seventeen percent of the cord blood sainp!zs wele positive for

Wi-MAP2 antibodies. None of theinfanis were seropositive for these
Ultibodies perween 2 and |2 months 08 agc-

The number of mothers positive iof antibodies to Ihe (EENV)g,
USang MAP2 peptides dusing the six consecutive surveys after delivery

Were not significantly different (Fig. 3.34). However. anti-(NANP)g

Mibody positivity siowed significant (x2=18.28, P< 0.01) vanation

dudng the sucveys with the exceplion ofthe (NANP)g pCplidc
(214,23, p< (.0) scropositivity 1ates for antibodies 10 the (EEN V)¢
=519 P<0.30). LIS (2= 9.42, P> 0.05) and MAP2 peptides

Qlxy 46 P<(.40) were Similar betweeh the different panity groups
ViE. 4.15), None of the primipai® W3S seropositive [or antibodies to the

Mean CLISA (OD4gs) values for the (EENV)g,

L5 ang M AP2 peptides.
ilar between the differe m

(NANP)4. 115 and MAP2 peplides Weie Sim
Parity proyps (Table 4.3).
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Fig. 4.15 Prevalence seropositivity for antibodies 1o the (EENV ),

(NANPYg, LIS and MAP2 peptides 0 different parity groups of

parturient women 3t 1gbo-Ora.
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The prevajence scropositivity for antibedies to the (EENY)g and
INANP)g peptides were similar betwecen maiana positive and negative
parturient women (Fig. 4.16). None of the malaria posilive parturient
Women \vas positive for antibodies to the LIS and MAP2 peptides, Mena
ELISA (ODyns) values for the (EENV); peplide but not (NANP)g was

S8 nif icantly higher in malaria negative compared with malarin pasiive

Parlurient women (Table 4,38).

(h)  Aclults
The number of suhjects positive for antiboc:es (o the (EENV)g

(¥=0.66. p<o, 50, (NANPj( (2= 0.09. P>0.50). LIS (2 = 1.86.
P<0.20) and a1 AP2 (y 2=0.22, P>0.50} pepiides al the July ind
r‘ebrumy susveys at the G.T.C was not significantly diffcrent (Fig.
L, There was no significani difference in the positivily rales for
ﬂntibodie.e lo the (EENV); (x%= 040, P>0.50). (NANPIs (2 = 0.16,
")0,50), LIS (32 = 0.43, P50,50) and MAP2 (x2=0.34. 1'>0.50)
PP o A the Juty curvey between malaria positive and malaria
Mgty e Subjecis (15g, 4.18). No significant dfference In the mean
ELiga Villies 1o e (EENVYG, (NANP, 1JS and MAP2 peplides
LTT. Makaia positive and negutive GT.C. subjects (Table 4.39),
Inchvidunls saniplec. consecvrively at the July nnd Februney surveys

;.'.‘monslfnlcd similar FLISA (OD4ns) vMues for the (EENY )4

+ MAR Peplicles while ognifisantly higher ELISA valucs were

"'“rded for the (NANP)e and LIS pepuitles of the July survey (I'gble
4"'('} No Mganficant dif ltﬁf'?ﬁ‘?'?ﬂﬁwﬁhwwmm*@mmbc’ of subjects
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Table 437, Mcan (£ S.E) ELISA (ODygs) values to the (EFNV)s and
(NANP)s, L35 and MAP? peptides in Nigerian pasturicut women of

different parities.

T — PR — S e
Parity , (EENV)s ¢ (NANP)g n Li5 n MAP2
-""--—__ = - e—

I 10 0.02£10-2 150142004 0 O 0 0

7 0.14£10-3 100.08 £0.03 7 0.05£10°3 7 0.01 + §jg. 3

| 29

47 0172107 (10092008 11 0074003 7 0.0¢ % 103

S 29 0.09£0.02 24 0.1$£0.03 15 0142005 11 0.0140 g2

‘ﬁ‘iznir
of & i F=1.61 Fx|.06 Fw.81

. F=2.6]
Brlerence pop 05 P<0.20 P<0.40 P<0.20

R
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o State,
CBative parturicnt Women ot 1gbo-Ors, Oy
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Table 4.38 Aean & S.E) ELISA (OMygs) values to oligcneptides in

Malarig positive and malaria nesative Nigerian parturicnt wemen sl

1850-Opy, Oyo State.

‘-_'_‘—'—-_
Significance

. Malaris negative of diffesence

Oﬁgopcplidcs 0 Malasia positive
---'_‘—‘-___ —

‘ . a2.4). P<0.0

Ls 0 1 1§ 0.1010.02 n
}'.:A'I..."} 0 = 12 0.06 £ 0.05 -
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Toble 439 \fean (£ S.B) ELISA (ODgys) values to oligopeptides in
Malaria positive and malaria negative G.T.C study subjects at the July,

]991 SUI‘\'cy.

L e S-S T,
Signisicance

”hkur.cmmﬁ n Malaria Positive o Malaria Negatve of difference

e

VI 15 029e007 45 0243004 t=067.P>050

WANPY, 13 0271006 48 0232002 =074, 15050

-

|
- 13 042t005 2 Q32003 =147 7>0.30
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positive for antibodies to the (EENV)6 (P<0.50). (NANP)s (P>0.50),
LIS ( P<0.20) and MAP2( P<0.10)during the (wo consceutive surveys
(Fig.4.19).

There was no signi{ic;u ¢ difTeicnce in the posilivity rates for

- AN
antibodies to the (EENV)s (2=0.23, P>0-30), LS (x2=1.29, #<C 30} and

MAP2 (x2=2.65, P<0.20) pcptidcs werween the Oclober: Nov cinber and
March Surveys of blood dgnors at the U.CH, |badan. Howgver, the

Number of seropositives for he (NANP)S peptide was siginilicantly

higher (P< 0,001) at the QOctober-November sanvcy compared wath the

March survey (Fig, 4.20).

Theze was no signiﬁcamdifftu‘n
10 1he (EENV)g (x2=0.02, pP-0.50% (NANP)6 (x2=3.23, P<0.10), LIS
(220,01, p>0.50) and M2 (¢ =009, P>0.50) pepsides (Fig. 4.21)
ncgalivc blood donors at the October -

November su v y. Simitarly, ! the March suney . no signilicant
difference \vas obscrved in e number of scropositives (o the (EENV)g

u .50) and UJS (x2 = 2.07,
(2= 0.0 pop.50), (NANP)g (22= 005, P20-0) and L2 x

:)‘CQO) peplides (Fig. 4.22) between nialar f
ood donofs were scropositive for

ccin the number of scropositives

b““’Ccn malarig positive and

ja positive and negative biood

4 . 48 bl
Yonors, None of e malasia POSIHE

INtibodics 1o (he MAP2 peptide.
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Table 4.40 Mcan (+ S.E) ELISA (00405} values 10 four ¥. saiciparum

pcplidcs in individua}s SQmp]ed on lwo COﬂSCCU[iVC Sul\‘cy; "1diy. 199}

and Rebruary, 1992) at the G.T.C Igbo-Os.

5 Significance
y 1992 of difference

Pcplidcs 0 July 199) n February

‘_\_‘_‘_"'—-— — - ——

“:-ENU}(, 16 0734 006 20 0.13 ¢ 0.04 =1.89. P>0.50

0] 1=3.36, P<0.
”‘MNI’}{, 1o 0.152%0.03 19 004100 <0.01

s, 0232005 15 0072002 1=344 P00y

MAP? 12 0.14 4003 4 0.07+002 1=0.83, P<0S50

—

B,
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CHAPTER FIVE
DISCUSSION

. This study investipates malaria patasile rates and densities in
Vigerian tnfants and adults and also determines which. if any. of a cange o/
:ss")'s Of e host response to malasia provide useful inforsiaiion
*cerning \he immune stajus of individuals in 2 malaria endemic area,
O:fzsr:aecuonul surveys and longirudinal monitoring of individual subjects
" Possible means of achieving these objectives.

The Mean birthweighy of the infants in thes sivdy is 3.200¢. This 15

200
8 (x = 30p) below (he Havard siandard bitthwsight reference value for

Cac ~r
1S 1Ans Uelﬁffe 19663, Mean binhweigh was similar to tha reported

"Woyin ang Oyediran (1992) in Ibadan, Nigera (3170g). Slightly

O o
(30 " b)"h“mghu; have been reported by Bruce- Chwntt (1952) i Lagos
E% &) Archipald (1958) 1it Northern Nigeria (3076g). Spitz (1959) 4n

nc A ngcna (2940) nrd Reinhardtet al. (1978) in Ivory Coast (3080).
&bn, Serveqd inctease in mean binthweight comparcd to previous datg
'8ho. "Beria may not e urketated wilh iniproved ante-natal are since
| i the first rucal cominunity in Nigerin to adopt the prlmm)
' Carg Programme, None of the study’ infams had a low birthweighy
t}.lan 25002}

hnd }‘ pr“cn“ of neei ph etal malarit pam(ilcs In Mncturient WOoMmen

SIEnificpny elfect on the bigthweight of their neWlorns, The

&!"
rcfcnc AFRICA DIGITAL HEALTH REPOSITORY PROJECT
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infected mothers was 80g. Spitz (1959) observed a slightly higher
diffdrence (89p) between babies bom to mothers with or withou; piacental
Plrasitaemia, Higher values have been reporied by Bruce-Chwart (1952)
in Southemn Ni geria (145g) and Archibald (1958) in Nonthem Nigeria
(2988)- Binhweight differences between babies bom of mothers iafscied
O non-infected at delivery are variable but in all siudies (Bruce Chiwaly,
1952; SPpitz. 1959; Reinhardi ¢! al.. 1978) lower mest bishiweights were
1ssociajed with placenal malaria, However, in the present study matemg)
PCNPhcral parasite density was found 10 corelate ncgatively with

b'rthwc ight of newbogs. It is not known if the'© is any corre)ation
between placental and matemal periplreral parasitacmia,

Our obsevation that bisghweight was not significantly influenced
by sex is consistent with the findings of Nhonoli et al. (1975) and
Gmtnwood et al, (1989) in ‘The Gambia. Hlowever, Reinhardt et al,
'1978), Antia-Obong cr . (1986) in Calabar and Lawoyin and Oyegiran
(199 ; In 1badtaii, Nigeria reported a significanily higher mean birthyye; ghi

m males compared with females.

Lhos peen syggestedthat the inctease in birtliweight with parity s
PIo8ressively reguced at higher parities (11rbin, 1991) and thot
Vi Weights may even decline below values for pamipame at highe ¢

Parijjeg (Reinhardi et al., 1978). Analysis of 50.000 birthweighis in
Cotlang showed no significant rise in birthweights afier the second bap y
bpmson etol., 1968) In the present SII.Id)’ the mean birtl;w c.g]lls()fulc

AFRICA DIGITALHEALTH REPOSIT Y PRQJECT
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for parities 4 and above. Newbosms from primipaious women had the
lowest mean birhtweights and primiparse had the highest incidence and
anJity of maldria parasitaemia. This observation isin accordance with the
findings of Bruce-Chware (1952)in Nigeria, Reinhardi etal. (1978) in
Ivory Coast, McGregoret al, (1983)and Greenwood et al (1989) in The
Gampia. Malar:a is the only known specific envirormental factor which
sclcc,imy depresses birthweightto a greater extent in primigesvide than
"‘““isravidac. and this relates to the much higher prevalence and density
of malania i primigrayidae (Biabin, 1991). It is pogsibic thatthe
Eenesalized immune depression observed in pregraricy is mose
Pronounce in fipst pregnancy.

Since low bisthweight has been attrihuted to matemal or placenta|
Malaria jnfection (Spitz. 1959; Reinhardy ctal. 1978; Biabin, 1991), theq
°h°moprophy|axi, interyengiog thai protects the mother throyghoyt
D‘CSnancy might be exnecied lo show gicater differences in mean
birlhwcigm valyes beiveen prophylactic and non-prophylactic groyps. A

Malter of poticy, all women o [gbo-Ora are given s single dose
3 tablerg) of chloroquine at [:rstame-nainl clinic attendance followed by
Weekly pYsincthaming prophylaxis for those who can afford 1)ic ¢ og;.

0 this siudy, weekly pyrimethamine prophyaxis frorn yhe 200
Week of pregnancy resylied ina modest inC1€ase in birhweight of 53g.
This Observation is sinilar to the findings of Hamilion et al. (1972) i
Eag, Africy who reporled a birthweightincrease of 70g and that of Gilles
al.q 969) in Nigeria wo observed nosignificant difference in

AFRICA DIGITAL HEALTH REPOSITORY PROJECT
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bl'fthWeigh(s following weekly pyrimethamine prophylaxis. However,
Morley ¢1 al. (1964) in Wesiern Nigeria reported an overall increase in
birlhweighl of 157g following monthly pynmethamine prophylaxis; the
hightst was observed in primigrovidoe and women with 4 or more
FrEVious pregnancies, A similar obsenvation was reported by Greenwood
2l {1989} in The Gombia following maloprim prophylaxis. The
diration of prophylaxis was notstated in both swidies.

It 1¢ evident from these sudies that chemoprophylaxis iin Pregnancy
has maximp) effects on bir:hweighis of newborns of péamigravidae and
"WHigeaviae of higher parities. The re<uh of the present stidy' nis)
PWever. b jmerprted with caution as it might have been inflyenced hy
Xveral factors such as the prevaleace of pyrimethamine resistany symins
e fﬁfﬂpa rum . Furthenmose, ihe pregnant woinen 1n this siudy were
Noy closely monitored to ensure Sompliance with mgalarig
chcmomophyluxis and 'nstly prophylaxis wite nal commenced eayly p
Pregn ane Y. Chema prophyaxis stlerventions early i pregnancy may haye

n“ Y 5 &
Wimp efieci on hirghweight. None of the previous swdies addressed
l}ux

he o o o
“Sheliiy of early chemoprophylaxis I pregnancy.

IS5UC soisfy ctorily. Jurther sudics are therefore necded 10 conlipm

No incidence of cougcnun‘ clinical mulonin was recorded Utmongs
Mudy (e i 1sho-Ora I snpporting the view that congemn)

m 1
al‘mn Must he very mee among indigenous populations of holeendeny o

0y . coy b
) MRS Bryce.Chwant, 1952), Ys Infrequenty does novappear (o e guc
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the foetus. Cord blood paiasitaemia was detected in 2.6% (3/116) of the
chiTcrics. In these 3 cases, two of the mothers (multiparae) had peripheral
Paiasitaemia while 1he third mother (primipaious) was negative for
malaria parasites. The presence of malaria pasasites in cord blood might
have been due 1o 2 'spil{ over' at binh of parisites from mother's blocd jito
cord bjood probably due to mechanical trauma of the placents during
uterine contractions as suggested by Nhonoli et al. (2975).

Low density infections of cord blood are frequentlyrecorded in
Afh;}:an newboms; prevalences of 3 - 8% (Korimiann. 1972) and 9.6%
(Vleugcls' 1984) have been reponied in Tanz9nian newboms and 21% in
babies in Ivory Coast (Reinhardt ¢t al . 1978). On the other hand
Peripheral bjood pargsitacmia is rareiy detected in the newbom (Bryce.
ChWau 1952; Spitz, 1959; vvilliams and McFarlane, 1970),

In malaria endemic regions, where cven adults may have 3
Cumylative parasite iate appioaching 100% (Bruce-Cliwart, 1963a),
dc'cnmining whether an illness episode is due t0 co-cxisient parasitaemia
15 CXucmely difficult. Paiasite density 8lone is not necessarify g good
'”dlca OF since it was observed in this Study 1hat even very Jow
Paiasitaemigs in infants above 6 months of age may be causatly rJacq 10
*YMproms. By conleast, pppatently asylpromatic individuals with high
Patasisaemias were cncountesed in the erossssectiondl surveys of the sduly
Stidy Population, Cpisodesof clinical malaria in infants was 2lthost
Ways accompanied by the presence Of malana parasites in 1hick ploog

filmg
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Longitudina] monitoring of infants provedsensitive in detecting
inci?enccs of paiasitaemia and cpisodes of clinical malaria. Malaria
parasite rales and densities rose rapidly in the study infants aftes 2 months
of age and remained high throughout the Fiist year ofjife. This
0bservation suggests that the Africaninfant has a considerable degres of
f€sistance 1o malaria jnfection during the first 2 months of life a1 ryises
doubts \yhether any appieciable protection can be claimed beyond 3
Mornths of life, Malaria patasile ratcat 2 months of age (2i %) was higher
thanI that reported by Gilles (1957) in The Gambi2 (10%) and Bruce.
Ch\ﬂlmu (1952) in Nigeria (3%). In the later study fiestinfections were
€Onlracted during the second half of the firs; year of life. Spencer et al,
(1987) in Kenya detected malaria paasitcs in some infanss less than gne
MOnth of 3ge and alimost ha!f of the infants 4 nonths of age and above
"¢ positive for malaria parasiies. They siiggested that the celgyively
linear a¢e of acquisition of infeciion observed in whe first 3-S ynonthis of
Hfe indicate ut teansplagentally acquited immunity does not inflyenc,
the dc"clo,tm;:: of paiasitacmia, In a recent study of Kenyan infpnt S,
Krafe, ¢t a!. (1993) re ported that the median age at Which infants beeamne
"Mected yirh malarig pasasites was 17xccks (4.25 inonths),

The patteen of increase in paiasite 1ates during the first 6 monyss of
e are similar 10 (hose reporicd by Bruce-Chwatt (1952)in Lagos, Giyles
Ct g, (1969) in ‘Tie Gambia and Molin¢aux and Gruniiccia (1980) in

Orthe gy Nigeria, However, infonts above six months of age Were

Bseiyed in the present sedyoisrhehAIRIRFRIMRALION Of parasite ryye



02

while BryceChwatt, {1952), Gilles et 2l. (1969) and Molineaux and
Gl’a{“miccia. (1980) found that parasite rates continued to increase up to
80 ~‘90%. The reason for this diffetence in fndings is unknown. Anti-
malaria| drugs are now teadily available compased to the 1960's ond scme
of 4)e jnfants mg y have been on chemoprophylaxis. The most critics |
Period of 1te srydied infants was between 4 and 10 monibs of tife when
malarig parasite rates/densities wese highest and episodes of cligical
Maldria was conunOn, This may 1epiesent the period when inherited
im"*unil)’ is on the wane.

| Data fromthe piesent study indicate that ihe Afiican infant exhibis
S0me degree of ‘ptemuypition’ (@ phencimencin common wilh African
adulys) during the {irst 2-3 months of fife. Within this petiod some malaria
Positive inr: wnts did not presciit with clinical symptotns of myalatia apd
pamsﬂacnm was mild. On the conlrary, infants who expesienced gn
*PiSOde of clinical malaca within this peried had veiy high parasite
dengijjeg and cligical symploms wete rclatively mild. As the infant ages,
Sbove 4 moniiis of age preinunition is pradually lost and by 6 monihs of
8¢ miyg i,.;,_.q;o"s usually lcd toepisodes of clinical malaria,

The mean age of onsct of primaty clinical malaria an the gy, dy
'“ﬂms was 4.2 + 020 months. The derdtion of onset of clinica) mg] ana
h°\*’cd . hlgh degice of variability With the earliest onset a1 2.0 monthg

ndihe latest onset ot 8.2months (in heterozygous twins), The 1350 fof
e wide variation bepween individual infunts is uncleal. This varigiion n
durgtioq of onset of clirfyEshaminsindiaroseaesd portially by genetic
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factors such as the major histocompactibility compiex (MHC) restriction.
Ithas been sypgested that possession of some HLA class 1 antigens
*enders the individual susceptible 1o clinical malaria (Pinzza ctal., 1972;
Osoba et .. 1979; Hill et al., 1991). Onthe contrary, some HLA class (]
haplotypes hiave been shown Lo protect against severe malaria (HiM e al.,
199)).

Clinica! episodes of malaria were most conunon between 3 and 9
Months of age. This was mirrored 1o Some extent by the high parasite rates
*d densities found witkin thisage group. However. parasite ales and
deﬂ1itics remained high after $ months of age while relatively tess infants
*XPericnceq clinicgl malgria within this period- One possible cxplanation
for uyjs Paltem is y)sat some inlanis were probably developing jinmunity
4B2in sy the disease but not 2gains: the pardsite. tn addition some infants
mig;u have been on chemoprophylaxis which is commonly available jn
Nedicipe shops.

Most of the swudy infants (67%) had their first e pisode of clinicg)
"™2laria otyeen three gndsixinonths of age. Mhis obsewvation disg grees
Whit i previous assertion that clinical malaria t3iely occurs in jnfantg
beiow g months of age (Bnice-Chwalt, 1952). ‘This finding is of direct
*"lcvnncc 10 rural heghly workeis who tclisiously stick 1o the pttvious
su g{; estion thay clinical malaria and mfants betow 6 monihs of g ge have
"Othing in conunon. During the longitudinat studies in tpbo-Ory, (1 ree
“A%5 Of fever in infants below 6 monts of g€ was diapnoset o

*plicaemig by the NurligSisier Peripherbbloodezamination however,
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showed high densities of P. falciparum parasites in the affected infznts,
Thig obsecvation sy pgest ihat blood film examination of infants presenting
with fever is of vieal jmpo;tance in amiving at aconclusive diagnosis of
malaria, Ths simple procedure is very relevant as it was found in this
study that gimost all the infan;s piesenting with symptoms of clinical
malaria had detectable parasitaemia.

Previous longitudinalstudies of malaria in infants did not
adc‘]u:ncly addyess the jssue of clinical malana, These siudies based their
invcszigmions On changes in pardsitC rates and densities during the first
Vc:l); of life (Bruce.Chwat, 1952; Gillesetai., 1969; Molineaux and
Gmmmicciu, $980; Spencer et al.. 1987).

The protection of the Alrican ncwoom 2g3inst clinical malasia has
been linked 10 various factots such as foetal haemoglobin (Allison, 1954.
Gillgs, 1957). milk diet ond the selcctive biting by mosquitoes (Muirhea d.
'n,o,mon. 1951). It was beyond the scope of this study to investipate (he
€ONttibution of the above factors in the protection of the siudy infans,
liO\ycvcr‘ al! the infams were breasifed during the {irst year of Jife ang
dult food yygs gradually introduced at varying times with the earliesy
Mother beginning at 4 (nonths of age. None of the infonts was fed with
“OMmercip! milk.

It was obsejyed in this study that bithweigh, haemoglobin
BeBtype, cord bload PCV, MNSsU blood g10up and chemoprophylasis i
Prednane y had no significant effect on the duration of onset of prihy;y
clinicnl malarig, Pj chcrﬁﬁ@ﬁﬁﬂ%/ﬂlﬂ*’ﬁ%@mﬂwﬁtw thal low
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bitthweight infants had lower levels of 1gG which may account in part. for
their,increased susceptibility to infection. Howevcr, none of the study
infants had a low bitthweight (less than 2500g). This may probably
Cxplain why birthweight did not significantly influence the duration of
onsct of clinical malaria in the infants, In addition, no correlation wa:
obtained peween bitthweight and cozd blood IgG levels. Corille. Brogger
ctal, (1979) suggested that during the first six months of life, there is po
Significant clfect of hacmoglobin S on malaria infection, pactly because
hac"'1aglobin FF prevails and patly because of passive inununity and
"latively Jow e xposure, I this suggestionisirue then hacmoglobin §
COulfi not signif cantly affect the durziion cf onsct of clinical malagia in
the study infants us (najority of them i:9d deir [ist episode of tnalaria
between 3.6 months of life

Oppenhcimer eral. (1986) demonstrated an association between he
level 41 hacmoglobin ar birth and malar.a paiasite prevalence at 6 ang |2
MNOnihs of age in infants, Fugher longitudinal studies ore tequired (o

"I i . ' . | gy «_ . . . I
Y&tigaic the epidemiology of matatia in infants in relation (o the Pattem

ol s
IN3ana and anagimia in pregnancy.

Genetic vapjants of ceyshracyie sialoglycoproteins which res;si
"erozgite i iny asion have been described (Mitler et al., 1977; Pasyo| ctat
198 2b). “[hie reason why MNSsU blood gtoup could not influcnee 4,
Qriioy of onsct of primary clinical malana in the study infants cay be
Darlially explained by the discovery of some 2. falciparum Isotates whichy
30 invade epythroc ytod DETEHHBUHIEIPCOPREFN A and B of sinlic
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2cid. However. for other P. fulciparumt strains to invade erythrocyes
hese molecules are essential (Wahigren et al.. 1989). [n addition, the
f®Quency of gecurence of deficient glycophorins is very tow e.g. for gpB
deliciency 4 prevalence rate of about 8% was observed in [gbo-Ora.

In infants there is evidence for an interaction between
chemopfophylaxis in pregnancy and risk of malaria infection iy the Sirst
Year of life {grabin. 1991). Speacer et al. {1987) foung no significant
Gifference in parnsitc raies benween infants bord 1o mGihers who were on
Chemopfoph)’laxls in pregnancy ad those who were not. Further studies

T tecuired 1q evaluate the effect of chemtpromity taxis comnienced early
1 Pregnancy on the dur(ion of onset of sarasizemin or clinical myalagig,

All the study mfantg had ot least One episode of clinical malarig
AWeing the fiest year of life, The mean mamber of episodes of matafin per
"an during the one year [ofowsup studies was 2.3, Climical episodes of

Mariy were mo.: common betaeen 3 and 9 months of age. This was
AR} S

Migr.,. : : e o
IO 10 some extent by (e high parasite rates and densitics within

U 3¢ group. However, Pamsile Faies ant densities remained ligh after

n for thix pattern os that some

INC 4. . :
Mhoitihs o age, One possibleexplanation

nf 2 J .

LA ¢ which nught have

| ALILALY h]n) hﬂvc hL‘Cﬂ on Chcn]OI)I'OPh)’l““ \ t‘ meCClCd

le

4 dEaunst chinical ngtlana hut not meSlmc

N Afiicqn clldpen, seven: aicmi o A CoNIEON preseinng feature

" malag, WHO (1990h) repaned thatthe degsce of anaeimin cormetates

Wit A hilirubin, [Lw
) o jm tatal hiltrudin, [t was
pa U e inip. s¢ hl l(NﬁMGHﬂAE ﬂé;j\és 'R?EPOSITOR.Y PROJECT
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observed in this study 1hat malaria parasitaemia had a significant effect on
PCV levels in infants between ¢ and 10 months of age. The mean PCV
levels of malaria positive infants within this age group was signilicantly
lower than that of malaria negative infants, The difference was so distinct
that during the bi.monthly clinics the PCV of the injants within ihis o ge
Eroup Coyld be reliably used as a diagnostic tool for clinical malwia since
aImost all of \hem had PCV values betow 25%. These ohservations
conf.nns previous findings by McGregor et al. (1956). Greenwood ¢t al,
(1987) ang Snow ¢y al, (1991). McGicgorer 2. (1956) suggested thag
i gniflicantly reduced PCV levels and e ihrocyte sedimentation rgtes in
""akirious jnfants was entiicly due 10 nwaria infection. In o study of
Kenyan infants, plolandeta, (1993) reporicd that inalaria parasiigenia
35 associated wily lowe; hacmoglobin concemrlion as. zagly a the
S€cond month of Jife.

Several mechanisms have been postulated 10 account for the
AN1e) nia $CCH in yssocigtion with malana, Among suck mcchanis nys gre-.
Mravyseyl r hagmo lysis, cxtruvascular remeval of parasitized rey celis by
Ph:.gmy“c cells. immune mechanisms, bone mariow hypoplasia,
di "Ninis heg iron incorporstionand [lolute deficicncy (Esan, 1975), T3¢ lirst
mccmnism was most fikely responsible for the observed low PV levels
" e papasitized infanis. A playsible explanatio may be that the
m‘cl—‘locndmhclial system of the infant is nol yet Mature 10 gecoyny for 1he
*Dserveg destruction rate of red cclis. Sccondly alb the infants were

AFRICA DIGITAL HEALTH REPOSITORY PROJECT
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adequate nutrient intake as reflected in their nosmal weight for age. The
Suggestion that intravascular hacmolysis was responsible for the observed
low PCV Jevels in patasitaemic infants is corroborated by the (indings of
WHO (1990b) which repor:ed that the degree of anaentia correlates witk
SCTum 10tal bilirubin, Lastly, that maland parasitaemia was jespoisibie for
he observed tow PCYV values is evident by the high patasite rales and
densities benyeen 4-10 months of age. In addition. a signif cant negative
COrrelajion was obsened between PCY levels and parasite densities
within 4 . 8 months of age.

The gbove observations suggest that contiol of malaria in the study
dreg (IgboOm) would Jead to a substaniial incicase in PCV levels,

The parasite ries and densities observedin the adult study
POPylation correspond weil wich Fndings from other rnalacia ende;nic
ArCas (Peieesen 1 at., 1990; [ijorknan & al., 1990). Parasitologicy] pesulis
of ¢he longitudinal studies at the G.T.C: 1gb0-Ora show that mal:eia
'Qnsmission i Iobo-Ora is pereanial although parisite density was pigher
during the ryiny season (July), This finding is conf mued by he
;I:f\i,\.:m of‘ of high parasite Fates and deasities in the Igbo-Ogm study

"s which is indicative of o high level of ir3nsmission.

The crude parasite rle of 40.6% inblooddonors recorded during
e ond of the rainy season underlines die well known fact that Natuzally
T Quired immunity to molaria tokes yedrs (0 develop and is never
absmulc. However, it roises the question of blood transfuston na)aria

AFRICA DIGITAL HEALTH REPOSITORY PROJECT
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especially in vulnerable tecipients such asinfants, young children and
pregnant women.

ParasiwIOgical data confizms pievious obscrvations thai adulis
living in malaria endemic envitonments have a high degree of immunits
38%inst malaria (B jsrkman et al., 1990; Petersen e al., 1990). They uce
Normally asympiomatic although they are caniersof recurrean low prade
Parasitaemia, and a negative finding docs not exclude parasizemia but
M3y rather gescribe subpatent density of parasitzzmia

The prevalence of the sickle<ceil trzitinthe siudy population wag
25279, A prevalence rate of 25-29% ta Nigeiia (Molineaux ev al,, 1979,
Adckile e al., 1992), l4% in Zaire (Nagel and Fleming, 1992) have peen
Teporiey. Haemoglobin genotype had o effect on parasite raies and
Patisite densities in infau's during their fist year of life. However, ityay
be 5’“€ncs|ing 10 mentiog here that the only case of severe malaryy
ecorded involved g hacmoglobin AA female infant.

It has \xen suggested thar hacmoglobin § docs not project infans

oy ¢ mouths of age, However, between émonths and 2.5 yeary of age,
AS§ hﬁ‘cwzygotcs have sig il cantly tower malaria morbidity and
T0falily (Luzzatio, 1979), Marshet al. (1989) obscrved significanly
OWereg Pasasite densities and episodes of clinical malaria iy children
Bed ). years with haemoglobin AS compared o AA controls, Jn s
Study hacmogtobin AS infants showed no tefative protection o ainsi

talg,: W - : ko ia dugi
arig parasilucinia nor agdinst clinica! malaria dusing the fiest one Year

or Ii rc AFRICA DIGITAL HEALTH REPOSITORY PROJECT
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Hacmogtobin genotype hadno effect on parasite saic and density u
delivery in the study mothers. This finding agrees with the obsc¢vation of
Brabin and Persin (1985) in western Kenya. However, Flenting et ai.
(1984) in northem Nigeria 1eported a slight prolective effectin
Primigrayidae.

In the adult study population, haemoglobin genotype hiad no
nfluence on parasile rates and densities in both the G.T.C and bjood
donor 44,4 y subjecls, 1lowever, blood donors with hiagioglobin AS hpd
signiﬁcamly lower parasite density during Ihe iy season colnpased to
AA dongrs.

ILis evident from the piesent investigation of hacmoglobin §

Pol ymo:phisny and susceptibilicy 0 malasia hat the strongest prolection js
frony severe imular:a ond geath with less protection f10in mild illness and

YETY Jittde from parasitacmia.

It was obsecved in this study that the mean matemal IgG [evel was

Nigher gyan 1eat :n cord bload. This finding agrees with llic obscrvations
of MeFaryne (196Gb), MeFarlane and Udcozo (19G8) . Williams gnd

MeEarlane (1970) and Safimony €t al. (1978) who found higher levels of

l8Gin African mothers in the HOPIS Lhan those of the cord blood scia of

and Farc (19G6), Allansimith et a).

) found tha! matenial 1gG wvas

{1968) ang pitcher-Wilmot el al, (1980
1gG. They concluded that 1gG is actively

hihe placenia
:mSPOr,cd from th lle.‘c!l%TG}TaL HEcALTH REPOSITORY PROJECT

Usually lower hgn cord SCIUIN



Although it has been demonstrated that [gG is selectively
lransferred across the placenta, it has been shown that a 12.week-
(Hyavarinen et al.. 1973) or 20-week-old (van Furth et al., 1965) human
foetus can synthesize a considejable amount of 1gG which conkibules
negligidly to the total foetal 1gG. McFarlane (1966) detected, in addition:
0 IgG in cord sera, smal} amounts of [gh but no IgA inthe diy scazon, In
the r ainy season, he detected increased concentrations of scrum (G, IgM
and some [gA in cord scra and suggested thatthe foetus niignt respond to
Antigens and synthesize its own immunoglobulins if adequately
Stimyfaged.

McFarlane et al. (1970) suggested itai the African foetus may have
€3pacity 1o synthesiz¢ its own immuncglobulin at a much earlier pejiod of
Ntrayterine fige than its Coucasian counterPart due peesumably 1o o higher
Wtigenic stimulation of the former by tropical infection, particylarly
Malarig, The Aftican foetus, because of the relatively high concentration
OTIEG received from its mother, would catabolize its sepply of mage mg]
18G mope tapidiy than the Caucasian foetus, e edrtier it catabolizes iy
SUPply of matemal 1gG, the lower its total [gG at bisth,

, A positive correlation was observed between magema! and cord serg

EC. This conlirms the previous finding of Williams snd McFaslone
“970) that most of the foetal {gG may have been passively acquired:
| lo\vcvcr. in this stugy a few cord scra had higher [gG vajues 1han their
Menal 18G level. [n some ofthese cases, matemal levels were

L ‘Claliydy low {below [000mg/100ml). This observalion suggests active

AFRICA DIGITAL HEALTH REPOSITORY PROJECT




12

placenial (ranspont in the presence of low matemal IgG values. Gillin
(197 I) reported that placentally vansporied IgG is not only a passive
n3fo:<:111'0" of the matemat IgG level but that a second enzymalic
mechanism may exist which aclively transfers [gG between the matemal
and foetal ¢irculation. This enzyme is inhibiled at high matemal 155
levels and is increasingly activated at low maiemal tevcls.

Cord blood Ighl was not detecied in a majority of cord Llood
mp|es using the single radial inununadiffision method. However, witl,
the moge sensitive ELISA test, most cord blood sitniples demonsiraged
®Qlively Jow Jevels of [gM. Since IgM cxn notcross the placenta, §)
Ollows (a0 cord IgM must have beer syithesized by the foetusin
®Sponse (g antigenic simulation. Previous sludies of cord-versus-
Matery g1 IgM tevels detecied tpM inali cord blood samples siudie d
(M]‘"‘smilh et al., 1968; Williams and McFarlanc. 1970),

There are confjiciing reports as negards the presence of Ig A in copg
scra, Moinnsa (1965) did o1 delect IpA in Caucasian cord serg,

MRS lane 204 Udeozo (1968) , Williams and MeFarlanc (1970) ang

0By 1, (1978) delected IgA in Affican cord scra. Adeniyiand Ayep
197) did not detect IgA in Nigerian cord serd. [nthe present siudy pone
" the cord seru lag deecrable T using the single agia
um""“Odiffusion method in agar gel.

The high tevel of conj scra $gG found in the siudy jnfangs fo I

"lmalically to about half its value at 2 mOuths of age. This dr ninati fay
" 186 may e pecause; G AT OISHE BERITEUSOE o naicmal o i
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which was in tum being catabolized faster than the infant was
synthesizing its own ]gG (McFarlane etal., 1970); (ii) high levels of
plasma [pG predisposes its rapid catabolism (Fahey and Robinson, 1963);
(i1} haemodilution factors are known to ocedr in the fitst month of ife s
dtesult of rapid blood volume expansion {Adcniyi and Oyeni, ! 575},

After the initial rapid 3!l in 1gG. blood levels remained relatively
low £} about the fourth month of lifc when a steady rise was observed,
The infant at this siate appears 0 have taken up the syiiliesis of its own
l8G. These observations agree withihe findinigs ¢f Allansmith el |,
(1968) ang Adeniyi and Ayeni (1976). Hasvever, in the present swdy i
"5 found (liat although majority cf infanis seroconverted al 6 montns of
98¢, some infants sergconvencd a ¢ months of age. The obscrvation of o
Significandy loweyed JpG lovel in malasia positive infanis comnparedt 1o
CBative infants ot 1o months of age SugEest antigen consumption of
t‘““SPiaccmally a cquired malasia-specilic IgG. Onihe contrary, Satimeny
€Ll (1982 found significantly elevated 3G and IgGI sybeluss jevels 5,
M2larig.iqfacted adult paticats compired With non-infected controls, ‘i
obh.\“ion supgest that malaria infection in adulls inggers 1pG und
°'~‘!cmn(i3uy 1pG) production.

It 35 penerally tizought that meny sniexplained illncsses age o
°f’"$cqucncc of some imbalance of immwunity. However, it is often
lticuy to interpret observed scrum fg levels in relation 1o e disease jn
“hich they aeeur, This may be partly cxplained by the fact that noy g Igs

AFRICA DIGITAL HEALTH REPOSITORY PROJECT
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sclum g concentrations weie reached in the third decade of life. Mean
IgM-'Ic vels decreased significantly by the sixth decade while mean 1gG
levels decreased from the third through the sixih decade. West et al.
(1962) reported that small quantitics of Igh§ are often psesent at bipih,
They observed mat IgM synthesis increased from the second 10 foury
days of life and by 9 months of age adult levels aie attained. Adui: levels
were maintained for about 2 years and then drops to about 70% of aduit
levels during 1he Sth . 9th ycars of lifc. IgG synthesis starled at about 4th -
6th week of life and adult levels were obLzined at 2oCut the third year of
life. [ga synthesis was observed to start about thie thind to fourth week of
life and increased slowly and unintesteptedly such thatadult levels were
Aajned by adolescence (\West ot al.. 1962). Results suggests early
SYnthesis of tgh1 and late synihesis of 1G and IgA inlife.

The injrial antinody iesponse to infections generally in the neonaral
Period s of the Lo elass (Stichm et al.. 1966). It may be concluded
therefore that ihe [3irly rapid fiscinthe level of IgM in the first 10 monis
O life ¢ Nccts the primary immune scsponse of the study infants 1o
.Vnrigts antigenic stimuli from the common inflections known (g occur.
Mgy Malaria pargsitpemio may be responsible in part for the observed
"pid rise in lgh{ yalucs is coroboiaicd by the linding of signiﬁicmny
higher g levels iis malaria positive itfants compared with negative
Il throyghoyt the first [0 months of life €xcept in infants aged 8
honthg

AFRICA DIGITAL HEALTH REPOSITORY PROJECT
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scium g concentiations wese reached in the third decade of life. hean
[gM'levels decreased significamily by the sixth decade while mean igG
levels decreased from the third through the sixih decade. West et al.
(1962) reported that small quantities of IgM are often picsent ot birth.
They observed that lgh¢ synthesis increased from the second to fonn'y
days of [jfe and by 9 monihs of age adult levels aic attained. Adult levels
Were majntained for about 2 years andthen drops © about 70% of adult
levels ducing thye sth - years of life. 1gG synthesis siarted at about 4th
G Weck of I;fc and adult levels were obtained ai 2u<ut the ghied yeac of
Wle. |ga synthesis was observed 10 start sbout the thind to fourth week of
life 3ng tncreased slowly and uninieriypiedly such thatadult levels ere
Mained by gdolescence (West ct al. 1962). Resulis suggests carly
Syatliesis of Igh1 and late synihesis oflgG and fgA in lile,

The jnitial antihedy sesponse to infections generally in dae nconaly|
Periog s of the {pM class (Stiehm ¢! al.. 1966). It may be concluded
terefg e that tie fairly rapidrise in the level of Ight inthe irst 10 mongys
OFlife 1efiecrs the primary immunc Tesponse of itic study infants 1
.v "MiOus aatigenic stimuli (jom the common infections known to occur,
My Malaria parasitaemia may be responsible in pait for the obscrved

“Pid rise i tght values is corroborated by the finding of significay|y
highier lgh levels in malaria positive infonts compared with neggyive

nl' Vlitg lhmughOUI the iifst 10 months of life cXCept tn infants aged 3
’“ond;s_
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Mean IgA levels between malarid positive and negstive infants was
not significant throughout the first 8 months of life excepl 1r infants aged
4 months. This obseryation sugges! that malarid parasites donot constizute
4 strong stimuli in the production of IgA during this period even thoy gh
malaria specific-IgA has been demonstrated in immune adults.

These resulis show that the Nigerian infant possesses thi= innate
Capacily of producin g immunaglobulins fequited for mounting humora)
IMNiibody responsesearly in life, Aclivation of this system is an importan;
Prerequisite for survival in the leopics, This sysicra is vilal for the
gmentaiion of maten;al protectioa 32ainsi ialaria which was found in
this $ludy not 10 exceed the st 2mionths of life,

tlarte and Playfair (1983) ditl not observe an immunologicaj
SPonse in mice bom 10immune Mothers who were vaccinated wijih
blogd Stage parasite antigens, The obsefved failure was auributed tg
"ansplacentnt specific matemal [gGin the progeny (Ajjan, 1988). This
Matem,g) entisody while directly inbibiting priming by the vaccine gso
SCives (g induce g popujation of afferent T suppressor (Ts) cells which
3Pecificq ly inlsibit the development of memory T helper cells involyey iy
S Production, Harte and Playfair (1983) observed that Ts cells pergist in

Mjee Until 8 weeks of age, being maintalnet] by the presence of mate mg]
anzibody.

The age a1 which inununization is pesforined must thepe fore lake
! ; ibodi L
™10 account ihe disappoamass-alapits antbedies of matemal oigin
ic lowcsl level of JgG in the inl2nls oceuiCd at 4 months of a8¢ afier
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which most of the infants sefoconverted. Consequently when eventualty a
malzria vaccine is found, infant immunization may be most appropriale at
6 months of 2ge and above.

. Mean 1gG and IgA levelsin malaria positive and negative parturical
WOmen at [gbo-(ra was not significantly diffeient. However, the mean
I8M value for parosile positive women was significantly higher th.an in
NCgalive women. The effect of parasilaemia on g levels has yielded
¥ariable results. Reinhardt et al. (1978) reported signit icanily higher IpG
Wd (M bug o [pA levels in paasile posilive pagiurient wonses
COMpare d with negalive women while Logie ot al. (1973) found only
eiCvated | &G values in parasilaemic women compared to controls.

Chemoprophylaxis in pregnancy did not inflsence the levels of G,
Ign and 1gA at delivery. Ther e conflicling reposls o8 regards e effect
of chemgprophylaxis on serum Ig levels. While McGregor and Gil les
(1960) found 3 sieni{‘cang decreuse in 1¢G levels in Gambion childeen o
Ngll]afchcmupmphyluxi-‘n Molineaux ct al. (1978) in Northem Nigeria
"POne] hat there was no change in 1otal 1gG values in infants and adults
follg, g combined vectorat control and eheinoprophyloxis,

Significantly higher mean [gG and Igh levels was gbiaineg i
Marig posisive compared withnegative adult study subjects at e G ¢
l8bo.()ra in the July, 1991 surveyand in blood donors at the U.C.1.
Ibaday, in thie rainy scason sUMeY:

Malaria infccifon ropidy induces alincrease in Iy synihesys (Colien
“tal, 1961), While MCCTaroF (1 Fo8) armdTareeie£1970) recordeg 5
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substantial increase in IgM levels insubjects with acute falciparum
malania, Tobie etal, (1966) and collins et al. ( 1973) abseived that in
malaria infected adults IgG, IgM and IgA levels rose simultaneously.
Pasay e al. (1993) observed higher levels of malaria-specific 1gG ang
I8M.in malaria parasite positive compareg With malana negative gdult
Swdj sybjects, In the present study higher [gG and IgM leveis vcre
855 ociated with malacja positive compaied with negative subjects.
However, ynlike in the G.T.C study subjects. mean '2G levels were ot
different between malaria positivie angd negative patidrient women, The
difference in observation may be parly explaincd by the differcn
SiMpling periods. The par uricat womes Ware sampled between Febngary
904 March \when malaria uansmission  low while the G.T.C subjecis
Were sampled in July when malgria treasmission is high.

All test seca wers positive for [8G-specilic antibodics 10
P.fa leiparum 1o1al blood stage antigens. Although all the cord samples
ha measurghic IgM by the ELISA test, only a small nutiber (5.8%) of
“Ond somples was positive for P. falciparim - specilic Ight antibodies
Nelicayin & thay majority of the cord lph were synthesized i1 respopse g
“PMigens otlyer thgn malaria, [n Gabon, Chizzolini et al. (1991) reporic d 5
lightly higher numbcr‘(l 1.9%) of seropositives for P. falcipurtuy
$Pecific 1gpp aniibody in Cond vlood samples. They suggested thay 1gn1
prc"‘"clion by the foctus was probably [3cilltated by a placenta]

Panagirac Mia sevese ciough o cilse histopathological aheratigns,

AFRICA DIGITAL HEALTH REPOSITORY PROJECT
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Desowitz etal. (1993) in Papua New Guinca using the ELISA 1est
did not detect malaria-specific 1gh! antibodies in 46 cord scra tested.

They suggested that their observation may be partislly explzined by fow
Malaria tiansmission in Papua New Guinea since, unlike in tropical
Africa, malaria of pregnancy piesented as a relatively beningn fafection
With high placental parasitaemia rates of low densily in the orini parays
8r%up. They reported ihiat 36.9% and 16.6% of cord scra wwere positive for
Olllin|a|ar‘|a| ISG and lSE n Pbodics (C$pcc(i\‘¢|)’. [a the present Sludy.
Malarig parasite rales and densilies were higlest Xy piimigravidae and £.
falcf;)arum .specific Ig M amibodics was deteciedin a few saniples. The
Presence of malaria-specif © 1M i cced blood sHggests intrauterine
SChsitizgtion of the foctus by malaral anligens. 1tappears thit in endenije
I1Cas malarig parasiles can stimulate Makariaspecific antibodies in uierg,
Antibodics to the crude parasite antigen is 0 measur: of Cxpasure
W the dayg ingicare heavy cxposuee of the testpopulation to malayia
"Mection, ‘1z yse of melhiods employing ciude blood:siage antigens to
"Masure e humornl antimalarial response does not alfow die
‘“":rcmimion " ses fram those that nicee|
of psotcctive respanses rely reficeq
:::;:'lal.i"c exposure. l{Ow.cx-cr, itis .gcncml'ly 035“‘“°"3 that I humorg)
nisms are impor.ant in protecting against tnalania, they niysi be
hichje, i1 the ynass response detecied by the use of crude angigen
Drcp:,mli ons. A number of §pecific aspeels of the anti-molariat tmmune

ﬂ!SpOnsc IOI’ WhiC I "" “‘w 2sSays arc ay ailab!c weic c;nmincd.

AFRICA DIGITAL HEALTH REPOSITORY PROJECT
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Dcesowitz et al. (1993) in Papua-New Guinca ustng the ELISA (est
did not detect malaria-specific M antibodics in 46 cord ser tesied.
They suppesled thal their obscvation may be partially explained by fow
malaria 1ransmission in Papua New Guinca since. unlike in tropical
Alrica, malaria of psegnancy prescnied 352 celatively beningn infociion
Wilh hyigh placental parasitacmia ratesof low density in the pramiparous
Broup, ‘Mey reported that 36.9% and 16.6% of cord scra weie positive for
Wntimalarial {pG and 1gE antibodies sespeetively- e present study,
Malarig parasile rates and densities weie highest i primigravidac and P,
Jalcipariim, specific 1M antibodies 1733 driected in a few samples: The
Prsence of malaria-specificIgM in caid bleod sugBests intsaulegine
S¢uSitization of e foglus by Malanal antigens: [t appears that in endemic
3 maluriy pargsites can Stimulale malaria-specilic antibodics in uicio.
Antibodies 1o the crude parasilc antigen is ameasure of €xposure
y cxposuic of thc test population 10 alaria

an ol

d the dina jndicate heav

| ; : de blood-slage antigens 10
e Clioi1, The use of methods cmploy ing c1¥ 5 gensy

, » sllow U
e 8BSy e the humoral amimalarlal response docs no1 tliow the

ditsc T . om those that meiely 1eflccl
HCrengiation of protcclive responscs [

er. il is generally assumcd that if huwmoral

Cu y
Mulaijye cxposure, [1owey

. inst malan n
Chanjsms arc imporignt in proiccting against malaria, they Muust be

] . use of
¢ aspecis of the anti-malarial inwnune

crude shuigen

Drclmr"'lions- A numl:ncrofii’cc“i

Ty | were cxamined,
L.Spo" s¢ or wiiieh » it\;l}lf% DI%WMMEQ&Q“&Q'&OJECT
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Desowitz et al. (1993) in Papua New Guinea using the ELISA sest
did not detect malaria.specific IgM] antibodies in 46 cord sera tested,
They sugpested ihat their obscrvation may be padtially explained by I
malaria (ransmission in Papua New Guinea since. unlike in tropicai
Affica, malaria of pregnancy presented as a relatively beningn jiijection
With high placental parasitaemia sates of fow density i the prizuiparous
8foup. They reporied (hat 36.9% and 16.6% of cord scra were positive for
ant imﬂ'arial 18G and IgE antibodics respectively. n ilic present study,
Malari, pasisite rgtes and densitics were highest in primigravidae and £,
Jelcipgrim specif ¢ IgM antibodics 1w Uelccted ina few sampices. The
Preseace of unplaria-spccific Ip*1 in cord biood suggests intraulcrine
nsitization of lic foctus by Ms'arial antigens. 1t appears that in endemic
Areas mgpariy parasites can sumufale malana-specific antibodies in utero.

Antibodics 1o the crude passilc antigen s s measure of cxposure
nd 1y, data;dic ate heavy CxpoSUR of dic test population to maiarig

11 - : -stage ants
Mlection The uscormcmodscmpzoymgcmdcbloods ¢ anligens ¢

Meas e the humoral antimalarial response does notallow tfic
(ill‘fo

“eeltyation of proteetive [ESPONSCS fro .
or. it isBencrally assumed thatif hyrnoral
¥

nt Uiose 1hat merely qeftec

C i
u"luhtwu: cxposure, [owey

My g against malaria, diey musi e

hanigins gre imponart in protcctin R
hi h the use of crude amigen
deley the mass responsc detected by

I)I’Cp;lmtio"s A | orspccmcn spcls of the anti-m alacial imihune
« /A DUMRKCT

res CADI ﬂﬂ"@’h"ﬁ?&gg C.\nlllinCd.
Pense for wihich in vitro 555‘5?'5“%
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The prevalence ot amibodies to PFI 53/RESA was higher in

Matemal compared with cord blood, This obsenvation apeees with our

sbservaiion of o higher maternal igG compared with <ord blood IgG. A

Wmber of cord blood samples failed to show anantibody tesponse =vex
houg, their mothers were positive for-anti-Ff155 antibodies. Ji
Majority of these ani-Pf153 antibpdy negalive cord blood sarpies the
°'7'~'*Po ncling magernal samples demonsisated low: anubady’ titres (1:10 -
1:50), Generally cord blood simples had lower ani- P15 5 antibody’ tres

th :
"N did the naiernat arottp, Siatlar findings have been reported by

Colling et al. {1977} and Camphell ¢121. (1950} invalving antibodies to
9%l bjogg stage anligens and ani-sporozoite annbodics. (Nardin etal,,
198)) Krimer et al, (1993) reported similar tan nires of antibodyes 10
e Nerozoiie surfage protein - | (MSP-)in paired maiemal and cord

¢
Miayy Saniples,

EMIF G srom pariurienl Wonn indicoi@ n wide tange of

:ci 0 %
Ponse g e Pf 155 nntigen , which was. however, foitly consistent for

Q:IC in - . | Y ; ‘e
h WG vidual motlier at the Six bi-month]y camecutive Surveys. The

L mothiers of ENIF utres s

o g, the vasinfion b'mftﬂ’"d’“du"l

' e 1\ q I I

elear As the EMIF titnes were cohistent 01t cORSCCHUVE surveys,

W . - |
htrCaS S e atliers Weré p(}slll\'t [(x ﬂl.llﬂ"n pParngiies on one sury c).-

0| '
d NCEaNve oy another, antigen gonsinpnon of amibodies 1s.not thought

to : : :
explamed by genetic factor:
ich

AFRICA DIGITAL HEALTH REPOSITORY PRO.

S N IC weetriction and allotygic restr 1 of antibody yepestoire,
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Anu-Pr1Ss anybodies were found to coselnte with parity and age of
the Pnrtrient women, Ang-PN33 antibodies have been shown to increise
With age in previous studzes (\Wablgsen etnl.. 1986: Deloron and Cot,
1990). Deloran et al. (1989a) in Kenya feported shat primigravidae hoe (e
lowegt nnt-Pr1S3 antibody titreg follovved by nullipravidac and fasily
Milgravidse Both the presence and it of anti-Ifl 55 antibories had no
Prolective effecy againss malana infection ot deliven' in the present stydy.

The number of infynts positive for ami-Pr153 aniibodies fell ropidly

after
birth reaching s lowest prevalence rate 2t ! months and rose

Fapid) y

llfc

Pnssively acquircd mnlarig} antibodies rom the mother muay persis)
for 4 5 it afier bipch bul any further petststence 1S masked in ihis
Dol’ul;uio" by 4 rapid e of aniipogics in fesponse (0 antigenic stimylation
n Inlonyg 0dder than 4 months. In The Gambia, McGreporet ), {1965)
“Ported rnpid degjine in tifres OF antibodies 10 tetal blood stage antigens

Ay - -
o 3 . ey g% P ' 10 V
g the firey 16 weeks of il Howeyves, Comprvy observations in the
Piseny

le
vele o .
S remained low in the renniades

ndor Chenplicl et nl. (1980) ohserved (il ovcs 50% o infants Jockeg

evolution of anti-P{155 antibodies. antihody
of the lirst yenr of Jife. In EL

tily as repnrds e

clc(‘mb|fc antiliodics 10 tatnl blood AgC nntigens hefore the age of 3

"0, R e et ol (1993) in @ Studyof Kenyan infants repocted dhat

Medinn ape ot which infants 109 detcetnhle Mateemal anti-MSP-|

allli R AFRICA DIGITAL HEALTH REPQSITO JECT of o -
b"ti!cs wis 20 weeks, Tliey oppe st i THETES 0f malaria specitic
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antibodies js associated with increased risk of infection in infanis less than

3 months old.

The EMIF data of thie 3duli study population indicate a high degce
of variabiliy y in their leactivity 10 the PI155 antigen probabty dye ;
genetic factors, Both the percentage of positive subjects and measi tiires 1o
Uie Pfss antigen remained unchanged 2t the 1ainy and diy scason
*Urveys. Similarly the individual Liues of antibodies o tc 11 55 antigen
Were consisient on two consecutive suneys of the C.T.C study subjects,
Ing) the adylt popujations siudied, no correlation was observed ferween
nLi-Pry 5§ antibody (itres und age, pamsite iales 2nd parasite densities. Jn
Previgys reports, yo(h the prevalence ries and level of seroreactivity 4o
Pr1ss were found 10 inctease withage {Wahlgrenetal, 1986; Deloron ¢y
al,, '9894; Chizzolini =1 ai., | 989). In these studies, crass-sectional
Wryey, included a1l age groups while in Lhe present study the youngest
SUbjecy y, as 1Syeqrs old. It therefore follows that by adolescence,
"dividuys 0 mnaloria endemic areas hive beenmasitnally sensilize d 1o
il fercy, rnalirig) antigens and demonsuiale an appreciable degrec of
"urgjly acquire,] inununiy, Continuous €Aposue 10 malaria infection
o 4dulthooy] results in au improvenientof the Quality but ol quaity of

"Mibodies gs the individualis exposed © different strains and antige g of

\ "
' matagig parasile,

The in vitr finding that atiibodies ditccled dgamst Pr]sS antigen

e fote I confinued. i v
smcmcully in]li[ﬁ[p;lméwgmé“ml_ﬁg&pc%hg;s£§0JECT 'finue i yivo

n ll;c adult sudy population. Jiowever, it M3y be that by adulihoo, the
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individual hus acquircd protection through several mechanismis and hence
15 nol dependenton one unigue tesponse, .8, humosal sesponse w Pf155
Wigen, Bjorkman et al. (1990) observed thathigh reactivily to Pf1551n 2
5T0Up of 3dult Liberians did not telate 1o any degree of prolective

'mmynily as all study subjects were hyperimmunc and no cortelaticn was

found with the observed Parasilaemias.
Parasiie rates/densities were notdiffeznt between jow, medium and

high respondets 10 the PSS antigen in blood donot: at Loth the fainy and

dry seasons. |{owever, the absence of malaria parasitacmia in high
"8Ponders gt the march survey could imply ot PrI 5SS antibodics offers

Proteciion ggainst infection in SiWALONS o/ Jow transinission . bul other

l'actors are more important wheil ihe nfection pressut® 1s intensc. Ths

findip, 8 cont rgsts with ths obsz:vation of Petcisener al. (1990) who

CPoried |gwer parusile densities in Pf15S high respondets (2 1:250) in the

3inY season Tuey subgested thal anti-P155 antibodies offer additionat
. /J 1

i s i : sicsions However. Peleisen et al.
Protection i siiuations of intense LraNsh Iss1on l

(1990 failed to reproduce the lower parasite densities in PrIS5 high

0sp . - \
m‘-"dcrs in o subseduent ¥y season

Most natwiilly Occuling antibodies 1o the Pr155 ane dicecled

“Bains; epilopesof the o amiino acid Sequen<e Gk ;
"8ion (Collins c1 ol 1986). Maicna and cord blood seroreactivitics to
- b i (NANP)$ peplides showed o

inthe 3’ tepeat

Use (IEENV)‘ LJS and MA . :
Y8nifieant comelation. AlSigughere 2 npU\fickenceaniiicim an
ElisA valyes 1o the (EENV)6.(N/‘Nm6 SHRdTIAP2 peplides between



maternalfcard paired cera. a considerable number of cord samples was
Rronegative for the (NANP)g peptide. In The Gambia. using the 1FA tesy,
Nardin et a1, (1981) reported only one case 0l a sporozoite scronegative
child born (o 4 seropostive wother involving 20 maternalfinfant paurs.

The seropositivily rates to (EENVIR a8 measuted by ELISA dreaped

apidly after bisth and by 6 months nonc ot the infarstswas positive, The
ily Ui ear of 1ife,
UMber of \eropositives then increascd steadily till one year ¢f iife. "The

1 i Y ) 160
dxscrepanc), in the pattern of evolution of antibodies to the FI155 and

(EENy), sensitivity Zad speetficity of the two

may reflect the difference in
®SUmethogs. Anti.Pf153 antibodies measured 83 EMIF includes epitopes

sl RS . 1 < ss
othe, than 1he immunodominsting (EEX Vs, including epllopes cro

Cacy; : Thece MY D Mofe p[OﬂOUﬂCCd dl.lfing

Bfferent periog of the developmeni of the Iminune HIET: Hopir staf

g : served that th
(19911 i vudy of Liberian children observed that the

4 Jongitudinni & ; s
se o 4 WY « were both masimmn unanfants
rOPosnl\-.ly talee (0 P 189 and {EE'\\) 6

ofed 3, . $years ol nge.

'3 N ] -
| loronths and from p) antibodies fell rapidly

for anti-(NAN

- 2a¢ 0ONC OF the infants Was positive,
 bitaly Kl by four months of ag

Ha, : !
D@y, : nionts
Bver, ar ymonths, hall of the 10100

The seropositivily ftes
afte

anipled were seroposiuve and the

This Ohservation SUREES! that

Teupy i
Ponse : year of ¢ :
Muctunted tll one:? nof the CSP develogrearly in

inant re@o

lip 4o
Odlics in<t the dneunodo!n : g
ngninst the #in n The Gomnbia. Nardin et al,

||[ g : s
“t after exposure to Malinia infection.
‘)Bl ks o WEC,

) ’eparied thay ot abiait @ WEEr '
|n ' I “lLd lh'“ 4 AFRICA DIGITAL Em&-wm@lﬂﬂnﬂ&oﬁyrhm'gh tllc filres
"Fants corpetuted, with those of

anii-sputezoite antibody atres
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weee Jowerin infants. However,at 6- 7 months after binh these
a“‘f.bodics could not be detectedin any of the infants. [n this study,
antibodies against the sporozoites were measured by the circumsporozoite
Precipilation reaction and Lhe IFA lechnigue 1wo methods which lack
sensitivity and specilicily conipared with the (NANP)g ELISA. In  study
of Liberiyn infants and children, Hogh et al. (1991) zepotied that NANP)g
SC1opositivity rates gid not correlale with age. (NANP)g serozositivity

11es flyctuated over the yeais and in chitdren the highes! rote was in the

3-3years age group.

Cord blood secropositivily rates [0 the LIS and MAP2 peplides was

VEry Jow compared with the other peptides i*sied. At 2 months o f oBe,

NOne of the infants were seropositive (0! both aniigens. \Yhile none-of the

infants was scroposilive to the \AP2 peplide throughout the first yCar of

lifc. a small nuMber of infaiiis sctmcaCltd tothe L)S pCplidc belween § -

12 Months of gpe. The corrclutionofﬂm‘cn‘al and cord malarial aitibody

tlfes and 1he $oss of these antibodies during the {i
s maktial alllipady feSponses Were passively

rst 4 t0 6 mowths of life

3 .
Uppest that the ipfat
acqu\lx‘ccl\

'n]C sC[ofcauivily talcs (Te] the diffclcnl nln]aficl anligcns tested in

Mants showed different patiens O Feme
nary pasiem of malanial antibodics

on during the first year of life.

T‘hc obSCfVCd diffCItnCC in the CVOIUlIO -, *
in infancy ean be pattially oxplined by dilteicnces in imniunogenicicy of
e antige ns, MiIC restriction3nd degrec o €% p<.)surc “f mosquito biles.

Cneratly g heantibadieadEERS I iR ncH UM H14
air thean ITAL HEALTH REPOSITORY PROJECT
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10 6 months of age probably duc to antigen consumption of antibodies. On
the contray, seropositivity for ant ibodies 1o most anligens lested
increascd after 4 - 6 months of age probably refiecting antigenic
stimulaiion.

Inspite of the different paticms of serorcactivity to thedifferant
antigens, it is apparent thal belween 4 and 6 months of age antibodies to

the giffesent antigens tested were eilier fow or nol detectabic. addition,

Paasite rajes and densities were highest inthe infants within the 4.6

Months age group. \Whilc pafasite rates and dersities declined gradually

afler §months till one yearof age. scioractivity e 10 apn el

lested increased rpidly within this penocd supggestin
This sugpestion is consolidated

g the development of

Naturalty acquircd immunily to malarii.

by the observation thal cpisodss of clinical malaria tn the infanis were not

(irs) year Of
Ora demonstraie a high levej of

life. Parasitological and
ffequent towards the end of the : 5

‘Minunological data of the infants in 18bo-
SXPoiure 1o ynala fiy infeCtion carly inlife which is reflected by their high
! O INAL IR :
3°‘°‘C'cf’v;‘y ates 10 different malacial antigeEns especially the cse
4 ¢ [ § . .
Antigen, Fiis observalion pRcs with the bepuvioursl patient of the
\ :

> | 1erpant of their first year of
Mt!penes of Igbo.013 3s infants spend 3 672 a2 )

\ iheyore niaxintally exposed to
life w: : . e (a0 whese
¥ith their mothers i 1he

MOSquitg bites, The finding of anacu l
that
Bens in infancy en eigee the development of naturally

% . cc
%minisiered enrly in Il may 3

G AFRICA DIGIT, ﬂk
"c(]u;rcd imenunity and thus ﬁw’ﬁﬂ oo

ve onlibody Fesponse to malatial

5 malpsiia vaceine

méniou mosi at nsk,
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Previous studies in malaris hyperendemic areas have supgesied
that iransplacental transfer of malaria antibodies may provide a
significant degree of protection for the newbom during 1he first few

months of life (Bruce-Chwaty, 1952: Biggar ct al,, 1980). In the present
study the presence and level of cord blood IgG and antibodies Lo four

Peptides [(EENV)6, (NANP)g, LJS and MAP2) lested includirz the

PrI55/RESA did not conelate with the duration of onsct el pramary

clinical malaria in the infant, Futhemmore. e observed ito difference in

he ape of onset of clinical Malaria ininfanis Whose cord blood was cither

. &SIRG A
Posilive o5 nepative for anlibodiesto the priss/RESA and (NANP)

Intigens which represent antigens fom dificvent stages of the parasie

Sporozpiic and blood stages respe CliY

for ihe (CENV)g and (NANFS anligens. :
It is evident from the Preseit siudy thal 11bAS and seeopostlivily for
i iffescni s1ages of the mal:ria pacasile

ely- A similar finding was 1ecorded

Antibodi inens from 1o d i i i
¢s to anipen ys theage of onset of clinacal nalaria ia

{sporozoile and blood stages) dela
g with A

‘vwadies offec no significant
our results indicate thal ansplacenal b0 Shmsr,
Rt U 1) r.imfcwmonlhsot’llfc.nmlbodlcs in
Protection gpainst malsn3 dunné

Tl ] et = A seropositive infants. Although
Study infants wien €O

ib genotype MY be responsible for the

. . sugcls as I
CoNcen with other ficlo™ malacia during the first few

gl  parasite rates and densitics were Very
11

ased by ahnoSt & 100% by the age of 4

0w 3¢ 2 months of age 34 inc il apidly after birdy with the

AFRICA DIGI i-ESL OJECT
Moyihs whitc malaridd anfieY

Protection of the newbOm 6%

Mogths of life. 10 wasObSEr
|€
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lowest levels at 3 months of age. This finding suggests some relative
protection of the infont dunng the first 2- Imonths of life.

The eflectiveness of malaria! antibodies in protecting infants againsi
malaria is ynclear. Edozicn el al. (1962) and Sabchareon et al. (1991)
have shown that y-globutin and [gG fractions from malana immunc
Subjects respectively demonstrate antimalanal acuvity when admiustered

to aCutcly ill nidaria panents. Previous sludies have shown cOnirastng

"Csulis as repards the protective role of transplacental malaiial natibodies.

While McGregor et af. (1963) reported that transpincentil malartal

ibodi . . wection for the newborn.
ill'l(lbodle PI’O\'l(!C n S|gn|ﬁc;m[ dcgﬂ.ﬁ of .be\CC

Cotting ¢, al (1977) and Campbell et 11980y in EI Salvador and

' \
Biggar el al_(1980) in Ghanu suggestes: |
anl 0 protecing the infant from

that 'ransplacentally acquired

an"body nmny nol be climcally relev

MiNaig

( humore! Wnmune fEsponse in the aduh

A promineg festure 0 i
p nhody’ serp{Rrilivily/titfes 10

W - iepey 10N
l‘y popuigllr,\l isthe cnnmu.nd)
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h, : v S
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eguently

h posinviy re Nccls cxposure
' fandip g indicates 1hint ANt
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serocpidemiological studies (Druithe et al., 1986: Esposito et al., 1988).
How long the antibody response io the (NANP)g antigen persists after
Mlura! e xposure isnot known. Whether the fluctuating response observed

reflecis poor immunogenicity oristhe resull of immune suppression

[Cmains speculative.
It was obscrved in the present study thathigh sesoreactivivy 1othe

(EENV)g was usually followed by high reactivity to the LIS pepiide in all

Populations siydicd, This is not anexpecied as both peptices are derived

from he same antigen (PIISSIRES/\) although the (EEINV)g peplide is

IMMunodominant. However. N3 fewcCases Cigier jeactivity to LIS was

Observed compased with the (EENV); ocpride. This finding was MOre
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for Pf155 antibodies. Similarly while Hoffman et al. (1986) in Indonesia,
Del Giudice et al. (1987) in Tanzania and Esposito ef al. (1988) in Burkina
Faso reported that anti-CSP antibodies are protective, Hoflfman el al,
(1987) in Kenya, Pang et al. (1988) in Thailand and Marsh et al. (1982} in
The Gambia argue that these antibodies do not protect agdinst malsiia. So
far there are 1o repored seroepidemiological studies involving tlic Ag332
Peat repion (MAP2). However, in a recent study of 10 adult Gambians
(Perimans, et al., 1994) higher levels of IgE énd lgG-specilic ontibodics to

the Ap332 of P, falciparum repeat sequence vas observed compaied

with the (NANP)g peptide.
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CHAPTER SIX
6.0 CONCLUSIONS AND SUGGESTIONS
FOR FURTHER STUDIES

&1 CONCLUSIONS

Malaria parasitization in endernic areas is an exceedingly

¢ = - il
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mtcr-tO"C]ﬂ[Cd data generated by sudics of this nnture requires great
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episodes of clinical malariain adulis may not always be accompanied by
the presence o f matania parasiles in thick smeas.

(3) Transfer of matemal antibodies to Lhe foetus may involve both
aclive and passive lransport mcchanisms across the placenta and invol.cs
principally igG antibodies. However. Ihe foetus is capable of synthizzi=ing
[8M anjibodies in response 10 antigenic stimulation such as ma'siia.

(4) The rapig inctedse in both panasite rate and density 2iter2
Months of age and tie rapid decline in antibody fevels to Zoout halfthe
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parasjtacmia or acute malariz results inincreased production of tgG and
pattiqularly TgM.

(9) This study shows that transplacenially acquired immunity is
transient, Afier4 months of age the study infants were capable of
Producing antibodies 1o the (NANP)s, PIISSIRESA. (EENV)g. and LIS
antigens. The relatively carlies production of antibodies agains! Lic
(NANP)g and Pf155 antigens 0 infants, the mosi susceptible age group,
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humoral immune responses may play' a fundamental role in acquired

Immunity 1o malaria.

6.

[ B

SUGGESTIONS FOR FURTHER STUDIES
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10 overcome the possible problem of drug resistance are urgently needed
to confirn the benefits of early chemoprophylaxis in pregnancy.

There is good evidence thatmatemal anacmia affecls pregnarnicy
oulcome (Biabin, 1991). Antimalarial drug efficacy inpregnancy can

therefore be quantiiied in rclation to the prevalence of anacmia 1 the

siudy population. In addition the incidence of severe anaemia in

Pregnancy cohorts on different drug segimes should be estabiiched.
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With the recent development of microassay techniques for
lymbhoprolifcrmivc studies using finger prick sainples and cytokine
assays using whole blood samples, fulure studies are required on the
development of cell medialed immunity to malaria in infancy with
Paiticular refercnce to variations in the levels of cytokines following first

and sybsequent malsria infections.
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