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ABSTRACT 

In most populations where malaria ls endemic, 

chloroquine has been used as a first line of treatment 

against�- falciparum. However, with the emergence of 

chloroquine resistant!• falciparum (CRPF) malaria in many 

countries including Nigeria, �fforts are being intensified 

on immune intervention in malaria control. Prospective 

vaccine candidates are being identified, but the changing 

antigenic components of the pat'aslte, manifested in each 

emerging strain, ls hampering efforts in immune intervention. 
• 

• 

Host genetic variation in immune response against some 

important malaria antigenic entitles, is also constituting a

serious drawback. Therefore there ls the need for the 

evaluation of chloroquine susceptibility of f. falciparum 

and aeroepidemiological surveys, in respect of immune 

response to prospective malaria vaccine candidates, in 

populations where f. falclparum infection is endemic. 

Iaolates from 102 Nigerian children with acute infections 

were used in evaluating chloroquine sensitivity of!• 

falciparum using achizont inhibition assay<!!! vitro) 

technique. Sixty-two of these patients were drawn from 

Calabar and 40 from Ibadan. The patients were recruited at 

the respective Teaching Hoapitala. Thirty-three of the 

patienta in Calabar were aelected (baaed on atandard 

criteria) for aimultaneoua 1!l vivo mon1tor1ng of auaceptibilit1 UN
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of the parasite species to standard doses of chloroquine 

(C25) using the WHO extended 14-day assessment method. serum 

samples of all the patients and of 80 age/sex-matched 

apparently healthy controls were also analysed for some 

immunological parameters associated with malaria infection. 

The results indicate a h�gher prevalence level of 

CRPP in Calabar (59.2%) when compared to Ibadan (35.3%), 

by in vitro methods, with a much lower cumulative Ec99 

(effective concentration of chloroquine that inhibits 99� 

of schizont fflaturation) in the latter than in the former 
. 

-6 -6population (2.4 x 10 M Vs 4.6 x 10 M). A prevalence 

level of 53.6� (!!!_ vivo) in Calabar was recorded giving a 

high correlation between in vitro (59.2%) and in vivo 
- -

methods of assessment used in that population. On the 

overall, children infected with chloroquine sensitive f• 

falciparum showed a higher geometric mean parasite density 

on the day of diagnosis (DO), (P < 0.01 in Calabar and 

P < o.os in Ibadan). 

Eighty percent of patients and 73.3� of the control 

subjects were seropositive for total blood stage antigen 

(ELISA). Higher aeroreactivity against these antigens 

was observed in children infected with CRPP than in those 

infected with the sensitive strains, suggesting that a 

marker for CRPf may be embodied within the CRPf strain of 

the parasite. There was no difference in IPA titres UN
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between individuals infected with CRPf and those 

infected with the chloroquine sensitive strain. 

Forty-four percent of the patients and 2� of the 

control subjects were seropositive against circumsporozoite 

(CS) protein. The meanoo492 of anti-CS antibody reactivity

between the two groups of infe9ted patients studied, both 

in Calabar and in Ibadan, were not significantly different, 

indicating that all the patients had apparently similar 

sporozoite inoculation rates. 

Mean levels of total serum IgM, IgG and its 4 subclasses, 
• 

and that of the alternative complement pathway factor B (Bf) 

were higher in malaria patien1s as compared to the controls. 

Differences in each of these parameters were also observed 

between subjects infected with CRPf and those infected with 

the sensitive strain, however, these differences were 

significant only in respect of IgG3 subclass where the mean 

level was higher in subjects infected with CRPf. Mean 

serum C3 level was lower but not significantly, but C4 

level and CHSO activity were significantly lower in patients 

than in the controls. 

Generally, it was observed that serum levels of some 

of the investigated humoral immune parameters varied 

slightly from previously reported levels within the same 

population, thus reflecting possible changing antigenic 
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-sdmuli with time. 

The immunological relevance of the varying CRPf 

prevalence levels in the two geographical populations 

studied and of the differences in immunological profiles 

in the two groups of infected patients investigated are 

evaluated, The findings have potential implications in 

the prospective malaria immune intervention in Nigeria • 

• 

• 

.. 

• 

.. 
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CHAPTER 1 

GENERAL INTRODUCTION 

1.1. BACKGROUND INFORMATION 

In Nigeria, as well as most developing tropical 

countries of the world, malaria is endemic, and is 

characterized by high mortality and morbidity in vulnerable 

individuals. It is estimated that 110 million clinical 

cases of malaria and between one and two million deoths 
, 

associated with g. falciparum occur every year; (Bjorkman 

and Phill�pson-Howard, 1990).� 

Malaria in humans is caused by a blood-borne protozoan 

• 

parasite of the genus Plasmodium and is transmitted through 

the bite of infected female Anopheline mosquito. Pour 

plasmodial species, f. vivax, f. oval�, f. malariae and f.

falciparum infect man, but P. falciparum is the most lethal 

of all (Perlman�!!., 1984). Due to the fact that 

Plasmodium is a relatively host specific organiam the 

geographicol di&tribution of the human-infecting species 

varies extensively, as does the degree of prevalence fro:n 

one country to the other. In particular, African countries

and some other tropical countries have a high prevalence of

P. falciparum, which like moat other plasmodial species had
-

hitnerto been very susceptible to chloroquine. However, the UN
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therapeutic use of chloroquine ls unfortunately being 

hampered by the development of drug resistant f• falciparum 

strains. 

Chloroquine resistant strains off• falclparum (CRPf) 

had been recognised in South America and South East Asia 

during the late 1950's and 196�'s respectively (Cook, 1988), 

but appeared in the East and Central Africa twenty years 

later, (Kean, 1979; rogh, Jepson and Effersoe, 1979). 

Subsequently, cases of chloroquine resistant malaria were 

reported from.the Republic of Cameroun by Sansonettl tl al, 
• 

(1985> and Brasseur et al (1988). In the Eastern States of 
--

. � 

Nigeria reports of chloroquine failures were made in the 

late 1970s. A suspected case of chloroquine resistant 

malaria was first reported from Imo State in 1979 (Eke,1979), 

but the first confirmed cases of CRPf malaria were reported 

lat�r from Enugu, an Eastern capital, in 1986 (Greenberg 

tl !.!., 1987; Jackson si !.!. 1987). It would therefore appear 

that trot:1 East and Central Africa, the spread of chloroquine 

resistant malaria presumably continued into West African 

countries, including Nigeria and seems to have made the 

greatest impact in the Eastern border states of Nigeria. 

A trend of chloroquine resistance development in some 

African countries including Nigeria is presented in tables 

1.1, 1.2 and 1.3 and in figs. 1.1, 1.2 and 1.3. 

UN
IV

ER
SI

TY
 O

F 
IB

AD
AN

 L
IB

RA
RY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



- 27

TAOLE 1. 1 

Ar CAn 

Counlry Vur Attttlffltnl P•rce:nt19e SubJ..:ll•l Reference 

•her• of method u1ed pr1v1ftnc1 lr,foc1od 
r1l1rt1 ••port/ l1vol 
.... COl\llCI observed 
conl1c.ted 

Ktnya "'' In vlvo/ 
, 

- A "°"·Immune Fou9h, Jop,on 
Ti, VHN> tourist end £florMM, 
-- l ltlt)

--.enya .,,, 1n vlvo --
- A non-launuM l(un. (Ultl 

tourlu 

T1n11nta 197' In vlvo/ - A no�hnmuno C•"'PIKI at •I 
E vitro tourlll I 117tl - -

,Cany• uu In vlvo/ 7SI by rncho•"""''
Spene.er. I<•••,•

• rn vhfo In vlvo chlldron and Koech. 
-- -- populollon l "'"ltllt '"'·"' 

Congo IUS In vlvo/ - ) lodlg•-• LeOr11 el al 

r,; vitro chlldron, 1 I lttSI 
--

• .. --- lndlgeM«II edull 
•nd J ,,..,,-1-un1
lndlg<J\1• on
,_. ,,1,11 ,,_ 

• 
Fn,,... 

C,:11tCroun UIS In vlvo/ - T"o non•ltn.Mun• S1n10MH 

Tii ;"l'i',o FrerK-h boy• on II ol I ltlS) 
-- • vl1h,

--

C.eeroun .,,, Jn vltto , .. ,, lndlyen.ou, a..e,.,, !!. � 
-- chlldren porulONon I ltlU I 

Cam•roun ltlS In vlvo/ - lr,d'9-• lnutur ••••--

"'' rn vitro children (UII I 
-- !'OP" I I I Ion

Cobon "'' In vJIIO - lnd�•n-• s1- ol ., 
Tn vlvo chll rrn ,., .., 

-
-

-- populollon 

S,om.1111 ,,,, In vlvo/ v. to• lndl9onoou1 w,r,em. ., .,--

rn ;Jiro prtv1lcnce children [ ltll) 
-- lev•t popul1llon 

c ... "°"" "" In vitro HI R 111 1no19e,._., Oduou ,, ..--

Tn vlvo prev1Jenc• ,hlld,..n I ttltl 
--

, . .., .. popul1llon 
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Country 

Senegal 

Benin Rcp.t)lic 

Ghana 

Gambia 

- 28 -
TABLE 1.2

• 

Incursion and Dissemination of CRPf f,1;,laria
---

� 

in Vlcst Africa excluding Nigeria 

Ve_ar of Assessment Method 
Subjects 
infected 

Report 

198" Therapeutic failures, An Indigenous

followed by ,!!). vitro child 

assessment 

1986 Therapeutic failures, 2 French

follow,ed with expatriates 

In vitro evaluation and S non-
- Immune 

indigencs on 
visits 

1986 In vivo/ln vitro A 10 years 
-

- old lndigene 
with HbSS 
genotype 

• 

1987 In vl�/ln vitro Indigenous 
-

- children 
• population 

• 

Reference 

B randicou rt 
et al 1986 
--

LcBras cl 
.:ii ( l 986:-Y 

• 

Ncequaye 
( 1986) 

�.\enon, et al 
(1987) --

•
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TA8U 1-l ,

Con••I• or Chloroquine ro1111on1 ,ularlo In Nigeria 

Tcntn or Yoar or At1•11,men\ Ptrcent•ge 
Chy of report fflllhod Uled prev1l1nce SubJocl(tl Refe,.,nc• 

c.ont1c 1 level 1nfoc1td 
ob11rved 

Otterrl lt71 Thrrepeullc - An lndl91n..,.., Eke, ( 19711 
(Imo St•••I hlh,r• 1dull

• 
u901 
(Lago• St.tcl ltlS Th�npcu1lc 

t1Uura 

- An 1fl(Jlg1n..,..� Eltarttm I ltUI 
I.SUit 

En,.,gu ,,., In vlvo/ . .,. A no n -lf'Ul'lun• Crunbarg 
(Anambro ffivTI"ro tllg1rl1n (HbSS !.!. !!_ (Ull) 
Stotel gcnolyfM and 

progn1n1 )on 11-•
vhll ''"" U.S.A 

lb•d•n ,,,, In vlvof 0\ In vJvo lndlg-• S111110 and 
COyo 5111•1 rn vhro l. 11"'1;;-- chlldren Adtrou"'"u 

--
vitro 

- popolallon ( ltll) 

Enugo ltl7 In vlvof - Non ... l,runune J1clt1on el ol 
(Ana11r1br1 rn vhro vl1l1or r i,111 

--

-
S111,J 

V1rlou1 "'' In Ylvo/ 1)1 by l'llgorlanl d• Fr•nc.h 

CIiio• rn vftro In vllro vl1llln9 co,p•r• !.!. 
-

-- Drll•ln 1 1  UII, 

Agb1n1 ., .. In vlvo/ ... ,, lndlgon_,• C1ecHn1chi 
--

!.!. !!_ ( 1'111 ,-nambra 
Stale I 

Ob•n lttO In vlvo/ 6)1 rn Obon IMl91ncoua £11:anffl fll ., 

in..n:- o\ In lgbo· children 11,,01 
--

(Crot, River-
Staio arwl J.!l vltrof, Ora by!!!. popolatlon 
lgbO-Ora lgbO·Ora, vl..,o 
IOyo S111eJ •»ea,,,,rnl
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'.. ..'\J 

• 

��
l .

Fig 1-1 

- 30 -

• 

• • 

C, --

C?I Chlcrcqi1Jle re;;istant 
stralns of �- falci�Jn 

The emer!Jence of chloro4uini: rt:sls lilnl _!:'.. falclp;irum malarl� in 

Africa, adapted from Cook, (1988). 
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NIGER CHAD 
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G 0 

Abu.a C11n
* !tu .

.G

J11to-M.Q 
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CAMEROON 
I 

Level oC eo.rly .ll'd late par:\Sitologic failures to 
chloroquine lhcr.apy 1n Ntger1no children under 
five years or �c. July 1987-0cccmbor 1989 . 
Adapted frc-m F•·d. �lin. Tl<'allh, Nnlioni\1 Mal·nrin 
Therapy Sun.· ei JI ancc r:otwork, Lap;os, Ni gerin. 

KEY 
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* 10-24% MODERATE
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•
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NIGER CHAD 

dim·u'l KebbQRtn�Qnsonyi

0 KociJN1 

0 Kuje 
:4< Dcnboci

BENIN 

�bo Ora 
0 -* ijoye

�dado. 
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Pategi 
• 

() Egbo 
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• -

• 
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five yenrs of ::lf:C, July 1987-Deccmber 1980 . 
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Therapy Surveillance Network, Lagos, Njr-oria. 

KEY 

0 NOT IDENllFlEO 

D 1-9% LOW 
* 10-24% MODERATE
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The tables show that most of the reported cases were in 

non-immune visitors (Kean, 1979; Fogh, Jepson and Efforsoe, 

1979; Sansonetti tl al, 1985). In addition,some of these 

earlie�t reports of the infections from Africa were made in 

Hb-ss patients (Neeguaye, 1986; Greenberg tl il 1987) who 

are immunocompromised individu�ls (Gavrilis, Rothenberg and 

Guy 1974). Thereafter,chloroquine resistant f• falciparum 

infections in Africa were observed in indigenous children 

population (Le-Bras� il, 1986; Salako and Aderounmu, 1987; 

Brasseaur tl & 1988; Oduola et al, 1989). At the same time 
• 

Stekette � al (1987) also reported a reduced response to 

chloroquine by pregnant women, especially the primigravids, 

another group known to have decreased immunity to malaria 

(McParlane � il 1970; Ladipo, Williams and Salimonu 1980). 

In 1982, a chloroquine resistance prevalence level of 25� 

was recorded in an indigenous Kenyan infant population 

(Spencer�&, 1983a). Later, in Benin Republic, a high 

prevalence level of chloroquine resistant malaria was recorded 

in an indigenous chi ldren population (LeBras � .!.!. 1986). In 

Ibadan , Nigeria, where the monitoring of chtoroquine response 

of�- falciparum had been going on continuously since the 

early 1980s, a prevalence level of only 7.1� wo� recorded 

for the first time in indigenous children in 1986 (Salako and 

Aderounmu, 1987). In contrast however, during a malaria 

surveilldnce survey of some South Eastern Communities of UN
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Nigeria, Ezedinachi � & (1988), recorded a 41.2% 

chloroquine resistance prevalence level in a predominantly 

children population. furthermore, Ekanem et.!!, (1990) 

compared the chloroquine responses of children in Igbo-Ora 

and Oban, both of which are cluster communities in the 

West and South Eastern Nigeria respectively, and found that 

while chloroquine resistance prevalence level was 63.6% in 

Oban, children in Igbo-Ora were responding fully to treatment 

with the drug. 

Calabar, a Nigerian town in the South Eastern part of 
• 

the country, shares a common border with the Republic of 
• 

Cameroun. The two countries are linked by air, sea and land. 

Cross migration between the people of Nigeria and the 

Republic of Cameroun via Calabar is difficult to control due 

to the presence of many access routes through creeks and 

bush paths. Whether or not the high prevalence level of 

chloroquine resistant f.falciparum malaria in Calabar is a

result of importation from the neighbouring Cameroun Republic 

remains to be elucidated. lbadan is appreciably close to the 

Republic of Benin where a very high incidence of chloroquine 

resistance was reported in 1986 (LeBras il & 1986),yet the 

prevalence level of resistance in Ibadan still remains 

relatively low (Ekanem tl ,!l, 1990). 

While these observed individual population differences in 

response to chloroquine therapy may be due to other factors, UN
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host immunogenetic influence should also be considered 

important. There are known factors influencing host

parasite relationship generally and these include host 

genetic constitution, which also determines pre-existing 

host immunity to the parasite. Evidence abounds showing 

that IgG plays a significant role in humeral immune 

responses and protection against malaria (Cohen and 

McGregor, 1961; Edozien, Gilles and Udeozo, 1962; Perlmann 

tl al, 1984). It has also been observed that malaria 

antibody accounts for a significant proportion of the total 
• 

IgG concentrations (McGregor, 1972; Salimonu tl al, 1982), 
.. 

which is mainly contributed by IgG 1 fraction of the immuno-

globulin, (Salimonu £.i !!!,, 1982). Subsequently the latter 

authors suggested that in humeral immune responses to cert�in 

antigens, there is a selection 

subclass. Similarly, Wahlgren 

for antibodies of one particular 

et al (1986a) observed that 
--

antibodies produced against a �.falciparum major surface 

glycoprotein Cm.wt • 195,000 KO) were frequently of IgG 2 

isotype. In Swedish malarial patients, most of whom were 

CRPf-infected, Wahlgren� ,tl (1983) observed a relative 

increase in IgG 2 malaria-sepcific antibodies as compared to 

immune �iberians, who had increased IgG 3 antibody levels. 

Yount et al (1968) 
--

had observed a preponderance 

of IgG 1 subclass production against some antigenic determi

nants whereas antibodies to certain polysaccharides were 

of the IgG 2 isotype. Host genetic influence in immunoglobulin 
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production had earlier on been reported by Voller, (1962). 

The subsequent individual variability in antibody isotypes 

may thus influence the outcome of the host immune responses. 

Thus Granoff and Munson (1986) had observed that IgG 2 m(n) 

negative markers were associated with a seven-fold risk of 

vaccine failure following Hib-prp immunization. Moreover, 

Americans infected with human immunodeficiency virus CHIV) 

show an increased pooduction of IgG 1 and IgG 3 (Aucounturier 

� !l 1986) whereas the Nigerian HIV infected individuals 

appear to ref.lect an increased IgG 2 production (Uko et al, 
• 

1990), the difference of which may account for the varying 

immunopathologlcal outcome of HIV infections in these two 

populations. Furthermore,increas�d susceptibility to pyo

genic infections had been associated with selective IgG

subclass deficiency. Of particular interest is the finding 

in adults of a correlation between levols of serum IgG 2 and 

the antibody response to bacterial polysaccharide (Oxelius 

1974; Rynnel-Dogoo � !l, 1986; Siber � al, 19901. Each 

immunoglobulin isotype exhibits a unique profile of effector 

funtion (Jefferis and Kumarantne, 1990), but the association 

of IgG subclass in the pathogenesis of malaria has not been 

adequately investigated. In particular, the possible 

differences in antibody responses against CRPf and the CSPf 

strains have not been studied. UN
IV

ER
SI

TY
 O

F 
IB

AD
AN

 L
IB

RA
RY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



- 36 -

Although hypocomplementaemia in malaria has been 

widely reported, (Kidwai et al, 1986; Greenwood and 

Brueton, 1974) no specific roles in protection (Cohen and 

Butcher, 1969) or pathogenesis (Williams, Rosen and Hoff, 

1973) have been ascribed to the complement system. However, 

since the role of complement system is closely associated 

with immunoglobulin isotypes (Spiegelberg, 1974 ) this study was 

also designed to investigate the possible changes in the 

levels of immunoglobulin isotypes and of the components of 

the complement system, in association with the emergence of 
• 

CRPf in Nigeria. 

• 

Immune responses against some putative malaria vaccine 

candidates appear to be MHC-restricted in experimental 

animals (Good tl &, 1986; Del Guidice 1986 ) and possiblY in 

man as well (Sinigaglia tl .!l 1990). The antigenic variation 

of �.falciparum, which is associated with the emerging strains 

of the parasite, may affect either the epitope, changing the 

specificity of a response, or the MHC-binding region, 

changing the potential to generate any response at all (Marx, 

1987). In seroepidemiological surveys of seroreactivities in 

some malaria endemic dwellers, Del-Guidice s,!. al, (1987)

observed that host genetic factors,possibly MHC-relatod, 

play o role in immune response to the �.falciparum cirmus

porozoite protein. The authors postulated that the existence 

of such genetic regulation of i1M1une response to the putative 

malaria vaccine candidate may predispose some individuals 
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to responding better to �.falciparum sporozoite challenge 

than others. In other seroepidemiological surveys from 

various populations using RESA/Pf 155-another putative 

£..falciparum vaccine candidate protein-, significant 

individual variations in immune responses against this 

vaccine candidate have been observed (Chlzzolini � .!!l, 

1989; Petersen tl !.!., 1990; Bjorkman st � 1990). 

The role of the mosquito vector in the transmission of 

plasmodial species, strains or isolates has been examined 

(James tl tl, 1932; Ramsdale and Colussi, 1975; and Bruce-
• 

Chwatt and Zulueta, 1980). Shute and Maryon in 1951 found 
� 

that f_.falciparum from Nigeria was able to infect Anopheles 

stephensis readily,but Anopheles \abran chiae only poorly. 

The latter species however, proved to be a good vector of 

European strains of £_.falciparum (WHO, 1987a). Warren et al 
-

(1976) also found that the new world mosquito,�- albimanus 

was able to transmit parasites from Central and South America 

easily,but was very poo�ly susceptible to parasites from 

Africa. In Nepal,it was reported that while the transmission 

of chloroquine sensitive £..falciparum by the local Anopheline 

mosquito species goes on, there seems to be no transmission 

of the reaistant strains1 in spite of their apparent presence 

as a result of human migration (WHO, 1987a). While environ

mental and other host genetic factors cannot be excluded, 

these observations suggest a specific correlation between UN
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chloroquine resistant parasite and certain vectors or 

vector populations. A new strain of malaria parasite 

could be adapted to heterelogous Anopheline species, but 

$UCh development would probably take ages to manifest (WHO, 

1987a). In the light of all the above, it ls therefore 

likely that the African or Nigerian strain(s) of chloroquine 

resistant E.falciparum may be indigenous and not a result of 

importation from South America or South East Asia.

The resistance of Plasmodia to drugs is thought to be 

attributable to selection, under drug pressure, or resistant 

mutants, and such mutation is then transferred by classical 
• 

Mendelian inheritance during sexual reproduction of the 

parasite in the mosquito (Walliker, 1982). Purthermore, 

antigenic diversity among parasite clones in the parasite 

population can also be selected for by immune pressure, due 

to the possible action of schlzont agglutinins as has been 

suggested in f.knowlesl infections (Brown and Brown, 1965; 

Butcher and Cohen 1972). Schizont agglutinins are also 

present in  £.gallinaceum infections. Todorovic tl !l, (1968) 

and Klotz il !l (1987) demonstrated in f.knowles1, that 

mutations could occur rapidly in the asexual erythrocytic 

parasite under immune pressure, because of the number of 

parasites during a single infection. This effect cannot 

however be tested in human malaria infections because of the 

risk to vlunteers and the consequent need for early treatment 

(Miller, 1988), If present in human infections, could there 
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be any individual variation in the production of this 

variant selection agglutinins? 

According to Brucc-Chwatt, (1985) the stages in 

plasmodial life-cycle, particularly in the blood, are 

associated with a significant antigenic heterogeneity. 

Clinical experience has shown that immunity to one strain 

of f_.falciparum does not confer protection from other 

strains of the parasite (Edozien, Gilles and Udeozo, 1962; 

Jeffery, 1966; Voller and Richards 1970; McBride, 1982). 

Jeffery (1980) had also noted that acquired immunity to 
• 

f_.falciparum has a distinct strain specificity. It would 

therefore be expected that knowledge of the antigenic 

diversity of the existing and emerging strains of the 

parasite is important, if an effective vaccine against all 

stroins is to be produced. The prevailing need for a design 

of a widely representative vaccine against malaria should 

therefore take into consideration the strain specificities 

of the �.falciparum parasite along with the preponderance 

of individual humoral immune response. This can be done in 

part, through Lhe assessment of factors associated with 

chloroquine sensitivity of �.falciparum, not only at the 

antigenic level of the parasite, but also at the level of 

humoral immune responses to the parasite strains, by the 

host population, who are likely to benefit from a prospective 

malaria vaccine. UN
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1.2. AIMS AND OBJECTIVES OF THE ST\JDY 

a. To assess the current CRPf malaria status in Nigeria,

based on two geographical locations - Calabar in the

South Eastern part and Ibadan in the West of Nigeria.

b. To assess the levels of humoral immune factors

including those of the complement system, in individuals

infected with either the chloroquine resistant or the

chloroquine sensitive strain of the parasite species.

c. To examine the pattern of seroreactivities against some

putative malaria vaccine candidates in the two Nigerian
•

populations under investigation •
• 

1.3 SIGNIFICANCE OF THE ST\JDY 

Of the existing antimalarial chemotherapeutic and 

chemoprophylactic agents, chloroquine is considered the 

least expensive, and ls reasonably easy to use (Wernsdorfer 

and Knozutour 1980; Ratnopala 1984; Phillips£! & 1986; 

WHO, 1986a; Cook 1988). Furthermore, it has been observed 

that resistance to chloroquine induces resistance to other 

drugs and confers on the parasite some biological advantages 

such as rapid transmission (Bruce-Chwatt, 1985, Wilkinson 

et al 1976). In the light of these, the present development 
--

of chloroquine resistant f.falciparum presents a great 

health threat to the inhabitants of the very large portlon 

of malaria endemic ft�rld. It has been severally accepted 

that immune intervention may bring o lasting solution to the 
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problem of malaria control. Prospective vaccine candidates 

are being identified, but the changing antigenic components 

of the parasite, manifested in each emerging strain, is 

hampering efforts in malaria control through immune 

intervention. Host genetic variation in immune responses, 

against some important malaria antigenic entities, is also 

constituting a major draw-back. In view of these constraints, 

it is envisaged that: 

1. £valuation of chloroquine susceptibility of f.falciparum

in populations where malaria is endemic may reveal the

development and/or the prevalence level of chloroquine

resistant malaria, and incite the need for appropriate

measures. Geographical aggregotion of chloroquine

resistant f.falciparum infection, irrespective of

apparent severity, is well recognised, and therefore an

approach towards a better understanding of the patho

genesis of the disease is to determine the nature of the

underlying factors predisposing to susceptibility.

Moreover, as suggested by WHO (1984a),specific questions

that might be resolved by monitoring the prevalence of

chloroquine resistant malaria include:-

0) Is resistance present in an area or a population?

b) Has resistance in an area or population reached a

critical level requiring some specific action?

c) Is there a difference in drug response between

parasite populations in different places?
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d) What are the factors and their variations that

may be associated with individual variation in

drug response?

2. Seroepidemiological surveys against the putative malaria

vaccine candidates in various malaria endemic populations

may reveal the level of immune responsiveness of various

populations against these prospective vaccine candidates.

Such information will augur well for prospective

immune intervention in different malaria endemic

populations, including Nigeria •

3. Ascertaining the total malaria antibody levels, the
•

classes, and subclasses of immunoglobulins associated

with the resistant strain ineffectivity, within the

malaria endemic population of Nigeria, may make for a

better understanding of the immunopathogenesis of the

disease. In particular, it may be interesting to know 

the amount of individual variability in IgG subclass 

response to particular �.falciparum strain(s), that may 

exist in a population that has been at equal risk of 

infection. Such knowledge may help to explain further, 

the apparently worsening malaria situation in the 

country, especially in the South Eastern states. It 

may possibly reveal a peculiar humoral immune response 

characteristic elicited by the emerging chloroquine 

resistant strain, thereby providing a serological marker UN
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for identifying the prevalence of CRPf malaria. This 

may perhaps, remove the need for the more cumbersome, 

!!l vitro response test method, which requires the use 

of an incubator - a facility that is hardly available 

for most field studies. 

4. Knowledge of the activity of the complement system

and of the serum levels of some complement components

in chloroquine resistant �.falciparum-infected

individuals, as compared with what is already known
. ..

in chloroquine sensitive malaria-infected patients,

may improve the current limited understanding of the

role of the complement system in malaria infections

generally. 

I 
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CHAPTER 2 

LITERATURE REVIEW 

2.1 INTRODUCTION 

Malaria, a disease of man and other vertebrates, 

is caused by a blood inhabiting protozoan parasite of the 

genus Plasmodium,and is transmitted through the bite of 

infected female Anopheles mosquitoes (Wernsdorfer, 1980). 

The rodent malaria is caused by f.berghei, f. yoelii, f. 

chabaudi and f• vinkei. f• knowlesi, f• simium and £. 

cynomolgi are some ot the plasmodial species that cause 

• 

simian (non-human primate) malarias. £.gallinaceum 

lophurae cause the disease in birds, while f.agamae 

and P. 

infect reptiles. Human malaria is caused by four species 

of Plasmodium viz; f. ovale, f• vivax, f. malariae and£• 

falciparum. None of the other Plasmodial species except 

those found in some monkeys can be transmitted to man. 

This high host specificity is believed to indicate a long 

association between man and the four particular species of 

Plasmodium that infect man (Bruce-Chwatt and Zulueta, 1980). 

Sandosham (1965) defined malaria as a disease 

characterised by fever, anaemia, enlargement of the spleen 

and pigmentation of the tissues. In endemic areas, the 

disease is the cause of most febrile illnesses and the fre

quency of splenomegaly in children is used as an index of UN
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prevalence and transmission of malaria (Davey et al, 1961). 
--

Data released by the World Health Organisation in 1985 show 

that no fewer than 6.5 million cases of malaria were 

recorded in 1982 (WHO, 1985). These figures represent 

only a part of the true picture, as data from tropical 

Africa were not included because of the incomplete and 

uncertain reporting from the large endemic areas of the 

African continent. Of the total world population (1983) of

some 4.7 billion, about 2.2 billion live in places where 

the incidence of malaria has been virtually eliminated or 

reduced in varying degrees, but almost 400 million people 
. �

in rural tropical areas are exposed to its full brunt. No 

fewer thnn 373 million inhabitants of sub-Saharan Africa live 

in endemic areas where f,falciparum is the prevalent 

species. 

Though restricted to tho tropical and warm temperate 

regions, molario patients may preaent in any part of the 

�orld as o result of modern population movement aoGociated 

with rapid air travel (�an and Rand, 1980). The 

cp1deiiiology of oaloria and its tran£mi&sion have been shown 

to vary greatly and can be altered by fluctuation in rainfall, 

migration or acute chongca in nutritional stotuo (��O, 1989). 

Dcvclopcncnt of new strains, resistant to drugn, hoa olao 

affc<:tL-d the epidemiology of the diacaac. ror instance, 

oalaria which woo virtually eradicated in Sri-Lanka in 1963, UN
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resurged 1n 1967/1968 (Bruce-Chwatt 1968; Bowman and 

Rand, 1980) and in 1990 {Wijesundera et al, 1990), 

following the emergence of chloroquine resistant strains 

of the parasite. 

The World Health Organisation has been involved in 

molnrio eradication since 1957 (W1ll1ams, 1971). Major 

advances have been made in the development of insecticides 

and synthetic antimalarials. However the situation is 

not improving due to the development of resistance of 

malaria parasites to drugs and the Anopheline vectors to 
• 

insecticides. By 1980, about 51 Anopheline species of 

malaria vectors had become resistant to DDT and other 

insecticides (Bruce-Chwatt 1985),m�king it clear that in 

rural areas of developing countriea,control measures will 

need to take more account of all available methods, 

including the wider use of antimalaria drugs for. the treat

ment of the disease and for its prevention (WHO, 1980). 

In recent years the problem of drug resistance has reached 

threatening dimensions in Eastern Asia, South America, and

more recently in Africa (Campbell tl al 1979, Kean 1979). 

Another worrying issue is that resistance of �.falciparum 

to chloroquine seems to stimulate resistance to other 

compounds, and appears to confer on the resistant strain, a

greater capacity for transmission (Peters, 1984; Wilkinson

et al, 1976). The emergence of drug resistant malaria
--

therefore has retarded the malario eradication program 

•
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resurged in 1967/1968 (Bruce-Chwatt 1968; Bowman and 

Rand, 1980) and in 1990 (Wijesundera tl !.!., 1990), 

following the emergence of chloroquine resistant strains 

of the parasite. 

The World Health Organisation has been involved in 

malaria eradication since 1957 (Williams, 1971). Major 

advances have been made in the development of insecticides 

and synthetic antimalarials. However the situation is 

not improving due to the development of resistance of 

malaria parasites to drugs and the Anopheline vectors to 
• 

insecticides. By 1980,about 51 Anopheline species of 
• 

malaria vectors had become resistant to DDT and other 

insecticides (Bcuce-Chwatt 1985),making it clear that in 

rural areas of developing countries,contcol measures will 

need to take more account of all available methods, 

including the wider use of antimalacia drugs foe the treat

ment of the disease and foe its prevention (WHO, 1980}. 

In recent years the problem of drug resistance has reached 

threatening dimensions in Eastern Asia, South Amecica, and 

more recently in Africa (Campbell tl ,!tl. 1979, Kean 1979). 

Another worrying issue is that resistance of f.falcipacum

to chloroquine seems to stimulate resistance to other 

compounds, and appears to confer on the rccistant strain, a 

greater capacity for transmission (Peters, 1984; Wilkinson

et al, 1976). The emergence of drug resistant malaria
--

therefore has retarded the malaria eradication program 

•
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initiated by the World Health Organisation many years 

ago. 

In Nigeria, as in other malaria endemic West African 

countries, the predominant malaria infection is the 

malignant tertian type caused by f.falciparum. P. falci-

parum constitutes 90 - 95� of malaria infections in 

Nigeria (Akinwolere and Williams 1989; Ekanem et al 1990). 
--

Based on earlier reports, the intensity of transmission 

however, varies from area to area and from season to season. 

In the dry season (November - March) the intensity is low, 
• 

with an average sporozoite innoculation rate of 0.01 

against a mean rate of 0.25, during the rainy season 

(April - October), <Bruce-Chwatt, 1962). The emergence of 

chloroquine resistant f.falciparum has apparently 

worsened the malaria situation in Nigeria (Umotong et al, 
--

1991; Ekanem � .!l_, 1990), the most thickly populated 

country of all the malaria endemic African countries, but 

the degree of the problem is yet to be evaluated. 

2.2 L.If'E CYCL.E 

The four species of malaria parasites that infect man 

differ morphologically, but have similar patterns of life 

cycle. Their natural reservoir is man and they are transferred 

from man to man by various species of Anopheles mosquito. 

The parqsite therefore has two interdependent life cycles, 

an extrinsic or exogeneous one in the mosquito (sporogony) 

and an intrinsic or endogeneous one ( chizogony) in man.
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The former which is a sexual cycle is referred to as

definite and the latter which is an asexual cycle is

referred to as intermediate. The asexual cycle occurs

in two different compartments, one in the tissue and the

other in the red blood cells. They are referred to as

exoerythrocytic and erythrocytic schizogony respectively

(Bowman and Rand, 1980; Garnham, 1984; Pratt, 1977; Wyler,

1982). With the exception of f.malar1ae where higher non

human primates may be involved occasionally, Plasmodium

species have man as the only natural vertebrate host (Gornham,

• 

1984). The malarial life cycle 1s presented 1n rig. 2.1 •

.. 

2.2.1 Sporogony 

Sporogony takes place in Anopheles mosquitoes,

following ingestion of a blood-meal containing micro- and

macrogametocytes, which mate within the arthropod and

ultimately give rise to sporozoltes. Natural infection

in the vertebrate host ls transmitted by the bite of

infected female Anopheles mosquito that inject sporozoltes.

Sporozoites are carried in the blood to the liver, where

they bind to and invade the parenchymal cells by mechanisms

that arc not yet fully understood (Perrin£.!:, !l, 1982).

The sporozoltes then divide asexually to form merozo1tes.

This e�oerythrocyt1c developmental stage takes approxi

mately 10 days and is followed by the rupture of the

infected cells, releasing thousands of exoerythrocytic

merozoites into the circulation. 
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Following penetration of erythrocytes, the organism

grows and almost fills the cell in most cases, before the

nucleus divides by accelerated mitosis into two, then

subsequently into 4, 8, 16 or 32. The organism is now

called a schlzont as from when the nucleus divides into

two . The pigment collects intd a few pieces or masses

and the cytoplasm condenses around the final nuclei to

produce unlnuclcate merozoites. When the erythrocyte is

distended and ruptures, the merozoites escape into the

plasma along with pyrogens and the familiar yellow-black

• 

malaria pigment (Bowman and Rand, 1980; Garnham, 1984).

. 
� 

The extracellular life of the merozoites ls short - only

a few seconds - and then they invade new erythrocytes by

attachment to and invagination of the erythrocyte surface

membrane. 

The asexual erythrocytic parasite causes all the

symptoms of malaria (WHO, 1986b). The level of parasi

taemla ls correlated with the severity of the disease,

(Field and Niven, 1937), but, recent reports from malaria

endemic arePs suggest that some hosts may be asymptomatic

in the presence of apparently pyrogenic levels of

parasitaemia (Greenwood, _!lS .!!. 1987). Furthermore, whether

differences in parasite virulence or host factor modulate

the frequency of complication, such as cerebral malaria, 

remains unknown (Miller� 1!.!,, 1986).UN
IV

ER
SI

TY
 O

F 
IB

AD
AN

 L
IB

RA
RY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



- 51 -

2.2.2. Pre-erythrocytic Development

It seems to be well established that all

sporozoites of E• falciparum and�- malariae trigger

immediate tissue schizogony in hepatocytes. There appears

to be little variation in the prepatent period of both

species, suggesting a highly uniform and synchronous tissue

schizogony. In contrast, there are two types of tissue

schizogony in relapsing forms of malaria due to P. vivax
-

and f.• ovale - one that is immediate and the other that

occurs periodically owing to the presence of dormant liver

forms or hypnozoites. These hypnozoites are activated

into tissue schizogony at different times (Krotoski � al

1982; Bray, 1984) •

2.2.3. Blood Schizoqony�
. 

� 

The merozoites released from the liver enter

peripheral blood erythrocytes where two separate erythrocytic

phases of the life cycle are undergone.

In the erythrocytes, the merozoites are first visible

as tiny rings which feed on the protein portion of the

haemoglobin by phagocytoals, leaving the haem portion as

grains of pigment which remain scattered in the cytoplasm.

The parasite at this ata9e i� usually uninucleated and is

termed a trophozoite. Within about a day and depending on

the species, the central vacuole disappears as the trophozoite

grows. 
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The ring forms and the older trophozoites of P.
-

fnlclparum usually disappear from peripheral blood

after 24 hours and are sequestered in the capillaries

of some internal organs, such as the brain, the heart,

and the intestines,as well as in the bone marrow, where

further development takes place. After several generations

of merozoites have been produced, some of them develop

into sexually differentiated forms called 9C111etocytes.

2.2.4 Gamecvtosin 

Young gametocytes grow at half the speed of

asexual forms and quickly show sexual dimorphism , the
. 

.. 

cytoplasm of the macrogGmetocyte (female gamete) staining

a fairly dense blue with Giemsa, and the nucleus remaining

condensed and heavily stained. The cytoplasm of the 

micro-gametocyte on the other hand is much paler and the

nucleus spreads over a large area, sometimes more than

half of the cytoplasm. The two sexes do not, as a rule,

enter the blood simultaneously, the microgametocytes often

appearing a day or two later and often in smaller numbers

(Garnham, 1984). The mature gametocytes can survive for

several days but connot develop further morphologically

unless they are ingested by a suitable female �nopheles

mosquito in which the sexual cycle continues (Bowman and

Rand, 1980; Wyler, 1982).UN
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2.3 PATHOLOGY 

The clinical picture of malaria consists of bouts

of fever accompanied by other symptoms and alternating with

periods of freedom from any feeling of illness (Bruce-Chwatt

1980). These other symptoms may include headache, anorexia,

nausea and vomitting, shivering (rigors}, intense thirst,

profuse sweatings, enlargement of the spleen and pigmentation

of the tissues (Bowman and Rand 1980; Boonpucknavig,

Srichaikul and Punyagupta 1984), The clinical manifestation

sequel to the innoculation of sporozoites represents the

primary attack, while the subsequent attacks are known as

. 
� 

relapses. The duration of the primary attack, the length

of the latent periods, as well as the liability to relapses

vary with the species of Plasmodium,as well as individual

immune status (WHO, 198Gb).

The main organs affected by Plasmodial infection are

the spleen, liver and bone marrow. All become full of

infected erythrocytes, red cell debris and malaria pigments;

the spleen and liver become enlarged and their tissue

hyperplastic. Nephrosis of the kidney may also occur but

this happens mainly following f• malarine infections

(Okcrengwo, 1980). In the brain, the accumulation of large

numbers of parasitized red cells may block the cerebral

capillaries which may lead to focal necrosis, haemorrhage

and death (Edington, 1967; lkpatt, � !!., 1990).UN
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However, studies by Bruce-Chwatt (1980) suggest that 

cerebral malaria (CM) is a form of disseminated 

vasculomyelopathy, a hyperegic response of a central 

nervous system to the antigenic challenge off• falciparum •• 

More recent findings however suggest that tumour necrosis 

factor (TNP) may be implicated in CM (Grau et al, 1987; 
--

Peyron £.1 !!., 1990). One of the many activities of TNr

is to sensitize neutrophils and macrophages (Larrick�.!.!, 

1987) to agents that induce them to secret superoxide and 

oxygen radical�- Subsequently, oxidant stress may 

predispose to 01. However tQe reasons why some individuals 

are more prone to CM than others (Clark, 1987) still 

remain elusive. 
• 

The most severe manifestation of malaria occurs in 

later infancy, between the ages of 3 and 5 years 

(Greenwood et al, 1987). The great majority of children 
--

in this age group show parasitaemia which can attain levels 

as high as 100,000 per ul. Thus, malaria is responsible 

for con�iderable morbid state in this group of children. 

Above the age of 5 years, the effect of acquired immunity 

becomes increasingly apparent in children. This is 

indicated by decreased morbidity in the presence of parasites, 

decreased parasite counts and subsequently, decreased rate 
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and apparent decrease in spleen size. This state of 

partial immunity exists throughout adult life provided 

there is continued antigenic stimulation by frequent 

exposuros to infections. Nevertheless some adults in 

endemic areas are more vulnerable to malaria-associated ill-

ncnocs than others. Genetic variation in im111une responses 

against some putative protective malaria proteins has been 

obacrved in many endemic areas (Bjorkman et al, 1990). 

Howeve� knowledge of the genetic factors, which may 

possibly be immunological in nature, associated with this 

differential protection are still elusive. 
� 

2.4 CHEMOTHERAPY 

The first effective antimalarial drug used in 

modern times was qu1nine,which 1s the chief alkaloid of 

the bdck of Cinchonu, a tree indigenous to certain parts 

of America. Although quinine has been synthesized, the 

procedure is too complex and too expensive to provide 

practical source of the drug. Moreover, radical cure with 

quinine alone is difficult to achieve as the drug can cause 

serious toxicity (Ratnapala � !.!., 1984). In 1944, 

chloroquine was found to be an outstanding anti-malarial 

compound, faster in therapeutic action than quinine and 

less toxic. Chloroquine is used for clinical cure of 

malaria because it interrupts the erythrocyt1c schizogony 
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and apparent decreane in spleen size. This state of 

partial immunity exists throughout adult life provided 

there is continued antigenic ntimulation by frequent 

exposures to infections. Nevertheless SOffle adults in 

endemic areas are more vulnerable to malaria-associated ill

nesses than others. Genetic variation in iffll'llune responses 

against some putative protective malaria proteins has been 

observed in many endemic areas (Bjorkman et al, 1990). 

Howeve� knowledge of the genetic factors, which may 

possibly be immunological in nature, associated with this 

differential protection are still elusive •

2.4 CHEMOTHERAPY 

The first effective nntima!arial drug used in 

modern times was quinine,whlch is the chief alkaloid of

the back of CinchOna, a tree indigenous to certain parts 

of America. Although quinine has been synthesized, the 

procedure is too complex and too expensive to provide 

practical �ource of the drug. Moreover, radical cure with 

quinine alone 1& difficult to achieve as the drug can cause 

serious toxicity (Ratnapala � &, 1984). In 1944 1

chloroquine was found to be an outstanding anti-malarial 

compound, faster in therapeutic action than quinine and 

less toxic. Chloroquine is used for clinical cure of 

malaria because it interrupts the erythrocytic achizogony UN
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of tho parasite and hence terminates the clinical 

attnck rapidly. The development of resistance against 

chloroquine by�- fnlciparum therefore presents a serious 

set-bnck to malaria eradication efforts of thw World 

Health Organisation (WHO, 1985). 

2.s. CHLOROQUINE RESISTANT�. fALClfARUM 

2.s.1. Introduction: 

Drug resistance in malaria is defined as "the 

ability of a parasite strain to survive and/or to multiply 

despite the administration and absorption of a drug given 
• 

in doses equal to or higher than those usually recommended 
. � 

but within the limits of tolerance of the subject", (WHO, 

1965). Although this definition can be extended to all 

species of the malaria parasite and all useful dosages of 

blood or tissue schi�ontocides, gametocytocides, and 

sporontocides, in practice, it is most c0111Monly applied 

to the resistance of�- falclparuM to the blood schizon

tocides, particularly the amlnoquinolines (WHO, 1965). 

Many mechanisms have been postulated for the 

development of chloroquine resistance. These include drug 

pressure (Peters, 1987), extensive use of subcurative 

dosages (Wernsdorfer and Payne, 1990), and migration and 

increased virulence of the resistant parasite (Warhurst, 

1986). Selection of mutant clones in the parasite population. 

may also be achieved by immune pressure (Todorovic � .!!.l, 

1968; Klotz & al, 1987). If drug pressure was responsible 
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of the parasite and hence terminates the clinical 

attack rapidly. The development of resistance against 

chloroquine by E• falciparum therefore presents a serious

set-back to malaria eradication efforts of thw World 

Health Organisation (WHO, 1985). 

2.5. CHLOROQUINE RESISTANT P. FALCIPARUM 

2.5.1. Introduction: 

Drug resistance in malaria is defined as "the 

ability of a parasite strain to survive and/or to multip ly 

despite the administration and absorption of a drug given
• 

in doses equal to or higher than those usually recommended 
. � 

but within the limits of tolerance of the subject'', (WHO, 

1965). Although this definition can be extended to all

species of the malaria parasite and all useful dosages of 

blood or tissue schizontocides, gametocytocides, and 

sporontocides, in practice, it is most commonly applied 

to the resistance of e. fa lc1parum to the blood schizon

tocides, particu larly the aminoqulnolines (WHO, 1965). 

Many mechanisms have been postulated for the 

development of chloroquine resistance. These include drug 

pressure (Peters, 1987), extensive use of subcurative 

dosages (Wernsdorfer and Payne, 1990), and migration and 

increased virulence of the resistant parasite (Warhurst, 

1986). Selection of mutant clones 1n the parasite population. 

may also be achieved by immune pressure (Todorovic tl .!.l, 

1968; Klotz tl !.!., 1981). If drug pressure was responsible

UN
IV

ER
SI

TY
 O

F 
IB

AD
AN

 L
IB

RA
RY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



- 57 -

for the triggering and spread of resistance universally, 

high levels of resistance would be expected throughout 

malarious countries. However, in Liberia, studies con

firmed high chloroquine sensitivity in an area with 

intense and haphazard use of chloroquine for over 20 years 

(Bjorkman et al, 1985), with.resistance first encountered 

in 1988 at the same time as it occured in adjacent areas 

without this substantial drug pressure. Furthermore, the 

distribution and intensity of CRPf is frequently unequal 

within a couptry, despite uniform drug use patterns. It 
• 

could be suggested that some element of importation, as 
. � 

described by Clyde (1987) is needed to trigger the 

development of drug resistance. Alternatively, population 

variation in the prevalence of drug resistant malaria 

could be attributable to the effect of immune pressure. 

It has been shown in experimental malaria that antigenic 

diversity amongst parasite clones could be selected by 

immune pressure due to the action of schi�ont agglutinins 

(Brown and Brown, 1965; Butcher and Cohen, 1972; Todorovic, 

£1 &, 1968; Klotz £1 & 1987). Unfortunately, the effect 

of immune pressure on mutant solection cannot be tested in 

humans (Miller, 1988). 

2.5.2. Mechanism of Chloroquine Resistance 

A nu�ber of theories have been proposed to 

explain the mechanism of chloroquine resistance (Pitch, 1983, 

Kroqslad and Schlesinger, 1987). A more recent proposal 
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to explain chloroquine resistance mechanism however,

was made by Martins tl al, 1987. They postulated that

the mechanism by which_f.. falciparum acquires multidrug

resistance may be similar to that by which neoplastic

mammalian cells develop simultaneous resistance to multiple

structurally unrelated drugs., Such multi-drug resistance

in neoplastic cells has been correlated with an increase

in the number of glycoproteins in the cell membrane, which

serve to pump many different hydrophobic molecules out of

the cells, such that they fail to attain intracellular

• 

toxic concentration. This view on the mechanism of

• 

chloroquine resistance hos recently been supported by

Wilson�!.!, (1989); Ye tl .!.!., (1989); Welesn tl tl, (1990);

and Fork et al (1990).
--

2.5.3. Characteristics of chloroguine resistant f· falciparum :

While pyrimethilll1ine resistant clones off• chabaudi

adaini appear to have selective disadvantage compared with the

sensitive strain, the converse is true with chloroquine

resistant strains of this parasite species. Similarly,

studies have indicated that chloroquine res1st4nt f. !Alciparum

is more infectious to the Anopheles vector (Wilkinson et &

1976) ond grows faster in culture than the sensitive strain

(Thaithong, 1983). This characteristic seems to place the

resistant strain of the parasite at a biological advantage

and appears to explain ita rapid geographical spread.UN
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£. falcip§rum is the only species of malaria poroaite 

in which there is an indication that the duration of 

blood schizogony and mero�oitc yield vary, the former 

being shorter and tho latter higher in chloroquine

resistant isolates as compared to chloroquine-sensitive 

strains (Rosario, 1981; Thaithong, 1983). 

2.6. MALARIA IKMUNOLOGY 

The ability of a host to resist a malaria infection 

is determined not only by immunological mechanisms but 

also by innate characteristics (WHO, 1987a) • 
• 

2.6.1. Mechanism of innate resistance: 
� 

In the course of evolution, vertebrate host.!l 

including man,have developed a variety of mechanisms of 

resistance ogalnst molar.la. Some of such mechanisms are 

expressed regardless of the environment and regardless of 

previous exposure to the parasites. These mechanisms

depend ultimately on the genetic constitution of the host, 

and may also relate to a requ1re111ent for th� parasite

(o.g. on erythrocyte receptor or a nutritional requlrC!llent) 

or to a subatance within the host that is ln some way 

deleterious to the parasite. The importance o( hoat ractors 

in the development of planmodial 1nf�t1on ls exemplified 

in the fact that only two apecloa of non-human pr1mot s 

(A.OtUr. tr1v1gntue and S�A�1r1 &cluroun) ar highly 

5uioccptiu1o to human malaria 6poc1oo, �- f lclpnn1m, but 

other� including tte chimpanzco can b r nd red •use ptlbl 
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by splenectomy
1 

(Perrin�!.!., 1982). 

In endemic areas, malaria has exerted selective 

pressure favouring genetic traits expressed at the level 

of the red blood cells that confer resistance to malaria 

(Luzntto, 1979). Such genes, therefore occur with 

relatively high frequency in areas presently or formerly 

endemic for malaria. 

The first evidence that the red cell itself 

influences merozoite invasion was the observation of the 

apparent preferential infection of red blood cell sub-

populations by£. vivox and _f. malariae,which preferentially 
. ..

invade reticulocytes and mature red blood cells, respectively 

(Kitchen, 1939). In contrast, f .. fnlciparum merozoites can 

infect all sub-populations of red blood cells and the 

resulting parasitaemia may exceed SO% with subsequent 

high mortality (Bruce-Chwatt, 1948). It has also been shown 

using in vitro �ultures of erythrocytic stages of P. 

folciparum, that when both human and Aotus monkey red cells 

are mixed in the s4me culture, merozoites preferentially 

bind to and develop within the human cells, suggesting that 

properties of the red cells play a role in the host 

specificity of various plasmodial species (Trigg, 1975). 

It has been suggested that attachment and penetration 

of merozoites depend on a receptor on the red cell membrane 

and that mcrozoites contain ligand-like substances on their 

surfaces complimentary to this receptor (McGee 1953). 
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Treatment of human red blood cells which are normally 

susceptible to invasion by�- knowlesi, by pronase, but 

not by neuraminidase or trypsin, blocks invasion by P. 

knowlesi merozoites (Miller £1 !.!., 1975). This experiment 

suggested that invasion of red cells is mediated by speci-

fie receptors. The observation that Duffy blood group 

negative human erythrocytes are resistant to P. knowlesi 

(Miller, 1975) and P. vivax (Miller, 1978) merozoite 

invasion\provides further evidence that specific receptors

on the red cell membrane are involved in merozoite invasion • 

It was therefore postulated that the relative insuscepti-
. ... 

bility of West African and American Blacks to infection 

with P. vivax is due to the extreme rarity of Duffy blood 
-

group determinants (Fya and Fyb) in these populations

(Miller, 1978, Spencer, 1978), while they are c01T1111on in 

other racial groups. Human red cells
) 

including Duffy

negative cells, are all invaded by�- falciparum merozoites. 

There is however, experimental evidence that the rare 

En4
(-) cells are more resistant to�. falciparum merozoite 

invasion. These experiments suggested that�- falciparum 

uses as receptors, an essential structural component of the 

red cell membrane (glycophorin) (Cartron et al, 1983). 

Impairn,ent or retardation of parasite growth has been 

observed in red blood cells containing fetal haemoglobin 

(HbF). Red blood cells of new born infants that contain a UN
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large proportion of HbF do not support optimal growth 

of P. falciparum. This factor may contribute to the 

relatively low frequency of malaria infections in babies. 

In adults with hereditary persistence of Hbf, red cells 

are invaded efficiently, but parasite growth is impaired 

in the HbP containing cells (Pasvol ,!l !!, 1977). These 

findings suggest that haemoglobin composition may influence 

the resistance to malaria, of individuals with HbP-con-
' 

taining red blood cells. 

In thalassemia and G-6-PD deficiency, which are 

prevalent in areas endemic for malaria, resistance to 

malaria infection has been difficult to demonstrate 

experimentally. Luzzatto (1969) however had shown that in 

females heterozygous for G-6-PD deficiency, there is a 

reduction in the percentage of infected cella within the 

population of deficient RBC. 

In the caae of slcklP cell anaemia {Hbs), the mechanism 

of resistance against parasite survival haa not been 

unequivocally determined. Experimental studies have shown 

that protection, which acts at the red cell level, is 

afforded by the HbS trait. Friedman (1979) and Pasvol (1978) 

in two independent studies demonstrated that when�-

falciparum parasites were grown in HbS-containing red 

blood cella,they developed normally at noC'fflal oxygen 

tension, but failed to mature or cause red cell lyais at 

low oxygen tension. These workera therefore suggested that 
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a s1Q1lar effect may occur ln vivo, where rad blood cello

containing mature parasites become trapped in the

cnp1llaries of the deep organs in on environment of

relatively low oxygen tension. However, it has been

suggested that HbS hanozygotes as opposed to heterozygotes,

do not enjoy protection against malaria, (WHO, 1975) since

many fatal malaria infections have oc.cured in the homozy

gous sickle cell subjects.

There is 1:K>Cphologic evidence that during their

intraerythroc:ytic development, Plasmodla alter the

stn,cturc of the ho5t cells nnd modify the biologic

. .. 

properties of the red cell membrane. Red blood cells

containing�· falclparum and�- malariae develop electron

dense exc:r.c:..ccnccn at the cell surfaces, called knobs

(Trager !:S .!!!., 1966>. 'M'le number of knobs increases as

the parasite maturea. Knobs associated with�- falclpanim

adhere to endothelial cells and form focal junctions vlth

the endothcl1 1 cell mC!'brane. This phenOfflenon probably

contrlb-Jtes to the observed sequestration of •ature erythro

cytic for�s of�- fal�iparU"J in the deep organa ond may b

one o! �he l!!CCh&ni s involved in the pathogcnoa1a of

ccre0rol �olaria (Kilejian, Abati and Trager, 1977).

Although corcbrol ml r1a 1n nd le er oo occurs mostly

1n the 1 aot itM.Un age group• (1-5 Y rs) (Oaunkoy and

w1111 6, :19B0), nd in t:h non-1-unct (WHO. 1 '1S), not all

u lly vuln rotla to
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malaria. Parasite and/or host genetic factors that 

predispose to this complication are not well understood. 

In the chloroquine resistance prevalent Thal province 

of Chantaburi, the introduction of effective mefloquine 

therapy led to an almost complete diappearance of cerebral 

malaria (Miller, 1989). Ikpatt tl al (1990), in a 

recent survey of cerebral malaria cases in Calabar, 

Nigeria, observed that the central nervous system compli

cation was on the increase. They attributed this increase 

to the widespread emergence of chloroquine resistant 

!• falciparum malaria. Whether the knobs in CRPf-infected 
. �

red cells have been modified for increased CNS 

cytoadherencc, or the host has reacted (Bruce-Chwatt, 1980) 
• 

differently in response to the CRPf strain thereby 

predisposing to cerebral malaria, is yet to be elucidated. 

To set the stage, malaria and its impact vary with 

the area of the world (Miller, 1989). In endemic Africa, 

malaria has a heavy impact on children and primigravid

women. Multiple studies have consistently found a major

effect of malaria control on mortality in children aged

1-4 years (Molineaux, 1980; Greenwood�!.!., 1987). In

contrast, the disease in Madang, Papua New Guinea,appears

quite different, causing little mortality in children

(Stace et al, 1982). Since both regions a.re hyperendemic
--

for P. falciparum malaria, Hiller (1989) suggested that
-

the New Guinean host may be more innately resistant than 
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their African counterparts. This possiblity is adduced 

from the fact that 95� of the New Guinean population have 

a deletion of one alpha haemoglobin gene (Oppenheiaer 

.I! .!.l, 1984) and JOS of them have ovalocytosis which 

suppresses parasitaemia (Hiller, 1989). 

2.6.2. Acquired immunity to malaria 

Human malaria immunity is acquired only after 

repeated exposures to infection for many years and is directed 

mainly against the erythrocytic stage of the parasite 

(Cohen, 1977), which causes all the symptoms. furthermore, 
• 

irradiated sporozoite vaccines protect animals (Nussenweig 
. 

1 

.!,i al, 1969) and humans (Rieckman � .!l, 1974; Clyde .!.i .!l, 

1975) against challenge with live sporozoites. Response 

to malaria antigenic challenge can be crudely divided into 

antibody-dependent immunity and antibody-independent Ccell

mediated) inrnunity. Pew, if any parasite, will generate 

cell mediated immune response in the absence of antibody 

response (Troye-Bl0111berg, 1988). 

(1) Role of serum antibody in malarial immunity

Coggeshall and Kumn (1937) were the first to 

demonstrate experimentally that immune serum might have a 

potential role in malaria immunity. They demonstrated that 

the sera of rhesus monkeys with chronic£• knowlesi infections 

conferred passive invnunity to monkeys with acute!• knowlesi 

infections. This phenomenon has been confirmed by other 

workers in birds and mllllllllals (Hanwell and Goldstein, 1940; 
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Taliaferro and Taliaferro 1940). The demonstration of 

such passive transfer of malaria iinmunity in man was achieved 

by the work of Cohen£!_ !l (1961). They extracted IgG 

from a pool of sera collected from adults living in The 

Gambia, West Africa, which is holoendemic for malaria. The 

IgG fraction was administered over several days to children 

suffering from f. falciparum malaria. Consequently 

parasitaemia was suppressed and clinical symptoms alleviated. 

The conferred immunity however was te,,,porary, as most of 

the children contracted infections a few months later. 
I •

IgM fraction from the same pool of sera and also gammaglobulin 
. � 

fraction from Europeans did not have this therapeutic effect. 

Edozien et al (1962}, working in Nigeria,confirmed the Gambian 

findings and further demonstrated the suppressive effect of 

IgG from cord blood on parasitaemia. 

Using .!.!l vitro techniques however, Cohen and Butcher 

(1970) observed that both IgG and IgM from immune monkeys 

could suppress the growth of P. knowlesi. These workers 

concluded that antibodies in IgG fraction alone seem likely 

to be protective in f. falciparum infections in man. 

Neither IgA nor IgE could exhibit .!.!l vitro suppression of 

parasite grg�th. Findings frOffl .!,!! vitro experimentations 

with putative malaria vaccine candidate proteins have 

supported the use of antibodies in immune protection against 

malaria. Hollingdale £.! !! (1984) observed that monoclonal 

antibodies raised against (NANP)n, a synthetic circums

porozoite (CS) protein, could inhibit the.!!! vitro penotration 
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of cultured hepatocytes by sporozoites. In many 

epidemiological surveys, anti-CS antibodies hove been

found to correlate with protection against infections 1n

endemic regions (Esposito Pt al 1988· Harsh et al 1988·
- _, ' -

_, '

Snow� !l, 1989). However, sero-epidemioiogical reports

from some other endemic regio�s show that anti-CS

antibodies are not protective (Hoffman _ss !l, 1987; Pang

£! !l, 1988; Webster, 1988). These two conflicting

reports aro inspite of the fo�t that native CS protein

epitopes, ns·well aa those o! its synthetic products, are
• 

well conserved in difterent geographical isolates of the

parasite species (de la Cruz�.!!,., 1987; Dell Portillo,

1987; Lockyer and Schwarz, 1987; Weber and Hockmeyer, 198S;

Zavala�.!!., 1985).

The protective role of antibody against the ring-infected

erythrocyte surface antigen (RESA), a putative blood stage

vaccine candidate, was first demonstrated simultaneously by

Perlmann et al (1984) and Wahlin et al 1984). These

--

--

antibodies were also found to be mainly of the lgG class

(Perlmonn li !!!., 1984). Following this discovery, other

seroepidemiologicol studies hove confinnod the protective

value of dnti-RESA antibodies, (Poteraen £l &, 1990,

Colllnn �t al 1988, Pcrlrnann £! ll 1989, Wahlgren !!l �l,
--

... 
1986b, Chi7.%0lini !!! .!!l 1989, Troy�Ulomb�rg !!.I. .!!l 1989).

Like cs proto1n, RESA op1topeo of E• fnlc1pftrum arc

invariant (conacrv�d) in verioua iaolntca studied 4nd RCSA

antibodi�a from d1fforcnt par�s ot Africa, Columbia �nd 
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•den were found to react similarly with erythrocytes

infected with a Tanzanian f. falciparwn strain kept ln 

culture for many years (Perlmann il !.!., 1987). 

In contr st to the above observations, seroepldemlo

loglcal studies in other endemic populations indicate that 

antl-RESA antibodies have no demonstrable protective value 

against malaria (Ooloron .!1 .!!.!. 1987, Horah ll !.!., 1989, 

Bjorkmann � &, 1990). In populations where studies show 

that antibodies against the putative vaccine candidates are 

protective as well as in those populations where otherwise 

is the case, individual immune response restrictions have 

been observed (Resenberg and Wirtz, 1990; Del Guidice ,!1 .!.!. 

1987; �ebster � al, 1988; Petersen£!..!.!., 1990; 

BJorkmann tl al, 1990). There is therefore invnunological 

evidence that some individuals may not be able to respond 

to f. falciparum prospective vaccine candidate proteins. 

Such evidence haa been reported from Africa (Del Guidice 

et al, 1987) and Thailand (Webster .!1 al, 1988). 
--

(11) The role of antibody subclass in i�munity against malaria

The inability to produce antibody of the optimally

protective isotype can result in a selective il'IW'llunodeficiency 

state (Jetferio and Kumoraratno, 1990). This is particularly 

apparent tor responses to certain bacterial carbohydrate 

antigens that are normally of the IgG2 isotype (Yount .!S 

.11, 1968). There la evidence to suggest that the proportions 

of each subclass produced,following antigenic stimulation at 
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local sites,may differ, due to selective localization 

of B-lymphocyte subsets and/or selective stimulation of

B-cell subsats by factors present in the local environment.

t'urthermore, ..!l!. vitro studies show that interleukins (II..)

can modulate or regulnte IgG subclass production (rlores

Romo � !l, 1990; Ishlzaka � al, 1990). Thus IL.-4. in
-

vitro,stimulates isotype . switch to the production of

IgGl and lgE and suppresses the production of IgG3, IgG2b

and IgG2a. Gamma-interferon, ( 'lS-If'N) .!!l vitro, stimulates

IgG2o and suppr�sses IgG3 and IgG2b production.

Immunity to P. yoelii is believed to be related to the
. 

- .. 

major histocompatibility complex (MHC) class la antigen

expression on the reticulocytes (Kumar and Miller, 1990).

Brake et al (1988) demonstrated that a T-cell clone
--

transferred protection against f. chabaudi adami infection

in nude mice. Thi� T-cell clone secreted both � -IrN and

IL.-2 and therefore was of the Th 1 phenotype. However, only

one of ten clones tested was protective.

In view of the possible control of IgG subclass

production by interleukins and the possible dependence of

II.. production on the MHC, it is arguable that both individual

genetic variability and the antigenic epitope will influence

the IgG subclass produced. Since the biological effector 

functions of the different IgG subclasses vary greatly

(Spiegelberg, 1974), the serum concentrations of antibodies

belonging to a given subclass may reflect their clinical
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and/or protective role5 in the course of an infection 

(Jctferia and Kumarara, 1990). Subclass of antibodies 

formed in different phaaes of infection in different 

genetic groups of people, may be instrumental to providing 

protection (Wahlgren£.!. al, 1983). On the contrary, 

antibodies of the subclasses IgG2 and IgG4 might be 

inhibitory or may not activate the complement system, 

(Jefferis and Kumarara, 1990). 

2.6.3. The Complement Syste� 

The complement system comprises about 21 
• 

discrete proteins, all of which circulate in the blood 
. � 

plasma. The moin biological roles of c0111plement are 

inflammatory responses to tissue �njury and the destruction 

of viable infectious agents. The complement system or its com

ponents therefore, is involved in many aspects of health 

and diseases. Activation of complement results in diverse 

biological consequences which include increased vascular 

permeability, anaphylaxis, chemotaxis, enhanced phagocytosis 

and digestion, irreversible membrane damage, dissolution of

immune complexes and possibly also modulation of some

aspects of lymphocyte function (Lachmann and Peters, 1982;

Wellher et al, 1982; Sundsomo, 1983). Complement activation
--

ls a self regulating process during which fragments of 

complement components, with nascent biological properties, 

are generat�d and subsequently catabolized (Lachmann and 

Peters, 1982). 
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(1) Complement activation

It is now wall ostablished that there are two major

pothwayo of complemont activation, each dependent primarily

although not entirely, on the sequential conversion of

proteolytic zymogens to proteases. These are called the

classical and the alternative ,or properdin) pathways of

complement activation. The molecular mechanisms of both

pathways of complement activation together with their

biological consequences have been reviewed extensively by

others; (Lachmann and Peters, 1982; Green, 1983; Reid and

• 

Porter, 1983). The essential aspects of the main compart-

. 
� 

ments of the complement system are summarized in fig. 2.2.

The clasDical pnthway complement (CPC) activation is
• 

the better understood general mechanism of the complement

system. It is initiated predominantly by antigen-antibody

complexes of "appropriate" composition, although other

triggers are known (Porter and Reid, 1979). Initiation of

the Alternative Pathway (APC) of complement activation

does not require a specific trigger analogous to that

responsible for classical pathway activation. Instead,

there is a continuous.!.!! vitro low level of APC activity,

which in the presence of suitable target cells, or other 

may be rapidly amplified (Green, 

membrane structures,

1983; r-1u11er-£berhard and Schreiber, 1990; feat"on, 1980).
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Figure 2.2. 

Schematic diagram showing the relationship betv,cen the main p.>thways

of complement activation. The {\\HC associated comph:mcnt co,nponents 

are Indicated by asterisks nnd are essential for erficlent conversion 

of C3 to its activated form, C3b. Adapted from Umoton1>, (l.963).UN
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Homeo�tatic mechanisms maintain APC activity in its 

severely dampened state until circumstances permitting 

amplification occur. Although the APC has been recently 

rediscovered, there is evidence to support the hypothesis 

that it ls ancestral to the CPC in an evolutionary sense

(Porter and Reid 1979). Activation of complement by 

either complement pathway moy lead to the subsequent 

assembly of a common group of late acting components which 

produce lesions in cell membranes ond cause cytolysis. 

These components circulate in plasma in an unasse�bled but 
• 

active form and are usually referred to collectively as the 
• 

Membrane attack complex (MAC). 

Complement activation results �n the formation of potent 

enzymes (e.g. the C3 convertases) and biologically active 

fragments of complement proteins which may cause tissue 

damage. It is important therefore that the biochemical 

activity of these mediator molecules be restricted to sites 

close to where thoy are generated. Such control is achieved 

in two ways. Firstly, some of the mediators have 

intrinsically labile active sites and remain functional 

therefore for only brief periods. Secondly, they may be 

specifically inactivated or inhibited by extrinsic control 

proteins e.g. C1 inhibitor and C3b 1nactlvator {Muller--

Eberhard, 1979). 

(11) Complement assays

Functional assays for both pathways are usually 

based on quant1tat1on of erythrocyte lysis, (Gee, 1983). 
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Classical pathway activity is assayed by measuring the 

ability of secum oc plasma specimens to lyse a suspension 

of erythrocytes senailized with anti-ecythcocyte antibody 

in the presence of calcium and magnesium ions. Sheep 

erythrocytes sensitized with cabbit antibody are most often 

used. Alternative pathway activity is assayed by measuring 

the lytic pcopectiea of sorum oc plasma foe unscnsitized 

rabbit or guinea pig erythrocytes in the presence of 

magnesium iono and in the absence of calcium ions. Both 

types of assay may 
• 

be modified to measure the activity of 

individual complement components, although these are often 

now determined immunochemically if specific antisera are

available. 

Haemolytic classical pathway activity is assayed by 

determining the quantity of complement required to effect 

lysis of a defined proportion of a standardized suspension 

of erythrocytes, optimally sensiti�ed with an appropriate 

antibody. When the proportion of erythrocytes lysed is 50%, 

the unit obtained is refereed to as a 5� haemolytic unit 

(CH50
). Many experimental parameters influence the extent

of comple��nt mediated haemoiysis in a given system. These 

are, reaction volume, erythrocyte concentration and source, 

ca2•, Hg2• concentrations, ionic strenght, pH, temperature 

and time of incubation. Since these variables determine the 

haemolytic titre of the complement source, they must be 

controlled and standardized for a given assay. The generally 
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accepted international CHso unit for human and guinea

pig complement is defined as the volume of undiluted serum

required to lyse 5� of S x 108 sheep erythrocytes, optimally

sensitized with antibody, in the presence of optimal

concentrations of celcium and magnesium cations, at pH 7.3

and ionic strength 0.149, in t'hour of incubation at 38
°C,

inn total reaction volume of 2.s mls.

Normal human serum complement levels obtained usin9

the CH50 un1t defined above range between 30 and 60 for the

Caucasians (Weth�ral, 1982). A more sensitive unit based 
• 

7 

upon the lysis of S x 10 erythrocytes in a reaction volume
.. 

of S mls is also often used and results in a higher normal 

range of 80 - 200 cH50 unltsCWetheral, 1982).

The alternative complement pathway lysis of rabbit

erythrocytes was first described by Platts Mills and 

Ishizaka (1974) and provides the basis for a simple method

for determining alternative pathway activity in human serum

and some other species. Since alternative pathway activity

requires Mg2•but not ca2� the essay 1s performed in the 

presence of a buffer containing Mg2+ and EGTA Cethylenegly-

The EGTA selectively chelates 

coltetra-acetic acid).

ca2•, thereby inhibiting any interference by the classical 

mechanism. 
pathway 

(111) The complement system and malaria

human malaria is well
Hypocomplementaemia in acute

documented (Ree, 1976; Williamsons il &, 1974; Greenwood
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and Brueton 19741 Kldwal .!! .!!., 1985; Kldwal .!!. .!!, 19861 

Gupta, Sabharwal and Chugh, 1982). Except the study of 

Gupta, Sabharwal and Chugh (1982), in which the functional 

(haemolytic) complement activity was assessed, all other 

reports were based on the antigenic levels of some key 

complements proteins. £valuation of the functional activity 

la necessary in order to investigate normal immunochemical 

levels of a component or components which may be functionally 

inactive (James ,2l .!.!., 1982). In spite of the apparent

fall in the total complement activity and in the levels of 

some of its components during erythrocyte schizont rupture 
. �

(McGregor, 1972), it has been reported that complement is 

not involved in protection against. malaria, although the 

major class of protective antibody is IgG (Diggs�.!.!., 

1972). Contrary to this view however, Kidwai � .!.!. (1986) 

in a study of serum complement levels in cerebral malaria, 

noted that low serum CJ and C4 may be associated with a 

fatal outcome. This study woo conducted on Indian children 

at a time when chloroquine resistant�- falciparum malaria 

was highly prevalent within the population. Furthermore, 

increased central nervous system involvement has vecy 

recently been reported in Calabar, Nigeria, with the 

emergence of CRPf malaria (Ikpatt � .!.!., 1990). However, 

specific studies on the role of complement in respect of 

chloroquine resistant�- talciparum malaria has as yet not 

been reported. 
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2.6.4. Cell mediated immune response in malaria: 

While the importance of antibody in protective 

invnunity was established long ago by Coggeshall and Kumm 

(1937) and confirmed by Manwell and Goldstein (19440) , 

Taliaferro and Taliaferro, (1940); Cohen and McGregor (1961); 

Edozien, Gilles and Udeoze (1962) , the role of the thymus in 

immunity against malaria has been elusive. However, Brown 

(1968) showed that thymoctomy enhanced the severity of

experimental malaria in rats. This observation was subse

quently confirmed and extended by others who utilized 

various rodent models of malaria, as well as thymectomized 
. .. 

and othymic nude mice (Brown, 1971, Allison and Clark, 1977) . 

Together, these findings firmly e�tablifihcd that the thymus 

plays an essential role in resistance to experimental 

malaria, and in all possibility, to the naturally occuring 

disease as well (Weidenz, 1990) . Nevertheless, the exact 

protective mechanism of the T-cells still remain an 

elusion (Kabilan et al, 1990). While the early studies 
--

indicated that T-cells function as helper cells in the 

production of protective antibodies (Brown, 1971) later 

studies suggest that T-cells participate through cell 

mediated, antibody-independent immune response against 

malaria (Allison, 1983). But evidence obtained from experi

mental infections in rodents support the idea that both 
.. 

T-cell functions, possibly through CDS and gammainterferon

( 2S -IFN ), have a role in the development of immunity to 
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malaria (Kumar.!!!!., 19881 Schofield�!!., 19871 

Weiss.!!!!., 1988). In human infections, both antibody-

dependent and antibody-independent immune protection 

against the malaria parasite are controlled by T-cella of 
+ 

the CD4 phenotype (Weidanze, and L<>ng 1988). A recent 

study on humans by Troye-Blomberg ll .!!.!. (1990) has shown 

that parasite antigens corresponding to ill'fflunodominant 

T-cell epitopes can induce T-cell proliferation, �-IFN

secretion and interleukin (IL.-4) expression. In this 

study, the authors found a significant association between 

the induction, by particular-peptide antigens, of 11..-4 in 

T-cells and the presence of antibodies to the same peptides

in the plasma of T-coll donors. The authors therefore 

suggested that n relationship exists between the activation 

of IL.-4 producing T-cell subsets and antibody production in 

human sytems, in which the immune response is induced by 

natural infection. 
+ 

Analysis of murine regulatory CD4 T-cell clones has 

revealed that they can be further divided into two subsets, 

based on their repertoire of lymphokine production 

(Troye-Blomberg £l !l, 1990). Upon activation, CD4+ cells 

designated T helper 1 (THl) produce 1�-2 and� -IFN, and 

cells designated T helper 2 (TH2) produce lymphokines IL.-4 

and IL.-S (Mosamann ,!S !l, 196; Cherwinsky £l &, 1987). 

Although the relationship between these two cell types is 

not clear (Troye-Blomberg, 1990), there is good evidence 
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that '?Ht cells INdiate certain antibody-independent 

ruponN (e.9. delayed type hypersensitivity) and TH2 cells 

provide help for specific antibody productiontlosaann � .!!., 

1986; Cherwinsky .!1 .!!, 1987). Ahalysis of the murine 

Plfpodiwn Chpbaudi malaria system supports a role for THl 

cells in early antibody - independent protection, whereas 

the final clearance of the parasite load coincides with 

the appearance of malaria-antigen specific TH2 cells and 

antibody-mediated effector mechanism (Langhorne!!.!. .!l, 1989). 

Although there is as yet no evidence for the existence of 

i 
+ + sim lar CD4 subsets in the human system, human CD4 T cells 

. � 

have been shown to be heterogeneous with regard to surface 

marker characteristics (Smith��. 1986; Dohlsten .!ti .!l, 

1988) and cytokine production (Troye-Blomberg .!ti .!l, 1990; 

Paliard � al, 1988). rrom experimental evidence, it 

appears that different plasmodlal species induce different 

types of immune response in any given host. The result of 

early studies using B-cell deficient chickens supported the 

view that T-cells provide help to B cells so that the latter

can synthesize antibodies. Plasmodium gallinaceum infections 

initiated by the injection of par�sltized erythrocytes into 

innunologically intact chickens progressed rapidly and 

resolved spontaneously without mortality. The same 

infections in bursect0111ized chickens were fulminant and 

lethal (Ferris, Beamer and Stutz, 1973). Similar findings UN
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Were obtained by Weinbaun, Evans and Tigelaar (1976) in 

experiaenta utilizing •lee with B-cell deficiency and on 

life long treatment with anti-u chain antibody. B-cell 

deficient mice died when infected with the normally 

•virulent 17X strain of�. yoelli, whereas inuaunologically

intact mice became 111 but survived (Tigelaar � !.l., 1976; 

Roberts ,!t!, .!!., 1977). Unexpected but interesting results 

were obtained by Grun and Weidan (1981) when B cell 

deficient mice were infected with another rodent malarial 

parasite, f• chabaudi adami. In this instance B cell 

deficient mice developed acute malaria in response to 
. �

infection with parasitized erythrocytes, but instead of 

dying as did�. yoelli infected mice, they resolved their 

infections with kinetics of parositaemia similar to those 

seen in immunologically intact mice. Athymic mice were 

unable to resolve such acute P. chabaud1 adami infections 
-

and eventually died. 

Cavacine et al (1986) used adoptive transfer of T-cells 
--

but not B-cells, from mice immune to the erythrocytic stage 

of P. chabaudi adami into nude mice and observed that these 

animals resolved an otherwise lethal infection with 

homologous parasite. Protection was best achieved using 

CD4+ enriched population of splenic T cells from immune mice. 

Since the passive transfer of serum from reconstituted nude 

mice which had healed their infections spontaneously failed UN
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to convey protection, the authors concluded that 

resistance to acube P. chabaudi adami malaria was achieved 
-

by T-cell dependent cell mediated immunity. All these 

findings put together indicate that certain resistance 

mechanisms predominate in acute malaria infections in mice, 

caused by different plasmodial· species i.e. cell mediated

in case off• chabaudi adami and antibody-mediated in acute 

f• yoelli infections. The influence of vary1ng.,;strains of 

plasmodial species on the outcome of host resistance 

mechanism has not been reported. Similarly, the contribu-

tion of differing host genetic factors on the outcome of 
. �

resistance mechanism In malaria has not been extensively 

studied. 

Genetic studies on the differences in response to 

infections with f. berghei in inbred strains of mice was 

carried out by Greenberg ll al, (1975) who observed that 

inherent differences in innate resistance between strains 

of mice appeared to be controlled by genes at a single locus 

in some mice and in others, by genes at several loci. In 

a recent study, Chang ,!!1 & (1989) observed that congenic 

mouse strains differed in their degrees of reoctivity with two 

9p 195 synthetic repeat peptides-prime candidate antigens 

for the development of immunity to the asexual blood stages 

of P. falciparum. Similar work by Lew ,£Sal (1989) on
-

congenic mice also showed that both T-cell and T-dependent 

&-cell response to certain Pf155/RESA peptides are HHC-claas 

XI restricted. 

UN
IV

ER
SI

TY
 O

F 
IB

AD
AN

 L
IB

RA
RY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



- 82 -

Although similar MHC restriction in immune response 

to malaria antigen has not been demonstrated in humans, 

the lack of demonstrable responses in human studies has 

frequently been interpreted as reflecting such restriction 

(Troye-Blomberg tt !l, 1990). However, Sinigaglia et !l

(1990) observed that for CS protein, there is at least one 

T-cell determininat which is able to bind to and be

recognised by most human MHC-class II molecules. These 

authors also identified several epitopes recognised by 

T-cell clones in association with different class II (HLA)

isotypes and alleles on 190L polypeptide, derived from a 
. � 

conserved region of the P 190 merozoite surface protein. 

In seroepidemiological assessment of seroreactivities in 

dwellers of malaria endemic regions,Del-Guidice et al (1987) 

had also observed that host genetic factors (possibly MHC 

related) play a role in i111111une response against malaria

antigens. They postulated thot the existence of such 

genetic regulation of immune response to CS protein, may 

predispose some individuals to responding 

falciparum sporozoite antigen than others. 

better to P. 

Similar findings 

in respect of Pf155/R£SA have also been demonstrated by

Petersen et al (1990) and Bjorkman� .!l (1990). Thus, for
--

optimal benefit from a subunit malarial vaccine, it is 

essential not only to define the sequences ;r.aking up the 

immunodominant epitopes, but also to understand the nature UN
IV

ER
SI

TY
 O

F 
IB

AD
AN

 L
IB

RA
RY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



- 83 -

f immune response elicited in various genetic groups. 

The ma1or Histocompatibility Complex (HHC): 

Attempts to prevent rejection of tissue transplanted 

genetically non-identical individuals of the same 

have led to the discovery and definition of an 

important system of transplantation antigens. These 

molecules occur on the surfaces of many types of cells and 

provide the antigenic stimulus responsible for immunological 

rejection of incompatible donor tissues by the recipient. 

Transplantatipn antigens have been intensively investigated 

in mice, guinea pigs and humans and are usually called the 

histocompatibility antigens. MHC encompasses a tightly linked 

and highly polymorphic genes that function in immune response 

(Bodmer, 1987). Some of the HHC genes encode molecules 

which reside on the membranes of most nucleated cells 

especially lymphocytes and macrophages. These mediate the 

cellular interactions which distinguish "non self" tissue 

from "self" tissue and in this way function as antigenic 

regulator of the immune system. At loost 16 operative genes

have been defined, including the Class I (HLA-A,B,C) and 

Class II (HLA-DR, DO, DP) cell surface glycoproteins as well 

as a class III region which encodes four complement 

components. The linkage of the HLA-A,a,c,DR and DQ genes 

on the 6th chromosome creates a unique HLA hoplotype, giving 

rise to potentially more than a billion genetically 

different individuals (Bodmer, 1987). 
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In addition to these three classes of MHC loci, gene

determinants for the synthesis of several enzymes are also

located within or near this chromosomal segment. The

gene for 21 hydrozylase deficiency 1s known to be closely

linked to the HI..A 8/DR region of the human MHC. This

enzyme ls important in steroid' metabolism and its absence

is the most frequent cause of congenital adrenal hyper-

plasla. Furthermore, there are other genes coding for

tumor necrosis factor on the MHC (Spies et al, 1986; Muller
--

et tl, 1987). Tumor necrosis factor, secreted by activated

macrophages and lymphocytes ls associated with the• 

development of resistance to malaria (Peyron £1 .!.!., 1990)

and ls also associated with the severity of cerebral malaria

• 

(Gran and Lambert, 1988).

The class II HHC genes code for a series of products

concerned with antigen presentation and therefore specific

immune response. One of the striking features of this

presentation is that it is only efficient when the antigen

presenting cell and the responding cell possess a common

allelic form of the class II sub-region of the major

histocompatibility complex (Rosenthal and Shevach, 1973).

There is growing agreement that protein antigens are not

presented intact by macrophages to T-cclls, bu t are first

broken down in the presenting cells into peptide fragments

containing 12-20 amino acids (Marx, 1987). The class II 

histocompatibility protein molecule is in the form of UN
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peptide groove which can readily accomodate a peptide 

(antigen) containing 12-20 ammino acids (Marx, 1987). 

Since almost all of the polymorphic amino acids of the 

hiatocompatibllity proteins are located in the area of 

the groove, changing them might well alter the molecule's 

ability to bind and present antigens to killer T-cells. 

When an antigenic determinant is unable to interact with 

the MHC molecules possessed by a given individual, T-cell 

clones specific for this particular combination of 

determinant and MHC molecules cannot be activated and 

therefore not all individuals will respond to any one 

antigenic determinant. for example, Good et al (1986) 
--

and Del-Guidice .!tl_ .!.!_ (1986) reported that polymers of 

NANP (the repetitive sequence which forms the dominat B cell 

epitope of f. falcipftrum CS protein> were recognised by T

cells only in mice bearing 1Ab in the H-2 region, and only

these mice made antibodies to the repeat peptide. Similarly 

among 15 strains of mice with different H-2 types and 

different genetic backgrounds, none responded to the PPPPNPD 

repeats of the f• berghei CS protein (Romero et al, 1988) 

and only mice bearing 1A responded to the RESA/Pf 155 

repeat (Lew� !J_, 1989). The implications of these findings 

ls that if the same situation occurs in humans, a given 

aubunit vaccine might be immunogenic in only a small 

proportion of individuals (Sinigaglia .!tl, &, 1990). UN
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From the practical point of view, having a clear 

idea of how histocompatibility molecules work could 

increase the ability of researchers to manipulate immune 

responses. Thus a particular residue could be changed or 

a suitable adjuvant added to a peptide antigen, to see how 

it changes MHC peptide bindin9 or MHC T-cell recognition. 

The infonnation gained may help explain why a particular 

MHC molecule variant is more or less susceptible to a 

disease than others. Such information for example may help 

in the design of vaccines for stimulating immunity (Marx, 

1987). 

2.6.6. Malaria antigens 

The Plasmodium undergoes progressive transformations 

during its progress from the infective sporozoite injected by

the bite of infective mosquito, through the enormously 

amplified exoerythrocytic schizogony in the liver of the 

vertebrate host, followed by the cascade-like multiplication 

of asexual stage in the blood, and then the oppearance of 

sexually differentiated gametes which proceed, after 

fertilization,to the sequence, zygote, ookinete, oocyst and 

to the formation of countless new sporozoites in the body 

of the insect vector. Each of these stages has a well 

defined function, but though each has the same complement 

of genes, every stage expresses a different part of the 

Plasmodial genome, and during this series of events the 

para•it• generates an enormous number of antigens. Some of 
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h••• stimulate the protective immune response of the 

oat, while others are immunologically irrelevant or

armful (McGregor, 1972; Bruce-Chwatt, 1985). The 

production of a malaria vaccine will require the identi

fication, characterization, and use of those antigens 

which stimulate effectively the protective response of the 

host against a homologous parasite species. Although the 

principle of this procedure was known a long time ago, its 

practicability became obvious only in 1976 when Trager and 

Jensen first-succeeded in maintaining in vitro cultures 

of f.• falciparum (Trager and Jensen, 1976), while Milstein 
. �

and Kohler (1975) developed the hybrid0111a technique for 

producing sensitive monoclonal an�ibodios. 

Generally, the path of development of malaria vaccine 

starts with identifying the antigens which induce the 

greatest specific immune response in animals (together with 

an absence of toxic effects). Next, studies are carried 

out in primates susceptible to infection with human 

plasmodia. Thereafter, seroepidemiological surveys in 

humans agaisnt these prospective vaccine candidates are 

carried out and finally vaccination in humans would be tried. 

Very many isolated antigens of relative molecular weights 

are now obtained in pure forms through affinity chromato

graphy using monoclonal antibodies, polyacryl4111ide gel 
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electrophoresis and other advanced biotechnology methods 

(Brown� al, 1981; Freeman and Holder, 1983; Perlmann 

tl al, 1984). furthermore, large scale plasmodial 

culture systems ore now produced in gram quantities from 

crude plasmodial antigens. 

further steps comprise cloning of genes that code for 

the protective antigens, analysis of their nucleotide 

composition, deduction of the amino acid sequence of the 

encoded molecule, and production of the relevant peptides 

by recombinant DNA methods or by solid phase synthesis • 

Based on these possibilities, three types of vaccine 
. � 

against _f. falciporum are presently under investigation 

and trials, and their eventual us�s can be foreseen 

(Bruce-Chwatt, 1985). 

A merozoite or more accurately asexual erythrocytic 

vaccine, inducing immunity against blood forms of the 

parasite, would act as a therapeutic compound and meet the 

problem of drug resiatance. A sporozoite vaccine, preventing 

the infection might replace chemoprophylactic C""1pounds and 

be u�eful for protection of non-immune visitors to malarious 

areas and some vulnerable groups of indigenous populations. 

A gamete-reactive vaccine used on a large scale might 

prevent the transmission of m laria in epidemic areas or 

where the danger of resurgence io high CBrucc-Chwatt, 1987). 

CA) Sporozoite Antiqcn 

Malaria aporozoites possess a major ourface antigen, 
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the circumaporozoite (CS) protein, which uniformly 

aurrounds their external coat. Despite their short stay 

in circulating blood, sporozoites induce a strong immune 

response that is characteristically species and stage

specific (Cochrane, 1980). A milestone in the identifi

cation of malaria antigens has.been the isolation in the 

early 1980's of CS protein from the outer surface of

sporozoites in the salivary glands of infected Anopheles 

mosquitoes (Nussenzweig 1 et al, 1986). The protein 

structure was clarified in 1983 by cloning CS genes, first 

in!• knowlesi of monkeys, and a year later in the human 
� 

.f.• falciparum (Dame il &, 1984). The CS protein of

.f.• falciparum has a large central domain of 412 amino acids, 

which comprises nearly half the polypeptide chain. These 

tandem repeats of amino acids, are flanked by non-repetitive 

sequence (Uussenzweig and Nussenzweig 198S). All the 

monoclonal antibodies so far produced against circumsporo

zoites appear to recognise this repetitive sequence in the 

CS protein (zavala il .!!, 1983), as do naturally acquired 

antibodies from malaria endemic areas (Zavala �t .!.!., 1985). 

The repetitive domain of the Plasmodium falciparum CS 

protein consists of four amino acids (Asn-Ala-Asn-Pro • NANP) 

repe•ted several times (Dame�!.!. 1984; Enea .£S. !.!., 1984), 

which is well conserved in all the isolates from different 

geo4Jraphical r�ions so far 1nvest19•ted (Zavala .!l al, 198S; UN
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Weber and Hockmeyer 1985; Lockyer and Schwarx 1987). 

The CS synthetic peptide includes immunodominant B-cell 

epitopes. Naturally occuring antibodies recognizing the 

i11111unodominant CS proteins of P. falciparum have been 

reported from numerous countries including The Gambia, 

Thailand, Tanzania, Indonesia, Kenya and Burkina Paso 

(Nardin il al, 1979; Burkot � al, 1989). Hice and rabbits 

produce high antibody titres when immunized with synthetic 

peptide coupled to tetanus toxoid as a carrier and 

absorbed on to aluminium hydroxide (Zavala and Hollingdale, 

1985). However, there are conflicting reports on the 
. �

presence of T-cell epitope on circumsporozoite protein. 

While it has been suggested by Schofield and Uadia (1990) 

that the response to native (sporozoite as opposed to 

recombinant) CS protein is T-independent, Good and Zevering 

(1990) have strong evidence that CS-specific T-cells can 

facilitate a boosting or secondary antibody response by 

sporozoite specific B-cells. It is therefore believed that 

while the response to sporozoites may be in part T-indepen

dent, a significant part of the response appears to be 

T-dependent (Good and zavering, 1990).

In 1941, Mulligeln and his colleagues in India found 

that killed sporozoites of avian Plasmod1� were highly 

iaununogenic. ln the u.s.A., Heidelberger and hia co-workers 

(1946) attempted to vaccinate man against f• vivax malaria, 

but to no avail. In 1973 however, Clyde end othera (1973) 
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reasonably succeeded in immunizing three human volunteers,

by using many millions off• vivax and f• falciparum

sporozoites obtained from experimentally infected Anopheles

previously exposed to intensive X-ray irradiation (to

attenuate the virulence of the parasite). This was the

first indication that active sporozoite immunization might

be possible. 

The CS synthetic peptide, when injected into

experimental animals induced the formation of specific

antibodies that reacted with live�- falciparum sporozoites

• 

and prevented their invasion of cultured human hepatocytes

(Young e·t &, 1985, Hollingdale s! .!!., 1984). More recent

studies by Burkot et al (1989) have also shown that P.
--

-

falciparum CS protein may be so immunogenic in humans that

a peak immune response can be reached after a limited

number of  exposure. Analysis of Tanzanian sera by Del

Giudice il .!.!., (1987), Indonesian sere by Hoffman�&,

1986; The Gambian sere by Snow� .!1 (1989), and sera from

dwellers of Burkina Paso by �sposlto et al (198B)
--

indigenous 

showed that CS antibodies are correlated with protection.

However, later field studies by Hoffman s! !l (1987) in 

Kenya and other similar studies by Pong s! !.l (1988) and

Webster et al (1988) both 1n Thailand, and Burkot il !.l
--

(1989) in Papua New Guinea, indicated that these antibodies

are not protective after all, Moreover, the half life of 

anti-CS antibody 1& reported to be as long as several yearsUN
IV

ER
SI

TY
 O

F 
IB

AD
AN

 L
IB

RA
RY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



- 92 -

n Africans (Druilhse il Al 1986) and as short as 27 days

n the Thais (Webster � !l 1987). Furthermore , it has been

,uggested that genetic restriction may play a role in the

,bility of certain individuals to mount an antibody response

ln hlfrr,ans (Burket et al 1989 Rosenberg and Wirtz, 1990),
- _, ' 

ss it ·was deconstrated in mice (Del-Giudice et al 1986,
--

Good � !l, 1986). 

Both the prcv lcnce rates and the level of reactivity

to CS protein increase with age and with exposure to

1nfcct�ons (Ho!f�n � !l, 1986; Campbell� _l, 1987;

• 

Ch1::ol1n1 S,!: !l, 1989; Snow� tl 1989; Oeloron and Cot,

.. 

1990). ThUn, in are�s of low endemicity, children seldom

te�t positive again5t CS protein., In Hadang area of Papua

hew Guinea, witn inncxulation rates of between 44 and 293

bites by�- falcipar� sporozo1te-1nfected cosquitoeo per year,

(Burkot ,!!S .!!,, 1988), a ea�i•u:n illll!lune rcoponse was achieved 

in the f1r�t five years of life (Surkot il ,!!., 1989}, 

Soth reeor.oinant and ayntnetlc peptide of CS protein of

f• !alcipa� have been of U' end«iO use aG nntigen• in

scrol09ic as�ayG and appear to have potontJ lo (or det cting

ant1b0dies in pecple living ln area& nd ic tar �&\ ria. 

Th ir use in tnio regard includes:

(1> tnoir use •c an 1ndlcator of tne level of paraalt

tran�£oion (SpOro�oit lni\OCUlatton rate> in a 

..,t. y c:cx:a::nitY (Ca,r;,t:.ell !l !l, t.1811 si� , . UN
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the application in investigating the possible 

relationship between sporozoite antibodies and 

protection against malaria infections (Espisito � !!; 

1988; Snow� al, 1989; Burkot tl .!.!., 1989). 

(111) the measurement of immune responses against CS protein

which has also been employed as a possible indicator

of genetic restriction in immune response against

malaria (Snow� al, 1989; Rosenberg and Wirtz 1990}.

(8) Blood Stage Antigen�

The exoerythrocytic shizogony in the liver is short-lived

in!• falciparum infections. It is followed by the cascade-
• 

like multiplication of the asexual stage in the blood, where

the most abundant anaount of malaria antigens is produced 

(Bruce-Chwatt, 1985). However, to date, none of these 

antigena appearsto be dominant as a target of protective 

immunity again3t malaria, rather, several antigens appear 

to be capable of inducing immune response that limit the 

growth or development of�- falciparum !.!! vitro. Conflicting 

reports have been accumulated regarding the protective 

value of some of these antigens .!!1 vivo. �ike immune 

responses against the circumsporozoite protein, some blood 

stage malaria antigens are believed to be genetic-restricted 

as well (Holineaux and Gramiccia, 1980; Bjorkman tl .!!., 1990). 

Parasite polymorphism may also contribute to immune response 

restriction against malaria (Good.!!.!!., 1988). Considering UN
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possibilities in line with the emergence of chlor� 

resistant strains of!· falciparum, it is likely 

that maximum efficiency will be achieved only with a 

vaccine that combines several of these antigenic 

epitopes (Perlmann _!S !.!., 1989). 

(a) Soluble Malaria Antigens·

Using aqueous extracts prepared from blood, heavily

infected with mature, or nearly mature asexual forms, or 

serum from patients with dense parositaemia, Turner and 

McGregor (1969} identified two groups of blood stage 
• 

antigens which they termed C( and }J antigens. 
. �

Wilson et 

al (1969) extended these studies and classified f• falciparum 

antigens as 'L' (Labile), 'R' (resistant), and 'S' (stable), 

on the basis of their susceptibility to heat. Wilson et al 
--

(1969) also observed that the previously identified OC and 

p were similar to S and L antigens respectively. S-antigens 

were found in the sera of S� of Gambian children with 

severe P. falcioarum malaria by McGregor _!S .!.!.(1968). In 
-

Nigerians, Willia,ns (1971) also found malaria soluble 

antigens (HSSA) in sera, which he described as being similar 

to the S-antigens of Wilson�!.!. (1969). He observed also 

that incidence of HSSA in Nigerian adults varied from 0.5� 

to 6%. 
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S-antigens recovered from the sera of patients 

studied during consecutive parasitaemic episodes were 

frequently of the same serologic specificity when the 

episode occured within one month, but were usually of 

different specificities when the interval was longer 

(McGregor & !!l, 1968). Thes� workers found as well that 

persistence of circulating S-antigens following a malarial 

episode was influenced by a number of factors. In general, 

the higher the titre of S-antibody present at the time of 

treatment, the longer the antigen persisted. The parasi-

taemia density achieved was probably also important, for 
• 

antigen was found to remain detectable for two weeks or 

longer in significantly more patients who presented with 

parasitaemias of more than 200, 000 per mm
3 

than in patients

with lower pacasltaemlas. �urthermore, specific s-antigens 

were found to induce antibody responses in some children 

but not in others, suggesting that factors other than 

immunogenecity of the antigens were involved in the immune 

response. 

Studies by Wilson (1980), and Anders, Brown and Edwards, 

(1983) showed that S-antigens ace antigenically diverse, 

with heterogeneous sizes ranging between relative molecular 

mass (Hr) 120,000 - 250,000, with different and large 

numbers of repeated sequences of amino acids. lmmuno

precipitatlon of s-antlgens from lysates of parasites, 

aetabolically labelled with 3H-glycine showed that the
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antigen is first produced at the beginning of schizogony. 

Labelling intensified as schizonts matured, until the S

antigen is released into the medium, when infected red 

cells rupture (WHO, 1984b). No conclusive evidence 

however has been adduced in support or otherwise of the 

involvement of anti-S-antigen.antibody in protective 

immunity. 

(b} Ring Infected Erythrocyte Surface Antigen (RESA} 

A cell-fixing method for immunofluorescence screening 

led Perlmann. tl & (1984) and Coppel tl al (1984) to 
• 

independently identify a previously undescribed antigen 
. �

on the surface of ring-infected erythrocytes. Monolayers 

of human erythrocytes infected with f• falciparum ring stages 

were fixed with 1S gluteraldehyde and air dried. Sera from 

malarial patients reacted positively in immunofluorescent 

assay (IFA) when tested against erythrocyte membranes of 

the ring stage parasitized cells. Uninfected erythrocytes 

did not react. Gluteraldehyde fixation was found to be 

necessary to prevent accessibility of antibodies to 

intracellular parasite antigens. Air drying of the fixed 

cells was also an absolute requirment to detect the 

reactivity of these antigens. 

Coppel !!,!:_ !!.!. (1985) described the antigen aa red cell 

erythrocyte surface antigen (RLSA) and its molecular weight 
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was determined to be 155,000 daltons (Perlmann � .!.!., 1984; 

Wahlin !l al, 1984; Coppel et al 1984), probably identical 

with the glycophorin binding protein of f. falciparum of 

Mr 155,000, described earlier by Perkins (1984). Perlmann 

et al (1984) and Coppel et & (l984) also reported that 

RESA-Pf155 antigen was formed at the late schizont stage 

and was present on the merozoite surface. During merozoite 

invasion, the antigen is subsequently deposited on the red 

blood cell membrane, where it occupies the apical bilayer, 

hence the reactive epitopes are not fully accessible (on 

• 

• 

the red blood cell menbrane) to the immune system. Moreover, 
. � 

presence of antigen is apparent only in the very early ring 

stage (WHO, 1984b), and immunoflu9resence reactivity is 

malaria species-specific. Thus, f. chabaudi-infected 

erythrocytes containing ring forms, reacted similarly with 

antiserum to this parasite only,but not with antisera to 

P. yoelli or!• vivax (WHO, 1984a).

On further analysis of RESA/Pf155, Favaloro£.!. al (1986) 

observed that the antigen contains two regions of tandemly 

repeated amino acid sequences, one in the carboxy-terminal 

region (3 repeat region>, predominantly consisting of the 

octamer Glu-Clu-Asn-Val-Glu-His-Asp-Ala (££NVEHDA) and the 

related tetr4111er Glu-Glu-Asn-Val (EENV), ond the other at 

middle of the molecule (5' repeat region) consisting of the 

undecamer Asp-Asp-Glu-His-Val-Glu-Pr�Thr-Val-Ala 

(0D£H8££PTVA), and related sequences. A schematic presentation 
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of the antigen units is in Fig. 2.3.

sp ay some immunological crossThe 5' and 3' repeats di 1 

reactivity (Cowman et al, 198S). Thus, both rabbit and

human antibodies to these repeat sequences can equally

inhibit merozoite invasion (Berzins et al 198S).
__ , 

However, the 3' repeats have been found to be more

immunogenic than the 5' repeats (Collins et al 1988).
--

Several immunodominant B-cell epitopes of f.falciparum

RESA/Pf11S are located in the molecular regions containing

these amino acid repeats {Miller il �. 1986). Hore

• 

recently,T-cell epitopes have also been mapped to the same

. 

-

repeat regions on RESA/PflSS by Kabilan et al {1988) and
--

Troye-Bl0C11berg � � (1988). Th�s Pf155/R£SA has been

found to be capable of inducing.!!!. vitro proliferation,

interleukin (lL)-2 release and gamma interferon ( � -IFN)

production in T-celbfrom individuals primed to this

antigen by natural infection {Troye-Blomberg ll tl, 1985).

Although antibodies contribute to immune protection against

malaria, prisning of T-cells is important for the development

and maintenance of immunity (Good and Miller, 1989;

Troye-Blomberg and Perlmann 1988, Weidanz and Long, 1988),

and T-cel 1 derived l, -If'N is believed to be an important 

mediator of cellUl�r effector mechanism (Kabilan � !.l 1990).

consequently, peptides corresponding to the repeat regiona 

of RE�A/PflSS are considered prime candidates tor effectiveUN
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• 

I 

.----5_-
,.,.

rc.;..p_e_o_t _____ ..;3;.' 
.... 
- repeat

• 

402 734 

Ag 632 

EENVEHOA EE V

.. 

871 1073 

Ag 28 

• 

Fig 2 3 Schematic preoentot1on of Pfl55/RESA.

The nmino acid positions of FP 

Af632 and FP Ag28 arc shown. The 

5 repeat block cor.sists o! the

consensus sequence ooEffVEEPTVA

repeated twice ond !ive similar 

sequenceo with one or. two deletions

each. The 3' repeat block ot the 

c terminu.& consists of the sequence

E£NVEHDA repeated 5 times and the 

sequence EENV repeated 29 timeo 

plus eight variants of tho latter.

Adopted from Wahlin ,!! !l (1990). 
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blood stage vaccine against malaria. Investigations by

various workers (Coppel et al, 1984; Berzins et al, 1986) 

have shown that majority of antibodies to Pf155/RESA are 

directed against epitopes within the repeat regions. 

vitro studies have also shown that human antibodies to 

this antigen are extremely efficient in inhibiting f.

falciparum reinvasion (Perlmann et al 1984· Wahlin et al 
- _, , - _,

In 

1984). Rabbit antibodies against a synthetic peptide

representing the repeated sub-unit EENVEHDA of PftSS/RESA

also inhibited.�. falciparum merozoite reinvasion .!!l vitro

efficiently (Anders et & 19JO). Furthermore p-galactosidase 

fusion proteins of DNA clones encoding this antigen 

sequence partially protected Aotus monkeys from f• falciparum 

challenge. Protection in these animals also correlated with 

the presence of antibodies reactive with Pf155/RESA repeat 

sequences, including the octopeptide (Collins� Al, 1986). 

£valuation of the presence of potentially protective anti

Pf155/RESA antibodies in human immune sera, os well as in 

antisera frOrtl experimental animals by means of .!!l vitro 

invasion inhibition assay,have however shown that antibodies 

are often not efficient inhibitors as components in total

immunoglobulln preparations, but become very eff1cien� when 

( P 1 t al 1987) This difference
affinity purified .tr mann .!?.- _ • 

could be due to the presence, 1n the �ro, of both relnvasion 

inhibiting �ntibodies and of antibodies promoting reinvasion. UN
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blood stage vaccine against malaria. Investigations by

various workers (Coppel tl al, 1984; Berzins et al, 1986) 

have shown that majority of tib d • an o ies to Pf155/R£SA are

directed against epitopes within the repeat regions. In 

vitro studies have also shown that human antibodies to

this antigen are extremely efficient in inhibiting f•

falciparum reinvasion (Perlmann et al 1984· Wahlin et al - _, ' - _,

1984). Rabbit antibodies against a synthetic peptide 

representing the repeated sub-unit ££NV£HDA of Pf155/R£SA 

also inhibited_f. falciparum merozoite reinvasion in vitro 

efficiently (Anders et al 19?0). Furthermore p--galactosidase 

fusion proteins of DNA clones encoding this antigen 

sequence partially protected Aotus monkeys from f• falciparum 

challenge. Protection in these animals also correlated with 

the presence of antibodies reactive with Pf155/R£SA repeat 

sequences, including the octopeptide (Collins ,tl tl, 1986). 

£valuation of the presence of potentially protective anti

Pf155/RESA antibodies in human immune sera, as well as in 

antisera from experimental animals by means of .!!l vitro 

invasion inhibition assay,have however shown that antibodies 

are often not efficient inhibitors os components 
in total 

immunoqlobulin preparations, but become very efficient when 

affinity purified (Perlmann � 1!! 1987). This difference

could be due to the presence, in the sera, of both reinvasion 

inhibiting antibodies and of antibodies promoting reinvasion. UN
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The existence of this lattAr type� of antibodies were 

recently demonstrated by using monoclonocal antibodies 

to an asparagine rich protein (Ag 106) of f. falciparum. 

Antibodies to certain epitopcs efficiently inhibited mero

zoite reinvasion, whereas antibodies to other epitopcs in 

the same antigen were very efliclcnt promoters of reinvasion 

(franzen tl al, 1989). More recently, Wahlin � .!.!., (1990) 

observed thot these merozoite invasion inhibition 

antibodieo were anti-ldiotypic. Whether or not parasite 

polymorphism or individual immune response restriction 
• 

contribute to the production of these merozoite invasion 
. �

inhibition antibodies has not been elucidated. 

In children living in malaria endemic areas of Africa, 

a correlation was found between high levels of antibodies 

to Pf155/RESA and acquired immunity to f• falciparum 

(Wahlgren il al 1985; 1986b). Many other workers also 

agreed that anti-Pf155/RESA antibodies have some protective 

value against f• falciporum infections (Chizziloni et & 

1989; Collins et al, 1988; Perlmann tl .!l, 1989).
--

However, studies by a few other workers do not corroborate 

these views (Dcloron .tl Al, 1987; Marsh tl &, 1989). 

In 8 longitudinal consecutive determination of serorcactivi-

and to its repetitive amino acid ties of Pf155/RESA antigen 

a holoendemic area of Liberia, sequence in adult men from 

i as suggested as responsible for
genetic restrict on w UN
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lndividual variation 1 im n mune responses against the
antigens (Bjorkman�&, 1990). Genetic regulation of

Pf15S/RESA epitope-specific host responses has also been 

noted by Perlmann il il,(1989) and Petersen & il, (1990} 

during longitudinal studies of individuals living in malaria 

endemic African villages . Whil..e t d i  ib s u y ng ant ody responses 

against Pf155/RESA derived peptides in monozygotic twins, 

Troye-Blomberg � & (1990)noticed that these antibodies 

and some of the T-cell responses could be paired within the 

twin pairs, i�dicating a genetic regulation of the B-cell 

responses. These patterns of immune responses against RESA/ 
. .. 

Pf155 and its peptides are suggested to be due to differences 

in MHC and/or allotype restriction (Perlmann et .tl, 1989, 

Troye-Blomberg � &, 1990). 

Parasite polymorphism mny also contribute to imriune response 

restriction (Good et al, 1988), although the immunodominant 
--

repetitive region of Pf155/RESA are invariant in different 

f. falciparum strains, frOffl various geographical locations

so far studied (Pavaloro !:!! !!l, 1986; Perlmann ll .tl, 1987; 

1989). Results of preliminary serological studies of 

indications of dntigenic diversity Pf1S5 have also given no 

(Perlmenn et al 1984). 
--

The invariant 

makes this protein 

nature of Pfl55/R£SA antigen therefore

and its immunodOf!linant repetitive peptides,

blood stage vaccine candidate an important prospective 

Perlmann �t al, 1987). 
--
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4oreover, to circumvent some of the problems specifically
sssociated with Pf155/RESA sub-unit vaccines, particularly

the possible genetic restriction of the host's immune 

responses, these vaccines may still need to be made poly

valent by the inclusion of several parasite antigens 

(Perlmann il _al 1989) or by use of appropriate adjuvants 

(Bruce-Chwatt, 1987). 

(C) Other Blood Stage Antigens:

(1) High molecular weight schizont surface glyco-protein

KOa 185 - 220):
•

This group of blood stage antigens are proteolytically
. � 

processed at about the time of schizont rupture to generate 

the majority of antigens detected on the surface of 

merozoites (Perrin and Dayal, 1982; Holder and Freeman 1982; 

WHO, 1989). These antigens have been variously referred to 

as precursor of merozoite membrane antigen (PMMA), Pf 195, 

P 190,gp 185, and merozoite surface antigen (Mso - 1, 

HS� - 2) (WHO 1988). Of theae, the Pf 195, known in some 

laboratories as P190 (Hall et al, 1984) is the most 

extensively studied. Although amino acid repeat sequences 

t in this molecule, many other parts of the are presen 

structure are also antigenic, so that the repeat portions

do not seem to be immunodominant (Ridley, 1988).

Considerable antigenic diversity exists in this molecule

•trains off• falciparu� (WHO, 1989), and
among different u 

h Priority 11st aa a vaccine
it 1s therefore not on t e 
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candidate protein.

(ii) Knob-associated antigens:
Erythrocytes infected i w th f. falciparum also acquire

the functional property of cytoadherence to endothelial 

cells, as the parasite develops from the ring to the 

trophozolte stage. Asexual f; falciparum parasite forms 

are detected in peripheral blood smears only as immature 

ring stages. Trophozolte- and schizont-infected erythro

cytes are sequestered in deep tissues by specific 

attachment to endothelial cells lining the venules and 
• 

capillaries (Luse and Miller, 1971). These mature parasi-
. .. 

tized cells may block flow in such organs as the brain and 

so give rise to the classical neurological symptoms 

of cerebral malaria. This cytoadherence phenomenon, 

between the surfaces of P. falciparum-infected erythrocytes 
-

and capillary endothelial cells, is mediated by knob-like 

protrusions of the erythrocyte membrane (Luse and Hiller, 

1971; 

lying 

Trager, Rudzinska and Bradbury, 

cytoskeleton (�ecc tl .!!.!. 1984). 

1969) and the under-

Laboratory-derived 

(K-) of P. falciparum do not attach toknobless variants _ -

in Vivo (that is, mBture K- parasite endothelial cells_.;.:.� 

infected cells appear in peripheral blood), (Barnwell,

984) The K- parasites also do notHoward and Hiller, 1 • 

endothelial cells or melanoma cells attach in vitro to 

) hich have been used as targets in a (Udeinyo .£1 !!l 1983 , w UN
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model of this cytoadherence phenomenon. Expression ofknobs on the erythrocyte membrane can be linked directly to enhanced parasite survival since K- parasites are muchless virulent in Aotus monkeys than knob-bearing (K�)parasites from the same isolates (Barnwell, Howard andHiller, 1984). It has been suggested that throughexpression of knobs and cytoadherence, mature P. falcioarum-parasites avoid passages through the spleen, thereby avoiding exposure to localized specific and non-specificmechanisms t�at would remove the altered erythrocytes• 
(David� il, 1983). 

.. A maldrial protein of about KDa 300 1 expressed on thesurface of.!::_ falc1parum-1nfected erythrocytes has been
identified as the likely cytoadherence moiety, on the basisof three properties. These arc that:
(1) the capacity of antisera to block or reverse cyto
adherence 1n vitro matches the capacity of the sera to
react with this protein at the surface of infected cells
(Leech et al, 1984).--

(11) the protein molecule itself is exquisitely sensitive
to trypsic cleavage at the cell surface, parallel with the
lo�s of cytoadhecence seen with trypsin-treated infected
cells (Leech et al, 1984).--

(111) K- parasite variants which do not cytoadhece also
do not expres� this protein

Shen.tOOd and Howard, 1984).

at the cell surface (AleyUN
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Ikpatt � � (1990) noted that cerebral malariacases in Calabar seem to have increased with the emergenc e  of CRPf in the area.

A similar observation has also b een reported from Thailand by Miller (1989).

of�- falciparum are predominantly knob-associated, or express knob-protein variants with greater capacity for
adherence is yet to be elucidated. Based on studies
conducted on£.. flaciparum from many geographical areas,

Whether or not these emerging strains

the putative- cytoadherence protein has however been found

-

• 

not to be invariant (Leech, Barnwell and Miller, 1984; 

Udeinya & & 1983; Marsh and Howard 1986), and this would 

invalidate its potentials as a prospective vaccine 

candidate. However, an antigenically invariant epitope was 

identified on the surfaces of infected erythrocyte isolates 

from Gambian patients (Marsh and Howard,1986). This 

conserved epitope, once identified, may be an important 

antigen for use in vaccines. The identification by 

&arnwell and Ockhenhous (1985) and Roberta il &, (1985) 

of ligands for cytoadhecence may assist in the purification 

of the cytoadherence molecules and the particular domain 

involved in its function. 

(C) Gamete Antigens:

Target 

malaria were 

antigens of transmission-blocking immunity in 

first identified in the avian parasite, UN
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using monoclonal antibodies which 

reacted with surface t i pro e ns of extracellular gametes

of the parasite (Kaushal�&, 1983). Those of the 

human parasite f. falcioarum were identified shortly 

afterwards by  Rener £l & (1983) and later on by 

Vermeulen et al (1985). 
--

•

It is believed that the immune response elicited against 

these antigens will limit transmission of infection by 

suppressing the development of sexual and sporongenic 

stages (WHO, 1990). The rationale for transmission-blocking 
• 

vaccine development rests on the expectation that such 

vaccine will reduce malaria transmission levels, at least 

under certain epidemiological conditions and if used in 

combination with sporozoite or asexual blood-stage vaccines, 

will prevent the propagation of any vaccine-resistant 

mutant parasite (WHO, 1990). 

2.6.7. Antigenic Variation in!• falciparum: 

Antigenic variation is a procesa by which an infected 

organisM gains a selective advantage by changing its 

antigenic profile, thus avoiding elimination by

immune system (Homel, Davis and Oligino, 1983).

the host 

Antigenic 

variation in malaria explains why irmiunity against the 

disease is hardly sterile. 

antigenic variation has been demonstrated Repeated 

in the �imian malaria parasite�- knowleai, by Brown and

B n et al (1968). Voller and Rossan Bro�n (1965) and by row - -
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(1969) confirmed the existence Of antigenic variation

evidence of such variation

in f. knowlest when they found
in another monkey malaria, f. fYnomolgi bastianelli. Furthermore, antibody resistant parasite populations havebeen isolated from d 
tl al {1986). 

a ro ent malaria f. berghei, by Briggs
• 

In human malaria however, the first indications of
the existence of antigenic variation were the findings by
Wilson tl !.!. (1969) and McGregor and Wilson (1971), of
several different S-antigens of f. falciparum. More

• antigenic differences in f. falciparum isolates were also
demonstrated by  McBride, Walllker and Morgan (1982). 

Other bases of E· falciparUJ11 variability have been 

indicated by protein variants (�enton, Walker and Walliker, 

1985) , enzyme variants {Sanderson, Walliker and Millez, 

1981) differences in response to drugs (Peters, 1982), as 

well as by  the sequencing of many genes (Kempt� il, 1986) . 

These parameters may likely co-exist in a variant strain of 

the parasite, since, for example, a drug-resistant strain 

may manifest with specific protein chon9es (Creasy �t �.

1990). 

Antigenic variation of�- fnlciparum may atfect 

either the epitope, changing the specificity of an im�une 

Or the HHC-binding region thus changing the response, 

t any response at all. Knowledge of the potential to genera e 

populations ot malaria parasites antigenic diversity among 
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1nd of the extent and nature Of this diversity, within s parasite specie b s, ecomes increasingly relevant, asnalaria control measures become more sophisticated and more selectively targeted t d owar s the molecular componentsof the causative parasites. There is evidence thatsome variants of these characters occur at different
geographical areas (Walliker, 1985). In an elaborate
study of genetic diversity of f. falciparum from Thailand,
Zimbabwe and brazil, Creasy il !.!., (1990) used 20 variant
markers to demonstrate that there exist geographical

• 

variations in the frequencies with which many variants
� occur. These authors recommended studies to determine the

extent o f  these variations which �ccur in small communities,
and to determine whether or not such changes occur over a
given period of time (e.g. from the start to the end of a
transmission season or from one year to another). They
postulated that such geographical variations involving

antigenic components of a parasite species would affect

the state of immune response in ditfcrcnt populations.

In 

by sera 

a study of!!! vitro growth inhibition of£. falcioarum

from different regions of the Philippines, Sy il !l
t1990) observed that sera from most areas exhibited greater 

gro�th inhibition of homoloqous than heterologous strains. 

They suggested that although geographically quite close, 

11 exhibited some lmmunologicftl differences. the parasites stl UN
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Both the knowledge of the extent of antigenic 
rariation and of the probable associated immune response
1ariation, in different l i ma ar a endemic populations, will
�e of immense relevance in immune intervention in malariacontrol. 

2.6.8. El.ISA for antibody against total blood stageantigen of f. falciparum

Antibodies against f. falciparum are not fully 

protective against the disease, partly due to the fact that 

the specific antigens are intracellular (Greenwood and 

Whittle {1981-} .. Acetone treatment of blood stage infected 

red blOQd cells renders most,.of these antigens accessible 

to  in vitro antibody binding. Since some of these antigens 

may also not be exposed by acetone fixation, lt is likely 

that IPA may not estimate the total malaria antibody. 

Sonicates of blood stage-infected human red blood cells, 

coated on to ELISA plates have therefore been used as 

antigens in evaluating total blood stage antibodies 

(Wahlgren�&, 1986b; March.!!_ & 1989). These workers 

showed thot there was no positive correlation between total 

blood dntibody titres by ELISA and 

antibody titres determined by lfA. 

the blood stage
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CHAPTER 3 
EVALUATION OF CHLOROQUINE SENSITIVITY OFFALClPARUM IN CALABAR AND IBADAN

3.1 INTRODUCTION 

PLASMODIUM 

Drug resistance is probably one of the best studied 

characteristics of intraspecies diversity in malaria 

parasite (\,tHO, 1987b). Accurate and reasonably simple test 

systems are available for use in evaluating chloroquine 

sensitivity of malaria parasites, thereby making it possible 

to monitor, with some accuracy, the geographical spread and 

distribution of drug resistance. Monitoring of chloroquine 

sensitivity of�- falciparum. in areas where malaria is endemic 

is therefore considered a necessary prerequisite for 

appropriate control measures, (WHO, 1987b). 

Although the emergence of chloroquine resistant�

falciparum {CRPf) in the South Eastern States of Nigeria had 

been speculated for a long time, no in vitro chloroquine 

response studies had been carried out in order to confirm 

coae� of drug treatment failures reported from these areas. 

The study reported here was therefore undertaken to establish

for the first time, the prevalence level of CRPf malaria in 

a South Eastern state population, using the "H.H.0.11

approved in vitro method. 
cala.bar was chosen because of its 

nearness to the Republic of Cameroun, one of the African

CRPf malaria was initially reported
countrie� from where

(Sansonetti .tl �. 1985 >•UN
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The study was also designed to compare by in 
-

method, the current prevalence level of CRPf 

vitro

malaria
between Calabar and Ibadan a town in s. w. Nigeria, where
there had been little or no reported incidences of CRPf

malaria. This t d s u Y was also envisaged to serve as a

prerequisite to the assessment of the nature of humeral 

immune responses that may be elicited against the emerging 

Nigerian strain(s)ofCRPf in the two Nigerian localities 

investigated. 

3.2 Materials and Methods 
• 

3.2.1. Study Area:

The study was conducted in two different 

geographical locations in Nigeri� Calabar and Ibadan. 

Calabar and Ibadan are located at 4.SN, 8.22E and 7.23N, 

3.56E respectively, and both cities experience identical 

climatic conditions. The rainy season starts from April/ 

May and ends in October, while the dry season spans 

between November and April. The two areas are also holo

endemic for malaria transmission, with�. falciparum 

contributing 90 - 95% of malaria caae� (Ekanem sl &, 1990). 

3.2.2. Patients and control sub1ects: 

Patients selected for both.!.!?. vivo and.!.!?. vitro 

studies satisfied the following conditions:-

(1) No history of taking antimalarials within the previous

14 days and this was verified by the D111 Glazko ur.ine test 

(Lilljveld and Kortinann 1979). UN
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(11) Pure�. falciparum 1 f _ n ections with parasite density
� 500 per ul.

(111) Subjects selected f 1or _n, vivo study as well, were 
confirmed not too sick to take oral medication.

Civ) All patients were assessed by clinical examination,
carried out by a consultant physician.
Ci) Screening of patients 

Children aged between S months and 12 years,(meon •

4.9 z 3.8 years) who reported with fever at the children's

emergency unit of the University of Calabar Teaching 

Hospital, between August and October, 1989, were screened 
. .. 

for parasitaemia. Those with adequate parasite counts 

were further screened to ensure that they satisfied other 
• 

criteria listed above. In vitro studies were carried out 
-

on the isolates of all the patients recruited, while.!!!, 

vivo studies were simultaneously carried out on some of them.

In Ibadan, recruitment of subjects was undertaken

between August and October, 1990. Blood was collected from

children,Cmeon age • 6.5 � 5.1 years) who were identified

suitable �or enrolment by clinicians. This was done in the

out-patient clinic, children's emergency clinic and the

clinical pharmacology unit of the University College

Only _in vitro studies were carried out
Hospital, Ibadan. 

on isolates from patients enrolled at Ibadan •
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(11) Scc-eening foe- control sublects
Control subjects wec-e it d recru e from apAarentlyhealthy children appearing for elective, day-care suc-geries due to anatomical disorders e.g. hernias. Such children were screened for malaria parasitaemla, and those found tobe parasite-free were enrolled for the study. The age ranges of the controls were 6 months - 13 years,<mean •

5.1 ;t 3.9 years>in Calabar, and 6 months - 13 years,
(mean = 6.3 ;t S.O years)in Ibadan.
3.2.3. Examination of Blood Slides

• 

Giemsa-stained thick blood films were examined.. 

by oil-immersion microscopy. As the fields were examined, 

white blood cells (wbc) and asexual parasites were counted 

using two hand tally counters. Counting was stopped when 

SOO parasites or 1,000 leucocytes had been counted, which

ever figure appeared first. The parasite density was then 

calculated as: 

number of parasites counted 
number of leucocytes counted X 6,000, parasites per mm3

of blood. 

6,000 wbc was taken as the number repc-esenting the normal 

white cell count within the present study population 

(Ekanem et al, 1990). --

d blood films were examined by oilLeishl'l'an-staine 

immersion microscopy to determine the parasite species. 

3.2.4. Dill Gldzko Urine Test 

To ascec-tain that subjects enrolled into the UN
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study had not taken 4-aminoquinolines within the previous
14 days, Dill-Glazko urine t t es was performed on each
subject's urine sample, prior to enrolment. The test was
performed as described by Lelijveld and Kortmann (1970).
3.2.S. Chloroguine Response Evaluation

Cl) !D. vivo study •

The extended 14-day World Health Organisation �ield 

Test {WHO, 1973; Lemnge and lnambao, 1988) was used to 

determine the in vivo response of P. falciparum to chloroquine. 

The i!2 vivo stu�y was carried out only in Calabar. Children 

enrolled into the study had parasitaemia � SOO per mm
3 

and
... 

were not too sick to take oral medication. Each child was 

weighed and given 25 mg of chloroqoine base (as chloroquine 

sulphate) per kg body weight, over three days as follows: 

10mg/kg body weight on day O (DO), 10mg/kg body weight on 

day 1 (D1) and Smg/kg body weight on day 2 (02). The drug 

was given orally by a physician in the clinic, and any 

child who vomltted within 30 minutes of therapy was excluded

from the in vivo study. All enrolled patients were
-

hospitalized for at least 4 days and on dischorge were

followed up by h0111e visits. Thick blood films and axillary

temporaturc readings were also taken on D2, 07 and D14. 

Were Stained by Giemsa and parasite densities Blood films 

lb d in section 2.3 (above). were evaluated as descr e 
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Interpretation of ill Vivo results
The interpretation of in vivo

-�� results was based on 
the WHO recommendation of 1984 (WHO, 19B�a) which states
as follows: 

i. 
If no asexual parasites are found by 07 of therapy the 

infection is either sensitive or resistant (R} at the R1 

level. Failure of parasite to reappear by D14 is considered 

a complete cure (sensitive to chloroquine). 

ii. Disappearance of asexual parasite on D2, but

reappearance by 07 is also classified as R1 level of

resistance.

iii. Reduction of asexual parasitaemia to 25� or less

(without clearance} on D2 indicates RII level of resistance. 

iv. Reduction of asexual parasitaemia by less than 75� or

an increase on the original count by D2 indicates an RIII
•

level of resistance.

The final judgement however took into consideration 
• 

the clinical state of the patient. This was assessed by a

consultant phy$ician. 

(11} In vitro study 
-

WHO Microteat Kita 

These kits were �aed for the in vitro assessment of the 

t hloroquine E�ch kit contained P f•lciparum o c • u response of_ • .!-!��=�-==-

the following: 

-

-

Plate (12 x B wells) predosed with A tissue culture 

•ufficient to run twelv� tosta.chloroquine, and ., 

Pipette, 50 ul dispenser
Eppendorf 
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Sterile RPMI 1640 powder - medium, in 125mg sachets
Sterile HEPES, 7.a in 20mls aliquots
Sterile NaHco

3 solution, 2.4% in 20mls aliquots
Plexivial, containing sterile double distilled water,
in 10ml aliquots.

Miillipore filter, 0.22 um pore size and 25mm diamter 

15ml Falcon tubes with screw caps 

6ml Falcom tubes with press cap 

20ml sterile disposable syringes 

1ml sterile disposable tuberculin syringes 

1;," x 20" sterile gauge needles 

Frosted edged microscopic slides 

Scape! blade with holder 

Steel forceps 

Aluminium foil Croll of 30m x 30cm). 

100 ul .sterile, hcpari_n-treated capillary tubes

1ml sterile graduatPd pipettes 

Plastic covered wire anc:1 

Non-sterile untreated 50 

racks 

ul capillary tubes 

Mouth piece for capillary tube 

Glass writing (diamond) pencil 
• 

Pure paraffin candie 

the use of the micro-test kit Instruction booklet for

t cultured P. falciparum. 
Photograph of pre- and pos - -UN
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the 

The RPMI 1640 medium, 

chloroquine pre-dosed
4

°
c i 

HEPES and NaHco
3 

solutions and 

microtitre plates were kept at 
n a refrigerator until needed for use.

For in vitro chloroquine response test, RPMI 1640 medium,
HEPES and NaHC0

3 were reconstituted as directed by WHO (1982).
The test was performed using the technique of Rieckman et al

<1979>, as follows: 10ul of patient's blood was obtained 
--

through a finger prick and dispensed into 0.9ml culture 

medium in each of the 6ml Falcon tubes. Each tube was closed 

with a plastic stopper and gently agitated to suspend the 

red blood cells. The blood-medium fflixture was then left at 

room temperature for 2 - 3 hours. 

The 96 - multi well, chloroquine predosed plates were 

removed from the refrigerator and allowed to equilibrate at 

room temperature. Each plate contained 8 rows of wells, 
• 

labelled A - H and each row had 12 wells designed for 12 

tests. \I/ells 'A' served AG controls and contained no 

chloroquine; wells B - H contained varying doses Cpmole) of 

chloroquine as follo·.., .. : 1,2,4,5.7,8,16,32. SOul of a &ample/ 

medium mixture was applied to each well on the assigned row 

(A-H) using an Eppen or P d f ipette A fresh pipette tit was

.. of each sample • Afterthe application used for • 

sample applica�ion, the lid was placed on the micro-

titre plate and the plate gently shaken for a few

the drug deposited in the wells wereseconds to ensure that

d The plates were then incubated completely dis�olve • 

d of Trager and Jensen (1976) for according to the metho 

UN
IV

ER
SI

TY
 O

F 
IB

AD
AN

 L
IB

RA
RY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



118 

The RPl-,I 1640 medium HE , PES and NaHco3 solutions and

the chloroquine pre-dosed microtitre plates were kept at 

4°C i n a refrigerator until needed for use. 

For in vitro chloroquine response test, RPMI 1640 medium, 

HEPE;S and NaHco3 were reconstituted as directed by \•/HO (1982).

The test was performed using the technique of Rieckman et al 
--

<1970>, as follows: 10ul of patient's blood was obtained 

through a finger prick and dispensed into 0.9ml culture 

medium in each of the 6ml �alcon tubes. Each tube was closed 

with a plastic stopper and gently agitated to suspend the 

red blood cells. The blood-medium--mixture was then left at 

room temperature for 2 - 3 hours. 

The 96 - multi well, chloroquine predosed plates were 

removed from the refrigerator and allo·,1ed to equilibrate at 

room temperature. Each plate contained 8 rows of wells, 
, 

labelled A - H and each row had 12 wells designed for 12

tests. Wells 'A' served aG controls and contained no

chloroquine; wells B - H
0

contained varying doses Cpmole) of

2 4 5 7 8 16 32 soul of a sample/ 
chloroquine as follows: 1, , , • , • , •

Waa applied to each well on the assigned row
medium mixture ., 

(A-H) using an Eppendorf pipette. A fresh pipette tit was 

After 
used for the applic�tion of each sample.

• 

the micro

a few sample applica�ion, the lid was placed on

for 

titre plate and
gently shaken 

the plate 

the drug deposited in the wells were

seconds to ensure that

The plates were then incubated

completely 
of Trager and Jensen (1976) tor

according to the meth0d

dissolved,
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The RPMI 1640 medium HEP , ES and NaHco3 solutions and
the chloroquine pre-dosed microtitre plates were kept at
4

°
c i f n a re rigerator until needed for use.

for in vitro chloroquine response test, RPMI 1640 medium,
HEPE;S and NaHco3 were reconstituted as directed by WHO (1982).
The test was performed using the technique of Rieckman et al--

(1978), as follows: 10ul of patient's blood was obtained 

through a finger prick and dispensed into 0.9ml culture 

medium in each of the 6ml falcon tubes. Each tube was closed 

with a plastic stopper and gently agitated to suspend the 

red blood cells. The blood-medium,-mixture was then left at 

room temperature for 2 - 3 hours. 

The 96 - multi well, chloroquine predosed plates were 

removed from the refrigerator and alla�ed to equilibrate at 

room temperature. Each plate contained 8 cows of wells, 
• 

labelled A - H and each row had 12 wells designed for 12 

tests. Wells 'A' served a& controls and contained no 

chloroquine; wells B - H
0

contained varying doses (pmole) of 

chloroquine as folla�s: 1,2,4,S.7,8,16,32. SOul of a sample/ 

medium mixture was applied to each well on the assigned row 

f 1 ette A fresh pipette tit was(A-H) using an Eppendor PP 

.. of each sample. Aftec-used for the application • 

application, the lid was placed on the micro-sample 

the plato gently shaken for c few
titre plate and 

the drug deposited in the wells were seconds to ensure that 

The plates were then incubated completely dissolved. 

d of Trager and Jensen (1976) for according to the metho 
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24 - 28 hours. 

After 24 hours, some erythrocytes were taken from 

a control well and a thick blood film made. This was

rapidly dried by a hot air blower and stained with 10% 

Giemsa for S minutes. If on microscopic examination of 

the smear it was found that 10� or more of the a�exual 

parasites <trophozoites) had become schizonts,with at least 

3 nuclei, incubation was stopped, other-wise examination was 

repeated at 26 and finally at 28 hours. 

At the end of the incubation period, as much of the 

supernatant fluid as possible was removed using a sterile 

Pasteur pipette, and a thick blood film was made frOffl the 

contents of each well, air-dried and stained with Giemsa. 

The number of schizonts with 3 or more nuclei in each well 

was counted against 200 asexual parasites. A successful test 

was taken as one with 20 or more schizonts in the control 

well, regarded as 100% maturation. The degree of schizont 
• 

maturation inhibition was expressed as a percentage using 

the following formula:-

100 -
Schizont count at a given 
chloroquine concentration 

• 
Schizont count in 

100the control well x 

• 

Minimum inhibitory concentration (MIC) was defined as the 

lowest concentration of the drug at which no schlzonts were 

f schizonts in ), S.7 pmole/well,
observed. The presence o � 

lo-
6 M/L of blood was considered toequivalent to t.14 x 

re,.istance (Timmerman il !!, 1982). indicate chloroquine -
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The quantitative regression analysis method of evaluation
(Wernsdorfer, 1983) was also used to analyse the results.

This meth0d ls more precise and provides the basic para

meters of: 
• 

(al inhibition at (Probit) concentration 

(b) the slope b of the regression

Cc) variance of the slope 

(d) effective concentration at any chosen level.

Other guidelines used in the interpretation of the .!.o vitro

results are:

(a) isolates with an EC 99 (effective drug concentration

at which 9� of parasite growth is inhibited) below

1 0 10-6 M • X were considered fully sensitive to chloroquine

(Grab and Wernsdorfer, 1983).

-6 (b) isolates showing an EC 99 of 1.0 x 10 M or more were

considered to be chloroquine resistant (Grab and Werns-

dorfer, 1983). • 

1 th Sensivity of isolates from the same Changes n e 

geographical areas could be visualized. A move of the 

the -ight or a flattening of the regressionregression to � 

ls indicative of diminishing drug sensitivity • 
• 

3.3 Results • 

3.3.1. Scrennlng in Calabar

A total of 806 children who reported at the

children's emergency unit with fever were screened forUN
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parasitaemia. Th ree hundred and sixty-four (45.1%) of

them were slide positive. Thirty-three (8.8%) of the

positive cases (aged between 5 months and 12 years, 

mean • 4.9 .!. 3.8 years) fulfill-A the �--... enrolment criteria

for the in vivo study. Th 1 e...!!. vivo study was performed

simultaneously with the in vitro tests of h t e corresponding

parosite isolates. 

A total of 62 children including those selected for 

� vivo/in vitro study, were selected for the overall 

in vitro study in Calabar. These included 28 females and 

34 males. 

3.3.2. Screening in Ibadan 

Only the in vitro study was conducted in Ibadan. 

Screening of patients in this area, was performed in the

Clinical Pharmacology Department, Out-Patient Department 

and the Children's Ward of the University College Hospital, 

Ibadan by physicians, aqd suitable subjects for the 

enrolment into the study were bled for!!! vitro tests. 

A total of 40 children, 19 females and 21 males, wer.e

enrolled for the 1!l vitro study at Ibadan.

3.3.3. Simultaneous.!.!! vivo/!!! vitro chloroquine

Response Stud� 

Twenty-eight (84.8%) of the 33 children con,plcted

the study. 

was cleared 

through the 

In 13 (46.6%), of them (table 3.1) parasitaemia

and the patients remained free of parasites

14-day observation period. They were thus
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FIG. 3.1 MEAN AXILLARY TEMPERATURES Vs .lli. VIVO CHLOROQUINE
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TABLE J.l 

A sw:mary of in vitro ond in vivo chloro�uinc responses 
- ---

of!. - f1lcip1rua in Calabor 

-----------------······-------------------···················-----------------------------------�
. .  

ASSESSMENT 
METHOD 

-

TOTAL :SU>IBER 
STUDIED ,.. 

SIJ.\IBER SUCCESSFUL 
(I) 

NUHBER SENSITIVE

TO,CHLOROQUISE 
(\) 

NUMBER RESISTA.,'T 

OiLOROQUII\E (I) 

---------··········------------·------- ---------------------

I ------------------� -------------------

In vl\•o 
-- ----

Tn \•itro 
·- -----

ll 

ll 

-

28 (84.8) 

2
.
7 (81. 8} 

ll ('46.�) 

11 (40.i) 

1S (SJ. 6) 

16 (S9.J) 

-----------------------------------------------------------------------
-------·-······-------------

UN
IV

ER
SI

TY
 O

F 
IB

AD
AN

 L
IB

RA
RY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



- 123 -

TABLE l.l 

A sw:m1ry of 1n vitro and In vivo chloroquino responses 

of!.· falciparum in Colabar 

'I ........................................... .._. -. -------.. ----- .. - .. -. ----------.. -----.. -: .. -.. --.... ----. --. -----......... 

-

ASSESSMENT 
'IETIIOO 

• 
TOTAL NIL\IBER 

STUDIED ff 

NUNBER SUCCESSFUL 
(\) 

NUMBER SENSITl\'E 
TO OILOROQUlh'E 

h'IJMBE� llflSISTM'T 
OILOROQUINI! (\) 

(\) 
------------------......................................................................... ____________ � ......................... .

!lJ Y!!:'«!

lh r! !!2 

Jl 

33 

28 (84.8) 

27 (81.8) 

ll (A6",4) 

11 (i0.7) 

15 (53.6) 

16 (S9.3) 

---------...........................................................
....................

.

........................................ ... 

.. 
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classified as showing chloroquine sensitive response3
In  15 (53.6%) of the Children, either

the DO parasite load was not reduced by at least 75% on

(complete cure}. 

D2 or there was a resurgence of parasites on D7 and/or

D14. These were regarded as 

Their chloroquine resistance 

parasitological failures. 

levels were as follows:-

RI (S cases), RII (6 ) cases and RIII (4 cases). Their 

clinical responses were good except in the RII group, 

where the D2 mean te t mpera ure rose above the DO mean tempe-

rature. The mean temperature of the RII group also rose 
• 

considerably on D14 (Fig. 3.1) • 
• 

The pattern of !!l vitro sensitivity of�- falciparum 

to chloroquine is shown in Tables 3.1 & 3.2. Twenty-seven

(81.7,;) of the 33 cultures were successful. Eleven (40.7,;)

of the isolates �ere sensitive at chloroquine concentrations

� 5.7 (pmol per well). On the other hand, 16 (59.3%) of

the isolates showed schizont maturation in chloroquine

concentrations of more than 5.7 pmol per well: (6 isolates

at 8 pmol/Well; 5 at 16 pmol/well and 5 at� 32 pmol/well),

and wee� regarded as !!l vitro resistance caocs (Tables J.3).

The cumulative EC 99  (Effective concentration at which 9�

of the parasite growth was inhibited) of the isolates was

4.6 x 10-6 M per litre of blood (23 pmol per well) (Fig.3.2).

'l'-elve (80,:.) isolates frOtn the 15 .!!! vivo resistance 

canes were also resistant .!.!l vitro. All the isolates fr<XQUN
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1 25 

cases showing high grade in vivo
- ....;;;..;.::; 

RIII) showed.!.!!. vitro resistance
well. 

resistance (RII and 

with MIC � 8 pmol per 

Two isolates f 

to chloroquine 

in vitro. 

rom the 13 patients showing

were however resistant to

of these isolates matured

full responses 

the drug 

-

One 

concentr-ation 

per well. 

at chloroquine 

of� 32 pmol/well and the other at 8 pmol 

Six.!.!!. vitro cultures were not successful: one of 

the isolates.was taken from an RIII response subject, 3

from subjects who exhibited full response to chloroquine 

in vlvo 
-

� and 2 were obtained from children who did not 

complete the!.!! vivo study. Isolates of 3 successful in 

vitro cultures were also from subjects who defaulted in 

the in vivo study. 

The mean temperature values of subjects whose isolates

showed in vitro chloroquine sensitivity was lower than in
-

subjects whose isolates showed chloroquine resistance

responses, but the difference was not statistically signi

ficant. The corresponding geometric mean parasite densities

in the two groups of infected patients were 30,150 per mm3

and 8,009 mm3 respectively, (Table 3.3) and the difference

was statistically significant Ct • 2.98, P < 0.01).

Similarly, the mean temperature value of patients who

responded to chloroquine therapy C.!!! v1vo) was lower, but

l than the mean value in patients who
not signlflcanL Y, 
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T/\OLE 3.2 

r�ttcrn of tll- Ut.J:S2. responses of isolates (n•33) of P. falciparum to
chloro�uln� (CaJubar) 

-

--------------------------------------------------7 ------------------------------

CIII.CIROQUI�l; RESPONSE

(MIC - paol/wcll)
NUMBER OF l SOLi\TES 

(\ OF SUCCESSFUL ISOLATES) 
----------------------------------------------------------------------------------

NS 

5. ( 1)

S • · ( 2)

s ( I) 

s ls.-) 

R ( q) 

R (16) 

R ,�z) 

R (>1'.') • 

6 

0 

6(22.2) 

5(18.5) 

6(22.Z) 

5(18.5) 

1(3.7) 

4(14.8) 
---------------------------------------------------------------------------------

i11c • JlinimL1m inl1ibitory concentration

N/S • Culture not successful

s = Sensitive to chloroquine in vitro
-

R = Resistant to chloroq11inc in vitro
-
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TABLE 3.3 

Clinical (tcap.) and parositolo2ic (�PD) responses of subjects Crrm Calabar 
infected with chloroquine resistont and chloroquine sensitive_! £alcipaTU11: 
coap•rison of in vitro ond in vlvo chloroquin& responses 

- --- - --

-----------------------............................................. __ _ 

Chloroquine 
responses 

-

-

........... ____________________ _ 

In vifro studies n • 27: 11 (S); 16 (R) In Y!\·o studies, n•28; ll{S); lS(R)
--- . ---

------------------------
-

................... . ---------

l-le•n axillary•
te•p. (C}

,u b 

------------

\l(lPD 

_____________ ...... 

OIPD 
cl 

(per mrl) 

-----

----.. --. -----.. --------------. _.,._ -----------.. ------- ------. -....... ··-------.. --·-·--. --..... -- ... -...... ----- .. -..

Hean axillary c 
tc11p. (°C) (pc r iw

3
) 

s .38.95 (1.0) 

R 59.JO (1.0) 

.. 

30.150 
(15,708-66,529) 

a.009 
'

. 

(3,548- 17,792) 

38. 78 (1.0) 10.960 
(2, 951-'40,738) 

39.38 (1.0) 18,034 
• 

.......................................... _ ........ _. ___ ·····------------·-----······--------·-····-----·-----------

,. 

(S,9ll· 36,191) 

(a) t • O.lSO, P> 0.1
(b} l • 2.980, p <.0 • .  01

• • 9St confidence intCT\"41
(c) t - 1.636; p;,0.01
(d) t • 0. iiS; p, 0. l

• Sensiti,·e to chloroquine in ,·Itro.
R • Resistant to chloroquine in \"ltTo

CMPO • Ceonetric 11enn parasite diiiis1cy •

• 
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Fig 3 2 
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-'---·-• c.h.nw",na orob1t ntQr�,ion. 1,nos fo-, two d,ftcrcnt
-· ... -.. ,. ,. 
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exnibited chloroquine treatment failures. However,

contrary to results obtained in the !D. vitro study, the

geometric mean parasite density in the !D. vivo chloroquine

sensitive group was lower (t0,960/mm3) than the mean value

obtained for the chloroquine resistance group (t8,034/mm3 >,

but the difference was not significant (table 3.3),

3,), 4. Comparison of !D. vitro Chlorogulne tests ln

Calabar and Ibadan 

A total of 49 (7�) of the 62 in vitro cultures
-

ot isolates obtained from subjects ln Calabar, were

successful. The response pattern of these isolates ls

presented in Table 3.4. Twenty isolates were sensitive to

chloroquine, while 29 were resistant; the geometric mean 

parasite density in subjects infected with the chloroquine

sensitive parasite in Calabar was significantly higher than

the geometric mean parasite density of subjects infected 

with the chloroquine resistant strain of the parasite 

(t • 3.9, p � 0.01, table 3.5).

On the other hand, 34 isolates from subjects in Ibadan

were successfully cultured and the response pattern ls shown

in Table 3.4. Twen ty-two isolates showed responses to 

Chloroquine as follows:-

Parasite growth in 2 cs.9�) isolates were inhibited at

chloroquine concentration of 1 pmol/well; 3 (8.8�) at 2 pmol/ 

Well. Conversely, 12 ()S.3�) of the successful isolates were

resistant to chloroquine, and snowed the following response UN
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Conr;ir1son o( 

iSO)illC'S rrom 

130 

Ti\BLI! 3.4 

pnttcrns of in vitro 
-

C3l:ihnr (n • 62) nnd

responses 

lb3d3n (n 

of P. falciparum 

» 40)

-----------------------------------------------------------------------------------------

Chlo1·oqt1inc 
rcs11onse 

�umber of isolates ('I, of succtssful Isolates) 
• 

(NIC - pmol/wcll-) 
c.,LABi\R lBAD/\N 

--------------------------------------�-------------------------------------------------· 

NS. 13 6 

(1) 'T 
- 2 (S.9) 

s (2) - 3 ( 8. 8) 

s (.I) ll (22.4) lS (<1�.l} 
s ('i.7} 9 (18.4) 2 ( S. 9}

R ( 8) 8 (14.3) 3 (8.8) 

u (16) 9 (18.4) 2 ( S. 9) 

R (32) 
• 

7 {14.3) 2 ( S. 9) 
• 

R . (> ,z) 6 (12.2) S (14.7) 
---------------------------------------------------------------------------------------· 

• 

MlC • Minirn1m inhibitory conccntr:ition

N/S 

s 

R 

• 

-

-

Cul turc, not successful

Scnsili,c to chloroqt1inc in vitro
-

ltcsi�t:11,t to chloro�uinc in vitro 

UN
IV

ER
SI

TY
 O

F 
IB

AD
AN

 L
IB

RA
RY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



131 

Ti\81.E 3.S 
• 

Comparison o[ Geometric mean parasite densities (GMPD) in subjects. infected 

with Cl1loroquinc s�nsitlvc and- chlor�quinc resistant f• fal�ifarum in Calabar 
a11d Jb�dan 

-------------------------------------------------------------------------------------

Ci\Li\BAR IBADAN 
------------------------------------------------------------------------------------

ClfLOROQUlN[; 
• 

RESPONSE 

ii 
• 

G�IPD (per ram3)

T 

n • 49;20(s) zg (R)

b 
3 ·  G�IPD (pc r rim ) 

n = 34;22(s) lZ (R) 

------------------------------------------------------------------------------------· 

s 

R 

24,203(21878 - 26303) 
* 

6,410 (5888 - 7031) 

• 

* 
18,942(7,128 - 50,234 

• 

6,072(2805 - 13,122) 

--------------------------,----------� --------------------------------------------

3, t = 23.90, r < o. 001 

b, t - Z.19, r < o. 05
jl. = 9r·

• • fonf1dcncc intcrv�l-

R r to Chloroquine in vitro• ,('j:.1 St�ot 
- -

-· - - · -

s • Seo'> it i ,·c to Chloroquine i_n_ v_i tro
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T,\Bl,E 3.5 
• 

Comr:irison or Geometric �can parasite densities (GMPD) in subjects infected 
,1tth Chloroquine sc-nsi Live 3nu chloro(luinc resistant f.· f.ilc.ip::irum in C:il:ibar 
3nd lh:id:in 

--------------------------------------------------------------------------------------·

CALA'SAR l'SADAN 
--------------------------------------------------------------------------------------

Cl I LOROQU I NI; 
• 

RESPONSE 

0 
• 

GMPD (per 1111113) 

n • 49;20(s) 29 (R) 

GHPD
b 

(per mm3) 

n • 34;22(s) 12 {R) 

--------------------------------------------------------------------------------------

s 

R 

• 

24,203(21878 - 26303) 
* 

6,440 (S888 - 7031) 

•
18,912(7,128 - S0,234

•

6,072(2805 - 13,122) 
--------------------------,----------� -----------------------------------------------

3 • l .. 23.90, 
• 

r<o.001 

b, t .. ::.19, r <o. os 

• .. 9S\ fonfidcnce intcrv3J 

R " Rc!d st:int to Chloroquine in vitro 
-

s • �en� i t i ,·c to Cl,loroquinc in vitro
-
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patterns:- 3 (8.8%) were inhibited at chloroquine

concentration of 8 pmol per well; 2 (S.9-S) at 16 pmol/

well, 2 (S.�) at 32 pmol/well and S (14.�) at > 32 pmol/

well. The geometric mean parasite density in subjects

infected with chloroquine sensitive straina of the parasite

was significantly higher than the'mean value tor svbjects

1nfected with the resistant strain (t • 2.1895, p<.0.05),

(Table 3.5). The cumulative EC 99 of isolates in Ibadan

was 2.4 mole/L of blood (12 pmol/well (rig. 3.2).

3,4. Discussion 
• 

The pattern of in vivo and in v1tro chloroquine
-

-

resistance of _e. falcioorym has been investigated in some areas• 
.. 

of Africa where the resistant str�ins of the parosite

species have emerged. Teklehaimanot (1986) reported that

6 out of 7 patients who were infected with chloroquine

resistant�- falciparum strains also showed� vivo resistance

response to C2S treatment. Lemnge and Inamboa (1988) also

noticed a high correlation between� vivo and� vitro

evaluation of chloroquine (CQ) sensitivity of f. falciparum

in Zambian children. 

In the present study, a high correlation has also been

observed between the� vivo and l!l vitro ea response of

�- falciparum. Isolates from children, wto showed� vivo

Chloroquine resistance were mainly found to be resistant 

!!! Vitro. However a s-month-old baby and a five-year-old

Child who responded to C25 treatment, provided isolates whichUN
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showed ea resistance in vitro (HIC > 32 and 8 pmol/well

respectively). Lemnge and lnamboa (1988) observed that 

most isolates from children at Kalene region of Zambia 

had MICs of 16 pmol/well, but no corresponding in vivo 

chloroquine resi�tance response was detected. Spencer 

.!tl_ � (1983a) in Kenya had also made a similar observation 

in children aged between 6 and 24 months and suggested 

that any such findings in adults could be due to individual 

invnune mechanisms that may be playing a role in modifying 

the expression of drug resistance to the malaria parasite
• 

!!l vivo. A plausible explanation of the present findings 
.. 

could be that the 5-month-old baby may still be carrying the 

passively acquired maternal antimalarial antibodies which may 

be playing a modifying role as suggested by Spencer (1983a). 

It was also reported by Lamnge and lnamboa (1988) that 

2 of 4 children who exhibited chloroquine therapy failures, 

provided isolates that were sensitive to chloroquine !.!l 

Y1tc2 (MIC:• 2 and 4pmol/well respectively). Charlet et al 
--

(1985) had made O similar observation. In the present study 
it was similarly observed that two children were chloroquine
therapy failures, while their isolates were sensitive to

the drug in vitro. Walker et al(l983) found that CQ
--

absorption was more variable in malaria infected Nigerian

Children than in non-infected Nigerian adults and suggested 
that such might reflect a mild association with malaria.

lt that the two children in thewould therefore appear 
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present study, who happened to be siblings, exhibited 

a significant gastrointestinal disturbance which was not 

detected during the study, and which may have influenced 

their absorption of chloroquine. This postulation could 

however not be confirmed in the absence of a pharmacokinetic 

data which were not available during the study. An 

alternative hypothesis may have to do with individual red 

cell type. Slomianny £1_ al (1984) had shown that when a 

normally chloroquine sensitive rodent Plasmodium grows in 

anaemic mice (10 - 30')'. reticulocytes) parasites present 
• 

biological characteristics of chloroquine resistant homolo-
� 

gous strain. Moreover, the action of chloroquine l!!. vivo,

on�. berghei forms growing in re�iculocytes, is markedly

less effective than on the forms parasitizing mature red

blood cells (Del-Cass et al 1984).
--

Since both the in vivo
-

and in vitro studies of the present report were carried

out on similar red blood cells, it is not likely that the

disparity in chloroquine response between the two studies

was due to the effect of individual red cell type.

The observation in this study of a high level of

chloroquine resistance in calabar both ,!_ll vivo {53.6�) and

1!l vitro (59.2%), as well as a high cumulative EC 99 of 

4.6 x 10-6 M/L of blood (23 pmol/well) agrees with an

earlier report of 8 63� prevalence level observed in Oban,

Cross River State in south &ast Nigeria (&konem � &, 1990).
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"o schizont maturation inhibition at chloroquine

concentration less than 4 pmol/well was observed in

isolates from children in Calabar (Table 3.4).

Although the .!2_ vivo study was not carried out in 

Ibadan t the .in vitro results showed that there was a 

much lower chloroquine resistance prevalence level in that 

population compared to Calabar. The in vitro study in 

Ibadan also showed that schizont maturation of some isolates 

of�- falicparum in the area could still be inhibited at 

chloroquine concentrations of 1 pmol/well (2 cases) and 
• 

2 pmol/well (3 cases) (Table 3.4). The cun,ulative EC 

9 
I -69 of 2.4 x 10 M/L of blood in Ibadan was also much lower 

than what was observed in Calabar (4.6 x 10-
6 M/L}. It was

observed that the mean parasite densities were significantly 

higher in the chloroquine sensitive f. falciparum-infected

subjects than in those infected with the CRPf strain. 

This observation was made in all the l!! vitro studies carried

out, Howeve½ the reverse was the case in the.!.!! vlvo study

conducted in Calabar. I t is not very clear why the parasite

densities between the two groups of infected subjects based

on in vivo chloroquine response was different from those of

the.!.!)_ vitro response. It is postulated however that the

!!l Vivo parasite density pattern may hove been distorted by
the very high parasite densities in those children whose
isolates were characteristically not successfully cultured

!!l vitro. The significantly lower mean parasite densitiesUN
IV

ER
SI

TY
 O

F 
IB

AD
AN

 L
IB

RA
RY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



in individuals infected with chloroquine resistant P.
-

!alcLparum in the two populations studied, was an interesting

observation. LeBrass il al (1986) had noticed that

chloroquine resistant malarial attacks were not severe

clinically. Ekanem � Al. (1990) also observed that

children from Oban, Cross River State of Nigeria, who were

infected predominantly with CRPf showed milder clinical

signs and symptoms than their chloroquine sensitive infected

counterparts from Igbo-Ora, Western Nigeria. Prom these

earlier reports and the results of the present study, it
• 

would therefore appear that CRPf malaria is associated with less

pathogenicity. 
� 

If this is true, then it would contrast the

observations of Ikpatt � !.!, (t99Q) in Calabar and of Miller

(1989) in Thailand that cerebral malaria increases with the

emergence of CRPf. The results of the present study which

show relatively lower parasite density in CRPf malaria needs

further investigations.

Individual preponderance in modifying the expression 

of chloroquine resistance seems to be a common phenomenon. 

the appearance of chloroquine resistant malaria in various 
populations has been sporadic (Brasseur�!.!,, 1988). 
Lemnge and Inamboa (1988) had observed an appreciable
difference in individual expression of chloroquine responses
between two tribal communities of Zambia. In Nepal, inha
bitants still express chloroquine sensitive malaria in the

ffildst of apparent human migration frcxn chloroquine resistantUN
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.,iaria infested neighbouring Asian countries (��o, t98?a).

Jn Nigeria, while the prevalence of chloroquine resistant

.,1aria is high in the populations of the £astern states

1ncluding Calabar, the West is recording relatively low

resistance prevalence levels as  revealed by the studies of

£kanem rt ll (1990),an observation supported by the present
' 

study. It may therefore be tempting to speculate that

chloroquine resistant P. falciparum in Calabar may reflect

an incursion from the neighbouring Cameroun Republic, one 

of the countries in Africa where chloroquine resistant malaria

was initially reported (Sansonetti et al, 1985). Ibadan is 
--

also appreciabl y close to the .Republic of Benin, where a 

high prevalence level of CRPf malaria was reported by LeBrass

• 

�.!l (1986) yet the prevalence level in Ibadan is low. 

The role of the mosquito vector in the transmission of

Plasmodial species or strains may contribute to this sporadic

nature of distribution of chloroquine resistant f· falciparum.

In Nepal, continued prevalence of chloroquine sensitive

t• falciparum is believed to be aided by the locally available

chloroquine sensitive malaria transmitting Anophcline mosquito

Wilkinson et al (1976) also suggested that 
<�Ho, 1987a>. --

chloroquine resistant P. falciparum may be better transmitted

-
w 

by certain vectors than by others. Entomologi�al studies in 

Nigeria especially in the south Eastern regions are desirable

fo� an understanding of the possible role of mosquito apecies 

ln disseminating a{Pf malaria in these regions.UN
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While the observed local difference 1n individual 

manifestation of chloroquine resistant molar1a may be

due to environmental and other host genetic factors, the 

present results of in vivo/!!l vitro pattern of responses 

by some of the children studied suggest specific or non

specific immunologic roles in individual modulation and 

expression of chloroquine-resistant malaria as suggested 

by Spencer�.!!. (1983a). In the subsequent chapters 

attempts are made to assess the nature of immune responses 

that may possibly be elicited against the emerging 
• 

Nigerian strain(s) of CRPfin susceptible individuals • 
• 

•
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CHAPTER 4 

ASSESSMENT OF SEROREACTIVITIES AGAINST TOTAL 
BLOOD STAGE ANTIGENS BY ELISA AND 

STANDARD INDIRECT IMMUNOGLUORESCENT ASSAY (IFA) 

4,1, INTRODUCTION 

A good knowledge of the characteristics of host 

i�mune responses against locally prevalent antigens is 

necessary for a successful immune intervention 1n malaria 

control. Furthermore, to advance the progress towards 

vaccination in all populations in endemic areas, an assessment 
• 

of seroreactivities in these populations against the various 
• 

malaria antigens is desirable. This need ls made more 

imperative by the appearance of changing strains of malaria 

parasites, including the emergence of�- falciparum strains 

resistant to chloroquine, 1n various malaria endemic regions, 

including Nigeria. 

Nigeria ls the most populous malaria endemic African 

country and therefore stands to benefit immensely from any
malaria control programme. In spite of this position, no

eppreciable seroepidemiological study has been done in l�igerian

P0pulations using prospective vaccine candidate proteins 

as antigens. Williams et al (1987) however had previously
--

conducted a study to assess the prevalence of anti-circuMs

Porozoite (CS) and anti-ring infected erythrocyte antigen
(R£SA) antibodies in some Nigerians. In particular, noUN
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serological studies have been carried out in any Nigerian

population using the total blood stage (ELISA) method,

prior to or following the emergence of chloroquine resistant 

p, falciparum in the country. 

In this chapter, the seroreactivlties against blood 

stage antigens using the ELISA and standard IrA methods 

were evaluated in Nigerian children infected with chloroquine 

resistant and chloroquine sensitive f.. falciparum. This 

was with a view to determining whether or not there ls any 

difference in the antibody responses elicited following 

infections by the two strains of the parasite species. 

4.2. Materials and Methods 

4.2.1, Study Areas 

This study was conducted in Calabar and Ibadan. 

The geographical locations of these cities have already been 

described in 3.2.1. The sera used were obtained from 40 

malaria patients and 50 age/sex matched apparently healthy 

controls from Ibadan and 62 patients and 30 age/sex matched 

controls from Calabar, These have also been fully described 

in Chapter 3, sections 2.1 and 2,2, The serum sarnples for 

the ELISA and the IrA studies were either used fresh or

stored at - 20
°
c until required for use.

4.2.2. Antibody Conjugates

Two types of antibody conjugates were used for 
the various analyses:-UN
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1, Rabbit anti-human IgG-Conjugate for ELISA

This antibody conjugated to horse radish peroxidase 

was supplied by the National Institute for l�munology, New

oehli, India, and was used in all the ELISA tests, at a 

concentration of between 1/10,000 and 1/20,000 in 2.5% 
• 

defatted milk in Phosphate Buffered Saline (PBS, pH 7.2). 

ii. Rabbit anti-human lgG conjugated to fluoresceine

1soth1ocyanate. This was used in the standard immuno

fluorescent antibody assays foe malaria antibody evaluation, 

and was purchased from Wellcome Foundation Limited, Dartford, 

England: � 

4,2,3. Phosphate Buffered Saline (PBS 0.01M pH 7.2) 

stock solution A: 62.404gms sodium di-hydrogen octhophosphate 

(NaH2 P04.2H2o, M,W. 156.01) was dissolved

in distilled water and made up to 2L 

Stock solution B 

Sodium chloride:

56.Sgms of disodium hydrogen orthophosphate

(Na2 
HP04

1 
M,W. 141,97) was dissolved in

distilled water and made up to 2L 

(1,SM):87.7Sgms of sodium chloride (NaCl, 

M.W. 2 58.44) was dissolved and made up to

1L in distilled water 

14mls solution A 

36mls solution B and 

100mls NaCl, 

were mixed and made up to 1L distilled water. 

With accurate weighing the pH of this final 
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solution was always 7.2. 

,.2.4. Citrate Buffer (0.1M, pHS) 

Citrate Buffer, 0.1M, pHS was used in diluting the 

substrate 1,2 phenyienediamine hydrochloride (OPD) for use

in all the ELISA analysis performed. It was prepared as

follows: 

Solution A: 

Solution B: 

• 

• 

Solution Ca

• 

4.202gm citric acid was dissolved in 

200mls distilled water 

S.88gm trisodium citrate was dissolved

in 200mls of distilled water 

103mls solution A, 147mls JOlution B, and 

250mls of distilled water were added 

together and m�xed. 

The pH of this solution was adjusted to 

S if necessary. 

4.�.s. Substrate Solution

10mg OPD was dissolved in 25mls of citrate buffer, 

0,1M, pH S. It was prepared shortly before required and

kept away from light. Just before use, 25 ul of 10%

Hydrogen peroxide (H2o2) was added.

4,2.6. ELISA for seroreactivity against total malacia 
blood stage antigens 

The coated plates used for this assay were 
supplied by Dr. R. Dayal-Drager and Ms. C. Oecrind, W.H.O.

Geneva, and were stored at 4°c until ready for use. TheUN
IV

ER
SI

TY
 O

F 
IB

AD
AN

 L
IB

RA
RY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



coating had been done using sonicates of asynchronous

blood stage infected A+ human red blood cells (5 x 10-4

eel ls per well) obtained from in vitro cu 1 tures of p.
-

falciparum. Control plates had also been coated with the
-

same amount of uninfected A+ hum.an red blood cells. 

To determine the total mslarial blood stage sero

reactivities,the coated plates were used as directed by

the suppliers (Dayal-Drager and Decrind, 1990). Test and

control wells were preliminarily treated with a 1%

solution of H2o2 for 1 hour and washed 3 times with 0.05%
• 

Tween 20 in PBS, pH 7.2. Doubling dilutions from 1/200 -
.. 

1/121800 of each sample was made in Tween 20, containing 

2.5% defatted milk, and applied t9 the wells in rows, using 

the inverse application technique. All sample applications 

were made in duplicates for both the test and control plates. 

This was allowed to react for 1 hour at room temperature. 

Thereatter, the wells were washed 3 times with Tween 20 - PBS 

solution. Bound antibody was reacted for 1 hour with anti

human IgG conjugated to horse radish peroxidase. After 

washing 3 times in PBS - Tween 20, and once in citrate 

Phosphate buffer (CPB), 0.1M, pHS, 1, 2 phenylenediamlne 
hydrochloride (OPD) substrate (SIGMA, u.s.A.) was added at

a concentration of 0.4mg/ml 1n CPB containing 0.01% H2o2•

At the end of 2o minutes reaction time the colour development

was stopped with 2.sM H2so4• The intensity of the resulting 

Violet colour change was determined spectrophotometrically UN
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at a wave length of 492�m, using ELISA plate reader,

910T£K EL 307C.

All 0D492 values of the control wells were substracted 

from 0D492 values of the corresponding antigen wells.

&leven negative controls were included in each test and 

contro plate. These negative $era were obtained from 

students (mean age 23 � 3 years) arriving the University of 

Ibadan, Nigeria, from Swaziland, a non-malaria endemic South 

African country. Their blood films were also made and 

confirmed negative for malaria parasites. Those included 
• 

• 

in the study had not visited any malaria endemic region 

before. ·Results were calculated as recommended by Andersen 

et al (1983). The mean 0D492 values of the seronegative 
--

controls were multiplied by 2 and used as the cut-off point. 

With the plates used in the present study, the mean 0D492 

value of the seronegative sera was 0.059. A value of 

2 x 0.059 was thus used as the cut-off point. The samples 

Which gave 0D492 value less than 0.118, at a serum dilution

of 1/200 were considered seronegative. 

4.2.1. Indirect Immunofluorescent Antibody Assay (I�Al

The immunofluorescent antibody assay for the 

detection 

using the

and quantltation of malaria antibody was performed 

method of Hall et al (1978). A continuous culture 
--

line (W2) of�- falciparum resistant to chloroquine was used

&$ antigen source throughout the study. Cultured P.
-

Lalc1parum was harvested when parasitaemia was between 3�UN
IV

ER
SI

TY
 O

F 
IB

AD
AN

 L
IB

RA
RY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



and 5� with a late trophozoite/schizont population of

4�. 

To prepare the antigen, parasite culture was spun 

down at 400 x 9 for 5 minutes and the supernatant fluid

aspirated. The cells were further washed with RPMI 1640

medium without serum, before a 1% suspension was finally 

made in the same incomplete medium. Ten ul of the parasi

tized cell/medium mixture was applied to each of 12 wells 

engraved on a microscope glass slide. The mixture was 

continuously.mixed during the application to ensure uniform 
• 

dispersion of parasitized cells. The cell suspension was 
. � 

spread evenly around each well with the aid of the pipette 

tit and the slides were then left to dry at room temperature 

for about 1 hour, before being packaged in an absorbent 

tissue. The slides were thereafter placed in a slide box 

containing a small package of dessicant and stored at -7o
0
c

until required for use. 

For use, packaged slides were allowed to thaw at 4°c

for 30 minutes and to equilibrate at room temperature for

another 30 minutes. Each test serum somple was diluted

serially from 1/10 to 1/10,240 in PBS, pH 7.2, for application

on to the antigen slides. Each antigen slide to be used

was flooded with acetone for 3 minutes, and then a drop of

each serial dilution of a test serum was placed on the

resp 

tile 

ective wells, using

application of each 

the inverse sampling technique, i.e. 

sample on a slide started with the UN
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highest dilution of 1/10,240. Slides were placed in a

�oist chamber for 30 minutes and were thereafter thoroughly 

but gently washed for 5 minutes in 3 changes of PBS, pH 7.2.

Each of the wells was then flooded with a 1/40 dilution 

tin PBS, pH 7.2) of fluorsecein labelled anti-IgG antibody, 

and the slides were again incubated in a moist chamber for 

)0 minutes . Slides were washed again in 3 changes of PBS, 

pH 7.2, before being mounted using 90% glycerol in PBS. 

Examinations of slides were done under an Olympus phase 

contrast immunofluorescence microscope, IMT - 2, with an 
• 

eye piece 10 x 20 and a high powered objective (x 100). The 
� 

seruM dilution preceeding the one in which the antibody 

content was so low that no fluore�cence was visible was 

considered as the antibody titre of the sample . A sample with 

an antibody titre that was below 1/20 dilution was considered 

neqative. 

4.3. RESULTS 

4.).1. Seroreactivities: 

(1) �LISA

Based on the cut-off value of 0.118, 48 (77.4�) 
P1tients and 25 (83�) control subjects ln Calabar wore

leropositlve,while 34 (85%) patients and 34 (6�) controls
in Ibdd4n were seroposltive tor total blood stage nntigcn
of£. falciparum by ELISA (Table 4.1). At serum dilution
or 1/200 the range of 00492 was 0.009 - 1.136 for the

�
0t1ent population and  o.006 _ 0.690 1n the control subjects
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TABLE 4.1 

"99ru9otcd I 9 G -apoc1C1c ontl-P falc1p,>r"8 
scropo•itivlty by 090, dotcctod by vhole blood 
ataqo - l..LlSA •nd - lPA (ton C•l•DAt anG IDadan 
In palt<nts IP) and controls (Cl, 

• 

"'9c Group 
f:t;•aral <1 I - 4 ,. - ' ., - ll TOTAL 

Subject I 
p C p C p C p C r C 

n 4 2 29 12 22 14 , 2 62 JO 

Poaitive 
(+) 2 2 21 • II u 7 2 41 lS

Ne9atlve 
(-1 • 2 0 • 4 4 1 0 0 14 s 

Pool tive (\l 50 100 72 61 12 9) 100 100 ,, ... ll.O

c Sub]eCt-" p C p p C p C p C 

2 2 lJ 2) 15 IS 10 io 40 

Po11t1ve 
l+I 2 0 1 0  10 12 

• 
14 1-0 10 14 ,. 

r.:oqae; iv• 
1-l 0 2 ) ll J 1 0 0 ' 16 

POe 1tlva (\) 100 0 ,, 4) to ,, lCO 100 IS ,.

5ubJOCta p C p C p C ,. C p C 

n 4 2 29 12 11 14 7 2 61 )0 

Poaitlvc 
(+) 4 2 21 11 22 14 7 1 ,1 2, 

ll09at.ive 

,...,.) 0 0 I 1 0 0 0 0 I 1 

l'o1itlve ,,, 100 100 97 ,2 100 100 100 100 }1,4 ,, 

w 

Sub)aot • C p C p c. p C r C •

n 1 2 IJ 2) I� 15 10 10 40 � 

�,!f1ve 2 1 ll 21 IS 14 10 10 J9 ., 

ff"'lallva 0 I 

, .... .,, 0 1 I 2 0 I 0 

Po1ltlve ,,1 100 50 ,2 91 100 9) 100 100 '' 5 ,2
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in Calabar. The 00492 ranges in Ibadan were 0.018 - 1.109,

and 0.003 - 0.701 in the patients and control groups

respectively. The antibody titre range for patients was 

o - 1/2,800 and O - 1/3,200 for controls in both study

populations.

In Calabar, samples from subjects infected with the 

resistant strain of!:• falcipacum had significantly higher 

{P<0.01) antibody seroreactivities {mean 00492) than those 

infected with the sensitive strain. Similarly, in Ibadan 

the mean 00492,value was significantly higher (P<0.05) in 

the CRPf-infected subjects t�an in those infected with the 

sensitive strain (Table 4.2). Generally, the mean 00492 

values increased with age within both the patient groups 

infected with the resistant strain and those infected with 

tne sensitive strain. This pattern of reactivity was 

observed in subjects from the two populations studied 

{Table 4.2). 

Pig. 4.1 shows the distribution of anti-total blood 

�tage 4ntibocly reactivities (00492) in patienta when 

C0.llpaced to controls in both localities, while the distri

bution of antibody titres {reclprocall ace p�eaentcd in

Pig. 4.2. There was no correlation between blood-stage

antibody titre and parasite density in bOth populationo ntudicd.

<ii) lFA: 

The cut-off titre toe the IFA we& taken as 1/20 
IHo11 et� ,1978), and all the nogntive control sera froo
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PATIENTS 

�ONTROLS 

0 0 0 o 
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ID N 
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Recrprcol antibody titre 

D• IBAOAN 
�• CALA8AR 

Fio 4 2 (Top) Frequency distribution o! reciprocal

dJlti-total blood stage parasite antibody 

titres in 102 P. talciporum in!octed Nigerian

children .trom �alabor. T.1€re ot zero c:enno 

0D492 0.118 ot  l/200 serum dilution. The 

distribution is apparonUY bi-peaked, indicating

that the tested population consisted o! tvo 

groups with varying r�Gponse patterns. 

(Bottom): Frequency distribution io 80 aox/

matched, apparently healthy controls. Only

the antibody distribution 1n colobnr �cninD

bi-peaked compared to that of Ibndon. UN
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the non-immune individuals had titres less than 1/20.

A total of 61 (98.4%) patients and 29 (97%) controls 

were positive in Calabar, while a total of 40 (97.5%)

patients and SO (92%) controls were positive in Ibadan 
' 

(Table 4.1). Antibody titres ranged between 1/20 and 

1/10,280 for both the test and control subjects in the 

two populations studied. IFA seropositivity rate, by age 

group, is also presented in Table 4.�. There were no 

significant differences in the IFA antibody titres 

of individuals infected�with CRPf and those infected 

with the sensitive strain (Table 4.2) • 

A summary of ELISA and IPA seropositivities in the 

combined study populations is presented in Table 4.3. 

Ciii) Correlation between ELISA and IFA 

When both study populations were taken together, 

80.4� of the test and 73.8% of the control samples were 

Positive with ELISA,while 98% of test samples and 93.7� 

of the controls were positive with IFA (Table 4.3). As

shown in Table 4.4, both serologic test methods simulta

neously gave positive results in 80 (78%) of the total 102

test samples and in 56 (70%) of the 80 sera Crom control

subjects. Also both techniques simultaneously gave
' 

negative results in none of the test samples, but in 2

<2,s�) of the controls. Table 4.4 also shows that theUN
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the non-invnune individuals had tit�es• less than 1/20.

A total of 61 (98.4%) patients and 29 (97',\'.) controls

were positive in Calabar, while a total of 40 (97.5%)

patients and 50 (92%) controls were positive in Ibadan
, 

(Table 4.1). Antibody titres ranged between 1/20 and

1/10,280 for both the test and control subjects in the

two populations studied. IPA seropositivity rate, by age 

group, is also presented in Table 4.1. There were no 

significant dirferences in the IPA antibody titres 

of individuuls infected�with CRPf and those infected 

with the sensitive strain (Table 4.2). 

A summary of ELISA and IFA seropositivitles in the

combined study populations ls presented in Table 4.3.

(111) Correlation between ELISA and IFA

When both study populations were taken together,

80.4% of the test and 73.8% of the control samples were

positive with ELISA,while 9S,-, of test samples and 93.7%

of the controlo were positive with IFA (Table 4.3). As

ShO'Wn in Table 4•4, both seroiogic test methods 5imulta

neously gave positive results in 80 (78'",) of the total 102

56 (?O'.i,) of the 80 jera from control
test samples and in 

subjects. Also, both techniques simultaneously gave

Of the test samples, but in 2
negative results in none

( Table 4•4 also shows that the
2.5%' of the controls. 
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TABLE 4 .3 

SUMMARY OF SEROPOSITIVIE& IN ALL 

SUBJECTS STUDIED IN BOTH LOCALITIES 
• 

ELISA 

PATIENTS CONTROLS PATIENTS 

D a 102 n .. 80 o • 102

• 

• 
\ 

ru.-nb.!r +vc 82 
59 100 

ntnoor -,ve 20 21 
2 

% positive 80.'1 73.8 
98,0 

�FA 

cor.TROLS 

n - 80 

75 

5 

93 .75 

•
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TABLE 4.4

lgG SPECIFIC £. FALCIPARU!I ,\}.'l'IBOD[ES IN PATIEZ,TS, 
n = 102 ( P) i\t\"D CONTROLS, n = 80 (C) IN CAL,\BAR/
18.\DAN: RESULTS OF IFA 1\�'D ELISA BY AGE GROUPS 

. 

• PERCE1'TAGE SERA

AGE GROUP NliMBER ELISA - ELISA + ELISA-
(YEARS) EXAMINfl> IFA + IF,\ - IFA -

< 1 6 3 3.3 (2) 0 (0) 0 (0) 

l - 4
• 

42 26.2(11) •1.8(:L) 0 (0) 

:,, -1 _·9 37 l'B .9 (7} 0 (0) 0 (0)

?9 - 13 17 0 (0) 0 (0) 0 (0)

TOTAL 102 19.6(20) 1.96(2) 0 (0)

<. 1 4 25 ( 1} 0 (0) 25 (1)

1 - •l 35 45.7(16) 5.7(2) 2.86(1) 

0 (0) 
6.9 (2) 3. 1(1}

:> •l - 9 29 

0 (0) 0 (0) 0(0)
> 9 - 13 12 

23•,7:>(19) 3 .75(3) 3.5 (2) 

TOTAL 80 

Number (o) of p�tionts io par�ntbcsis

-

£LI�+ 
IFA + 

68.7 (4) 

71.4(30) 

81.0(30) 

100 (17) 

78 (80} 

50 (2) 

•15 .7 ( 16)

89.7(26) 

100 (12) 

70 ( 56) 

•
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• 

TABLE 4.5

lgG-ANTI-�. Ft\LCIPARUM At\'TIBODlES l'• PATIE�,'TS 
n(102) AND C04\TROLS n(80) IN C,\LABAR/IBADAr;: 

CORRELATION BETl'TEEK IFA A�'D ELISA TITRES. 

(I) 

� 

... 

" 
-

� 

� 
0 
0 

-

ELISA TITRE (OD492> 

IFA TITRE �o. 118 • 0. 118-0. •100
(Reciprocal) 

<. 20• 0 0 

20-160 9 21 
• 

320-1280 10  14 
• � 

3 2560-10240 l 

• 

TOTAL 20 41 

< 20· 2 3 

20-160 11 20 

320-1280 8 18 

2560-10240 0 7 

TOTAL 21 ,18 

_0...aativc
•Regarded as sero �o 

0.401-0.700 

2 

10 

9 

3 

2-1 

0 

G 

.,
-

1 

9 

• 

• 

> 0 .700 101'.AL

0 2 

7 50 

8 41 

2 9 

17 102 

0 5 

2 39 

0 38 

0 8 

.,- 80 
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ELISA was positive alone in 2 (1 96�) • � of the test and
3 (3.75%) of the control samples Th • us, the false

negative rate by IFA (IFA-/ELISA+ ) was 1.96% {2} for 

the test samples and 3.75% (3) for the controls. 

Similarly the false negative rate by ELISA (ELISA-/IFA+ ) 

was 19.6% (20) for the test and 23.7S% (19) for the 

control samples. 
+ + 

£LISA /IFA rate increased with age from 66.7% in 

the age group .< 1 year to 100% in the group above 9 years 
• 

in the malaria infected subjects. In the control group 

there was a fall in the e:t,IS�+/IFA+ rate from 50% in those 

aged less than 1 year to 45.7% in the age group 1 - 4 years. 
+ + 

Thereafter there was a rise in the ELISA /IFA rate, with

age. 

The best correlation of infection to serologic 

response was in the older age group(Tablees 4.1 & 4.2). 

High IFA titres were generally not associated with increased 

reactivity by ELISA (Table 4.5). 

4.4. DISCUSSION 

Evaluation of antibody to total blood stage

d by standard IFA technique
malaria antigen by ELISA an 

Present inconsistent results especially in sera from

Children (Spencer�.!!!, 1979>.

lts obtained with these
The relatively high

Proportions of false negative resu 

late nt with the results of

tests in this , study, 1:s cons 
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other serologic surveys (Collins and Skinner 1972; 

Collins, Warren and Skinner 1971; warren et al 1976• 
-- ' 

Gleason tl il 1971; Campbell, Martinez and Collins 1980;

Spencer _et _al 1.981.). The oc curence of this level of

false negative results does not however impair the useful-

ness of  serology as an epidemiologic tool, particularly 

if false positives are not a factor (Spencer et al 1981).
--

In the present study, serologic end points for both test

methods were based on comparison with the end points of

sera from peopl� who have never been exposed to malaria

infections. The IFA end point determination was in

• 

addition, based on a previous recommendation (Hall� !l,,

1978). The end points chosen ther�fore give negligible 

number of false positive results. These levels of 

sensitivity are quite adequate to measure differences

between population groups or temporal changes within 

fr....., •pparent changes in local antigenic

populations resulting � ... � 

challenges. Infected individuals with no detectable

antibodies based on the results of the present test

reflect individual inability to

methods would therefore

against the malaria antigen

mount humoral immune response

Such individual variation in immune

used in the test. 
antigenic epitopos has been

response against som e malaria 

ic restriction (Troyc-s10111berg

noted and attributed to genet 

1989' Bjorkman et !!l• 1990).
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Although the pattern of seroreactivities of the two

methods was similar within each study group, discrepancies

were observed in 21.56% of the test and in 27_4()% of

the control subjects (Table 4.4). Spencer et al (1979) 
--

observed a similar phenomenon for h w ole parasite malaria 

antibodies in comparative ELISA/IPA studies conducted in 

various geographical locations. Out of 261 sera from 

individuals in  Vietnam, 5.4% were IPA
+
/ELISA- and 17.6%

were IFA-/ELISA+ ; out of 351 sera from individuals in

Hondura, 6.6% were IPA
+/ELISA- and 22.8% were IPA-/ELISA+ •

• 

The authors attributed these discrepancies to the fact

that different antibodies were measured by the two serolo

gical methods, an explanation that may also apply to the

results of the present study. As expected, the best

correlation of infection to serologic response was in the

older age groups, with 100% ELISA+/IFA+ rate in those

" 9 1 th p•tient and control groups

� - 13 years, both n e � 

(Table 4.4). In an earlier report by Spencer .!E. ll (t98l),

i in the oldest age bracket 
a similarly higher correlat on

with 87.9", rate in the ELISA
of 15 - 19 years was observed,

ThiS increased antibody
and 92S in the IFA method.

the older age group supports

Prevalence rate observed in

that the degree of previous

earlier suggestions by others,

i a contributing factor to 

exposure to malaria infection 5 

antigens (Perlmann !1 _tl, 1984).

seropositivity against malariaUN
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The value of the ELISA detectable

blood-stage (total) malaria antigen in

has not been adequately investigated.

antibody to 

protective immunity 

Wahlgren et al
--

(1986b) found no clear-cut 1 i re at onship to the develop-
ment of immunity, when the overall tib an ody activities to 

blood stage parasite antigens .were determined by ELISA. 

However those authors found a pronounced rise in IgM, IgG1 

and IgG2 antibody activities at ages when partial immunity 

was already present. Oeloron et al (1987) also observed 
--

that most of .the plasma, containing antibodies to ring-
, 

• 

infected erythrocyte surfacce antigen, also had antibodies 
. .. 

against blood stage f• falciparum antigen as detected by 

�LISA. Anti-blood stage antibodies evaluated by £LISA

represents antibodies to total blood stage antigens

(Wahlgren et al 1986b). Such antigens sup posedl y include
--

antigens detectable by the standard IfA and the ring

infected erythrocyte surface antigens (RESA), (Dcloron .!t! ll•

1987). Antibodies to the latter has been found to prevent

l 1984) and to correlatemerozoite invasion (Wahlin � �, 

it (Wahlgren�.!!., 1986b;
positively with clinical immun Y 

In this work, both the prevalence
Peterson £1 .!.!. , 1990) • 

rates and the ti t.res of ific antibody to total blood
IgG-spec 

to increase with age,
stage antigen (ELISA) was observed

a sharp ri,e within the
after the first year of 

Substantial seronega-
11fe, with

Oldest age bracket C> 9 - 13 years> .

within both the acute malaria
tive results were also obtained
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and the apparently healthy control gro T ups. his pattern 

of secoreactivity partly agre it es w h previous reports on 

the epidemiology of anti-RESA antibodies in children living 

The in malaria endemic areas (Deloron et&, 1990). 

observation in this work, of a small number of patients at 

the two extremes of childhood•whcre antibody concentrations 

(by ELISA) were also hlgh,probably reflects adequate 

immunity conferred by anti-blood stage parasite antibody. 

These extremes arc infancy and children above the ages of 

9 years. The high mean anti-total blood-stage antibody 
• 

reactivity observed in early childhood also agrees with the 

findings of williams et al (1987) who reported a remarkable 

incidence of antibody to RESA in �ord blood of Nigerians. 

It is likely therefore that in the present study, the ELISA

method, while detecting antibodies to total blood stage

antigens also detects significant amount of antibody against

RESA, amongst others. 

A very significant observation in this project was the

higher ELISA seroreactivity in acute malaria patients who 

et al (1990) studying the .!!l vivo

were CRPf infected. 

growth inhibition of�- falciporum from different regions

wide divergence of the

of the Philippines had observed 8

to inhibit the growth of geographi-

Sy __ 

ability of immune sera 

cally dist1nct parasites.

variability could account

TheY concluded that parasite

tor the diversity in immune

response to malaria infections.
h individual genetic

AlthOU9 
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factors, age and varying d egrees f .1 o ndividual exposures
to infection may not b e  excluded , the present results
suggest that CRPf may sti 1 mu ate higher total blood stage
IgG specific antibody od pr uction under conditions of
natural exposure to malaria infections. The associated

mechanism for this higher antibody stimulation by the CRPf 

strains is not immediately clear. This however may reflect 

an antigen-dependent restriction of antibody production 

occuring at the level of antigenic epitopes as suggested 

by Yount tl .!.!, (1968) • 
• 

This suggestion is supported by the recent finding 

that CRPf has a membrane protein (M.Wt • 155 - 170 KO) which

is absent in the chloroqu ine-sensitive (CSPf) strins of

the parasite. Furthermore, it may reflect the duration

of infection coupled with the degree of previous exposure

to the chloroquine resistant parasite strain. A longer

duration of malaria infection, as evidenced by the presence

of gametocytes was shown to be associated with higher

seropositivity and reactivities regardless of age (Spencer

il .!.!. 1981). CRPf may have a tendency for longer duration

in infected individuals, since it has been shown to be

associated with milde r clinical signs and sytnptoms (LeBrass

This difference in 
� .!.!. 1986; Ekancm s!:. al, t990).

seroreactivities between the two groups of infected patients

<i.e. CRPf ond CSP! infected) was not observed in results 

obtained using the IrA method.
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In conclusion, the 

speculations in Nigeria 

present findings support the
that CRPf malaria had probably

been in existence much earlier in the South £astern parts
(Eke � al, 1979; £�edinachi t 1 9 ) � L, 1 88 , than in the
Western parts of the country (Ekanem � & 1990). This 

assumption ls further supported by the fact that in Calabar, 

the antibody titre (£�ISA) in the CRPf-lnfected children 

was significantly higher than in the chloroquine-sensitive 

f.• falciparum-infected subjects (P (. 0.01), when compared to 

a similar difference in antibody titres between these two 
• 

groups of infected p a  ticnts in I bad an, ( P � o. OS>. The 

observations in this study therefore suggest that the total 

blood stage antigen against which the IgG-antibody is produced, 

may embody a marker for the CRPf strain of f. falciparum. 

The nature of this antigen has not been previously

identified (\'/ahlgc-en et al, 1986b). Studies are therefore 
--

needed, in malaria endemic areas, to ascertain that the 

varying individual seropositivities seen in

Phical areas are not only due to individual

various geogra

immune response 

variations but could also be due to the n�ture of the
' 

infecting f. falciparum strains locally available. The

i di gs of Ye tl !!l Present result further suppoc-ts the f n n 

( molecular weight protein marker,
1989) that CRPf has a high

CSPf. The two 
On its membrane, 
•tr�ins of P • fa lciparun:i may be showing

-

which is absent in the

immunological UN
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differences as postulated by Sy� al (1990), and 

this underscores the need for the characterisation 

of the antigenic components of the CRPf, alongside 

those of the chloroquine sensitive strains of the 

parasite species in Nigeria • 

• 

•

• 
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CHAPTERS 

EVALUATION OP TOl'AL SERUM I M  
SUBCLASSES, COMPLEMENT Bf 

t
J 

' IgG �ND

AND THE CLASSICAL COMPLEME
,

NT 
t C4 PROTEINS 
HAEMOLYTIC 

ACTIVITIES 
• 

S. 1. INTRODUCTION
• 

• 

The results of the study reported under this

chapter are based on the analysis of serum and plasma

samples collected from children in two different geogra

phical populations of Nigeria, lbadan and Calabar, which

are known to vary in chloroquine response to f• falciparum

(Ekanem et&, 1990). These investigations aim at assesing

the nature of humoral immune responses that may be associated

with the emerging Nigerian strain(s) ofCRPf. The results may

also explain the varying clinical consequences in the two

al d been noticed.' 1n these

study populations, which has . rea Y

two geographical areas (Ekanern tl .!!., 1990).

5.2. Materia ls and Methods

s.2.1. Sub1ects and Sample�

1 were obtained from 40

The sera and plasma samp es

/ matched apparently healthy

malaria patients and SO age sex

d frC)(II 62 patients and JO

control subjects in lbadan, an 

controls from Calabat"• These have already been described

in chapter 3 section 2.2.
were used for complement 

Fresh EOTA plasma samples
d gel methods, These

ha employing tube an 

e!llolytic titrations
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s1111ples were separated immediately afte� • collection, at

•
0c and used within 1 hour• of collection or stored at -10°c

and used within one month. For 1mrnunod1ffus1on assays,

serum samples were used fresh or after storage at -20
°
c.

s.2.2. Antisera 
, 

Monospecif le antisera against human complement 

proteins Sf, C3 and C4, as well as antisera against human 

IgM and IgG were used, and were purchased from Atlantic 

Antibodies (Maina, USA) and the Nordic Ill\lllunological 

Laboratories, BV (Tilburg, The Netherlands) respectively, 

• 

Monoclonal antibodies against IgG 1, -2, -3, and -4 were

.. 

obtained from "The Binding Sites", Birmingham, U .K •

5.2.3. Standard Proteins 

i Solution used for the immuno
The standard prote n 

Of Serum Bf, C3, C4, IgM and IgG
chenlcal quantitation 

( fr,_ Behring Institute, �est Germany,

total) were obtained �·· 

while the standard proteins for IgG subclasses were provided 

Department of Immunology,

in aliquots by Dr. Raykundalia,

University of Birmingham, U.K. The aliquots were stored

at 4
°
c until required for use-

technigu� 
5.2.4. Mancini lmmunodiffusion

Serum concentrations of the 1,nsnunoglobulins G and M

of complement
85 well as the concentrations

the single radial
and C4 were determined by

modified by Fahey and

�ethod of Mancini, as

proteins Bf, CJ

1mmunodiffusion

Mckelvey (1965).UN
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An additional modification to this method was made for

the quantitation of lgG subclasses as described by

Salimonu et al (1982}. 

( 1 ) Assay of Bf, CJ, C4
1 

IgM and Total IgG 

Equal volumes of optimally diluted antiserum and 3� 

noble agar (Difeo Inc., Detro}t, u.s.A.} at s6
°
c were mixed 

thoroughly and poured onto agar-coated (10 x 10cm) plates. 

Wells of 2mm diameter, 1cm from each other were cut with a

metal puncher attached to a vacuum pump. Each well was

filled with 5 ul of the test or the corresponding standard

• 

sera, using a 5 ul Behring Dispenser (Behring Institute,

Western Germany). The glass" plates were then placed in

humid boxes and incubated at 4°C for 3 hours for IgG, as

recommended by Salimonu � .!!l (1978), and for 18 hours for

the other proteins. Diameter measurements of the rings

formed at right angles to each other were made using Behring

1mmunodiffuslon plate reader model Osram 64425 (Behring

Institute, West Germany). The protein standard was set up

in each plate at 25, 50, 75 and 100 percent dilution. 

• i against ring diameter of the
n log plot of concentrat on  

d the diameter of each test
standard protein was made, an 

d d curve to obtain the serum

s��ple was read off on a stan ar 

Protein concentration. 

<11, 
for IgG subclasses

Immunodlffusion assays

Y is as 
The method for the assa 

described by Salimonu

dif1cations.
!l !!. (1982) with minor mo 

In brief, a volumeUN
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of an optlmal dilution of approp�iateL antlsera (which had
1:>een found to be monospecific by immunoelectrophoresis}

was mixed with an equal volume of 3% agar at s6
°

c. The

mixture was poured onto agar-coated plates. A series

of wells (diameter • 2mm) wa� cut in the agar plate� and 

filled with S ul of teot or s�andard serum. The diameters 

of the precipitin rings were read after the incubation of 

the IgG plates for 24 hours at room temperature. The ring 

diameter was measured to the nearest 0.1rvn, using also the 

Osram 64425 (Behring Institute, Western Germany) 

• 

lmmunodiffusion plate reader • 

.. 

Calibrat:.ion 

from each of  the IgG subclass standard solutions, 
• 

calibration curve concentrations were made as presented in 

table s.1. 

TABLE: 5.1 

Calib�ation Standard Dilutions
IaG Subclass L 

100 70 40 
Concentration (,r.)

100 70 40 
Standard Scrum (ul) 

30 60 
0 Dilution buffer-PSS (ul)

-

in standards
concentrations

'the actual IgG subclass 

given in table s.2.

10 

10 

90 

ace 
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TABLE S.2

!9G 5ubclass concent ration in calibration standard solutions

Calibration 
� 

100 

70 

40 

10 

IgG1 

1.0 

0.1 

0.4 

0.1 

Concentrations (g/1) 
IgG2 IgG3 

0.60 0.20 

0.42 0.14 

0.24 o.oe

0.06 0.02 

IgG4 

0.20 

0.14 

o.oe

0.02 

Samples'to be tested were di1uted in buffer in order to

bring the IgG subc lass concentration into the test range
• 

of the plates. The dilutions of samples (test and controls)

are presented in table 5.3.

TABLE 5.3 

Sample dilutions for IgG Subclass assays

IgG1 IgG2 IgGJ IgG4

5 8 10 100 

Test sample Cul) 

Dilution pBS - (ul) 95 
92 90 0 

buffar -
-
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Any test sample that gave a ring di t 2 ame er of more than

a.smrn was diluted further, and the test repeated. If less 

than 5.0mm, the test sample was diluted less or applied 

neat and the test repeated also. 

The square of the diameter of the immunoprecipitate 

rings of the calibrators 2 in !Ml on the ordinate versus the 

actual IgG subclass concentration in g/l on the abscissa, 

using linear graph paper, was plotted. A line of best flt 

was drawn to the four points. The relative IgG subclass 

concentration of the test sample was read, by interpolation
• 

of the square of diameter of their irnmunoprecipiUn rings on
.. 

standard curves. This relative concentration was transformed

to the actual IgG subclass level by multiplying with the

dilution factor of the test sample.

s.2.s. Sheep Erythrocytes 

\-/hole sheep blood was collected into an equal

solution and stored at 4
°c. Only one

volume of Alsever's 

sheep was bled throughout the study, at 2 weekly intervals,

of the University

and was kept 

of Ibadan. 

ot the Virology Department

Alsever's solution were

The sheep erythrocytes in 

before use, and were used

allowed to stabilize for 4 days

Within 4 weeks of collection.
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5.2.6. Aloever•s Solution: 

Composition: 

Dextrose 

Citric acid 

Sodium cite-ate 

Sodium chloride 

-

-

-

20.Sg

0.55g 

8.0g 

4.2g 

These were dissolved and made up to 1 litre with 

distilled water. The solution was then mixed and autoclaved 

at 15 lb/in2 for 15 mins, and the pH adjusted to 6.19. For

. � 

use, equal volume of whole blood and Alsever•s solution

were mixed and allowed to stabilize for 4 days at 4
°C,

before use. 

5.2.7. Complement Haemolytic Assay:

{1) Complement buffers

The classical pathway complement buffers were

(a) 

prepared as follows:

Ve�onal Buffered Saline (Stock)

Mannitol .. 

Sodium bar bi tone

Mannltol 

1.029 

51.749 

).Smls 

IM Hcl 
ed to 700 ml mark and

Distilled water was add 

to 7.4 before finally making

the pH adjusted

up the volume to 1L.UN
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Veronal buffer (VB} 
• pH 7.2

One veronal buffer tablet containing
1.0 mM Mg2+ was disnolved., in 100ml 
woter. 

0.3mM Ca2• and

of warm distilled 

(c) Stock Metal Solution

MgCl.6H20 and cac1;.2H20 were thoroughly

decicated, dissolved and made up to 100ml in 

distilled water as follows: 

IM MgC12.6H20

0.3M,CaC12.2H20 -

20.339 

4.41g 

(d) Gelatin Mannitol Veronal Buffered Saline (MVBS++>

This was the complement working buffer containing 

both Mg and Ca ions in concentrations of O.SmM and 

O.tSmM respectively, and 0.1'.' gelatin. One litre was 

C e l 

made up each day as follows: 

Stock mannitol buffered saline 

Vei:-ona-1 buffer 

Stock metal solution 

Gelatin 

Veronal buffered saline cs x stock>

NaCl 

Sodium barbltone 

-

-

41.209

s.o9g 

-

-

-

-

600mls 

400mls

o.Smls 

1g.

These of distilled water, the pH

were dissolved in 7oomls

IM Llcl and the volume finally made
ldjuated to

Up to 11... 

7.4 with n UN
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(f) Veconal buffer - EDTA

Thio buffer did not contain Mg or Ca ions
was the medium in which cells were sensitized

and 

throughout the study. It was made up as follows:

5 X Stock Veronal buffered saline - 20mls

0.2M E:DTA 
- Smls

Distilled water to - 100mls

Gelatin - 0.1g.

(11) Classical complement haemolytic assay by tube titration:

Compleme�t functional activity via the classical

pathway·was assayed in fres�E:DTA blood plasma, using 

optimally antibody (haemolysin)-sensitized SRBC as indicator 
• 

cells, in a mannitol veronal based buffer, pH 7.2,

containing O.SmM and o.1SmM of Mg and ea ions respectively.

The method is as described by Mayer (1961), but with

slight modifications (Umotong, 1983). Briefly, fresh

serum dilutions ranging between 1/10 and 1/80 were made

in 7 tubes and each allowed to react with 0.5ml of l"

l t 37°c for 1 hour, in
sensitized sheep red blood eel s a 

5 l The degree of ccxnple-
a total reaction volume of 2. m 5•

ment mediated lysis was determined by reading 00s41

1 ased The 00s4t
or the supernatant haemoglobin re e 

Of f zero control tube
test was read against that 0 

i d cells, but no serum, and
containing buffer and sensit ze UN
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�as compared with 100-X. lysis tube containing sensitized
cells and distilled water only. The percent lysis in
each test tube was calculated and plotted against the
reciprocals of the serum dilutions. This yielded a

slgmoid curve (Fig. 5.1) in compliance with Von Krogh's
equation. The C�0 was read o·ff as the reciprocal of
serum dilution at which there was 5� lysis of the indicator

cells. I 
(111) Classical Complement Haemolytic Assay by

Gel Haemolysis
I 

Classical complement pathway function was also

assayed by radial diffuion, using a modification of the 

technique of Thompson and Rowe (1967). Individual plates

were prepared by adding 0.2ml packed SR&C to 10ml of 1� 

molten agar gel in MVBS++ at S6°C with rapid stirring, 

and then pouring the mixture unto a level glas s slide

<10 x 10mm). To use, wells , 2.0�m in diameter were punched

at approximately 1-cm intervals, and filled with 5 ul of

Pl d and allowed to asma samples. Each plate was covere , 

st�nd t for 30 minutes and thenu at room tempera ure 

1 O i t ha"'ber overnight.
nverted and left at 4 C, in a mo 5 c -·· 

Subsequent incubation at 37oC for 1 hour resulted in the

The diemcters 
forma tion of circular zones o f haemolysis.

of h well were measured to the
the rings of lysis abOut eac 

diffusion plate reader.
nearest O.tmn, using Behring immuno UN
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I 
I t 
I 
I 

I 

I 

0 ----r--i----r--lJ--t---t� �+-----

10 20 30 40 50 60 70 80 

Rec1procol plasma dilution 

Fig. 5.1 complement haemolytic curve for

C Hso d�term1nation The arrow on

the obsciso indicates the reciprocal

dilution at which 50 °/o Lysis of 

sensitized rbc occurs (CH50 )

• 

• 

' 
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, pattern of hacmolysis called "t arget lysis"

(Gewurz .!!. il, 1982) was observed i n most of the wells 

(fig. 5.2). 

5,3. RESULTS

5,3,1. Immunoglobulin concentrations 

The mean IgM, IgG and IgG-subclas ses 1,2,3 and 4 

levels of children from Calabar are shown in table 5.5.

The malaria-infected children hod significantly higher 

mean IgM, IgG (total ) IgG1, IgG3 and IgG4 levels than

the uninfected control subjects. (t • 3.001, P < 0.01;

t,. 3.273, P <.0.01; t • 2.867, p<0.01; t • 4.419,

P< 0.001; t • 2,000, p.c:: 0.0 5) respectively. The mean

IgG2 level was however not significantly different from

that of the controls . rurthermore, patients infected with

the CRPf had higher mean levels of IgG and IgG subClasses

than those infected with the chloroquine sensitive strai�(s) •

• 

These differences however were significont only in 

respect of IgG3 (t • 6.616, p< 0.001).

On the other hand, patients from Ibadan had signifi-

• 

cantly higher mean levels of all the 1nvnunoglobulins than

th 

� 
"'he significant levels of these

e uninfected controls, � 

differences 

lgG <total) 

were a s  follows: IgM' t • 3 • 53 7' P < 0 • 001;

01 IgG1, t • J.296, p< 0.01;

t • 3.393, p< o. ; 

• 2.859, p< 0,01; IgG4,

Similarly in Ibadan thelgG2, t • 2.543, p < o.02; IgG3, t

t • 2. 66 7, p < o. 01 ) , ( table 5 • 6) •
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Jlml•nolc,g.1.C4l 
Profiles 

-+ICM (CJ/LI 

l9f'I 

lgG {tot.tl.l) 

lgGl 

'Iqe;1. 

1qG3 

1qG4 

• 

Mti�e E-ll"Mit.e 
anti-body I !:LISI\ 
((])A 92) 

l'nti-CS anU-br:dy 
(<Da92) 

Anti ""f!ll.l.D.rla 
llr't I bcdy-IPA (JG,fl'}

171 

TADLt 5,4

•... ..__'-.,
t'

u.&.um .1..ru.cc.-1:.ea pat..io.nt.a ICRPf - a 

• 

t l' 'l'clYl Potitri:.a IOI Ul!a:t.m 
CRPf 

infoc:tal 
(n • 291 

CSl>f-
1nfccta1 
{n • 201 ( n • till"• ln • lO) t. p

l.8l l0.8ll l.85(0.61) 0.097 >0.1.' l.95(0.82

20.89(5.)9), 19.09(0.09) 

lJ.75().75) YU,06(5.Ql) 

4.88 (1.30) 

o. 74 (0.21) 

0.1.9 (0.15) 

o.56 (0.34)

• 

4.78(1.871 

0.39 (0.16) 

0.18(0.07) 

0.25(0.29) 

0.14(0.15) O.l4(01J)

• • 

1.aco >0.� 21.5516.111

0.523 >O.l ll.46 (3.'12)

0.207 >O.l 4.IM ll .37)

6.616 (0.001 0.59(0.24) 
(S) 

0.313 >O,l O.lllO.ll)

3 .204 <0.01. o. �) (0.361 
(SI 

- - 0.165 (0, 16) 

• 

177(158-1951 259(22-3�) 0,794 >O,l 201 (13&-294) 

l.� I0.3')

16.35(7 .lO)

10.61(4,791

4.37 U.M) 

J.an <0.01 lSl

3.173 <0,01. \51 

'2.861 <0.01 lS) 

l.Ul >O.l

0.40(0.1661 4,419 <O.tol. \S)

0,14 (0.()8) 2.cr,o <O.C6 lSl

0.24 (0,171 3,06 <0,COl. lSl 

O,lf.0(0.23) O.la7 'IO.l 

• 

l.2J (74-204) 1,471 >O.l 

Stard.ud dcviatial (�1 ln p1rcnl.heDca • • 951 COn!idcn;ci interval. s • Sisnl!lco.nt

RiMl' • f!L"cirroc;.,l of 9C0'fct:ric mean t.lu:o cs • �t.c 
••Patien�o ln!ectad with CRP!, CSP! plus tJ'loae Whoae isolate cult\ll"Ca

were not auoceas!ul.

•
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TABt.E 5.5

Mean serum ievel1 9C 
sciroreact1v1u.e1:. c0r.1p11r 

patlonu 

lrn.lrol0g1cal �
�ilc Woc:t.a:1 

CSPC
!.nfccta! 

� lg/1.) 
l!t4 

l'9G ( totAl) 
JqGl' 
I9G2 

IgG3 

lqG4 

.Mti�le 
Alrasite 

Antibocly-

n • U n•22 t 

2.5(0.82) 2.1611.00 1.049 
20.01(7 .97) 18.57 :6.9Sl 0.526. 
U.1215.241 12.1.914.731 0.)42
4.2 (2.07) 4.3S(l.39) �0.165 
0.56 (0.29) 0.40(0.22) 1.668 
0.18(0.09) 0.17 (0.08) 0.040 

p 
>O.l
>O.l 

>O.l 

>O.l 

>0.05 
'>O.l 

EL.T� (0>492) 0.43 (0.32) 0.2J (0.)51 _2-046 <O.OS(S) 

/..nt.i<S 
lntilx:dy 
(CD 492) 

i\nti -<M]Ario 
4"'t j l:xrly
lFA (KiMT) 

O.J.JS(0.28S) 0.205(0.244) 0.722 >O,l

• • 

266 (174-294) 189 (162-219) 0.022 >O.l

Wt.hel.nfa:t.a:S 
ch1ldrm stwloS 

n • 40"• 

2.25(0.911 
20.4 (6.911 
ll .61(4:491 
4.4S11.43) 
O.Sll0.2Jl
0.17 (0,08) 

O.J0(0.23l

0.20(0.27) 

• 

237 ll.3<>-4141 

� _• alc.1 

n. 

�yhlnltlrJ 
<rm-Wcc:t ml 

n • SO 
1.67 \0.42) 

14.18 {l .'6) 
9.l3(4.93)

l.5'U.92l
0.4) 10.ll)
o.u to.O.)

0.21 (0.166) 

0.133(0.14) 

• 

20? U08-l7Bl 

tlCt. 

t • 

3.5ll <O.Clll.tBl 
3.3,l <O.Ol. u;: 
3.214 <O.Ql \Iii 
2.543 <0.02 llll 
2.05? <O.Ol tSl 
2.667 ,o.Ol \S I 

2.001 <O.ct,lm 

1.,12 >O.l 

0.388 >O.l 

SUn14rd deviation so in pnronthoais
• • 95\ Confidcnco interval

RCMT • Reciprocal of 900:!lotric �cnn titro CS• Circumaporozoito

S • Si9n1ric11nt . 
••Pot1cnta intcctod with CRP!, CSP! plus Uloao 1ohoao iaolato culturt!11 "'oro

not 11ucco11a!ul.

•
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mean IgG and IgG subclass levels were higher in CRPf

associated infections except th at the mean IgG3 level 

was not significantly higher ( t = 1.668, P > 0.05) as was

the case in Calabar. 

fig. 5.3 shows IgG3 distribution in patients as 

compared with controls in both Calabar and lbadan. on 

comparison of the two geographical populations studied, 

none of the mean values of the immunoglobulins evaluated 

showed any significant differences (Table 5.7). 

5.3.2. Relationship between immunoglobulin levels 

and IqG--soecific malaria antibodies 

The mean IgG3 levels were plotted against each

of the IgG--specific anti-parasite antibodies (anti-total

blood-stage antibody,· and anti-circumsporozoite (SC)

antibody), and the results from the two study populations

• 

are as follows, (f'ig. s.4): IgG3 levels showed the same

pattern of distribution with IqG-speciflc total blood stage

antibody reactivity, but not with IgG-specif1c anti-

The anme patterns

circumsporozoite antibodY reactivity.

fr,_ t,oth Calabar and Ibadan.

w�re observed in patipnts � .. 

correlationD between lg03• 

There were also positive

and 
• tivitles ln patients from

blOOd stage antibodY reac 

(r • 0 160), (f'igis. s.s

Calabar (r • 0.455) and Ibadan
• 

ti 1n subjects from

onlY the correl• on

•nd 5. 6). Ho1o1ever,
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lmilun0J.091cai 
Pro!ilea-mean(9/L) 

I9H 

IgG-(totall 

IgGl 

IgG2 

IgGl 

.tgc;4 

igc;-anti-wholo 
P4rasito antit:ody 
(ELISA - OD 492) 
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TABLE 5,6 

COl:lpAriaon of hwnoral itmuno par111:1otora in 
Sora Crom children in Calabu and tb�dan 

P.PALCIPl'!J\Uli - Illr!Cr&D APPARDITLY IIOP.HAL 
CIIILDR.lllf, dC • 100 CIUU>RDI I df • 71

coap11r11on, (Caliber Vs Ccaparuon, (Calabir Va 
Ibadan t l' lbodanl 

l.9S(0.82)Ve 2.25 (0.95) 
• 

1.642 >O.l 1.58(0.)6)Va l.6710.42) 

21.SS(6.8l)Va 20.4(6.91) 1.54) >0.1 16.)5(7.lO)Ve 14.18(7.66) 

13.46(3. 721,Va 13.61(4.49) 0.897 >O.l 10.61(4.79)Va 9.))(4,93) 

4.84(1.)7)VI 4.45 (1.43) 1.368 >O.l 4.37(1.94\Va ).56(1.92) 

O.S9(0.24)Vs O.SJ (0.23) 1.266 >O.l 0.40(0.l7)Va 0.43(0.23) 

0.18(0.ll)Va 0.17 (0.08) o.osa ,0.1 0.14(0.08)Va 0.13(0.06) 

2.222 <O.OS(S)0.24(0.l7)Va 0.21(0.166) 0.43(0.36)Va 0.)0 10.23) 

't. p 

1.0:?) >O.l 
0.'736 >O.l 

1.14'5 >O.l 

l.816 >O. 0\

0.668 >O.l 

O.S92 >O.l

0.'772 >O. l

IgG-antl-circu1n
aporo�oi te antibody 
(£LISA - OD 492) 

O.l6S(O.l6)Vs 0.20 (0.27) 0.742 >0.10 O.l60(0.2l)Vs 0.133(0.14) 0.582 >O.l

IgG-anti-malaria 
antibody - IFA 

(RG."IT I 

• • 

210 (0.67S)Vs 237 (0.78) 0.667 >O.l

RGMT • Rociprocal of 9e0111otric mean titro 
S • Significant 

• • Log atandard deviation.

• 
• 

123(0.SS)Vs 202 (0.98) 1.262 >O.l 

dt • d09ree o! freN0:11 
Standard dcrviation (SO) in parontheaia 

•
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r = o. 455 

t = 3 .540 

p <. 0.001 

• 

• 
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.IBADAN: BLOOD STAGE ANTIBODY
REACTIVITY, 00492 AND lgG3 (g/L)

lgG3 C-Onc.(g/L) 

1 l

12 � 

10.-

08 r, 

06- • • 
• 

04,. 

02,. • 

•' 

' 

• 
• 

• 

• • 
• 

• 

• 

r .,. 0.160 

• 

• 

' 

• 

• •• '

• • • • 
• 

• 
• 

• 

• 

ooL_-1-_ _J_ _ _.L.-�;--�-� 
I ' I 

12 0.8 1 06 0 02 04 
• 

Antibody react1v1ty (OQ.92l

� le0Ql•l1Jl infected chrldren, n•40 
Ea:ti P01nt r&Presants 1 sample 

F.lg, 5,6 Iocd stage ant1b<XlY 
fulntionshJp be�n

1
��� �n �- fnlclfXUU'!!, infected

reactivity a.rrJ , 
children in Ibl'dnn, 
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calabar was significant Ct . J.450, 
p <0.001). A

5i�ilar analysis in controls from both populations did
not show any correlation. Regression analysis of anti-
total blood-stage antibody reactivities against other
1mmunoglobulln concentrations, both in patients and
controls also did not correlate.

S.3.3. Complement haemolytic activity (CHSO) 

There was no difference in the mean CHSO values 

between the control subjects from both study populations. 

Plasma samples from these two populations were therefore 

U5ed in establishing a reference range for the patient 

groups. The mean (x) value of 35 + 15.8 was obtained.
-

The reference range was therefore x t 2 SD O 19-2 ·  - so.a .

17S�) of 62 patients in calabar and 26 (6SS) of 40 patients

in Ibadan activities within this referencehad complement 
• 

range. • 

47 

S.3.4, 1 nt proteins c3
1
C4 and Bf:

Antigenic levels of comp eme -

The m�an CJ and C4 levels, as well a� CHSO titres

"ere lower in patients than in the control subjects in

bo The differences wereth Ibadan and Calabar. 
On the

significant 

other h11nd, titcept for the CJ (Table S.8 8nd 5• 9> • 

1 higher in the
•tan &f concentration was significant Y UN
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TABLE 5. 7 

Me:in pl:1s111::i Complement levels: comparison between the infected patients 

(CRPf and CSPf - infected) in Calabar

----- ---------------------------------------------------------------- I 
-----------------� ------

MEAN 

COMPLEMENT 
VALUES 

CRPf 

lNFcCTED 
(n • 29) 

CSPf 
INFECTED 
(n • 20) 

t p 
• 

All THE 
INFECTED 
CHILDREN 
STUDIED 

APPARENTLY 
HEALTHY (NON- t 

. INFECTED) CHIL-
l>RE.11 

---------------------------------------------------------------------------------------------
(n • 62)- (n • 30) 

C3 (g/L o. 75(0.20)

0.37(0.22) 

0.34(0.15) 

0.73(0.18) 

0.30(0.16) 

0.40(0,19) 

20.9(0.!, 

0.3()5 >0.1

1.289 >0.1

1.181 >0.1·

0. 865 > 0. l

0.74(0.18) 0.78(0.24) 0.81 

C,1 (g/L) O.�S[0.27) 0.S9(0.23) 4·.4 

Bf (g/L) 

CH50(Unit/m1) 2:?.S(C>.2) 

• 

u,35(0.21) o.�3(0.11)

23.9 (6.2) 35.l (7.1) 

3. (

., •

• • -------------------------------------------------------------------------------------------
• 

CRPf - Chloroquine resistant f. falciparum

CSPf - Chloroquine sensitive�- falcipnrum

* - Statistically significant

Standard deviation (SD) in parcnthcs�s 
** 

- Patient$ infected with CRP!, CSP! plus those whose
isolate cultures were not ouccess!ul.

•
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TABLI= 5. 7 

Mean plasma Complement levels: comparison- between the infected patients 
(CRPf ond CSPf - infected) in Calabar 

--------------------------------------------------------------------------------------� --------

/\IF.AN 
COMPLEMENT 

VALUES 

CRPf 
INFECTED 
(n • 2 9) 

CSP! 
INFECTED 
(n • 20) 

t p 
• 

• 

ALL THE 
INFECTED 
CHILDREN 
STUDIED 
(n • 62)-

APPARENiLY 
HEALTHY (NON- t 

• INFECTED) CHIL
DREN
(n • 30)

-----------------------------------------------------------------------------------------------
C3 (g/L 

Cil (g/L) 

Bf (g/L) 

o. 75(0.20) 

0.37(0.22) 

0. 3-l (0.15)

CHSO(-Unit/ml) 22.5(6.2)

0. 73(0.18)

0.30(0.16) 

0.40(0.19) 

20.9(6.S)

0.36S >O.l

1.28:1 >0.l

1.181 > 0.1·

0.86S > 0.1
• 

0.74(0.18) 0.78(0.24) 0.810 

0.3S(0.27) 0.59(0.23) �.428 

0.35(0.21) 0.23(0.11) 

23.9 (6.2) 3S.l (7.1) 

3.636 

7.2S3 

·------·---------------------------------------------------------------------------------------
• 

CRPf - Chloroquine resistant f. falciporum

CSPf - Chloroquine sensitive�- falcipnrum
* 

** -

Statistically significant 

Standard deviation (SD) in. pnrenthes1s 

Patients infected with CRPf, CSP! plus those whose 
isolate cultures were not ouoce���ul. UN
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TABLE 5.7 

�le3n plasma Complement levels: comparison between the infected p3tients 

(CRPf nnd CSPf - infected) in Calabar 

-----------------------------------------------------------------------------------� ---------

IIEAN 

i>LEME1'T 
\LUI:S 

CRPf, 

INFI:CTED 
(n • 29) 

CSPf 
INFECTED 
(n • 20)

t p 
• 

All THE 
INFECTED 
CHILDREN 
STUDIED 

APPARENTLY 
HEALTHY (NON- t

, INFECTED) CHn
DREN 

p 

(n - 6?.)** (n • 30) 
----------------------------------------------------------------------------------------------

(g/L 

(g/L) 

(g/L) 

0. iS (0. 20)

o. 37(0. 22)

0.3�(0.1S) 

O(Unit/ml) Z2.S(6.2) 

0.73(0.18) 

0. 30(0.16)

o. 40(0.19)

20.9(6.S)

o. 365 > 0. 1

1.289 >0.1

1.181 > 0.1·

0.865 > 0.1

• 

0 . 'l., �0.18) o. 78(0.:?4) o. 810 '>

0. S(0.27) 0.S9(0.23) 4.428 <.. 

0.3S(0.21) 0.:?3(0.11) 3.636 <

23.9 (6.2) 35. l ( 7. l) - . 253 •

� 

--------------------------------------------------------------------------------------------
' 

CRPf Chloroquine resistant!:· falciparum 

CSPf - Chloroquine sensitive�- falciparum

* - Statistically s1gnific3nt

Standard deviation (SD) in parenthesis 
** - Patients inf"ected with CRPf, CSP! plus those whose

isolate cultures were not suoccs�£ul.
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TABLE 5.8 

Hean Plasma complement Levels: Co:uparison between the two groups of P.falclparul!l
infected patients (CRPF - & CSPf - infected) in Ibadan. 

-

ll\ 

1plemant 
.UC 

(9/L) 

(g/L) 

(g/L) 

0cunit/ml)

CRPF- CSP£- Al.l the Apparently 
in£cctcd infected • • infected healthy (non• 
(n•l2) (n•22) t p children infected) 

studicc\* controls
(n •40) (n a 50) 

o. 76 (0.2J) 0.73(0.21) 0.75 >0.1 0.72(0.23) o. 79 (0.19)

0. 28 (0 .... 1, 0.31(0.08) 0.837 >0.1 0. 30 (-0.09) 0.54(0.18)

0.38(0.17) 0.34(0.07) 0.800 >0.1 0.35(0.11) 0.2S(O.ll) 
... 

.21.3(7.0) 19.0(4.7) l.020 >O.l 20,s.6) 3S.9(8.7) 

CRPF 

CSPf 

Chloroquine resistant�- falcioarum 

Chloroquine sens1tive__!.falciparum 

* 

- -

Statistically si9nificant 

Standard deviation (SO) in parenthesis. 

Petiento i.n.t'octod with CRP£, CSP£ plus Cho3� who�o

�ooiote oul.tur•• war• not •uaco••�u.l.. 

t 

l.555

8. 276

4.300

10. 490 

• 

p 

>O.l

<O. • 00?. I

<O. 001
• 

<O. CO!. 

UN
IV

ER
SI

TY
 O

F 
IB

AD
AN

 L
IB

RA
RY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



so 
0 

70 
• 

60 
0 

0 •• -
so E 0 

0 

0 ··-

°} 
•• 8:, .,. �" -'Jiit LO 

• 
" 

0 ·- .. 
C • 

� 

0 • 
::J ,t::. 

0 •• • ••• Gci, • • 
0 0 

:,· 
0 

Ill 30 
... 00 8 0 • 

:I 
•• 0

0 .,... 0 • t>m • 0 

u .!J:':.! co 
• e, • 

� r • 
;an• 

I i ,. 
20 ·�\A- 0 - Q)

1� 
• •• 

•• 0 • '"i' co
.. • • f> 

' � 
••• • 

10 •• 0 

f;l '!-� 0
0 

• 
0 

CHSO CJ' Cl. Bf 

Fig.5_7 Oistribut 10n of complement haemolytic

titres ( CHSO) and C3, C4, Bf serum 
concent rot i ons 1n P f olciporum inf <?cted 
children ( $ ) from calobor , n = 62 and 
sex/ age - matched controls ( 0 l n: 30 

1, 6 

1. I.

1 2 -_J 
....... 
Cl 

1-0 -
Ill 
V 
C 

.s 0

u 

E 
,6 ::,

....
al 

V) 

I. 

2 

0 

UN
IV

ER
SI

TY
 O

F 
IB

AD
AN

 L
IB

RA
RY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



80 

! 70 • 

! 60

0 

• et>

l y 90 

0 

I 50 i) 
• 

! ,o 
•• 0 

oo • 

(P:f' .i 1 t • • 
I 

• 
� • 

�! 30 •

d.\> 
•• 

I • - 0 

I • � -
t 

- 0 

: 20 0 

I 
t 

•• 
0 

I 
0 .. 0 

. 

CHSO C3 

189 

9> 
13° 

Cl)� 
e, 

··� ... 
..,. 0 
- 0

• 
0 

�;• -

Cl. 

• 

• 
• 
•
, 

l 
.,.•

I· 3 

I ·2 --.... 
l·O �

C 
0 

·S 
..

C
'-
... 
C 
(II 

·6 u
C

0 
0 

u 
0 . I. E 
ao 

I 
... 
(II 

V') 

·2

0 

0 

Bt 

·58 Distribution of Complement haemolytic titres (CHSO Unit/ml)

and CJ, Cl., & Bf Serum concentrations (g/l) in f.talciparum

infected children from lbadan, n.: 40, (e) and sex/age

rnatched controls n= 50 (OJ . " 

• 

•• UN
IV

ER
SI

TY
 O

F 
IB

AD
AN

 L
IB

RA
RY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



control subject s (p<0.01). The distribution of these
parameters in both populations studied are presented in
fig. s. 7 and 5.8.

S,3.5. Complement haemolysis •in gel

"Target" t,aemolyses were common features in al 1 

the samples analysed by the gel haemolysis method. 

fifty-nine (95%) of the 62 patient samples tested in 

Calabar and all (10�) the 40 patient samples in Ibadan 
• 

exhibited this phenomenon, originally described by 

Thompson and Rowe (1967). Seventy-three (91S) of the entire 80

samples collected from the control subjects also showed 

'target• haemolysis. The gel haemolytic rings are shown 

ln fig. 5. 1.

S,4. DISCUSSION 

There is sufficient evidence to support the fact 

that serum gammaglobulins, particularly IgG and some of

it more elevated in the populations
s subclasses are usually 

in Caucasians (�ichtman, 1967;

This .state of 

of tropical countries than

llore11 et al 1971 · Apampa
- _, ' 

et al 1980) ·
--

hyperganunag lobu l i naemia in

tttributed to the effect of

tropical countries has been

dominant parasitic infections,
pre 
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particularly malaria (Salimonu et al (198) - - 2 .

Racial differences in immunoglob 11 u n levels do

exist (Apampa � il 1980) and there are also differences

even within a geographical area as has been reported in

two New Guinean ethnic populat>ions (Voller, l982). In

Nigeria, two independent reports, Wemambu (1984) and 

Ogb1m1 and Omu (1989) had shown higher levels of immuno

globul1ns in Benin population than in Ibadan. These and 

other similak findings emphasize the considerable variabi-

lity in immunological responses between individuals, 

especially in antibody production (Ogbimi and Qnu 1989).

Although individual genetic influence may be a predominant 

factor in determining immune responses against parasitic 

infections, variation in parasite antigenic components may 

also play a significant role (Sy et al, 1990).

The results of the present study show that P.

1.alciparum-infected children had higher IgM, IgG and most

Of the IgG subclasses. Lower levels of complement proteins

C), C4 and of the classical pathway haemolytic titre

ICliSO) were also observed in the infected subjects. These

cos reports of elevated IgH and
ervations confirm earlier 

?9� ( Salimonu £_t _al' 1982)' as well as
" McGregor, 1972;

1 tients (Greenwood and
•O-•er CHSO, CJ and C4 in malaria pa 

l\rueton 1982·, Kidwai £1 !l, 1986).

, 1974; Gupta�!! UN
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n,e present result appears to indi cate that complement
activation in malaria is via the classical pathway. Some
Previous reports had indicated that co 1 mp ement is consuMed
during malaria infections (Greenwood and 8 t rue on, 1974;

Kiwal il a 1 1986} , al though the associated mechanisms ace

still not known (Williams� il, 1973).

The role of the alternate complement pathway in 

oalaria has not been adequately investigated, and although 

the functional activity of this pathway was not studied 

ln this work I the significantly higher mean level of Bf 
� 

observed in patients in comparison to controls,seems to 

reflect this protein only as an a�ute phase component. 

Generally, infected children bothi1n calabar and lbRdan 

had higher mean IgG levels than the controls. These 

differences were also significant in both populations 

lp<O.Ot}. However, a noteworthy observation 

vas the significant elevation of IgG3 in patients infected 

1tlth CRPf when compared to those infected with the 

Chl A t:egt:ession analysis of
0roquine sensitive strain. 

I..r: antibodies frOl!I both�vl levels against IgG-specific

"" correlation which was signifi-
rvPulations showed positive 

C: 3.540, p < 0.001>.int in Calnbar (r • 0.455, t •

lt would 
ls a �50C:iated

appear from these

with the emer:ging

findings that IgG3

str:ain(s) of CRPf.

pr:oduct1.on 

The 

tnt1 9enic component(s) that may possibly be responsibleUN
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for the enhanced production of thi i 5 mmunoglobulin G
subelass may thus be detectable by El.ISA method for total
blood stage antibody. The appa t ren association of this

i!llfflunoglobulin isotype with CRPf malaria that appears

evident from this study is difficult to explain in

relation to the milder clinical manifestation of CRPf

lnfection reported earlier on by LeBrass et al (1986) and
--

Ekanem et il (1990). A lower mean parasite density found 

in subjects infected with CRPf compared with those infected 
• 

with the sensitive strain,which was observed in this 
.. 

study,is also difficult to explain. However, the possible 

role of IgG3 in CRPf malaria may !lot be connected with its 

role as an effective complement activator. This 1s 

because the levels of hypocomplementaemia in both CRPf-

and CSPf-infected children observed in this study were not

significantly different. This view ls supported by earlier

r-�ports 

• C?ajor 

that complement-mediated parasite clearance is not 

i t malaria C�cGregor,
offensive in protection ago ns 

1972 ) On the other hand, antibody-
; Diggs et al, 1972 • 

--

�'Pendent reactions involving mononuclear
cell-mediated 

tells or granulocytes are believed to be important for

(Wahlgren� !l 1986b). Such�rotection in

r�t.1ons are
1l:'siiegelberg,

malaria 

t d by IgGl
primarily media c 

1974). Moreover, IgGJ and

ond IgG3 

IgGl aro the only
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11111unoglobulin isotypes capable  of activating neutrophils,
•acrophages, lai:-ge granular lymphocytes (LGL) natural

tlller (NK) cells and T-lymphocytes (Jefferis and

Kwnaranti:-e, 1990). It is therefore conceivable that

CRPf infection, in association with increased IgGJ may

induce an enhanced phagocytic function thereby reducing

parasite load more effectively. This hypothesis is in 

line with the findings of Facer (1980), which postulated 

an IgG-mediated opsonization of sensitized red blood cells • 
• 

Tile ir.ean values of almost all the humoral immune parameters 
.. 

evaluated in this work were comparable in both populations 

studied. It was also observed that the pattern of 

distribution of IgG subclass levels in both malaria and 

non-infected subjects has changed from that presented in 

• previous report by Salimonu £1 al (1982) for Ibadan.

General 1 y, there has been an increase in IgG3 and I9G4

concentrations from what was last reported by these

IUthors. IgG2 concentration, however, remained unchanged.

Th IgG isotype distribution mayese changes in pattern of

._ h ea with time, � due to the effects of antigenic c ang 

f 1mmunoglobullnl<ithln the environment. The evaluation o 

'n C carried out prior to the present• •labar has never been 

'tudy and so no comparisons can be made. Therefore the

�re:ient results wi 11 .serve as base line deta for subsequent

•
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evaluations in Cal a bar. • 

This study has demonstrated that haemolys1s in
gel, as an in vitro technique for the- --- assessment of 
coc:,plement activity may be adapted to provide a reliable
ser.ii-quantitative index of total plasma complement
activity in our local populations. It may be pert1cularly
useful as a rapid s creening test. However, because of the
problem of standardization inherent in this assay method,
lt should be used as a basis for selection or exclusion• 

of sanples for further study, rather than as a means of
.. 

determining quantitative values, equivalent to those

obtained by tube titration method. 

Another significant aspect of this study wes the 

observation of a "target phenomenon" in a high percentage 

Of patients and control subjects. Target phenomenon was 

first descr1bc-d by Th01T1paon and Rowe (1967), when they 

observed that plasma from a few Caucasians auffering from 
• 'lariety of diseases (16 out of 1,200) showed inner zones
Of unlysed cells, along with an outer ring of complete
lys1,, when diffusing through an agaroae plate containing

Optlnia11y sensitized sheep red cell5-

l'IOt demonstrate target phenomenon in

lr.cs1.,1duals tested at the same timo.

These �orkera did 

plaS111a from 40 healthy

They therefore
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suggested that the target phenomenon was due to the
IgG that doubly coated the 1 

patient's 

sheep red 
a ready sensitized

blood cells,thus preventing them f 1 rom ysing.
In the present study, the majority of both patients and
controls exhibited ''target phenomenon". It is postulated
from these f indlngs that target phenomenon may be
associated with parasitic infections which abound in
tropical environments at both clinical and subcllnical

levels. Thus our apparently healthy controls may have

been harbouring other kinds of infections albeit subcllnically •
.. 

further studies aimed at establishing a possible

relationship between parasitic infections, particularly

calatia, and "target phenomenon" are recommended.
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CHAPrER 6 

SEROREACTIVITY AGAINST SYNTHETIC OF CIRCUMSPOROZOITE PROTEIN OF pi.Th�£� <;�fp�UM
6,1 INTRODUCTION 

Antibody reactivi ties' against circumsporozoi te (CS)

protein of Plasmod1um !alciparum were determined by 

enzyme linked immunosorbent assay (ELISA) technique 

using the synthetic peptide (NANP)40,represent1ng the 

repeating sequences from CS protein of the parasite, 

as antigen.· This technique has previously been used by 

soce'investigators,firstly to determine whether or not 

�easurement o! antisporozoite antibody levels c..in be  

used as an indicator of the level of malaria transcu.ssion 

1n a study commwu.ty (Campbell � !.!, 1987). Secondly, 

it has been employed to investigate the po�sible 

relotionsh.ip between sporozoite antibodies nnd protection 

again3t malaria infection (Snow et&, 1989), Since

individual genetic in!luenc� has also been no�ed os 0

detercining factor in immune response against CS protein

(Del-GU.1.dice 19d7), the present study was olso aJ.ced at

i the two populations anaessing anti-CS serorcactivities n 

envisaged that the ot lligerians under study, It was

ible individual or rogionol l'<!nult may indicate a poss 

D"o1not this protein in •1ar1at1on in immune response 0 
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Nigeria. The knowledge may hel p to explain the apparent variation in CRPf prevalence level s, as well as the differen1clinical outcomESof mal�ria in! ec tions, noticed in the
two Nigerian populations (Ekanem � &, 1990),
represented in this study •• 

6.2 MATERIALS AND l>!ETHODS 

6.2.l Study Areas, Subjects and Samples
The study areas, subjects and samples are as

described for the previous investigations reported in 

the preceding chapter. 

6.2.2. Enzymelinked ImmunosorbertAssay (ELISA) !or 
Antibody 

To determine seroreoctivities against circum

sporozoi te ( CS) protein, ELISA antigen (NANP) 40 precoa tcd 

plates, obtained from Dayal-Drager dnd Decrind (19)0)

were used. Samples were diluted 1/200 in PBS-Tween 20,

containing 2.5� defattcd milk. 100 ul o! each diluted

ser..:..ci was a�plied both to a test well ana to o

corresponding \-tell on O control ELISA plate pre-coated

With PBS only. All 3omples were tented in duplicates.

The rest o! the procedure was carried out as reported

in Chapter 4, section 2.4 !or ont1-totol blood stage

antibody assay .. •
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With the plates used, th e mean 0D492 values of
the seronegative sera obtai. d f ne rom non-immune students
from Swaziland 1 .,.,as O. 075. 

A value Of 2 X 0,075 a 0,150
was used as  the cut-off point.

6.} RESULTS 
• 

6.}.l In vitro Response test and p arasi tolosx
The results of in vitro response test and 

parasitology are si milar to those reported in Chapter 4,

Section 3 .1. 

6,3,2, ELISA Seroreactivitics 

· Based on the cut-oft point of O .150, 27 ( 43. 5�)

of 62 patients and 9 (30�) of 30 control subjects in

Calubar were seropositive •. Similarly 18 (45�) of the 

40 patients cma 15 (30%) of the 50 controls in Ibadan 

�ere positive again�t (NANP)40, (Table 6,1). 0D492 at

eeruc dilution of 1/200 ranged between O and 0.636 !or

tt.e pa tient population, and bet,,ecn O and 1,077 tor the

control subjects in calobar. The 00492 ra"6e in Ibadon

vas between o.OIJ9 and 1.017 and between 0.004 and 0.526

for the patient and control groups respectively. The

�can seroreactivity and positivity rates for both

P0Plllations increased with age in both the patients

control groupu. However, there were no significant

and 
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With the plates used, th e mean 00492 values of
the seronegative sera bt o alned from non-im ... ,-e -.... , students
from Swazilclrld, \-1as 0.075. A value of 2 x 0.075 = 0.150
was used a s  the cut-off point.

6,3 RESULTS
• 

6,3.l _!!! vitro Response test d an Parasitolosx

The results of.!!! vitro response test and 

parasitology are similar to those reported 1n Chapter 4, 

Section 3 .1 • 

6,3,2. ELISA Seroreactivities 

· Based on the cut-of! point o! 0,150, 27 (43,5")

of 62 patients and 9 (30%) of 30 control subjects 1n 

Calabar were seropositive •. Similarly 18 (45�) of the 

40 patients and 15 (30") of the 50 controls 1n Ibadan 

were positive again�t (NANP)40, (Table 6.1). 0D492 at 

senuu dilution of 1/200 ranged between O and 0.630 !or 

the patient population, and bet,,een O and l,077 for the

control subjects in calabar. The 00492 range in Ibadan 

'lms between o. 009 and 1. 017 and between O. 004 and O. 526

!or the patient and control groups respectively. The

i:.ean serorcactivity and positivity rates !or both

POPUlations increased with age in both the patients

control groups. However, there were no significa.nt

and 
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differences in antibody reactiviti b es etween the CRP! -
(table 6,2), 

infected and the CRSf - infected individuals
6.J.3. Relationship Between anti-(NANP)40

r,1alaria Infection 
Antibody end 

The overal positivity rates in patients was 

higher than in  the non-infected controls, both 1n calabar 

and in Ibadan, (43.5% Vs 30% and 45% Vs 30% respectively). 

However, these differences were not statistically 

significant. f>loreover, the mean seroreactivities in 

patients &nQ controls were similar in both study 

populations (Table 6.1). The pattern of distribution of 
.. 

anti-CS antibody reactivities in both populations is 

presented in Fig. 6.1 

6.3.4. Relationship between anti-CS Antibody and Blood 
Stage /m�ibodies 

The cn&.nges 1n anti-CS reactivities in relation to 

anti-total blood stage antibody reactivities at seruc

dilutions of 1/200 did not show any statistically

significant correlation for both patient and control

groups in both population!! studied. Similarly, there

rreletiono b��ween were no statistically signiiicunt. co 

d blood-stage nntibOdy (IFA)anti-CS (ELIS�) reactivity on 

from the two populnUons.
1n both pati�nt. and control groups
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,\ge 
(yc:u-s n 

-<. 1 ·l

l - 4 28 

, 4 - 9 23 

7 9 - 13 7 

Totals 62 

•• 

201 

TABLE 6.1 

Antitxxlies up.inst ciromspcrozoite rcput1t1ve p(':ptl.(lc 
(t-.\�)10 in 102 �- fnlcipal'\Jl\-inf<.ctcd s.ibJccts, ard 80
�c/rex a::itchcd controlS rran Ib:ldM an1 Ca.lnb:lr 

!Jean 00492 ('.t Positivity)
. 

CAL.ABAR 1 B.\Di\N 

PATIENTS n CONl'ROLS 

0·.052.!:_0. 018 ( 0) 2 0.027+0.00G(O) 

0.151+0 .144(39 .3) 12 0.175_!_0.189(41) 

0.197,:0.187(56.5) 11 0.102+0.112(35.7} 

0.175+0.1•12(51) 2 0. S!l·l+O .682( 50) 
-

0.10�0.160(•13 .5)• 30 0. 010--0. Z3(30) •
-

•,t2 - 1 ,1\00 • t ,.. 0. ' 

n 

2 

l3 

15 

10 

40 

PATIE�"l'S n COm:'ROUS 

O.C>l�0.018(0) 2 0 .CX30+-0.009( 0) 
- -

0.072+0.086(23) 
. 

23 O.C>l4+0.043(0)
• 

0.188+0.23(53.3) 15 0.168+0.14( <:O) 
-

0.·12 :!_0.-10(70) 9 0.30G+O.l35(88.9) 
-

0.20 •0.27(45)•• 
-

00 o • .133!_0. l •10(30)• •
-- ·'---- �--

• •1(� • :, too.. , .., ,, , 
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TABLE 6.2 

-

�lean anti-CS antibody rcactivi ties (OD 492) in

cl1ildrcn infected wi.th CRPl or CSPf in tbndnn

and Calnbnr 

--------------------------------· ---------------------------------------- ---------

t.oc:il i LY CRPf-infccted 

children 

n = 29 

• 

CSPf-in£ccted 

children 

n • 20 t p 

• 

-------------------------------------------------------------------J 

T 

I
••••••••••••••

C.\ L,\B,\lt 

111,\1),\� 

0. l·I (0. 1S)

0.13S· (0.28S) 

0.14 (0. ll) 

0.20S(0.24'1) 

-
-

0.7l2 '> 0.1 

--------------------------------------------------------------------------------------·

CS .. 

CRP( • 

CSP( .. 

Ci rcumspor"�:oi tc 
Chloroqulnc rcsistnnt f.· r11lc1J��1.:_l_!_!!!_ 

Cloroqu1nc sensitive P. fnlcloorum--
•
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6.4. DISCUSSION 

The study reported here was not intended to provide
a seroepidemiological ini"ormat1on hence th , e sera were

not obtained by statistically sampling method and may not
be precisely representative of the communities. The data
should, nevertheless, provide a good indication of 

transmission rates with exposure, and should also provide 

a good indication of individual ability to mount icimune 

response against CS protein. Such in!ormation may 

indicate possible differences in malaria transmission 

rates•and in malaria immWle responses between the two 

populations selected for this study. 

Children under one year o! age were generally 

seronegative against (NANP)40 both in the patient and 

control groups. This suggests a minimal influence of 
caternally acquired antibody. A similar observation 

and suggestion had been made by Campbell £! !!, 1987) · 

b th the antibody prevalence l.!ter the age of 4 ycors, o 

rate5 and the levels of reactivity to this synthetic

ilnr trend h&S previously
Peptide increased with age, A sim 

rn hicOl orcoo (Hof!mo.n
been reported in various other seog P 

11987' oeloron et�. 1987),
� � 1986); Campbell.�!- ' -

• B8) thiO ogc-rclntud
"8 suggeated by Pang !;! .!!! (l9 ' 

cuculotivc oxpoaurc to
1ncroose, probably ro!lect6 0UN
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p, !alciporum parosites,rather th - an to protection. Withregard to the present study, this postulation al�o stems
from the fact that both the overall mean prevalence rate
and level of reactivity to (NANP)40 did not dil!er
significantly bet.,,een the infected and the non-infected
groups in the �,o populations studied. Webster et al

--

(1987) showed that CS antibody levels rise and foll
rapidly in response to natural .f. falciporum i.n!ections
1n previously infected Thai adults. Presumably, the

• 

present pattern,as seen in the controls may have resulted
!rom·sporozoite innoculations which did not lead to the

development of blood stage infections as suggested by

Pang et t:l (1988), and Wijesundera, (1990), The lack of
--

correlation between anti-CS antibodies and anti-blood

stage antibodies in this study,rurther. supports the

probable association of age-related incruase in antibody

le·,el and cumulative exposure to poras1 te infection.

Thus attempts to measure the protective role of CS

,antibody in a natural setting require frequent nnUbody 

(pnnn et nl 1988). determ1na tions end mnlaria tuncars 0 - -' 

1 the current otudy Another important observation " 

rates of onU-CS �ae the relatively lowor prevalence

tivities in the l - 4 yoora etltibod:, and levels o! 1 ts rcnc 

1t,odon oo coc:porcd
age bracket, in subjects studied in ' 

I 
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to the corresponding age bracket

patient and control groups. 
in Calabar, both in

The positivity rate was

the 

relatively higher i n  Ibadan in comparison to Cal.a bar, in

t!le oldest age bracket (> 9 - 13 years). However the

overall mean positivity rate.s and the levels of reactivity 

compared well in the two populations. It is not 1.1!:med.iately 

clear why subjects aged between l and 4 years in Ibadan 

showed this rel�tively lower anti-(NANP)40 antibody 

,.., 

prevalence rate and reactivity, despite the fact that this 

group of patients £rom the two study populations showed 

id entical parasite densities as seen in Chapter 4, (Table 4.2). 

In a previous study in 3 Kenyan villages conducted by 

CL"1)bell et a l  (1987) using a synthetic CS peptide, it was 
--

11.:10,;n that the village differed 1n the ages nt which antibody 

!irGt appeared. Thu�, 1n one village, only 12" o! the

children had antibody by the age of 5, while 1n the other

hio ;,illages 60'6 and 73'1; had antibody by 4 years of age.

It is tempting to speculate thot the high anti-(UANP)40

antibody prevalence rate and reactivit!es in the 3oe

bracJ.tet (1 - 4 years) i n  calabor. appears to hBve no

in!cction, Thi� 18
Protective o.dv:1ntoge ego1nst CRP!

! � ycsrG from the colobar
becQus� children below the ase O � 

CRP! cnlario ae ossossed by
group had high prcvolencc o!

study wo5 not conducted in

method. An .!.!1 vivoth9 in vivo
- ......,.;.;;;. 
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Ibadan, but the present in vit - ro observation indicates
prevalence rate o! CRP! is still very low. •

that the 

This study has also shown that anti-(NANP)40 has
little, if any, eff'ect on protection !rom infection, as
shown by the apparently identical seropositivity rate

and levels of reactivity between the infected and non-infected 

sroups 1n the two populations studied. The protective 

e!fect of anti-CS antibody has already been refuted by 

Ho!!man � al (1987) in Kenya; Pang � !!,(1988) and

¥ebster, (1988) both in Thailand; Burkot et al (1989) 1n
--

?apua Uew Guinea, and l'1arch et al (1986) in The Cambia.
--

Since older children in both Ibadan and calabar hod similar

seropositivity rates and reactivity levels, the apparent

di!!erence in imi:rune response between the two study

populations at 1 _ 4 age bracket may not be due to genetic
influence, a fuctor known to be important in calaria 1rn,uuty 

(Rosenberg ana Wirtz, 1990, Del-Cuidlce � !! 1987) • l'Urther

corc it is known that 1c:mune responses ogoinst !IIZllari- is 

at its rudimentary stage in ages below 4 yeors (creenwood

� !! 1987). 

Froc the results o! the present fltudy therc!orc, it

CotJld be adduced thot p, falcipON!!! transm1osion rntca i n
- . 

lh 1 i!icontlY di!!orcnt,
-� t\to study populations ore not 9 gn 

•nd d not appear. to vory
that tho two populotfono also 0 

'&n1t1cantly in immune response ogoinot (HANP)l+O.
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CHAPTER?
• 

GENERAL DISCUSSION AND CONCLUSION
7,1 INTRODUCTION 

The global increase during the past 15 years
oi Plasmodium falciparum malaria, the most lethal of
the human malarias has highlighted the need for an
effective vaccine against the disease {Anders et al

__

1990). The emergence of chloroquine resistant f.

falciparum (CRPf) malaria, first in South America and 

South East Asia, and more recently in Africa includl.ng 

Higeria (Kean, 1979) has -<:on.founded the malaria problem. 

As a prerequisite to an application of a malaria vaccine 
• 

directed aga.inst this parasite species, a number or 

preliminary studies are imperative. These include: 

(1) the monitoring of drug sensitivity of E•

felciparum in areas where malaria 1->

endemic, 

(11) studiea leadJ.ng to a good underatandJ.ns

of the characteristics of ho&t 1cmunc

(111) 

Onainst locally prevalentresponses o 

antigens.

h Poas1blo age ond
the ossessmont oft o 

Vor1nt1ons 1n ind1vidunl
tia:c-rclatcd 

or regional 1�e ��otus 1n rcapect ofUN
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immunological parameters
with malaria immunity.

likely associated

(iv) the assessment of possible protective values
of defined f. falciparum epitopes in populations
that are potential targets � • o. a putative malaria
vaccine. 

Studies on immunological responses against malaria
in different populations have shown that ia:mune response 
variation, against this parasite has a strain specific 

cocponent (James�!! 1932; Jeffery, 1966;Volle� 1970;

HolCClel, 1986; Sy � �, 1990). Individual. 6enetic 

'lariation in malaria immunity also appears to be a common 

feature in malaria endemic areas studied (Bjorkmun et al, 
--

1990). In mice, the response to some defined f· falciparum

prot�in is control�ed by immune response genes (Cood � !!,

1988) and it  is pootulated that the major histococpatibility

co:plex (f.1HC) restriction on T-Cell response to these

epitopos may also occur in hU.lllBn (Wirtz and Rosenberg,

1990). Thus 1 t hos been suggested that if such o scnetlc

regulation exists in humans, then it is conceivable that 

tt r to tho p. folcipan.1111
�r:e individuals will respond be 8 -

vaccine than other:. (Del Giudice � !!,!., 1987) •
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7,2 DISCUSSION 

An assessment of humoral immun e response to malaria
..,as undert'3ken in two selected Nigerian populations. In

calabar, where CRPf incidence had been speculated much 

earlier, a high in vitro prevalence rate of 59,2?:I in 

children was recorded. A simultaneous in vivo prevalence 

o! 53,6� was al.so recorded in the same children thereby 

giving a high in vivo/in vitro correlation in this population, 

Due to the modulating influences of host. immunity in 

r.alaria chemo�erapy (Spencer�!! 1983b) a high!!! vi vo/ 

in vitro correlation is expected onl.y in the reldtively 
-

.. 

les::. ia:mune ind.i viduals. Immunity of in.fan ts against

:alarla depends on maternally trens!erred components. 

Children seldom acquire significant active 1uw:unity o�a1nst 

::.alar10 in endemic areas, (Greenwood � !! 1987) · It .s 

el&c> possible th.at ind ividuals vary in the acount of

1c:unity acquired at childhood. Whereas in an Indian study

(Cautac et al 1980) the age ot greatest susccptibil.i ty to
--

:.alario is bet,,een one end three ycars,with 8 decline 

thereafter, the victims o! the disease in calabor are largely

t.°'losc aged between one ond ten years {lkpat tl �. 1990) • 

Th.is would ouggcot that while children 1n other tropicol 

Ind aub-tropicol regions develop acquired 1cm;un1ty to

1•1ger ion ch ild oc:hieVe5
talaria n t a much tender ago, 8 ' UN
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significant immunity 

199'.>). In the light 

in vitro and in vivo 

211 

only after 10 years (Ikpat et al of this, the high 
- _,

correlation between
studies in children from Calnbar

recorded in the present study is therefore not unexpected.
y,oreover, the relatively mild clinical m�-•r .,.,u. estotion of

cRPt ri:alaria i n  children Irom Oban, near calabar, observed

by Ekanem et al (1990), may uid.1.�te _ that the CRP! strain(s) 

is less pathogenic in nature and may not be due to the

e!fect of individual im munity, 

Except .irr respect of IgC-specific anti-total blood 

ata&e antibody reactivity where mean 00492 valu e was 

signi!cantly hlgher in patients from Calabar than in Ibadan, 

(P<.0.05) , possibly due to the high prevalence 01.'. CRP.C in 

Calabc1r, the results of the present study did not indicate 

eny N:gional variation in all other immunoloE:,ico.l pnrumeters

tveluated, ootn in patients and in controls. I! the 

d!.!ference:j in the intenoi ty' prevalence rate and

clinical oani!estation5 o! CRPf maloria observed between
Children in the two populations studied aro due to

id ot the cellular1t::unological dif!er enceo, then such pny res c 

l i i cu:ilorin ic=.unity
tvel · The role of cellular .mechon sm n 

ha •JoPkcro (Weld and I.Ong, 1968;
11 been ossessed by various " • 

i- In another recent report,
•v'Je Blomberg � !!, 1990) •

• 
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peyron .!:,! !! (1990) suggested that t umour necrosis !actor,
secreted by activated macrophages and 1 h ymp ocytes, may be
associated \'Ii th the development of resists nee against
c:ialar1a. Further work should therefore continue to
evaluate possible cellular immune differences that may
exist between these two populations, Calabar and Ibadan,
vith different prevalence levels of CRPI malaria.

During thi::. study, humoral immune response dittere.nces
vere observed, due probably to the immunological differences
bet",..een the two parasite strains (CRP! and the chloroquine

. 
� 

sensitive strains). The mean IgG3 levels were found to be 

hisher in the CRP.f-1.n!'ected individuals than 1n those 

infected with the chloroquine sensitive strain of the 

pa.raci te, both 1n Calabar and in Ibadan. However, only the 

difference in Calabar was stati�tioally significant 

(t-6.616; B<0.001). Also, the mc.m IgC-spcci!ic anti-total

tlood-stage antibody reactivities were higher in subjects

Vith CRP! malaria, when coa:parcd to those infected with

d 'f r•nce was significantthe sensitive strain. This ,1.,. 8 c 

in in!ected subjects from both calobar (P<0.01) and Ibadan

ta e: antibody (P<o.05). IgG3 levels end total blood-a b 

react1v1 tif!s in patients froo calabar olso 

3 450· p(0.001)
PQsitively (r • 0.455; t • · ' 

corrclat1on was not signi!icant, in Iblldan.

correlated 
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Sy � � (1990) studying the .!!2 vitro

o! p, falciparum :from di f:ferent regi - ons o! 
ol>Served a wide divergence in the ability

growth inhibition
the Philippines 

of iClll!Ulle sera to 
inhibit the growth of geographically disti t nc parasites, and
concluded that parasite variability could account !or the

diversity in immune response j;o malaria infections, Thus

t.'le observation o:f high IgG3 levels and IgC-specUic total 

anti-blood stage antibody reac ti v1 ties associated with CRP! 

infections 1n both populations, would appear to support the 

!indings of .Ye et al (1989), that CRP! has a membrane protein
•

(K'lft • 155 - 170 KD) which is lacking in the chloroquine

sensitive parasite. 
.. The present results may therefore indicate 

the pos:.ibill t y  that increased anti-total blood stage antibody 

or IgC3-spcc1lic malaria antibody or both, could serve as a 

c.arker ror CRP.! malaria Wee t1on. Thi� pos .. ibili ty may thus 

clrcucvent the need £or in v1 tro field tests for chloroquine 

�sponses of �- falciparum, a method thut is cumbersoa:e,

especially in field studJ.CS, It is also arguable that a

Pl"Obable IgG3-specific malo.rio antibody associated with

ron th lel!I� severe c11n.1.col.
�=! infection, may account for e 

11er on by Ekenem !£ !! 
1:'.a:u!entations of malaria obser-ved ear 

(l compared to thane
990) in CRPf-iniected subjects, 00

th r.ensitive strain. AntibodY-
in!cctcd pr�doc.J.nantly with 8 � 

d ronctions 1nvolvinS �ononuclcor
epondent ce.i.J.-mcdiated UN
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cells or granulocytes are believed to b e important for
protection in malaria (Wahlgren � � 1986b). Such

reactions are pr1.mar1ly mediated by IgCl and IgC.3 

(Spiegelberg, 1974). Since these two sub-classes o! 

antibodies are the only immunoglobulin isotypes capable 

o! activating a wide range o! specific and non-speci.fic 

cellular mechanisms (Je.f'.f'eris and Kumaratne, 1990) it is 

probable that CRP.f' infection, presumably associated with 

increased IgG3 production, may induce an enhanced phagocytic 

!unction .thereby reducing parasite load more effectively.
. � 

This r:ay curtail the rate and amount o! parasite tox.ins 

released from infected red blood cells and thereby present 

the mld symptomatology observed in CRP.f malaria, If this

is true, then it would contrast the observation o! 

!itpat � !1 (l.::,90) that the incidence o! cerebral malaria

appears to increase with the emergence of CRP! malaria in

Calebar. �ore studies ere there!oro neoded to elucidate

tort> clearly the clinical implications o:f the ecerging

""" the occurence o! cerebral
�=I st�dln(�) with regard to

talar1a.

Cleor-cut relationshiPB to the
In this report, no 

found when the blood
Ct'ielopment of clinical ilCIUJ11 ty were

total paraoito o.ntiscns
•toac antibody rcoctivitics to th0

c.3de by 
'it s1m11or observation �as

re determined by ELISA. �
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Vahlgren ,tl & (1986b). Furth ermore, antibody against 
circumsporozoi to antigen did not show a clear-out evidence
o! protection against f. !ulcipnrum infecti ons. Although a 
nUQbcr of au thor!i believe that anti-CS antibody is associated
vith protoct1on (Del-Guidice tl !l 1987; Esposito et al

--

1988; Snow £! &, 1989), som(! others believe otherwise
(Pang tl al, 1988; \'lebster tl !.! 1988; Burkot !1 !1 1989). 

Nevertheless, the present results clearly sho� that the

two Uigerian populations �tudied art adequately r,.sponsive 

to both ont.1-total blood stage antigen and circumsporozoite 
• 

antigen. It i s  known that antibodies ngainst the !onner

also embody antibodies dir�cted against the ring-iniected 

erythrocyte surface antigen (Rl:.SA), (Deleron ,£! !!. 1987) 

which has been found t o  prevent merozoite invasion 

(Wablin et al 1984) and to correlate positively wil;h 
--

clinical immtmi. t y  (Wahlgren � .!!,, 1986b) , It is there!ore

inferred that the two populat1ons studied dre aldO

responsive agu1nst RESA, the most putative malaria vaccine

) This postul�tion iscandidate (Perlmann tl !!]; 1989 • · 

supported by the work of WilliWDS tl !!!, <1957> who .!ound

a i tibody reacti vi ties in the
s gnificant anti-RESA an 

Cora blood o:t Nigerians• 

7 • 3 • SUt-.MAR 'f AND CONCLUDING R£MARKS

p falciparum (CRP!) prevalence

Chloroquine resi:>tmlt -· -
in d in v1vo methods

level as evaluated by .!!!.. vitro an -UN
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calabar wos round to be 59.2� and 53 6 ·�respectively,
giving a high correlation between the two methods in a
relatively lass immune children population in this arta.
No in vitro schizon t maturation 1nhib1 tion '-'as - " recorded
in chl9roquine concentrations less than 4 PC!.Ol per well.
probit analyst:; of log/dose r€:sponse test showed o.n EC 99
{e!!ective concc.:ntration or chloroquine at which m oi
schizont m�turation is inhibited) or 4.6 x 10-� per 

litre of blood (23 pmol chloroquine per well). 

On the other hand, 35,3� prevalence level of CRP! 

vas racorded in a similar age group in Ibadon, using the 

in vitro evaluation method ... Schizont maturation inhibition 
-----

vas observed in low chloroquine concentrations of l and 2 
• 

p::ol per \:Jell as well. Pro bit regression showed a 

cur:ulotive EC 99 o.1 2.4 x 10?-1/L (12 pmol/well) • 

A divergence 01 parasite densitie� was observed 

bet\leen children in!'ccted with the CRP! and th0se ini"ected

Yl.th the sensitive .. train, the 11..tter group harbouring 8

slgnlfico.ntly higher mean paras! te density than the !oroer'

1n both Calabur and Ibadan (t • 3,9000; P t.o,OOl and

• .. • 2,190, P '--0.05 respectively)

analysis for the levels o! Igt,!, IgG and

Proteins Bf, C3, c4 nnd the
complement 

l1I,;;Junologica1 

its 4 subclas�es, 

tles31ca1 pathway haemolytic activitY (CHSO ) in serum or plasma
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samples collected !rom patients i th n cae two geographical.
populations os well os in age/matched t con rols, did not
show ony significant variations IgC spe ifi · - c c reactiv1ties 
against intracellular blood stage antigen by IFA, and
circumoporozoite antigen by �ISA,were also not s1gni!1cantly

different between the two populat1ons. However, the mean anti

total bl�od stage antibody reactivity was s ign1f1cantly 

higher in po t.ients from Calabar than Ibadan. Prevalence 

rates of anti-blood stage antibody react1v1ties by ELISA 

and IFA were. recorded in all age groups studied, bot.h in 

Ibadan and Calabar. The seroreact1v1ties also increased • 

with age in the two populations. Anti-CS antibody did not 

appear early in age, in the two populations, both 1n

pationts and in c ontrols. There were however differences 

1n the ages at which anti-CS antibody !irst appeared, 

between the children in calabar and those in Ibadsn.

Thus, anti-CS antibody did not appear in children aged

between l and 4 years in Ibadan, unlike in the similar age

Nevertheless, children !rom both
group in Calobar. 

ti-CS antibody reactivi
populations sho\'ted identical mean an 

ties. Stage antibody and IgC3 were bOth
Anti-total blood 

in cRPt-1nfected children in
S1gru.f1cantly increased 

Caldbar (t•3.204, P<0.01 400 p<O.Ol respectively),
and t•3• 

l had increased mean
In Ibadwi, CRP.t-1.nfected children a ;joUN
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ot theatt two por£11totcra, 
tal blood atogo antibody 

.Ofl6, P<0.05). 

but only the increase in
rooativity won a1gnif1cllnt

!be meo.n co�plomont protein C4 and the claonicol
i\'1lwllY haocolytic t1 t1•0 (CH50) were 51gn.1.tictsnlly reduced
tp Ula patient groupo otudil.!d ,on cortparod to the con�rolc 

�.420, P(O. 001 ond t-7. 253, P(() .001 !or C4 and Ctfso 
r.tJl)tOtively in Colober; t-8.276; P<0.001 nnd t-10.490; 

P.C0.001 .tor C4 and ctt50 re.spec tivcly 1n lbadnn). Tho coan

C, level wad r:educed in the two patient populnt1ona but 

not aigni!ican Lly. 
• 

B! of the oltornntive pnthway, on the 
� 

otber hand, was signi!icantly incronscd in tho controls !roe 

Calabar and Ibadon ( t•3.636, P<0.001 and t•4.300, P<0.001 

l'elpectively). ThEtre wos no divorgonco 1n the pro!1lcs 

of these complement prot�ins between the CRP!-ln!ected 

Children and those in!ectcd with the scns1tiv1;; stra1n(s) 

ot the poraa1 te, 1n the two populations. 

It lo concluded that CRPf prevalence level in Colabar

ia lign1t1cantly hieh and coruirms o.n earlier report by

P.bne111 tt fU. ( 1990) in the noighbouring Obo.n coa:r..uni ty •

..__ idly incrcos�d from
- Prevalcnco r.oto in  Ibodon ho$ r�p 

? ,., 1987) to 35.)", OS·- in 1986 (Soleko and Adorounmu

h tho level is
�••led by tho prc:1cnt otudy, altllOU8 
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auch lower than in Calabar. These developments call 

!or 1c:ciediate control measures, in order to stem down

ariy 1ncreases in the pathological sequalae usually 

associated \1ith malaria e.g. cerebral malaria, part1culc1rly 

1n caiabar. A suggestion 1s also made !or !urther an.tlys1s

o! the anti.-IgC-speciiio anti-total blood stai:.e ar.t1body, 

suspected to � of the IgC3 isotype. A confirmation o! 

the asscciat1on of increased IgC3 production with CRP! is 

neet:ed, as this wil.l contribute to the better under$tand.1.ng 

o! the patho�nesis of CRP! malaria . 

• .. 

•
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IRoccncJ I M••<II 19',0 r" .ro •auo• .->'Id JI O.iobr, 1990, eacp<al 21 "••cmbt• 1'901 

S,ni:c <hloroqwne-rnnunl r�-f� (CRPf') hu cmctpd rn ,._,.,..... •• wlioral Ille
,uwrp11hob1r ta( Ille r•raulf ........ 10 a JUNUnl c111o,c,qu- lCSI dote in OU/ a.lJ ...... "-1<"'> 
Urut Cbloroquln< CCQJ h 11,t Jrva or chnocr (or m,br,a d><mothrnr, r• S,_ Tli< WIIO 7-,j,,, la 
''''-' n.tlWhOrl and Rt;e\rU4M•1 m11;rol11tc (cc:hniquc CIN ,uro lDlJ -en wcJ.. J,J c.hUJrm ol ,_.. ap: 
4 'I i<•n •••• mtollnl an lbt 1111<11 !111 I .I',) of 11w In "''° <1111wn •= 1llttnlfa'1 16 119.J'H.I of lbc
1u«t1.ru1 lltllola 111U ,hu•<d ld,11,,ron1 •• CO ""'"'1ltatloa of S 7 rmolJ,uD 1nd abo,c Z1 (l4.l'II
DI lh< duld"n COllll'lcltd tb< in •1'0 ,uaJr IS CSl 6\,) ..... "''""IMm"' OJI .i., 1 ud. 0< do) I' u4
•nc r,prdrd u l"RIIIOlop: (10111n Tbc 1101.otn lro,n II o( thril ctillJlff .,._al _,..._J,n1 111
\)Ito ro:>111>0C o( co COIICffllrlliOPI aiaul lo.,, 1bu•• j 1 Jll'l"'li-dl. Th&..,_,_"' RIii i• i> >•,,
•rrc,n to b;nc 1ac,n,cJ u ,umpolal lo$ ffi tm>fdcJ In 1917 \le cu,,d,&Jc \h.o11MR 1rr,ean IO be
• rood CDIICUtl(ln bcl•«n la ""' n•hullaa or ponu1olop< r.u.,,.. (Sl 6¾1 1ad la''"" rc111uo«
()� , •• , (t thu• >f'l'C,IU lhat CRrr It llchruldy tll<Jcaw>I In So..lh·E.a"cm i,;,a,mo Tllt1an 1>< .. ,..,a..1
1101 Dill) IO COCllrf""'" malaiu <hanolh<fll'J In lhc Childrn>'• � Urut of'"" U1111cni1, o(
a.i.11a, T,a<hiai 1Cmp11&I, 1>w1 "iD a,att11Kl1< 111,nwfttdf io 1bt dt\..-ouoa or a&l.uia 1bcnPJ &Dd
cc,ntrol In N1,sai&.

-

l111roducllun 

In moil dc,clop,ng 11opic11I countncs or 1hc -..orld ch_loroquine 1 s  the drug of choice
11ga1ns1 mulan,1 1nfcc11on, which cau.c1 high mortality ,n ch1ld�n as "ell ai non· 
immune ,,siton nod 1e,crc morb1d1ly 111 �oplc of all agC$, indud1ng \Cm1-1mmunc 
,,duh, Pfa,nro,l,u,11 falt1por11n1, the m<»t tc1hol of human pl.asmod1.1I �pccics, 11.111�
10 become resl'litol to CO 1n the tote 19SO', llo"c,cr, this new un11n a�pu1cd 111
r:..�t ard Central Afnc.1 aboul 10-1 S )C.ln later (�nconclll et :1l1 198S) l·rom there 
the ,p�ad pr•:\Untably conunucd inlo \\'csc AfnClln Countries, 111clud1n1 N11cna, 
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1::0 

\\hen: 11 !us prob.ably luid the lfClllcsl 1mp.it1 ,n the Soulh•Elutcm Slata of lhc 
country 

In Kcny;i, the fir11 c:uc or chloroqwnc-masu1n1 P. /ulrlp,.irum (CRPf1 mabn.1 in
,\fnc:i, was n:portcJ 111 11 non-immune ,isuor (f'ogh et al� 1979) 110-.c,cr, the 
dc,1:lofmcnt wu, noc m.1n1fcs1cd an the 1nd1scnolll populauon unul 19bl Ho"c,cr,
1n 198.., • auddcn dc,clopmcnt of  chlor0<1u1nc rcuscancc wu, recorded an the and,cc· 
nou, 1nfon1 pop11Jo111on (Spencer et al , 19lSJ). Jn 1956, u -16.$0,0 prn11lcBCC of chlo
roquine rc11t1nnc:e an malana 11.u recorded In 1nd1gcnou1 Camcroonltn 1nfanu, 
follol' ans :an cJrhcr report of a few Cl\O 1n non-immune ,u11or1 (Sanconcui et al ,  
198S, Lcbran cl al .. 1986) In !bad.in, \Vntcm N1acna, conunuou., sunc1llancc 
sho .. ·cd ;a prevalcnc:r of only 7 I �l, an 1986 (5.tbko 11nd f'adcl.c-Adcrourimu. 1901) 
In o .. crn, 17.1,tcrn Nagcna, El.e reported 11 ,u.,Jl('Ctcd c:auc of CRPF ,n 1979, and an 
1987 the Ccnuc for D1.c.,.>ei Conlrol (CDC) n:portcd CRPF an a non-unmunc ,u,tor 
10 Enuau (Jackson et .. 1., 1987) 

The i;cogrnph1al ducnbuuon of CRPF ha, alrady been dQCnbcd (Lcmnto and 
lnabo.t, 1988 Ur H-.:Ur cl al., 1988) Subscqucntl), •'C aamcd out D malan1 tbcrap) 
survey an Ob.tn, South-E.1stcm N1gcna, and cont1nncd an in VI\O CRPF rate of 
63.6% (El.ancm et �I . 1990} Jn another .sune), ,n Asb.ini and Jato-Aka, both in 
South Eastern N1gcn11, on 1n .,,,o CRPF nltc of -1 I 2•� and the high n:>l}l.a!ICC lc,cl 
RIil WII\ found 1n S.9% of cu.n (l;,cJ1n.ach1 et al 19S8). Howc�r. 1n • sinul•r 
uudy 1n lgbo Or.i, \\'cslcm t-:1gcna, no CRPF ,.,u found (Ekancm et al, 19')()) 11111

pracnt )tudy 11 a par& of the n.:iuolb.l m11larill therapy 1une1llancc Khcmc. 

\latcrbb and i\lcthods 

Th11 ,1udy tool plJcc bcl\\CCn ,\ugu,t and 0.:1obcr 19!i9, at the UnJ\-cr1il) of C.il.ibar 
Tc.ich1ng I loip11ul ,\ 101.111 of 806 children "'ere screened for P./al<1porun1 JJ dul· 
drcn l'Crc enrolled tn the ,1udy TllC) \\ere c.l.lllTIIOcd by ph)�1a3ns. and 1hosc found 
10 be 100 s1cl to take oral medication, or 10 ha,e had pre\iou., ehloroqu1ne mcJ101., 
uon (poilll\'C D1II Glatlo unnc 1es1) were c.(cludcd from the <11ud) lnfonncd coruc.nl 
for par1lap.111on was obtained from lhc parcnu or guardians or the children 

/11 , /vu ,111J11·� 

The \\HO c�tcndcJ IJ-da) follow-up tn \I\O Lest (\\'HO, 1973) ••,al used The
chtldn:n l'Crc trutcd -.11h chloroquine (C2S) >yrup 1nd or L4blcu The Clj '1'1H

supplied by the Nouonal Mol.ana and Vector Control 01\i.>ton of the Federal �11n11-

II') of J-lcallh, La�ol Tius C2S wu prclcstcd for potcnC}, The ch,IJrcn "en: treated

"ilh 25 mg chloroquine lg body \\I, on J con.ccu11,c d&)l, and ,.ere follo"'cd up

for at Jcait 1-4 d•>•· Thick and thin blood •me.in "'en: st.uncd u11ng G1cmsa and

Leishman s1u1n1 resrccuvcly. on the tin1 d:ay (d�)' 0). and th�n on di)-. l, 7, ond 14 

Therapeutic raponse co 4-am,noqu,nohnc \\31 aueiucd UllDg chc dau11ic-Juon of

1hc \\'110 (\VIIO 1973), 

In , 1/ro s1uJ1tJ 

The Riccl.mann microutrc: technique (R1c,l.1n1nn et al� 1978) ,,,. , 1 ,,-d I() dc1cr�unc

lhc 111 vicro iuscxpubiht)' of p /uf /por11n11sola1es to ,hlo1oqu,nc (CQl u 1ni; \\ HO UN
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11:11 l1h ,\Iler 1ncubauon, 1h1cl. blooJ him, .. ere 11.irncd wnh G1cm1,11 and 1hc 
number of ,ch11on1s per :?00 innual p.1nu,1a "''' Jc1crm1nC'd 

holllla 1n which IOV. of the �r•sncs dc\dopcd 10 sch11on11 1n 1he con1rol Y>dl 
"ere •-On11dcred su�culul i\hn1mum inh1bHOI') conc:cn1ra1100 (1'11C) Y>as defined 
a, 1hc lowc:st ,onccn1ra11on of 1he drug al which no scil11onu ,.ere obK,...cd The 
presence or sch1zon111n wcllJ w11h more 1hun S 7 pmol/-..cll ";u cons1dcrcJ 101nd1ca1c 
CQ rc1111an« (T 1n11ncrm.inn cl al, 1982). TI1c conccn1rallon of CQ lhow1nQ SO�'. 
(£.C,oJ, 9S'Vo (lC.,,)and 99'Vo (lC,..) 1nh1I ,uon ofsch11on1s was e1111m1cd by prob11 
11ni1l )l1t or 1011 dose/response, (\VHO, 1982; \Varwme cl al., 1988) . 

• 

/11 , '"' ,·r11fu<1tlu11 

2i (8-' ll'Vo) or lhc children comrlelcd the stud) In I l (il6 6%) of them lhc �ra111ae• 
m1u \\;U cleared and they rcm.1U1cd free or �l"llulcs dunng the 14-d.1) obKl"\ilUon 
pcnod The)' were thw cl.usificd ,n thow1n1 an S·=ponsc (complclc cure) 

In I.S (53 6%) of the ch1ld1cn, euhcr lhc day O p:anu,1c louJ win nol rcduccJ b) 
;11 lcau 75°/4 on day 2:or there Y>'.11 a murg,::nc:c or pinu 11a on day 7 and 1or 14 
Thoe \\ere re1111rdcd RS pura111olo1,1cal f1ulurc, (Table 2), The rn111an« lc,cl, or 
rhcx- "ere Rf (S c.ises), RII (6 casa) and RIO (-1 cue,), (Fig. I) 

rhc clinical response w.is good cAccpr 1n the RIii aroup, where 1hc day :? mun 
1cmrcni1urc ros.c abo,c the J11) 0 mean tempcriuun: The n1C.an temperature of the 
Rll group 3J,o ro.i.c: cons11Jc111bl) on d•Y 14 (f:11 2) 

/11 1/11u tt'JI - tlrt' pllllt'fll rJ/ ,n r,tro JUJCrptlb1/1tJ' of l'.folctp<Jru,11 to clrloroqulllL 

27 (81. 7�.) o( the 33 cultures �ere suoccssful. 11 (40. 7°/4) of the 1sol31cs were scnslll\� 
:II chloroquine conccn11111ion, of S. 7 pmol per 'Well 16 (S9 .3°/4) of the uobtcs iho"cd 
,chuont ma1ur.111on 1n CQ conccn1n11lons of more than S.7 pmol per "ell, (6 iJol.tlC$ 
nl tl rrnolrwcll: 5 at lb pmol "ell 11nd S 01 32 pmol ,-cU) (Tables 1 :ind )), :and '"ere 
regarded 111 1n ,ilro rcsl11an1 c.ocs 

I '"' l 

1919 

... ,. x _,o_o_o __________ -=:--.
oo,--
40 

JO 

10 

1 0 
0 

, ...... , .. II II 

'" vh• co ,., ...... 

[ • o..,.o ea,,., t o .,., , m11e••• J 

,-., ••• ,. er flot1el'llh

•·•l 111-, ,.,, •• ,JIii•·•

Ocomctn;; man f'll'I"'" .iu,ma icnw "'.,.,. dlloroq•uoc rnl'Ofl>C, II') d.a) or llud), Cal.Jl>or 
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"•GA T•ueroru• IC) 

I 
l
'"

cm--o.-,-0-c:::J Do, I Cl "-t r Cl Do, ,. ) 

"""'''#' ., ,., .,... . 
l•IJ ,.,.� ftll•t lltltl•• 

I•• 1 Mun •'1lluy tm1rrn1ura wn111 u, ,i,o chloroq....,. mi-,,. i., c1.a, of 11...i,, C..l.abou, 1m 

TAOLll I 
.Swnmuy of tn ,no aod 1n ,11,0 I' /iJk!JtUl'Wff 1""'2'J'llbiI&I)' to ch.ku-oqu.aaiir �n Call bar, �1i;cna 

" .... .,,,..,. Toul ,__.,., Numbor Sumb<t 

method nunsbc-r WO<CUl'ul wnuu,c '° rnuJ•nt 
• l•I 1%) CQl\.l M(Q1%I 

Jn ,wo )l 2.1 (J4 II ll (��, U0l6) 
fft \lltO J) 27 111,a, II (ol0-71 I� (HJ) 

.. 

·n,c cumul.Ju,c F.C.. (c1Tcc1ivc CQ con1.:cn1niuon DI ,-h1ch 99'• of 1hc PJ11U11c
gro"th "'" inhib11cd) or Isolates"�' 4 6" 10·• m/1 (2l pmol per v.cll) (F111,- 3) 

Comparuorr ht111ct11 111 """ u11J ,n w/110 cJ,/or �uuu··-r,01.11111,r P /alc/f"Jn,m 

In \IVO: IS (Sl.6o/o) of lhc ch1lclrcn luui CRPf (RI RIii). In -.tro: 16 (59.3%) of
1hc 15ofa1es 1ho11cd rcs11t,incc 111 8 ro 32 pmol per v.cll 12 (80'/4) uol.tta from 1hc 
I.S ,n vi\o rcs"1an1 1tn11n, ,-,:re 11bo rcsill.Jnt 1n ,11ro (1.c 4, R-S, 4. R-16 ancJ 4, 
R:i. 32 pmol per ,.ell) 11llhou11h 2 110h11c. from 1hc suuins sho,.1ng lo" gr:idc 1n v,,o 
rc,iuuncc, 1.c. (RI ,u111n5) 11crc JUsl )CO'lll\c 1n \ltro (f.ilC•S.7 pmol/wcll) ,\ll 1hc
1wla1cs rrom 1hc :11ruin, i.ho"''"I! high grade ,n ,1,0 res•i.tancc (RII ancJ RIii) 1ho"'ed 
1n 'Jlro rcs111ancc a1 R�8 rmol per ,.ell (Tobie l). 

O&r.wlon 

Jn our earlier field ,tudy m Ob.in. 6S km from Cnl.lbdr (\lo here 1hc prtsenl ,1udy "'b

earned out), "'c confirmi:J the CC\ntcncc of 1n ,·l\o CRrF (Eka.ncm cl 11t, 1990) The 
p�o• >tudy c;omparcd 1n v,vo ;nd 1n ,,1ro 1csu. and jho11cd ,1 good corrcl.a11on 
bc1"'-ccn ,n vl\·o oncJ in v11ro lc,·cb or rc,,,12ncc l'rc,·,ou, iluJIC• in Afnca (Telr.lchn•· 
mano1, 1986) rcponed JI good c:orrclauon bct,.ccn 1n ,l\o and 1n v1110 tcsu. In 6 oul 
or 7 p.111cnts wi1h p.1ra,11cs sho"1ng 1n ,11ro CRPf. 111 ,·wo ,�n111ncc .... u also 
ot»cr, cd, Ho"c,cr, \V.ilkcr et al. (1983) from lb.Id on, N1gcn11 found I hat CQ Dbsorp-
11on wJs more vanablc 1n infected children 1ha11 10 non-1nrcc1cd ,olunlttB II I\
therc(on: ur.cful 10 support ,the 1n vivo result wnh 10 v11ro ten�. UN
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0 

01 I I. 4 >J I IIO, I) M -
• ---c..,. ... o"ocv,� co..e,11, ,..,, •"" 

n, > PNbit .,..1)"1 or lo& d-/mporuc

l'u�n ... � 1nh1b,11on lO Sll so .... 'l,C l ff I 995 

1, ...... , 
Cldo1oqwac COD<D • • � ,, • 16 ll 
(• a.w)

Cumui.tt>c [C.., 11 al 2) (pmol):!;41>• IO•• mol/1 lot the 27 �(uJ idatcs from duldr..,._ 

TABL� l 

Ja u,o ,blotoquu>t lalhitn comfNrcd lo corraponJ.oa IA \lU"D ICll'O""" 

2 

7 

14 

Toi.I 

In \n'O f1ilutn 

" 

6 

u 

.Moan 
•P()'n)

2 

4.1 

'(i\f PD-mon ,.o,nctnc p,ru11c drn,11) 
'MIC -rnuw11WD ooncrnu•uon or CQ 1n pmoll,,,cU 
'N S•uoi.41� cullu�, IIOl lucuulul 

OMPD· 
ptllllGl1

J90SS 

1650,6 

111,9 

CormpoDdlns 
tff ""o rapoma 
(Ml� 

R( 16J - I 1oola1r 
R()l) - l ilol.tln 
NI'S' - I nolatc 
lltll - I 1,olalr 
R.{16) - J 11olete1 
Jll)JJ - l 110L11n 
lllll J uot.1n 
5($, 7) - l 1J011111 

R-12
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TAUL[ ) 

Pancrn of 1n "1Uo ,ua1..q,ubiln, or I"/. Ii __ 
" � 10 chlo,cqVlCC

CQ cone \ .. nob&n fUUuauoe
------------

tpmolJ (1n1hmc1,c f!IQnJ l,ola,n ._,., 

I 

2 
• 

)7 

I 

16 
)2 

lJ 

romparod ..,.,Oi conuot
DN� iaktbiooa of 

!• -n,
tdl!zoa, ..,.,., ...... 
to•21J 

100 121, 
1001271 
7• I !lOJ 

j9J 1161 

J7 0 (IOJ
11 J (J) 
II I (JJ 

• 
�2!9·.,}-
' er•,,., 

•1n2,�} 
S (II .s,,1 2 (7 ···> it ....... ,
lfll.l',1 

Some tntcn:sltni; mdi,·1dual vana1,on, 1>cn: obKncd ,n th11 11ud) hobtcs from 
u fl\c 1110111h-old bab)· and a n�c )c.>r-old child \\ere found 10 1how h•ah a.rack fn 
,,1ro rc'11lantc. but both ch,ldn:n h�d D comple1c cure in \I\O Spencer cl al (19S)) 
made "m1lar obr.c:rvat,on, in children PCcd bct11,ccn 6 and 2� month, The the mon1h
ol� b.lb) 1n 1h11 ,1ud) ma) 111II ha,c !}ad P.,"'\C' 1mmunuy acquired from her mother. 
"h,ch played n mod1f)1ng role 1n the immune rnr,oiuc SimilArl). t"o children d,d 
not rc,pond 10 C2S In ,,,o. bu1 the I ,:,l�t� from them "'ere 1enu1oc 1n .,.,ro 
Incidentally. lhc� 11'0 children an: 11bhnt, \\'c d,d nol dclcct llll) g,utro-m1011nAI 
d1�1urbAncc, 10 1he�c children durins the 1111d) which m1sJ,1 ba,c c•pwncd a f>O$tiblc 

dcftcienc) 1 n  CQ absorp1ton 1n 1hcm (\\'alkcr cl al . 19�1) 
In 1986/87 ch111c1an1 in CIIJb:ir had begun to ctpcnenc:r ,nc:rusmg dtlhculucs 

Yotth m.1l11ria chcmothcrap) u,mg c;?.S. "hlch led u, 10 c;irry out 1hc f1<ld 1ttldy ..,h,ch 
,lto"cd 11n 1n VI\O CRPF race or 6}'. (El.ancm c1 11L, 1990) Tiic present 11udy. 
,ho,..1ng ,n \I\O und 1n ,,tro CRPF lc,ch of .SJ.60,a and S9 l�• rcspccll•cl), 13 l'"• 
RIii. o, "ell Ill o high cumut1111\c tc,. or J 6x 1o·•rn C2lpmol "�II) (Fig.l), 
JcmorutllltCS a high Jcan:c of ra111.1ncc ,nd appc.in to c,pl�tn the J1fficulua ,n 
mo1lana tf'C3tmcnt with CQ ,n C.ilab�r Allhoui;h cnvironmcnu1l ond holl scncuc 
faeton, ma) ploy D role ,n the ,an:iuon or P./olclru,11111 1u1111cpub1hty 10 CQ. other 
facto� hlc 1pcctf1c: and/or non•1p«ific immunologic n:.ie11on1 m.1y also play• role 

,\ 11udy designed 10 oucu the n11urc of 1h11 ,mmunc n:sponlCS cltcllcd •&••nil lhc

cmercrng i-:,geri11n ,1r111n1 ofCRPf 1n N1gcn�ns 11 desirable Such a 11udy ml)' ticlp

to CJ1pl111 n further the apparently "oncnrng mal:ina 11tuation ,n Nrrcni, cspccull)

1n the Sou1h-f:.11t 

Ad,no,,lcds;cmcnl 

• 1 \Ida nd Vc:tor Control o .. u,on or
The Au1hor, arc 11ra1cful lo 1hc :-;,uonu · n

�
• 0 

h u I or ,1ttoroqu1nc and 
the r:cderul l'ohnUtl') of Hc�lth. Lasos, N,gc�:i �r I e 1cJ:PJhooJ Communiabk
W H O t�I k11s The fin11na:il support of thc 0;;111:i,,n;• Gcorrit3 10 the ehlo
DtK,:oc (CCCD) Centre for Disca�1 C�nl�I 

!�, u:· �f Calab.lr Tc;schlng Hospual
roqu,nc Thcrupy Sunc1l l.1ncc TcJm �1 t c n 
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1, 1clinowlcdgcd \Ve 1hank Dr 0. Lloyc of 1bc Phannacolo"" o C . 1L •. , , ,u cpanmcnt, oUc•cof Mcd1c1nc. ""uan. ,or au,sung 1n lhc probal anAl)'lll and \fr A AIUI of 1�t1acnu110l011> lxpar1mcn1, Un 1,cn11y of C.Ltb.ar Tuchan., HCMpi••J , L ,  "' I r I •t • � , ,or m, usu.-llllCC nc or� .a so gna1c u to " n 1::1,.op ,\nnc A·'·'o "nd "II ,r ' uu • • nur11ns ,1.1 anddocton or 1hc P,1cd111ncs Department of 1hc Uru,cnaty or Cial.ab;ar Tach,n 1fo1pt1ul, C.il;abJr, for their con1nbu11on t o  the ,iud> '

Rtfcttnet"I 

• 
Bu..c111 r l.<1u.amo,o. J. ltr•r,.hcound. 0. Mo1-ou-Somo. E. 1nJ Onol, p (19UI Pium:s o{ • ,,tto

mjlMICS 10 chlor�u,nc, qu,ntnc and mcftuoqu1nc of I'/� In CAmaooo I H S ·  l� AIL J
T�I \lod H)t l'i, 1�172 

f�•n<m. OJ, \\'c,'1dd, J '>, S.la�o. LA, ,..-,hlan. D L.. fnaJ,oxbl. r.N V \\1!1a, O. 9,_ J Ci.
Lao1<. 0 J anJ llnlb<(I, K (199015cfltoh•>I) of I'�,..,,.,..,..,, 10 dlol"'!.- anal t.Ul4o>,
u><.r>runctlumtnt In Nilfflln duJdrrn Dull \VIIO l>i (I) No. S()6.I 
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