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ABSTRACT
In most populations where malaria is endeiiic,
chloroquine has been used as a first line of treatment

against P. falciparum. However, with the emergence of

chloroquine resistant P. falciparum (CRPF, malaria in many

countries including Nigeria, éfforts are being intensified
on immune intervention in malaria control. Prospective
vaccine candidates are being identified, but the changing
antigenic components of the patasrfe.imanlfested in each
emerging strain, is hampering effcrts in immune intervention.
Host genetic variation in immune r;sponse'against some
importaﬁt malaria antigenic entities, is also constituting a°
serious drawback. Therefore there is the need for the
evaluation of chloroquine susceptibility of P. falciparum

and seroepidemiological surveys, in respect of immune

response to prospective malaria vaccine candidates, in

populations where P. falciparum infection is endemic.

Isolates from 102 Nigerian children with acute infections
were used in evaluating chloroquine sensitivity of P.

falciparum using schizont inhibition assay (in vitro)

technique. Sixty—two of these patients were drawn from
Calabar and 40 from Ibadan. The patients were recruited at
the respective Teaching Hospitals. Thirty-three of the
patients in Calsbar were selected (based on standard

criteria) for simultaneous in vivo monitoring of gusceptibilit)
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of the parasite specles to standard doses of chloroquine

(C2S) using the WHO extended 14-day assessment mathod. Serum

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

apparently healthy controls were also analysed for some

immunological parameters associated with maiaria infectlion.
The results indicate a higher prevalence level of

CRPF in Calabar (59.2%) when compared to ibadan (35.3%),

by in vitro methods, with a much lower cumulative EcSS

(effective concentration of chloroquine that inhibits 99%

of schizont maturation) in the latter than in the former

population (2.% X 10-6M Vs 4.6 x :O"GM). A prevalence

level of S3.6% (in vivo) in Calabar was recorded giving a

high correlation between in vitro (59.2%X) and in vivo
methods of assessment used in that population. On the
overall, children infected with chloroquine sensitive P.

falcliparum showed a higher geometric mean parasite density

on the day of diagnosis (DO), {(P<0.01 in Calabar and
P<0.05 in Ibadan).

Eighty percent of patients and 73.3% of the control
subjects were sercpositive for total blood stage antigen
(ELISA). Higher seroreactivity against these antigens
was observed in children infected with CRPF 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 IFA titres
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between individuals infected with CRPf and those
infected with the chloroqQuline sensitive strain.

Forty-~four percent of the patients and 29% of the
control subjects were seropositive against clccumsporozoite
(CS) protein. The meanOD,q5 Of anti-CS antibody reactivity
between the two groups of infected patients studied, both
in Calabar and in Ibadan, were not significantly different,
indicating that all the patients had apparently similar
sporozoite inoculation rates.

lean levels of total serum IgM, IgG and 1ts 4 subclasses,
and that of the alternative complement pathway factor B (Bf)
were higher in malaria patients as compared to the controls.
Pifferences 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 CHS0 actlivity were significantly lower in patients
than in the controls.

Generally, it was observed that serum levels of some
of the investigated humoral immune parameters varlied

slightly from previously reported levels within the same

population, thus reflecting possible changing antigenic
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stimull with time.

The immunological relevance of the varying CRPf
prevalence levels in the two geographical popuiations
studied and of the differences in immunological proflles
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, malarig is endemic, and 1is
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 deaths

associated with P, falciparum occur every year; (Bjorkman

and Phillipson-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. Four

plasmodial species, P. vivax, P. ovale, P. malariae and P.

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

of all (Perlman et al, 1984), Due to the fact that

Plasmodium is a relatively host specific organism the

geographical distribution of the human-infecting species

varies extensively, as does the degree of prevalence from

one country to the other. In particular, African countries

and some other tropical countries have a high prevalence of

P. falciparum, which like most other plasmodial species had

hitherto been very susceptible to chloroQuine. However, the
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therapeutic use of chloroquine is unfortunately being

hampered by the development of drug resistant P. falciparum

strains.

Chloroquine resistant strains of P. falciparuin (CRPf)

had been recognised in South America and South Cast Asia
during the late 1950's and 196Q's respectively (Cook, 1988),
but appeared in the East and Central Africa twenty years
later, (Kean, 1979; Fogh, Jepson and £ffersoe, 1979),
Subsequently, cases of chloroquine resistant malaria were
reported from,the Republic of Cameroun by Sansonetti et al,
{1985S) and Brasseur et al (1988). In the Eastern States of
Nigeria rkports of chloroquln; fallures 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
later from Enuqu, an Eastern capital, in 1986 (Greenberg

et al, 1987; Jackson et sl 1987). 1t would therefore appear
that from 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 1.13.
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TABLE 1.3
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Fig 1-1

The emergcence of chleroquine resistant P.falciparum malari2 in

Africa, adaoted from Coock, (1988).
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Level of early am! late parasitologic failurces to
chloroquine therapy in Nigerian children under
five years of age, July 1987-Deccmber 1989.
Adapted from Fead. Min. Health, National Malaria
Theragy Surveillance Network, lagos, Nigeria.
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Fig. 1.2: Levelof early and late parasitofogic failures to
chloroquine therapy in Nigerian children under

five years of age, July 1987-December 1989.
Adapted from Fed. Min. llealth, Nalional Malaria

Therany Surveillance Network, Lagos, Nigeria.
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The tables show that most of the reported cases were in
non-immune visitors (Kean, 1979; Fogh, Jepson and £fforsoe,
1979; Sansonettil et al, 1985). 1In addition, some of these
earliest reports of the infections from Africa were made in
Hb-ss patients (Neeqguaye, 1986; Greenberg et al 1987) who
are immunocompromised individuals (Gavrilis, Rothenberg and

Guy 1974). Thereafter, chloroquine resistant P. falciparum

infections in Africa were observed in indigenous children
population (Le-Bras et al, 1986; Salakc and Aderounmu, 1987;
Brasseaur et al 1988; Oduola et al, 1989). At the same time
Stekette et al (1987) also reported a reduced response to
chloroqulne by pregnant womeﬁ, especially the primigravids,
another group known to have decicased immunity to malaria
(McFarlane et al 1970; Ladipo, Williams and Salimonu 1980).
In 1982, a chloroquine resistance prevalence level of 25%
was recorded in an indigenous Kenyan infant population
(Spencer et al, 1983a). Later, in Benin Republic, a high
prevalence level of chloroquine resistant malaria was recorded
in an indigenous children population (LeBras et al 1986). 1In

Ibadan, Nigeria, where the monitoring of chloroquine response

of P. falciparum had been going on continuously since the

early 1980s, a prevalence level of only 7.1% was recorded
for the first time in indigenous children in 1986 (Salako and

Aderounmu, 1987). 1In contrast however, during a malaria

survelillance survey of some South Eastern Communities of
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Nigeria, Ezedinachi et al (1988), recorded a 41.2%
chloroquine resistance prevalence level in a predominantly
children population. Furthermore, Ekanem et ai, (1990)
compared the chloroquine responses of children in Igbo-Ora
and Oban, both of which are cluster communities in the
wWest 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 countrieé‘a:v linked by air, sea and land.
Cross migration between the peopie 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 P.falciparum malaria in Calabar is a

result of importation from the neighbouring Cameroun Republic
remains to be elucidated. Ibadan is appreciably close to the
Republic of Benin where a very high incidence of chloroquine
resistance was reported in 1986 (LeBras et al 1986), yet the
prevalence level of resistance in Ibadan still remains
relatively low (Ekanem et al, 1990).

While these observed individual population differences in

response to chloroquine therapy may be due to other factors,
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host immunogenetic influence should also be considered
Aimportant. 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. §v1dence abocunds showing
that IgG plays a significant role in humoral! immune
responses and protection against malaria (Cochen and
McGregor, 1961; Edozien, Gilles and Udeczo, 1962; Perlmann
et al, 1984). 1t has also been observed that malaria
antibody accounts for a significant proportion of the total
19G concentratiéns (McGregor, 1972; Salimonu et al, 1982),

, <
which is mainly contributed by I9G 1 fraction of the immuno-

globulin, (Salimonu et al, 1982).  Subsequently the latter

authors suggested that in humcoral immune responses to certaln

antigens, there-is a selection for antibodies of one particular

subclass. Similarly, Wahlgren et al (1986a) observed that

antibodies produced against a P.falciparum major surface
glycoprotein (m.wt = 195,000 KD) were frequently of IgG 2
isotype. In Swedish malarial patients, most of whom were
CRPf-infected, Wahligren et al (1983) observed a relative
increase in 1Ig9G ? malarla-sepcific antibodies as compared to
immune Liberians, who had increased IgG 3 antibody levels.
Yount et al (1568) had observed a preponderance

of I9gG 1 subclass production against some antigenic determi-
nants whereas antibodies to certain polysaccharides were

of the 1g9G 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 immunz responses.
Thus Granoff and Munson (1986) had observed that IgG 2 m(n)
negative markers were assocliated with a seven-fold risk of
vaccine fallure following Hib-prp immunizatiori. Moreover,
Americans infected with human immunodeficiency virus {(HIV)
show an increased ppoduction of IgG 1 and IgG 3 (Aucounturier
et al 19B6) whereas the Nigerian HIV infected individuals
appear to reflect an increased IgG 2 production (Uko et al,
1990), the dlfgerence of which may account for the varying
lmmunopaihological outcome oleIU infections in these two
populations. Furthermore,increased susceptibility to pyo-
genic infections had been assoclated with selective IgG
subclass deficlency. Of particular interest is the finding
in adults of a correlation between levels of serum IgG 2 and
the antibody response to bacterial polysaccharide (Oxelius
1974; Rynnel-~-Dogoo et al, 1986; Siber et al, 1990). Each
immunoglobulin isotype exhibits a unique profile of effector
funtion (Jefferls and Kumarantne, 1990), but the assoclation
of IgG subclass in the pathogenesis of malaria has not been
adequately investigated. 1In particular, the possible
differences in antibody responses against CRPf and the CSPf

strains have not been studied.
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Al though hypocomplementaemia in malaria has been
- widely reported, (Kidwal et al, 19686; Greenwood anc
Brueton, 1974) no specific roles in protection (Cchien 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 assocliated
with immunoglobulin isotypes (Spiegelberg, 1574) 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 agalnst“some putative malaria vaccine
candidates appear to be MHC-restricted in experimental
animals (Good et al, 1986; bel Guidice 1966) and possiblY in
man as well (Sinigaglia et ail 1990). The antigenic variation

of P.falciparum, which 1s assoclated with the emerging strains

of the parasite, may affect elther the epitope, changing the
specificity of a response, or the MHC-binding region,
changing the potential to generate any response at all (Marx,
1987). 1In seroepidemiological surveys of seroreactivities in
some malaria endemic dwelliers, Del-Guidice et al,(1987)
observed that host genetic factors, possibly MHC-related,

play & role in immune response to the P.falciparum cirmus-

porozoite protein. The authors postulated that the existence

of such gernetic requlation of immune response to the putative

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

than others. In other seroepidemiological surveys from
various populations using RESA/Pf 155-another putative
P.falcliparum vaccine candidate protein-, significant
individual variations in immune responses against this
vaccine candidate have been observed (Chizzolini et al,
1989; Petersen et al, 1990; Bjorkman et al 1990),

The role of the mosquito vector in the transmission of
plasmodial specles, strains or isolates has been examined
(James et al, 1932; Ramsdale and Coliussi, 1975; and Bruce-
Chwatt and Zuldeta, 1980). Shute and Maryon in 1951 found

that E,félcigarum from Nigerlia was able to infect Anopheles

stephensis readily, but Anopheles labran chiae only poorly.

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

European strains of P.falciparum (WHO, 1987a). warren et al

(1976) also found that the new world mosquito, A. albimanus
was able to transmit parasites from Central and South America
easily, but was very poorly susceptible to parasites from
Africa. In Nepal,it was reported that while the transmission
of chloroquine sensitive P.falclparum by the local Anopheline
mosquito specles goes on, there seems to be no transmission
of the resistant strains, in spite of their apparent presence
as a result of human migration (WHO, 1987a). While environ-
mental and cther host genetic factors cannot be excluded,

these observations suggest a specific correlation betwesn
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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 specl!es, but
such development would probably take ages to manifest (wWHO,
1987a). 1In the light of all the above, it ls therefore
likely that the African or Nigerlan strain(s) of chloroQuine

resistant P.falciparum may be indigenous and not a result of
importation from South America or South f£ast Asla,

The resistance of Plasmodia to drugs 1is thought to be
attributable to selection, under drug pressure, or resistant

mutants, and such mutation 1s then transferred by classical
Mendelia& inheritance during ;exna\ reproduction of the
parasite in the mosgquito (Walliker, 1982). Furthermore,
antigenic diversity among parasite clones in the parasite
population can also be selected for by immune pressure, due

to the possible action of schizont agglutinins as has been

suggested in P.knowles! infections (Brown and Brown, 1965;

Butcher and Cohen 1972). Schizont aggqlutinins are also
present in P.gallinaceum infections. Todorovic et ali, (1968)
and Klotz et al (1987) demonstrated in P.knowlesi, that
mutations could occur rapidly in the asexual erythrocytic
parasite under lmmune 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 vliunteers and the consequent need for early treatment

(Miller, 1988). If present in human infections, could thece
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De any individual variation in the production of this
variant selection agqlutinins?

According to Bruce-Chwatt, (1985) the stagez in
plasmodial life-cycle, particularly in the blocd, are
associated with a significant antigenic heterogeneity.
Clinical experience has shown that immunity ©¢o one stralin
of P.falciparum does not confer protection from other
strains of the parasite (Edozien, Gilles and Udeozo, 1962;
Jeffery, 1966; voller and Richards 1270; McBride, 1982).
Jeffery (1980) had also noted that acqQuired immunity to

P.falciparum has a distinct straln specificity. It would

therefore be expected that kgoulzdge of the antigenic
diversity of the existing and emerging strains of the
parasite is important, if an effective vaccine against all
strains 1s to be produced. The prevalling need for a design
of a widely representative vaccine against malaria should
therefore take into consideration the strain specificities

of the P.falclparum parasite along with the preponderance

of individual humoral ‘mmune response. This can be done in
part, through the assessment of factors assoclated with
chloroquine sensitivity of P.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.

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



- 40 -

1.,2. AIMS AND OBJECTIVES OF THE STUDY

- a. To assess the current CRPf malaria status in Nlgeria,
based on two geographical locations - Calacar in the
South Eastern part and Ibadan in the west of Nigerlia.

b. To assess the levels of humoral immune {actors

including those of the complement system, in individuals
infected with either the chloroquine resistant or the
chloroquine sensitive strain of the parasite specles.

Cc. To examine the pattern of seroreactivities against soine
putative.malaria vaccine candidates in the two Nigerian

populations under investigatlion

1.3 SICGNIFICANCE OF THE STUDY

Of the existing antimalarial chemotherapeutic and
chemoprophylactic agents, chlcoroquine is considered the
least expensive, and is reasonably easy to use (Wernsdorfer
and Knozutour 1980; Ratnapala 1984; Phillips et al 1986;
WHO, 1986a; Cook 19884, 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 chloroquline resistant P.falciparum presents a great
health threat to the inhabitants of the very large portion
of malaria endemic world. It has been severally accepted

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

are being identified, but the changing antigenic components
"of the parasite, manifested in each emerging straln, is
hampering efforts in malaria control through imnune
intervention. Host genetic variation in immune responses,
against some important malaria antigenic entlities, is also
constituting a major draw=back. In view Of these constraints,
it 1s envisaged that:

i. Evaluation of chloroquine susceptibility of P.falciparum

in p0pulat19ns where malaria is endemic may reveal the
development and/or the p(fvalane level of chloroquine
resistant malaria, and incite the need for appropriate
measures. Geographical aggregaetion of chloroquine

resistant P.falciparum infection, irrespective of

apparent severity, is well recognised, and therefore an

approach towards a better understanding of the patho-

genesis of the disease 1s to determine the nature of the

underlying factors predisposing to susceptibility.

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

that might be resolved by monitoring the prevalence of

chloroquine resistant malaria include:~

a) 1Is 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 varliations that

may be associated with individual variation in

drug response?

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

A ¥

immune intervention in different malaria endemic

populations, including Nigeria.

Ascertaining the total malaria antibody levels, the

L] e

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. 1In particular, it may be interesting to know
the amount of individual variability in IgG subclass

response to particular P.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, especlially in the South Eastern states. 1t
may possibiy reveal a peculiar humoral immune response
characteristic elicited by the emerging chloroqQuine

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

may perhaps, remove the need for the more cumversome,

in vitro response test method, which requlres the use

of an incubator - a faclility that is hardly available

for most field studlies.

Knowledge of the activity of the ccmplement system

and of the serum levels of some complement components

in chloroquine resistant P.falciparum-infected

individuals, as compared with what is already known

in chloroQuine sensitive melaria—infected patients,
may improve the current limited understanding of the

role of the complement system in malaria infections

generally.
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CHAPTER 2

LITERATURE REVIEW
2.1 INTRODUCTION

Malaria, a disease of man and other vertebrates,

1 s caused by a blood inhabiting protozoan parasite of the

genus

Plasmodium,and is transmitted through the bite of

infected female Anopheles mosquitoes (Wernsdorfer, 1960).

The rodent malaria is caused by P.berghei, P. yoelili, P.

chabaudi and P._vinkeli.

P, knowlesi, P. simium and P.

cynomolqi are some of the plasmodieal species that cause

simian (non-human primate) malarlas.

P.gallinaceum and P.

lophurae cause the disease in birds, while P.agamae

infect reptiles. Human malacria is caused by four species

of Plasmodium viz; P. ovale, P, vivax, P. malariae and P,

falclgprum.

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
assoclation between man and the four particular species of

Plasmodium that infect man (Bruce-Chwatt and 2ulueta, 1980).

Sandosham (196%5) defined malaria as a disease

characterised Ly fever, anaemia, enlargement of the spleen

and pigmentaticn of the tissues. 1In endemic areas, the

disease 18 tihi® cause of most febrile illnesses and the fre-

quency of spienomegaly in children is used as an index of
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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, 198S). 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 pcpulation (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, gut aimost 400 million people

in rural tropical areas are exposed to its full brunt. No
fewer than 373 million inhabitants of sub-Saharan Africa live
in . endemic areas where P.falciparum is the prevalent
species.

Though restricted to the tropical and warm temperate
regions, malaria patients may preaent in any part of the
world as a result of modern population movement associated
with rapid air travel {(B8owwan and Rand, 1980). The
epidemioclogy of malaria and its transmission have been shown
to vary greatly and can be altered by fluctuation in rainfall,
migration or acute changes in nutritional status (wHO, 1989},
Development of new strains, resistant to drugs, has also
affected the epidemiotlogy of the disease. For instance,

aalaria which was virtually eradicated in Sri-Lanka in 1963,
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resurged in 1967/1968 (Bruce-Chwatt 1968; Bowman and

Rand, 1980) and in 1990 (Wijesundera et al, 1990},

' following the emergence of chloroquine resistant =trains
|

‘of the parasite.

The world Health Organisation has been involved in
malaria eradication since 1957 .(wWilliams, 1571). Major
advances have been made in the developmerit of insecticlides

and synthetic antimalarials. However the situation is
not improving due to the development c©f resistance of

malaria parasites to drugs and the Anopheline vectors to

insecticides. éy 1980Q0,about 51 Ancpheline specles of

—

malaria vectors had become resistant to DDT and other
insecticides (Bruce-Chwatt 1985),making it clear that in
rural areas of developing cocuntries,control measures will
need to take more account of all avallable 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 et al 1979, Kean 1979).

Another worrying lIssue is that resistance of P.falcipacum
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 malaria eradication program
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malaria vectors had become resistant to DDT and other
insecticides (Bruce-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 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 dimensicns in Eastern Asia, South America, and
more recently in Africa (Campbell et al 1979, Kean 1979).

Another worrying issue is that resistance of P.falciparum
to chloroquine seems to stimulate resistance to other

cempounds, 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 malaria eradication program
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initiated by the World Health Organisation many years
ago.
In Nigeria, as in other malaria endemic Wezt African
countries, the predominant malaria infection {5 the

malignant tertian type caused by P.falcipacum, P. falci-

garum 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 averagé sporozoite innoculation rate of 0.01

against 5 mean rate of 0.2%, during the rainy season

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

chloroqQuine resistant P,falciparum has apparently
worsened the malaria situation in Nigeria (Umotong et al,
1991; Ekanem et al, 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 LIFE CYCLE

The four speclies of malaria parasites that infect man
differ morpholoaically, but have similar patterns of life
cycle. Thelr natural reservoir is man and they are transferred
from man to man by various species of Anopheles mosquito.

The pargsite therefore has two interdependent life cycles,
an extrinsic or exogeneous one in the mosquito (sporogony)

and an intrinsic or endogeneous one (Schizogony) in man.

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



- 4B -

The former which 1s a sexual cycle ls referred to as
deflnite and the latter which is an asexual cycle is
referred to as intermedlate. 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
exoerythrocytlic and erythrocytic schizogony respectively
(Bowman and Rand, 1980; Garnham, 1984; Pratt, 1977; Wyler,

1982). Wlth the exception of P.malariae where higher non-

human primates may be involved occasionally, Plasmodium

specles have man &s the only natural vertebrate host { Garnham,

1984). The malarial 11fe cycle is presented in Fig. 2.1.

2.2.1 Sporogony
Sporogony takes place in Anopheles mosquitoes,

J

following ingestion of a blood-meal containing micro—- and
macrogametocytes. which mate within the arthropod and
ultimately give rise to sporozoites. Natural infectlon

{n the vertebrate host 1S transmitted by the bite of
infected female Anogheles mosquito that inject sporozoltes.
Sporozoltes are carried in the blood to the liver, where
they bind to and invade the parenchymal cells by mechanisms
that are not yet fully understood (Perrin et al, 1982).
The sporozoltes then divide asexually to form merozoites.
This exoerythrocytic developmental stage taxes approxi-
mately 10 days and is followed by the rupture of the
{nfected cells, releasing thousands of exoerythrocytic

merozoltes {into the circulation.
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5?ollowing penetration of erythrocytes, the organism

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

|
nucleus divides by accelerated mitosis into two, tnhen

subsequently into 4, 8, 16 or 32. The organism is now
called a schizont as from when the nucleus divides into
two. The pigment collects intc a few pleces or masses
and the cytoplasm condenses around the final nuclei to
produce uninucleate merozoites. When the erythrocyte 1s
distended and ruptures, the merozoites escape into the
plasma along wi%h pyrogens and the famillar yellow-black
malaria pigment (Bowman and Rand, 1980; carnham, 1984).
The extracellular life of the4m:rﬂzoites js 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 (¥HO, 1986b). The level of parasi-

taemtia 1s correlated with the severity of the disease,

{(Field and Niven, 1937), but, recent reports from malaria
endemic areas suggest that some hosts may be asymptomatic

in the presence of apparently pyrogenic levels of
parasitaemia (Greenwood, et al 1987). Furthermore, whether

differences ln parasite virulence or host factor modulate

the frequency of complication, such as cerebral malaria,

remains unknown (Miller et 31, 1986).
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2.2.2. Pre-erythrocytic Development

It seems to be well established that all
sporozoites of P. falciparum and £, malariae trigger

{mmediate tissue schizogony in hepatocytes. There appears
to be little variation in the prepatent period of both
species, suggesting a highly uniform and synchrcnous tissue
schizogony. In contrast, there are two types of tissue
schizogony in relapsing forms of malaria due to P. vivax
and P. ovale — one that is immediate and the other that
occurs periodically owing to the presence of dormant liver
forms or hypnozoites. These hypnozoltes are activated
{nto tissue schizogeny at different +imes (Krotoski et al
1982;: Bray, 1984).

2.2.3. Blood Schizogqony:

o4
The merozoltes released from the liver enter

peripheral blood erythrocytes where two scparate erythrocytic
phases of the l1ife cycle are undergone.
In the erythrocytes, the merozoites are first visible

as tiny rings which feed on the proteln portion of the

haemogliobin Dby phagocytoais, leaving the haem portion as

grains of pigment which remain scattered in the cytoplasm.
The parasite at this stage 1s usually uninucleated and is
termed a trophozcite. within about a day and depending on

the specles, the central vacuole disappears as the trophozolite

grows.
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The ring forms and the older trophozoltes of P.

Efalc{gprum 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 mariow, where
further development takes placé. After several generations
of merozoltes have been produced, some of them develop
into sexually differentiated forms called gametocytes -

2.2.4 Gamecytosis

Young gametocytes grow at half the speed of
asexual fqrms and qulickly shoy‘ser:-\ dimorphism, the
cytoplasm of the macrogametocyte {female gamete) statning
a falrly dense blue with Giemsa, and the nucleus remaining
condensed and heavlily stalned. The cytoplasm of the
micro-gametocyte on the other hand 1s 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 of ten
appearing a day or two later and often 1in smaller numbers
(Gernham, 4984). The mature gametocytes can survive for
several days but cannot develop further morphologically
unless they &re ingested by a sultable female Anophelées

mosquito in which the sexual cycle continues (8owman and
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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), 1lntense thirst,
profuse sweatings, enlargement of the spleen and pigmentation
of the tissues (Bowman and Rand 1980; goonpucknavig,
Srichaikul and Punyagupta 1984). The clinical manifestation
seqQuel to the'l?noculation of sporozoites represents the
primary attack, while the suyfeqr?nt attacks are known as
relapses. The duration of the primary attack, the length

of the latent periods, 3S well as the liability to relapses

vary with the species of plasmodium, as well as individual

{mmune status (WHO, 1986b) .

The main organs affected by Plasmodial infection are
the spleen, liver and bone marrowe. All become full of
{nfected 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 £. malarige infections
(Okerengwo, 198C0). In the brain, the accumulation of large
numbers Of narasitized red cells may block the cerebral

capillaries which may lead to focal necrosis, haemorrhage

and death (Edington, 1967; Ikpatt, et al, 1990).
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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 of P. falciparum..

More recent findings however suggest that (umcur necrosis
factor (TNF) may be implicated.in CM (Grau et a1, 1987;
Peyron et al, 1990). One of the many actlvities of TNF

is to sensitize neutrophils and macrophages (Larrick et al,
1987) to agents that induce them to secret superoxide and
oxygen radicals. SubseQuently, oxidant stress may
predispose to CM. However the 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 S 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 considerable morbid state in this group of children.
Above the age of $ years, the effect of acquired immunity

becomes increasingly apparent in children. This {is

indicated by decreased morbidity in the presence of parasites,

decreased pacasite 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

exposuraes to infections. Nevertheless some &duits 1in

endemic areas are more vulnerable to malaria-associated ill-

nesses than others. Genetic variation in immune responses
against some putative protective malaria proteins has been
observed in many endemic areas (Bjorkman et al, 1990).
However, knowledge of the genetic factors, which may
possibly be immunological in nature, asscoclated with this

differential protection are still elusive.
1 L |

2.4 CHEMOTHERAPY

The first effective antimalarial drug used in
modern times was quinine which 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 source of the drug. Moreover, radical cure with
quinine alone is difficult to achieve as the drug can cause
serious toxicity (Ratnapala et al, 1984). 1In 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 erythrocytic schizogony
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of the parasite and hence terminates the clinical
attack rapidly. The development of resistance against
chloroquine by £. falciparum therefore presents a serlous

set-back to malarla eradication efforts of thw World

Health Organisation (WHO, 1985).

2.5. CHLOROQUINE RESISTANT F. FALCIPARU

2.5.1. Introduction:

Drug resistance in malaria iz defined as "the
ablility of a parasite strain to survive and/or to multiply
despite the adTinistration and absorption of a drug given
in doseg equal to or higher Shan 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 schizontocldes, gametocytocides, and
sporontocides, in practice, it is most comaonly applied

to the resistance of P. falciparum to the blood schizon-

tocides, particularly the aminoQuinolines (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 (wWarhurst,
1986). Selection of mutant clones in the parasite population.
may also be achieved by immune pressure (Todorovic et al,

1968; Klotz et al, 1987). 1If drug pressure was responsible
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attack rapidly. The development of resistance against

chloroQuine by P. falciparum therefore presents a serlous

set-back to malaria eradication efforts of thw World

Health Organisation (WHO, 1985).

ean . CHLOROQUINE RESISTANT P. FALCIPARUM

2.5.12. Introduction:

Drug resistance in malaria !s defined as 'the
abllity of a parasite strain to survive and/or to multiply
despite the adqinistration and absorption of a drug given
in doseg equal to or higher Ehan those usually recommended
but within the 1imits of tolerance of the subject', (WHO,
1965). Although this definitlon can be extended to all
specles of the malaris parasite and all useful dosages of
blood or tissue schizontocides, gametocytocldes, and
sporontocides, in practice, it 1s most commonly applied
to the resistance of P. falciparum to the blood schizon-
tocides, particularly the aminoQuinolines (WHO, 1965).

Many mechanisms have been postulated for the
development of chlorocquine resistance. These include drug
pressure (Peters, 1987), extensive use of subcurative
dosages (Wernsdorfer and Payne, 1990), and migration and
increased viruvlence of the resistant parasite (Warhurst,
1986). Selection of mutant clones in the parasite population.
may also be achleved by immune pressure (Todorovic et al,

1968; Klotz et al, 1987). If drug pressure was responsible
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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 i3 frequently unequal
within a country, despite uniform drug use patterns. It
could be suggeéted that some element of importation, as

described by Clyde (1987) 1s 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 schizont agglutinins
(Brown and Brown, 126S; Butcher and Cohen, 1972; Todorovic,

et al, 1968; Klotz 2t al 1987). Unfortunately, the effect

of immune pressure on mutant selection cannot be tested in

humans (Miller, 1588).
2.5.2. Mechanism of Chloroguine Resistmnce

A number of theories have been proposed to

explain the mechanism of chloroquine resistance (Fitch, 1983,

Krogslad and Schlesinger, 1987)., A more recent proposal
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to explain chloroquine resistance mechanism however,
was made by Martins et al, 1987. They postulated that
the mechanism by which P. falciparum acquires multidrug
. resistance may be similar to that by which necglastic
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 concentr;tion. This view on the mechanism of
chloroqdine resistance has r;cently been supported Dby

wilson et al (1989); Ye et al, (1989); Welem et al, (1990);

and Fork et al (1990).

2.5.3. Characteristics of ~hloroquine resistant P. alciparum:

while pyrimethamine resistant clones of P. chabaudi

adami appear to have selective disadvantage compared with the

—_—

sensitive strain, the C
this parasite speclies. Similarly,

onverse 1s true with chloroquine

resistant strains oh

studies have indicated that chloroquine resistant P. falciparum

{s more infectious to the Anopheles vector (wilkinson et al

1976) and grows faster i{in culture than the sensitive strain

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

resistant stralin of the parasite at a biological advantage

and appears to explain 1ita rapid gcographlcal spread.
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P, falciparum is the only species of malaria pareaite
in which there 1s an indication that the duration of
blood schizogony and merozoite ylield vary, the former
being shorter and the latter higher in chloroquine-
resistant isolates as comparad to chloroquina-sansitive

strains (Rosario, 1981; Thaithong, 1983),

2.6. MALARIA IMMUNOLOGY

The ability of a host to resist a malaria tnfection
is determined not only by immunological mechanisms but
also by innate characteristics (WHO, 1987a).

2.6.1. Nechanism Oof innate resistance:

In the course of esolut\cu, vertebrate hosts
including man,have developed a variety of mechanisms of
resistance against malaria. Some of such mechanisms are
expressed regardless of the environment and regardlass of
previous exposure to the parasites. These mechanisms
depend ultimately on the genetic constitution of the host,
and may also relate to a requirement for the parasite
(e.g. an erythrocyte reCeptor or a nutritional requiremant)
or to a subatance «within the host that is in some way
deleterious to the parasite. The importance of hoat factors
in the development of plasmodial infection is exemplified

in the fact that only two apeciea of non-human primat's

(Aotup trivigatug and Sgimiri sciugeua) ar® highly

susCeptible to human malaria spacies, P. LAlclparwm, but

others, including the chimpanzee can bi# r®nd%red ousc'pttbl'
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by splenectomy, (Perrin et al, 1982).

In endemic areas, malaria has exerted selective
pressure favouring genetic traits expressed a: the level
of the red blood cells that confer resistance to malaria
(Luzatto, 1979). Such genes, therefore occur with
relatively high frequency in areas presently or formerly

endemic for malaria.
The first evidence that the red cell 1itself
influences merozoite invasion was the observation of the

apparent preferential infection of red blood cell sub-

populations by P. vivex and P. malariae, which preferentially
invade Eetlculocytes and mature red blood cells, respectively

(Kitchen, 1939). In contrast, P. falciparum merozoites can

infect all sub—populations of red blood cells and the
resulting parasitaemia may exceed S0% with subsequent

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

using in vitro gultures of erythrocytic stages of P.

falciparum, that when both human and Aotus monkey red cells
are mixed in the same 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 bee=n suggested that attachment and penetration
of merozoites depend on a receptor on the red cell membrane

and that merozoites contain ligand-like substances on their

surfaces complimentary to this receptor (McGee 19513).
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Treatment of human red blood cells which are normally

susceptible to invasion by P. knowlesl, by pronas=, but

not by neuraminidase or trypsin, blocks invasion by P.
knowlesl merozoites (Miller et al, 1975). Thls experiment
suggested that invasion of red cells is mediat=d by speci-
fic receptors. The observation that Duffy bliood group
negative human erythrocytes are resistant to P. knowlesi
(Miller, 1975S) and P. vivax (Miller, 1978) merozoite
invaslon!provldes further evidence that specific receptors
on the red cell membrane are involved in merozoite invasion.
It was therefo}e 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 (F‘ya and Fyb) in these populations
(Miller, 1978, Spencer, 1978), while they are common in
other racial groups. Human red cellﬁ,lncluding Duffy
negative cells, are all lnvaded by P. falciparum merozolites.
There 1s however, experimental evidence that the rare

En%(—) cells are more resistant to P. falciparum merozoite
invasion. These experiments suggested that P, falcipacrum

uses as receptors, an essential structura? component of the

red cell membrane (glycophorin} (Cartron et al, 1983},
Impairment or retardation of parasite growth has been

observed in red blood cells containing fetal haemoglobin

(KbF). Red blood cells of new born infants that contain a
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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 infectionz in bables.
In adults with hereditary persistence of Hbf, red cells

are invaded efficlently, but parasite growth is impaired
t al, 1977). These

in the HDF containing cells (Pasvol
findings suggest that haemoglobin composition may influence
the resistance to malaria, of individuals with HbF-con-

\

taining red blood cells.

In thalassemia and G.6-PD deficiency, which are
prevalent in ;reas 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 sickle cell anaemia (HbS),,the mechani sn
of resistance against parasite survival has 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 P.

falciparum parasites were grown in HbS-containing red

blood cella,they developed normally at normal 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 similar effect may occur \n vivo, where red blood cells
containing mature parasites become trapped in the

capillaries of the deep organs in an environment of
relatively low oxygen tension. However, it haz been
suggested that HbS hamozygotes as opposed to heterozygotes,
do not enjoy protection against malaria, (WHO, 1975) since
many fatal malaria infectlons have occured in the homozy-

gous sickle cell subjects.

There is morphologic evidence that during thelr

{ntraerythrocytic development, Plasmodia alter the
structure of the host cells and modify the biologic

¢ 1
properties of the red cell membrane. Red blood cells

containing P. falclparum and F. malariae develop electron

dense excrescences at the cell surfaces, called knobs
(Trager £% o), 1966). The number of xnobs increases as
the parasite mstures, Knobs assocliated with P. falclpacu®
adhere to endothellal cells and form focal junctions with
the endothelial cell mesbrane. This phenomenon probably

contributes to the observed sequestration of mature erythro-

cytic forms of p. falclparus in the deep orfgans and may bit

one of the machanlmss involved in the pathogenesia of

cerecral malarld {Xilejian, Abati and Trager, 1977).

Altnough cersbiral malaria in endemic er@as occurs wostly

in the least iswune age groups (1-5 years) (Osunkoya and

Wiltiams, 1980), and in the non-ilmmune (WHO. 1975), not all

pub jects in these groups are equally vulniretlae to carebral
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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 Tha) province
of Chantaburl, the introduction of effective wmefloquine
therapy led to an almost complete diappearance of cerebral
malaria (Miller, 1989). 1Ikpatt et al (199C), 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

P, falciparum malaria. Whether the knobs in CRPf-infected

red cefls have been modiflea for increased CNS
cytoadherence, 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). 1In endemic Africa,
malaria has a heavy impact on children and primigravid
women. Multlple studies have consistently found a major
ef fect of malaria control on mortallity in children aged
13-4 years (Molineaux, 1980; Greenwood 8t al, 1987). 1In
contrast, the disease 1in Madang, Papua New Gulinea, appears
quite different, causing llittle mortality in children

(Stace et al, 1982). Since both regions are hyperendemic
for P. falciparum malaria, Miller (1989) suggested that

the New Guinean host may be more innately resistant than
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their African counterparts. This possiblity is adduced
Ifrom the fact that 95% of the New Guinean populati{on have
a deletion of one alpha haemoglobin gene (Oppenheimer
et al, 1984) and 30X of them have ovalocytosis which

| suppresses parasitaemia (Miller, 1989).

- 2.6.2. Acquired immunity to malaria

Human malaria immunity is acqQuired 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,
irradlatgd sporozoite vaccines protect animals (Nussenweig

.’
et al, 1969) and humans (Rieckman et al, 1974; Clyde et al,

1975) against challenge with live sporozoites. Response
to malaria antigenic challenge can be crudely divided into
antibody—-dependent immunity and antibody-independent (cell-
mediated) immunity. Few, if any parasite, will generate

cell mediated immune response in the absence of antibody

response (Troye-Blomberq, 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 P. knowlesi infections
conferred passive immunity to monkeys with acute P. knowlesi
infections. This phenomenon has been confirmed by other

workers in birds and mammals (Manwell and Goldstein, 1940;
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aliaferro and Talliaferro 1940). The demonstration of
shuch passive transfer of malaria immunity in man w23 achieved
by the work of Cohen et al (1961). They extractecd 119G

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 P. falciparum malaria. Consequently

‘parasitaemia was suppressed and clinical symptoms alleviated.
The conferred immunity however was temporary, as most of
the children contracted infections a few months later.

’ ¢

IgM fraction from the same pool of sera and also gammaglobulin
fraction ;rom Europeans did nél 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 in 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 £. falciparum infections in man.

Velther IgA nor IgQE could exhibit in vitro suppression of

parasite growth. ¥Findings from in vitro experimentations
with putative malaria vaccine candidate proteins have
supported the use of antibodies in immune protection against
nalaria. Hcllingdale et al (1984) observed that monoclonal
antibodies raised against (NANP)n, a synthetlic circums-
yorozoite (CS) protein, could inhibit the in vitro penetration
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of cultured hepatocytes by sporozoites. In many
epidemiological surveys, anti-CS antibodies have been
found to correlate with protection against infecticas in
endemic regions (Esposito et al, 1988; Marsh et ail, 1988;
Snow et al, 1989). However, sero-epidemiological reports
from some other endemic regioris show that ancl-~CS
antibodies are not protective (Hoffman et al, 1987; Pang
et 31, 1988; Webster, 1988). These two confllicting
reports are inspite of the fact that native CS protein
epitopes, as'wfll as those of its synthetic products, are

well conserved in different geographical isolates of the

parasite specles (de la Cruz et al, 1987; Dell Portillo,

1987; Lockyer and Schwarz, 1987; VWeber and Hockmeyer, 19853

Zavala et 3)l, 1983).

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 at 1984). These

antibodies were also found to be mainly of the IgG class

(Perlmann &% al, 1984), Following this discovery, other

seroepldemlologicrl studies have confimmed the protective

velue of anti-—RESA antibodies; (Peteraen et al, 1990,

Collins et al 1988, Perlaann et al 1989, wWahlgren et al,

1986Db, Chizzolini et ol 1989, Troye-Blomberg et al 1989).

Like C8 protein, RESA epitopes of F. falciparum are

{nvariant (conaerved

odiaa from different pa

) in varioua {aolates studied and RESA

antib rts of Africa, Columbia and
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-aden were found to react similerly with erythrocytes

nfected with a Tanzanian P. falciparum strain kept in

culture for many years (Perlmann et al, 1987).

In contr®st to the above observations, seroepidemio-

logical studies in other endemic populations indicate that

anti~-RESA antibodies have no demonstrable protective value

. against malaria (Deloron et sl 1987, Marah et al, 1989,

| Bjorkmann et al, 1990). In populations where studies show

h that antibodies against the putative vaccine candidates are
protective as well as in those populations where otherwise

' 1{s the case, 1n51v1dual immune response restrictions have

ﬁ been observed (Resenberg and Wirtz, 1990; Del Guidice et al

1987; webster et al, 1988; Petersen et al, 1990;

Bjorkmann et al, 1990). There is therefore immunological

evidence that some individuals may not be able to respond

to P. falciparum prospective vaccine candidate proteins.

Such evidence haa been reported from Africa (Del Guidice

et al, 1987) and Thailand (Wsbster ot al, 1988).

(11) The role of antibody subclass in immunity against malaria

The inability to produce antibody of the optimally

protective isotype can result in a selective immunodeficiency

state (Jefferis and Kumararatne, 1990). This s particularly

apparent for responses to certain bacterial carbohydrate

antigens that are normally of the IgG2 isotype (Yount et

al, 1968). There is evidence to suggest that the proportions

of each subclass produced, following antigenic stimulation at
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al sites,may differ, due to selective localization
of B-lymphocyte subsets and/or selective stimulatlica of
B-cell subsets by factors present in the local environment.

" Furthermore, in vitro studies show that interleukins (IL.)

‘can modulate or regulate IgG subclass production (Flores-
Romo et al, 1990; Ishizaka et ai, 1990). Thus IL-4, in
IgétcoTsximulaLgs isotype . switch to the production of
19gG1 and 1g9E and suppresses the production of 1gG3, I1gGeb

and 1gG2a. Gamma-interferon, (8 -IFN) in vitro, stimulates

19gG2a and suppresses 19G3 and I1gG2b production.

Immunity to P. yoelii is Peliev;4 to be related to the

major histocompatiblllity complex (MHC) class 1a antigen

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

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

transferred protection agalinst P. chabaudi adami infection

in nude mice. This T-cell clone secreted both %X =IFN and

I1..2 and therefore was3 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 {nterleukins and the possible dependence of

11, production on the MBC, it 1s arquable that both individual

genetic variabilitcy and the antigenic epltope will influence

the 1gG subclass produced. Since the bilological effector

functions of tie different 1gG subclasses vary greatly

(Splegelberg, 1974), the serum concentrations of antibodies

g to 3 given subclass may reflect thelr clinical

belongin
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and/or protective roles in the course of an infection
(Jefferis and Kumarara, 1990). Subclass of antibodies
formed in different phases of infection in different
genetic groups of people, may be instrumental (o providing
!protection {(wahlgren et al, 1983). On the contrary,
lantibodies of the subclasses IgG2 and IgG¢ might be
”1nh1b1tory or may not activate the complement system,

(Jefferls and Kumarara, 1990).
2.6.3. The Complement System

The complement system comprises about 21

discrete proteins, all of which circulate in the blood

plasma. The main biological roles of complement are
inflammatory responses to tissue injury and the destruction

of viable infectious agents. The complement system or its com-

ponents theréfore, 1s involved in many aspects of health

and diseases. Activation of complement results in diverse
biological consequences which include increased vascular
anaphylaxls, chemotaxis, enhanced phagocytosis

permeability,

and digestion, irreversible membrane damage, dissolution of

immune complexes and possibly also modulation of some

aspects of lymphocyte function (Lachmann and Peters, 1982;

weilher et al, 1982; Sundsomo, 1983). <Complement activation

1s a self regulating process during which fragments of
complement components, with nascent biological properties,

are generatsd and subsequently catabolized (Lachmann and

Peters, 1982).
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(1) Complement activation

It is now well established that there are two major
athways of complement activation, each dependent primarily
l1though not entirely, on the sequential conversion of
roteolytic zymogens to proteases. These are called the

.classical and the alternative {or prOperdlu? pathways of
complement activation. The molecular mechianisms of both
pathways of complement activation togethecr with their
biological consequences have been reviewed extensively by
others; (Lachmann and Peters, 1982; Green, 1983; Relid and
Porter, 1983).. The essential aspects of the main compart-—
ments of.the complement systém are summarized in Fig. 2.2,

The classical pathway complement (cpC) activation 1is
the better understood general mechanism of the complement
system. It is initiated pregﬂmlnantly by antigen-antibody
complexes of vappropriate” composition, although other

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

the Alternative Pathway (APC) of complement activation

does not require a speclfic trigger analogous to that

responsible for clsasical pathway activation. Instead,

there is a continuous 1n vitro low level of APC activity,

which in the presence of sultable target cells, or other

membrane Structules, may be rapidly amplified (Green,

1983 Muller-Eberhard and Schrelber, 1990; Fearon, 1980).
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Homeostatic mechanisms maintain APC activity in its
severely dampened state until circumstances permitting
amplification occur. Although the APC has been recently
rediscovered, there 13 evidence to support the hypothesis
that it is ancestral to the CPC in an evolutionary sense
(Porter and Reid 1979). Activation of complement by
elther complement pathway may lead to the subsequent
assembly of a common group of late acting components which
producCe lesions in cell membranes and cause cytolysis.
These components circulate in plasma in an unassembled but

active form and are usually referred to collectively as the

Membrane attack complex (MAC).

Complement activation results in 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 bilochemical
activity of these mediator molecules be restricted to sites
close to where they are generated. Such control is achieved
in two waya. 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 inactivator (Muller-
gberhard, 1979).

(11) Complement assays

Functional assays for both pathways are usually

based on quantitation of erythrocyte lysis, (Gee, 1983).
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Classical pathway activity is assayed by measuring the
ability of serum or plasma specimens to lyse a suspension
of erythrocytes senaitized with anti-erythrocyte antibody
in the presence of calcium and magnesium ions. Sheep
erythrocytes sensitized with rabbit antibody are most often
used. Alternative pathway actlivity is asszayasd by measuring
the lytic properties of serum or plasma {or unsensitized
rabbit or guinea pig erythrocytes in the presence of

magnesium ions and in the absence of calcium ions. B8Both

types of assay may be modified to measure the activity of
1nd1v1du?1 complement compongpts‘ although these are often
now determined immunochemically if specific antisera arce
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 sensitized with an appropriate
antibody. Wwhen the proportion of erythrocytes lysed is 50%,
the unit obtained is referred to as a 50X haemolytic unit
(CHS J. Many experimental parameters influence the extent
of complement mediated haemolysis in a given system. These
acre, reaction vclume, erythrocyte concentration and source,
Caz’. Mgz* 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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ccepted international CHSO unit for human and guinea

1g complement is defined as the volume of undiluted serum
required to lyse 50% of 5 x ‘108 sheep erythrocytes, optimally

Isensltlzed with antibody, in the presence of optimal

concentrations of calclum and magnesium cations, at pH 7.3

and lonic strength 0.149, in 1 ‘hour of incubation at 38qC,

{in a total reactlion volume of 2.5 mls.

Normal human serum complement levels obtained using

the CHSO unit defined above range between 30 and 60 for the

Caucaslans (wWetheral, 1982). A more sensitive unit based

upon the lysls of S X 107 erythrocytes {n a reaction volume

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

range of 80 - 200 CHg g unlts (Wetheral, 1982} .

The alternative complemaent pathway lysis of rabblit

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 specles. since alternative pathway activity

requires ng’but not Cazz the assay is performed in the
+ and EGTA {(ethylenegly-

2
presence of 3 buf fer containing Mg

coltetra-acetic wid). The EGTA selectively chelates

tinhibiting any interferenc

calt, thercby 1f e by the classical

pathway mechanism,

(134) The complement system and malarcia

mentaemia in acute human malaria is well

Hypocomple

1976; Williamsons et al, 1974; Greenwood

documen ted (Ree,
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‘and Brueton 1974; Kidwail et ol, 1985; Kidwal et al, 1986;
!Gupta, Sabharwal and Chugh, 1982). Except the study of
quptd, Sabharwal and Chugh (1982), in which the functional

! (haemolytic) complement activity was assessed, all other

j reports were based on the antigenic levels of some key

| complements proteins, Evaluation of the functional activity

18 necessary in order to investigate normal immunochemical

| levels of a component or components whlch may be functionally

f inactive (James et al, 1982). 1In spite of the apparent
fall in the total complement activity and in the levels of
some of its comkonents during erytinrocyte schizont rupture
(McGregof, 1972), it has beeﬁ.repccted that complement 1s
not involved in protection against malarla, although the
major class of protective antibody is IgG (Diggs et al,
1972). Contrary to this view however, Kidwai et al (1986)
in a study of serum complement levels in cerebral malaria,
noted that low serum C3 and C4 may be associated with a
fatal outcome. This study was conducted on Indian children
at a time when chloroquine resistant P, falciparum malaria
was highly prevalent within the population. Furthermore,
increased central nervous system involvement has very
recently been reported in Calabar, Nigeria, with the

emergence of CRPf malaria (Ikpatt et al, 1990). Kowever,

specific studies on the role of complement in respect of

chloroquine resistant P, falciparum malaria has as yet not

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

While the importance of antibody in protective
immunity was established long ago by Coggeshe!! and Kumm
(1937) and confirmed by Manwell and Goldstein (19440),
Taliaferro and Taliaferro, (1940); Cohen and McGregor (1961);

ﬂ immunity against malaria has been elusive. However, Brown

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

(1968) showed that thymectomy 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, 2s well as thymectomized
and athfmic nude mice (Brown: 1971, Allison and Clark, 1977).
Together, these findings firmly established that the thymus
plays an essential role in resistance to experimental
malaria, and in all possibility, to the naturally occuring
disease as well (wWeldenz, 1990). Nevertheless, the exact
protective mechanism of the T-cells still remain an

elusion (Kabilan et &1, 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 (Alliscn, 1983). put evidence obtained from experi-
mental infections in rodents support the idea that both

T-cell functions, possibly through cog® and gammainterferon

{3-1IFN), have a role in the development of immunity to
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mataria (Kumar et a1, 1988} Schoflield et al, 1987;

Weiss et al, 19688). 1In human infections, both antibody-
dependent and antibody-independent immune protection
against the malaria parasite are controlled by T-cella of
the coa’ phenotype (weldanze, and long 19G68). A recent

i study on humans by Troye-Blomberg et 8l {(1990) has shown

L that parasite antigens corresponding to immunodoeminant

’. T-cell epitopes can induce T-cell proliferation, X -IFN

'J secretion and interleukin (IL-4) expression. In this
study, the authors found a significant assocliation between
the induction, by particular peptide antigens, of IL-4 in
T-cells and the presence of antibodies to the same peptides
in the plasma of T-cell donors. The authors therefore
suggested that a relationship exists between the activation
of Il.-4 producing T-cell subsets and antibody production in
human sytems, in which the immune response 1is induced by

natural infection.

Analysis of murine requlatory cpa® T—cell clones has
revealed that they can be further divided into two subsets,
based on theilr repertoire of lymphokine production
(Troye-Blomberqg et al, 1990). Upon activation, coa® cells
designated T helper 1 (TH1) produce IL-2 and & -IFN, and
cells designated T helper 2 (TH2) produce lymphokines Il.-4
and IL-S (Msamann et al, 196; Cherwinsky et al, 1987).

Although the relationship between these two cell types 1is
.

not clear (Troye-Blomberg, 1990), there is good evidence

=
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hat TH1 cells mediate certain antibody-independent

response (e.g. delayed type hypersensitivity) and TH2 cells

provide help for specific antibody production Mosmann et al,

1986; Cherwinsky et al, 1987). Ahalysis of the murine

£lagmodium chabaudi malaria system supports a role for TH1

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 ct al, 1989).
# Although there is as yet no evidence for the existence of

| similar coa’ sdgsets in the human system, human CD4* T cells

s . )
‘ have been shown to be heterogeneous with regard to surface

marker characteristics (Smith et 3l, 1986; Dohlsten et 3l,
1988) and cytokine production (Troye-Blomberg et al, 1990;
Paliard et al, 1988). From experimental evidence, it

appears that different plasmodial species induce different

types of immune response i{n 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 antivodies. Plasmodium gallinaceum infections

initiated by the injection of parasitized erythrocytes into

immunologically intact chickens progressed rapidly and

resolved spontaneously without mortality. The same

infections in bursectomized chickens were fulminant and

lethal (Ferris, Beamer and Stutz, 1973). Similar findings

———
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were obtained by Weinbaun, Evans and Tigelaar (1976) in
experiments utilizing mice with B-cell deficlency and on
iife long treatment with anti-u chain antibody B-cell
deficient mice died when infected with the nocrmally

' avirulent 17X straln of P. yoelll, whereas immunologically
intact mice became i1l but sucvived (Tigelaar et al, 1976;

| Roberts et al, 1977). Unexpected but interesting results

ﬁ were obtained by Grun and wWeidan (1981) when B cell

. deficient mice were infected with another rodent malarial

| parasite, P. 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 P. yoellil infected mice, they resolved their

infections with kinetics of parasitaemia similar to those

seen in immunoloqgically intact mice. Athymic mice were

unable to resolve such acute P. chabaudi 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

chabaudi adami into nude mice and observed that these

of P.
animals resolved an otherwise lethal infection with

homoloqous 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

g - «
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to convey protection, the authors concluded that

resistance to acute P. chabaudi adami malaria was achieved

by T-cell dependent cell mediated immunity. Al) these
findings put together indicate that certaln resistance
mechanisms predominate in acute malaria infections in mice,

caused by different plasmodial species i.e. cell mediated

in case of P. chabaudi adami and antibody-mediated in acute

P. yoelll infections. The influence of varyinggstrains of

F plasmodial species on the outcome of host resistance

j mechanism has not been reported. Similarly, the contribu-

tion of differing host genetic factors on the outcome of
o

resistance mechanism in malaria has not been extensively

studied.

Genetic studies on the differences in response to

infections with P. berghel in inbred strains of mice was

(1975) who observed that

carried out by Greenberg et al,
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. 1In

a recent study, Chang et al (1989) observed that congenic
mouse strains differed in their degrees of reactivity with two
gp 195 synthetic repeat peptides-prime candidate antigens

for the development of immunity to the asexual blood stages

of p. falciparum. Similar work by Lew et al (1989) on

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

B-cell response to certalin Pf155/RESA peptides are MHC-class

II restricted.

—— .
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Although similar MHC restriction in immune response

to malaria antigen has not been demonstrated in liumnans,

the lack of demonstrable responses in human studies has
frequently been interpreted as reflecting such restriction

(Troye-Blomberg et al, 1990). However, Sinigaglia et al

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

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

I
- 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 reqions,Del-Guidice et al (1987)

had also observed that host genetic factors (possibly MHC

related) play a role in immune response against malaria

antigens. They postulated that the existence of such

genetic requlation of imnune response to CS protein, may

predispose some individuals to responding better to P.

falciparum sporozoite antigen than others. Similar findings

in respect of Pf155/RESA have also been demonstrated by

Petersen et al (1990) and Bjorkman et al (1990). Thus, for

optimal benef!t from a subunit malarial vaccine, it is
essential not only to define the sequences making up the

immunodominant epitopes, but also to understand the nature

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



- 83 -

fmmune response elicited in various genetic groups.

246+.5. The major Histocompatibility Complex (MHCJ:

Attempts to prevent rejection of tissue transplanted

between genetically non-identical individuals of the same

species have led to the discovery and definiticn of an

important system of transplantation antigens. These

nlmolecules occur on the surfaces of many types of cells and

“|prov1de the antigenic stimulus responsible for immunological

| rejection of incompatible donor tissues by the recipient.

] Transplantation antigens have been intensively investigated

* 4in mice, guinea'pigs and humans and are usually called the
histocompatibility antigens. 'MHC encompasses a tightly linked

| and highly polymorphic genes that function in immwune response

(Bodmer, 1987). Some of the MHC 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 least 16 operative genes
have been defined, including the Class I (HLA-A,B,C) and
Class I1 (HLA-DR, DQ; DP) cell surface glycoproteins as well

as a classIIl region which encodes four complement

components. The linkage of the HLA-A,B8,C,DR and 0Q genes

on the 6th chranosome creates a uniQue HLA hgplotype, 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 &re also

located within or near this chromosomal segment. The

gene for 21 hydrozylase deficlency is known tc be closely

linked to the HLA B/DR region of. the human MHAC. This

enzyme 1is important in sterold'metabollsm and its absence

is the most frequent cause of congenital adrenal hyper-

Furthermore, there are€ other genes coding for
1986; Muller

plasia.
tumor necrosis factor on the MHC (Spies et al,

t al, 1987). Tumor necrosis factor, secreted by activated

— —"

macrophages and lymphocytes is ass

oclated with the

development of resistance to malaria (Peyron et al, 1990)

and is also agssociated with the severity of cerebral malarla

(Gran and Lambert, 1988).

The class IT MHC genes code for a series of products

concerned with antigen pre;:utation and therefore specific

immune response. One of the striking features of this

presentation {s that it is only efficlient 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-cells, but are first

broken dowi 10 the presenting cells into peptide fragments

1987). The class II

containing 12.-20 amino acids (Marx,

histocempatiblllty protelin molecule 1s in the form of
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bébtide groove which can readily accomodate a peptide
bantrgen) contalining 12-20 ammino acids (Marx, 19&87).
Since almost all of the polymorphic amino acids of the
histocompatibility proteins are located in the area of

' the groove, changing them might well alter t(ha mnolecule's

ability to bind and present antigens to k!ller T-cells.

when an antigenic determinant is unable to I{nteract with

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

clones specific for this particular combination of

B ————

determinant and MHC molecules cannot be activated and

! therefore not all individuals will respond to any one

1 antigenié determinant. For éiamp!u. Good et al (1986)

and Del-Guidice et al (1986) reported that polymers of
NANP (the repetitive sequence which forms the dominat B cell

epitope of P, falciparum CS protein) were recognised by T-

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

these mice made antibodlies 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 P. berghel CS protein (Romero et al, 1988)

and only mice bearing lAIlc responded to the RESA/Pf 155

repeat (Lew et al, 1989). The implications of these findings

is that if the same situation occurs in humans, a given
Subunit vaccine might be immunogenic in only a small

proportion of individuals (Sinigaglia et al, 1990).
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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 » particular residue could b= changed or

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

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

|
% The information gained may help explain why a particular

MHC molecule variant i1s 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. ﬁalaria antigens

The Plasmodium underqgoes progressive transformations

during its progress from the infective sporozoite injectedby

the bite of fpfective 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 appearance 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
Each of these stages has a well

of the insect vector.

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

parasjite generates an enormous number of antigens. Some of
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hese stimulate the protective immune response of the
'ost, while others are immunologically irrelevant or
armful (McGregqor, 1972; Bruce-Chwatt, 1985). The
roduction 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
hprinciple of this procedure was known a long time ago, {its
| practicability became obvious only {in 1976 when Trager and

I
[l Jensen first.succeeded in maintaining in vitro cultures

L of P. falciparum (Trager and Jensen, 1976), while Milstein

- -2
i' and Kohler (12975) developed the hybridoma technigque for

» producing sensitive monoclonal antibodies.

Generally, the path of development of malaria vaccine

starts with i{dentifying the antigens which induce the
greatest specific immune response in animals (together with

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

out in primates susceptible to infection with human

plasmodia. Thereafter, seroepidemiological surveys in

humans agaisnt these prospective vaccline candidates are

carried out and finally vaccination in humans would be tried.

Very many {solated antigens of relative molecular weights

are now obtained in pure forms through affinity chromato-

graphy using @wmonoclonal antibodies, polyacrylamide gel

|

A — -
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'fectrOphbresls and other advanced biotechnology methods
(Brown et al, 1981; Freeman and Holder, 1983; Perlmann

et al, 1984). Furthermore, large scale plasmodial
culture systems are now produced in gram qQuantities fron
crude plasmodial antigens.

Further steps comprise cloning of genes that code for
the protective antigens, analysls 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 solld phase synthesis.

Based on tgese possibilities, three types of vaccine

«

I agalnst‘f. falciparum are presently under investigation

‘ and trials, and their eventual uses 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 resiatsance. A sporozoite vaccine, preventing

the infection might replace chemoprophylactic compounds and
be useful 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 malaria in epidemic areas or

where the dangei of resurgence is high (Bruce-Chwatt, 1987).

{A) Sporozonite Antigen

Malaria sporozoites possess a major surface antigen,
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mosquitoes {(Nussenzwelg, et al, 1986).

| P. falciparum (Dame et al, 1984).

= 89 -

f
‘the circumsporozoite (CS) protein, which uniformly

surrounds their external coat. Despite their short stay

in circulating blood, sporozoites induce a strong !‘mmune

response that is characteristically species and =tage-

specific (Cochrane, 1980). A milestone in the identifi-
cation of malaria antigens has.been the isolation {n the

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

sporozoites in the salivary glands of infected Anopheles

The protein

Structure was clarified in 1983 by cloning CS genes, first

in P. knowlesi Bf monkeys, and a year later in the human

The CS protein of

P. 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 (Nussenzweig and Nussenzweig 1985). All the

monoclonal antibodies so far produced against circumsporo-

2o0ites appear to recognise this repetitive sequence in the

CS protein (Zavala et al, 1983), as do naturally acquired

antibodies from malaria endemic areas (Z2avala et al, 198S).

The repetitive domain of the Plasmodium falciparum CS

protein consists of four amino acids {(Asn-Ala-Asn-Pro = NANP)
repeated severz) times (Dame et 21 1984; Enea et al, 1984),
which is well conserved in all the isolates from different

geographical regions so far investigated (Zavala et al, 198S;
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eber and Hockmeyer 1985; Lockyer and Schwarx 1987).

The CS synthetic peptide includes immunodominant E-cell

epitopes. Naturally occuring antibodies recognizing the

imnmunodominant CS proteins of P. falciparum have been

reported from numerous countries including The Gambia,

Thailand, Tanzania, Indonesia, Kenya and Burkina Faso

(Nardin et al, 1979; Burkot et al, 19689), #ice and rabbits

j produce high antibody titres when immunized with synthetic

. peptide coupled to tetanus toxoid as a carrier and

[ absorbed on to aluminium hydroxide (Z2avala and Hollingdale,

' 1985). However, there are conflicting reports on the
o <4

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 Z2evering

{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, Mulligein and his colleagues in India found

that killed spocrozoites of avian Plasmodia were highly

immunogenic. In the U.5.A., Heldelberger and his co-workers

(1946) attempted to vaccinate Mman against P. vivax malaria,

but to no avail. Xn 1973 however, Clyde end othera (1973)

—_—e——
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reasonably succeeded in immunizing three human volunteers,

by using many millions of P. vivax and F. falciparum

sporozoites obtained from experimentaily 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 {nduced the formation of specific

antibodies that reacted with live P. falciparum sporozoites

and prevented their invasion of cultured human hepatocytes

1985, Hollingdile et al, 1984). Hore recent

(Young et al,

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

falciparum CS protein may be 30 immunogenic in humans that

peak immune response can be reached after a limited

number of exposure. Analyais of Tanzanian sera by Del-

Giudice et al, (1987), Indonesian sera by Hoffman et al,

1989), and sera from

1986; The Gambian sers by snow et al (
988)

indigenous dwellers of Burkina Faso by Esposito et al (1
showed that C5 antibodies are correlated with protection.

later field studies Dby Hoffman et al (1987) in
@

However,
(1988) and

=

r studies by Pang et

Kenya and other simila
land, and Burkot et al

(1988) both in Thal

webster et al
ya New Gulinea, indicated that these antibodies

(1989) in Pap

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

y i8 reported to be a8 long a8 several years

anti-CS antibod
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Africans (pruilhse gt al 1986) and as short as 27 days

the Thais (webster et al 1987). Furthermore, it has been

ggested that genetic restriction may play & role ‘n the

bility of certaln {ndividuals to mount an antibcdy response

n humans (Burkot et al, 1989, Rosenberg and Wirtz, 1990),

s {t * was demonstscated in mice (pel.-Giludice et al 1986,

et al, 1986).

Both the prevalence rates and the level of reactivity

to CS protein increase with age and with exposure to

infections (Hoff-an et al, 1986; Campbell et 31,1987;

1989; Snow et al 19894 Oeloron and Cot,

L

lChlzzolinL et _a_n_l_.
ow endemicity, children seldc®

119903. Thus, in areas of 1

. test positive against CS protein. . In Hadang area of Papua

|
. New Guinea, with innoculation rates of between 44 and 293

| pites by P. falcipsrus sporozol

1988), a maxiaum immu
life (Burkot et ol, 1989).

te—-infected mosqQuitoes per year,

ﬂ (Burkot et o1, ne response was achieved

{n the first flve years of
aynthetlc peptide

Ppoth reccabinant and of C3$ proteln of

falcipacus have bDesah

serologic assays and appear to have pote

| .ﬂ**b°4¢.; in people living tn areas endemic foc salaria.

Wr use in tRis regard includes:

r use &3 an indicacor of th
n (Sporosoite {anOCulation rate) 1n a

aspbel]l et sl, 1387} S5nov et al 1989).

of tremendous use a8 antigens in

ntialas for detacting

b ¢ {¥]
(1) thel e level of pacaalte
transs.ssl0

st udy community (C
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(11) the application in investigating the possible
relationship between sporozoite antibodies 2and

protection against malaria infections (Espisito et al;

1988; Snow et al, 1989; Burkot et al, 1989;.
1i1i) the measurement of immune responses agalnst CS protein
r which has also been employed as a possible indicator
d of genetic restriction in immune response against

malaria (Snow et al, 1989; Rosenberg and wirtz 1990).

% (B) Blood Stage Antigensg
{ The exoerythrocytic shizogony in the liveris short-lived

¢ in P. falciparum infections. It is followed by the cascade-

like multiplication of the a;exuat stage in the blood, where
the most abundant amount of malar!la antigens 1s produced

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

antigens appearsto be dominant as a target of protective
immunity against malaria, rather, several antigens appear
to be capable of inducing immune response that limit the
growth or development of P. falcliparum in vitro. Conflicting

reports have been accumulated regarding the protective

value of some of these antigens in vivo., Like immune
responses against the circumsporozoite protein, some blood
sStage malaria antigens are believed to be genetic-restricted
as well (Molineaux and Gramiccia, 1980; Bjorkman et sl, 1990).

Parasite polymorphism may also contribute to immune response

restriction against malaria (Good et al, 1988). Considecring

- - :
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these possibilities in line with the emergence of chloro-

quine cegistant strains of P. falciparum, it is likely

that maximum efficliency will be achieved only with a
malarial vaccine that combines several of these antigenic
epitopes (Perlmann et al, 1969).

(a) Soluble Malaria Antigens '

[ Using aqueous extracts prepared from blood, heavily

L infected with mature, or nearly mature asexual forms, or

serum from patients with dense parasitaemia, Turner and
McGregor (19692 identified two groups of blood stage

j' antigens‘ which they termed SX and 2 antigens. Wilson et

f al (1969) extended these studies and classified P, falciparum
! antigens as 'L' (Labile), 'R' (resistant), and 'S' (stable),
on the basis of their susceptlibility to heat. Wwilson et al
(1969) also observed that the previously ldentified X 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. falciparum malaria by McGregor et al(1968). 1In

Nigerians, williams (1571) also found malaria soluble

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

to the S-antigens of wWilson et al (1969). He observed also

that incidence of MSSA in Nigerian adults varied ¢rom 0.5%

to 6X%.

B =
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S-antigens recovered from the sera of patients

studied during consecutive parasitaemic eplisodes wecre
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 et al, 1968). These workers found as well that

persistence of circulating S-antigens following a malarial

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

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

the longer the antigen persisted. The parasi-

treatment,

taemia density achieved was probably also important, for

antigen was found to remain detectable for two weeks or

longer in significantly more pati{ients who presented with

parasitaemias of more than 200, 000 per mm~ than in patients

with lower parasitaemias., Furthermore, specific S-antigens

were found to induce antibody responses in some children

but not in others, sugqesting 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 are antigenically diverse,
with heterogeneous sizes ranging between relative molecular

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

numbers of repc=ated sequences of amino acids. Immuno-

precipitaticn of S—-antigens from lysates of parasites,

metabolically labelled with 3H-glyclne showed that the

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT
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éhéigen 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 evlidence

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 et al (1984) and Coppel et al (1984) to

independently 1dentify a previously undescribed antigen

on the surface of ring—infeéled erythrocytes. Monolayers

of human erythrocytes infected with P. falciparum ring stages

were fixed with 1% 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 et al {(1985) described the antigen aa red cell

erythrocyte sucrface antigen (RESA) and its molecular weight
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- 97 -
was determined to be 155,000 daltons (Perlmann et al, 1984;

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

with the glycophorin binding protein of P. falciparum of

Mr 155,000, described earlier by Perkins (1984). Perlmann
et al (1984) and Coppel et 2l (1984) also reported that

RESA-Pf155 antigen was formed-at the late schizont stage

and was present on the merozoite surface. DUuring merozoite

invasion, the antigen is subsequently deposited on the red
blood cell membrane, where it occuples the apical bllayer,
hence the reactive epitopes are not fully accessible (on
the red blood éell membrane) to the immune system. Moreover,
presencé of antigen is appaant only in the very early ring

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

malaria species-specific. Thus, P. chabaudi—-infected

erythrocytes containing ring forms, reacted similarly with

antiserum to this parasite only,but not with antisera to

P. yoelli or P. vivax (wHO, 1984a).
On further analysis of RESA/Pf155, Favaloro et 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 (EENVEHDA) and the
related tetramer Glu-Glu-Asn-Val (EENV), and the other at
middle of the molecule (5' repeat region) consisting of the

undecamer Asp-Asp—-Glu-His~Val-Glu-Pro~-Thr-Val-Ala

(ODEHBEEPTVA), and related sequences.
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of the antigen units is in Fig. 2.3.

The S' and 3' repeats display some immunologlicai cross
reactivity (Cowman et al, 1985). Thus, both rabbit and
" human antibodies to these repeat sequences can equally
inhibit merozoite invasion (Berzins et al, 1985).
However, the 3' repeats have been found to be more

{mmunogenic than the S' repeats (Collins et al 1988).

Several immunodominant B-cell epitopes of P.falciparum
RESA/P£f115 are located in the molecular regions containing
these amino acid repeats (Miller gt al, 1986). More
recently,T-cell epitopes have also been mapped to the same
repeat ;eglons on RESA/PfiSéIbI Kabilan gg'g£(1988)amd
Troye—Blomberg et al (1988). Thus Pf155/RESA has been
found to be capable of inducing in vitro proliferation,
{nterleuxin (1L)-2 relesse and gamma interferon (8§ =1IFN)
production in T-cells from individuals primed to this
antigen by natural infection (Troye—Blomberg.gg‘gL, 198s).
Al though antibodies contribute to immune protection against
malaria, priming o< T—cells is important for the development
and mailntenance of {immunity (Good and Miller, 1989;

Troye—-Blomberg ard Perlmann 1988, wWeidanz and Long, 1988) ,
and T-cell derived & -IFN is pelieved to be an important
mediator ©Of cellular effector mechanism (Kabilan et al 1990).
Consequently, peptides corresponding to the repeat regions

of RESA/Pf155 are considered prime candidates for effective

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



Fig. 2.3

- 99 -
5 - repeot 3' - repeoi
— i nik
L I
: EENVEHDA EE
402 734 an 073
~ e Ag 632 « Ag 26

Schematic presentatlon of Pf155/RESA .

aminc acid positions of FP
22232 and FP Ag28 arc Shownéhe‘rhe
5'repeat block cor:sists of e
consensus sequernce DD EEPTIA
repeated twice end five o
sequences with cne or two e ok

qh The 3' Trepeat block -

ga%eE-mj_nus consists %f theazgq\égxex
EENVEHDA I'e ecated 5 mes

ncAe Em?w repeated 29 tigi?:er.
siqueeight variants of me(lggo).
Rd:gced ¢rom Wahlin &t 1

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT




- 100 -

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 regqions. In
Mitro studies have also shown that human antibodies to
this antigen are extremely efficient in inhibiting P.

falciparum reinvasion (Perlmann et ai, 1584; wahlin et al,
1984). Rabbit antibodies against a synthetic peptide

representing the repeated sub-unit EENVEHDA of Pf155/RESA

also inhibited P. falciparum merczoite reinvasion in vitro

efficiently (Anders et al 1990). Furthermore B-galactosidase
fusion proteins of DNA clones encoding this antigen

sequence partially protected Aotus monkeys from P, falcipacum
challenge. Protection in these animals also correlated with
the presence of antibodies reactive with Pf155/RESA repeat
sequences, including the octopeptide (Collins et al, 1986).
Evaluation 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 in umitra
invasion inhibition assay, have however shown that antibodies
are often not efrficient inhibitors as components in total
immunoglobulin preparations, but become very efficlient when
affinity purified (Perlmann et al 1987). This difference
could be due to the presence, in the sera, of both reilnvasion

inhibiting antibodies and of antibodies promoting reinvasion,
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b gl

age vaccline against malaria, Investigations by

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

/e shown that majority of antibodies to Pf15S5/RESA are

' ﬂ'iéieu ééainst epltopes within the repeat reqglons. 1In

vitro studies have also shown that human antibodies to

.'anbigen are extremely efficient in inhibiting P.

E*Jﬁ: parum reinvasion (Perlmann et al, 1984; Wahlin et al,

;-;71. Rabbit antibodies against a synthetic peptide

rep esenting the repeated sub-unit EENVEHDA of Pf155/RESA
|

so inhibited P, falciparum merozoite reinvasion in vitro

-lficieqtly (Anders S£_2£.19?0)° Furthermore p—galactosidase
slion proteins of DNA clones encoding this antigen
liénuence partially protected Aotus monkeys from P. falciparum
‘challenge. Protection in these animals also correlated with
the presence of antibodies reactive with Pf155/RESA repeat
sequences, including the octopeptide (Collins gt al, 1986).
.ﬁyglqgtion of the presence of potentially protective anti-
P£155/RESA antibodies in human immune sera, as well as in
gg&}sera from experimental animals by means of in witrg
vasion inhibition assay, have however shown that antibodies
often not efficlent inhibitors as components 1n total
i‘un091obu11n preparations, but become very efficlent when

f£inity purified (Perlmann et 2l 1987). This difference

' d be due to the presence, in the sera, of both reinvasion

h .'51_,19 antipodies and of antibodies promoting reinvasion,
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| g

xis '
ence of this latter type of antibodies were

1 "f'dtmdhstrated by using monoclonocal antibodies

;_;;bar*aginie rich protein (Ag 106) of P. falciparum,

{‘-Bsﬁiés to certaln epltopes efficlently inhibited mero—-

oit reinvasion, whereas antibodies to other epitopes in

g )
ﬁh'"ihe antigen were very efficient promcters of reinvasion

ol
anzen et al, 1989). More recently, Wahlin et 8l, (1990)

:f_-rVed that these merozoite invasion inhibition

intibodies were anti-idiotyplic. Whether or not parasite
1;f'ymorphism'og individual immune response restriction

[ o;trlbgte to the productioq‘of these merozoite invasion
hibition antibodies has not been elucidated.

In children 1living in malaria endemic areas of Africa,
correlation was found between high levels of antibodies

. O Pf155/RESA and acquired immunity to P._falciparum
(Wahlgren et al 1985; 1986b). Many other workers also

agreed that antl-PfISS/ngA antibodies have some protective

lue against P. falciparum infections (Chizziloni et al

1989; Collins et al, 1988; Perlmann et al, 1989).

‘h%fs studies by a few other workers do not corroborate

these Vigys (Deloron et al, 1987; Marsh et al, 1989),

1o gtpudlnal consecutive determination of seroreactivi_

i W Dend
les c g{;gg/RBSA antigen and to its repetitive amino acid

n gp adult men from a holoendemic area of Liberia,
"'r'l' '_'I 1

| _estriction was suggested as responsible for
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vVidua J
idual variation in immune responses against the

'gens (BJorkman et al, 1990). Genetic regulation of

/RESA epitope-specific host responses has alsc been

I-f’by Perlmann et al,(1989) and Petersen et al, (1990)

| ﬂuta longitudinal studies of individuals living in malaria

nd mic African villages.

g
against Pf155/RESA derived peptides in monozygotic twins,

While studying antibody responses

Troye-Blomberg et al (1990) noticed that these antibodies
|

.

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

twin palrs, indicating a genetic regulation of the B-cell

r sponsese. Thege patterns of immune responses against RESA/
-“3165 and its peptides are suSgested to be due to differences
;'MHC and/or allotype restriction (Perlmann et 21, 1989,
roye—Blomberg et al, 1990).

Parasite polymorphism may alsc contribute to immune response

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

repetitive region of Pf155/RESA are invariant in different

e

« falciparum strains, from various geographical locations

30 far studied (rPavaloro et al, 1986; Perlmann et al, 1987;
11989). Results of preliminary serological studieas of

P£155 have also given no indications of antigenic diversity

(Perlmann et al 1984).
¢ nature of P£155/RESA antigen therefore

The invarian

makes this prctein and its immunodominant repetitive peptides,

important prospective blood stage vaccine candidate
" il

Pnn e_t .a_L' 1987).
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“» tO clrcumvent some of the problems specifically

"’—ﬁ.'q :
Llag with pF15S/RESA sub-unit vaccines, particularly

'.*1-}b&e genetic restriction of the host's immune

-'is, these vaccines may still need to be made poly-

g

1¢~ the inclusion of several parasite antigens

-

imann et al 1989) or by use of appropriate adjuvants
a-Chwatt, 1987}.

Other Blood Stage Antigens:

High molecular welight schizont surface glyco-protein

XDa 185 ~ 220):

+ od
)rocessed at about the time of schizont rupture to generate

This group of blood stage antigens are proteolytically

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

precursor of merozoite membrane antigen (PMMA), pf 195,

P 190, 9p 185, and merozoite surface antigen (Msa - 1,

MSA -~ 2) (WHO 1988). Of these, the Pf 195, known in some
laboratories as P190 (Hall et al, 1984) is the most

extensively studied. Although amino acid repeat sequences

rare present in this molecule, many other parts of the

structure are also antigenic, so that the repeat portions

40 not seem tc be {mmunodominant (Ridley, 1988).

eiderable antigenic diversity exists in this molecule

falcipacum (wHO, 1989)., and

ona different strains of PE.

‘ therefore not on the pPriority list as a vaccine
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) Knob-agsoclated antigens:

Eryth
.Y focytes fnfected with p, falciparum also acquire

WL
functional property of cytoadherence to endothelial

ells, as the parasite develops from the ring to the

ophozolte stage. Asexual P. falciparum parasite forms

3 ""d-%‘fected in peripheral blood smears only as immature

iy

g stages. Trophozoite- and schizont-infected erythro-
cytes are sequestered in deep tissues by specific
taﬁhment to endothelial cells lining the venules and

..-IA C _‘:'flar.tes (Luse and Hillerd, 1971). These mature parasi-
td ed cells may block flow in such organs as the brain and

so glve rise to the classical neurological symptoms

)f cerebral malaria. This cytoadherence phenomenon,

between the surfaces of P. falciparum-infected erythrocytes

and capillary endothelial cells, is mediated by knob-like

srotrusions of the erythrocyte membrane (Luse and Miller,
1971; Trager, Rudzinska and Bradbury, 1969) and the under-

ying cytoskeleton (Leec et al 1984), Laboratory-derived

knobless variants (i) of p. falciparum do not attach to

lendothelial cells in vivo (that is, mature K parasite

Ynfected cells appear in peripheral blood), (Barnwell,

vard and Miller, 1984), The x~ parasites also do not

ch in vitco to endothelial cells or melanoma cells

nya et a1l 1983), which have been used as targets in a

b
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parasites are much

al Il
-

-bearing (k')
3ites from the same isolates (parnwe

11, Howard and

It has peen suggested that through
Pression of knobs and

cytoadherence, mature P. falcioarum
I s —_—

asites avoid PasSSages through the spleen, thereby

ave ying €Xposure to localized Specific and non-specific

"5}-fnisms that would rfemove the altered erythrocytes
{David et a;, i983).

1 A dalarlal protein of about “Da 300, expressed on the
surface of R, falciggggmrinfected_erythrocytes has been

ddentified as the likely cytoadherence molety, on the basis

©Of three properties, These are that:

(1) the Capacity of antisera to block or reverse cyto-

adherence in vitro matches the Capacity of the sera to
i

Feact with this protein at the surface of infected cells
\Leech et al, 1984).

lﬁ ) the protein molecule itgelf ig exquisitely sensitive

Et;'trypsic Cleavage at the cell surface, parallel with the

S Of Ccytoadherence seen with trypsin-treated infected

f€lls (Leech et al, 1984).

IL1’1K' pacrasite varlants which do not cytoadhecre also

MOt express this protein at the cell surface {Aley

. |

DO and Howard' 1984).
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-Kpatt et a)

Spu__.__ (1990) poted that cerebral

S Iﬁamabar
B Séém to phave increagsed with the

1™ B

< of CRPf {n the area.

malaria

: 1Br-obser
| vation has a1s0 been reported from Thalland
Oy Miller (1989),

» M’E—_

rum are Predominantly knob-associated, or

W
hether or not these emerging strains

¥ A ss -
knob-protein variants with Qreater capacity for

‘Neérence is yet to be elucidated. 8ased on studieg

nducted on P, ﬁlaclgaqgm from —many geographical areas,

= 4 L

e putative t
.. Cytoadherence protein has however been found
to be invariant (Leech, Barnwell and Miller, 1984;

=

L_a-inya et sl 1983; Marsh and Howard 1986), and this would

vallidate its potentials as a prospective vaccline

. e
candidate. However, an antligenically lnvarlant epitope was

'l.

dentified on the surfaces of infected erythrocyte 1isolates
from Gamblian patients (Marsh and Howard, 1986). This

. served epitope, once ldentified, may be an important
antigen for use in vacclnes. The 1ldentification by

Barnwell and Ockhenhous (1985) and Roberta st al, (198%)

-

‘of ligands for cytocadherence may assist in the purification

h'r__
L

involved in its function,

[

fHe cytoadherence molecules and the particular domain

i

- Gamete _Antigens:

get antigens of transmission-blocking lmmunity in

were first ldentiflied 1in the avian parasite,
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——=—"1 Usihg monoclonal antibodies which
A

surface proteins of extracellular qametes
' hi’ﬂg?ééite (Kaushal et al, 1983). Those of the
h%f%é’te P, falciparum were identified shortly
51ﬂerPd§ by Rener et al (1983) and later on by

r en et al (198S8), {

t rsibélieved that the immune response elicited against
"hs; antigens will 1limit transmission of infection by
fibresslng the development of sexual and sporongenic

st azs (WHO,'1?90). The ratlonale for transmission-blocking

EUN
¥

1
,5L¢tne development rests on the expectation that such

4
34{5'Lhe will reduce malaria transmission levels, at least
under certain epidemiological conditions and if used in
combination with sporozolte or asexual blood-stage vaccines,
{;ﬁi@ prevent the propagation of any vaccine-resistant

utant parasite (wHO, 1990).

-6.7. Antigenic Vvariation in P.

L ]
]

‘Antigenic variation is a process by which an infected

%Fgénism galns a selective advantage by changing its

‘antigenic profile, thus avoiding elimination by the host
2

{mmune system (Homel, Davis and Oligino, 1983). Antigenic

gatlon in malaria explains why immunity against the

sease is hardly sterile.

e
l‘

;gpeated antigenic varlation has been demonstrated

he simian malaria parasite P. knowlesi, by Brown and

n (1965) and by Brown et al (1968). Voller and Rossan
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when
| they found evidence of such variation

another monke
Y malarjia, E,.Exnomolgl bastianelli
thérmore . .
* antibody registant parasite populations have

2eén isolated from a rodent malaria P.

4 berghei, by Bri
L al (1986), _ N

40 hu
I man malaria however, the first indications of

e
Xistence of antigenic variation were the findings by

Son et al (1969) and McGregor and wilson (1971), of

2veral different S-antigens of £. falciparum., More

{genic dlfférences in P. falcigarum isolates were also
de dnsfgéted by McBride, walliker and Morgan (1982).

‘Other bases of P. falciparum variability have been

L]

Y |
"indicated by protein variants (Fenton, Walker and Walliker,

1985), enzyme variants (Sanderson, Wallliker and Millez,
B

_“3&7 differences in response to drugs (Peters, 1982), as

well as by the sequencing of many genes (Kempt et al, 1986).
|

-;Hese parameters may likely co-exist in a variant strain of

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

‘ay manifest with specific protein chenges (Creasy et a),

~ Antigenic variation of P. falciparum may affect

.y her the epitope, changing the specificity of an immune

e ]

esponse, oc the MHC-binding reglion thus changing the

ential to generate any response at all. Knowledge of the

lgenic diversity among populations of malaria parasites
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There is evidence that

-jhrtants Of these Characters OcCur at different

[ ]
=

3phical areas (walliker 198S). In an elaborate

tudy of genetic diversity of P. falciparum from Thailand,

J‘-abwe and Brazil, Creasy et al, (1990) used 20 variant

_. ers to demonstrate that there exist geoqgraphical

variations {n the frequencies with which many variants

Ht qr. These authors recommended Studies to determine the

.

wt

ent of these vardations which occur {n small communities,

L:- to determine whether or not such changes occur over a
_flven pecriod of time (e.g. from the start to the end of a
: ansmission season or from one year to another). They
pPostulated that such geoqgraphical variations involving
nbﬂgenic components of a parasite species would affect

IE
L

State of immune response in different populations.
In a study of in vitro growth inhibition of P falciparum

L3
llslmn:-a from different regions of the Phillppines, sy et al

19 observed that sera from most areas exhibited greater
inhibition of homologous than heterologous strains.
'suggested that although geographically quite close,

Lipites st1l11 exhibited some immunological differences.
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e knowle -
- dg9e of the extent of antigenic

and of
_ - the probable aSSchated immune response
rlation, in giffe

ol 5. rent

- malaria endemic Populations, will

4. |
_'mmehse relevance in immune intervention

trol.

in malaria

4

ELISA for antihod against total blood st

| 2ntleen of P. falcipeme —otal blood stage

Antibodies agalnst P. falciparum are not fully
ective against the disease, partly due to the fact that

e specific antigens are intracellular (Greenwood and

L]

..'I.
yhittle (1981.) ..Acetone treatment of blood stage infected

red blood cells renders most, of these antigens accesslible

p-

.0 4a ultra antibody binding. Since some of these antigens

2 also_not be exposed by acetone fixation, it is likely

at IFA may not estimate the total malaria antibody.

onicates 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 et al, 1986b; March et al 1989). These workers

Dwed that there was no positive correlation between total

blood antibody titres by ELISA and the blood stage

antibody titres determined by IFA.
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CHAPTER 3

LASMOD1 UM
FALCIPARUM IN CALABAR AND IBADAN — oo n
3.1 INTRODUCTION

Drug resistance is probably one of the best studied

characteristics of lntraspecies_diversity in malaria

parasite (WHO, 1987Db), 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 P. falciparum in arcas where malaria is endemic
is therefore considered a necessary prerequisite for

appropriate control measures, (wHO, 1987b).

Although the emergence of chloroquine resistant P.

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

cases of drug treatment fallures 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 "W.H.O0."

b
approved in vitro ey Calabar was chosen because of 1its

nearness to the Republic of Cameroun, one of the African
countries from where CRPf malaria was initially reported

(Sansonettli et al, 1985).
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ll
The study was also designed to compare by in vitro
method, the cCurrent

prevalence level of CRPf malaria
between Calabar and Ibadan a town in S. W. Nigeria, where

there had been little or no reported incidences of CRPf

malaria. This study was also envisaged to serve as a

prerequisite to the assessment of the nature of humoral
immune responses that may be elicited against the emerging

Nigerian strain(s)of CRPf {in the two Nigerian localities

investigated.

3.2 Materials and Methods

-

The study was conducted in two different
geographical locations in Nigeria - Calabar and Ibadan.
Calabar and Ibadan are located at 4.5N, 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 P. falciparum

contributing 90 - 95% of malaria cases (Ekanem et al, 1990).

3.2.2. Patients and control subjects:

Patlents selected for both in vivo and in vitro
studies satisfied the following conditions:-—

(;) No history of taking antimalarials within the previous
14 days and this was verified by the D11l Glazko urine test

(Lilijveld and Kortmann 1979).
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===—_Bi

| Pure P,
1) ure Z. falclparum infections with parasite density
>

500 per ul.

(1id) Sublects selected for in vivo study as well

, were
confirmed pnot too gick to take oral

(Lv)

medication.
All patients were assessed by clinical examination,

carried out by a consultant physician.

(1) Screening of patients

Children aged between 5 months and 12 years,(mean =
4,9 + 3.8 years) who reported with fever at the children's
emergency unit of the University of Calabar Teaching

Hospital, betdéen August and October, 1989, were screened

for parhsitaemla. Those with adequate parasite counts

were further screened to ensure that they satisfled other

criteria listed above.

In vitro studies were carried out

on the isolates of all the patlients recruited, while in
vivo studies were simultaneously carried out on some of them.
In Ibadan, recruitment of subjects was undertaken
between August and October, 199G6. Blood was collected from
children,mean age = 6.5 ¢ 5.1 years) who were identified
suitable €for enrolment by clinicians. This was done in the
out-patient clinic, children's emergency clinic and the
clinical pharmacoliogy unit of the University College
Hospital, Ibadai. Only in vitro studies were carrled out

on isolates from petlents enrolled at Ibesdan.

.
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1

) cree
Cnin
for contrp) subjects

Contrgo)
subjects ,ere recruited from apRarently

healthy ~ni{1dr
€N appearing for elective, day-care gurgeries

due
_ to anatomical disorders €.9. hernlas

ranqes e
o] of the controls . were 6 months 13 Years, (mean =
’

S.
1 + 3.9 years)in Calabar, and 6 months - 13 years
]

(mean = 6.3 s+ S.0 years)in Ibadan.

e -3 Examination of Blood Slides

Giemsa-stain 1 00«
ed thfck blood films were examined

L ]

* by oll-immersion microscopy. As the flelds were examined,
white blood cells (wbc) and asexual parasites were counted
using two hand tally counters. Counting was stopped when
S00 parasites or 1,000 leucocytes had been counted, which-

ever fiqure appeared first. The parasite density was then

calculated as:

gumber of parasites counted 3
number of leucocytes counted X Gfog?’ garasites per mm
o ood.

6,000 wbc was taken as the number representing the normal
white cell count within the present study population
(Exanem et al, 1990)}.

I Leishman-stained blood fllms were examined by oil-
immersion microscopy to determine the parasite sgpecies.

3.2.4. D11l Glazko Urine Test

To ascertain that subjects enrolled into the

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



115

' d
£udy had not taken 4_amingquinolines within the previous
4 days.: Dill-Glazko yrine test was performed on each

uybject's yrine sample,

prior to enrolment. The test was

Performed as described by Leli)jveld and Kortmann (1970).

3»2.5. Chloroguine Response Evaluation

(£) In vivo study .

The extended 14--day World Health Organisation fField

Test (WHO, 1973; Lemnge arnd Inambao, 1988) was used to

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

'The in yivo study was carried out only in Calabar. Children
enrolled into the study had p?raslt:emia Z 500 per mm3 and
were not too sick to take oral medication. Each child was
weighed and given 25 mg of chlorogoine base (as chloroquine
sulphate) per kg body weight, over three days as follows:
10mg/kg body weight on day 0 (D0O), 10mg/kg body weight on
day 1 (Di1) and 5mg/kg body weight on day 2 (02). The drug
was given orally by a physiclan in the clinic, and any

child who vomitted within 30 minutes of therapy was excluded
from the in vivo stuay. All enrolled patients were
hospitalized for at least 4 days and on discharge were
followed up by home visits. Thick blood filmas and axillary
temperature readings were also taken on D2, D7 and D14,

B;Qod films were stajined by Giemsa and paraasite densitles

were evaluated as described in section 2.3 (above).
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Le-s-e-t.é.QE_Of in vivo results

The
lnterpretation of in vive results was bLased on

the WHO recommendation of 1984 (wHO,
as follows:

i.

1%84a) which states

If no asexual parasites are found by D7 of therapy the
infection is either sensitive or resistant (R) at the R1
level. Fallure of parasite to reappear by D14 is considered
~ a complete cure (sgnsltive to chloroquinel}.

ii. Disappearance of asexual parasite on D2, but
reappearance by D7 is also classified as Rl 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 origiml count by D2 indicates an RIII
level of resistance. .

The final judgement however took into consideration

the clinical state of :hé patient. This was assessed by a
consultant physician.

(i1) 1In vitro study

WHO Microtest Kits

&
These kits were used for the in vitro assessment of the
response of P. falcipacum to chloroquine. Each kit contained

the follow!ng:?
A tissue culture plate (12 x 8 wells) predosed with

‘.

snloroquine, and sufficient to run twelve tests,

endorf pipette; 50 ul dispenser
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Sterlil
e RPMI 4640 powder - medium, {n 125mg =achets

Sterile HepES, +4_2% in 20mls aliquots

Sterile
NaHCO3 splutIOn, 2.4% {n 20mls al iquots

Flexivial, containing sterile double distilled water,

in 10ml aliquots.

Miillipore filter, 0.22 um pore size and 25mm diamter

15Sml Falcon tubes with screw caps

i = 6ml Falcom tubes with press cap
= 20ml]l sterile disposable syringes
* = 1ml]l sterile disposable tuberculin syringes
— 13" x 20" sterile gauge needles
-~ frosted edged microscopic slides
= Scapel blade with holder
- Steel forceps }
= Aluminium foil (roll of 30m x 30cm).
= 100 ul sterile, henar{q;treated capillary tubes
= 1ml sterile graduated pipettes
- Plastic covered wire and racks
- Non-sterile untreated S0 Yl caplllary tubes
- Mouth plece for caelllary tube
- Glass writina (diamond) pencil

= Pure parafiin candle
Instruction booklet for the use of the micro-test kit

Photograph of pre- and post-cultured P. falciparum.
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The RPMI
| 1640 medium, HEPES and NaHCO3 solutions and

"hﬁ chloroquine =
Quin€ pre-dosed nicpotitre plates were kept at

o

9°C in a refrigerator yntil needed for uyse.

For
in vitro chloroquine responSe test, RPMI1I 1640 medium,

HEPES 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, chlorogquine 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 eaéh row had 12 wells designed for 12
tests. Wells 'A‘' served as controls and contained no
chloroquine; wells B - H contained varying doses (pmole) of
chloroquine as follows: 1,2,4,5.7,8,16,32. S0ul of a sample/
medium mixture was applied to each well on the assigned row
(A-H) using an Eppendort plpette. A fresh pipette tit was
used for the application of each sample. After

sample application, the lid was placed on the micro-

titre plate and
seconds to ensure that the drug deposited in the wells were

LS
' 'eletely dissolved., The plates were then incubated
-

the plate gently shaken for a few

ding to the method of Trager and Jensen (1976) for
-
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The RPMI 1640 medium, HEPES and NaHCO, solutions and

‘the Chloroquine pre-dosed microtitre plates were kept at

iDC in a refrigerator until needed for use.

for in vitro chloroquine response test, RFMI 1640 medium,

HEPES and NaHCO3 were reconstituted as directed by WHO (1982).

The test was performed using the technigue 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 allowed to equilibrate at

room temperature. Each plate contained 8 rows of wells,

labelled A — H and ea&h row had 12 wells designed for 12

tests wells ‘A’ served a6 controls and contalned no

hloroguine; wells B - H'contalned varyilng doses (pmole) of
c : B

chloroguine as follows: 1.2,4,5.7.8.16,32. 50ul of a sample/

dium mixture was applied to each well on the assigned row
me
Eppendorf pipette. A fresh pipette tit was

(A-H) using an
. After
used for the application of each Sample

1id was Placed on the micro-

sample application, the
the Plate gently
e drug deposited in the wel

shaken for a few

titre plate and oyl

seconds to ensuré that tb
The plates were then incubated

301 ved.
n (1976) for
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The R
e RPMI 1640 medium, HEPES and NaHC03 solutions and

dosed microtitre Plates were kept at

o,
4°C in a refrigerator until needed for use.

For in vitro chloroquine response test, RPMI 1640 medium,

HEPE
IEPES 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 éml 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, chlorcquine predosed plates were
removed from the refrigerator and allcwed 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 as controls and contained no
chloroQuine; wells B - H contained varying doses (pmole) of
chloroquine as follows: 1,2,4,5.7,8,16,32. 50ul of a sample/
medium mixture was applied to each well on the assigned row
(A-H) using an Eppendorf pipette. A fresh pipette tit was

used for the application ©Of each sample. After

sample application, the 1id was placed on the micro-

titre plate and the plate 9ently shaken for a few

.ge_ggnds to ensure that the drug deposited in the wells were

npletely dissolved. The plates were then incubated
cording to the method of Trager and Jensen (1976) for

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



119

28 hours.

After 24 hours, some erythrocytes were takern from
a control well and a thick blood film made. T.:- uas
rapidly dried by a hot air blower and stained with 10%
Giemsa for 5 mlnute#. If on microscopic examination of
the smear it was found that 10% or more of the asexual
parasites (trophozoites) had become schizcnts,with at least
3 nuclei, incubation was stopped, otherwise 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 from the
I contents of each well, air-dried and stained with Giemsa.

The number of schizonts with 2 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:-

Schizont count at a given Schizont count in x 100
100 - chloroquine concentration the control well

&
Minimum inhipitory concentration (MIC)} was defined as the

lowest concentration of the drug at which no schizonts were

observed. The presence of schizonts in 2 5.7 pmole/well,

equivalent to 1.14 x 1.0"6 M/L of blood was considered to

indicate chloroquine resistance (Timmerman et al, 1982).
i
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ua
‘he quantitative regression analysis method of evaluation

(Wernsdo
S rfer, 1983) a5 also used to analyse the results,

This method is more precise and provides the basic para-

meters of:

(al}] 1inhibition at (Probit) concentration

(b) the slope b of the regression

(c) variance of the slope

(d) effective concentration at any chosen level.

Other guidelines used in the interpretation of the in vitro

J results are:
(a) 1isolates with an EC 99 (effective drug concentration
at which 99% of parasite growth is inhibited) below
1.0 x 10'6 M were considered fully sensitive to chloroquine
(Grab and wWernsdorfer, 1983),
(b)) isolates showing an EC 99 of 1.0 x 10-6 M or more were

considered to be chloroouine resistant (Grab and werns-—

dorfer, 1983). .

Changes in the sensivity of isolates from the same

geographical areas could be visualized. A move of the

regression to the right or a flattening of the regression

is {ndicative of diminishing drug sensitivity,
&

3.3 Results

3.3.1. Screnning in Calabar
06 children who reported at the

A total of 8

) thldren‘s emergency unit with fever were screened for
| [ ]
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rasitaemia. Three

| hundred and sixty-four (45.2%) of
them were slide positive. Thirty-three (8.8%) of the

positive cases (aged between 5 months and 12 years,
mean = 4.3 + 3.8 years) fulfilled the enrolment criteria

for the in vivo study. The in vivo study was performed

simultaneously with the in vitro tests of the corresponding

parasite isolates.
A total of 62 children including those selected for
in 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 patlents in thls area, was performed in the
Clinical Pharmacology Department, Cut-Patient Department
and the Chlldren's Ward of the University College Mospital,
Ibadan by physiclans, aqd.sultable subjects for the
enrolment into the study were bled for in witro tests.

A total of 40 children, 19 females and 21 males, were

led for the in vitro study at Ibadan.

Simultaneous in vivo/in vitro chloroguine
Study =SS

enrol

a3 &

R

Twentx.eight
Tn 13 (46.6%), of them (table 3.1) parasitaemia

(84.8%) of the 33 children completed

the study.
ed free of parasites all

was cleared and the patients remain

'Eﬁ;ough the 14-da

Yy observation period. They were thus
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SENSHTIVE R1
CHoroquine responses

UIUOoyO

Number of patlents: S=13, RI=5,RIl =6, RIliz & ; R=Resistonce

D Day 2

I'r/

RI

E Day 7

.

RIL

Day 14

FIG.3.1 MEAN AXILLARY TEMPERATURES Vs IN Vvivo CHLOROQUINE

—e— ~e—

RESPONSE BY DAY OF STUDY, CALABAR,
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TABLE 3.1

A sunpary of fn vitro ond in vivo chloroquine responses
of P - falciparum in Calabar

ocecoeocovea covcseavcogea® avsocvoavoos ®Secec ,ctcvravcovavorce P P P PO P B0 6P rer R TR EE S SEcE g0 -0 " PP i’
TOTAL NUMNBER NUMBER SUCCESSFUL NURBER SENSITIVE NUMBER RESISTANT
STUDIED 4 (1) 70 mw;zoqume QILOROQUEINE (1)
(s
csessscccrevsrecercacn eevessece == ®eecve vsecctuscrvrBsoSeesccanSoo ce+~recmcvsetsccs , -------------------
t 33 28 (82.8) 13 (46.4) 15 ($3.6)
33 27 (81.8) 11 (20.7) 16 (59.3)



-123 -

l B |
N TABLE 3.1 )
- | ( | :

. ; A summary of in vitro and In vivo chioroquine responses
: -

'Bi"g - falciglrum in Cﬂnbnr

B
LS er = N R P L W SR S S G SR “oe s omnn v mmein s
- - - " -
ASSESSMENT rqggﬁumssn NUMBER SUCCESSFUL NUNBER SEXSITIVE iﬁq msm«
TNQb .' UDIED ) 70 CHLORCQDINE OHLOROQU
- - - ae I"l"'“-";;'-"-«w ........... P eoee*nosoncacsgangnrsnae q.---.--.-EE]. ........ , --------------- 'YX )
33 28 (84.8) 13 {46.4) 15 (53.6)

27 (51.8) 1l (30.7) 16 (59.3)
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~classifled as showlng chloroquine sensitive responses

(complete cure). 1In 15 (53.6%) of the children, either

the DO parasite load was not reduced by at least 75% on

D2 or there was a resurgence of parasites on D7 and/or

D14. These were regarded as parasitological fallures.

Thelr chloroquine resistance lévels were as follows:-—

RI (5 cases), RII (6 cases) and RIII (4 cases). Thelir
clinical responses were good except in the RII group,

where the D2 mean temperature 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 in vitro sensitivity of P. 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 were 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 S.7 pmol per well: (6 isolates

at 8 pmol/well; 5 at 1ib pmol /well and 5 at > 32 pmol/well)

and were regarded as in vitro resistance cases (Tables 1.3).

The cumulative EC 99 (Effective concentration at which 99%

of the parasite growth was {nhibited) of the isolates was

11) (fiqg.3.2).
4.6 x 10~° M per litre of blood (23 prol per we g

the 15 in vivo resistance

Twelve (80%) {solates from

tes from
casés ywere also resistant }_ﬂ vitro. All the isola
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to chloroquine were however resistant to the

drug

iﬂ-vitro. One of these isolates matured at chloroquine

concentration of 2. 32 pmol/well and the other at 8 pmol
per well.

Six An 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 vivo'’' and 2 were obtained‘from children who did not

complete the in 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 {solates

showed in vitro chloroquine sensitivity was lower than in

subjects whose isolates showed chloroquine resistance

responses, but the difference was not statistically signi-

geometric mean parasite densities

ficant. The corresponding ;

in the two groups of infected patients were 30,150 per mm

and 8,009 mm3 respectively, (Table 3.3) and the difference
s k

was statisticaily significant (¢ « 2.98, p < 0.01).

Similarly, the mean temperature value of patients who
[ ] BAle-

responded to =hloroquine therapy (sn vivo) was lower, but

than the mean value in patient$ who

not significantly,
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TABLE 3.2

Pattern of 1 vaReo responses of isolates (n=33) of P. falciparua to
chloroquine {Calabar)

................ e e R e~ =~ o oo b 5oc o5
CHLOROQUINE RESPONSE NUMBER OF ISOLATES
(MIC - pmol/wecll) (% PF SUCCESSFUL 1SOLATES)
NS 6
S« (1) ~
s ° - (2) 0
S (1) k 6(22.2)
' S (5.7) 5(18.5)
N R (8) 6(22.2)
R (16) 5(18.5)
R (32) 1(3.7)
- R (32 . 4{14.8)
MIC = Minimum inhibitory concentration .

= Culture not successful
= Scnsitive to chloroquine in vitro

nt
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TABLE 1.3

Clinical (temp.) and parasizologic {(CMPD) responses of subjects from Calabar
infected with chloroquine reslstont and chloroquine sensitive P falciparum:

comparison of in vitro and in vivo chloroquine respinses

: In vivo studies, n=28; 13(S}; 15(R)

Chloroquine In yitro studies n = 27; 11 (S): 16 (R)
responses s
- Mean axillary? cipD ® Mean axillary © gteg ¢
- temp. (C) (per ag?) tenp, (°C) (per =a’)
S 38.95 (1.0) 30,150 38.78 (1.0) 10.960
L]
(13,708-66,529) (2.,951-40,738)
R 39.30 (1.0) 8.009 39.38 (1.0) 18,034
[
(3,548~ 17,762) (8,933-"36,391)
(sa) ¢t = 0.350, p>0C.1
{(b) t = 2,980, p <001
* = 05% confidence interval
)t = 1.636; p>0.01
Y}t = 0.778; p>0.1
~ § = Sensitive to chloroqQuine in virtro.
R & Resistant to chlotoquine in vitro :
cMPD = Geometric mean parasite density.
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ypited chloroquine treatment fallures. However,

ontrary to results obtained in the in vitro study, the

gpanetrlc mean parasite density in the in vivo chloroquine
I

sensitive group was lower (10, 960/mm3) than the mean value
cbtained for the chloroquine resistance group (15, 034/mm ),

but the difference was not significant (table 3.3).

3,3.4. Comparison of in vitro Chlorogulne tests in
Calabar and Ibadan

A total of 49 (75%) of the 62 in vitro cultures

of isolates obtained from subjects 1n Calabar, were

successful. Thé response pattern of these isolates ls

presented 1in Table 3.4. Twenty isolates were sensitive to

chloroquine, while 29 were resistant; the geometric mean

parasite density 1in subjects {nfected with the chloroquine

was significantly higher than

sensitive parasite 1in Calabar
{te density of subjects infected

the geometric mean paras

with the chloroquine resistant strain of the parasite

{(t = 3.9, p < 0.01, table 3. s).

34 isolates from Subjects {n Ibadan

On the other hand,

e r esponse pattern is shown

were successfully cultured and th

In Table 3.4. Twenty-two isolates showe

d responses to

chloroquine as follows: -

n 2 (5.9%) {solates were inhipited at

Parasite growth !
chloroquine concentration of 1 pmol/well; 3 (B.8%) at 2 pmol/

£ the succeSsful isolates were

w¥ell., Conversely, 12 (35.3%) ©

fesistant to chlorodquine: and showed the following fesponse
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TABLE 3.4

Comparison of pattcrns of in vitro responses of P, falciparum
jsolJates from Calabor (n e« 62) and 1badan (n = 240)

Chloroquine
respionse

(MIC - pmoi/well)

Number of isolates (3 of successful isolates)

CALAnAn IBADAN
NS. - i3 6
5 =19 ; - 2 (5.9)
S (2) - 3 (8.8)
S (1) 11 (22.4) 15 (44.1)
S (5.7) 9 (18.4) 2 (5.9)
R (8) 8 (14.3) 3 (8.8)
R (10) 9 (18.4) 2 (5.9)
R {32) i 7 {14.3) 2 {5.9)
R " (>32) 6 (12.2) S (14.7)

B
- e ™ o @ g & - T a o G 6 - o G e e e - Gt e e ™ 9= 9 ™ o o e e e e - o6 ™ et e e e ™ 9o o o o g et o e e e e e e e e e e e - @ > o g9 = g e -G T o e e e e

MiC = Minimum inhibitory concentration
N/53 = Culture, not successful
' ﬁc!mm;“c to chlorpqumc m vitro
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TABLE 3.5

Comparison of Geomctric mean parasite densities {GMPD) in subjects infected

with Chloroquinc sensitive and chloroquine resistaat P, falciparum in Calabar
and 1badan

CALABAR TBADAN
...... ---------'----""'E-""-7:-'-"""'-'-_"""'""';"""";"""'"""
CHLOROQUINE GMPD (per ma™) GMPD (per mm™)
RESPONSE n = 49,20(s] 29 (R) n = 34522(s) 12 (R)
s 24,203(21878 - 26303) 18,942(7,128 - 50,234
R 6,440 (5888 - 7031) 6,072(2805 - 13,122)
----- -------—--------o----1----------¢y

- P e e - e- S 6T e P oo o s o0 =SSO ST %% -

. a3, t = 23.90, 1<0.001
b, t = 2.19, P<0.05

95% confidence interval
= Reesistant to Chloroquine in vitro

' 8%3535i¥e-€6 Chloroquine in vitro -
[ ]
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TABLE 3.5

Comparison of Gcometric mean parasite densities (GMPD) in subjects infected

with Chiloroquinc scnsitive and chlorofuine resistant P, falciparum in Calabar
and Ibadan

.------------------------—----------------------.-------------------------------------1

CALABAR TBADAN
o ""'3;"-"""""""""""'; """""""""""""
CIILOROQU INE CMPD (per mm°) GMPD (per mm°)
RESPONSE n = 49520(s) 29 (R) n = 34;22(s) 12 (R)
®
s 24,203(21878 - 26303) 18,942(7,128 > $0,234
b 3
B 6,440 (5888 - 7031) 6,072(2805 - 13,122)
e oo ol & — = = = - wfd iy AT T 4 ce---c--e-ecccccccecccm-ce-cccesooce-—cecccn--

a, t = 23.90, P<0.001
Bt = w219, P<@®0Y

= 93% confidence interval

Resistant to Chloroquinc in vitro
sensitive to Chloroquine in vitro
'\ | TL=



erns: - 3 (8.8%) were inhibited at chloroquine
centration of 8 pmol per well; 2 (5.9%) at 16 pmol/

2 (5,9%) at 32 pmol/well and 5 (14.7TX) at > 232 pmol/
well, The geometric mean parasite density in sub jects
infected with chloroquine sensitive strains of the parasite
';as significantly higher than the’ mean value for sybjects

infected with the resistant strain (t = 2.189%, p £0.05),
(rable 3.5). The cumulative EC 99 of isolates in Ibadan

was 2.4 mole/L of blood (12 pmol/well (Fig. 34 @)

3.4. Discussion

The pattern of in vivo and in vitro chloroquine

* <
resistance of P. falcipagrum has been investigated in some areas

of Africa where the resistant strains of the parasite

species have emerged. Tex lehaimanot (1986) reported that

& out of 7 patients who were infected with chloroquine

tance
resistant P. falciparum strains also showed in vivo resis

response to C25 treatment. Lemnge and lnamboa (1988) also

noticed a high correlation between in vivo and in vitro

evaluation of chloroquine (CQ) sensitivity of P. falclparum

in Zambian children.

In the present study, a bhigh correlation has also been

onse of
observed petween the in yivo and in vitro €Q resp

i o
P. falciparum. Isolates from children, who showed il vivo

thloroquine resistanc

= -0l1d
baby and a five-year
in vitro. However a §-month-old Y

hich
Chilg who responded to C25 treatment, prOVldEd jsolates whi
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owed CQ resistance in vitro (MIC > 32 and 8 pmol/well

ctivelY). Lemnge and Inamboa (1968) observed that
ost 1isolates from children at Kalene reqgion of Zambla

had MICs of 16 pmol/well, but no corresponding !n vivo

chloroquine resistance response was detected. Spencer
|g£‘§1 (1963a) in Kenya had alsd made a simiiar observation
in children aged between &6 and 24 months and suggested

that any such findings 1n adults could be due to individual
immune mechanisms that may be playing a role in modifying
the expression of drug resistance to the malaria parasite

in vivo. A plausible explanation of the present findings

<4

could be that the 5-month-0ld 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 Inamboa (19688) that

2 of 4 children who exhibited chloroquine therapy fallures,

provided isolates that were sensitive to chloroQuine in

YiELO (MIC: = 2 and apmol/well respectively). Charlet et al
{1985) had made a similar observation. 1In the present study
it was similarly observed that two children were chloroquine
therapy fajlures, while their isolates were sensitive to

the drug in vitro. Walker et al (1983) found that cQ

‘nﬁorptlon was more variable in malarlia infected Nigerian
€Bildren than in non_infected Migerian adults and suggested

that such might reflect a mild association with malaria.

'xt HOUld therefore appear that the two Chlldren 1" the
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'Esent study, who happened to be siblings, exhibited
.ﬁignlflcant gastrointestinal disturbance which was not
detected during the study, and which may have influenced
ﬁpelr absorption of chloroquine. This postulation could
however not be confirmed in the absence of a pharmacokinetic
data which were not avallable+‘during the study. An
alternative hypothesis may have to do with individual red
cell type. Slomianny et al (1984) had shown that when a

normally chloroquine sensitive rodent Elasmadium grows in

anaemic mice (10 - 30% reticulocytes) parasites present
biological cha;acterlstlcs of chlorocquine resistant homolo-
o

gous stfain. Moreover, the action oif chloroquine in vivo,

on P. berghel forms growing in reticulocytes, is markedly

less effective than on the forms parasitizing mature red

blood cells (Dei-Cass et al 1984). Since both the in vivo

and in vitro studies of the syresent report were carried

{s not likely that the

out on similar red blood cells, it

les
disparity in chloroquine response between the two stud

was due to the effect of {ndividual red cell type.

1 of
The observation in this study of a3 high leve

; Y and
chloroquine resistance in Calabar both in vivo (53.6%)

C 99 of
in vitro (59.2%), as well as 3 high cumulative E

4.6 x 10"6 M/L of blood (23 pmol/well) agrees with an

Oban
earlier repcrt of a 63% prevalence level observed in .

t al, 1990).
Ctoss Ryver state in south East Nigeria (Ekonem 2% 32,
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hnizont M3turation inhibition at chloroquine
centration less than 4 pmol/well was observed in
ates from chlldren in Calabar (Table 3.4).
Although the in vivo study was not carried cut 1in
Ibadan, the Ap ¥{tro 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 p._fallicparum 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 cumulative EC

E M/L of bloodiin Ibadan was also much lower

6

l .
99 of 2.4 x 10°
than what was observed in Calabar (4.6 x 10" M/L). It was

observed that the mean parasite densities were signiflicantly
higher in the chloroquine sensitive P. falciparuminfected
subjects than in those infected with the CRPf strain.

This observation was made in all the in vitro studies carried

out. However, the reverse was the case in the in vivo study
conducted in Calabar., It is not very clear why the parasite
densities between the two groups of infected subjects based

Oh In vivo chloroquine response was different from those of

Re i0 vitro respcnse. It 1s postulated however that the

in vivo parasite density pattern may have been distorted by

the very high parasite densities in those children whose

i50]ates were characteristically not successfully cultured

The significantly lower mean parasite densities
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individuals infected with Chloroquine resistant p.

in the two populations studied, was an interestimng

=1

'Lgé}vatlon- LeBrass et al (1986) had noticed that
loroquine resistant malarial attacks were not severe
clinically. Ekanem et 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-Cra, western Nigeria. From these
earlier reports and the results of the present study, it
would thereforé appear that CRPf maiaria is assoclated with less
pathogenlcltyu If this is Gruef then it would contrast the
observations of Ikpatt et al (1590) 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
fucther investigations.

Individual preponderance in modifying the expression
of chloroquine resistance seems to be a common phenomenon.

T™he appearance of chioroquine resistant malaria in various
PoPulations has been sporadic (Brasseur et al, 1988).

“e’nge and Inamboa (1988) had observed an appreciable
‘ﬂfference in individual expression of chloroquine responses
Between two tribal communities of Zsmbia. In Nepals inha-
bitants still express chloroquine sensitive malaria in the

Mlgst ¢ apparent human migration from chloroquine resistant
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ja infested neighbouring Asian countries (wHO, 1987a).
geria, while the prevalence of chloroquine resistant
aria is high in the popuiations of the Eastern States
labar, the west 1is recording relatively low

sequding Ca

ystance prevalence levels as revealed by the studies of

al (1990): an observatiod supported by the present

em St
1t may therefore be tempting to speculate that

study.
labar may reflect

chloroquine resistant P. falciparum in Ca

‘an incursion from the neighbouring Camerouip Republic, one

of the countries in Africa where chloroquine resistant malaria

y reported (sansonetti et ai, 1985). 1Ibadan is

of Benin, where 38

was initiall

also appreciably close to the Republic

high prevalence Jevel of CRPf malarilec J4as reported Dby LeBrass
et al (1986) yet the prevalence level in Ibadan is low.
The role of the mosquito vector in the transmission of

plasmodial speclies or strains may contribute tO this sporadic

n of chloroquine resistant P. falciparume-

nature of distributio
alence of chloroquine sensitive

in Nepal, continued Prev
d by the locally available

E. falciparum is belleved to be alde
malaria transmitting

Anoeheline mosquito

ehloroquine sensitive
1 €(1976) also suggested that

(wio, 1987a). Wilkinson &t 22

thloroquine resistant E. £alciparum

nh Eastern regions ar

role of mosqui to specles

may be better transmitted

1 1 studies in
BY certain vectors tha Entomologica

|
L'ﬂgeria especially in the Sout

g of the possible
in these regions.

e desirable

for an ynderstandin

1nd“"ﬁ"erﬂlnat:xng CRPf malaria
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while the observed local difference in individual

manifestation of chloroquine resistant malaria may be

due to environmental and other host genetic factors, the

present results of in vivo/in vitro pattern of responses
oy some of the children studied suggest specific or non-
specific immunologic roles in’ individual moduiation and
expression of chloroquine-resistant malari!a as suggested
by Spencer et el (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.

«

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT




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
immune responses against locally prevalent antigens is
i necessary for a successful immune intervention in 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 is made more
imperative by the appearance of changing strains of malaria

parasites, including the emergence of P. falcipacrum strains

resistant to chloroquine, in various malaria endemic reglons,
including Nigeria.

Nigeria is the most populous malaria endemic African
country and therefore stands to benefit immensely from any
Malaria control programme. iIn spite of thils position, no
8PPréciable seroepidemiological study has been done in tiigerian
Populat jons using prospective vaccine candidate proteins
%8 antigens, wililams et al (1987) however had previously
SOnducted a study to assess the prevalence of anti-circums-

POf0z0i te (CS} and anti-ring infected erythrocyte antigen

(R
ESA) antibodies in some Nigerians. In particular, no
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logical studies have been carried out in any Nigerian

gylation using the total blood stage (ELISA) method,
or to or following the emergence of chloroquine resistant

falciparum in the country.

In this chapter, the seroreactivities against blood
stage antigens using the ELISA and standard IFA methods
were evaluated in Nigerian children infected with chloroquine

resistant and chloroquine sensitive P. falciparum. This

w3s with a view to determining whether or rnot there is any
difference in the antibody responses elicited following
= Infections by the two strains of the parasite specles.

| 4.2. Materlals and Methods ~

4,2.1. Study Areas

This study was conducted in Calabar and Ibadan.
ine geographical locations of these cities have already been
described in 3.2.1. The sera used were obtalned from 40

meilaria patients and 50 age/sex matched apparently healthy

controls from Ibadan and 62 patlients 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 samples for
the ELYSA and the IFA studies were elther used fresh or
3tored at - 20°Cc until required for use.

1.2.2, Antibody Conjugates

Two types of antibody conjugates were used for

the

various analyses:-
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fabbit anti-human IgG-Conjugate for ELISA

This antibody conjugated to horse radish peroxidase
supplied by the National Institute for Immunclogy, New
ehli, India, and was used in all the ELISA tests, at a
E;Lcentration of between 1/103006 and 1/20,000 in 2.5%
aqfatted milkx in Phosphate Buffered Saline (P85, pH 7.2).
ii. Rabbit anti-human IgG conjugated to fluoresceine
isothiocyanate. This was used iﬁ&the standard immuno—
fluorescent antibody assays for malarla antibody evaluation,
| and was purchased from Wellcome fFoundation Limited, Oarfford,

England. “
" 4.,2.3. Phosphate Buffered Saline (P8S 0.01M pH 7.2)

stock solution A: 6£2.404gms scdium di-hydrogen orthophosphate

I (NaH_, PO4.2H.0, M.W. 156.01) was dissolved

2 2
i in distilled water and made up to 2L
© Stock solution B 56.8gms of disodium hydrogen orthophosphate

(Na_, HPO4, M.W. 141.97) was dissolved in

2
distilled water and made up to 2L

Sodium chloride:  (1.5M):87.75gms of sodium chloride (NaCl,

M.W. = 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.

-‘;Mt_e Buffer (O.IMJ_p}E)
Citrate Buffer, 0.1M, pHS was used in diluting the

rate 1,2 phenyienediamine hydrochloride (cPD}! for use
1 the ELISA analysls performed. It was piepared as
lows:

Solution A: 4.202gm citric acid was dissolved in

200mls distilled water
Solution B8: S.88gm trisodium citrate was dissolved
: in 200mls of distiiled water
Solution C; 103mls solution A, 147mls 5olution B, and
. 250mls of'histilled water were added
together and mixed.

The pH of this solution was adjusted to

S if necessary.

4.@.5. Substrate Solution

10mg OPD was dissolved in 25mls of citrate buffer,
0.1, pH 5. It was prepared shortly before reQuired and
kept away from light. Just before use, 25 ul of 10%

Hydrogen peroxide (H,0,) was added,

9.2.6, ELISA for seroreactivity against total malarcia
blood stage antigens

The ccated plates used for thls assay were
UPpl led by Or. R. Dayal-Drager and Ms. C. Decrind, W.H.O,

€va, and were stored at 4°C until ready for use. The
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had been done using sonicates of asynchronous

. stage infected A+ human red blood cells (5 x ‘10'4

per well) obtained from invitrfo cultures of .

.arum. GControl plates had also been coated with the

amount of uninfected A+ human red blood celis.

To determine the total malarial blood stage sero-

I
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%

h 0.05%
solution of HZ?Z for 1 hour and washed 3 times wit

. Tween 20 in PBS, pH 7.2. Doubling dilutions from 1/200 -
& <4
1/12,800 of each sample was made in Tween 20, containing

 2.5% defatted milk, and applied t¢ the wells in rows, using

the inverse application technlqQue. 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.
Thereafter, the wells were washed 3 times with Tween 20 - PBS
sSolution, Bound antibody was reacted for 1 hour with anti-
hUman I9G conjugated to horse radish peroxidase. After

. washing 3 times in PBS . Tween 20, and once in citrate

Phosphate buffer (CPB), 0.1M, pH5, 1,2 phenylenediamine

B¥drochioride (GPD) substrate (SIGMA, U.S.A.) was added at

@ concentration of 0.4mg/ml in CPB containing 0.01% H,0,.
olour development

?t'the end of 20 minytes reaction time the C

I The intensity of the resulting

d spectrophotOMetrically
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ve length of 4920m, using ELISA plate reader,
EL 307C.

All OD492 values of the control wells were substracted
n OD492 values of the corresponding antigen wells.
ven negative controls were 1nq1uded in each test and
ntro plate. These negative sera were obtained from
dents (mean age 23 + 3 years) arriving the University of
.Jﬁudan, Nigeria, from Swaziland, a non-malaria endemic South
African country. Thelr 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
j et al (1983). The mean 0OD492 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
d x 0.059 was thus used as the cut-off point. The samples
whiCh gave 0pP492 value less than 0.118, at a serum dilution
of 1/200 were considered seronegative.
4.2.7. Indirect Immunofluorescent Antibody Assay. (IFA)

The immunoflucrescent antibody assay for the

detection and quantitation of malaria antibody was performed
Using ¢he method of Hall et al (1978). A continuous culture

~ 1ir
e (W2) of P. falciparum resistant to chloroqQuine was used

3
g antigen gource throughout the study,
Alcina

———

Cultured P.

was harvested when parasitaemia was between 3¢
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with a late trophozoite/schizont population of

 To prepare the antigen, parasite culture was spun

at 400 x g for 3 minutes and the supernatant fluid
irated. The cells were further washed with RPMI 1640
:dium without serum, before a 1% suspension was finally
de in the same incomplete medium. Ten ul of the parasi-
zed 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 ;;arasitized cells. The cell suspension was
spread évenly around each weil with the ald 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
tlssue. The slides were thereafter placed in a slide box
containing a small package of dessicant and stored at ~76°%¢
untll required for use.

For use, packaged slides were allowed to thaw at 4%¢c
for 30 minutes and to equlilibrate at room temperature for
another 30 minutes. Each test serum sample was diluted
#€fially from 1/10 to 1/10,240 in PBS, pH 7.2, for application
O tO the antigen s)lides. Each antigen slide to be used
¥as flooded with acetone for 3 minutes, and then a drop of
%0 seria} dilution of a test serum was placed on the

®SPective wells, using the lnverse sampiing technique, i.e.

.'ﬂpplication of each sample on a slide started with the
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t dilution of 1/10,240. Slides were placed in a

chamber for 30 minutes and were thereafter thoroughly

gently washed for 5 minutes in 3 changes of PES, pH 7.2.
n of the wells was then flooded with a 1/40 dilution

PBS, pH 7.2) of fluorsecein labelled anti-igC antibody,
the slides were again incubated in a moist chamber for
30 minutes. Slides were washed again in 3 changes of PBS,
7.2, before being mounted using 90% glycerol in PBS.
Examinations of slides were done under an Olympus phase
centrast immunofluorescence microscope, IMT -~ 2, with an

eye plece 10 x.20 and a high powered objective (x 100). The
serum diilution preceeding th; one in which the antibody
content was so low that no fluorescence 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
negative.

8.3. RESULTS

8.3.1. Seroreactivities:

{1) EL1sa

Based on the cut-off value of 0.118, 48 (77.4%)
Patients and 25 (83%) control subjects ln Calabar were
S€fOPositive, while 34 (B5%) patients and 34 (6B%) controls

0 Ibagan were seropositive for total blood stage antigen

of P, falcj_gaf.::-" by ELISA (Table 4.1). At serum dilution

i —

°f 1/200 the range of 00492 was 0.009 - 1.136 for the

8tient population and 0.006 — 0.690 in the control subjects
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TABLE 4.1
¥ Mgregoted IqGapecific onti-P f_nlc.tﬁ:?u
seropopitivity by age. datacted by whole blood

Qo = ILIGA and = IFA:fromn Calabar and foadan
in pattents (P) and controls (C),

I&;c Group

j_xuar;) <1 ik | N =9 9 « 13 TOTAL
Subject P C P C (] c P ¢ P C

n « 2 29 12 22 14 - 1 12 62 o
Posltive

(+) 2 2 2t 8 ¥ | 13 T ald L i1 258

‘tivc

(-} ° 2 o 8 «¢ 4 1 o O 1¢ S
fomieive ¢3) SO 10O Y2 67 82 9> 100 100 1.4 0J.0

O] -y
ISubjeces P C P C P c P C P
n 2 2 1 2] 15 15 10 10 o %0
° [ ]

N.tﬁv 2 0 10 10 1z 14 10 10 34 34

ative
‘09(-’ R 2 3 h) 1 0 (o] é6 16
Positive (3) 1060 O 17 4  {o] 9) 160 100 s &6
Subjects g € ¥® <€ ] C r c P

n 4 2 29 12 22 14 ? a 2 X
N.::iv. 4 2 28 1) a2 14 7 P 4 61 29
Negetive

(—ve) c © L 1 (o] (o] (+] o 1 1
Prosictive (V) 10D 100 NJJ jco 100 100 10O ”;i !;
Subject g cC P C p C P c - ”..

] | 213 N 1% 14 10 10 o
®{itive 2 112 21 s 14 o 10 e 46
Bégative :
.l?-voy 0 1 1 3 [+] 1 a o =
Postitive (%) 300 30 %2 %l 100 93 00 100 -
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abar. The 0D492 ranges in Ibadan were 0.018 - 1,109,
.003 - 0.702 in the patients and control groups
ctivelY. The antibody titre range for patients was
1/2,800 and 0 - 1/3,200 for controls in both study
lations. 3

Iin Calabar, samples from subjects infected with the

sistant strain of P. falciparum had sianificantly higher

a

P<0.01) antibody seroreactivities (mean OD492) than those
infected with the sensitive strain. Similarly, in Ibadan
the mean 0D492.value was significantly higher (P£ 0.05) in
the CRPf_infected subjects than in those infected with the
‘sensitive strain (Table 4.2). Generally, the mean 0D492
values increased with age within Doth the patient groups
infected with the resistant straln and those infected with
the sensitive strain. This pattern of reactivity was
obsérved in subjects from the two populations studied
(Tabie 4.2).

Fig. 4.1 shows the distribution of anti-total blood
Stage jntibody reactivities (OD492) in patienta when
CmpPared to controls in both localities, while the distri-
bution of antibody titres (reciprocal) are presented in

Flg, 4.2, There was no correlation between blood-stage

#tibogdy titre and parasite density 1n both populations studied.

1), 1pa;

The cut-off titre for the IFA was taken as 1/20

il et al (1978), and all the negative control sera from
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TAWE 4.2

Serormctivitios sgainst shole blomd stage antigons by sge,
in individuals infected with OUY, or C5F is Calaber smd

in Toadan. =
Sarn frow petients jafoceod w1th OQY Sars from patiests lnfertmd wits C9Y
t- 3 =
Mean ELINA-  [FA-PCMT QAG0-/mm Mewn ELIDA- TA-MT GOS0 /e’
ﬂﬂu-_ *| m92m) (amecr) (e C.IL) Pl @@ m (EmcCl) (MRCH)
101 3,608
< 3 | 0.3310,29¢) (BAT)  (470-77,%43) 1 031 5 uﬂuﬂ_
A 11, 584 2 =
1-«  [Yowoosa) + geba  gowicime | 8 | oasuews  abey (s :
CALABAL r q18 a3 o .om i
. F4-0 9 | 0.804(0.23) s E*.&uu.m! 10 0.361(0.202) (330-©1) (J43-30,002) ¥
v =
n
o 2 2. 1,828 o
i O D | o.oma0.2M4)  (407-25,630)  (436-7,084) . 1. 2 3,500 i
I
- -
: .ﬂ..Eo 377 0e o.ns "y O.:. ol H_&'H %
Vol 120:] ¢ m3) (108-213)  (S.e8-7,M@1) - {0.30) (ZD-304)  (2DB-24.300) 2
0]
I =
- <1 1 0.110 160 3 1 ), 209 {0 .33 5
1=-4 5 “0.3: w 9,370 0.2 72 31.02 ¥
¢ {0.298) (56-148) (1,620-46,773) 7 {0.114) (#4-115) (D, 412, an)
Eu._ 3 s 032 254 @, 08g 1 0.20 X% 71,59
1! (0.236) (25-2812)  (3,802-9,540) (0.11) (L8-27) (12, 647-34,481)
8= 3 0.7% 1,018 14, 47 3 0.1%0 1,613 1,1,
| SR8 1(0.300) (200-4206)  (5,103-38,608) (0.10Y) (908-2 W8) (M3-03.%1)
0.4®|* ogee a8.073 0-=5 Lige e I8, ae
TOML (121 (o1 OTe-24) (2,807,020 |2 | (o (162-219) (7,138-20, 234)
- ,r = 3.400, P 0.01; **t = 0,794, P 0.1 (Calabar) BGMT = Reciprocal of gecawtric
. NE, = 2.046, P 0.05; **c = 0.022, P 0.1 (Ibadan) meant titre
5D = standard devintion; Cl = 95% confidence Interval

GFD = Reciprocal of geometric mean parasite density

LEYE Rl i r anc P. cipan
D m}m#ﬂ 3ot bl = n_l.m.F - —
CSPE chle ine

quine pensitive P, falciparum

ST A T )

[
=l
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n=s62
R n-= 40;
é. ' 45 n=50
= , n= :
‘S ‘:. lo) . o
f = 3o
0.5 — u o . 0
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h..o
|Ih§ ] %) Ao/ &)
& ®q oe
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Fig.4.1 The distribution of anti-total blood
stoge antibody reactivities by ELISA,
in patients (. ), and controls (o)
from Calabor ond Ibodon.
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PATIENTS _j“ 40
¥ nu EE
/,
| CONTROLS n=50
[ s 30
7
T
8 2 2 38 2 & [ caasnr
— m tD. ﬁ

Reciprcol antibody titre

' Fig. 4.2 : (Top) Fregquency distribution of reciprocal

d
anti-total blood stage parasite antibo Zerian

d Ni
tres in 102 P. falciperum infacte
:élldren ¢rom Calaber, Titre 6t zerv meﬁna
oD492 ©.118 et 1/200 serum dilution. Tdf e
distribution is apparently bi-peaked., int g ng
that the tested population consisted of tw

groups with varying response pattemns.
ution 1

. distrib 60 sex
é??éﬁgﬁ)'agﬁg gg%f; healt&y contro?s. Oni‘s
{ distribution in Celabar remain

e tibod
;?-ngked cgmpared to that of Ibadean.
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(Table 4.1). Antibody titres ranged between 1/20 and

0,280 for both the test and control subjects in the
two populations studied. IFA seropositivity rate, by age
group, is also presented in Table 4.1. There were no
significant c;if-ferences in the IFA antibody titres
_Pf individuals infected«with CRPf and those infected
with the sensitive strain (Table 4.2).

A summary of ELISA and IFA sérOposltlvities in the
' combined study populations is presented in Table 4.3.

(111) correlation between ELISA and IFA

When both study populations were taken together,
dO.d% of the test and 73.8% of the control samples were

Positive with ELISA,while 98% of test samples and 93.7%
©f the controls were positive with IFA (Table 4.3). As
Shown {n Table 4.4, both serologic test methods simulta-
1€0Usly gave positive results in 80 (78%) of the total 102
test samples and in $6 (70X) of the 80 sera from control

#Bjects, also, both techniques simultaneously gave

S99tive results in none of the test samples, but in 2

€:5%) of the controls. Table 4.4 also shows that the
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non-imnune individuals had titres less than 1/20.
total of 61 (98.4%) patients and 29 (97%) controls
lupre Positive in Calabar, while a total of 40 (97.5%)
patients and 50 (92%) controls'wére 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 studlied. IFA seropositivity rate, by age
group, ls also presented in Table 4.1. There were no
significant éifferences 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 IFA séropositivlties in the

conbined study populations is presented in Table 4.3.

" (1ii) correlation between ELISA and IFA

when both study populations were taken together,

B0.4% 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 seroiogic test methods simulta-

neously gave positive results in 80 (78%) of the total 102

test samples and in s (70%) of the 80 sera from control

Subjects, Also, both technigues simu
e of the test Samples, but in 2

ltaneously Qave

tive results in non

the
5%) of the controls. Table 4.4 also shows that
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TABLE 4.3

SUMMARY OF SEROPQSITIVIES IN ALL

SUBJECTS STUDIED IN 80OTH LOCALITIES

'
| ELISA IFA
PATIENTS CONTROLS PATIENTS CONTROLS
h o 102 n = 80 a = 102 n e 80
'82 59 100 75
5
20 21 - 2
8O.4 73 .8 98.0 93.75
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TABLE 4.4
 SPECIFIC P. FALCIPARUM ANTIBODIES IN PATIENTS,

‘ = 102 (P) AND CONTROLS, 1 = 80 (C) IN CALABAR/
BADAN: RESULTS OF IFA AND ELISA BY AGE GRGUPS

. PERCENTAGE SERA
AGE GROUP NUYBER ELISA - ELISA + ELISA~ ELISA +

(YEARS) EXAM INED IFA + I®A - IFA - IFA +
<1 6 33.3 (2) 0 (0) 0 (0) 68.7 (4)
1 -4 ; 42 26.2(11) 4.8(32) 0 (0) 71.4(30)
» 4 -9 37 1B.9 () 0 (0) 0 (0) 81.0(30)
9 - 13 17 0 (0) O (0) 0 (0) _100 (17)
TOTAL 102 15.6(20) 1.86(2) 0 (0) 78 (80)
1 4 25 (1) o (0) 25 (1) S0 (2)
4 35 45.7(16) S5.7(2) 2.86(1) 45.7(18)
>4 -9 29 6.9 (2) 3.4(1) 0 (0) B89.7(26)
0 0) 100 (12)

B9 - 13 12 o (0) 0(0) (0)

;o 23%75(19) 3.75(3) 3.5 (2) .70 (56)

Number (m) of patients o parenthesis

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT




-155 -

TABLE 4.5

WNTI . TALCIPARUM ANTIBODIES IN PATIESTS
ANﬁ CONTROLS n(80) IN CALABAR/ IBADAKL:

TOTAL l 21

ATION BETWEEN IFA AND ELISA TITRES.
_L'
:.'L.*_'.; r .
ELISA TITRE (OD,q.,)
;' IFA TITRE _ |<0.118* 0.118-0.400 0.401-0.700 > 0.700| 70TAL !
| (Reciprocal)
4
| < 20* 0 0 2 0 2
1 20-160 9 21 10 7 50
E 320-1280 10 i4 9 8 | €1
£ : ]
= | 2560-10240 1 3 3 2 9
TOTAL 20 41 24 17 | 102
. 9
g 20-160 11 20 6 AN |
: 2 o) a8
‘~.o '320-1280 8 18
1 0 8
' © l2560-10240 0 7
i 9 2 80

sRegarded as sero-nggative

-
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L$3 .75%) of the control Samples, Thus, the faise
negative rate by IFA (IFA"/ELISAY) was 1.96% (2) for
the test samples and 3.75% (3) for the controls.
Similarly the false negative raﬁe by ELISA (ELISA~/IFAT)

was 19.6% (20) for the test and 23.75% (19) for the

control samples.
4 +
ELISA /1FA rate increased with age from 66.7% in

the age group <€ 1 year to 200% in the group above 9 years
in the malaria infected subjects. In the control group

there was a fall in the SLIS‘A’/IFA+ rate from S0% in those

aged less than 1 year to 45.7% 1ln the age group 1 - 4 years.

Thereafter there was a rise in the ELISA*/IFA® rate, with

dage.
The best correlation of infection to serologic

response was in the older age group (FTablees 4.1 & 4.2).

High IFA titres were generally not assoclated with increased

reactivity by ELISA (Table 4.5).

4.4. DISCUSSION
f antibody to total blood stage

Evaluation ©
d by standard IFA technique

malaria antigen by ELISA an
especially in sera from

Present jnconsiastent results
! high
The relatively Nig

I
Children (Spencer et 3i, 1979).

ylts obtained with these

oportions of false negative r€S

is consistent with the results of

Fﬁ in this . Study;,
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serologic surveys (Collins and Skinner 1972;

ns, Warren and Skinner 1971; Warren et al 1576;

son et al 1971; Campbell, Martinez and Collins 1980,

r et al 1981). The occurence of this level of

Se negative results does not however impair the useful-
qif of serology as an epidemiélogic tool, particularly

f false positives are not a factor (spencer et al 1981).

in the present study, serologic end points for both test

sera from peoblg who have never been éex

methods were based on comparison with the end points of

posed to malaria

infections. The 1FA end point determination was in

1 et al
addition, based on a previous recommendation (Hall et ;
| { ible
1978). The end points chosen therefore give. neqglig
T 1 of
nunber of false positive results. hese levels

ences
sensitivity are Quite adeQuate to measure differ

or temporal changes within

between population 9roups

ni
£ apparent changeés in local antigenic
L oM

populations resulting

individual no detectablé
ted 4in

S with
. challenges. Infec

3 bodi based on the
antibodies t Lo e

- reflecC
—c vouid ET t the malaria antigen

esponse agains

mount humoral immune € n in immune

g vidual variatio
genic epitope
jction (TroYe-810MDerg
1990).

s has been

1, 1990; Brabin et 2
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h the pattern of seroreactivities of the two
|

ods was similar within each study group, discrepancies
observed 1in 21.56% of the test and in 27.20% of
control subjects (Table 4.4). sSpencer et al (1979)

served a similar phenomenon for whole parasite malaria
ntibodies in comparative ELISA/IFA studies conducted in
Fﬁ;p&ous geographical locations. Out of 261 sera from
individuals in vietnam, 5.4% were IFAT/ELISA™ and 17.6%

were IFA-/ELISAY: out of 351 sera from individuals in

The authors attributed these discrepancies to the fact

b

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

n the
correlation of infection to serologic response was i

L o
with 100% ELISA JIFA

- - +
E Hondura, 6.6% were IPA*/ELISA and 22.8% were IFA /ELISA .
! *+ rate in those

older age Qroups.

n the patient and control groups

>9 - 13 years, both {

1 (1981)
(Table 4.4) In an earlier report by Spencer £t 2 0

r corcelation in th
rVed, with 87.9% rat
g increased antibody

group Supports

e Oldest age bracket

a similarly highe e in the ELISA

1S . 19 years was obse

|
L
I

and 92% in the IfA method. Thi
that the degree of

a contributing factor to

prevalence rate Observe

I;ﬂ"ller suggestions by others,
a infection 18
s antigens

previous

sure to malaril 1984).

(Per1mann gt 2al,

positivity against malar
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1n protective !mmunity

not been adeQuately 1nvestigated. Wahlgren et al

86b) found no clear-cut relationship to the develop-
ent of immunity, when the overall antibody activities to
blood stage parasite antigens were determined by ELISA.
‘However those authors found a pronounced rise in Ig¥, 1gGi

and IgG2 antibody activities at ages when partial immunity

b
| was already present. Deloron et al (1987} also observed

I that most of .the plasma, containing antibodies to ring-

infected erythrocyte surfacce antigen, also had antibodies

. «
- against blood stage P. falciparum antigen as detected by
" ELISA. Anti-blood stage antibodies evaluated by ELISA

represents antibodies to total blood stage antigens

(Wwahlgren et al 1986b). Such antigens supposedly include

antigens detectable by the standard IFA and the ring-

infected erythrocyte surface antigens (RESA), (Deloron et al,

1987). Antibodies to the latter has been found to prevent

merozoite invasion (Wahlin et al, 1984) and to correlate

1986b;
Positively with clinical immunity (wWahlgren et al, »
 Peterson et al, 1990), In this work, both the prevalence
£ IgG-Speciflc antibody to total blood

rates and the titres ©

;
d to lncrease with age,

stage antigen (ELISA) was observe
godifersyitbns Ak

substantial seronega-

p rlise within the

.fer the first year o

est age bracket (2 9 - 1ayvebssly

obtained within both the acute malaria
(o] a

results were 3ls
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the apparently healthy control groups. This pattern

roreactivity partly agrees with previous repocts on

. epidemiology of anti-RESA antibodies in ch!ldren l1iving
malaria endemic areas (Deloron et al, 1990). The
rvation in this work, of a small number of patients at
> two extremes of childhood- where antibody concentrations
- ELISA) were also high,brobably reflects adequate
immunity conferred by anti-blood stage parasite antibody.
These extremes are infancy and children above the ages of
9 years. The high mean anti-total blood-stage antibody
reactivity obs;rved in early childnood also agrees with the
f%ngingé of Williams et al (&987) who reported a remarkable

incidence of antibody to RESA in gcord blood of Nigerlans.

e that in the present study, the ELISA

s to total blood stage

It s 1ikely therefor

method, while detecting antibodie

cts significant amount of antibody against

antigens also dete

RESA, amongst others.
| g n this project was the

A very significant observation 1

y in acute malaria Patients who

higher ELISA seroreactivit
sy et a1 (1990

galciparum from
d a wide

) studying the io vivo

were CRPf infectea. different regions

: of B
I ki divergence of the

of the philippines had observe
to inhibit the

They concluded that
diversity in immun€

h individual geneticC

growth of geOgraphi—

1lity of i‘mmune sera parasite

lly distinct parasites:

th
jabl}ity could account for the
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8, age and varying degrees of individual exposures

-

ection may not be excluded, the present results

gest that CRPf may stimulate higher total Llood stage
_T Specific antibody production under condit!ons of
tural exposure to malaria infections. The assocliated
ﬁ'ahanism for this higher antibody stimulation by the CRPf
'flralns is not immediately clear. This however may reflect
‘an antigen-dependent restriction of antibody production

uring at the level of antigenic epitopes as suggested

by Yount et al (1968).
This suggestion is supported by the recent finding

& =
at CRPf has a membrane protein (M.wt = 155 - 170 kD) which

1s absent in the chloroquine-sensitive (CSPf) strins of

he parasite. Furthermore, it may reflect the duration

©of infection coupled with the degree of previous exposure
A longer

to the chloroquine resistant parasite straln.
as evidenced by the presence

‘duration of malaria infection,
1
0f gametocytes was shown to be assoclated with higher

(Spencer
seroposjitivity and reactivities regardless of age is5pe

‘et 81 1981) CRPf may have a tendency for longer duration

since it has been

| signs and symptoms (LeBrass

shown to be
1 infected individualsy

$Sociated with milder €linica

i
&t al 1986; Ekanem et al, 1990) -

n the two groups o

) was not observed in re

This difference in
£ infected patients

roreactivitles betwe€

sults

CRPf and CSPf infected

-al od.
iined using the IFA meth
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Eke et al, 1979; Ez2edinachl 8t al, 1988), than in the

W -Eé’z"h parts of the country (Ekanem et al 1590)., This

sumption is further supported by the fact that in Calabar,

the antibody titre (ELISA) in the CRPf-infected children

-

'was significantly higher than in the chlcroquine-sensitive

P. falciparum—infected subjects (P4 0.01), when compared to
‘a similar difference in antibody titres between theSe two

groups of infected patients in Ibadan, (P£ 0.05). The

ol

observations in this study therefocre suggest that the total
‘blood stage antigen against which the IgG-antibody is produced,
may embody a marker for the CRPf strain of P. falciparum.

' Ibé nature of this antigen has not been previously

iidentified (wahlgren et al, 1986b). studies are therefore

"eded, in malaria endemic areas, to ascertaln that the

varying jndividual seropositivities seen in various geogra-

phical sreas sre not only due to individual lmmune response

¥arlations, put could also be due to the nature of the

fa D . he
\tecting P. lciparum strains locally avallable. T
I L ——

r suppocts the findings of Y

cular welght protein marker,

e e et al
e_m; result furcthe

‘ﬁj'? that CRPf has a high mole

which 1s absent in the csef. The two

‘X ' membrane,
may be showing inmmunological

- Lt I'lof g‘. aru
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as postulated by Sy et al (1990), and
underscores the need for the characterisation
e antigenic components of the CRPf, alcngside

of the chloroguine sensitive strains of the

-

ite species in Nigeria.
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CHAPTER S

EVALUATION OF TOTAL SERUM IgM.

gM.. 196G
SUBCLASSES, COMPLEMENT Bf, c3:'€% pnd%ggus
AND THE CLASSICAL COMPLEMENT KAEMOLYTIC
ACTIVITIES

5.1, INTRODUCTION |

' The results of the study reported under this

apter are based on the analysis of serum and plasma

saples collected from children in two different geogra=

—

phical populations of Nigeria,
roquine cesponse to P. falciparum

s aim at assesing

ibadan and Calabar, which

lare known to vary in chlo

(Ekanem et al, 1990).
1 immune responses that may be ass

) of CRPf. The results may

These investigation

the nature of humora ociated

with the emerging Nigerian strain(s
ces in the two

50 explain the varying clinical conseguen
oticed tn'thase

.
s ~alleady Dbeen .

study populations, which ha

two geographical areas (Exanem gt al, 1990).

5.2. Materials and Methods

>.2.1. subjects and Samples
. les were obtajined from 40

The sera and plasma samp
matched apparently heal thy

alaria patients and 50 age/sex
and from 62 Pat

ve already been

jents and 30
in Ibadan,

These ha

{0
CoNtro t
= rol subjects et el

ontrols frop Calabar.

N chap section 2¢2.
=11 er 3 d for complement

ds - These
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ss Were separated ifmmediately after collection, at
|

and Used within 1 hour of collection or stored at -70°C
"

ad Within one month. For immunodiffusion assays,

-um Samples were uUsed fresh or after storage at -20°¢.

2. Antisera )

Monospecific antisera against human complement
1

teins Bf, 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 Immunological

;;o;gatorlestlsv (Tilburg, The Netherliands) respectively,

#onoclonal antfbodies against IgG 1, -2, -3, and -4 were

ained’ from "The Binding gltes', Birmingham, V.K.

S.2.3. Standard Proteins
‘ uno—
The standard protelin solution used for the i mm

c3, €4, IgM and 19G

I;Hemical quantitation of serum Bf,

tng Institute, West Germany,

gt-ptal) were obtalined from Behr
4 proteins for 196G

Department O

subclasses were provided

while the standar
<k £ ImmunoloOgy,

, dalia
in aliquots by Pr. Raykun y e Stored

The aliquots “er
iversity of Birmingham, <%

at 4°¢c yntil required for use:
technique

.2.4. Mancini I mmunodif fusion ===
; ¢ the immunoglo

L ntrations ©
Serum cConce plement proteins

1 imunOdlffuslon

pulins G and M

Bf, €3

|- com
a8 well as the concentrations et

y the Sing

and C. determined b
C4 were oy by Fahey and Mcke

as modifi

L — gy - |
1

(1" 41% (e u ManClﬂl [}
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iditilonal modification to this method was made for

.._‘
antitation of IgG subclasses as described by

|limonu et al (19B82).

Assay of Bf, C3, C4, YgM and Total IgG

. Equal volumes of optimally diluted antiserum and 3%

qﬁhﬁe agar (Difco Inc., Detroit, U.S.A.) at SSOC were mixed
horoughly and poured onto agar~coated (10 x 10cm) plates.
ells of 2mm diameter, lcm from each other were cut with a

metal puncher attached to a vacuum pump. Each well was

‘€i1led with S ul of the test or the corresponding standard

sera, using a 5 ul Behring Dispenser {Behring Institute,

'{; tern ‘Germany). The glasé‘plates were then placed in
1

humid boxes and incubated at 4°C for 3 hours for I1g9G, as

ecommended by Salimonu et al (19787, and for 18 hours for

the other proteins. Diameter measurements of the rings
formed at right angles to each other were made using Behring

e reader model Osram 64425 (Behring

iomunodi f fusion plat

The protein standard was set up

t‘_‘5t1tute, west Germany).

ercent dilution.
5 each plate at 25, 50, 75 and 100 P

ation against ring diameter of the

A log plot of concentr
and the diameter of each test

standard protein was made,
d curve to obtain the serum

sample was read Off on a Standa

rotein concentration.
' for 196G subclaSSES

(82) Immunodiffysion 3SsSay> ———
o by Salimonu
The method for the assay 1s 38S described by

difications. In brief, @ volume
r mo

8l (1982) with mino
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timal dilution of appropslate antisera (which had

3 und to be monospecific by imunoelectrophoresls)

Xed with an eQual volume of 3% agar at 56°C. The

was poured  ,nto agar-coated plates. A serles
h'l_gl-s (diameter = 2mm) was cut in the agar plates and
dilled with 5 ul of test or stanldard serum. The diameters
--' precipitin rings were read after the incubation of
IgG plates for 24 hours at room temperature. The ring
diameter was measured to the nearest O.1mm, using also the
Osram 64425 (Behring Institute, Western Germany)
immunodiffusion plate reader.

alibration

<

From each of the IgG subclass standard solutions,

’:u.bration curve concentrations were made as presented in

able 5.1.
TABLE 5.1

1aG Subclass Catibgation Standard Pilutions
Concentration (%) 100
‘
. 70 40 10
Standacrd Serum (ul) 100
-d. (0] 30 60 90
.'t1°n buffer-fBs (ul)

— e

centrations {n standards are

=
‘The actual IgG subclass <On
'-‘ m table 502.
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TABLE 5.2

lass concCentratlon in callbratlon standard solutlons

Concentrations (g/l)

libration 1g9G1 :1gG2 1gG3 IgG4
%

— ~— —
_abb 1.0 0.60 0.20 0.20

70 0.7 0.42 0.14 0.14

40 0.4 0.24 0.08 0.08

. 0.1 0.06 0.02 0.02

10

=

e tested were dfluted 1n puffer in order to

Samples to b
oncentration into the test range

f ing the 196G subclass C

trols)
of the plates. The dilutions of samples (test and con

are presented in table S

I TABLE 5.3

Subclass assays
§2£2L£_9110tlgps for 149G c

L fqe1 1962  *963 1988
sample (ul) " " & 7
llution buffer - P8BS - (ul) 2
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ast sample that gJave a ring dlameter2 of more than

_ m was diluted further, and the test repeated. If less
L_.Omm, the test sample was diluted less or applied
at and the test repeated also.

The sqQuare of the dlameter of the immunoprecipitate

2

.};Ls of the calibrators 1in mm™ on the ordinate versus the

val IgG subclass concentration in g/l on the abscissa,

sing linear graph paper, was plotted. A line of best flit

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 thelr immunoprecipitin rings on

was transformed

¥ This relative concentration

tandard curves.
k0 the actual IgG subclass level by multiplying with the

dilution factor of the test sample.

5.2.5. Sheep Erythrocytes

ted into an equal
Whole sheep blocd was collec
4°c Only one
lution and stored at .
s Solut

) ’ (]
volume of Alsever at 2 weekly intervals,

¢ the study,

sheep was bled througiiou
rment of the

t at the Viroloegy Depar

University
and was kep

Ibadan. e

Alsever's solution

in
" The sheep erythrocytes and were used

before use.,
lowed to stabilize for 4 days

ﬁ: in 4 weeks of collection.
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lﬂsgver's Solution:

- Composition:

Dextrose 20.5g
Citric acid 0.55%¢0
Sodium citrate , 8.0g
Sodium chloride 4,29

These were dissolved and made up to 1 litre with

??tglled water. The solutfon was then mixed and autoclaved

- .19. ¢tor
t 15 n:/i.n2 for 1S mins, and the pH adjusted to 6.19

ol
e, equal volume of whole blood and Alsever's solution

o
sre mixed and allowed to stabilize for 4 days at 4 C,

efore use.

.2.7. Complement Haemolytic ASSay:

(1) Complement buffers

The classical pathway complement buf fers were
e

prepared 23S follows:

(Stock )
(a) Mannitol Veronal Buf fered Saline c
a
p .029
Sodium barbi torne
$1.7449
Mannitol
) 3.5mls
IM Hcl Py

r wWas added to 700 m

wate
Distilled Ty ATy

aking
4 adjusted to

iL.

the P
up the volume -
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iﬁ-. veronal buffer tablet containing 0.3mm Caz* and

_ 2
1.0 MM Mg wWas dissolved in 100m}
umter o

Stock Metal Solution ;

of warm distilled

MgC1.6H20 and CaClé.ZH O were thoroughly

2
decicated, dissolved and made up to 100ml in

distilled water as follows:

IM MgCl,.6H20 -  20.33g

0.3M CaCl,.2H20 u 4.41g

2
Gelatin Mannitol Veronal Buffered Saline (MVBS++)
This was the complement working buffer containing
both Mg and Ca ions in concentrations of 0.SmM and
0.15mM respectively, and 0.1% gelatin. One litre was

made up each day as follows:

Stock mann!tol buffered saline - 600mls

Veronal buffer - 400mls
Stock metal Solution - 90.5mls
=T

Gelatin

Veronal buffered Saline (5 X Stock?

NaCl - 41.209

Sodium barbitone - 3-099

n 700mls of distilled water, the pH

® were dissolved 1
volume finally made

to 7.4 with IM Hcl and the
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'econal buffer - EDTA

I_‘ This buffer did not contain Mg or Ca !ons ang

!
‘was the medium in which cells were sensitized
throughout the study. It was made up as follows:

S x Stock Veronal puffered saline - 20mls

0.2M EDTA I = Smls
Distilled water to - 100mls
Gelatin - 0.1q.

e
I(*lf;) Classical complement haemolytic assay by tube titration:

. Complemeht functional activity via the classical

pathway ‘was assayed in fresh' EDTA blood plasma, using

optimally antibody (haemolysin)-sensitized SRBC as indicator
I' 1s, in a mannitol veronal based buffer, pH 7.2,

ﬂntaining 0.5mM and 0.15mM of Mg and Ca ions respectively.

4:3 method is as described by Mayer (1961), but with

4“-9'“'. modifications (Umotong, 1983). 8riefly, fresh

srum dilutions ranging between 1/10 and 1/80 were made

J.
N 7 tubes and each allowed to react with 0.5ml of 1%

in
Sitized sheep red blood cells at 37 C for 1 hour ,

of comple-
total reaction volume Of 2.5mls- The degree P

mined by reading 00541
The 00541

[

Ent mediated lysls was deter

? e supernatant haemoglobln rel eased .
t that of zero contr©o
but fio Serum, and

1 tube

st was read agalns

zed Cells,

*‘; ing buffer and sensitl
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b

red with

100% 1ysis tube contalning sensitized

F d distilled water only. pe percent lysis {
5 n

 test tube was calculated and plotted against the

{procals of the serum dilutions. This ylelded a

ﬁ:.td curve (Fig. $.1) in compliance with Von Krogh's

tion. The CHSO was read off as the reciprocal of
2cum dilution at which there was 50% lysis of the indicator
11s.

[111) classical Complement Haemolytic Assay by
Gel Haemolysis

Classical complement pathway function was also
(] =

dssayed by radial diffulon, using a modification of the
chnique of Thompson and Rowe (1967). Individual plates

2 prepared by adding 0.2ml packed SREC to 10ml of 1%

-l
molten agar gel in MvBs'' at 56°C with rapid stirring,

{{:-then pouring the mixture unto a level glass slide

110 x 10mm). To use, wells, 2.0mm in diameter were punched

4t approximately 1-cm intervals, and filled with 3 ul of

g rted and left at a°c, in a moist chamber Overnight.

I our resulted in the

: o
BSequent incubation at 37 € for 1 h
ters

Mation of circular zones ©Of haemolysis. The dlame

each well were measured to the

'j7r1ngs of lysis about

der.
odiffusion plate rea
- 0.1mm, using Behring immun
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|
[
|
|
O
L——I -l

0 20 30 40 SO 60 70 80

Reciprocol plasma dilution

Fig. 5.1 Complement haemolytic curve for
CHgo determination. The orrow on
the obscisa Indicatés the rfBClprocol
dilution at which 50 % Lysis of
censitized rbc OCCUrS (CHs0!
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of haemolysis called "target lysis"

)

£ al, 1982) was observed in most of the wells

e
Flic 02)0

3.  RESULTS

Immunoglobulin concentrations

r.

The mean IgM, Ig6G and IgG-subclasses 1,2,3 and 4
ovels of children from Calabar are shown in table 5.5.

Ihe malaria-infected children had significantly higher

=il

an IgM, IgG (total) IgG1, IgG3 and IgG4 levels than

the uninfected control subjects. (¢ = 3.001, PLO0.01;

t= 3.273, ¢40.02; t = 2,867, P<¢0.01; t = 4.419,

$<0.001; t = 2,000, P< 0.05) respectively.
| antly different from

The mean

362 level was however not signific
[

Furthermore, patients infected with

at of the controls.
| g of IgG and 1gG subcla

SSeS

‘the level
the CRPf had higher mean
f : quine sensi tive strain(s).

] . (o)
il n those infected with .the chlor

nificant
These differences however Were sig

P ¢ 0.001).
om Ibadan had signi

unoglobulins than

respect of IgG3 (t = 6.616,
patlents X e

fi-

On the other hand
: s of all the dmm

antly higher mean level
ol Y g 2 & signlflcant lev

- Th
uninfected controls. . L 537, B

iffe ences were A4S follows:? L] o 3.296, p¢ 0.01;
> cl,
¢ 0,013 *9

t = 2.859'

els of these
0.001;
IgM,

(total) t = 3-393, P
p<0.02; ¥963:

p<¢0.01; 1904,

(table 5-67-

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

3._-1-- p< 0.01)



- 176 -

N AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



———— e

| !
TABLE 5.4
“ Mean serum levels of Imm olobulineg, malaria IgG-specific antibod
I! tres seroceactivitien: rison between the two groups o
| ) ta"cxgai‘mn infcated patlonta ~ and C5Pt - infected)
| ~ _ iIn Calabar
I * -— ! - - ——a —
F Bminolagical cwe cset -
frcfiles oot infectm t P Toial etiszs Ny Anfecemd
-Mman {g/L) {n = 29) {n » 20) (ne G2pe (n = 30} t ?
IgM 1.83(0.83)  1.85(0.61) 0.087 0.1 1.95(0.82 1.5810.38) 00 .0 %
16 (wotal) - 20.99(5.39), 19.09(0.0%) 1.800 >0.05 21,55(6.81) 16.35(7.0) 1.7y  <«0.01 (S}
Gl . 13.75(3.75) +13.06(5.01) 0.523 0.1 13.460.72) 10.6144.79)  2.861 <0.01 (%)
by ev) 4.88(1.30) ¢.78(1.87) 0.1 0.1  4.84(L.0D) 4.37(.34)  1.191 »o.1
IgG3 0.7410.21) 0.39(0.18) 6.616 <¢0.001 0.59(0.24) 0.40(0.166) 4.419 <0.01 (N
{8)
19G4 0.19(0.15)  0.18(0.07)  0.313 >0.1 ©.18(0.1)) 0.14(0.08) 2,000 <«C.B(S)
1 Anti=hole parasite =
ant{-body, ELISA 0.56(0.34) 0.25(0.29) ).200 0.0l ©.43(0.36) 0.24(0.17) 3.08 <0.m) (8)
(COA 92) : (S)
anti-Cs anti-bady .
(Da92) - 0.14(0.15)  0.14(013) - -  0.165(C.16) 0.160(0.2)) 0.107 >C.1
Bk
[} [ ] ] [}
m\ (m 1771158-195) 259(_22_-303) 079 0 W36-234) 123 (74-204) 1,471 0.

= = —— ——
= =

Jev ine D) In M mm =95 Cord {dexco H&G\Ml S = s.l@m
R ol oo o e 5

¢ | | N q9]- 4 di . -.I'.-
> & T8 \).:‘_‘ vCC wlilJS -; “ P ULO#! = Il

> oo M | ) ( 3 a °
—— 0
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TABLES.S
Mean serun levels of Imur_{»ﬂlnbulinl, malaria 1gCG-s ific antibody titres and
seroreactivities:s Comparison twoen 6 tWD qroups of P.lalciparum Lniected
&

patlients - - Llnfected) i1n lbadan.
o t * o . . T
Imurolngical CRPE- CSsPt- Al thw Lot  Agomaxly healthy
Profile iafoctad  (nfartmd Aldren suoxdied  {mn-infectad)
__Mcan /) n e 12 na22 t ¢ ne «*° o « SO 3 »
I 2.5(0.82) 2.16€1.04) 1.049 0.1 2.2510.97) 1.6710.42) 1.537 <0.0M1 (%)
IG(total)  20.01(7.97} 18.57(6.95) 0.526° »0.1 20.4(6.91) 14.18(7.€6) 3,393 «0.0L (5}
IgGl 13.32(5.24) 12.19¢4.73) 0.342 0.1 13.61(4.49) 9.33(4.93} 3.29% <0.1 (5
G2 4.2(2.07) 4.35(1.19) '0.165 0.1 4.45(1.41) 3,56131.92) 2.9%0 <0.02 8
IgG3 0.56 (0.29) 0.40(0.22) 1.668 »0.05 0.53{0.2)) 0.4 ©0.2)) 2.859 <0.01 (S)
Gl 0.18(0.09) 0.17(0.08) 0.040 0.1 0.17 (0.08) 0.13 {0.05) 2.667 <0.0l &8 )
antiwhole
Rrasite
Antibody-
ELISA (00492) 0.43(0.32) 0.23(0.)5) 2.046  <0,05(s) 0.30(0.23) 0.21 (0. 166) 2.093 <0.05({N
Atd-CS
Areibxdy
(O 492) 0.135(0.285) 0.205(0.244} 0.722 °0.1 0.20(0.27) 0.133{0.14) 1.2 >0.1
‘antibody- 3 . . o d
Wﬂ}i 266 (174-294) 189(162-219) 0.022 »0.1 237 (130-414) 2 (108-1786) 0.388 >0.1 |

¥ ~ sadard devistion ID in paronthesis * = 950 Confidence interval
Rt nos iprocal of geometric mean titro CS = CifcumspOrozoite

YO | - ¢ | -
- > EL) ’r~l.)l\h.1 .- Y hmal & 3 i =
4 e

) § =
o i K o .:“"‘ yius UUI0B8 wiUSS . b bV A

i ,i‘_ Y- —
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| IgG and IgG subclass )evels were higher in CRPf-
fj{-r' infections except that the mean IgG3 level
ot significantly higher (t = 1.668, P >0.05) as was
case in Calabar.

Flg. 5.3 shows IgG3 distribution in patients as
mpared with controls in both Calabar and Ibadan. On
parison of the two geographical populations studied,
of the mean values of the immunogiobulins evaluated

showed any significant diffecrences (Table 5.7).

.3-2. Relationship between jmmunoglobulin lewvels
N and IgG-svecific malaris antibodles

evels were plotted against each

The mean IgG3 1
e antibodies (anti-total

" the IgG-specific anti-parasit
e (sC)

. and antl-clrcumsporozolt

s from the two study populations

blood-stage antibody,

body ), and the result

-

IgG3l levels showed the same

' 1 (f'lq. 5-4):
- : c total blood Btage

ytion with IgG-specifi
t with IgG-specific anti-

The Same patterns

tecrn of distrib

::bOdy reactivity, but M°

ivity-
frcumsporozolite antipody fFeact Y
nts from voth €alab

e correlations between

ac and 1lbadan.

sbserved in patig foes

The positiVv
" {ties {n patients f com

- t
L vd-ha stage antlbody reac iv
nd Ibadan (r = 0.
correlatIO" 5

160), (Figs- S.S
(c = 0.AS55) a
only the

|

n subjects from
6). However,
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{}
n= 62 n =40
|'1| ° .
| n=50
(o)
° : ‘
:. n=3o eeo
0 ) 0
°c e (o) .
h:: ..... o
"53" :: :
A o
:, ¢
. ' ogo
e® 0 e %g ::. D
':.:0 go :: %O
Fa o . ng
o o ;
ue-d i
80

C alobor : {badan
Subjects

Fig.5.3 Distribution of 1963 concentrations
I in molario potients .(-) and
controls (o) N subjects from

calobar aond |badan.
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TABLE 5.6

Comparison of humpral immune paramotera in
.l Soras from children in Calabar and Tbadan

.I: T -; L1 |

Irmznunoiogical P.FALCIPERUM - INFECTED APPARDRITY NORMAL

Profilea-meanig/L) CHXLOREM, df = 100 CHILDREN, df = 78

Compariaon, {(Calabar Vs 3mpatuou. {TaTabar Va
Ibadan t r Thadan) L

IgM 1.95(0.82)Vs 2.25 {0.95) 1.642 0.1 1.98{0.36)Va 1.671(0.42) 1.02) >0.1
IgG- (total) 21.55(6.81)va 20.4(6.91) 1.543 0.1 16.35(7.30)Vs 14.18(7.66) 0.136 0.1
I9G1 i 13.46(3.72(vs 13.61(4.49) 0O.B97 >0.1 10.61(4.79)Va 9.33(4.93} 1.14%5 >0.})
1gG2 4.84(2.37)Ve 4.45 {1.43) 1.368 0.1 4.37(1.941Va 1.56(1.92) 1.816 50. 0l
I9G3 0.59(0.24)Vs 0.53 (0.23) 1.266 >0.1 0.40(0.17)Vs 0.43(0.23) C.668 »0.1
19G4 0.18(0.11)vs 0.17 {0.08) 0.058 >0.1 0.14(0.08)Va 0.13(0.06) 0.592 >50.1

IgG-anti-wholo >

parasito antikody 0.43(0.36)Vs 0.30 (0.23) 2.222 <0.05{5)0.24(0.17)va 0.21(0.166) O.772 >0.1

(ELISA -~ OD 492)

IgG-antl-~circun~- =
spororoite antibody 0.165(0.16)ve G.20 (0.27) C©.742 >0.10 0.160(0.23)Vs 0.133(0.14) 0.582 >0.1
(ELISA - OD 492)

-anti-malaria X ¥ ¥ 5
od;‘ - }]ig: 210 {0.675)ve 237 (0.78) 0.667 0.1 123(0.58)vs 202 (0.98) 1.262 »0.1

:ocp} o_f geometric mcan titre df e dogue ot freg

L)
- "".'

,' = Py =

1""" "l}‘.'ulu.-‘..-
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. CALABAR: BLOOD - STAGE ANTIBODY
REACTIVITY Iﬂﬂ4 92} AND [gG3 (g/L)

.. T = 0.45%

Tt =3.540
P < 0.001

4

1 | 1
03 06 09 12 4
ELISA litre (0D ;)
relation between blood stage antibody reactivity and 1gG3 s 19ample

8 In P. Falciparum infected Cil

——

dren. n = 60, Each point rgpreaen

e —
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S

ABADAN: BLOOD STAGE ANTISGDY
REACTIVITY, OD +92 AND 19G3 (g/L}

- N

| ] |

Antibody reactivity (00, g5l

aerum infecled children, N40
nt repregents 1 sample

stage antibady

5.6 Relationship bgtween total blodd {nfected

reactivity ard jevels in P. falci
children in Ibadan. |
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-

as signiflicant (t a 3.430, p¢q 001)
. L7 A

‘@nalysis In controls from both populations dig

how any correlatlon. Regression analysis of anti-
I

ta _ogq-stage antibody reactivities agalnst other

oglobulin concentrations, both in patients and

also did not correlate.

Complement haemolytic activity (CH50)

There was no difference in the mean CH50 values

etween the control subjects from both study populations.

. |
SMa samples from these two populations were therefore

| in establishing a reference range for the patient

» The mean (x) value of 35 s+ 15.8 was obtained.

i€ reference range was therefore X £ 2 SD = 19.2 ~ 50.8, 47

|
of 62 patlents in Calabar and 26 (65%) of 40 patients

: "'?. dan had complement actlivitlies within this reference

L"L-'

=
| 1- :ﬁ‘ﬂt-ngnic levels of chp;_ement
as well as CH50 titres

Eotelns C3,Cq4 and Bf:

-~ The mean C3 and C4 levels,

s 1n
lower in patlents than 1n the control subject

| The dif ferences were

3 signif {cant
Ibadan and Calabar-.
On the other bhand,

-

?fbf the C3 (Table 5.8 &nd 5.9).
in the
concentration was significantly higher
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TABLE 5.7

Mean plasma Complement ievels: comparison between the infected patients
(CRPf dnd CSPf - infected) in Calabar

MEAN CRPf - CSPE - ALL THE APPARENTLY
COMPLEMENT INFECTED INFECTED T B ok INFECTED HEALTHY (NON- t
VALUES (n = 29) (n = 20) CHILDREN ,INFECTED) CHIL-.
STUDIED DREN
(n = 62)"* (n = 30)
C3 (g/L 0.75(0.20) 0.73(0.18) 0.365 > 0.1 0.74(0.18) 0.78(0.24) 0Q.8)
C4 (g/L) 0.37(0.22) 0.30(0.16) 1.289 >0.1 0.35{0.27) 0.59(0.23) 3.4
Bf (g/L) 0.34(0.15) 0.40(0.19) 1.181 > 0.1 0.35(0.21) 0.23(0.11)  3.¢
CHSO(Unit/m}) 22.5(6.2) 20.9(6.5) 0.865 > 0.1} 23.9 (6.2) 3S5.1 (7.1) 7.

CSPf{ - Chiloroquine sensitive P. falciparum
x - 381nti$ti¢&1%y significant
~ Standard déYﬁatiDn (SD) in parenthesis

L]
- D <&

- CRP{ - Chloroquine resistant P, falciparum

= q’, - 3 % da a2le ‘-'
infected with CRPf, C -

3 those whose
s L G ,- - r
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TABLE 5.7

Mean plasma Complement levels: comparison between the infected patients
(CRPf and CSP{ - infected) in Calabar

S e O -D - P e e -—-Re o, q R S S g g e o LT wm AL D e ey, D e e L L e e S 7 --------
MEAN CRPf - cspf - ~ ALL THE APPARENTLY
COMPLEMENT INFECTED INFECTED T p . INFECTED  HEALTHY (NON- t
VALUES (n = 29) (n = 20) CHILDREN  ,INFECTED) CHIL~
STUDIED DREN

(n = 62)" (n = 30)

- e e T 0 e e oS WS e ® e-m- T e® T T 000 ® g ® e ®EmEE W WG n @ e DO TG-S eee @YW G -0 "m0 T %000 0Ye®® ==

C3 (g/L 0.75(0.20) 0.73(0.18) 0.365 > 0.1 0.74(0.18) 0.78(0.24) 0.810
Ca (g/L) 0.37(0.22) 0.30(0.16) 1.289 >0.1 0.35(0.27) 0.59(0.23) 3.428
Bf (g/V) 0.34(0.15) 0.40(0.19) 1.181 > 0.1 0.35(0.21) 0.23(0.11) 3.636

CH50(Unit/ml) 22.5(6.2) 20.9(6.5) 0.865 > 0.1 23.9 (6.2) 35.1 (7.1) 7.253

~CRPf - Chloroquine resistant P?. falciparum

- CSPf - Chloroquine sensitive P. falciparum

R - 'St-ati.sxically significant

= -,S._a.nd_ar-xt d@?l&'tl on (SD’)

in pﬂrenthesis
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Meon plasma Complement levels: comparison between the infected patients
(CRPf and CSP{ - infected) in Calabar

y ---------
{EAN CRP{ - CSPf - : ALL THE APPARENTLY
LEMENT INEECTED INFECTED t P INFECTED  HEALTHE (NON- t p
\LUES (n = 29) (n = 20) CHILDREN .INFECTED) CHIL~
STUDIED DREN
(n = 62}** (n = 30)
(g/L 0.75(0.20) 0.73(0.18) 0.365 >0.1 0.74(0.18) 0.78(0.24) 0.B10 >
(g/L) 0.37(0.22) 0.30(0.16) 1.289 >0.1 0.35(0.27) 0.59(0.23) 3.428 <
(g/L) 0.34(0.15) 0.40(0.19) 1.181 > 0.1 0.35(0.21) 0.23{(0.11) 3.636 <
O(Unit/ml) 22.5(6.2) 20.9(6.5) 0.865 > 0.1 23.9 (6.2) 35.1 (7.1) 7.253 -

- CRPf - Chlorogquine resistant P. falcigarum

—
|

CSPt - Chloroquine sensitive P. falciparum

% ‘-Siatisticallx szgn1f1cant
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TABLE 5.8

Mean Plasma complement Levels:
infected patients (CRPF - & CS

Compaxison between the two grxoups of P.falciparum

Pf - infected) in Ibadan.

n CRPF - cspf- All the Apparently '
plement infected infected . : infected healthy (non- k
ue {n=12) (na22) t P children infected) t P
studied & controls
(n =40) (n = SO)
{(g/L) .76 (0.23) 0.73(0.21) 0.75 >0.1 0.72(0.23) 0.79(0.19) 1.555 0.1 l
(9/L) 0.28(0.i1) 0.31(0.08) 0.837 30.1L 0.30(0.09) 0.54(0.18) B.276 <0. 00} |
(g/L) 0.38(C.17)  0.34(0.07) 0.8C0 »0.1 0.35(0.11) 0.25(0.11) 4.30G <0. 00l
- -
o{Unit/m1) 21.3(7.0) 19.0(4.7) 1.020 >®.1 20(S.6) 35.9(8.7) 10.490  <0. cO)
- CRPF = Chloroquine resistant P. falciodrum

csef

Chloroquine sensitive P.falciparum

—

= otatas

randard ac

. I i -

ma%l—g signif

icant

- o’
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matched controls, n=50 (O]
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ts (p<0.01).

The distribution of these
in both Populations

.7 and S.8.

studied are Presented in

Complement haemolysis‘in gel

'T‘Parge't" liaemolyses were common features {in all

-'p:les analysed by the gel haemolysis method.

4

$: nine (95%) of the 62 patient samples tested in
1 - and all (100%) the 40 patient samples in Ibadan

-

ompson and Rowe (1967). Seventy—-three (91%) of the entire 80

ted this phenomenon, orlglnally described by

mples col lected from the control subjects also showed
B

get' haemolysis. The gel haemolytic rings are shown

» J e 'Sclo

=

J

DISCUSSION

There {s sufficient evidence to support the fact

=

serum gammaglobulins, particularly 196G
in the populations

1967;

and some of

S subclasses are usually more elevated

OPfcal countries than in Caucasians (Lichtman,

et al, 1971; Apampa et al 1980). This state of
s been
& 9ammaglobul inaemia in tropical countries ha

c
Eibuted to the effect of predominant parasitic infe
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y malaria (Salimonu et al (19832)

~differences in immunoglobuiin jevels do

-
Pl

'j:.mba'gg_gl,1980) and there are also differences
'
thin a geographical area as has been repcrted in

« Guinean ethnic populations (voller, 1932). 1In
ria, two independent reports, wWemambu (1284) and
iml and Omu (1989) had shown higher levels of immuno-

Ulins in Benin population than in Ibadan. These and
|
similar findings emphasize the considerable variabi-

immunological responses between individuals,

jpecially in antibody production (0Ogbimi and Omu 1989),
' !
e

dugh individual genetic influence may be a predominant
i

tor in determining immune responses agalnst parasitic
i
20ns, varliation in parasite antigenic components may

80 play a significant role Sy et al, 1990).

"The results of the present study Show that P.
|
gledvarum-infected children had higher IgM, IgG and most

[l
th

T'd'aﬂd of the classical pathway haemolyt
|

i e
H30) were also observed in the infected subjects

i IgM and
--[ ations confirm earlier reports of elevated 1g

IgG subclasses. Lower levels of complement proteins

jc titre

These

well as
McGregor, 1972; Ssalimonu et al, 1982), as

enwood and
£ CHS0, C3 and C4 in malaria patients (Gre

et al
y 1974;: Gupta et 3l 1982; EIHERRE
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esult appears to indicate that
ma

complement
laria is via the classical pathway,

£-1986) , although the assoclated mechanisms are
not known (willlams et al. 1973).

role of the alternate complement pataway in

has not been adequately investigated, and although
‘functional activity of this pathway was not studied
. work, the significantly higher mean level of Bf

- Y <4
erved in patients in comparison to controls,seems to

lect this protein only as an acute phase component.
enerally, infected children bothiin Calabar and Ibadan
1lgher mean IgQG levels than the controls. These
it€lences were also significant in both populations

00.01) . However, a hoteworthy observation

he significant elevation of 1IgG3 in patients infected

ith CRPf when compared to those infected with the

droquine sensitive strain. A regcession analysis of

specific antibodlies from both

3 levels against 19G-

1fi-
ations showed positive correlation which was signif

t = 3,540, p< 0.001).
t IqgG3 production

® in calabar (r = 0.455,

It would appear £ rom these fi.ndlngs tha

9 Straln(s) of CRPf., The

SSoclated with the emergin

y be responslble

bl
nic component{s) that may gRssi
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anced production of this immunoglopulin ¢

-

2y thus be de
| Y etectable by gl15A method for total

tage antibody. The apparent assoclation of tnis

jlobullin isotype with CRPf malaria that appears

eNt from this study is difficult to explalin in

B
9
L |

. to the milder clinical manifestation of CRPf

:jon reported earlier on by LeBrass et al (1986) and

et al (1990). A lower mean parasite density found

N subjects infected with CRPf compared with those infected

iy

:h the sensillve strain, which was observed in this
”_’_Ig-also difficult to é;plain. However, the possible
,il-f 1gG3 in CRPf malaria may ot be connected with its
e as an effective complement activator. This Iis

ause the levels of hypocomplementaemia in both CRPf-
""f-infected children cbserved in this study were not

Iftficantly different. This view 1s supported by earlier

-

ts that complement-mediated parasite clearance is not

Jor offensive in protectlion agalnst malaria (McGregor,

On the other hand, antibody-

13 0iggs et al, 1972) .

r
déNdent  cell-mediated reactlons {nvolving mononucles

S t for
ells or granulocytes sre believed tO be importan

. Such
ction in maiaria (wahlgren et al 1986b)

d 1qG1
tions are ,‘;marily mediated Dby IgG1 an 9

re the only
elbergu 1974), Moreovel, 1903 A LIRS
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granular lymphocytes (LGL) natural
XK} cells and T-
I -

es, large
lymphocytes (Jefferls and

tre, 1990). 1t is therefore concelvable rhat

ction, in assoclation with increased I1gG3 may

. an enhanced phagocytlic function thereby reducing

asite load more effectively. This hypothesis is in
ith the findings of Facer (1980), which postulated

—

mediated opsonilzation of sensitlzed red blood cells.

values of almost all the humoral immune parameters

Ll
\.‘Li

A ~
ed 1n thls work were comparable in both populations

ed. It was also observed that the pattern of

stribution of 1IgG subclass levels in both malaria and
I-infected subjects has changed from that presented in
fo~-us report by Salimonu et al (1982) for Ibadan.
L={}Yl there has been an increase in IgG3 and IqgG4
rations from what was last reported by these

'+ IgG2 concentration, however, remalned unchanged.
stribution may

v

changes in pattern of IgG isotype di

due to the effects of antligenic changes with time,

"the environuent. The evaluation of fmmunoglobulin

1 resent
falabar has never been carried out prior to the p

refore the
and so nc comparisons can be made. The

for subsequent
results will serve as base line data
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J'k_'kn Calabar. )

s study has deMonstrated that haemolysis i1n

vity in our local Populations. 1t may hLe partfcularly

u ‘as a rapid screening test.

However, because of the

lem of standardization inherent in this assay method,

i

t Should be used as a basis for selection or exclusion

: for further study“, rather than as a means of

ermining quantitative values, equlivalent to those
tained by tube titration method.

Another significant aspect of this study was the

fvation of a "target phenomenon' in a high percentage

Patients and control subjects. Target phenomenon was

rst described by Thompson and Rowe (1967), when they

served that plasma from a few Caucasians suffering from
'ﬁiety of diseases (16 out of 1,200) showed inner zones
unly__e,ed cells, along with an outer ring of complete

ysi
=% when diffusing through an agarose plate containing

_mally sensitized sheep red cells. These workers did

40 health
" monatrate t&rget phenanenon in Plama from Y

' herefore
S¥idUsls tasted at the same time. fheyr ©
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d that the target phenomenon was due to the

‘that doubly coated the already sensit{zed

ed blood cells, thys

v Preventing them from 1yslng‘.
. Present study,
!

ls exhibited 'target phenomenon",

It is postulated
-‘i e findings that target phenomenon may be
T4 o with parasitic infections which abound in
environments at both clinical and subclinical
5. Thus our apparently healthy controls may have
af'bouring' other kinds of infections albeit subclinically.

- o pe

. <
studies almed at establishing a possible

hip between parasitic infections, particularly

ria, and "target phenomenon® are recommended.
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CTIVITY AGAINST SyNT
'RCUMSPOROZOITE paormnf%glgﬁgﬁ%?ﬁn(gﬁ%gomm
NTRODUCTION

Aintibody reactivities'ag_ainst circumsporozoite (CS)

ein of Plasmodium falciparum were determined by

2 linked immunosorbent assay (ELISA) technique

sing the synthetic peptide (NANP)4O, representi{ng the

”. ' ting seqQuences from CS protein of the parasite,

tigen.” This technique has previously been used by
ge investigators, firstly to determine whether or not
irement of antisporozoite antibody levels can be

1 '
Jsed as an indicator of the level of malaria transmission

in a study community (Campbell et al, 1987). Secondly,

I -
it has been employed to investigate the possible
relationship between sporozoite antibodies and protection

1
st pmalaria infection (Snow et 8l, 1989). Since

-

##Vidual genetic influence has 8lso been noted as a
tﬁmining factor in immune response against CS protein
ADelguigyjce 1987), the present study was also aimed at

L 88€Ssing anti-CS seroreactivities in the two populations
Ja Nigerians under study. It was envisaged that the

.3 may indicate a possible individual or regionsal

‘alation in igmune response against this protein in
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-_"'. |r1 n p p ( Et 1 9 )
© E 3 . s 13 1 90 4
'-IL anted in this study.,

.2 MATERIALS AND METHODS
. }Tﬁ_‘tﬁl! Areas, Subjects and Samples

-— =

‘The study areas, subjects and samples are as

escrived for the previous investigations reported in

- re'cedfng chapter,

2. Enzymelinked Immunosorhert Assay (ELISA) for
ol Antibody |

To determine seroreactivities against circum-
orozoite (CS)protein, ELISA antigen (NANP)&4O precoated
plates, obtained from Dayal-Drager and Decrind (1990)

2 used. Samples were diluted 1/200 in FBS-Tween 20,

taining 2.5% defatted milk. 100 ul of each diluted

8run was applied both to a test well and to 8
a control ELISA plate pre-coated

tested in duplicates.

'Tesponding well on

] t-h PBS only. All samples were

The rest of the procedure was carried out as reported

in Chapter 4, section 2.4 for anti-total blood stage

ftibody assays.
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I bt

. 31 i 1 ¥
it he plates ysed, the pean 0D492 values of

*ronegative sera obtained frop non-immune students

waziland, was G.075S.
e ’ . A value of 2 x 0.075 = 0.150

used as the cut-off point,
=SULTS :

i
s )

| eIn vVitro Response test and Parasitolo

e results of in vitro response test and

__'tology are similar to those reported ;p Chapter 4,
tion 3.1.
3.2. ELISA Seroreactivities

Based on the cut-off point of 0.150, 27 (43.5%)
L 62 patients and 9 (30%) of 30 control subaects in
:_", were seropositive.. Similarly 18 (45%) of the
) patients end 15 (30%) 6f the .50 controls in Ibadan
e positive against (NANP)40, (Table 6.1). 0D492 at
serum dilution of 1/200 ranged between O and 0.636 for

patient population, and between O and 1.077 for the

#

gontrol subjects in Calebar. The 0D492 range in Ibaden

85 between 0.009 and 1.017 and between 0.004 and 0.526

respectively. The
r both

I0r the patient and control groups

an geroreactivity and positivity rates fo

.w trol gmups. Rowever,
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ronegative sera obtajned frog non~iwnune student
S

Sy a';q_.land, was 0.075. A value of 2 0.075 = 0.150
the cut-off point.

RESULTS

il jﬁ.y=1tro Response test and Parasitology

‘I‘he results of in vitro response test and

rasitology are similar to those reported in Chapter 4,

I.' wn 3_. 10
).2. ELISA Seroreactivities

* Based on the cut-of? point of 0.150, 27 (43,5%)

patients and 9 (30%) of 30 control su-b.jects in

8. abar were seropositive.. similarly 18 (45%) of the
‘patients and 15 (30%) of the .50 controls in Ibadan

2 positive against (NANP)4O, (Table 6.1). 0D492 at
@ dilution of 1/200 ranged between O and 0.636 for
patient population, and between O and 1.077 for the
eontrol subjects in Calabar. The OD492 range in Ibadan

¥&S between 0.009 and 1.017 and between 0.004 and 0.526
espectively. The

r both

the patient and control groups I
#an seroreactivity and positivity rates fo

atients
ulatiOna increased with age in both the P

ant
80ntrol groups. However, there were no R A
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'

es in antibody reactivities between the CRPf
g

| a'nd the CRSf - infected individuals (table 6, 2).

lationshi Between ant{
—_— -(NANP)40 Anti
“Malaria Infection (N )'1" b°d!_,3"d

The overal positivity rates in patients was

er than in the non-infected controls, hoth in Calabar
in Ibadan, (43.5% Vs 30% and 45% Vs 30% respectively).
:Id or, these differences were not statistically
nificant. Moreover, the mean seroreactivities in
tients end controls were siwmilar in both study

. 1. ations (Table 6.1). ,The pattern of distribution of

t1-CS antibody reactivities in both populations is

presented in Fig. 6.1

2.6, Relationship between anti-CS Antibody.and Blood
Stage Antibodies

The changes in anti-CS reactivities in relation to
Bnti-total blood stage antibody reactivities at serum

dflutions of 1/200 did not show any statistically

gy ficant correlation for both patient and control

'Eroups in both populations studied. Similarly, there

féno statistically significant correlations between

ti-cs (ELISA) reactivity and blood-stage antibody (IFA)

) both patient and control BTouP

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT
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TAQLE 6.1

Antibadies ggainst ciramsparozoite repetitive peptide
in 102 p. ¢

(NANP)

«d esblects, ard 80

age/ Oratchod Controls tron—Ibadan—and Calabar
[ Mean 0!).492 (% Positivity)
b CALABAR TBADAN
Age (I

(years ) PATIENTS n| CONTROLS n PATIENTS n CONTROLS

< 1 0.052+0. 018 (0) 2| 0.027+40.006(0) 2 | 0.019+0.018(0) 2| 0.080+0.009(0)

1 -4 | 0.154+0.144(39.3) | 12| 0.175+0.189(41) |13 | 0.0720.086() | 23| 0.044+0.043(0)
147 0.102¢0.112(35.7) [15| 0.188+0.23(53.3) |15| 0.268+0.14(40)

0.197+0.187(56.5)

2
e

059140 .682(50)

—= i —_—

© 0.42 +0.40(70)

0.30640.135(88.9)
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TABLE 6.2
' ' 'ﬁéhn An:i-cs antibody reactivities (OD 492) in
children infected with CRPf or CSPf 1n fbadan
and Calabar
Locality CRPf-infected CSPf-infected
children children
: “ = n = 20 t P
| ’ -r-‘---f? ----------------------------------- y -------- e mmaawa
......................... -
I C - -
' CALABAR 0.11 (0.15) 0.14 (0.13)
|
‘ 1 RADAN 0.135 (0. 285) 0.205(0. 243) 0.7¢2 » 0.1
[ e i l B - "OF ‘

- o ® " o oo e & -o e - ® o ® -------.-----------
- -

Circumsporozoite
C!slol;'oqulnc resistant

ine Sensitive

- Eali =

P.
P. falcipacum
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= 30
0
=62
n=50 ¢
o 3 ¢
} - ;
i . %
g -
oo o, 0
L) X
228 Y é
0 r
;&0 A
Ry e e oens R
|badan Calobor

Subjects

9.6.] Disiribution of anti-cs (NANP) 44
aontibady reactivities in patients(«)

ond cantrals (o ) 'n Calaobor and
Ibadon.
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E'- ajned by Statistically sappling

method and may not

ecisely representative of the communities. The data
.
11d, nevertheless, provide a good indication of

smission rates with exposure, and should also provide

-2 od indication of individual ability to mount immune

response against CS protein. Such information may
dicate possible differences in malaria transmission
rates: and in malaria immune responses between the two
prilations selected for this study.

' Children under one year of age were generally
jeronegative against (NANE)4O both in the patient and
entrol groups. This suggests a minimal influence of
at€iNally acquired antibody. A similar observation
suggestion had been made by Campbell ct al, 1987).

,fJ the age of 4 y=ars, both the antibody prevalence

A sipiler trend has previously

Jeptide jncreased with age.
1 areas (Hoffman

reported in various other geogrophica
al 1987; Deloron &t al, 1987) .

(1988)0 this age-l‘ﬂlatdi
to

St 2l 1986): Campbell, €%

suggested by Pang et 21

exposure
@8se, probably reflects 8 cugulative @€xp
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alcipar D parasites, ra
— » Tather thap to protection,

.0 the present study, TR

this Postulation also Stems
2 fact that both the overall mean prevalence rate

el of reactivity to (NANP)4O did not differ
ificantly between the 1pf;cted and the non-infected
ps in the two Populations studied. Webster et al
87) showed that CS antibody levels rise and fall

: dly in response to natural P. falciporum infections

reviously infected Thal adults. Presumably, the

ent pattern,as seen in the controls may have resul ted
m"sporozoite innoculations which did not lead to the

., opment of blood stage infections as suggested by

g et al (1988), and wijesundera, (1990). The lack of
jorrelation between anti-CS antibodies and anti-blood
iﬁ'e antibodies in this study, further supports the

- *é_bable association of age-related increase in antibody
gvel and cumuzlative exposure to parasite infection.

8 attempts to measure the protective role of CS
ibody in a natural setting require frequent antibody

1m1nation5 and malaria $iinears (Pans .e.—§ ..a—l' 1988)'
l

Another ipportant observation {n the current atudy

® the relatively lower prevalence rates of enti-CS

8 d)r and levels of its reactiVitiﬁS in the 1 - 4 yeara

Io, ared
2 bracket, in subjects studied in Ibadan, as coap
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corresponding age bracket Calabar, both in the

and control groups. fhe pPositivity rate was

tively higher in Ibadan in comparison to calabar, in

1 ast age bracket (> 9 - }3 years). However the

1 mean positivity rates and the levels of reactivity
ared well in the two populations. It is not immediately
; wHy subjects aged between 1 and & years in Ibadan

ed this relatively lower anti-(NANP)40 antibody

'valence rate and reactivity, despite the fact that this

up of patients from the two study populations showed
entical parasite densities as seen in Chapter &, (Table 4.2),
8 previous study in 3 Xenyan villages conducted by

pbell et al (1987) using a s)lmthetic CS peptide, it was
that the village differed in the ages at which antibody

fiFSt appeared. Thus, in one village,only 12X of the

hildren had antibody by the age of 5, while in the other

3 villages 60% and 75% had antibody by & years of age.

45 tempting to speculate that the high anti-(NANP)4O

ibody prevalence rate and reactivities in the age

Bfacket (1 - 4 years) in Calabar
#fotective advantage egainst CRPS infect

appears to have no
jon. This is

% Calabar
Cause children below the age of ) yesrs from the

ria a
P had high prevalence of CRPS el

d
e study wes not con
in vivo method. An 10 vivo

s assessed by

ucted in
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: e A
_m present in vitro observatiq_n_ indicates tnat the
ate of CRPf is sti]) very low.

|r
ls Study has also shown that anti-(NANE}40 has

e,1f any, effect
) ,II, y,effect on protection {rom infection, as

by the apparently identical Seropositivity rate

levels Of reactivity between the infected and non-infected

-j' in the two populations studied. The protective

fect of anti-CS antibody has already been refuted by

2 _e_tig._ (1987) in Kenya; Pang et al(1988) and

ster, (1988) both in Thailand; Burkot et al (19689) in

ta New Guinea, and March et al (1986) in The Gambia.

ie older children in both Ibadan and Calabar had similar

jeropositivity rates and reacti\;ity levels, the apparent
[ference in imoune response between the two study
Jpulations at 1 - & age bracket may not be due to genetic

fitslence, a factor known to be important in calaria immunity

enberg and Wirtz, 1990, Del-Guidice et sl 1987). Further-

213
i

ore it 1s known that immune responses against malarie is

Creenwood
®1ts rudimentary stage in ages below 4 years (

. ; Il 1987)0

VFrom the results of the present study therefore, it

I' ssion rates in
#d be gdduced thaet P. falcipanui transmiss
e not aignificaently different,

O study populations &r
¢ AN not 8ppear to vary

‘that the two populations also 4o

N 40,
#iCantly in jamune response againot (NANP)
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CHAPTER 7

NERAL DISCUSSION AND concLysron
INTRODUCTIO

__'I~ lobal 1
R g ncrease during the past 15 years

—=shodium falciparun malaria, the most lethal of
malarias has highlighted the need for an

¥

ctive vaccine against the disease (Anders et al,
3 - The emergence of chloroquine resistant P.
falciparum (CRPf) malaria, first in South America and

th East Asia, and more recently in Africa including
igeria (Kean, 1979) has confounded the malaria probler.

prerequisite to an application of a malaria vaccine

irected against this parasite. species, a number of

preliminary studies are imperative. These include:

(1) the monitoring of drug sensitivity of P.
falciparum in areas where malaria is

endemic.
(11) studies leading to a2 good understanding

of the characteristics of host immune

responses 8gainst locally prevalent

antigens.
the possible age and

time-related variations in individual
or regiongl impun€ statys in reapect of

(111) the assessment of
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".‘ unological parameters likely associated
:tﬁ malaria immpunity.

2 8SSessment of possible protective values

| of defined B, falciparum epitopes in populations

that are potential targets of a2 putative malaria
vaccine.

3tudies on immunological responses against malaria
different populations have shown that immune response
iat on‘against this parasite has a strain specific
gponent (James et al 1932; Jeffery, 1966;Volley, 1970;
jel, 1986; Sy et al, 1990). Individual genetic

ation in malaria immunity also appears to be a cozmon
‘eature in malaria endemic areas studied (Bjorkmen et al,

In mice, the response to some defined P. falciparum
et al,

J) e

tein {s controlled by immune response genes (Good

and it is postulated that the major histocompatibility

Eplex (MHC) restriction on T-Cell response to these

ope s may also occur in humans (Wwirtz and Rosenberg,

). Thus it has been au88e5ted that if such a genetic

then it is conceivable that

; 1€
A

egulatjon exists in humans,
pond better to the P. falciparum

2 fndividuals will res
e et 8l, 1987) .

i
Ecine ¢han others (Del Giudic

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



210

CUSSION

‘-:.‘. : ,

sment of humora)l lmaune response Lo malaria

en in tw
r 0 selected Nigerian Populations. 1In
where CRPf inc¢idence had been speculated much

a high 1ln vitro prevalence rate of 59.2% in

was recorded. A simultaneous in vivo prevalence

|.6% was also recorded in the same children thereby

ﬁ_ high in vivo/in vitro correlation in this population.

0 the modulating influences of host., imrunity in
mlaria chemotherapy (Spencer et 81 1983b) a high in vivo/

Vit 0 correlation is exp*ected only in the relatively

2ss immune individuaels. Immunity of infants against

i depends on maternally trensferred components,

dldren seldom acQuire significant active immunity against
laria in endemic areas, (Greenwood et a3l 1987). It -s

180 bossible that individuals vary in the amount of
whereas in an Indian study

ptibility to

Ity acquired at childhood.
@Utam et al 1980) the age of greatest susce

12, 18 s petween one 8snd three years,with a declline
‘ are largely

Bereafter the victims of the disease in Cslabar

n other tropicel

J0se aged petween one and ten year
while childreén 1

achieves

B8 would sugcest that
Fb-tropical regions develop

. child
iria at a much tender ags, 8 higerién
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it lmmunity only after 19 years (Ikpat et al

'] LIlE li ht L
8Nt of this, the high correlation be tween

,'1:_, 3 __j.fn vivo stud_ies in children from Calgbar

In the present study

——

1s therefore jot unexpected.
* the relati ‘
‘ vely mild' clinical manifestation of

-

laria in children from Oban, near Calabar, observed

-

op et al (1990), may fndicateé . that the CREL strain(s)

) pathegenic 1n nature and maynot be due to the

'v:. individual imomunity.
Except iir respect of IgC-specific anti-total blood

&l

(@ antibody reactivity where mean 0D492 value was

fcantly higher in patients from Calabar than in Ibadan,
£<0.05), possibly due to the high prevalence of CRPL in
ar, the results of the present study did not indicate

egional variation in all other immunologicel parameters

ated, both Iin patients and in controls. If the

ferences in the intensity, prevalence rate and

q

' ',-" manl festatlions of CRPf malsria observed between

ge S°€N in the two populations studied are due to

. ide at the cellular
Mological differences, then such may res

1 cwan
The role of cellular pechsnlism in @aleria ity

' 1988;
fbeen gssessed by various Worker® (Weid and Long, f
€ Blomberg et al 1990). In 3nothe€r recent report,

oA —— s’
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"

’t a1 (1990) suggested that tymoyp necrosis fact
actor,

d by activated macrophages and lymphocytes may b
b =

R

ed with the dev
, evelopment of resistence agajinst

la, Further work should ghererore continue to

2 Possible cellular immune differences that pay
between these two Populations, Calabar and Ibadan,

1 diiferent prevalence levels of CRPf malaria,

uring this study, humoral immune response differences

Oserved, due probably to the immunological differences

the two parasite strains (CRPf and the chloroquine

nsitive strains). The me;n TgG) levels were found to be
gher in the CRPf-infected individuals than in those
lected with the chloroquine sensitive strain of the
araslte, both in Calabar and in Ibadan. However, only the
"ﬂﬂce in Calabar was statistically significant
_‘ P<0.001). Also, the mean 1gG-specific anti-total

!_.l “~stage antibody reactivities were higher in subjects

Lth CRPf malaria, when compared to those infected with

fensitive strain, This difference was significant

infected guhjects from both Calabar (P€0.01) and Ibadan

'5)-1803 levels and totsl blood-stage antibody
p Calabar also correlated

50, P<0.001) but the

A
U |

-

Ctivities in patients fro
ltively (r = 0.455; t = 3.%

ation was not significant, in Ibadan.
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regions of the Fhilippines

ide divergence {
| g n the ability of lmoune sera to

growth of geographically distinc+ perasites, and
'. that parasite variability could account for the

in immune response Yfo malaria jnfections. Thus
servation of high IgG3 levels and IgGC-specific total
. - 0d stage antibody reactivities associated with CRPf

ections in both populations, would appear to support the

of .Ye et al (1989), that CRPf has a membrane protein

-
o W

¥t = 155 - 170 KD) which is lacking in the chloroquine

nsi tive parasite. The présent results may therefore indicate

-

possibility that increased ar_xt.i-total bloocd stage antibody
[g63-specific malaria antibody or both, could serve as a

for CRPf malaria jnfection. This possibility may thus

fres mvent the peed for in vitro field tests for chloroquine

®sponses of P. falciparun, 8 method that is cumbersoce,

It 18 also arguable that a
with

8P€eially in field studies.
Mibable IgC3_specific Dalaria @ntibody associated
‘ t for the less severe clinical

d earller On by Exenen €t al

% infection, may accoun
' 2stations of malariaobserve
&5 COmpaI‘ed to those

)) = ed subjects, @&
in CRPf-infect Antibody-

8ensit1ve strain.

8¢ted predominantly with the
ns involving monOnuc

jear
endent cell-medjated reactio
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-

_ _.an_ql'ocyt;es are believed to pe important for

| 1 in malaria (Wahlgren et 3l 1986b). such

ons are primarily mediated by‘ IgCl and 1g;3

‘_] ér’g, 1974). Since these two sub-classes of
)ydies are the only immuroglobulin isotypes capable
ctivating a wide range of specific and non-specific
lular mechanisms (Jefferis and Kumaratne, 1990) it is
le that CRPf infection, presumably associated with
5ed IgG3 production, may induce an enhanced phagocytic
t.her:eby reducing parasite load more effectively.

> ,.
jay curtail the rate and amount of parasite toxins

2 d from infected red tlocd.cells and thereby present
3ld symptomatology observed in CRPf malaria. If this

, then it would contrast the observation of

A U
—

3t et 2l (1990) that the incidence of cerebral malaria

'.""' {ncrease with the emergence of CRPf malaria in

abar. wore studies are therefore needed to elucidate

B clearly the clinical implications of the eamerging

RBL . of cerebral
Piistrain(s) with regard to the occurence

8 iﬂ'r

A this report, n

o clear-cut relationshipa to the

| blood
lOpment ¢ f clinical ipmunity were found when the

8
e total parasi te entigen

® antiyndy reactivities to th
ervation was sade by

| obs
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't al (1986b). Furthermore, antibody against
0zZoite antigen did not show a clear-cyt evidence

f authors believe that anti-Cc$

Although a
antibody is associated
)taction (-Del-CUj.dice e_t a~l ]_987; Esposito et al

now et al, 1989), some others believe otherwise

et al, 1988; Webster et sl 1988; Eurkot et al 1989).
sless, the present results clearly show that the
é'ri-an populations studied are adequately responsive
poth enti-total blood stage antigen and circumsporozoite
gen. It is known that antibodies against the former

| embody antibodies directed against the ring-infected
ythrocyte surface antigen (RESA), (Deleron et al 1987)
ic :'has been found to prevent .merozoite invasion

ahlin et al 1984) and to correlate positively with
linical immunity (wahlgren et al,1986b). It is therefore

.;'

ed that the two populations studied are 8l1so

[€8Ponsive against RESA, the most putative malaria ¥Seios

This postulation is

et al, (1987) who found
n the

ididate (Perlmann et al 1989)-

PPorted by the work of Williawms

R Sloniricant anti-RESA antibody reactivities d
¥

o blood of Nigeriéns.

f3.  SUMMARY AND CONCLUDING REMARKS
falciparum (CRPg) prevalence

vivo methOds in

" Chloroquine resistant E.

d in
as evaluated by in vitro &n= ==
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found to be 59.2% and 93. 6% respectively,

c.pt'relation between the two methods in a

ely less immune children Population in tnis area

vitro schizont maturation inhibition wa= recorded
ulne concentrations less than 4 Pool per well

8ls of log/dose rgsp-onse test showed an EC 99

ive concentration of chloroquine at which 99% of

i ]
nt maturation 18 inhibited) of 4.6 x 10-6M per

of blood (23 pmol chloroquine per well).

n ';!he other hand, 35.3% prevalence level of CRPI
corded in a similar age group in Ibadan, using the
vitro evaluatiofn method. *Schizont maturation inhibition
obs rt*ved in low chloroqQuine concentrations of 1 and 2

pPer vell as well. Probit regression showed a

Ly

N

tive EC 99 of 2.4 x 10M/L (12 pmol/well).

divergence of parasite densities was observed

N children infected with the CRPf and those infected

& the gensitive strain, the latter group harbouring &

er
ey l ant:ly higher mean parasite density than the former,

L 01 and
Joth calabar and Ibadan (t = 3.9000; P P

90, P<0.05 respectively).
levels of Igh, IgC and

' imnunOIOgical analysis for the
c3, C4 and the

* subclasses, complement proteins Bf,

-
8jcal pathway haemolytic activity (CH30

) {n serum or plasma
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cal

t
IgG-specific reac tivities
3t intracellular blood stage antigen by IFA,

2cted from patients i theese two geographi
well as in age/matcheq controls, did no
y Si&nificant variations,

and
poroz2oite antigen by ELISA

ywere also not significantly

sfent between the two populations. However; -the mean anti-

3l blood stage antibody reactivity was significantly
]
her in patients from Calabar than Ibadan. Prevalence

of anti-blood stage antibody reactivities by ELISA

FA were recorded in all age groups studied, both in

_ and Calabar. 'rhf gseroreactivities also increased
fth age in the two populations. Anti-CS antibody did not
ppear early-in age, in the two populations, both in

-‘ ents and in controls. There were however differences

- the ages at which anti-CS antibody first appeared,

2én the children in Calabar and tbose in Ibadsn.
t appear in children aged

. -

U8, anti-CS antibody did no

N |
)etWeen 1 and &4 years in Ibadan, unlike in the similar age

OUD in Calabar. Nevertheless, children from both

opul -cs antibody reactivi-
Populatjons showed identical mean anti-CS

were both
ie8., Anti~total blood Stage antibody &nd LR85

children in
ignificantly increased in CAPS-infected

t .
labar (t=3.204, P<0.01 end te3, 6400 P<0.01 respectively)
P =9, ' °

increased [ean
B Tbaden, CRPf-infected children also had
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two parumetera,
» DUt onl
h Nly the increese in

1C
blood atage antibody reactivity was

B

glznificant
PCC 00'5) .

Complement protein C4 and the clessical

| emolytic titre (c}isp) were significantly reduced

tient groupa atudied,8ss compared to the controls
0, P<0.001 and t=7.253, PL0.001 for C4 and CHgo
dvely in Calaber; t=8.276; P<0.00l snd ta10.490;
)L for C4 and CHgy TeSpectively in Ibaden)., The meen

)l wag reduced in the two patient populations but
mificantly. Bf of the alternative pathway, on the

| d, was significantly increased in the controls from
Bar and Ibadan (t=3.636, P<0.001 and t«4,300, P<0.001l
ively). There was no divergence in the profiles

2 complement proteins between the CRP{-infected

and those infected with the sensitive strain(s)

® parasite, in the two populations.
i
18 concluded that CRPf prevalence level in Calabar

iy ficantly high and confirms an earlier report by

L gt 8l (1990) in the neighbouring Oben comzunity.

‘avalence rato in Ibeden has rapidly 1
1987) to 35.3%, @8

laevel 13

ncreased from

$4h 1986 (Ssleko and Aderounmu

- the
i¢d by the present atudy, although th
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in Calabar. These developments call

iate control measures, in order to stem down

2s in the pathological sequalae usually

d with malaria e.g. cerebral malaria, particularly
A suggestion {s also made for further 8nalysis
a1 -IgG-speciric ant1.~tota1 blood stage antibody,
ted to be of the IgG3 isotype. A confirmation of
56ciation of increased IgG> production with CRPZf is
:Qs. 't*his will contribute tc the better understanding

pathogenesis of CRPf malaria.

-
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- Calabar, South-Eastern Nigeria
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. 127,_ loroquine. resisizn! Plaoradivm fakrrm (CRPF) hai craergec? in Nigevts, we moaliorad ibe
:‘_' ity of the parasile 1Min (0 a swadard chioroguine (C25) o 18 ous Childress Emcrgendy
N ulovoqmm (CQ) 13 1he drug of choxe for malans cdemoiherepn 1n Nigevs, Toe WHO T<ay Ia

vO ¢valuation and Rexhmana’s mxrotire technmoe (1 sitra 180 vere wao). 1) chiklren of aean ups
H Af wese enrolled (nthe study. 27 (¥ 1.8%) o s 10 vis0 culliures weve suscalid 16 (39.3%) ol the
o solaies 1itl showncd schizidgon) ai CO coacxeiraiion of 5 7 pmol/wiell and abore, 23 (B4.844)

. dren completed (he (n v1vo sundy, 13 (5] 6%) were jurasiesuic oo day 7 andjor day (4 and
“‘ 2eded uy paraniologic fsdures The ssolales from 14 of thedo ehildico Dovrd corapaading @

: "_";;‘r‘ ooe of CO cooceniralions cqual to ot above $ 7 crocl/wedl The progmcnan of RIIE (= 13.3%)
ar have Increased a3 comPdrad (0 5 9% ccooeded 10 1957 Wo-comelude-thei-thare 3(7¥3n Lo be

l00d cosmeiation betezen i Mvw evaluaison of perasiolope faUures (33 $%) and 8 vitro reuistaoce

¢ A9 385) 11 thus appeass that CRPI™ 1 deflnitely incicaning in Sonth- Exuern Nigrzis Vhis can ¢ ea pecind
o r{" o Cepnicaie mataria chenoiberapy in ihe Childeen’s Esopney Uait of e Univerviy of
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Introductlon
[

:  most developing tropical countnes of the world chloroquine 1s the drug of choice
| molara mfcclion, which causes high mortally in ¢hildren ns well as non-
e visilors and severc morbidily tn people of all ages, including szmi-immunc
_ﬁmmod’mm Jaleparun, the most icthal of human plasmodial 3pecics, statied
9 be ome resistant to CQ in the late 1950°s. However, this new strain appearcd in
£ i. d Centrat Alnca nbour 10-1 5 years later (Sanconetts et al., 1985)° F rom these

h _l"" cad presumably conlinued into West Afrcan Countres. tncluding Nigena,

.
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M e
“ "ir has probably had the gresiest impact in the Soulh.Eastern States of the

- _In Kenya, the first case of chloroquine-resistant P. foleiparum (CRPF)malanas in
‘._Li ?b. was rcported in a non-immunc visilor {Fogh ct al., 1979} l{owewver, the
development was not manifesied in the indigenous population unii! 1981 However,
1982, a sudden development of chlorosluine resistance was reccided in the indige-
-:hﬁis-mfm'u population (Spencer el al., 19%3). In 1986, o 46 5% prrvalence of chlo-
u?umrc reyistance in malana was recorded in indigenous Cameroonlsn infants,
following an curlier report of a few cascs in non-immunc ‘isitors (Sanconetti et al,
985, Lebrass el al., 1986). In [badan, Western Nigena, contsnuous surverllance
showed a2 prevalence of only 7.1% i1n 1986 (Salako and Fadcke-Aderounmu, 1987)
In Owern. Eastern Nigena, Eke reported a suspected case of CRPF 1n 1979, and in
1987 the Centre for Discases Conlrol (CDC) reported CRPF in 8 non-immune visitor

10 Enugu (Jackson et nl., 1987).
The geousraphical disinbution of CRPF has alrrady been descnbed (Lemngo and

Inaboa, 1988; Urasscur cl al., 1988). Subsequently. we carried out 3 malaria tberapy
survey in Oban, South:Eastern Nigena, and coafirmed an in vivo CRPF rate of
63.6% (Ekanem ct ol., 1990). In another suncy, in Agbant and Jato-Aka, both in
South Easticrn Nigena, an in vivo CRPF mte of 41 2% and the high resistance level
RHI was found in 5.9% of cases (Ezedinachi et al., 1988) However, in a sinilar
siudy in 1gbo Ora, Western tNigena, no CRPF was found (Ekanem ctal.. 1990) This
present study 13 a part of the natotial malasia therapy surveillance scheme.

Materials and Methous

This study took place belween August and Ociober 1989, a1 the Unavzrsity of Calabar
Teaching tlospital. A total of 806 children were sereened for P. falciparum. 33 chil-
dren were enrolled in the study  They were examined by physicians, and those found
10 be 100 sick to take oral medication, or to have had previous chloroquine medica-
tion (positive Dilt Glazko urine test) were excleded from the study. Informed consent
for pasicipation was oblained from 1the parents or guardians of the children.

In vive stuilics

The \WWHO cxtended 14-day follow-up in vive test {(WHO, 1973} was used, The
childien were trested with chloroquine (C25) syrup snd/or inblets. The C23 was
supplicd by thc National Malana and Veclor Control Division of the Federal Minis-
try of Heabth. [.080s. This C25 wes preicwled for potency, The children were treated
with 25 mg chlorogquinc/kg body wt. on J conséculive days, and were foliowed up
for at least 14 dgys. Thick and thin blood smears were stained using Giemss and

1 ) ' days 3. 7,a0nd 14,
Lecishman stiins respectvely. on the ﬁm_ day {duy 0), and thn;n on B
Therapeutic response to d-aminoquinoline was assesssed using the classilicauon of

the WHO (WHO 1973).

in vitro studics

The Ricckmann microtitre technique (Ricckinann ctal.. 1978) was used 10 determune
the 13 vitro suscepubibity of £P_fulciparwun 130lales to chlotoquine (CQ) uung WHO
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A les incubation, thick blood films were stnined with Giemsa and the
r of ubu?nis-l per 200 asexual parsites was deterrmined
s 1n which 10% of the parusites descloped 10 schizonts in the contra! well
idered successlul- Minimum inhibitory concentratioo (MIC) was defined
' gy»é'bﬂtemmtion of the drug at which no schizonls were obscrved The
"schizonts in wclls with more than 5.7 pmoljwell was considered to mdicate
ance (Timmermann a al., 1982). The concentration of CQ showing 50%
D5% (ECys) and 99% (ECos) 1nhibilion of schizonts was estirsted by probit

ais of log dosc/responses (WHO, 1982; Warsame ct al,, 1988).

4

0 T

. ' vive vvaluation

28 (3:4,8%) of the children completed the study. In F3 (46 6%) of them the parasitac-
miu was cleared and 1hey remained free of parautes dunng the 14-day obscrvation
period. They were thus classified as showing an S-response (complete cure).
~ In 1S (53.6%) of 1he children, either the day 0 pamsiic load was not reduced by
arlcast 73% on day 2.°or there was a resurgence of parasiles on day 7 and/or |4.
These were regarded as parasitological faslures (Table 2). The resistance levels of
these were RI (S coses), RII (6 cases) and RIIk (4 cases), (Fig. 1)

‘The clinical response was good except in the Ri!l group, where the day 2 mean
lemperaturc rosc above the day 0 mean temperaiuce. The mean lemperature of the
Rl group also rose consitlerably on day 14 (F'ig 2)

{1 V{120 tesi — the pattern of in virro susceptibidity of P. fulciporum 1o chioroquine

ai 1.7%) of the 33 cultures were successful. |1 (40.7%%) of the i1solates were sensidive

oroquinic concentrations of 5.7 pmol per well. 16 (59.3%) of the 1tolaics showedd
‘schizont maturation in CQ concenirations of mo:ethan 5.7 pmol perwell. (6isolatcs
at 8 pmol/well: 5 ot 16 pmoljwell and S at 32 pmol/well) (Tables | and 3), and were
-'tv,'mlcd as in viiro resistant Cases,

oMPo x ) 0O

i 7
a0t - ;
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1ot
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in viee €Q Adwrases
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Wedn Temparatare (C)

Sensities . A1 mil BT
In View CO Retpomas
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Nuvmbers ofF PQlionte
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1‘:._-21 Mesn andlary 1eenperalune vern th vivo chloroquing respomee by day of atudy, Calirbas, 1959,

TAULE |
" Summacyol 1n +14v0 8ad to Vitio P falciarum uacsplibalily io chiavoqueae s Calabar, Nipsna
)
Ansztsinenl Touwal Nuanber Number Nyrober
method nurober wuaxeaful wenuitet (0 resitiaot
4 (w) (%) CQ N} o CQ (%)
v +ivo 3 2 (340 13 (48 4) 13033 8)

Ne 13 vro 3 Jo s 11 140.7) 16 {59 J)

The cumulative EC,, (cllective CQ eonventration al which 99% of the garasite
growth was inhibdited) of isolates was 4.6 x 10~ * m/) (23 pmol per well) (Fig. 3).

- Comparison beiween in vive and tn vitro chloroyuine-resistant P. falcipanon

In vivo: 1S (53.6%) of the childicen had CRPF (R1-RIII} In vura: 6 (59.3%) of
the fsolates showed resistance at 8 10 32 pmol per welt. 12 (80%) isolaics from the
1S in vivo rosistant struins weee slso 1esistantin viteo (1.e. 4, R=8, 3, R=t6anl 4;
A3 32 pmol per well) nlthough 2 i1solaies lrom the sains showing low geade 1n vivo
resstance, i.c. {R] struing) were just sensitive in viiso (MIC = 5.7 pmol/well). All the
isolates from the strisins showing high grade 1n vivo resistanee (R11 and R1I) showed
in vilro resistance at R 3 8pmol per well (Table 2).

: Discusslon

In our carlier licld siudy in Oban, 65 km Jeom Calabar (w here the present study was
caerted out), we conlirmed the eatstence of in vivo CRPI" (Ekanem et al., [990)- The
present study compmued (n vivo and in vitro tests, and showed a goxd correlation
beiween 1n vivo and in vitro levels of resistanee. Previous sludies in Afnca (Teklchac-
manot. [986) reported a good corrclaion between tn vivo and 1n vitro tests. In 6 oul
~ of 7 patients with parasites showing in vitro CRPF, in vivo resistunce was also
~ obsenved. However, Walker ctal. (£983) from Ibiadan, Nigena found that CQ absorp-
tron was morc vansble in infected children than tn non-infected volunteers: 1L s
-ﬂ_:.grcfon: us¢ful 10 support the i vivo result wath 1n vitro tests.
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Somec inleresting indis 1dud vanations were obscned in this study. fsolales from
n five m?mh-o!d baby and a flve year.old child were found 10 sthow high grede in
vilro resislange, bul both children hod a compleic cure in vivo. Spencer et al. (198))
made similar observations in children aged beiween 6 and 24 months=Fhe five month-
ol baby in this study may still have jad passive immumaty acquired from her mother.
which played a modilying rofc in the immunc cesponse. Similarky, two chddren did
not respond 10 C25 in vivo. but the isolates from them were sensitive In viro,
Incidentally. 1these 1wo children are siblings. We did not detect any gastro.antestinal
disturbances in these children duning thie siudy which might bave explaincd a posidk
~deficiency' 1n CQ absorption in them (Walker cl al . 1983).

In 1986/87 clinicians in. Calabar had begun 10 espencace increasing dilficulties
with mafaria chemotherapy usmg C25, which lesk us to earry oul the ficld siudy which
‘shiowed an in vivo CRPF rate of 63%: (Ekancm ct al, 1990). The present study,
showing in vivo und in vitro CRPF levels of 53.6% and 59 3% respeciively. !'3.3?'-
R11%. as well os o high cumulative ECee of 4.6 10°* m (23 pmol jwell) (Tig. ),
demonisirales a high degree of resistance and appears lo explain the dilliculties in
malaria reatment with CQ in Calabar, Allhough environmental and hosl gencue
‘factors may play a rolc in the vanation of £ feleipurum susecpubility to CQ. °'h|"

aclors like specific and/or non-speafic ymmunologic reactions may also play a rohc.
‘A study designed 1o asscss the nature of the immunc responses clicited “"“"h:l‘
cmerging Nigerian strains of CRPPF in Nigerians is d“!"b" s““h N“ “:‘i‘:y :‘p:c'alll;
10 explain further the apparenily worsening malana siluation in Nigena,

in the South-Eas
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