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Abstract

The research scenario for malaria has improved in the last three decades to understand the epidemiology and
host immune responses to plasmodial infection. Due to the augmented episodes of resistance development a-
gainst the commonly used antimalarials in plasmodium parasites, especially in Plasmodium falciparum, neu-
tralization of infection through effective vaccine(s) remains the feasible alternative in malaria control. In this
direction, lot of attention was paid towards the identification of stage specific malaria antigens targeted by host
§ immune system. Preparation of synthetic or recombinant peptides and evaluation of their immunogenecity in
naturally occurring antibody response were also given much importance, as these studies could help in finding
potential candidates for future malaria vaccine(s). Attention was also paid on the pathogenic consequences of
antibody formation in malaria infection as polyclonal activation of B cells, which is a very prominent feature in
malaria infection. Formation of circulating immune complexes in chronic malaria infection was also viewed as
pathogenic parameter of severe malaria. The present survey focuses mainly on protective and pathogenic aspects
of malaria antibodies ( eliciting against various stage specific antigens), and future research plan in antibody-
mediated immune response.
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INTRODUCTION

in human follow a very complex life cycle involving
distinctly different developmental stages with large

People living in malaria endemic areas, acquire clin-
ical immunity gradually after repeated infections in

121 This immunity is

an age dependent manner
however not sterile, a low-grade parasitemic condi-
tion ( premunition) persists for prolonged period.
Small children (6 months - 14years), non-immune
adults ( travelers visiting endemic areas) and preg-
nant women living even in endemic areas however
dont acquire clinical immunity: they are always at
high risk to contract malaria"'.

The malaria causing parasites, i.e, Plasmodi-

um falciparum, P. vivax, P. ovale, and P. malarae
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numbers of antigenic proteins'’'. The effector mech-
anism of protective immunity in the inhabitants resi-
ding in stable, unstable and epidemic prone malaria
areas is not clearly known. Naturally exposed indi-
viduals however shown to elicit both humoral as well

71 Important

as cell mediated immune responses
protective role for innate resistance in malaria has al-
so been documented. Development of innate resist-
ance in population living in intense transmission zone
was postulated to be acquired in the form of altered
genetic setup after prolonged interactive exposure to
malaria parasites through natural selection pressure.
Protective role for innate immune system such as
monocytes/macrophases and complement mediated
effector limbs have also been ascribed in malaria '*'.
Antibodies have primarily been shown as the

main immune effectors against the erythrocytic stages
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of plasmodium ( the major causative agents for the
development of acute clinical symptoms) "', In ad-
dition, antibodies against the antigens expressed in
liver stage, on the surface of erythrocytes and in sex-
ual stage have also been demonstrated to play role as
immune effectors, indicating pivotal role of antibod-
ies in evoking antimalarial immune response'* '°'* .

A detailed knowledge of antibody response is
thus valuable in malaria vaccine development and
control. Identification of reliable and reproducible
immune correlates of protection against malaria and
also recognition of the pathogenic potential of the an-
tibody mediated reaction is very important in the de-
velopment of effective vaccine as well as evaluation
of efficacy of chemothereuptic agents. The present
review is therefore aimed at to understand the protec-
tive as well as pathogenic immune mechanism of an-
timalarial antibodies in human.

ANTIMALARIAL ANTIBODY

In antibody mediated immune mechanisms, elimina-
tion of pathogens/antigens from the blood circulation
and extravascular sites is executed through specific-
ally formed antibodies produced against invading
parasites/antigens'”' . Antibodies first bind with
these antigens, according to their degree of affinity/
avidity and form antigen-antibody complexes (im-
mune complexes). Antibodies present in immune
complex ( IC) acquire some new biological func-
tions, such as activation of complement system and
deposition of activated components of complement on
ICs. That leads to the opsonization of ICs, which are
further taken up by phagocytic system, then via pro-
duction of reactive oxygen species (ROS) and oxida-
tive stress are cleared from the body.

Antibodies are a group of glycoproteins called
immunoglobulins ( Igs). They are present in serum
and tissue fluids and are produced by activated B
lymphocytes called plasma cells”in response to the
non-self antigens and antigens of infected organisms
or pathogens ', Depending upon the immunochem-
ical nature of antigen, i.e. T cell independent or T
cell dependent antigens, B cells produce antibody
either independently or take T cell help in producing
antibodies. The basic structure of Igs is composed of
four-chain polypeptide molecule, two light chains,
and two heavy chains, linked together by disulphide
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bonds. Five distinct classes of Ig (ie, IgG, IgM,
IgA, IgE and IgD) and some subclasses known as i-
sotypes (ie, four isotypes of IgG: IgG1, IgG2, IgG3
and IgG4 and two isotypes of IgA: IgAl and IgA2)
have been recognized in higher mammals'"'. Differ-
ent classes of antibodies execute different types of
functions depending upon their anatomical sites of
production in the body and immunochemical nature
of eliciting antigens. For example, lIgG is mainly
present in blood circulation and also in extra vascu-
lar sites and constitutes major antibody of secondry
immune response: IgA type of antibodies is present
in blood in low percentage, and mainly present in
seromucous secretions such as saliva, colostrum,
milk, tracheobronchial and genito-urinary-secre-
tions: IgM is largely confined to intravascular pool
and is the predominant early antibody response dur-
ing an infection: IgD is present in large quantities on
the membrane of many circulating B-lymphocytes
and probably play role in lymphocyte differentiation:
IgE is mainly present on the surface membrane of ba-
sophils and mast cells and play role in active immu-
nity to helminthic infections and immediate type of
hypersensitivity ).

In malaria infection, vast amount of antibody
related research work has been published in the last
three decades highlighting their detection methods.
For example: antibody responses against various
stage specific antigens, such as sporozoites, ( the
preerythrocytic or liver stage), merozoites, ring
stage, schizonts, (the asexual erythrocytic stages),
gametocytes ( the sexual stage) and P. falciparum
antigens expressed on the infected erythrocytes (IR-
BC), could be detected by immunofluorescence, en-
zyme linked immunoabsorbant assay ( ELISA), im-
munoblotting and flow cytometry methods. The
stage-specific antibodies help in evaluation of immu-
nogenecity and characterization of antigenic mole-
cules, mapping of their B-cell/T-cell epitopes for
the development of effective vaccine, preparation of
recombinant/chimeric protein containing P. wvivax/
P. falciparum vaccine candidates and their role in

. . 10-12
protective immune response L0121

Protective role

The life cycle of malaria parasite and involve-
ment of various stages in development of immunity
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are shown in Figure 1. The protective role of natu-
rally acquired antibodies in malaria immunity has
been demonstrated since the early sixties'''. For ex-
ample, 1) Passive transfer of Igs from malaria im-
mune individuals to P. falciparum infected patients
and consequent induction of antiparasitic effect and
reduction of parasitemia and improvement in clinical
condition of acutely infected children after the ad-
ministration of purified IgG'™''; 2) Induction of
protective response in Aotus monkeys challenged
with P. falciparum with human IgG from immune in-
dividuals'™; 3) Inhibition of parasite development
by antimalarial cytophilic antibodies in Saimiri mon-

191 " All these indicate protective

keys and human
role played by antimalarial antibodies. Moreover in-
hibitory effects of antimalarial IgG ( collected from
diverse geographical areas, as East and West Afri-
ca, Papua New Guinea, Thailand, Vietnam and

China) on parasite growth also indicate important

protective role played by antibodies' . Inspite of all
these observations, the actual mechanism of antibod-
y-mediated protection is still not clear. It has been
opined that antibody mediated immune protection in
malaria, may include several pathways and ac-

U7 For example: 1) Inhibition of intrahepato-

tions
cytic development of sporozoites by antisporozoite an-
tibodies'"™; 2) Blocking of parasite invasion of e-
rythrocytes'™ ; 3) Antibody mediated agglutination of
merozoites, thereby preventing reinvasion of erythro-
cytes”'; 4) Antibody dependent cytotoxicity of para-
sitized erythrocytes!'”; 5) Blocking of the activity of
parasite toxins ie, antibodies against parasite anti-
gens inducing TNF-a production in P. vivax and P.
falciparum infection have shown to block TNF-a pro-
duction!”?"'; 6) Inhibition of merozoite dispersal af-
ter schizont rupture through opsonization and phago-
cytosis and thereby prevention of sequestration of
these cells to capillary endothelium and resulting in-
to enhanced removal via spleen and other tissues of

reticuloendothelial system'™; 7

) Killing of free mer-
ozoites through antibody mediated release of soluble
mediators by monocytes ( Igs from clinically immune
African adults were shown to induce human mono-
cytes to release TNF alpha and subsequent inhibition
of parasite growth via the antibody dependent cellu-
lar inhibition (ADCI) process!'**'; 8) Binding with
exflagellating gametes in the midgut of vector mos-
quitoes and inhibition of fertilization and oocyst de-
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velopment '**!; 9) Inhibition of sequestration of par-
asite laden RBCs at the placental sites in pregnant
women and protection in multigravid women in en-

. [25,26]
demic areas

Transplacental transfer of IgG
from the mother to the foetus was shown to be at least
in part responsible for the resistance to malaria in
newborns. Recent evidences showed an association
between antibodies recognising antigens on the infec-
ted erythrocytes in placenta and protection against

1261 A study conducted in infants

maternal malaria
(P. falciparum hyperendemic area of Western Ken-
ya) highlighted antibody responses to circumsporozo-
ite protein ( CSP), liver stage antigen-1 ( LSA-1)
and merozoite surface protein-2 ( MSP-2) repeat
epitopes in assessing transplacental transfer of mater-
nal antibodies and their role in protection '*’).

The results of these studies on correlation be-
tween antibody titres and protection from P. falcipa-
rum infection showed: 1) Age-related responses
(90% individuals (10-30 years) had anti-sporozoite
and 70-80% individuals (3140 years) had anti-
merozoite/anti- IRBC antibodies) '**'; 2) Parasite
stage related protective responses( antibodies against
blood stage antigens of P. falciparum correlated with

negative blood smear) '**'.

ANTIBODIES AGAINST DIFFERENT STAGES
Liver stage

Antibodies induced against irradiated sporozoites
were shown to enhance sporozoite clearance, induce
phagocytosis by macrophages and inhibit sporozoite

penetration into hepatocytes' > .

Antisporozoite anti-
bodies were shown to inhibit intrahepatocytic devel-
opment of sporozoites'™ . Anti-CSP antibody re-
sponse measured in non-immune individuals ( infec-
ted with P. falciparum malaria) showed 36.4% se-
ropositivity during the first 7 days after the onset of
symptoms and decreased steadily thereafter' ™. Anti-
bodies to sporozoite and liver stage antigen ( SAL-
SA), sporozoite surface protein (STARP) and liver
stage antigen-3 ( LSA-3) were shown strong inhibito-
ry activity in vitro. Presence of high levels of anti-
CSP, anti-LSA-1, and anti-thrombospondin related
adhesive protein (TRAP) IgG class of antibodies was
correleted with decreased risk of infection. High lev-

els of IgG to CSP, LSA-1 and TRAP were thus

shown to be good immune correlates of protection a-
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gainst P. falciparum infection. Anti-TRAP antibod-
ies (evoked against a conserved motif peptide se-
quence of P. falciparum TRAP) were shown to in-
P12 Antibody re-
sponse to CSP measured in low endemic area showed

low prevalence rate'*” .

hibit merozoite invasion in vitro

Blood stage

Antibody response against the merozoites, the inva-
sive stage of asexual blood stage was shown to play
an important role with regard to parasite neutraliza-
tion. Immune response against three main categories
of merozoite associated antigens, such as 1) proteins
anchored on the surface membrane ( MSP-1, MSP-2,
MSP-4); 2) soluble antigens associated at merozoite
surface (MSP-3, GLURP, SERA, ABRA and S-an-
tigen) ; 3) antigen present in the apical organelles of
the merozoite ( rhoptry antigens, RAP-1 RAP-2,
RAP-3 apical merozoite antigen-1 ( AMA-1), mi-
croneme antigen ( EBA-175), dense granule anti-
gens ( Pf155/RESA, RIMA) were shown to exert
protective effect by blocking erythrocyte invasion
process. Antibodies were shown to form immune
clusters of merozoites by entering into leaky erythro-
cyte membrane at the time of schizont burst and pre-
venting their dispersal. Antibodies produced against
antigens on the surface of merozoites such as MSP-1,
MSP-2, MSP4 ( anchored in the merozoite plasma
membrane by a glycosylphosphatidylinositol, GPI

I Antibody preva-

moiety) shown to be protective
lence to MSP-1 showed no correlation apparently
with clinical immunity. However, high antibody lev-
els to MSP-119 ( epitope for inhibitory antibody)
have been shown to be associted with protection from
clinical malaria and severe parasitemia. Short lived
IgG and IgM peaks of anti MSP-119 antibodies were
observed in infants in their first year of life, and pro-
tection against parasitemia and febrile illness was al-
1434301 " Anti-MSP-2 antibody

response has been shown to be directed against its

so observed in infants

both polymorphic and conserved regions. However,
antibody response to conserved region of MSP-2 gen-
erally develops after prolonged exposure to malaria
and was shown to be associated with reduced anemia
and less febrile condition'**”. Individuals with P.
falciparum infection showed increase in IgG3 anti-
body response against MSP-2 and schizont stage.

<72 .

Anti-MSP-3 IgGl and IgG3 isotypes developed a-
gainst P. falciparum showed anti parasitic properties
in an antibody dependent cellular inhibition as-
say! 1

The presence of high IgM antibody levels a-
gainst haemozoin among the complicated P. falcipa-
rum patients showed an inhibitory effect on the pro-
duction of monokines TNF-a and interleukin-1{ sug-
gesting that the anti-haemozoin IgM antibodies may
have an anti-disease effect'™ . In non-immune P.
falciparum malaria patients, antibody responses to
merozoite stage antigens were observed in 89. 1% in-
dividuals during the period between days 8 and 90
after onset of symptoms and decreased steadily there-

101 Antibodies directed against serine repeat

after
antigen ( SERA) and, acidic basic repeat antigen
(ABRA) were shown to form immune clusters resul-
ting into inhibition of merozoite dispersal in parasite
cultures. This was shown to be mediated via antibod-
ies inhibiting the proteolytic activity of SERA and
ABRA antigens. Clinical protection was achieved in
children living in hyperendemic malaria areas in Ga-
bon and Cameroon by elevated levels of antibodies
measured against schizont extract, merozoite surface
antigen-2 ( MSA-2) and RAP-1 peptides Y. Anti-
body responses to high and low protein complexes of
apical organelle of merozoites were shown to be pro-
tective!” . IgG class of antibodies to RAP-1 were
found to be associated with decreased level of para-

41 Protective role of

sitemia in Tanzanian children
antibodies to AMA-1 has also been demonstrated.
IgG response to AMA-1, MSP-119 in Gambian chil-
dern was found to be associated with recovery from
chloroquine-resistant P. falciparum infection'*'.
Association between HLA class II alleles and levels
of antibodies to RAP-1 and RAP-2 has also been
demonstrated. This indicates that HLA influences
antibody responses to vaccine candidates. Antibodies
developed in rabbits against erythrocyte binding anti-
gen ( EBA-175) were shown to block binding of
EBA-175 to erythrocytes, thus inhibit merozoite in-

" In individuals living in malaria endemic

vasion
areas, the prevalence of naturally acquired antibod-
ies found to be relatively low, only in 30% adults.
Antibody response against the antigens of dense

granules such as Pf155/RESA was shown to be in-

[44]

volved in parasite neutralization'™ . IgG response to
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P. falciparum ( young trophozoites and mature schiz-
ont stage antigens) measured in an endemic area of
Indonesia showed correlation with level of endemici-
ty. Anti-RESA antibody was shown to be more pro-
nounced in the aparasitemic group comparaed to the
parasitemic group, whereas anti- schizont antibody
was more pronounced in the parasitemic group. An-
tibody responses to P. wivax reticulocyte binding
protein 1 and 2 ( PvRBP1 and RBP2) and Duffy
binding protein ( PvDBP) were shown to be correla-
ted with malaria exposure in terms of previous infec-
tion and time period spent in endemic area and age
of inhabitants45. Naturally acquired antibodies to
P. wivax PvDBP-RII could inhibit in vitro binding of
merozoites to RBC'*. Several studies have shown e-
licitation of anti-GPI antibodies in people living in
endemic areas in age dependent manner'*"**'. Anti-
GPI 1gG3 antibodies were found to be short lived and
low level of IgG1 were also reported . Antibodies
to P. wvivax antigen, pv200 were measurable in the
sera after transmission to evaluate persistence of an-
tibody in a rural community of Brazil exposed to P.
vivax outbreak ( transmission intrupted by chemother-
apy) . Sera showed anti pv200 IgG positivity in 47%
after 7 years and the levels of antibodies were shown
to decrease with time in all positive subjects™.
Clinical immunity was suggested to be correlated
with qualitative change in age dependent switch from
non-cytophilic IgG2 to cytophilic IgGl and IgG3
subclasses, as cytophilic antibodies can bind with
human monocytes and macrophages via Fc-y R1 and
RII receptors, and this leads to opsonization and
phagocytosis and antibody dependent cellular inhibi-
tion reactions''*>"

Individuals experienced with malaria showed a
wide profile of antimalarial antibodies. Patients with
acute P. falciparum malaria during an epidemic out-
break were found to contain high levels of IgM and
low levels of IgG type of antibodies'™ . Childern (3-
12years) with acute malaria infection showed elevat-
ed levels of IgM and low levels of IgG antibodies'™ .
Clinically immune adult Africans were shown to con-
tain cytophilic IgG antibodies, while non-immune
patients were shown to contain high levels of non-cy-
tophilic (IgG2) antibodies during their primary ma-
laria attacks. Sera with high antibody titres to para-
site antigens were shown to contain IgM and IgGl,

(©)2008. Asian Pacific Journal of Tropical Medicine.
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IgG4 subclasses whereas sera with low titre were
shown to contain IgM, IgGl and IgG3 subclas-
The cytophilic antibodies IgGl and IgG3
were shown their predominance in protected sub-

SBS[M] .

jects, while noncytophilic IgG2 and IgM classes or
overall low levels of antibodies were shown in unpro-
tected children"">"

antimalarial IgA and IgE class of antibodies were al-

Besides these, high levels of

so reported in individuals with repeated attacks of

.. [55.56]
malaria in an age dependent manner .

Variant surface antigens on infected RBCs

Antibodies to P. falciparum antigens expressed on
the surface of IRBCs, such as P. falciparum erythro-
cyte membrane protein-1 ( PIEMP-1), sequestrin,
Pf332 have been attributed to exert several protective

14571 Antibody mediated opsonization of IR-

actions
BC and thereafter phagocytosis by monocytes/macro-
phages, complement dependent lysis of IRBCs,
blocking of cytoadherence of IRBCs to endothelial
cells and clearance via spleen. PfEMP-1 is a high
molecular weight 200400 kDa polymorphic polypep-
tide of multigene var family, and prominently invol-
ving in endothelial adherence is considered as the
principal target of anti-variant surface antigens
(VSA) antibodies. The antibody response against
the PIEMP-1 was shown to agglutinate IRBCs in a
variant specific manner. Building up repertoir of an-
ti-PfEMP-1 antibodies, following the multiple epi-
sodes of clinical malaria in children have been shown
to correlate with protection against parasite variants.
Study carried out in Gabonese adults and children
showed prevalence of IgG3 antibody ( cytophilic) re-
sponse to Pf EMP-1 and age related increase in 1gG2
isotype (non cytophilic) to the anti-VSA™ . Anti-
bodies to rifin proteins (a second polymorphic para-
site derived family of antigens that are inserted into
the infected erythrocyte membrane) were also found

99 A cor-

in elevated levels in exposed populations
relation was found between transmission intensity
and levels of VSA specific IgG antibodies in individ-
uals of African countries ', Antibodies to PFEMP-
1, rifin were found to be absent or infrequent at the
time of malaria attack but were found to enhance and
remain in circulation after the treatment. However

the profile of antibody to variant surface antigen ex-

<73 .
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pressed by the heterologus parasite isolates showed
no such consistent pattern et

In pregnant women, IRBCs bind with chondro-
tin sulfate-A ( CSA), the hyaluronic acid receptors
of placenta through PfEMP-1 antigen resulting into
heavy sequestration in placental space. In multigrav-
id women residing in endemic areas, antibody re-
sponse against PFEMP1 was shown to exert protec-

t'?!. Study conducted in Sudan showed age

tive effec
dependent increase in antibody levels. Affinity puri-
fied human and rabbit anti-Pf332 antibodies were
shown to exert inhibitory effect on the growth of P.
falciparum in vitro. Inhibitory effect was shown to be
on intraerythrocytic development of parasite and was
increased on addition of normal human monocytes in-
dicating Pf332 antigen as target of opsonizing anti-
bodies. However in another study, immunization of
non-immune monkey (to malaria) with combination
of recombinant fragment of Pf332 and other recombi-
nant P. falciparum antigen showed protective effect
in the absence of opsonizing antibodies '*'. Antibod-
ies to the PFAARP1 ( aspargine and aspartate rich
protein-1) , another giant protein (700kDa) present
in the membrane of IRBCs was shown to be opsoniz-
ing in nature. Antibody to the infected erythrocyte
surface antigen develops after symptomatic malaria
infection was shown to be associated with protection

against infection in children and adults '**'.

Sexual stage

Studies on the natural immune responses to the sexu-
al stages of malaria parasites have revealed that anti-
bodies against the sexual stages i. e. gametocytes
and gametes are readily evoked by natural course of

3 o a
Lesr antibodies were

infection Anti-gametocyte
shown to suppress infectivity at high concentration,
whereas at low concentration enhance the develop-
ment of the parasite in the mosquito. The potential
targets of anti-sexual stage immunity can be grouped
in two parts: 1) Antigens present on the gametocytes
and 2) antigens present on the zygotes/ookinetes
(mosquito stages). The sexual stages are known to
be pathologically inert to host. Antibody responses
against the P. falciparum protein doublet of 48/45
and Pf230 expressed on the gametocytes have been
demonstrated' """ . Antibodies to P. falciparum game-

tocyte antigen Pf 48/45 were demonstrated in Papua

.74 .

New Guinea ( recognizing epitopes I, Ila, III and
IV) population "', Antibodies to transmission bloc-
king vaccine candidates Pv25 and Pv28 (sexual sta-
ges) prevent further development of gametocyte stage
into zygote/ookinetes in mosquito vector, thus inhib-

t ', Monoclonal antibodies

iting oocyst developmen
to a Pfs2400 ( gametocyte specific antigen) were
found to reduce infectivity of gametocytes. Naturally
occurring anti-Pfs2400 antibodies were found to be
short lived and mostly appeared in those individuals
who had multiple malaria episodes and were gameto-
cytemic at the time of blood collection'®'. Anti
Pfs230 antibodies were shown to initiate antibody de-
pendent complement mediated lysis "%, Antibod-
ies to Pfs48/45 were shown to block fertilization.
Monoclonal antibodies to Pfs27/25 (a highly abun-
dant antigen, expressed throughout gametocytogene-

sis) and cross-reacting with denatured and reduced

Pfs230 and Pfs48/45 have shown to reduce parasite

infectivity of mosquitoes'*”

. Polyclonal antiserum to
Pfs25 was found to interfere with zygote development
but monoclonal antibodies to the same protein were
shown to inhibit the ookinete development. Fusion
protein of Pfs25 and Pfs28 has been considered as

vaccine candidate due to its induction in tranmission
blocking activity by high antibody titre.

PATHOGENIC ROLE

The pathogenic implications of antimalaria antibodies
revealed through research studies, which include
polyclonal activation of B cells in malaria'®'. The
exact cause of polyclonal activation in malaria is not
known. The presence of extensive repetitive regions
in the most antigenic protein of malaria parasite,
with T cell-independent characteristics may cause in-

duction in polyclonal antitibody response '™

. Figure
2 describes immune mechanisms ( both innate and
acquired) and formation of immune complexes in an-
tibody excess. Many studies have identified the pres-
ence of B-cell epitopes in the repeats of CSP, LSA-1
and MSP-2 of P. falciparum, which causes poly-
clonal activation of B cells without any participation
of T helper cells. Whatsoever the reason, the poly-
clonal activation of B-cell has been implicated with
immunopathology in malaria, as it involves in several
pathological phenomena, such as, production of

polyclonal antibodies , autoantibodies , formation of
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immune complexes (ICs), circulating immune com-
plexes (CICs) and anaemia'”"'. Presence of CICs
and deposition of ICs in tissues has been shown to be
a pathogenic process mediated via type Il hypersen-
sitivity. Presence of elevated levels of CICs have ex-
tensively been studied and demonstrated in malari-
a7 Individuals residing in malaria endemic area
of India were shown to contain elevated levels of an-
tiplasmodial circulating immune complexes contai-

ning both IgM and IgG antibodies '™
plexes were shown to cause tissues injury by trigge-

. Immune com-

ring inflammatory reactions in malaria. Histological
findings in infected children showed thickening of
capillary wall and segmental glomerular sclerosis
leading to glomerular damage and secondry tubular
atrophy in chronic kidney lesions ( characteristic of
quartan malaria) . Deposition of Igs and complement
in the walls of glomerular vessels were detected in
the vast majority of cases and presence of P. malari-

72, 75

ae antigen was also observed ! Activation of

complement system has also been observed in malari-
a ™. Observation of reduced levels of C3 and C4
components of complement system in individuals re-
siding in endemic area has been shown to indicate
complement activation via classical pathway. Immu-
noglobulin complex deposition in placentas in P. fal-
ciparium infected pregnant women in Malawi and Pa-
pua New Guinea have been demonstrated' ™. In pla-
cental studies, high deposition of ICs in Papua New
Guinean women and IgE type of antibodies were ob-
served in the fetal blood vessels. However all pla-
centas with deposition of IgEk in fetal blood vessels
showed no sequestration of parasite in intervillous
spaces. Children with severe malaria associated ane-
mia and cerebral malaria were found to contain sig-
nificantly higher levels of immune complexes. An in-
verse relationship was observed between hemoglobin
levels and immune complex levels in patients with
severe anemia' """, Children who developed cere-
bral malaria were found to contain high levels of an-
timalarial antibodies, indicating that cerebral malari-
a may be an immune-mediated disorder. Involvement
of ICs in the pathogenesis of cerebral malaria is
mainly observed in experimental animals, in human
cerebral cases, low levels of complement were also
reported, and was viewed that CICs may damage cer-

[79-8] " The exact mechanism of ICs me-

ebral vessels
diated injury is not known however the sequence of

steps in initiation of clinical lesions has been re-
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viewed recently'®'! .

Role of antibody response in the
pathological features of placental malaria is not
clearly known, however pathological changes in par-
asitized microvilli such as cyto-trophoblast focal syn-
cytiotrophoblastic necrosis, loss of syncytial mi-
crovilli and irregular thickening of trophoblastic
membrane, mononuclear cells containing pigment,
increased amount of Clq, C4, C3, C9 ( complement
components) , fibrinoid fibrinogen and plasmin indi-
rectly point towards the role of depositing comple-
ment components and immunoglobulins. Presence of
antimalaria Igk antibodies in malaria infection is an
indication of pathogenic role as Igk containing im-
mune comlexes were found to induce I1L4 production

in human basophils and thought to affect Th-1/Th-2
lymphocyte balance in malaria'**'.

Production of autoantibodies against normal e-
rythrocytes and their role in pathogenesis of hemoly-
sis and anemia has been reported in malaria''"*'"".
Presence of antibodies to components of the central
nervous system ( CNS) during malaria infection has
also been documented'*'. Antibodies to the voltage-
gated calcium channels have been shown to increase
with the severity of malaria infection in Kenyan chil-
dren. Formation of autoantibodies to nuclear, double

stranded DNA, histone,

myeloperoxidase, proteinase-3 and lactoferrin have

cytoplasmic neutrophil,

been observed in P. falciparum as well as P. vivax
infection'*".

Presence of anaemia is a very common feature
of malaria infection. Whether this is due to de-
pressed rate of erythropoiesis or due to the immuno-
logically mediated hemolysis is not clearly known.
However, based on certain observations it is believed
that anaemia may be caused by the destruction of in-
fected erythrocytes during schizont rupture, due to
removal of uninfected erythrocytes and due to sup-
pression of bone marrow, since supply of new red
It is known that the eryth-
rocyte life span is reduced in malaria patients'® .

cells is also impaired ™.

Cause of erythrocyte destruction has been ascribed to
various factors, such as schizont rupture, hyper-
splenism, and loss of antioxidant function of erythro-
cytes, complemented mediated lysis or opsonization
for phagocytosis due to surface Ig binding. Role of
complement activation and erythrophagocytosis in the
pathogenesis of anaemia in falciparum malaria in Af-
rican childern has been documented'™ . Malaria an-

tigens are present on the surface of parasitized eryth-
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rocytes and also soluble antigens of parasite present
in plasma are absorbed onto the surface of erythro-
cytes and these can react with antibodies. In addi-
tion to this, there is also a possibility that immune
complexes formed outside the cells can adhere to the
surface of red cells. Antimalarial therapy may in-
crease the supply of antigens from dying parasites
and augment the formation of IC. Such situation can
further perpetuate hemolytic activities.

The role of spleen in malaria immunity is very

important'®'.

Enlargement of spleen during malaria
(splenomegaly) has been used as a measure of ma-
laria endemicity. It has been opined that the primary
immune response against blood stage parasites may
occur in the spleen. While serving as a mechanical
filter for removal of immunologically modified para-
sitzed or unparasitized erythrocytes, it also serves as
a primary site of erythropoiesis. During the malaria
infection the number of antibody producing B-cells in
spleen is increased: recruitment and activation of T
cells is also increases. The pathogenesis of spleno-
megaly is also thought to be antibody-mediated disor-
der. The exact mechanism of splenomegaly is not
known. However elevated level of IgM class of anti-
bodies was observed. Roles of genetic factor (s) and
impaired suppressor T-cell functions were also sug-
gested. Impaired T cell function results into poly-
clonal B-cell expansion, thus causing over produc-
tion of IgM and that may be the major cause of
spleen malfunction in chronic malaria in children.
Studies conducted in Nigeria and Uganda in Africa
and in Papua New Guinea confirmed the polyclonal
type of IgM antibody production in splenomegaley.
However malaria antigen-specific antibodies repre-
sented only small proportion of IgM, the remaining
part contains different autoantibodies with high prev-
alence of rheumatoid factor type of antiglobulins and
cryoglobulins'™' .

It is documented that during malaria infection,
initially low affinity antibodies are produced. The
exact reason for this is not known, but it has been
proposed that the immunodominant repeat regions
present in plasmodium antigens are responsible for
producing T-cell independent immune response in-
cluding low affinity and non-neutralizing antibodies,
thus inhibiting the process of protective immune re-
sponse maturation in malaria. Hypothetically it may
be believed that these low affinity antibodies may
lead to the formation of low affinity CICs, as thor-
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ough clearance of these antibodies through reticulo-
endothelial system may not be possible due to poor a-
vidity binding properties. Besides this, in chronic
malaria situation with persistent infections, formation
of immune complexes can take place, leading to
deposition of complexes in the tissues, which may
further cause the hypersensitivity type Il reactions.

LOOKING AHEAD

Inspite of availability of so much research data,
many aspects of antimalarial antibodies are still need
to be investigated. For instance, the onset of acute
malaria infection evokes production of IgM class of
antibody in non-immune individuals living in the epi-
demic prone area and suffered from epidemic out-
break is not clear. Moreover the parasitic antigens,
which evoke the production of IgM type antibodies
and their role as either protective in nature or patho-
genic ( inducing inflammatory reactions), are not
known. Whether the same IgM producing B-cell
clone further differentiates into IgG producing cells
by the immunoglobulin class switch process ( switc-
hing of IgM to IgG class or sub classes IgG1, 1gG2,
IgG3 and IgG4) or separate B cell clones are genera-
ted (primed by separate antigen sets) for maturation
of immune response is also not known.

Protective nature of antibodies may be ham-
pered by competition between non-specific and spe-
cific moieties for binding to antigenic epitopes,
thereby causing reduction in the efficacy of antibod-
ies. How to increase the duration of short-lived anti-
bodies, which are thought to be protective to reinfec-
tion? The stage-specific antigens, which may be the
important mediators of antiparasitic responses with
protective property, need to be identified in both P.

1 " Further studies are nee-

vivax and P. falciparum
ded for demonstrating longevity of antibody secreting
B cells against malaria infection, as shown in P. fal-
ctparum malaria, the persistence of antibodies even 8
years after first exposure. From the vaccine point of
view: 1) The antigens, responsible for significant
protective antibody production, are very important
for further investigation as they exhibit high immuno-
genic potential and are recognized by immune system
at a very short exposure time. The dose of parasite
inoculum (‘antigen) and relative link between age of
human host and antibody elicitation pattern are cru-
cial factors and need to be investigated to understand

e 77 .
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antibody mediated immune response; 2) In malaria
infection, so far no data is available regarding para-
site antigens, which induce cytophilic type of anti-
bodies for effective neutralization of parasites.
Therefore, study needs to be done to characterize
parasitic antigens eliciting cytophilic type of antibod-
ies in the light of efficacious vaccine development; ;
3) The parasite stage-specific antigens, which cause
polyclonal activation of B cells and produce antibob-
odies of several classes and form immune complexes,
which in turn cause pathogenic reactions, such as
hemolytic aenemia and related complications need

P11 Attention also needs to be

thorough investigation
focused on parasitic antigens expressed on infected
RBC;4) It is important to know that how host im-
mune response, especially antibodies against asexual
blood stages can influence process of gametocytogen-
esis, as host immunity to rising asexual parasitemia
has been correlated with both increased and de-
creased gametocytaemia. In addition, lymphocytes
and serum taken from P. falciparum-infected Gambi-
an children increased gametocyte production both in-
dependently and in an additive manner'””'; 5) Fur-
ther studies in various endemic situations are re-
quired to understand the association between produc-
tion of IgE type of antimalarial antibodies and induc-
tion of tumour necrosis factor alpha in malaria'™;
6) The effect of immune responses, mediated by ei-
ther mixed population of plasmodia species or by oth-
er concurrent infections, on the antibody production
in malaria infected patients need to be studied, as
malaria endemic areas are also infested with several
devastating diseases, such as waterborne disease,
tuberculosis, AIDS and helminthic infections'®" . In-
fection with HIV has been shown to increase the risk
of malaria infection in pregnant women. Interference
of HIV in elicitation of antibody response against va-
riant surface antigen of P. falciparum increases sus-
ceptibility to malaria™'; 7) Furthermore, there is
no report available in declining of B-cell response
and antibody production in malnourished/undernour-
ished individuals, rather elevated levels of antibody
production was observed in malnourished individu-

als'™

Whether, prevalence of antibodies in indi-
viduals in malnourished or starved condition is pro-
tective or pathogenic, remains to be investigated.
Such studies will be meaningful in relation to com-
munity, who are poverty-stricken or live in impover-

ish condition.

.78 -

Further study is required on the formation of
CICs in antigen/antibody excess, elevated levels of
CICs in individuals residing in malaria endemic are-
as and their implication in disease like malaria.
Whether ICs play any role in immunosuppression as
observed in mycobacterial infection'””’. Why CICs
(including IgE containing IC) persist in circulation
for prolonged periods and how it can be prevented?
Whether the immune complex neutralization capacity
of complement system ( especialy through alternative
pathways) in malaria is impaired? Whether elicita-
tions of non-cytophilic anti plasmodial antibodies
contribute in formation of high amount of CIC? Fo-
cussed attention on all above points would help in
categorize the role of antibodies for the benefit of
host or parasite.
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