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O P I N I O N

Antibody-based therapies for malaria
Richard J. Pleass and Anthony A. Holder

Abstract | Antibodies are multifunctional 
glycoproteins that are found in blood and 
tissue fluids, and can protect against malaria 
by binding and neutralizing malaria parasites 
and preparing them for destruction 
by immune cells. Important technical 
advances mean that it is now possible to 
synthesize antibodies against important 
Plasmodium antigens that could be used 
for therapeutic purposes. These reagents 
could be designed to act like a drug and 
kill parasites directly, or could be used in 
vaccine strategies to protect individuals 
from infection. In this article, we discuss the 
possible therapeutic uses of antibodies in 
the treatment and prevention of malaria.

Despite control efforts, malaria continues to 
kill ~2–3 million people each year, 75% of 
whom are children, and the latest estimates 
suggest that malaria still kills more people 
than HIV1. The important human malaria 
parasite Plasmodium falciparum has devel-
oped resistance to cheap and previously reli-
able drugs such as chloroquine, and few new 
drugs are in development. Although a vac-
cine against malaria is the ultimate goal, its 
development has been beset with problems, 
and the search for alternative therapies has 
now begun to assume greater importance.

The recent publication of the P. falciparum 
genome sequence has given researchers 
the ability to begin to analyse which mol-
ecules are important targets of protective 
immunity2. Immunoglobulins (Igs) have 
an important role in immunity to malaria, 
and the passive administration of human 
Igs from hyperimmune sera can be effective 
at controlling the disease3,4. However, the 

difficulty in finding immune donors and 
the risks associated with the use of human 
blood products have necessitated the intro-
duction of recombinant techniques for the 
production of antibodies against important 
parasite molecules for use in prototypic 
therapeutic and vaccine studies.

As the direction of malaria research 
begins to shift towards questions of protein 
structure, function and interaction — in par-
ticular at the host–parasite interface — anti-
bodies can also provide important insights 
into the structure and function of key anti-
gens, for example by identifying epitopes 
that are best suited for incorporation into 
vaccines5. Importantly, because there are 
no good animal models for P. falciparum 
malaria, antibodies can offer an inexhaustible 
supply of reproducible standards for use in 
neutralization assays to provide in vitro cor-
relates of protection for the development of 
vaccines. Until now, work on human malaria 
parasites has often used antibodies purified 
from immune sera in these neutralization 
tests. However, sera contain a mixture of anti-
bodies, some with inappropriate specificities 
such as BLOCKING ANTIBODIES5,6, or can contain 
ineffective antibody classes with the potential 
to trigger ineffectual killing responses. These 
drawbacks can be averted with recombinant 
engineered human MONOCLONAL ANTIBODIES 

(mAbs), which are homogeneous with respect 
to class and target epitope.

Antibodies and effector functions
There are five classes of human Igs, divided 
into nine subclasses (IgM, IgG1, IgG2, IgG3, 
IgG4, IgA1, IgA2, IgE and IgD) and all pro-
duced by B cells. Each antibody is composed 

of two pairs of identical heavy (µ, γ1, γ2, γ3, 
γ4, α1, α2, ε or δ) and light (κ or λ) chains, 
both containing VARIABLE DOMAINS and CONSTANT 

DOMAINS (FIG. 1). The variable domains con-
tain three hyper variable or COMPLEMENTARITY

DETERMINING REGIONS, which interact with 
antigen. The heavy and light chains are 
held together by covalent and non-covalent 
bonds, forming a molecule with bilateral 
symmetry (FIG. 1). The two functional FAB 
DOMAINS have identical antigen specificity. 
The primary function of an antibody is to 
bind antigen, which in malaria can have a 
direct effect, for example by neutralizing 
malaria toxin or by preventing the parasite 
from invading erythrocytes. However, bind-
ing to antigen can also be ineffective unless 
secondary effector functions are activated. 
This is achieved through the FC REGION, 
which recruits effector function by binding 
FC RECEPTORS (FcRs), and/or complement.

There are FcRs for all classes of human 
antibodies. These receptors are widely dis-
tributed on cells of the immune system and, 
by binding to the Fc region, can couple the 
humoral immune response and cellular 
immune response7,8. FcRs can trigger or 
inhibit various cellular processes, includ-
ing phagocytosis, antioxidant production, 
ANTIBODYDEPENDENT CELLULAR CYTOTOXICITY 
and the release of cytokines, chemokines 
and other inflammatory mediators7. Most 
FcRs are structurally related and comprise 
a unique ligand-binding chain (α-chain), 
which is often complexed in the trans-
membrane region with a dimer of the FcR 
γ-chain, which is common to many FcRs. 
Effector mechanisms are signalled through 
immuno receptor tyrosine-based activation or 
inhibitory motifs present in the cytoplasmic 
regions of either the α-chain or γ-chain.

In addition, it is now known that 
anti bodies can be effective against micro-
organisms without mediating a direct 
effect9. For example, antibodies can be 
effective in controlling malaria by reduc-
ing the damage that results from excessive 
host inflammatory responses10. Recent work 
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showing that AUTOANTIBODIES AND IMMUNE 

COMPLEXES (common in malaria) drive B-cell 
responses through the pattern-recognition 
receptor (PRR) Toll-like receptor 9 (TLR9) 
supports this concept for malaria, in which 
immune-complex deposition in tissues 
causes pathology11. Understanding the biol-
ogy of the effector mechanisms recruited 
by antibodies, including FcRs, complement 
and PRRs, will be an important adjunct to 
developing optimal antibody-based therapies 
for malaria8,12.

Antibody format. Genetic engineering and 
mammalian expression systems allow the 
production of human mAbs of a defined class 
and specificity, to target protective or neutral-
izing epitopes on the parasite. However, 
passive administration of mAbs might not 
always be appropriate, for several important 
reasons. Whole antibody can potentially bind 
more than one type of FcR and drive inap-
propriate immune responses, for example 
by triggering inhibitory FcRs8. A mAb also 
has to compete with circulating antibodies 
for FcR binding. This could be important in 
malaria, as infection induces the production 
of abundant low-affinity polyclonal IgG and 
HYPERGAMMAGLOBULINAEMIA13. To circumvent 
these problems, researchers have been assess-
ing the potential of antibody-based fragments 
produced by manipulating the variable regions 
of antibody genes (FIG. 1). Single-chain variable 
fragments (scFvs) that can be formed from two 
variable regions represent the smallest anti-
gen-recognition unit that can be produced in 
eukaryotic or prokaryotic expression systems. 

By linking parasite-specific scFvs to scFvs 
that recruit human immune effectors, many 
potential therapeutic molecules can be gen-
erated (FIG. 1). In this article, we will explore 
the various antibody formats and effector 
functions that might be useful in controlling 
the malaria parasite.

Antibodies and immunity to malaria
Acquired immunity to malaria occurs only 
after many years of recurring infection and, 
although protective against severe clinical 
disease, it fails to provide sterile immunity. 
Consequently, in regions where malaria is 
endemic and transmission intensities are 
high, young children bear the brunt of the 
disease. One of the reasons that acquired 
immunity to malaria is slow to manifest is 
that clinical immunity results only after 
continued exposure from multiple infec-
tions with many parasites over time. As a 
result, high-affinity protective antibodies 
recognizing invariant epitopes of otherwise 
polymorphic antigens (arising as a result of 
ANTIGENIC VARIATION) are slow to develop.

However, the importance of antibodies in 
protection against malaria has been clearly 
shown. The most convincing evidence for 
their role in humans comes from clinical 
studies in which hyper-immune serum or 
purified Igs from adults substantially modi-
fied the course of infection, reducing peak 
parasitaemias and leading to spontaneous 
resolution when administered to sick chil-
dren3,4. Maternally derived antibodies can 
protect neonates and infants from P. falci-
parum and Plasmodium vivax infection14. In 
animal models, passive immunization with 
mAbs15–17, ADOPTIVE TRANSFER of immunity 
with B cells18 and increased susceptibility of 
B-cell-deficient hosts have all highlighted 
the crucial role of antibodies19. In clinically 
immune individuals, the naturally acquired 
anti bodies are mainly from the IgG1 and 
IgG3 subclasses20; however, there is little 
correlation between the levels of these anti-
bodies and resistance to infection or disease. 
This is believed to be due in part to antigenic 
variation and the time taken by individuals 
to develop acquired immunity. This gradual 
development of acquired immunity indicates 
that proteins that undergo antigenic varia-
tion (for example, erythrocyte membrane 
protein 1 (EMP1)) could be vitally impor-
tant21. The role of antibodies in pro tective 
immunity is not completely understood, but 
various mechanisms, including inhibition of 
merozoite invasion of erythrocytes16, anti-
body-mediated phagocytosis through FcR 
and complement22 and ANTIBODYDEPENDENT 

CELLULAR INHIBITION, are possible4,20.

Designing therapeutic antibodies
Given the evidence for a role of IgG1 and 
IgG3 in immunity to malaria, it would seem 
logical to design therapeutic anti bodies 
belonging to these subclasses. However, 
both IgG1 and IgG3 can bind FcγRs on 
cells that do not directly kill P. falciparum, 
including platelets, B cells, endothelial cells 
and even placental tissue7,23,24, resulting in 
the triggering of inhibitory FcγRIIb. This 
might benefit the parasite, analogous to the 
effect on tumour cell growth, in which pas-
sively administered anti-tumour antibodies 
enhanced tumour cell growth through 
FcγRIIb24. Another drawback of using IgG for 
malaria therapy is the high level of parasite-
induced IgG in hypergamma globulinaemia13. 
These antibodies might compete with the 
passively administered IgG for FcR occu-
pancy, and therefore phagocyte recruitment. 
The presence of this pre-existing IgG could 
explain why large doses of antibody have 
been required to neutralize parasites both 
in vitro and in vivo25.

Other Ig classes should also be consid-
ered in the design of therapeutic anti bodies. 
Elevated levels of parasite-specific IgE in 
asymptomatic individuals are associated 
with a reduced risk of subsequent clinical 
malaria26. However, IgE also has a role in 
malaria pathogenesis, and therefore might 
not be appropriate for use in immuno-
therapy27. Although non-specific binding 
of IgM is implicated in pathology, such as 
ROSETTE FORMATION by infected erythrocytes28, 
parasite-specific IgM is a potent adjuvant 
in murine malaria vaccination studies29. 
Immune complexes containing IgM serve as 
innate microbial recognition receptors, and 
have recently been shown to be powerful 
adjuvants, stimulating the development of 
acquired T-cell-mediated immunity, prob-
ably through their interaction with Fcα/µR30. 
Therefore, recombinant parasite-specific IgM 
might have potential in IgM-adjuvant-based 
malaria vaccines.

We believe that targeting the FcαR 
(CD89) with IgA could offer the greatest 
potential for controlling malaria with thera-
peutic anti bodies8. Unlike IgM, IgG and IgE, 
which are all implicated in the pathology 
associated with rosette formation28, placen-
tal malaria23 and severe malaria27, IgA has 
not been implicated in malaria pathology, 
arguing for its consideration in antibody 
therapy. Although a direct role for IgA in 
killing malaria parasites has not been fully 
investigated, Plasmodium-specific IgA has 
been detected at high levels in serum31,32 and 
breast milk32,33 in humans from endemic 
areas. Ligation of the myeloid FcαR induces 
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Figure 1 | Antibody formats. Schematic 
representation of an intact antibody (a); a Fab 
fragment (b); a single chain variable format (scFv) 
molecule (c), which comprises two variable 
regions and which is the smallest antigen-
recognition unit that can be produced in 
eukaryotic or prokaryotic expression systems; 
and a bi-specific F(ab′)2 heterodimer (d). Both the 
scFv and F(ab′)2 formats can be used to generate 
recombinant therapeutic molecules. C, constant; 
H, heavy; L, light; V, variable.
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cytokine release and can stimulate a res-
piratory burst22,34, and FcαR is better than 
the FcγRs at triggering lysis of antibody-
targeted tumours as well as phagocytosis 
of pathogens coated with antibodies, both 
in humans and mice22,35. Human FcαR is 
readily available for targeting with thera-
peutic IgA, as it is constitutively expressed 
on monocytes, neutrophils and eosinophils 
as well as KUPFFER CELLS and dendritic cells, 
making it a good target for antigen presen-
tation34. The recent finding that FcαR is a 
discrete modulator of the immune system 
that can mediate both anti- and proinflam-
matory functions indicates that further 
exploration of the role of IgA in malaria 
could be important36.

Potential target molecules
The Plasmodium parasite has a complex 
life cycle (FIG. 2). The problem for research-
ers interested in using antibodies, either 
for therapeutic or vaccination purposes, is 
which life-cycle stage, and which antigens 

from the bewildering assortment available, 
to target. Although this question has not 
been fully addressed, the obvious target for 
therapeutic antibodies is the asexual blood 
stage (ABS), which is responsible for the 
pathology of malaria. Parasites in the ABS 
express many surface and secreted proteins 
that have been proposed as good vaccine 
candidates37. Three of these ABS antigens 
are considered below, together with the 
likely mechanisms of action of specific thera-
peutic antibodies. Although we focus solely 
on the ABS, other parasite stages might also 
express suitable antigens for targeting by 
recombinant antibodies.

Merozoite surface protein 1 (MSP1). MSP1 
is an attractive target for antibody therapy. 
Animals actively or passively immunized 
against MSP1 can be protected against para-
site challenge, and mAbs to MSP1 can block 
parasite invasion of erythrocytes in vitro5,6,15,38. 
MSP1 undergoes dual proteo lytic processing. 
It is initially cleaved (primary processing) 

into multiple fragments that form a protein 
complex on the merozoite surface. Then, at 
erythrocyte invasion, the protein is cleaved 
again (secondary processing) and shed from 
the surface, except for a C-terminal 19-kDa 
polypeptide (MSP119) that comprises two 
epidermal growth factor (EGF)-like domains 
and which is carried into the newly invaded 
erythrocyte. Importantly, although MSP1 is 
polymorphic, sequence variation in MSP119 
between P. falciparum isolates is limited39, 
possibly because the structure is constrained 
by its function40. Naturally exposed individu-
als have anti bodies specific for MSP119 that 
correlate with resistance to clinical malaria41 
and are the major erythrocyte-invasion-
inhibitory factor in vitro42. Novel genetic 
approaches, including LINKAGEGROUP SELEC

TION, have also identified MSP1 as an 
important target of immunity43. The fine 
specificity of the antibodies binding to 
MSP119 is important for their function, and 
only some MSP119-specific mAbs inhibit 
invasion, which they do by inhibiting the 
secondary processing of MSP1 REF. 44. 
The conformational epitopes recognized 
by such antibodies have been defined both 
broadly and in detail5,45–47. Such antibodies, 
in addition to causing direct elimination of 
the parasite, should also present conserved 
MSP119 epitopes to antigen-presenting cells,  
stimulating cellular immunity and limiting 
parasite proliferation.

To explore further the potential of 
MSP119-targeted antibodies, recombinant 
human chimaeric IgG1 and IgA1 against 
MSP119 from the rodent malaria parasite 
Plasmodium yoelii22 have been generated 
(FIG. 1). These reagents, in particular the IgA1, 
triggered efficient in vitro phago cytosis of 
merozoites by human neutrophils. However, 
in contrast to the parental mouse IgG2b 
(from which both the chimaeric antibodies 
were derived), both recombinant IgG1 and 
IgA1 failed to protect against parasite chal-
lenge in vivo when used to passively immu-
nize mice, despite possessing comparable 
affinity for MSP119 REF. 22. This failure of 
the engineered antibodies to protect in vivo 
probably stems from an inability of their 
human Fc regions to trigger murine effec-
tor mechanisms, and indicates that blocking 
MSP119 function by steric hindrance alone 
is insufficient to provide protection. These 
reagents will permit evaluation of human 
effector mechanisms in vivo, by using mice 
transgenic for human FcR and comple-
ment genes. Such in vivo experiments are 
not possible with human malaria parasites, 
including P. falciparum, which are adapted 
for life in their human hosts.
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Figure 2 | The life cycle of Plasmodium falciparum. The life cycle of Plasmodium falciparum, 
showing the parasite stages and antigens that are amenable to antibody-based targeting. Of particular 
interest are merozoite surface protein 1 (MSP1), apical membrane antigen 1 (AMA1) and erythrocyte 
membrane protein 1 (EMP1).
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Apical membrane antigen 1 (AMA1). 
AMA1 is a promising vaccine candidate that 
has induced protection in both rodent and 
non-human primate models of malaria48. 
Antibodies to AMA1 have also been shown 
to inhibit erythrocyte invasion and parasite 
growth in vitro49, indicating that AMA1 is 
also an attractive target for therapeutic anti-
bodies. As AMA1 is expressed by infectious 
sporozoites from the mosquito as well as 
merozoites, targeting AMA1 has the addi-
tional advantage of attacking two stages of 
the parasite’s life cycle50 (FIG. 2).

Erythrocyte membrane protein 1 (EMP1). 
EMP1 is a highly polymorphic, parasite-
derived antigen that is expressed on the sur-
face of infected erythrocytes and undergoes 
antigenic variation21. EMP1 is also responsible 
for cytoadhesion of infected erythrocytes to 

vascular endothelial cells, leading to parasite 
sequestration in the brain, kidneys and pla-
centa, with particular importance in cerebral 
and pregnancy-associated malaria. High-
affinity therapeutic antibodies that bind to 
functionally important regions of EMP1 
could be developed to block cyto adhesion 
and facilitate phagocytosis of infected red 
blood cells by antibody binding to FcR on 
the surface of macrophages. Antibodies from 
patients’ serum have been shown to bind con-
served linear epitopes in EMP1 REF. 51, sug-
gesting that the development of therapeutic 
anti bodies to target infected erythrocytes is a 
real possibility.

Novel antibody-based formats
There are many potential advantages to 
using ‘designer antibodies’ over conven-
tional mAbs for therapeutic applications. 

The antibody format available is limited 
only by the imagination of the investigator, 
and the choice will depend on the desired 
outcome (FIG. 1). Reagents can be designed 
that are optimal for parasite killing, whereas 
others might be better at presenting antigen 
for the development of immunity in the 
context of a vaccine (FIG. 3). Ideally, anti-
body-based therapies should be designed 
with both outcomes in mind. For malariol-
ogists, particular approaches might be most 
relevant (FIG. 3). For example, to circumvent 
the competition from pre-existing antibodies 
for FcR occupancy, bispecific antibody-based 
reagents (FIGS 1,3) can be created that bind to 
the parasite antigen of choice and to FcRs 
outside their natural antibody-binding site, 
allowing the recruitment of immune cells 
already saturated in antibody22 (FIG. 3). This 
application might be particularly important 
in the case of malaria, because of the hyper-
gammaglobulinaemia associated with this 
disease13. This specific targeting also means 
that smaller quantities of antibody can be 
given in treatment, therefore providing 
additional savings in terms of cost.

Bispecific antibodies (BsAbs) have been 
developed to redirect or enhance immune 
effector activity towards particular targets, 
including tumour cells and pathogens, and 
they are clinically promising52,53. The proto-
typic BsAb consists of two covalently linked 
F(ab′)2 fragments, with one fragment target-
ing the pathogen or tumour cell and the other 
fragment targeting a trigger molecule (FIG. 1). 
We are investigating the BsAb format. Using 
recombinant methods, we have coupled the 
variable domains from a mAb recognizing 
P. yoelii MSP119 to the variable domains from 
a mAb recognizing human FcγR1, through a 
flexible peptide linker. This BsAb binds FcγR1 
outside the high-affinity IgG-binding site, 
and simultaneous engagement of MSP119 
and FcγRI by this molecule induced a 
potent neutrophil respiratory burst22. These 
promising results obtained with FcγRI BsAb 
in the P. yoelii model system have provided 
an impetus to generate BsAbs against 
P. falciparum that target other FcRs.

Other uses of BsAbs can be envisaged. 
For example, given the importance of 
innate immune responses in driving adap-
tive immunity, it might be of interest to link 
P. falciparum MSP119 to TLRs (FIG. 3). The 
ability of BsAbs to bind two different epitopes 
simultaneously indicates that a BsAb could 
be designed to inhibit the proteolytic cleav-
age of the MSP1 complex that is necessary 
for erythrocyte invasion by binding to either 
side of the cleavage site (FIG. 3). A bispecific 
reagent for malaria therapy has recently been 
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Figure 3 | Bispecific antibodies (BsAbs). BsAbs can be designed in various formats to control the 
malaria parasite. Injected BsAbs bind to key antigens on the merozoite or infected erythrocyte surface. This 
can inhibit progression of the disease by inhibiting proteolytic cleavage of antigens required for erythrocyte 
entry by the parasite (a). BsAbs for optimal killing and phagocytosis of merozoites that bind the Fcα 
receptor (FcαR) (this is the optimal FcR in terms of bioavailability and killing power) expressed on 
monocytes, macrophages, polymorphonuclear leukocytes (PMNs), NK (natural killer) cells and some 
dendritic cells (DCs) are designed to bind the FcR outside the receptor’s natural binding site for antibody, to 
circumvent interference by serum immunoglobulin (b). BsAb can deliver malaria antigen to professional 
antigen-presenting cells (APCs) including DCs (c) or to NK cells through Toll-like receptors (TLRs) to 
optimally harness innate immune responses (d). Regulatory cells can also be specifically targeted, thereby 
modifying the course of disease (e). High-affinity binding BsAb can be designed to prevent pathology (f), 
for example by blocking the interaction of erythrocyte membrane protein 1 (EMP1) with endothelial 
receptors such as CD36 or intercellular adhesion molecule-1 (ICAM1). IFN-γ, interferon- γ ;  IL, interleukin; 
NO, nitric oxide; TGF, transforming growth factor-β; TNFα, tumour-necrosis factor- α; Treg, regulatory T cell.
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developed for the treatment of P. falciparum 
malaria54. This BsAb targeted the CD3 antigen 
of human T cells and MSP119. In cooperation 
with T cells, the BsAb induced a significant 
increase in merozoite phagocytosis and 
inhibition of P. falciparum growth in vitro. 
Trispecific antibodies that bind MSP119, 
AMA1 and FcR could be useful, as this type of 
reagent is effective against tumours and might 
offer enhanced protection against malaria55.

The antibody immunotherapy for 
malaria (AIM) programme is generating 
intact chimaeric and fully human anti bodies 
against key malaria antigens with which to 
compare the effectiveness of the BsAbs. 
These are generated by cloning variable 
domains from hybridomas or from antibody 
repertoire phage display libraries (generated 
from immune Gambian adults) and linking 
them to human constant domains in suitable 
expression vectors. Although there is clear 
evidence that chimaeric antibodies are less 
immunogenic than murine mAbs, there is 
little evidence to support claims for further 
humanization to avoid the antiglobulin 
response, perceived as an important problem 
in the clinical development of therapeutic 
antibodies56.

Although passive antibody therapy can 
confer immediate protection against malaria, 
rapid and efficient methods for generating 
the high-affinity neutralizing mAbs required 
for use in these novel formats have been 
slower in arriving. However, considerable 
progress has now been made in this area, 
including improved immortalization of 
human B cells by Epstein–Barr virus57, ver-
satile high-throughput phage, prokaryotic 
and fungal expression systems for selecting 
high-affinity human antibody-binding frag-
ments58–60, and immunization of transgenic 
mice carrying human Ig loci, coupled with 
hybridoma technology61.

Another exciting development has been 
the discovery of alternative antigen-binding 
scaffolds to the paired heavy and light chains 
from mammalian antibody repertoires (FIG. 1). 
For example, both camelids (camels, llamas 
and related species) and sharks produce sin-
gle variable domains capable of high-affinity 
binding to buried targets62,63. This finding 
could have a major impact for antibody 
therapy in malaria, as some target molecules 
with cavities or clefts might be refractory to 
conventional antibody development. The 
camelid repertoire has been used to gener-
ate antibodies that can target enzyme active 
sites and similar targets64,65, indicating that 
such an approach could be used to inhibit 
key malaria enzymes, for example those 
involved in MSP1 and AMA1 processing. 

The selection and affinity maturation of 
single-antigen-receptor variable domains 
from sharks targeting P. falciparum AMA1 has 
been described and developed for diagnosis66.

Antibodies can also be manipulated 
for use in innovative vaccine applications, for 
example targeting liver-stage parasites, where 
antibody is believed to have a minor role in 
immunity. ‘Troybodies’ have been developed 
that incorporate several T-cell epitopes into 
antibodies with specificity for the PRR CD14. 
This approach involves exchanging loops in 
Ig constant domains with single copies of 
well-defined T-cell epitopes. Troybodies were 
found to be 100–100,000 times more efficient 
than synthetic peptide or native protein at 
inducing T-cell responses67. These reagents 
might therefore be usefully incorporated into 

malaria vaccination strategies that currently 
use various systems such as viral vectors for 
epitope delivery.

Antibodies can also be used as vehicles for 
the targeted delivery of antimalarial drugs. 
The development of drug resistance through 
the widespread consumption of anti malarials 
and adverse drug reactions arising from 
their toxicity are important global problems. 
Antibodies can deliver drugs directly to the 
parasite, thereby optimizing their pharmaco-
kinetics and reducing the risk of adverse 
drug reactions. A plethora of molecules have 
been attached to antibodies, including drugs, 
enzymes, toxins, viruses and radionuclides. 
Although these approaches have been shown 
to be effective in cancer therapy, they remain 
untested in malaria.

Glossary

ADOPTIVE TRANSFER
The transfer of protective immunity with cells taken 
from an immunized donor and injected into a naive 
recipient.

ANTIBODYDEPENDENT CELLULAR CYTOTOXICITY
A mechanism by which natural killer cells are targeted to 
IgG-coated cells, resulting in the lysis of the antibody-
coated cells.

ANTIBODYDEPENDENT CELLULAR INHIBITION
The ability of antibodies, in cooperation with 
monocytes, to limit parasite growth during in vitro 
culture. The exact mechanisms have yet to be 
identified.

ANTIGENIC VARIATION
The ability of parasites to minimize or avoid immune 
attack by the rapid turnover or regular change in the 
antigens exposed on their surfaces.

AUTOANTIBODIES AND IMMUNE COMPLEXES
Autoantibodies are generated by polyclonal activation of 
B cells on infection. They cause pathology by 
crossreacting with host tissues such as erythrocytes and 
DNA, and are common in malaria. Immune complexes 
are the product of an antigen–antibody reaction, which 
can also contain components of the complement system. 
They can be deposited in tissues, where they cause disease.

BLOCKING ANTIBODIES
Block the binding and function of inhibitory monoclonal 
antibodies.

COMPLEMENTARITYDETERMINING REGION
The most variable regions of antibodies, which form 
loops that make contact with specific antigens. There are 
three such regions (CDR1, CDR2 and CDR3) in each 
variable domain.

CONSTANT DOMAINS
The relatively invariant parts of immunoglobulin heavy 
and light chains.

FAB DOMAIN
The part of an antibody molecule that contains the 
antigen-binding site, consisting of a light chain and part 
of the heavy chain; it is produced by enzymatic digestion.

FC REGION
The region of an antibody that is responsible for binding 
to antibody receptors on cells and the C1q component of 
complement.

FC RECEPTOR
Surface molecules on various cells that bind to the Fc 
regions of immunoglobulins, thereby initiating effector 
functions.

HYPERGAMMAGLOBULINAEMIA
In addition to the rise in specific antibodies, many parasite 
infections, including malaria, provoke the production of 
high titres of non-specific antibody, so-called hypergam-
maglobulinaemia. Much of this increase is probably due to 
antigens released from the malaria parasite acting as 
polyclonal mitogens (substances that cause cells, partic  ularly 
lymphocytes, to undergo cell division) for B cells.

KUPFFER CELLS
Macrophages present in the liver. Kupffer cells are derived 
from blood monocytes, and phagocytose particles that 
enter the liver sinusoids.

LINKAGEGROUP SELECTION
A genetic method for identifying genes underlying any 
selectable phenotype in malaria parasites, including 
strain-specific protective immunity.

MONOCLONAL ANTIBODY
An antibody that is directed against a specific epitope and 
is produced by a single clone of B cells or a single 
hybridoma cell line, which is formed by the fusion of a 
lymphocyte cell with a myeloma cell.

ROSETTE FORMATION
In malaria, infected red blood cells sometimes bind to 
uninfected red blood cells to form clumps, called rosettes. 
The rosettes can obstruct flow in small blood vessels and 
lead to tissue damage and severe malaria disease. 
IgM contributes to rosette formation by stabilizing the 
interaction between infected and uninfected erythrocytes 
in a manner that is not completely understood.

VARIABLE DOMAINS
The N-terminal domains of antibody heavy and light 
chains, which become recombined with appropriate sets of 
D and J genes during B-cell development.
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Concluding remarks
Antibodies are believed to represent ~25% 
of all proteins in clinical trials68. This interest 
in antibodies as therapeutic entities stems 
not only from a detailed understanding of 
their structure and immunological func-
tion but also from technological advances 
that have allowed their manipulation and 
expression. As a result, at least 18 anti bodies 
have approval for use from the US Food 
and Drug Administration, and at least 100 
are in clinical trials worldwide, the major-
ity for the treatment of cancer, transplant 
rejection or autoimmune disease69. Despite 
these successes, none is in development 
for any tropical disease, including malaria. 
Most pharmaceutical companies shy away 
from investing in diseases they believe 
will not provide a healthy dividend for the 
shareholder. The seriousness of the health 
situation demands that the primary priority 
should be to find novel effective therapies. 
Antibody-based reagents and therapies 
are believed to be expensive and therefore 
inappro priate for a disease mainly affect-
ing poor and marginalized populations. 
However, the pace of technological devel-
opments, especially in protein expression 
(for example in plants), should bring costs 
down substantially. In addition, these novel 
approaches could be useful as prophylaxis 
for the increasing number of non-immune 
individuals travelling to affected countries. 
Although it is unlikely that antibody-based 
prophylaxis will be made available to the 
millions of people at risk from malaria, 
antibody-based therapies could usefully be 
incorporated into the hospital setting, for 
patients non-responsive to conventional 
drug regimens. Importantly, antibody-based 
therapies have ‘proof of concept’ in clinical 
settings, ensuring that the development 
time from laboratory to patient would be 
significantly reduced and the costs con-
strained, a luxury unavailable to other pros-
pective therapies. Moreover, antibodies are 
natural adjuvants that can present important 
epitopes to antigen-presenting cells, provid-
ing a ‘vaccine effect’, and thereby limiting 
proliferation of the parasite on re-infection. 
This potential one-off treatment could be 
cost effective compared to conventional 
vaccination strategies, which often require 
complex multiple boosting regimens and 
harsh adjuvants. The parasite is becoming 
resistant to conventional antimalarials, and 
therefore the urgency of the situation leaves 
little room for complacency.
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Abstract | The advent of the new millennium 
has witnessed the embracing of a different 
perspective on global health aid. New 
and innovative mechanisms in health-aid 
financing are leading to new opportunities, 
focused on greater innovation, risk taking 
and speed. However, these opportunities 
might not fully materialize if the traditional 
approaches of channeling and using 
funds are followed. To maximize global aid 
effectiveness and to have a realistic chance 
of achieving the Millennium Development 
Goals, the implementation of a holistic 
approach to the global architecture of 
health aid will be essential.

Throughout the 1990s, research has increas-
ingly shown that investments in health are 
key to poverty reduction1,2. Moreover, there 
was an increasing global understanding of 
the interdependency of health and wealth 
and the need to achieve optimal levels of 
both. In 2000, Gro Harlem Brundtland, 
then Director-General of the World Health 
Organization (WHO), encapsulated the 
new appreciation when she stated that 
“there was a period in development think-
ing when spending on public services, such 
as health and education, would have to 
wait. Good health was a luxury, only to be 
achieved when countries had developed a 
particular level of physical infrastructure 
and established a certain economic strength 
… Experience and research over the past few 
years have shown that such thinking was at 
best simplistic and at worst plainly wrong … 
Good health is not only an important con-
cern for individuals, it plays a central role in 
achieving sustainable economic growth and 
effective use of resources”3.

Reflecting this revised thinking, new 
mechanisms to facilitate improved global 
health financing were created. These repre-
sented new ways of channeling and using 
funds for health. Notable among the first 
of these new initiatives was the Global 
Alliance for Vaccines and Immunization 
(GAVI) with its financing arm, the Vaccine 

O P I N I O N  —  C O M M O N H E A LT H  O F  N AT I O N S  

Do we have the architecture for 
health aid right? Increasing global 
aid effectiveness
Tore Godal

Fund (VF). This was followed by the bigger 
Global Fund to fight AIDS, Tuberculosis and 
Malaria. These instruments, created through 
worldwide collaborative efforts, identified 
new approaches and mobilized new money. 
In the process, they established a clear mis-
sion to deliver the most cost-effective health 
commodities to where they were most 
needed. Their underlying characteristics 
were based on certain assumptions relating 
to the broader field of health aid. Now, a 
few years later, it is appropriate to examine 
the establishment of these instruments and 
understand the broader architecture in 
health aid as it prevails today. Health-related 
humanitarian action has not been included 
in this analysis.

Health aid is composed of an extensive 
and heterogeneous set of contributing com-
ponents and stakeholders. Nevertheless, 
there is a broad-based agreement on what 
is required. First, there is a need to focus 
on the poorest countries and the poorest 
sections of the community within those 
countries, and second, there is a requirement 
to reach these populations with the most 
cost-effective and easy-to-use interventions. 
To achieve sustainable results, there is also 
a general consensus that the process of aid 
allocation needs to become more long-term 
in outlook, more predictable, more effective 
(through harmonization and alignment) 
and more accountable (through objective 
monitoring and evaluation mechanisms). 
However, with regard to the approaches that 
are required to achieve these goals, there are 
strong differences in opinion. Moreover, 
despite the mobilization of relatively large 
amounts of new funds for health aid over 
the past few years, the level of resources 
available to meet basic, global public-health 
needs falls woefully short of require-
ments. In 2001, the Macroeconomic and 
Health Commission estimated that about 
US$30 billion were needed in aid per year 
($27 billion by 2007, rising to $38 billion 
annually by 2015)4. But current health-related 
annual transfers, despite the new funds 
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