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Science behind the Study

Monoclonal Antibodies for Malaria
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Malaria is a devastating disease. It was the 
cause of 627,000 deaths worldwide in 2020, 

and malaria-related mortality has increased by 
more than 10% over the past 3 years. Although 
there are highly effective treatments, the develop-
ment of multidrug-resistant strains poses a great 
threat to the control and elimination of malaria. 
Moreover, prevention is a better strategy than treat-
ment. Despite several approaches to prevent estab-
lished infection, no single approach offers com-

plete protection, so a multilayered approach is 
needed. One potential layer, the monoclonal anti-
body (see Key Concepts), is the focus of a trial by 
Wu and colleagues1 and the editorial by Daily2 in 
this issue of the Journal. They describe protection 
conferred by a long-acting, next-generation mono-
clonal antibody against controlled human malaria 
infection in healthy persons.

What Does the Antibody Target?

To appreciate the target of the antibody, it is im-
portant to place it in the context of the life cycle 
of the malaria parasite, Plasmodium falciparum. 
This parasite has two hosts — the human and 
the female mosquito of the genus anopheles, 
which also acts as a vector. During an initial bite 
from an infected mosquito (Fig. 1), the plasmo-
dium parasite is injected from the insect saliva 
into the host tissues in the form of a sporozoite, 
and infection is initiated. The sporozoite passes 
rapidly into the liver, where it infects the liver 
cells (hepatocytes). Over the next 5 to 10 days, 
the sporozoite undergoes asexual division, and 
the human host has no clinical symptoms.

Next, in the form of merozoites, the parasites 
are released into the host’s bloodstream. They 
invade the red cells (erythrocytes), multiplying 
again before rupturing the red cells and releas-
ing merozoites into the bloodstream. It is the 
synchronous release of merozoites from erythro-
cytes that causes the cyclic fevers associated with 
malaria. Instead of replicating, some of the mero-
zoites develop into sexual forms called gameto-
cytes that circulate in the bloodstream. When a 
female mosquito bites an infected human, it 
takes up the gametocytes in its blood meal. These 
gametocytes develop further inside the mosquito 
host, and they eventually migrate in the form of 
sporozoites to the salivary glands of the mos-
quito. The cycle then recommences.

Monoclonal antibodies can act at three pri-
mary points in this life cycle: the pre-erythrocytic 
stage (i.e., before the infection of the hepatocyte), 
the asexual erythrocytic stage, and the sexual 

Key Concepts

An antibody produced by a B-cell clone that has been 
fused with a myeloma cell (to confer "immortality"). It 
has high affinity for a region (an epitope) of an antigen,  
such as a protein expressed by a parasite. Because of 
their high specificity and natural starting point, 
monoclonal antibodies usually have fewer off-target 
effects than small-molecule drugs in most patients. They 
can be produced on a large scale in bioreactors.

Monoclonal antibody

A protein in rodents and humans that is responsible for 
the transfer of passive immunity from the mother to the 
newborn. The interaction between antibodies and the 
neonatal Fc (fragment crystallized) receptor, or FcRn, is 
crucial in maintaining and prolonging antibody plasma 
half-life. FcRn protects antibodies from normal lysosomal 
degradation inside cells, permitting them to recycle back 
into the circulation, thereby extending their half-life in the 
circulation.

Neonatal Fc receptor (FcRn)

A chemical compound with a low molecular weight 
(typically 0.1 to 0.6 kD). Small-molecule drugs are 
smaller than biologic drugs, such as monoclonal 
antibodies and oligonucleotides. Because of their small 
size, they can penetrate the cell membrane and bind 
intracellular targets. They are generally more stable than 
biologic drugs and can be administered orally.

Small-molecule drug
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erythrocytic stage, when gametocytes are formed 
and are eventually taken up by the mosquito. An 
initial infectious bite from a mosquito transmits 
few sporozoites, so the pre-erythrocytic stage of 
infection is seen as a more tractable point of 
intervention than the blood stage of infection, 
when there may be several trillion parasites.5 
However, the window within which protection 
can be provided — between the initial mosquito 
bite and the invasion of hepatocytes — is less 
than an hour, and constant circulating levels of 
antibody are required.

At the pre-erythrocytic stage, the target of 
choice is the circumsporozoite protein 1 (CSP-1), 
so called because it is the predominant protein 
in the sporozoite. It is the target of the malaria 
vaccine RTS,S/AS01 (Mosquirix, GSK), and thus 
it is clinically validated. The antibody used in the 
trial conducted by Wu et al., L9LS, targets a spe-
cific part of a highly conserved junctional epitope 
in CSP-1, and it appears to be at least three times 
more potent than previous anti–CSP-1 antibodies. 
(An epitope is the part of the molecule to which 
the antibody binds.)

Why the Focus on CSP-1?

CSP-1 is an attractive target because it is the 
major protein of the sporozoite, and there are only 
a handful of sporozoites during a single cycle of 
infection. Also, sporozoites are accessible early 
in infection.

CSP-1 has two conformational states — 
smooth and adhesive. In its smooth conforma-
tion, the protein is folded in such a way that one 
end of the protein prevents access to a “sticky” 
region at the other end that is thought to medi-
ate adhesion to human hepatocytes; this adhe-
sion is necessary for the infection of hepato-
cytes. Migrating sporozoites have this smooth 
conformation. In the adhesive conformation, the 
sticky region is exposed. Cleavage of the CSP-1 
protein converts CSP-1 from the smooth confor-
mation to the adhesive conformation, which is 
required for the invasion of hepatocytes by the 
sporozoites. If the cleavage is prevented, infec-
tion of the hepatocytes cannot happen. The L9LS 
antibody binds to a unique junctional epitope of 
CSP-1 when it is in the smooth conformation, 
preventing cleavage and thus formation of the 
adhesive conformation.

What Is “Next Generation” about L9LS?

L9LS has two advantages over previous antibod-
ies. The first advantage is that it targets a more 
tightly defined region of the CSP-1 protein, with 
high affinity. These properties make it three 
times more potent than previous anti–CSP-1 
antibodies.

The second advantage is that the L9LS anti-
body harbors a key “design feature” (encoded by 
the LS mutation) that increases neonatal Fc re-
ceptor binding, which, in turn, protects the anti-
body from cellular degradation and thereby in-
creases its half-life in the blood by a factor of 
almost three — from 21 days to 56 days. The use 
of monoclonal antibodies that maintain a high 
level of protection for a long period (e.g., over 3 to 
6 months) is a promising approach to protect vul-
nerable populations such as children, who should 
ideally receive an injection of L9LS only once per 
season or once per year.

What about Existing Strategies?

There are two widely used strategies for protection 
against malaria infection. The first is the use of 
vector-control methods to prevent initial contact 
of the infected mosquito with humans. These 
methods include the use of insecticide-treated bed 
nets and larvicides.

The second strategy is chemoprevention with 
small-molecule drugs. Tourists and other travel-
ers generally receive a daily course of the anti-
malarial drug combination atovaquone–proguanil, 
which targets the growth of the parasite inside 
erythrocytes and is highly effective. However, it 
is expensive and limited to a 60-day regimen, so 
it is not suitable for extended use. Monthly cycles 
of a combination regimen, sulfadoxine–pyrimeth-
amine plus amodiaquine, have been widely used 
for seasonal malaria chemoprevention in African 
children younger than 5 years of age and are 
recommended by the World Health Organization 
(WHO). These drugs are safe, available, and in-
expensive (the cost of the drug is $1 per child 
per season), and they reduce the risk of clinical 
malaria by almost 75% (risk ratio, 0.27; 95% con-
fidence interval, 0.25 to 0.29).6 Similar chemo-
prevention programs exist for pregnant women, 
and more than 60 million monthly courses of 
treatment are administered each year. This efficacy 
has helped to frame the thinking about the tar-
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Life Cycle of P. falciparum and Monoclonal Antibody (mAb) InterventionA
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get efficacy for new interventions, and a target 
minimal reduction of risk has been set at approxi-
mately 80%.

What about the Vaccine?

Last October, after reviewing extensive phase 4 
safety studies, the WHO recommended RTS,S/
AS01, the first vaccine against malaria caused by 
P. falciparum. The vaccine efficacy against all epi-
sodes of clinical malaria in a per-protocol popu-
lation was 39 to 50% among children 5 to 17 
months of age, but only 23 to 30% among in-
fants 6 to 12 months of age.5 The price of the vac-
cine is not final, but an assumed price of $5 per 
dose and a four-dose schedule in children who 
are 5 months of age or older bring the total cost 
to $20 per child, plus the program costs of ad-
ministration.

What about Resistance?

The emergence of drug resistance is the bane of 
all anti-infectious chemotherapy, including mono-
clonal antibodies. Testing for the presence of 
resistance mutations in the P. falciparum genome 
in vivo and watching for them clinically, as is done 
for small-molecule drugs, will be important.7 The 
fact that the antibody targets the sporozoite is 
reassuring, given that only a handful of sporo-
zoites are present on the initiation of infection 
(as compared with trillions of merozoites), and 
they do not undergo sexual division. The use of 
combination therapies is one traditional approach 
to address drug resistance. Other antibodies are 
under development, so it is possible that a com-
bination of antibodies may eventually be devel-
oped,8 similar to that against SARS-CoV-2. That 
said, persons in areas of high malaria transmis-
sion are asymptomatic carriers — their immune 
systems are tolerant to malaria infection and they 
have no overt symptoms — so the use of any 
antibody-based approach would require an ini-

tial drug treatment to eliminate the reservoir of 
parasites in such persons.

What’s Next?

The effectiveness and cost of any strategy are key 
factors for consideration. Wu et al. conclude that 
protection with L9LS was reached at a serum 
concentration of 9.2 μg per milliliter. The route 
of delivery is also important. The current trial 
included intravenous administration, which is 
appropriate in an experimental setting but of 
questionable use in the field. The maximum to-
tal injection volume with intramuscular or sub-
cutaneous injection is 1 ml in infants, and given 
antibody solubility and viscosity, the total dose 
in 1 ml would be approximately 100 mg. Current 
estimates of the cost of production of antibodies 
obviously depend on individual antibodies, but 
estimates of $50 per gram of antibody are cer-
tainly feasible.9 These estimates suggest that 
these antibodies could be in a similar price range 
as that of current vaccines, but with the potential 
to be less expensive as technology develops.

It will be important to evaluate the level of 
protection conferred by L9LS in children in Afri-
ca. The assessment of combinations of approach-
es will be critical, such as testing the antibody in 
combination with current chemoprevention in-
terventions and, potentially, with the vaccine.

Disclosure forms provided by the authors are available with 
the full text of this editorial at NEJM.org.

From Medicines for Malaria Venture, Geneva. 
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Figure 1 (facing page). Breaking the Life Cycle of  
Plasmodium falciparum.

The three developmental stages of the P. falciparum 
parasite that could be targeted by mAbs are shown. 
The CSP-1 protein is the major surface protein of the 
sporozoite stage of malaria. It exists in two conforma-
tions. The L9LS antibody, tested by Wu and colleagues, 
binds to the nonadhesive conformation of CSP-1, pre-
venting it from being cleaved and adopting the adhe-
sive conformation, which is required for infection of 
the hepatocyte.3,4
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