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Here, we discuss naturally acquired antibodies in malaria, and the potentially harmful or beneficial effects of
them.Most studies have focused on the inhibitory effect of antibodies, but we review both the beneficial as well as
the potentially harmful roles of naturally acquired antibodies, as well as autoantibodies formed in malaria. We
discuss different studies that have sought to understand acquired antibody responses against P. falciparum

antigens, and potential problems when different antibodies are combined such as in naturally acquired immunity.

malaria Plasmodium falciparum immunity antibodies

| 1. Introduction

Antibodies are important for naturally acquired immunity against malaria. These antibodies can exert their effector
functions by simple binding (steric hindrance), complement activation, cellular cytotoxicity, and
opsonophagocytosis. Plasmodium falciparum elicits antibody responses against many of its protein components,
but there is also formation of antibodies against different parts of the red blood cells, in which the parasites spend
most of their time. Despite the fact that the malaria parasite presents a number of antigens to the immune system,
which has the ability to generate a substantial variability in the production of antibodies, most people living in
endemic regions are still not able to maintain high levels of effective antibodies for a long period of time unless
repeatedly exposed to the parasites. The presence of atypical memory B cells could be one of the reasons for the

immune inefficiency.

2. Examples of issues when measuring antibodies at
merozoite stage

Merozoite surface protein 1 (MSP1) is the most abundant protein on the merozoites and plays an important role in
erythrocyte binding and invasion. Some studies have found correlations between anti-MSP1 antibodies and
protection against clinical symptoms, while others have not. Anti-MSP1 antibodies have been shown to inhibit
erythrocyte invasion, enhance monocyte-mediated phagocytosis of parasites, and aid in complement fixation &2
Bl MSP1 is produced as a 196-kDa precursor that undergoes a two-step proteolytic processing essential for both
egress and invasion. There is evidence for the existence of naturally acquired antibodies that block this important
proteolytic processing of MSP1 [l called processing inhibitory antibodies, but it is interesting to note that the same
study also found antibodies that could interrupt the binding of the processing inhibitory antibodies. Thus, any
protective advantage that may be associated with interrupting the MSP1 proteolytic process could also be

abrogated by these blocking antibodies, because they target the same epitope. This is one of the few studies that

https://encyclopedia.pub/entry/11896 1/6



Naturally Acquired Antibodies against Malaria | Encyclopedia.pub

have elegantly shown that antibodies can be beneficial not only for the human, but also for the parasite. Binding of
blocking antibodies to the epitope in the presence of processing inhibitory antibodies would ensure the parasite full
proteolytic processing of MSP1 and thus a proper invasion of RBCs. Most studies in the field of malaria have
focused on finding the antibodies that inhibit the parasites, since these antigens could be potential vaccine targets,
but we should probably put more emphasis on showing those results that could also be beneficial for the parasites.
Having antibodies that can be both good and bad could be one of the explanations for why no malaria vaccine has
yet proven to be fully successful. We have ourselves, for example, shown that inhibitory results can be severely
affected depending on which parasite line of P. falciparum is used for the experiments . When purified plasma
samples (containing mostly antibodies) from endemic areas of Tanzania were used in growth inhibitory assays,
parasite-specific antibodies in most samples inhibited the growth of 3D7 and K1 P. falciparum lines, but when
W2mef was used, the growth was actually enhanced, sometimes as much as 25-50%. It is well established that in
endemic areas, many different parasites circulate and if antibodies are produced naturally that can enhance the
growth of parasites, this is an efficient way for parasites to avoid getting cleared by the human immune system and
this should be studied more in detail. It is also known that parasites can vary their invasion pathways to evade
inhibitory antibodies [¢! and there is evidence that an increase in the growth of parasites can be obtained when
naturally acquired antibodies from some individuals are added to P. falciparum parasites in vitro . For other
pathogens such as the parasite Leishmania or viruses like Zika and Dengue, it has been shown that antibody-
mediated responses involving the complement or FcR pathways do not always lead to protection or reduced
infection, but can sometimes be exploited by these pathogens for enhanced invasion of host cells . This
phenomenon is known as antibody-dependent enhancement (ADE) and it is not clear whether P. falciparum could
also use this mechanism to enhance hepatocyte or erythrocyte invasion. A study suggested that this could
definitely be possible, since a monoclonal antibody obtained from MSP1,, vaccines enhanced parasite invasion

and polyclonal IgG enhanced invasion in a complement-dependent manner 2!,

| 3. Examples of Autoantibodies at the blood stage

Autoantibodies targeting different human cellular components have been associated with P. falciparum infections in
endemic areas. Autoantibodies can be directed against membrane phospholipids 191112 erythrocyte membrane
proteins 1311141 or DNA 14l During an acute episode of malaria, it is quite common to become DAT (Direct
Antiglobulin Test)-positive, a sign that there are autoantibodies bound to RBC. This can later disappear, even
though studies have found around 5% of an apparently healthy adult population in Kenya and Thailand to be DAT-
positive 2I161 Another study has shown a relationship between DAT-positivity and acquired protective immune
responses against malaria 12, indicating that these antibodies could have a protective effect.

Not much is known about the mechanisms through which autoantibodies are generated in malaria infection, but it
has been suggested that the expression of parasite proteins such as PfEMP1 on erythrocyte membranes could be
an initiation step. For instance, a genome-wide study 18 found that PfFEMP1 shares a 14-amino acid motif with a
human serum protein, vitronectin. This creates a molecular mimicry pathway for autoantibody generation during a

normal immune response directed against PFEMPL1.
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Autoantibodies could also be generated against components such as phosphatidylserine (PS), which is a
membrane phospholipid not normally exposed, since it is a resident of the plasma membrane inner leaflet, but it is
exposed when the erythrocyte ruptures. Autoantibodies targeting DNA and other cytoplasmic components could be
a form of homeostatic response to mop up cellular fragments, or debris produced during erythrocyte rupture that
accompany blood-stage infection, or are generated by oxidative damage associated with antimalarial drug use 22!,
If this is the case, then these antibodies will not have any protective effect against future P. falciparum infections.
On the contrary, they could instead do more harm than good. Autoantibodies have been shown to aggravate
malaria pathology by inducing cell lysis, microthrombosis, and inflammation 29, A recent study demonstrated a
clear correlation between kidney injury and autoantibodies against DNA and PS in Ugandan children with severe P.
falciparum malaria 21, Anemia, a major symptom of malaria, has also been shown to be associated with anti-PS
antibodies 12122l However, there are also autoantibodies that could be associated with protection against
malaria, as found in a Liberian population where antibodies targeting Band 3 neoantigens were found 23], and sera
obtained from autoimmune patients could have similar effects 24. Anti-Band 3 (neoantigen) antibodies correlated
with lower parasite density and higher hematocrit 231231 suggesting a possible role in protection against malaria,
even though the correlation could also just be a result of exposure, since the neoantigens are not naturally
exposed when there is no malaria. However, it is interesting to note that during the recent years, it has been
speculated that having malaria is protective against certain autoimmune diseases such as systemic lupus

erythematosus (SLE), and sera of patients with SLE has been shown to inhibit in vitro the growth of P. falciparum
28],

| 4. Conclusion

The ability of malaria parasites to complete their life cycle despite the abundance of antibody attacks is probably a
high level of evolutionary success with a win—-win situation between the human host and the parasites. Antibody
responses are able to protect the host enough for the host to survive, but not enough to kill the parasites; thus,
parasites can survive in low numbers and be transmitted to a new host. The field of malaria research where
combinations of antibodies with different specificities are used together needs more focus in future studies to

elucidate what happens in real life in a human being during the development of natural immunity against malaria.

References

1. Boyle, M.J.; Reiling, L.; Feng, G.; Langer, C.; Osier, F.H.; Aspeling-Jones, H.; Cheng, Y.S.;
Stubbs, J.; Tetteh, K.K.; Conway, D.J.; et al. Human antibodies fix complement to inhibit
Plasmodium falciparum invasion of erythrocytes and are associated with protection against
malaria. Immunity 2015, 42, 580-590.

2. Galamo, C.D.; Jafarshad, A.; Blanc, C.; Druilhe, P. Anti-MSP1 block 2 antibodies are effective at
parasite killing in an allele-specific manner by monocyte-mediated antibody-dependent cellular
inhibition. J. Infect. Dis. 2009, 199, 1151-1154.

https://encyclopedia.pub/entry/11896 3/6



Naturally Acquired Antibodies against Malaria | Encyclopedia.pub

10.

11.

12.

13.

14.

. Woehlbier, U.; Epp, C.; Hackett, F.; Blackman, M.J.; Bujard, H. Antibodies against multiple

merozoite surface antigens of the human malaria parasite Plasmodium falciparum inhibit parasite
maturation and red blood cell invasion. Malar. J. 2010, 9, 77.

. Nwuba, R.I.; Sodeinde, O.; Anumudu, C.I.; Omosun, Y.O.; Odaibo, A.B.; Holder, A.A.; Nwagwul,

M. The human immune response to Plasmodium falciparum includes both antibodies that inhibit
merozoite surface protein 1 secondary processing and blocking antibodies. Infect. Immun. 2002,
70, 5328-5331.

. Rono, J.; Farnert, A.; Olsson, D.; Osier, F.; Rooth, I.; Persson, K.E.M. Plasmodium falciparum

line-dependent association of in vitro growth-inhibitory activity and risk of malaria. Infect. Immun.
2012, 80, 1900-1908.

. Persson, K.E.M.; McCallum, F.J.; Reiling, L.; Lister, N.A.; Stubbs, J.; Cowman, A.F.; Marsh, K.;

Beeson, J.G. Variation in use of erythrocyte invasion pathways by Plasmodium falciparum
mediates evasion of human inhibitory antibodies. J. Clin. Investig. 2008, 118, 342-351.

. Persson, K.E.M.; Lee, C.T.; Marsh, K.; Beeson, J.G. Development and optimization of high-

throughput methods to measure Plasmodium falciparum-specific growth inhibitory antibodies. J.
Clin. Microbiol. 2006, 44, 1665-1673.

. Halstead, S.B.; Mahalingam, S.; Marovich, M.A.; Ubol, S.; Mosser, D.M. Intrinsic antibody-

dependent enhancement of microbial infection in macrophages: Disease regulation by immune
complexes. Lancet Infect. Dis. 2010, 10, 712-722.

. Biryukov, S.; Angov, E.; Landmesser, M.E.; Spring, M.D.; Ockenhouse, C.F.; Stoute, J.A.

Complement and Antibody-mediated Enhancement of Red Blood Cell Invasion and Growth of
Malaria Parasites. EBioMedicine 2016, 9, 207-216.

Adebajo, A.O.; Charles, P.; Maini, R.N.; Hazleman, B.L. Autoantibodies in malaria, tuberculosis
and hepatitis B in a west African population. Clin. Exp. Immunol. 1993, 92, 73-76.

Fernandez-Arias, C.; Rivera-Correa, J.; Gallego-Delgado, J.; Rudlaff, R.; Fernandez, C.; Roussel,
C.; Gotz, A.; Gonzalez, S.; Mohanty, A.; Mohanty, S.; et al. Anti-Self Phosphatidylserine
Antibodies Recognize Uninfected Erythrocytes Promoting Malarial Anemia. Cell Host Microbe
2016, 19, 194-203.

Rivera-Correa, J.; Mackroth, M.S.; Jacobs, T.; Schulze Zur Wiesch, J.; Rolling, T.; Rodriguez, A.
Atypical memory B-cells are associated with Plasmodium falciparum anemia through anti-
phosphatidylserine antibodies. Elife 2019, 8.

Berzins, K.; Wahlgren, M.; Perlmann, P. Studies on the specificity of anti-erythrocyte antibodies in
the serum of patients with malaria. Clin. Exp. Immunol. 1983, 54, 313—-318.

Fontaine, A.; Pophillat, M.; Bourdon, S.; Villard, C.; Belghazi, M.; Fourquet, P.; Durand, C.;
Lefranc, D.; Rogier, C.; Fusai, T.; et al. Specific antibody responses against membrane proteins of

https://encyclopedia.pub/entry/11896 4/6



Naturally Acquired Antibodies against Malaria | Encyclopedia.pub

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

erythrocytes infected by Plasmodium falciparum of individuals briefly exposed to malaria. Malar. J.
2010, 9, 276.

Abdalla, S.H.; Kasili, F.G.; Weatherall, D.J. The coombs direct antiglobulin test in Kenyans. Trans.
R. Soc. Trop. Med. Hyg. 1983, 77, 99-102.

Merry, A.H.; Looareesuwan, S.; Phillips, R.E.; Chanthavanich, P.; Supanaranond, W.; Warrell,
D.A.; Weatherall, D.J. Evidence against immune haemolysis in falciparum malaria in Thailand. Br.
J. Haematol. 1986, 64, 187-194.

Abdalla, S.; Weatherall, D.J. The direct antiglobulin test in P. falciparum malaria. Br. J. Haematol.
1982, 51, 415-425.

Ludin, P.; Nilsson, D.; Maser, P. Genome-wide identification of molecular mimicry candidates in
parasites. PLoS ONE 2011, 6, e17546.

Kavishe, R.A.; Koenderink, J.B.; Alifrangis, M. Oxidative stress in malaria and artemisinin
combination therapy: Pros and Cons. FEBS J. 2017, 284, 2579-2591.

Ludwig, R.J.; Vanhoorelbeke, K.; Leypoldt, F.; Kaya, Z.; Bieber, K.; McLachlan, S.M.;
Komorowski, L.; Luo, J.; Cabral-Marques, O.; Hammers, C.M.; et al. Mechanisms of
Autoantibody-Induced Pathology. Front. Immunol. 2017, 8, 603.

Rivera-Correa, J.; Conroy, A.L.; Opoka, R.O.; Batte, A.; Namazzi, R.; Ouma, B.; Bangirana, P.;
Idro, R.; Schwaderer, A.L.; John, C.C.; et al. Autoantibody levels are associated with acute kidney
injury, anemia and post-discharge morbidity and mortality in Ugandan children with severe
malaria. Sci. Rep. 2019, 9, 14940.

Rivera-Correa, J.; Rodriguez, A. Autoimmune Anemia in Malaria. Trends Parasitol. 2020, 36, 91—
97.

Hogh, B.; Petersen, E.; Crandall, I.; Gottschau, A.; Sherman, [.W. Immune responses to band 3
neoantigens on Plasmodium falciparum-infected erythrocytes in subjects living in an area of
intense malaria transmission are associated with low parasite density and high hematocrit value.
Infect. Immun. 1994, 62, 4362-4366.

Brahimi, K.; Martins, Y.C.; Zanini, G.M.; Ferreira-da-Cruz Mde, F.; Daniel-Ribeiro, C.T. Monoclonal
auto-antibodies and sera of autoimmune patients react with Plasmodium falciparum and inhibit it's
in vitro growth. Mem Inst. Oswaldo Cruz 2011, 106 (Suppl. 1), 44-51.

Pantaleo, A.; Giribaldi, G.; Mannu, F.; Arese, P.; Turrini, F. Naturally occurring anti-band 3
antibodies and red blood cell removal under physiological and pathological conditions.
Autoimmun. Rev. 2008, 7, 457-462.

Zanini, G.M.; De Moura Carvalho, L.J.; Brahimi, K.; De Souza-Passos, L.F.; Guimaraes, S.J.; Da
Silva Machado, E.; Bianco-Junior, C.; Riccio, E.K.; De Sousa, M.A.; Alecrim, M.D.; et al. Sera of

https://encyclopedia.pub/entry/11896 5/6



Naturally Acquired Antibodies against Malaria | Encyclopedia.pub

patients with systemic lupus erythematosus react with plasmodial antigens and can inhibit the in
vitro growth of Plasmodium falciparum. Autoimmunity 2009, 42, 545-552.

Retrieved from https://encyclopedia.pub/entry/history/show/28928

https://encyclopedia.pub/entry/11896 6/6



