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Abstract 

After transmission of infectious sporozoites from the protozoan parasite Plasmodium falcipa-

rum by the fly Anopheles gambiae, the parasite's abundant serine synthesis, occurring throughout 

its life cycle, hypothetically breaks a species barrier and gains access to a metazoan host’s evolu-

tionarily first protein glycosylation or (serologically A-like) O-GalNAcα1-Ser/Thr-R, “T 

nouvelle” (Tn) antigen formation, which the parasite itself cannot perform. In humans, this ances-

tral, genetically undefined first glycosylation of proteins undergoes carbohydrate chain elonga-

tion, which is completed after ABO-blood-group allele-specific mucin-type formation. This un-

derstanding implies the phenotypic accommodation of the nonimmune IgM molecule, involving 

the downregulation of corresponding "natural" anti-A and anti-B isoagglutinin activities in non-O 

blood groups and the generation of additional hybrid bonds in the case of infections, burdening 

these groups with developing live-threatening disease. Consequently, the formation of the blood 

group AB causes the strongest contact with the pathogen and precluding both the innate anti-A 

and anti-B isoagglutinin activities, makes this group the least protected and to the smallest among 

the ABO-blood groups, whereas blood group O(H) individuals maintaining the critical isoagglu-

tinins, have the least contact with the pathogen, rarely develop severe disease and survive this 

coevolution in an immunological balance with the pathogen as the largest blood group world-

wide. 

Keywords: Trans-species O-glycosylation, trans-species-functional bridge, phenotype-

specific plasma glycosylation, glycosidic exclusion, ontogenetic Tn formation 
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Introduction 

Coevolution of species drives diversity in animals and plants and contributes to natural selec-

tion, whereas in host-parasite coevolution, the parasite may complete an evolution-

ary/developmental incomplete function by utilizing the host cell’s machinery, in which mu-

cin-type O-glycans have been identified as a trans-species functional molecular bridge. The 

human histo-blood group antigen system (HBGAs) has been discussed as a potential factor 

for rotavirus cross-species transmission, and blood-group A antigen and/or A-like N-

acetylgalactosamine (GalNAc) residues have been identified as receptors.
1
 According to the 

"Glyco-Evasion Hypothesis", which was developed by Kreisman and Cobb (2012),
2
 a patho-

gen might mimic or hijack a host's glycosylation to "manipulate the host’s immune response 

to its advantage". Similarly, as described by van Die and Cummings (2010)
3
, the host–

parasite coevolution process is primarily based on “glycan gimmickry”, and parasitic hel-

minths (worms) coevolve with vertebrate immune systems. Inspired by these observations and 

the elusive proteoglycan of the protozoan parasite Plasmodium falciparum, which does not 

survive outside its metazoan host, it was suggested that this parasite breaks a species barrier 

by abundant serine residues expressed throughout its life cycle
4
 and "hijacks" the metazoan 

host's evolutionary first protein glycosylation - or serologically A-like, O-GalNAcα1-Ser/Thr-

R, “T nouvelle” (Tn) antigen formation - and creates a trans-species functional hybrid O-

glycosidic molecular bridge. Although several glycans can be O-linked to Ser/Thr residues, 

O-linked N-acetylgalactosamine (O-GalNAc) glycans might be of special relevance to muco-

sal sites and/or other locations of parasitic binding and invasion.
5
. In fact, the undefined bio-

physical properties of the “bulky”
6
 polyfunctional GalNAc molecule might be crucial if the 

metazoan/eukaryotic lineage comprises the evolutionarily first protein glycosylation, which 

dominates the critical functions during metazoan growth and reproduction. The proteogly-

come of P. falciparum has been studied extensively for decades, and recent studies have 

shown that compared with metazoan glycophysiology, the parasite’s protein glycosylation 

appears to be incomplete during its infectious stages. Based on controversial discussions re-

garding N- and O-glycosylations, which are performed by malaria species, the P. falciparum 

infectious stages that dominate human malaria obviously lack the normal synthesis of the 

basic amino sugar GalNAc. Although Nasir-ud Din et al. (1992)
7
 reported the occurrence of 

GalNAc and Khan et al. (1997)
8
 found traces of this molecule, GalNAc was not detected by 
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three other laboratories
9,

 
10,

 
11

 that investigated the parasite's cytosol and different intraeryth-

rocytic lifecycle stages. This finding is consistent with those of studies that showed that glu-

cosamine (Glc)-GalNAc epimerization does not occur in the parasite
12

 and is supported by the 

study conducted by Templeton et al. (2004)
13

, which showed that this species lacks the re-

quired genes for the synthesis of mucin-type O-glycans. These molecular findings might ex-

plain why P. falciparum survives only when in contact with a metazoan species and are also 

consistent with the pronounced susceptibility of individuals belonging to the human blood A 

group and the other non-O blood groups to malaria tropica infections, which are clearly pro-

moted via a comprehensive presentation of both A-like trans-species-developmental and A/B-

blood-group-specific phenotype-associated glycosylations. In this context, it is intriguing to 

speculate that the surplus of genetically undefined A-like O-GalNAc glycan (Tn) formation 

provided by an early cancer cell makes this cell a favorite target of P. falciparum infections, 

and thus, the worldwide incidence of malaria might be inversely associated with cancer mor-

tality.
14

 

 

Metazoan protein O-glycosylation and human ABO(H) blood group phenotype 

formation, a hypothetical basis of Plasmodium falciparum infection and malaria tropica 

disease 

In metazoan evolution, up to 20 distinct genetically undefined polypeptide O-GalNAc transferases 

catalyze the first addition of GalNAc to a protein
15, 16, 17

, which is the most complex and differen-

tially regulated step in protein glycosylation via reversible O-linkages to functional ser-

ine/threonine-rich polypeptides
18

 and hypothetically involves a predetermined breaking point of 

the human polyreactive nonimmune immunoglobulin M (IgM) involving the complement-binding, 

cytotoxic anti-blood group A and anti-B reactive isoagglutinins,
 19, 20

 as illustrated in Fig. 1. More-

over, this antibody molecule is complementary to developmental A-like GalNAc-1-O-Ser/Thr gly-

cosylations
21, 22

 or the formation of the Tn ("T nouvelle") antigen,
23

 which primarily is a normal, 

while fleeting intermediate structure, and this feature characterizes stem cell fidelity,
24, 25

 dominat-

ing embryogenic stem cell (ESC)-to-germ cell (GC) transformation. An X-chromosomally encod-

ed T-synthetase
26

 appears to control the expression
27

 of the Tn antigen through carbohydrate chain 

elongation and mucin-type formations,
28, 29,

 
30

 which involve the subsequent synthesis of the disac-

charide Galβ1-3GalNAcα1-O-Ser/Thr “T” (also known as the Thomsen-Friedenreich antigen)
31
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and are completed by the ABO(H) phenotype and Lewis-type generations. Intriguingly, serologi-

cal data obtained as early as 1971
32

 indicated an X-chromosomally/germline-encoded origin for 

the murine nonimmune anti-A-reactive IgM, and the functional unity of this antibody protein with 

syngeneic A-like ovarian glycoproteins and/or glycolipids became evident in subsequent studies.
33, 

19, 34,
 
20

 The murine and the human nonimmune IgM exhibit a serologically identical reaction with 

human red blood cells (RBCs), whereas during establishment of the human ABO-blood-group 

phenotype and the formation of its mucin-type versions, the innate anti-A- and anti-B-reactive iso-

agglutinin levels of this nonimmune IgM molecule are downregulated through the A/B-blood-

group phenotype-specific glycosidic accommodation of plasma proteins
21

 and have been denoted 

anti-A/Tn and anti-B/T antibodies due to their cross-reactivity with Tn and T structures.
35

 Thus, 

ABO(H) phenotype formation occurs on both cell surfaces and plasma proteins. While the lack of 

any ABO(H) blood group phenotype formation, as shown by the extremely rare "none-phenotype" 

or O(h) Bombay type, is associated with elevated anti-A/Tn /anti-B/T isoagglutinin levels and unu-

sual anti-H activity that acts over a wide range of temperatures, with an amplitude at 37 °C and 

assumingly is responsible for male infertility due to autoimmunological impairment of germ cell 

maturation,
36

 the other extreme of  phenotype diversity, as shown by the blood group AB, pre-

cludes any isoagglutinin formation. Finally, ABO(H) phenotype formation and isoagglutinin pro-

duction form a functionally unity, in which the degree of phenotype diversity and isoagglutinin 

activities behave inversely proportional. 
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Fig. 1 



6 
 

Fig. 1. Proposed germline encoding of "natural" nonimmune ABO(H) isoagglutinins, which is 

based on the phenotype-specific glyosidic exclusion or accommodation of plasma proteins and 

anti-A/Tn cross-reactive IgM formation.
21, 22

 The metazoan trans-species “A-like” O-GalNAc 

glycosylations of proteins, which involve the formation of the mucin-type O-glycan GalNAcα1-

O-Ser/Thr-R, also referred to as the Tn antigen
23

, are distinct from species-specific N+O-linked 

GalNAc glycosylation or A-blood-group-allelic phenotype formation. The naturally occurring 

anti-A isoagglutinin and the anti-Tn reactivity in human plasma cannot be separated from each 

other and are expressed together by a secretory, primarily polyreactive IgM molecule, which 

hypothetically arises in connection with the transient expression of the Tn antigen during the 

course of ESC-GC transformation and cell renewal processes. Under normal conditions, the 

extremely short half-life of this intermediate is associated with binding to the nonimmune IgM 

molecule, which has developed as a cell adhesion molecule and is released after Tn depletion or 

transformations. This secretory IgM molecule retains the Ser/Thr-OH functional groups that 

undergo ABO phenotype establishment in normal humans; it is found on both cell surfaces and 

plasma proteins and involves O-glycosylations. This process is based on human-specific FUT1 

and FUT2 fucosylations, which exclude the induction of significant expression of anti-H 

antibody and is thus restricted to the rare Bombay type (Oh) individuals.
37,

 
36

 The plasma of 

O(H)-blood-group individuals exhibits strong anti-A/Tn reactive IgM or anti-A isoagglutinin 

activity. Independent of classic clonal selection, the appearance of this ancestral anti A activity 

in A-blood-group individuals is reduced or excluded by human-specific A-allelic GalNAc 

glycosylation, which is termed glycosidic exclusion or accommodation and hypothetically 

provides the conversion of synthesized glycoconjugates into phenotype-specific plasma 

(glyco)proteins and/or molecular complexes that become subject to internalization.
38

 The graphic 

(with minor improvements) was constructed based on Fig. 4 in the manuscript by Arend, P. 

(2017).
22

  

 

Elusive origin of P. falciparum and human evolution 

Malaria tropica infection in humans occurs through transmission of the protozoan P. falciparum 

parasite by the anthropophilic fly
39

 Anopheles gambiae mosquito under the above-described 

conditions of metazoan growth and ABO-blood-group phenotype formation. The parasite is 

considered an evolutionary enigma, and according to Boyd's hypothesis, as discussed by Waters et 
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al. (1991)
40

 and cited by Brooks and McLennan (1992),
41

 it has no alternative vertebrate reservoir 

host. Moreover, researchers have speculated that this species cannot maintain itself when the 

number of human infections decreases to less than a certain threshold level. Anderson and May 

(1982)
42

 argued that the coevolution of parasites and hosts occurs via various pathways, that the 

virulence of the parasite reaches an intermediate state during recurrent infections that is less than 

the lethal value and that this process hypothetically leads to relative immunological agreement. 

Although protozoa are considered the ancestor of metazoan species,
43

 this theory remains 

questioned.
 
Additionally, P. falciparum

 
presumably represents a younger protozoan that clearly 

arose in metabolic connection with human primate evolution. The discovery of a multitude of 

plasmodium species in chimpanzees and gorillas revealed that P. falciparum evolved from 

parasites that infected these wild-living apes on the African continent
44 

and apparently shares a 

recent common ancestor with the gorilla parasite P. praefalciparum.
45

 The survival of these 

parasites is exclusively guaranteed by metazoan physiology in connection with the biologically and 

functionally mysterious principle of vector-borne infection, while the effect of malaria parasites on 

mosquito survival is still unresolved.
46, 47

  

  

Why life-threatening malaria tropica occurs particularly in non-O blood groups 

In comparison with blood group O(H) individuals, who have the first contact with the pathogen via 

O-linked hybridisation of ontogenetic A-like/Tn structures with a parasite-derived serine molecule 

and demonstrate a strong humoral defense, provided by innate anti-A and anti-B-reactive isoagglu-

tinins or nonimmune IgM, individuals with the non-O blood groups A, B and AB may develop ad-

ditional contact with the parasite-derived serine molecule via O-linked hybridization of their phe-

notype-specific carbohydrates in the absence of corresponding isoagglutinins. In malaria tropica 

infection the human O-glycoproteome plays a major role, in which the amino sugar D-GalNAc 

molecule follows two genetically different pathways. These pathways are the non-somatic, ontoge-

netic blood group-independent, serologically "A-like" and intermediate Tn-reactive O-GalNAc-

glycosylation on one side and the somatic glycosylations and formation of the mucin-type version 

of ABO(H) phenotypes, which includes the blood groups O(H) and B, on the other side. After 

transmission of infectious P. falciparum sporozoites, which are mainly transmitted by the female 

Anopheles gambiae mosquito, the characteristic and abundantly synthesized serine residues and/or 

phosphorylated serine residues
4
 of the sporozoites hypothetically obtain access to the host’s inter-
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mediate Tn-reactive O-GalNAc-glycosylations. The parasite thus makes its first contact with the 

host by an evolutionary/developmentally glycosylation. The complex invasion mechanisms utilized 

by P. falciparum have recently comprehensively been explained by Belachew (2018).
48

  In hu-

mans, this invasion implicates the access of the parasite mainly to the mucin-type version of the 

ABO allele-specific phenotype formation, which occurs via both intracellular and extracellular O-

linked glycosylation in most epithelial tissues, while the specific molecular-biological engagement 

of the ABO phenotype in the pathogenesis of malaria tropica may be evident when the levels of 

erythrocyte rosette formations depend on the blood group A subgroups.
49

 These proposals are con-

sistent with the early observations made by Barragan et al. (2000);
50

 according to their observa-

tions, the binding between the parasite and human RBCs can be inhibited predominantly by soluble 

blood group antigens, while the quality of this binding appears to be correlated with variants of 

ABO(H) glycosyltransferase genes.
51

 Appropriately, if the adhesion of the parasite to the RBC sur-

face is inhibited by blood A and B trisaccharide haptens, notably stronger inhibition can be 

achieved with synthetic disaccharide Galβ1-3GalNAcα1-O-Ser/Thr or T antigen coupled to bovine 

serum albumin.
52

 The establishment of the ABO-blood-group phenotype occurs on both the cell 

surfaces and plasma proteins, which are subject to identical glycosylations including the nonim-

mune, germline-encoded IgM.
21, 22 

This antibody molecule is produced not only by B-cells but is 

produced throughout all epithelial tissues.
53, 54

 However, in humans, it is strongly modified by phe-

notypic glycosylation, which implies the downregulation of the corresponding innate anti-A, anti-B 

and anti-H reactivities and in the case of infections hypothetically leads to the formation of hybrid 

phenotypic and other carbohydrate structures. Intriguingly, the nonimmune IgM
 
is, potentially via 

glycosylation of its serine/threonine residues at the V and/ or the Fc regions
55, 56

 engaged in this 

process and becomes part of the adhesion mechanism: as formulated by Rowe al. (2002),
57

 

"nonimmune IgM, but not IgG, binds to the surface of Plasmodium falciparum-infected erythro-

cytes" (Fig. 2, 3). The role of fucosylation in P. falciparum infections remains elusive; O-

fucosylation performed by the parasite was recently described,
58

 and the involvement of host-

provided hybrid fucosylations has been suggested by the author in a recent review
59

 (Fig. 3).
 
Hu-

man-specific α1,2 L-fucosylation (FUT1/FUT2) represents the basis of ABO-blood-group pheno-

type formation on both cell surfaces and plasma proteins
 
and in the human blood group system 

O(H) somehow appears to stand for controlled or physiological self-reactivity, controlling the in-

termediate A-like/Tn epitope expressions via dynamic reactivities of the nonimmune IgM or anti-

A/Tn isoagglutinin.
21, 22 

While this concept awaits experimental confirmation, as early as 1992, the 
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study performed by Carlson et al.(1992)
60

 strongly supports this concept when rosettes of a blood 

group A-preferring parasite could be disrupted only when grown in blood group O or B RBC and 

the rosettes of a blood group B-preferring parasite could be more easily disrupted when grown in 

blood group O or A RBC, and this phenomenon is finally explainable only by corresponding anti-A 

and anti-B isoagglutinin residual activities, provided with the culture RBCs. Furthermore, in the 

same study rosetting of the parasites, grown in blood group A or B RBC, was specifically inhibited 

by the terminal mono- and trisaccharides of the A and the B blood group antigens, while fucose 

and H-disaccharide (D-gal[1-3]a-1, fuc) inhibit rosette formation in all ABO blood groups to some 

extent. Intriguingly, identical rosette formations performed by O(H) RBCs occurred in one individ-

ual with the O(H) Bombay type, which indicates the presence of additional (unknown) acceptor  

qualities. Finally, ABO(H) blood group mucin-type generation
61

 clearly involves fucosylation, 

which protects the nonimmune IgM molecule from natural anti-H generation (Figs. 2 and 3) and in 

the case of infection L-fucosylation might explain the final binding of the parasite to RBCs of 

O(H)-blood-group individuals, which thus exhibit the least molecular contact with the pathogen 

(Fig. 3). Human blood group O(H), which lacks A- and B-blood-group-determining glycotransfer-

ases, maintains both nonimmune IgM and adaptive secondary IgG against syngeneic and hybrid A- 

and B-like antigens and is thus the most protected blood group. The A blood group merely main-

tains the nonimmune anti-B-reactive IgM, whereas the nonimmune anti-A/Tn reactivity in the B 

blood group might be protective against ontogenetic Tn formation, whereas this process should not 

affect the formation of hybrid T and B cross-reactive hybrid glycans. The AB blood group exhibits 

the strongest molecular contact with the parasite and is completely unprotected by normal corre-

sponding antibody formation (Fig. 2); consequently, any response to hybrid antigen production 

would especially make this group an immunological target, assumingly contributing to the induc-

tion of a complex autoimmune process, which may dominate severe malaria disease.
62, 63

 Apart 

from this disease, anti-A and anti-B poly- and autoreactive IgM and IgG immunoglobulins are 

normally be present in different subspecificities
64

 and occur in healthy individuals in the micromo-

lar range,
 
while their presence and tolerance were explained by a peripheral mechanism.

65
 Howev-

er, according to Rieben et al. (1992)
66

 human B-lymphocytes do not produce anti-ABO-specific 

antibodies of the immunoglobulin G class (IgG) and according to a limited study performed by Ar-

end and Fehlhaber (1969),
67

 the production of blood group ABO-specific IgG occurs significantly 

increased predominantly in blood group O(H) individuals, whereas pre-existing IgM autoreactivity 

was alternatively interpreted by the author:
21

 Again, ABO phenotype formation occurs on both the 
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cell surfaces and plasma proteins by identical and reversible glycosylation, which implicates the 

phenotype-respective glycosidic neutralization of the primarily polyreactive nonimmune or innate 

IgM. However, because this process will be subject to multiple influences, in which enzymes regu-

late the functional unity between plasma and cell surfaces and catalyze in both directions, "anti-

body clearance" by  glycosidic neutralization may not always be completed and leaves behind a 

more or less autoreactive IgM molecule.  
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Fig. 2 



12 
 

Fig. 2. ABO-blood-group phenotype formation occurs on both cell surfaces and plasma proteins. 

ABO(H)-associated mucin-type development on epithelial cell surfaces and plasma proteins takes 

place when the ontogenetic Tn-antigen formations undergo carbohydrate chain elongation,
 
which 

is controlled by the synthesis
 
of the disaccharide Galβ1-3GalNAcα1-O-Ser/Thr or T antigen

26, 

27
and is completed by ABO(H)-allelic O-glycosylation. During Plasmodium falciparum 

infections, this process leads to the generation of hybrid antigenic structures. In the O(H) blood 

group, in which the innate anti-H reactivity is neutralized by phenotypic glycosidic 

accommodation, the parasite might finally adhere to the RBC by mucin-type fucosylation, which 

does not affect the anti-A/Tn and B/T-reactivities of the nonimmune IgM (IgM), whereas both 

the hybrid and the syngeneic (ontogenetic) antigenic structures of the O(H) blood group appear to 

be similarly regulated by this germline-encoded polyreactive IgM molecule in association with a 

secondary IgG response. In contrast, the non-O blood groups neutralize the anti-A/Tn and B/T 

reactivities of the IgM molecule and do not respond by adaptive IgG due to clonal selection. 

Thus, O(H)-blood-group individuals exhibit both innate and adaptive immunity against syngeneic 

and hybrid A/Tn- and B/T antigens, whereas individuals belonging to the blood group A 

exclusively maintain their innate anti-B/T cross-reactivity against syngeneic and hybrid  B/T 

antigen, and blood group B individuals maintain their innate anti-A/Tn against syngeneic and 

hybrid A/Tn antigen. AB-blood-group individuals exhibit the strongest contact with the parasite, 

and this blood group phenotype molecularly precludes any corresponding antibody response. 
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Fig. 3. Infected O(H)-blood-group individuals exist in an immunological balance with the pathogen, 

and the adhesion of O(H)-blood-group RBCs to the pathogen is explained by mucin-type 

fucosylation. This process does not affect the anti-A/T nouvelle (Tn) reactivity of the nonimmune 

IgM molecule, which is implicated in the control of syngeneic and/or hybrid intermediate A-like/Tn 

expression. Accordingly, the adhesion of the pathogen to A-blood-group RBCs occurs by A-allelic 

mucin-type formation, which implies the underlying fucosylation. This process precludes adaptive 

and innate antibody reactivity against both the syngeneic and hybrid A-like/Tn antigens due to 

clonal selection and phenotype-associated plasma glycosylation, which makes the nonimmune IgM 

an adhesion molecule. The figure is an expanded version of Fig. 2 published by P. Arend (Ann. N. 

Y. Acad. Sci. (2018).
59

  

 

Conclusion  

The global distribution of the ABO(H) blood group phenotypes is considered the result of 

evolutionary selective diseases, while the occurrence of the O(H) blood group is consistent with the 

selection pressure exerted by P. falciparum, which favors the survival of O(H) blood group 

individuals in malaria-endemic regions
68

 and demonstrates the significance of the human ABO(H) 

blood group system and its molecular biological, functional unity with innate corresponding 

immunoglobulin production for evolutionary selection. The close functional relationship between 

phenotype formation and the development of innate anti-A and anti-B antibody activities becomes 

evident,
21, 22

 when the parasite P. falciparum evades immunity in the non-O blood groups: 

individuals with non-O blood groups express two genetically different pathogen receptors, 

consisting of the intermediate blood-group-independent, ontogenetic A-like or Tn-antigen on one 

side and the blood group A or B allele-specific mucin-type epitope on the other side, while both 

receptors undergo O-linked hybridisation with a pathogen-derived serine molecule in the case of 

infection, utilizing the physiological absence of corresponding innate antibody activity in these 

blood groups. While the pathogen thus obtains entry into the host cells and metabolism through this 

first step, the completed hybridized structures, adhering to the pathogen's protein, are assumed to be 

recognized as a multispecific antigen, inducing the formation of multispecific antibodies and 

explaining autoreactive qualities, which were established in various studies,
69, 70, 62, 63

 and severe 

malaria disease finally occurs as a complex immunological/autoimmunological process.  
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In blood group O(H) individuals the pathogen most likely adheres to host RBCs via mucin-type L-

fucosylation, which does not affect the crucial anti-A/Tn and anti-B/T reactivities of the 

nonimmune polyreactive IgM, while this molecule is involved in the regulation of the syngeneic, 

ontogenetic Tn and T antigen formations and reduction or prevention of their hybridization. This 

central immunological position of the human blood group O(H) may have become apparent for the 

first time half a century ago through the small (above cited) study by Arend and Fehlhaber (1969),
67 

which is discussed by the author in recently published work.
59, 36 , 21, 22

  The serological profile of 

this blood group is dominated by the nonimmune, polyreactive IgM molecule, which is considered 

the humoral spearhead of innate immunity, marks the first line of defense and implies the anti-A/Tn 

and anti-B/T cytotoxic, strongly anti-glycan-aggressive isoagglutinin reactivities, known from 

ABO(H) blood group incompatible transfusions.  

It is the evolutionary functional unity of the human ABO(H) blood group phenotype formation 

with innate corresponding immunoglobulin production, which provide the molecular biological 

conditions for malaria tropica infections and disease, and explain the different courses of disease in 

blood group O(H) and non-O blood groups. Although the process of pathogen transmission across 

species barriers is not yet completely understood, a species barrier is most likely overcome in ma-

laria tropica infection by hybrid syntheses or molecular mimicry; the abundantly synthesized serine 

residues of the protozoan parasite,
4
 which lacks the ability to perform O-GalNAc-glycosylation 

reactions and does not survive outside its metazoan host, might obtain access to the evolutionarily 

first protein glycosylation (or serologically A-like, O-GalNAcα1-Ser/Thr-R, (Tn) antigen for-

mation of its metazoan host. The amino sugar GalNAc and its transferring enzymes play a central 

role in the coevolution of species and infectious diseases, and the presented hypothesis may be 

supported by the findings that metazoan A-like and/or human A-blood-group-specific GalNAc 

structures have been identified as pathogen receptors in rotavirus cross-species transmission,
1
 while 

blood-group A human individuals, which perform abundant metazoan and human-specific A-allelic 

GalNAc glycosylations by two different genetic pathways, are highly burdened with the risk of de-

veloping life-threatening malaria disease.
71, 72, 73

 The proposed concept might thus reveal a princi-

ple of parasite-host coevolution that is based on the metazoan/eukaryotic evolutionarily first pro-

tein glycosylation or A-like O-GalNAcα1-Ser/Thr-R (Tn antigen) formation and phenotypic modu-

lation of its complementary protein or polyreactive nonimmune IgM,
21, 22

 which obviously be-

comes part of the host-parasite adhesion process
57, 74

, together with the α2-macroglobulin mole-

cule.
75
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The results of several studies indicated that the levels of P. falciparum parasitemia do not show a 

difference between non-O blood groups and the O(H) blood group in malaria tropica-endemic are-

as, but that life-threatening infections are more frequently diagnosed in the A
71

, B and AB
72

 blood 

groups than in the O(H) blood group and that the binding to the RBCs of the non-O blood groups 

and erythrocyte rosette formations are significantly higher compared with those to the RBCs of the 

O(H) blood group.
73,

 
49

 Again, infection with P. falciparum occurs regardless of the ABO blood 

group and does not always lead to disease, whereas the survival rates and risk of developing life-

threatening disease might primarily be impacted by the host’s immune status, and that this status 

will be determined by the formation of the ABO blood group phenotype, which is performed on 

both cell surfaces and plasma proteins and downregulates the protecting anti-A/Tn and anti-B/T 

cross-reactivities of nonimmune IgM in the non-O blood groups. In O(H)-blood-group human in-

dividuals, whose RBCs assumingly finally adhere to the parasite by hybrid fucosylations and who 

occasionally develop mild disease, the polyreactive nonimmune IgM regulates the first contact 

with the pathogen and hybrid trans-species glycosylation, involving subsequent production of 

adaptive IgG. In A- and B-blood-group individuals, an adaptive IgG response is excluded by clonal 

selection, and the naturally underlying anti-A/Tn and anti-B/T reactivities of the polyreactive 

nonimmune IgM molecule are hidden by A- and B-allelic phenotypic glycosylation.
21, 22

 Any cor-

responding antibody responses to hybrid antigen formation would make these blood groups an im-

munological target themselves. Two different glycosylation processes play a role in human malaria 

tropica infection: P. falciparum infection involves both genetically undefined, metazoan hybrid 

trans-species developmental O-GalNAc glycosylation and ABO(H)-blood-group allele-specific 

mucin-type formation, which only marginally affects the O(H)-blood-group physiology. When the 

highly anthropophilic fly Anopheles gambiae
39

 and the metazoan eukaryotic human evolved to-

gether with the protozoan eukaryotic parasite P. falciparum via the metazoan evolutionary A-like 

or Tn formation, the global distribution of the O(H) blood group is consistent with the selection 

pressure exerted by P. falciparum, which favors establishment of the O(H) blood group in malaria-

endemic regions.
68

 Phenotype diversity was discussed to increase the evolvability of populations,
76

 

although a phenotype with a more complex molecular structure necessarily exhibits a more diffi-

cult defense response, and diversification of the structure of the O(H) blood group is, through con-

verting the immunologically neutral O into the A- and/or B- blood-group-reactive phenotypes,
 

clearly associated with a decrease in immunity.
36

 O(H)-blood-group individuals, which exist in a 

relative immunological balance with the pathogen, may thus remain asymptomatic pathogen carri-
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ers or develop different versions of mild malaria disease and survive this coevolution as the most 

frequently occurring and largest blood group worldwide,
77

 whereas individuals belonging to the 

AB blood group, which is the smallest among the ABO blood groups, preclude any corresponding 

adaptive or innate immune response and thus develop the strongest contact with the pathogen. Fi-

nally, human and Plasmodium falciparum evolved together in molecularly defined coevolution, 

and the global distribution of the ABO blood groups hypothetically occurred by evolutionary-

selective infections in malaria-endemic regions via ABO blood group hybridisation with the patho-

gen and the physiological absence of corresponding innate immunity in non-O blood groups. 
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