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Abstract:  

Development of the human non-O blood groups is associated with the impaired for-

mation of adaptive and innate immunoglobulin specificities due to clonal selection and 

phenotypic, glycosidic accommodation of plasma proteins, while compared with indi-

viduals with blood group O(H), individuals with blood group A have a significantly 

higher risk of developing certain types of cancer and exhibit strong susceptibility to 

malaria tropica or infection by Plasmodium falciparum. The phenotype-determining 

glycotransferase(s) from blood group A, affecting the levels of anti-A/Tn cross-

reactive immunoglobulins, might also complete adhesion and entry of the parasite to 

host cells via heterologous O-GalNAc glycosylation of the parasite's serine repeat an-

tigen (SERA). In contrast, human blood group O(H), which lacks this enzyme, is cur-

rently discussed to have a survival advantage of the overall risk of developing cancer 

and rarely develops life-threatening infection by evolutionary selective malaria strains. 

In fact, blood group O(H) has survived as the most common blood group worldwide 

and thereby stressing its central position in the evolution. 

Keywords: Phenotype formation, innate immunity, glycosidic accommodation, nonimmune 

immunoglobulin M (IgM), complementary protein. 
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Introduction. 

The human gut microbiome has been a subject of comprehensive research for decades, and as-

sorted reviews have discussed various aspects of host-microbe interactions in the context of 

health and disease. In terms of host genetics and immunity (1)(2)(3), "naturally occurring" im-

munoglobulins arise from various sources via different molecular pathways, and the ABO 

blood group is among the genetically determined host factors that modulate the composition of 

the human intestinal microbiota (4). Specifically, the microbiota from blood group B individu-

als differs from non-B antigen phenotypes and, for example, shows higher diversity in the Eu-

bacterium rectale and Clostridium leptum groups. However, when the adaptive production of 

anti-blood group B-reactive immunoglobulins, which occurs in White Leghorn chickens fed a 

diet containing E. coli O86:B7 lipopolysaccharide (5), has also been demonstrated for the first 

time to occur spontaneously in humans (6), this form of isoagglutinin production was docu-

mented exclusively for the histo (blood) group O(H). Bacterial endotoxins non-specifically 

stimulate the formation of all immunoglobulins, but prokaryotic "blood group A/B-like" anti-

genic structures appear to induce cross-reactive anti-A/B immunoglobulins (7)(8)(9) that arise 

in neither blood group A nor B individuals but occur predominantly or exclusively in blood 

group O(H), due to clonal selection. Consequently, in patients suffering from ulcerative colitis 

causing increased enteral absorption, the minimally, likely non-specifically elevated anti-B-

reactive 7S (IgG) and 19S (IgM) levels in blood group A plasma remained within the normal 

range; meanwhile, a statistically significant increase in anti-B-reactive IgG and IgM immuno-

globulins involving less pronounced asymmetrically cross-reactive, anti-A-specific IgG was 

measured exclusively in blood group O(H) plasma, and the IgG/IgM quotients showed a pre-

dominance of the IgG class (Fig. 1). These early, limited observations are consistent with later 

investigations performed with current experimental tools; Stussi et al. detected anti-A/B cross-

reactive IgG in 89% of blood group O(H) sera and anti-B-reactive IgG in 4% of blood group A 

sera (10), and vaccination with pneumococcal polysaccharides exclusively elicited anti-A/B 

cross-reactive IgG but did not affect the pre-existing anti-A/B-reactive IgM levels (11). 

 

Different origins of adaptive and germline-encoded immunoglobulins in blood group O(H) 

and non-O blood groups.   

While the danger theory (12) suggests that there is no adaptive immunity without innate immun-

ity, the bulk of human immunity is not acquired during one human lifetime but is considered to 

arise predominantly from evolutionary memory and survival mechanisms. Thus, an inborn 
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origin has been postulated to explain isoagglutinin production in non-O blood groups (13)(14). 

In addition to adaptive, cross-reactive anti-AB production, which is mainly restricted to blood 

group O(H) individuals, the majority of anti-A/B immunoglobulins, especially the classic com-

plement-binding anti-A and anti-B-reactive isoagglutinins, measured between 22 and 24°C, are 

independent of any blood group; they result from a primarily polyreactive, non-immune, 

germline-encoded IgM molecule, which is released after germ cell maturation and cell renewals, 

and in the non-O blood groups undergoes phenotype-specific glycosidic accommodation of the 

plasma proteins (14)(15). A proteomics analysis of O-GalNAc glycosylation in human serum 

identified 407 intact O-GalNAc glycopeptides from 93 glycoproteins (16). In blood group A 

individuals, these O-glycosylations are, apart from N-glycosylations, most likely dominated by 

phenotype-specific GalNAc enzymatic transfer via O-linkages to functional serine/threonine or 

tyrosine residues from the Fc region of the ancestral IgM molecule (17). The terminal serine ap-

pears to be the crucial structure (18), and any reduction or exclusion of IgM anti-self reactivity 

thereby achieved, necessarily impairs the adaptive and innate defense processes (15). The key 

molecule of this phenotypic accommodation might be α2-macroglobulin, which is considered an 

evolutionarily conserved arm of the innate immune system (19); it is functionally strongly con-

nected to the structurally related IgM molecule (20), and exhibits ABO(H) reactivity in strict 

correlation with the cell surfaces (21)(22).  

 

How blood group O(H) and A phenotype evolution and development may be molecularly 

related to growth and infection by different protozoan eukaryotes in light of the Duffy 

groups.   

The principle of phenotypic accommodation (14)(15) has been postulated to contribute to the 

increased risk of human blood group A individuals of developing different types of cancer, while 

the naturally-occuring anti-A-reactive isoagglutinins and anti-Tn-cross-reactive antibodies 

obviously interact with tumor-associated O-glycan structures produced in pancreatic cancer (23).  

In a recent cancer risk-cohort study, Sun et al. (2015) described a statistically significant risk for 

stomach cancer and pancreatic cancer in blood group A individuals compared with blood group 

O(H) individuals, while kidney cancer risk was inversely associated with blood type AB (24). A 

comprehensive study by Vasan et al. (2016) showed a positive association for blood group A 

individuals with cancer of the pancreas, breast, salivary glands, mouth, stomach and chronic 

lymphatic leukemia (25) and for blood group B individuals with cancer of the corpus uteri and 

the bladder, whereas an inverse association was observed for pharyngeal cancer, esophageal ad-
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enocarcinoma, and small intestinal cancer in blood group A individuals for pleural mesothelio-

ma and myelomas in blood group B individuals. In two smaller studies, regarding the O/O and 

A/A genotypes, in both cancer of the stomach (26) and that of the pancreas (27), the above posi-

tive associations became even more clearer and finally are considered to be established. After 

all, blood group A individuals might be burdened with an overall increased risk in developing 

cancer when compared with blood group O(H), which currently is discussed to have a survival 

advantage when compared with non-O blood groups (28)(29).  

        When a species barrier is overcome by interspecies glycosylations (30), and ABO(H) gly-

cotransferases accomplish the cross-species transmission of O-glycans in infectious diseases 

(31), the proposed principle of glycosidic, phenotypic accommodation may explain the pro-

nounced susceptibility of blood group A individuals to the life-threatening infections, character-

izing the classic M. tropica, which is caused by P. falciparum. While M. tertiana or infection by 

P. vivax is the best-documented type of malaria, P. falciparum causes the most severe and fre-

quently encountered diseases. For both malaria types, the risk of developing malaria is strongly 

associated with phenotype, but systematic reviews and intensive meta-analyses are restricted to 

M. tertiana and the Duffy blood group system, which has a genetically-determined special 

P.vivax receptor. This "Duffy-Antigen Receptor for Chemokines (DARC)" is a complex, poly-

functional glycoprotein, which as a chemokine receptor binds a variety of chemokines, only to 

name the C-X-R (acute inflammation chemokine), C-C (chronic inflammation chemokine) and 

the IL-8 (interleukin 8), secreted by cells during inflammation (32)(33). DARC carries the 6 dif-

ferent Duffy blood group antigens, as they are Fy
a
, Fy

b
, Fy3, Fy4, Fy5 and Fy6 (34). The Duffy 

positive phenotypes Fy (a+b+), Fy (a+b-) and Fy (a-b+) belong mainly to Caucasian and Asian 

individuals, while the Fya allele likely represents the globally most prevalent allele (35). Fya 

individuals are highly susceptible to infections by P. vivax, whereas the Duffy negative pheno-

type Fy (a-b-) group shows a strong resistance and is almost limited to Blacks (34). Consequent-

ly, this type of malaria is extremely rare in Africa.  

       P. falciparum binds by the PfEMP1 protein (Plasmodium falciparum Erythrocyte Mem-

brane Protein 1) to RBC surfaces via the common Duffy Binding-Like (DBL) domain. Infec-

tions by P. falciparum occur mainly in tropical and subtropical areas of south America, Africa, 

and southeast Asia. These infections appear to be limited to certain ethnic groups (36), although 

episodes of global distributions, involving life-threatening disease, are a widely discussed prob-

lem (37). Statistically significant, life-threatening infections are diagnosed in blood group A in-

dividuals when compared with blood group O(H) (38), although in areas, where this type of ma-
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laria is endemic, blood group O(H) may be the largest group of gametocyte carriers, sometimes 

even suffering from mild disease (39). P. falciparum differs from the other human malaria spe-

cies in that infected RBC do not remain in the circulation for the entire life cycle; when young 

parasites mature to the trophozoite stage, infected RBC adhere to endothelial cells in the micro-

circulation (40); and aside from RBC rosette formation, this phenomenon, termed “sequestra-

tion”, appears to characterize the life-threatening disease in P. falciparum infections and occurs 

rarely in those of the "nonsequestering" P. vivax, ovale and knowlesie.  

      While Duffy positive individuals are susceptible to P. vivax infections, and human blood 

blood group A individuals are highly susceptible to severe infections by P. falciparum, the 

DARC protein appears, in contrast to the cancer susceptibility of blood group A, to exert a 

marked growth regulating activity in different types of cancer (41)(42); this was explained by 

suppressing the activation of transcription factor STAT3 (signal transducer and activator of tran-

scription 3) through the inhibition of CXCR2 (a chemokine adaptor protein) signaling (43).  

Functional or structural relations of the DARC protein to the non-immune IgM or isoagglutinins 

of the ABO(H) blood group system are unknown. A natural anti-Duffy-reactive IgM occurs ex-

tremely rarely, and the naturally-occurring anti-Duffy antibody arises as an adaptive IgG, main-

ly caused by repeating infections and incompatible blood transfusions.  

      Aside from the well documented pathogenesis, characterizing the P. vivax infections of 

Duffy positive individuals, the blood group A determining glycotransferase(s), assumingly af-

fecting the levels of anti-A/Tn cross-reactive immunoglobulins (15), may initiate the entry of the 

Plasmodium merozoites into the host's RBCs via the serine repeat antigen (SERA); that is a ser-

ine-rich protein providing numerous N- and O-glycosidic sites. The SERAs are encoded from a 

multigene protease family, common to all Plasmodium species (44)(45) and occurring in differ-

ent types, from which the serine type SERAs-SERA5 and cysteine type SERA-SERA6 show the 

highest levels in P. falciparum (46)(47). However, according to a recent study, SERA5 has been 

demonstrated to have no enzymatic role (48) during the blood-stage growth of P. falciparum, 

and although obviously regulating the kinetics and efficiency of malaria parasite invasion and 

egress from host erythrocytes, neither SERA5 function nor the role of its processing appears to 

be completely understood (49). Nevertheless, in view of the strong susceptibility of the human 

blood group A organism and exposure of the parasite to GalNAc glycosylation and SERAs 

ubiquitously function as adhesion molecules, SERA5 highly suggests to function as an acceptor 

in enzyme-substrate competition between host and parasite, primarily in heterologous O-

glycosylations. Breaking the species barrier, and as viruses are performing the glycosylations of 
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their proteins by utilizing the host cell machinery (30), plasmodium species may utilize the same 

way. Thus, the human blood group A-specific GalNAc transferase(s) expressed by both cell sur-

faces and plasma proteins, and serine/threonine kinases produced by P. falciparum, might pro-

vide the metabolic condition for a heterologous synthesis of adhesion and/or RIFIN proteins in-

volving RBC rosette formation, although these proteins are discussed to be provided by the 

pathogen alone, and in all previous investigations the blood group A epitope finally functions as 

the main acceptor for PfEMP1 adhesins, with RBC binding being assigned to the N-terminal 

DBL1α₁ (50)(51). Alternatively, rosette formation might be initiated and enhanced by a surplus 

of the serine kinase from the parasite, and unsubstituted or conserved hydroxy groups of serine 

residues might function as acceptors that become completed by O-GalNAc glycosylation in 

blood group A. The proposed glycosidic accommodation of plasma proteins (14)(15) is not a 

lock-and-key event but instead, through the persistent synthesis of both α2-macroglobulin and 

IgM, becomes an integral part of rosette formation (20), which hypothetically is initiated and 

enhanced by a surplus of serine kinases from the parasite and, in blood group A, is completed by 

O-GalNAc glycosylation. Differences in the life cycle of the parasite during uncomplicated ma-

laria in blood group O(H) individuals and life-threatening disease in blood group A individuals 

remain unknown. The complex infection process is presumably initiated by heterologous glyco-

sylation, which has long been considered the major carbohydrate modification in the intraeryth-

rocytic stage of P. falciparum (52), and O-glycosylation appears to be the major form (53), 

whereas the role of the AB/(O/H) phenotypes has primarily been ignored. The metazo-

an/eukaryotic lineage, which evolutionarily comprises the first protein glycosylation by GalNAc 

via O-linkages on peptides displaying serine/threonine motifs, is characterized by mammalian 

embryonic stem cell fidelity to initiate and complete germ cell maturation. When breaking the 

species barrier, this glycosylation may promote the asexual reproduction of Plasmodium mero-

zoites, which involves immature gamete formation, and even explain the attachment of infected 

to uninfected RBCs. Indeed, rosette formation occurs predominantly in human blood group A 

RBCs (54), while incomplete formation on blood group O(H) RBCs  may be associated with 

weak disease. Serine/threonine and tyrosine kinases are exported by P. falciparum (55)(56), and 

the RBC membrane exerts serine transferase activity (52)(53), representing a potential anti-

malaria drug target during the asexual intraerythrocytic stage (57)(58). Thus, SERA, detected 

decades ago (59), is accepted as a putative antigen precursor, while heterologous O-GalNAc 

glycosylation, which most likely utilize trans-species-compatible serine positions on the patho-

gen, might explain the preferred binding of special Plasmodium strains; moreover, the pro-
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nounced susceptibility of blood group A individuals to severe malaria (60) suggests the for-

mation of anti-Tn-reactive structures (15), providing a new molecular definition of an immuno-

logical (therapeutic) target.  

      Blood group O(H) individuals, who are unable to complete this self-destructive, likely tran-

sient hybrid connection, beyond that maintain natural (anti-A/Tn-cross-reactive?) antibodies 

against it (15). This concept might explain the development of severe malaria disease by the ad-

hesion of P. falciparum to blood group A RBC, and even explain an initiation of cancer inhibi-

tion by heterologous, cancerous "A-like" O-GalNAc glycosylation upon exposure to a surplus of 

serine residues provided by SERA5 from the pathogen (55)(59). However this concept appears 

not to be applicable to all malaria strains. While actual therapeutic concepts, which are based on 

parasite-derived metabolites are developed without consideration of the ABO(H) blood group 

system (61), P. falciparum and, for example,  P. vivax, potentially utilize different ABO(H) ac-

ceptors: according to the study by Lo et al. (2015), regarding the distribution and prevalence 

of P. vivax and P. falciparum infections investigated in parallel in Duffy blood group patients, 

the reactivities of the Duffy positive individuals are more similar to the group O than the group 

A (62). Indeed, despite their established susceptibility to P. vivax infections, Duffy positive in-

dividuals appeared to be less susceptible than Duffy negative individuals to the infection by P. 

falciparum, beyond that, share the superiority of group O in controlling the development or in-

hibition of cancer. Moreover, blood group O individuals indicated stronger susceptibility than 

blood group A individuals to the infection by P. vivax in an actual study, investigating the corre-

lation between ABO blood groups and anemia induced by P. vivax infection: indeed, type O in-

fected-individuals showed lower levels of hemoglobin and hematocrit compared to type A-

infected individuals (63). 

       According to a recent study, growth inhibition is exerted by unspecified malaria strains on 

various types of cancers (64); worldwide malaria incidence and cancer mortality are inversely 

associated,  except for Burkitt lymphoma, which primarily occurs in regions where P. falcipa-

rum in association with Epstein-Barr virus infections (65) is endemic (66). However, data from 

highly endemic countries in Africa were not included in previous studies, and the impact of en-

demic malaria on cancer mortality in these analyses primarily reflects P. vivax malaria, which 

prevails outside of Africa, rather than P. falciparum malaria, which prevails in Africa. The au-

thors of these studies explained this phenomenon through the functions of pathogen-associated 

molecular patterns (PAMPs). Specifically, Plasmodium PAMPs, observed in all four species of 

human malaria parasites (P. vivax, falciparum, ovale and malariae) (67), trigger the host im-
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mune response against cancer via pattern recognition receptors (PRRs) (68). Because the studies 

described above were performed by examining P. vivax infections in geographical areas, which 

are the natural habitats of Duffy-positive people, globally representing the most prevalent al-

lele Fya (35), lower numbers of tumor diseases may reflect DARC protein activities. However, 

blood group O(H), which is commonly observed within Caucasian populations and is associated 

with a reduced overall risk of developing cancer, may come into play. Hypothetically, the virtu-

al genotype O/O Fy (a+b+) has the lowest risk but does not occur alone in any population, while 

the A/A Fy (a-b-) genotype carries the highest risk, and the A/A Fy (a+b+) and other 

ABO(H)/Duffy allelic mixtures balance these risks. Together, the data reported in one previous 

study (64) reflect the mixed impact of different genotypes, resulting in at least two blood group 

systems associated with a risk of cancer development: the ABO(H) and Duffy groups. The risk 

of developing any disease is rarely associated with a single phenotype, and given the lack of re-

liable data concerning P. falciparum and P. vivax infections and their outcomes in blood group 

A and O(H) individuals and/or genotypes specified in parallel with Duffy groups, any further 

molecular biological explanations for the differing susceptibilities of the Duffy Fya phenotype 

and blood group A individuals to Plasmodium infections and cancer remain speculative.  

 

Glycosidic accommodation between host and pathogen promotes infections by eukaryotic 

and prokaryotic pathogens. 

Regardless of potential allelic interactions or cooperations, the process of P. falciparum merazo-

ite invasion, involving SERA5, demonstrates an intriguing connection to early metazoan growth 

processes, which are dominated by trans-species O-GalNAc1-O-Ser/Thr-R glycosylation. Under 

normal conditions, this glycosylation is followed by rapid deglycosylation and may be followed 

by the specific glycosidic construction of the A, B and AB phenotypes in humans (15) after zy-

gote formation, with the exception of blood group O(H. These phenotypes arise from the evolu-

tionarily oldest genetic system found in primate populations (69) but always occur in critical 

complementarity with the metabolisms and recognition tools of distinct eukaryotic and prokary-

otic pathogens. The species-independent ABO gene polymorphism has been extensively ana-

lyzed in primates (70)(71), but an understanding of the ramifications of this polymorphism has 

been elusive (70). In particular, analyses of AO exons and introns in individuals with an “A- 

weak B” phenotype have revealed a novel O1v-A2 hybrid allele leading to missense mutations in 

A-transferases and/or transferees, whereas unusual O alleles, including O2, at the ABO(H) locus 

may be implicated in unexpected blood group phenotypes (72). Thus, the phenotype O(H) is no 
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longer considered a genetic entity (73)(74)(75) but is sporadically contaminated with weak A 

alleles, which, when exerting weak A-determining enzyme activities, may promote severe malar-

ia infection. Notably, weak A-determining enzyme activities manifest as an O(H) serological 

blood group in patients, making true statistics impossible and potentially explaining the various 

conflicting results demonstrated by multiple studies. Consequently, reports describing the sus-

ceptibility of different ABO(H) blood groups to viral and bacterial infections are controversial, 

although there is the established susceptibility of the human blood group O(H) phenotype to both 

the infection with Helicobacter pylori (H. pylori) (76) and  specific types of cholera infections 

(77)(78). Similar to malaria, adhesion of the pathogen to host cells is accomplished through phe-

notypic glycosidic accommodation, which in blood group O(H) means host-specific α1,2 L-

fucosylation, however in H. pylori infections only occurs after defucosylation of the pathogen, 

which on the O-side chain may be fucosylated and protected by human H, Se or Lewis mole-

cules (79) (80). In cholera infection, a similarly complex pathogenesis is initiated by the "recep-

tor destroying enzyme," a mixture of hydrolases discovered by Burnet and Stone (81) as early as 

1947, and dominated by a neuraminidase associated with the secretion of adhesion proteins (82) 

that cause pan-agglutination and RBC rosette formation (83), known as the Hübener-Thomsen 

Friedenreich phenomenon (84). Because the adherence of Vibrio cholerae to isolated rabbit 

brush border membranes, human RBCs and the lymphoid follicle epithelium of the intestine is, 

depending on the cellular HA type, inhibited by L-fucose (85) (86), the 1,2 fucosyltransferase 

activities of blood group O(H) patients are likely involved in sugar transfer to a Gal-β1-R (Oh) 

acceptor hypothetically expressed by the pathogen, and virtually transformed into a transient het-

erologous O(H) epitope. Consequently, the O(H) individual will neither produce an adaptive anti-H-

reactive antibody nor have a natural, nonimmune anti-H against its own epitope in normal conditions 

(Fig. 2): indeed, a significant production of anti-H antibody is limited to the extremely rare O(h) 

Bombay type individual, lacking the normal, human-specific FUT1/(FUT2 fucosylations (87) and 

respective fucosylations of plasma proteins (88). At present, the lowest prevalence of blood group 

O(H) worldwide occurs in the Ganges delta, where cholera has been endemic for centuries (89). 

However, despite extensive, historical cholera pandemics (90)(91)(92), which like malaria con-

tribute to the global distribution of ABO(H) blood groups in the human population, and despite 

complex chronic infections with H. pylori, moreover, a potentially higher susceptibility than 

group A to Malaria tertiana (63) blood group O(H) has survived as the most frequently occurring 

blood group within the ABO(H) blood group system (93), and offers the widest functional flexi-

bility for adaptive and germline-encoded innate immunity. Although Duffy Fya represents the 
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most common allele worldwide (35), this allele is associated with the risk of developing P. vivax 

infections, whereas blood group O(H) is superior in controlling cancer growth and life-

threatening infections by the most frequently encountered plasmodium species. 

 

Conclusions.  

"Naturally occurring" immunoglobulins arise from various sources via different molecular path-

ways (8). While clonal selection protects the mammalian species from the formation of environ-

mentally-induced adaptive, self-reactive immunoglobulins, the human blood group A, B and O(H) 

phenotypes additionally exclude the presence of a self-reactive, germline-encoded non-immune 

IgM by identical glycosylation of both cell surfaces and plasma proteins (14)(15). Consequently, a 

phenotype-specific susceptibility to the infection by a special pathogen necessarily reduces or ex-

cludes the natural immunological protection. This implies, that the phenotype-determining glyco-

transferase might play the first role in the susceptibility of an individual to the infection by a spe-

cial pathogen; on one hand this enzyme establishes the contact to a complementary acceptor of the 

pathogen, and on the other hand has reduced or excluded the presence of a phenotype-specific an-

tibody by glycosidic exclusion and/or accommodation of plasma proteins (14)(15). Again, the ob-

servations accumulated in the literature suggest that an infectious disease may be initiated by phe-

notypic accommodation between host and pathogen; for example, the ABO(H) phenotype-

determining transferase of a host transfers its sugar to an ABO(H) complementary acceptor of a 

pathogen, such as SERA from Plasmodium species, or Gal- β1-R (Oh) residue, as hypothetically 

expressed by H. pylori and Vibrio cholerae. Thus, in severe malaria in human blood group A, and 

H. pylori infection and cholera disease in the phenotype O, the contact between host and pathogen 

appears to be initiated by a "destructive cooperation" between heterologous-complementary car-

bohydrates and/or peptides. This implies, that anti-ABO(H)-reactive immunoglobulins remain ba-

sically engaged in the control of those internal growth processes, from which most of them arise, 

nevertheless may non-specifically or cross-reactively protect the organism from environmental 

infections and pathogens that are not involved in their production, a phenomenon characterizing 

the polyreactive defense proteins of invertebrates. The anti-A/anti-Tn-cross-reactive hemaggluti-

nin emerging from the coat proteins of fertilized eggs of Helix pomatia (15) and lectins from other 

snails, agglutinate Staphylococcus aureus, Escherichia coli, Listeria and several Salmonella spe-

cies, likely due to N-acetyl-D-galactosamine residues (94) because all bacteria are utilizing this 

sugar in different metabolic pathways, which not necessarily leading to complete antigenic struc-

tures. Thus, the central immunological position of the human histo (blood) group O(H) remains 



11 
 
evident in its comprehensive presentation of both nonimmune IgM and adaptive IgM/IgG anti-

bodies mainly against all non-O blood groups, involving their cross-specific developmental and/or 

"aberrant" structures (23) (Fig. 2), as there are the early metazoan eukaryotic O-glycans, T 

(Thomsen-Friedenreich) (95) and Tn, "T nouvelle" antigen (96). These ancestral glycans arising 

from O-glycosylations, which with similar peptide backbones are used by lower metazoans, such 

as mollusks and the fruit fly Drosophila melanogaster (97)(98), moreover, in the snail Helix 

pomatia are associated with the release of a hexamerically (99) structured Tn-complementary, 

hemagglutinating defense protein.  In 1973, Hammarström demonstrated that the binding patterns 

and capacity of this molluscan protein to bind human blood group A RBCs are strikingly similar 

to those of the mammalian IgM molecule (100), giving rise to speculation regarding an evolution-

ary relationship with the mammalian non-immune anti-A-reactive IgM molecule, while its 

germline, similar to that of the polyreactive ancestral IgM of the human blood group O(H), ap-

pears not to be burdened with A/B phenotypic accommodations; indeed, Helix pomatia and other 

snails never develop cancer. An even stronger immunity, involving a clinically relevant anti-H-

reactive, complement-binding IgM, and most likely higher anti-A/Tn levels than in blood group 

O(H), is exerted by the "real" blood group O or Oh Bombay type (h/h; se/se), based on a muta-

tional meltdown of the H and Se gene functions on chromosome 19, encoding the α1,2 L -

fucosyltransferases (FUT1/FUT2); however, the extremely small population size of the classic 

Bombay type suggests an affected reproductive health and proves a negative evolutionary role. 

While the background of these mutations has been discussed controversially, and studies on the 

functions of α1,2 L-fucosyltransferases in murine fertility (101) may not be extrapolated to human 

phenotype development, primates use different pathways for critical fucosylation events (102), 

and human α1,2 L-fucosyltransferase genes exclusively accomplish the expression of ABO anti-

gens (103). After all, the normal blood group O(H) formation, based on α1,2 L-fucosylations, 

stresses its central position in the evolution of primates by representing the most frequent blood 

group within the ABO(H) system worldwide, and may confer a general survival advantage result-

ing from superior complex immunity in which human-specific nonimmune anti-A-reactive IgM or 

isoagglutinin appears to be identified as an authentic complementary protein to the trans-species, 

developmental Tn epitope (15). This complement-binding protein may exert its immunological 

power during ABO(H)-incompatible blood transfusions, mirroring its precise role in internal de-

fense processes, which are affected through clonal selection and the phenotypic, identical glyco-

sylation of cell surfaces and plasma proteins in non-O blood groups. 
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Fig. 1. Spontaneous variations in the production of anti-A/B isoagglutinins in 21 individuals  

suffering from ulcerative colitis (blood group A = 11, blood group 0 = 10) and 42 normal ind- 

viduals (blood group A = 22, blood group O = 20) were investigated under double-blind 

conditions. The grade of immunization and dominance of the 7S (IgG) conglutinating and 19S 

(IgM) agglutinating immunoglobulins were determined by measuring conglutinin and agglutinin 

titer and their quotients at three different temperatures. Using the non-parametric Wilcoxon 

procedure, the minimally elevated anti-B-reactive IgG and IgM levels in blood group A plasma 

remained within normal range, whereas blood group O patients exhibited the statistically  

significant stimulation of an IgG-conglutinating and IgM-agglutinating anti-B response as well as 

an asymmetrically cross-reactive, less pronounced anti-A specific IgG response, and the IgG/IgM 

quotients indicate the predominance of the IgG class. The figure was reconstructed from data 

published in Arend P, Fehlhaber G. (6) Varying influence of increased enteral antigen absorption 

on the behavior of “natural” antibodies in O and A blood group subjects. Comparative blood 

group serological studies on patients with ulcerative colitis and healthy persons [Article in 

German]. J Mol Med (Klinische Wochenschrift) [Internet]. 1969 May;47(10):535–41. Available 

from: http://link.springer.com/10.1007/BF01715818 
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        Figure 2. 



 

Fig. 2.  The central immunological position of blood group O(H) is evident based on its com-

prehensive presentation of both adaptive and germline-encoded “natural” antibodies against all 

mature A and B glycans and their cross-reactive developmental structures Tn and T. Human A-

specific (A-allelic) glycosylation and trans-species “A-like” Tn formation are developmentally 

connected via the formation of cross-reactive anti-A/Tn isoagglutinin. According to Hofmann et 

al. (23), blood O(H) sera bind to both Tn and T antigens, and the anti-A isoagglutinin levels in 

blood group O(H) and blood group B sera are associated with an anti-Tn antibody that does not 

react with blood group B red cells or T glycoconjugates. By contrast, the anti-B antibodies of 

blood group A sera and blood group O(H) sera bind to B and T glycoconjugates but not to A or 

Tn glycoconjugates. The authors explain this selective cross-reactivity of isoagglutinins with Tn 

and T antigens via phenotype-specific terminal moieties; the terminal N-acetylgalactosamine is 

shared by A and Tn antigens, and the terminal galactose is shared by B and T antigens, although 

with a different configuration. This figure is part of (15): Arend P. Early ovariectomy reveals 

the germline encoding of natural anti-A- and Tn-cross-reactive immunoglobulin M (IgM) aris-

ing from developmental O -GalNAc glycosylations. (Germline-encoded natural anti-A/Tn cross-

reactive IgM). Cancer Med [Internet]. 2017 Jun 5 [cited 2017 Jun 15];6 (7):1601–13. Available 

from: http://doi.wiley.com/10.1002/cam4.1079. 
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