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Abstract.

Although the angiotensin-converting-enzyme 2 (ACE2) is defined as
the primary SARS-CoV receptor, it is the history of the amino acid
serine, suggesting the actual or additional binding via an intermediate
hybrid O-glycan: the TMPRSS2 (trans-membrane serine) host prote-
ase-mobilized, virus-encoded serine molecule gets access to the host's
N-acetyl-D-galactosamine (GalNAc) metabolism and the resulting
intermediate, hybrid A-like/Tn structure performs the adhesion of the
virus to host cells primarily independent from the ABO(H) blood
group. In humans, this genetically undefined structure may be re-
placed by blood group ABO(H)-specific, mucin-type hybrid epitopes.
While the phenotype formation occurs in evolutionary connection
with humoral innate immunity, in the blood group O(H), hybrid
epitopes become exposed to the highly anti-glycan-aggressive
ABO(H) isoagglutinin activities, exerted by the ancestral, nonim-
mune immunoglobulin M (IgM). In the non-O blood groups these
IgM activities are downregulated by phenotypic glycosylation, while
the formation of adaptive IgG is excluded by clonal selection. The
non-O blood groups thus become a preferred target for the virus,
whereas blood group O(H) individuals, lacking the AB phenotype-
determining enzymes, have the least molecular contact with the path-
ogen; they maintain the isoagglutinins and the power of ancestral

IgM, considered the humoral spearhead of innate immunity.



Introduction.

When according to the numbers of Wikipedia in countries like Chile,
Ecuador, Colombia, Simbabwe and Mexico 59 to 85 percent of the
people have blood group O and these countries officially publish ex-
tremely low COVID-19 cases and death rates per 1 million inhabit-
ants, this indicates a lower susceptibility of blood group O to the dis-
ease, although insufficient investigations and reports cannot be ex-
cluded. Moreover, this blood group can no longer be considered a
genetic entity.! Analysis of genetic statistics from any given con-
temporary population may be burdened with hidden unusual O al-
leles including O2, described at the ABO locus, which implicates un-
expected phenotypes, involving weak blood group A alleles and fur-
ther undefined blood group diversities.

The molecular biology of an infection pathogenesis determines
the susceptibility of a species to the infection, while the phenotype-
determining enzymes decide about the difference between infection
and severity of the disease. In the case that O-glycosylation plays a
key role in the pathogenesis of coronavirus disease, as was discussed
already 14 years ago in a SARS-CoV infection® and is currently again
predicted for SARS-CoV-2 or COVID-19,* this would involve the
formation of hybrid, serologically A-like, O-GalNAcal-Ser/Thr-R,
Tn (“T nouvelle”) antigenic structures. Sustaining this prediction, the
interaction between the viral spike protein and the host's cellular re-
ceptor was inhibited by natural and monoclonal anti-A antibodies in
vitro.®

The adhesion of the virus to host cells primarily occurs independ-
ent of the ABO(H) blood group through the genetically undefined
intermediate, serologically A-like/Tn evolutionary/developmental

structure, which is common to all metazoan growth and/or
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ontogenetic processes and apparently acts as a host-pathogen func-
tional bridge in different, unrelated infectious diseases.® * Thus, alt-
hough the angiotensin-converting-enzyme 2 (ACE2) protein is de-
fined as the primary SARS-CoV receptor, the actual and/or addi-
tional binding between host and pathogen appears to occur via an
intermediate hybrid O-glycan, dominated by the pathogen’s hydro-
philic amino acid serine. In the human species this intermediate
structure will be elongated and/or replaced by mucin-type

ABO(H) phenotype-determining carbohydrates.

How blood group A might be a risk and blood group O be pro-
tected from COVID-19 infection.

The virus cannot survive outside of its hosts and hypothetically utilizes
the host cell’s machinery via hijacking its A-like/Tn formation by ser-
ine-rich motifs. Similar suggestions are subject of the recent review,
published by Watanabe et al. (2019).2 Although susceptibility to any
infection and its severity depend on uncountable factors and an indi-
vidual risk for a person cannot be predicted solely on the basis of his
blood group, individuals with blood group A could not respond with
either acquired or innate antibodies to the synthesis of hybrid A-like
structures due to clonal selection and phenotypic, glyosidic accommo-
dation of plasma proteins.® The ABO(H) blood group phenotype for-
mation occurs on both the cell surfaces and plasma proteins in evolu-
tionary, developmental connection with innate immunity. Thus, in the
human blood group O(H), the ancestral, polyreactive nonimmune or
innate immunoglobulin M (IgM), exerting the highly anti-glycan-ag-
gressive anti-A, B and H-isoagglutinin activities, is considered the
complementary protein of the syngeneic intermediate A-like/Tn struc-
ture and controls the expression and qualities of this structure, whereas

in the non-O blood groups it is neutralized through the ABH-
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phenotype-determining enzymes. Therefore, blood group A individu-
als become a preferred target for the virus, which hypothetically mim-
icks the ABO phenotype pathways.

The virus enters the human body via the human ACE2 receptor pro-
tein, which is a polyfunctional protein and, among various other func-
tions, represents the binding domain of the SARS-CoV viruses. In a
complex signalling pathway the human ACE2 binds to the spike (S)
protein of the virus envelope,'® and after subsequent cleavage of the
ACE-virus S-protein complex by cathepsin L,!! the virus enters the
cell by receptor-mediated endocytosis.*?

Within the ongoing discussion as to which amino acids dominate
the host-pathogen fusion, the most critical molecular step appears to
be the mobilization of the viral serine molecule by TMPRSS2 serine
protease,®* and it is the history of this hydrophilic amino acid and its
obviously essential involvement in SARS-CoV-2 pathogenesis, which
strongly suggest that the binding between pathogen and host occurs by
O-glycosylation. Although serine-rich repeat proteins (SRRPS) per-
forming the adhesion of different bacteriae to host cell carbohydrates
via O-glycosylation® have not been described for a virus infection
pathogenesis, a similar mechanism may take place in SARS-CoV path-
ogeneses and the observation that the adhesion of the SARS-CoV
spike protein to its cellular receptor was inhibited by monoclonal and
natural anti-histo-blood A group antibodies® should prove the
inhibition of the classical O-GalNAc binding to a serine molecule.
Moreover, the preferential infection or severe disease of an individual
with blood group A or other non-O blood groups demonstrates that
ABO(H) blood group phenotype-determining sugars are the glycosidic
target. Finally, serine residues, preserved on the viral spike protein,
become available through the action of the host's transmembrane ser-
ine protease TMPRSS2,* while the ACE2 receptor protein,
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hypothetically codetermined by the ABO phenotype,® 118 might me-
diate the ABO glycan transferring enzyme activity and performing a
further (blood group-A-specific mucin-type) hybrid binding. Analo-
gously, the binding to blood group O cells occurs by mucin-type fuco-
sylation via fucosyltranferases 1 and 2 (FUT1/FUT2) activities and
performance of a hybrid H-type antigen,® ” which in contrast to A an-
tigen formation does not affect the innate and adaptive anti-A isoag-
glutinin levels (Fig. 1). Again, within the complex molecular patho-
genic process, the most critical molecular step appears to be the mobi-
lization of the viral serine molecule,™ * 1° which gets access to both
the host’s blood-group independent (ontogenetic) and blood group-
specific (A-allelic-encoded) O-GalNAcal-Ser/Thr-R (Tn) formations,
whose evolutionary relationship remains unknown. This means, that
although the ACEZ2 protein is defined as the SARS-CoV virus receptor
and mediates the transferring enzyme activities, the actual and/or ad-
ditional binding between host and pathogen appears to be an interme-

diate hybrid O-glycan.

Conclusions.

The proposed concept of virus invasion via glycosidic binding on
ABO(H) blood group-determining sugars does not question the es-
tablished functions of the ACE2 receptor protein in its previous® and
current definitions?! 22 but rather shows an additional and more spe-
cific interaction between host and pathogen. Both N- and O-glyco-
sylations may occur within this complex pathogenic process, and
among multiple chemical and physicochemical linkage options, both
a trans-species ontogenetic, blood group-independent and blood-
group specific binding may be performed through intermediate O-
glycosylations in two different glycosidic steps, dominated by the

pathogen’s hydrophilic amino acid serine; moreover, the blood
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group-specific, mucin-type formation appears to elongate and/or re-
place the trans-species, ontogenetic binding. When again the promi-
nent evolutionary position of the serine molecule has been revealed
for SARS-CoV-2 infection, this has become evident also in other,
unrelated infectious diseases, such as malaria tropica, with the dis-
covery of the serine repeat antigen SERA,?* 24 % or Entamoeba his-
tolytica infection, in which the serine-rich E. histolytica protein
STREHP 25 27 dictates the binding and virulence of the parasite.?® It
Is proposed that Covid-19 infection is initiated by intermediate hy-
brid A-like/Tn antigen formation, hijacking the physiological, genet-
ically undefined, serologically A-like/Tn ontogenetic structure,
which must be differentiated from the human blood group A-specific
epitope. This is encoded by the A allele of the ABO gene located on
chromosome 9q34, and which together with the B-allele determines
the risk of developing life-threatening disease in the non-O blood
groups.” Interactions between different pathogenic viruses and
human ABO(H) glycans are known for decades and are explained by
similar molecular biological models. A human rotavirus interacts
with A-type histo-blood group antigen and its infectivity was
specifically abrogated by anti-A antibodies.?® Appropriately, the
analysis of a SARS-CoV outbreak in Hongkong 2008 revealed that
blood group O was associated with low risk of infection, and the in-
teraction between the viral spike protein and the host's cellular recep-
tor was inhibited by natural and monoclonal anti-A antibodies in
vitro, cited above.® Finally, the actual and first statistical study indi-
cates that people with blood group A have a significantly higher risk
for acquiring SARS-CoV-2 or COVID-19 infection, whereas people
with blood group O have a significantly lower risk for the infection
compared with non-O blood groups.® While this observation awaits

confirmation, the central immunological position of blood group O
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may have become evident in a small study 50 years ago,3! which has
been discussed in recent work (Fig. 2).32 ¢ Blood group O individuals,
lacking the blood group-A-determining enzyme, may develop the
least molecular contact with the pathogen and maintain the anti-A/Tn
cross-reactive, complement-dependent isoagglutinin activities,
which are exerted by the polyreactive, nonimmune immunoglobulin
M (IgM),% 732 representing the humoral spearhead of innate immun-
ity and a first line of defense. SARS-Cov-2 or COVID-19 infection
may be considered an evolutionary selective disease, contributing to
the present-day world distribution of the human ABO(H) blood
groups, which most likely has arisen through evolutionary selective
diseases®* over millions of years. While an ABO(H) blood group-re-
lated infection primarily occurs regardless of the blood group, the
synthesis of the blood group AB enables the strongest contact with a
pathogen and molecularly precluding any isoagglutinin activity,
makes this group the least protected and the smallest among the ABO
blood groups. In contrast, blood group O(H) individuals rarer de-
velop severe disease and survive such infections as the largest blood

group worldwide.
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Figure 1.

The virus hypothetically mimicks the ABO phenotype synthetic path-
ways and utilizes the host cell’s machinery via hijacking the host’s
A-like/Tn formation and phenotype-determining enzymes by serine-
rich motifs. The ABO(H) phenotype formation occurs on the both cell
surfaces and plasma-proteins.® While in the blood group A the natu-
rally-occurring anti-A and anti-H antibody activities, exerted by the
polyreactive, nonimmune IgM molecule, are neutralized by the phe-
notype-determining glycotransferases (FUT1/FUT2 and GalNAc-
Ts), in blood group O the anti-A activites remain unaffected. Thus,
the intermediate A-like/Tn structure has been elongated and/or re-
placed by phenotype-determining epitopes. This figure was con-
structed according to figure 2 in a previous article, in which this
mechanism may be similarly utilized by a non-viral pathogen, such
as the protozoan parasite Plasmodium falciparum (See references 6
and 7).
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Central immunological position and evolutionary
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human A_Ls*peCl:fiC > T Thomsen-Friedenreich
GalNAcal,3Galp1,4/3GIcNAcB1-R Galp1-3GalNAca-1-0-Ser/Thr-R
Fucl,2 ’
& &
'1/)‘ qg}"
@ .@o“"
OH
Galp1.4/3GlcNAcP1-R
Fucl,2
¢
&
b “A-like,, TnT "nouvelle"
al,3Galp1.4/3GlcNAcp1-R eukaryotic-trans-species
Fucl .2 GalNAcal-0-Ser/Thr-R

Figure 2.



16

Figure 2.

The central immunological position of the blood group O(H) is evi-
dent in its comprehensive production of “natural” antibodies against
all of the mature A and B glycans and their cross-reactive develop-
mental structures Tn and T. The human A-specific (A-allelic) glyco-
sylation and the trans-species “A-like”/Tn formation are develop-
mentally connected via the formation of cross-reactive anti-A/Tn iso-
agglutinin. According to Hofmann et al. (2014),*® 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 the
anti-Tn antibody, which does not react with blood group B red cells
or T glycoconjugates. By contrast, the anti-B antibodies of blood
group A sera and of blood group O(H) sera bind to B and T glycocon-
jugates but not to A or Tn glycoconjugates. This selective cross-re-
activity of isoagglutinins with Tn and T antigens has been explained
by the authors through the phenotype-specific terminal moieties; the
terminal N-acetylgalactosamine is shared by A and Tn antigens, and
the terminal galactose is, although with a different configuration,
shared by B and T antigen. This figure was constructed by Arend
(2017)%, cited in Arend (2018).



