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Viruses have caused the death of millions of people worldwide. Specifically, human viruses are grouped
into 21 families, including the family of coronaviruses (CoVs). In December 2019, in Wuhan, China, a new
human CoV was identified, SARS-CoV-2. The first step of the infection mechanism of the SARS-CoV-2 in
the human host is adhesion, which occurs through the S glycoprotein that is found in diverse human
organs. Another way through which SARS-CoV-2 could possibly attach to the host’s cells is by means of
the histo-blood group antigens. In this work, we have reviewed the mechanisms by which some viruses
bind to the histo-blood group antigens, which could be related to the susceptibility of the individual and
are dependent on the histo-blood group.
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Along history, microorganisms have had a massive effect on human activities, mostly in a negative way, because
diseases, since ancient times until our present days, control human events, as epidemics cause social, economic
and political chaos as well as human suffering. With the development of microbiology as a science, it has been
possible to identify microorganisms, develop vaccines, drugs and antiseptic techniques that have allowed controlling
most of the known infectious diseases in humans [1–3]. However, microorganisms have an intrinsic plasticity of
their genomes to acquire new properties that are, eventually, noxious to humans, in this way they are able to
adapt and persist in the diverse physiological niches [4,5]. Some microorganisms in the history of mankind have
caused epidemics associated to high mortality rates, for example, the bacterium Yersinia pestis ravaged Europe
during the Middle Ages, killing millions of people [6]. In 1918–1920, the virus of the A influenza subtype H1N1
(also known as the Spanish flu) caused the death of 50–100 millions of people worldwide [7–9]. Interestingly,
it has been reported that viruses have been circulating for thousands of years, as for example the herpes virus
that has infected millions of humans [10,11]. Regarding smallpox, its causative virus is one of the most ancient
viruses capable of infecting humans, its description goes back to the year 430 BC [12]. In fact, this disease is
considered as the most lethal and devastating of history [13]. Notwithstanding, it was not until 1930, with the
invention of the electronic microscope, when the virus could be visualized and identified, which drove the study
and understanding of the infection mechanisms in diverse hosts [14–16]. The 20th century witnessed the discovery
of many diseases caused by viruses and their classification. According to the infection mechanism in the host by the
viruses, they are defined as obligated intracellular small parasites, formed by a DNA or RNA genome, enveloped
by a protein cover encoded by the virus. Viruses have evolved to reproduce inside the infected cell, because by
themselves they are not capable of doing so because they lack the necessary molecular machinery [17]. Viruses are
classified according to their morphology, chemical composition and replication mechanisms. Practically, no virus-
free species exists; specifically, human viruses are grouped in 21 families [17]. Of the total viruses, 70% correspond
to RNA viruses, which usually present high mutation percentages as compared with DNA viruses. DNA viruses
are classified in: Circovirus, Parvovirus, Hepadnavirus, Papovavirus, Adenovirus, Herpesvirus, Poxvirus. Whereas RNA
viruses are classified in: Picornavirus, Astrovirus, Calicivirus, Flavirus, Togavirus, Retrovirus, Reovirus, Bunyavirus,
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Figure 1. Primary hosts of human coronaviruses.
Figure reprinted, with permission, from El Zowalaty and Järhult (2020) [33].

Orthomyxovirus, Arenavirus, Filovirus, Rhabdovirus, Paramyxovirus and Coronavirus families. Although it has
been reported that all genera that comprise these families cause infections, we will focus this review on the family
of Coronavirus, as these are the causative agents of respiratory and intestinal infections in human and animals with
high mortality rates [18,19].

Coronaviruses
Coronaviruses (CoVs) were identified as pathogens in humans in the mid-sixties, when isolated for the first
time from samples of the respiratory tract of adults with a common cold. These viruses constitute the subfamily
Orthoviridae, in the family Coronaviridae, order Nidovirales and owe their name to their circular structure from
which spikes emerge reminiscent of the solar corona [20–22]. They are enveloped viruses with a positive-sense ssRNA
genome with a length of 26–32 kilobases [21]. Its capsid is formed by a lipid bilayer that anchors the structural S
proteins (spikes), responsible for the corona shape and for recognizing of receptors in the host’s cell, protein M,
which is a membrane glycoprotein; and protein E, which is a small protein implicated in several processes of the
viral cycle [23,24].

CoVs are currently classified in five genera: Alphacoronavirus, Betacoronavirus, Gammacoronavirus, Deltacoro-
navirus and Hibecovirus; they have been subclassified into lineages A, B, C and D [25,26]. These genera have
a certain specificity for different hosts. Alphacoronaviruses and Betacoronaviruses infect only mammals, whereas
Gammacoronaviruses and Deltacoronaviruses infect avians and some can infect mammals [27]. Some of these CoVs
are: HCoV-NL63, HCoV-229E, HCoV-OC43, HCoV-HKU1, SARS-CoV, MERS-CoV and SARS-CoV2 [18,28].
CoVs HCoV-229E, HCoV-OC43, HCoV-NL63 and HCoV-HKU1 are present in the common cold together
with other pathogens like the rhinoviruses; it is estimated that a high percentage of the population has developed
antibodies to them. The fifth type of coronavirus to appear in humans was the SARS-CoV that causes the acute
respiratory syndrome. It was identified for the first time in the Guangdong Province, China, in November 2002;
in February 2003, the virus spread rapidly from Southern China to Hong Kong and the rest of the world [29–31],
it infected approximately 8000 people with a 10% mortality [32]. The sixth type of CoV to appear in 2012 was
the one causing the Middle Eastern respiratory syndrome, and called MERS-CoV. This virus shares about 80%
of its genome with that of SARS-CoV with a lethality of 34.5%. The seventh type is the SARS-CoV-2, which
appeared in December 2019 in Wuhan, China and is currently under research [28]. CoVs have evolved to be able
to infect humans, since their natural hosts are wild animals [18], but in the transmission chain to their final host,
humans, other animals participate as intermediates (Figure 1). For example, the MERS-CoV had dromedaries as
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intermediates, between bats and humans [33–35], this was also observed in the epidemics caused by SARS-CoV, in
which, at the beginning, patients had contact with animals; antibodies were found in masked palm civets (Paguma
larvata) and in people that handled these animals in public markets [30,36,37]. Later on, it was found that bats are
the natural host of this CoV [26]. Since then until this date, it has been found that bats are the hosts for at least 30
CoVs [34,38,39]. Several events and incidents are involved in viruses switching hosts, like from bats to other animals
or humans. For example, one of these events was given by bats being consumed as food in southern China and
other countries in Southeast Asia, which is pointed out by the fact that the first reported case of SARS, several years
ago, occurred in a chef from Heyuan [26,40]. Recently, the fact that Wuhan, China, was the site of the first case of
the new CoV in humans named SARV-CoV-2 [41,42] is an additional indication that this type of event represents a
possibility, among others, that the β-CoV be transmitted from the bat to the human host. The transmission from
one species to another can be the result of several events (Figure 1) [33].

Although the spillover of CoVs from a wild animal to humans can be explained by the handling and consumption
of bats or other wild animals, the entry mechanism that the virus has to exert from one cell to the other is of great
interest, as it allows understanding which are the proteins and biomolecules implicated in the process. The first
step that CoV must perform, like any other pathogen, to be able to infect the host’s cells is adhesion. This first step
is performed through the glycoprotein S [23]. Protein S divides into two domains known as S1 and S2. Domain
S1 contains a receptor binding domain to the host [43]. The ACE2 is a receptor for SARS-CoV [44]. After binding
to the ACE2, the conformational change of protein S induces exposure of domain S2, and in this way helps the
virus to fuse with cells of the host [45]. For this reason, the receptor binding domain of domain S1 is considered the
main target for the design of peptides and antibodies to neutralize infections by this virus [46]. Because SARS-CoV
and SARS-CoV-2 adhere to ACE2 in the host’s cells, these viruses are able to colonize the heart, kidney, lungs,
intestine, mouth, esophagus and the gastrointestinal tracts as these organs express this protein. The SARS-CoV-2
virus invades mainly the alveolar epithelial cells, specifically the ACE2 receptors of the alveolar pneumocytes. An in
silico analysis proposed that the binding of SARS-CoV-2 to ACE2 occurs through the binding of the S1 N terminal
domain (S1-NTD) of the spike protein to the glycans that contain sialic acid [47]. Despite that the mechanism
by which SARS-CoV adheres to the cells of the human host to infect the diverse organs of the patient is known,
in other words, by entering the blood stream and from there to the organs. The precise mechanism by which
SARS-CoV adheres to the red blood cells that lack the ACE2 could possibly occur by adhesion to the CD147
receptor, as it has been described that SARS-CoV can bind to the CD147 receptor on the cellular surface [48],
which is found in red blood cells. CD147 is a protein of the immunoglobulins, which exert functions like starting
the work of metalloproteinases that reconstruct the extracellular substance in tissues. This receptor, aside of being
located in the surface of red blood cells, is also found in epithelial, endothelial and leucocyte cells. These data show
that the SARS-CoV possesses mechanisms that allow them to colonize efficiently the human cells.

Correlation between blood type & infection by COVs
Several works have described that the blood type or the ethnicity of an individual plays a role in being more or less
susceptible to the infection by this CoV type, as occurs in other diseases. For example, in candidemia, which is
caused by opportunistic pathogen fungi of the Candida genus, people of African descent, children less than a year
old and patients older than 65 all have a higher prevalence of the disease [49–51]. Regarding the participation of the
blood type of the individual, it has been described that it influences some diseases either infectious or noninfectious.
In this section, we will focus on the blood type and its possible relation with susceptibility to SARS-CoV-2. The
ABO was discovered in 1900 by Karl Landsteiner [52] and it is one of the most important systems for transfusions.
This system is formed by antigens A, B and their corresponding antibodies, giving rise to four blood groups (A, B,
AB and O), in other words, the ABO blood groups, also known as the histo-blood group system. Thanks to the
discovery of the ABO system, safe transfusion of blood has been favored and the system has also been used as one of
the human hereditary characteristics most important discoveries in medicine, as well as for tests to confirm paternity,
in forensic studies, as well as in studies of diverse populations. The distribution of the four blood groups varies in
the different populations of the world, group O is the most frequent, followed by group A, group B and group
AB [53–55]. Antigens of the ABO system are formed by sugars that are found on the surface of erythrocytes [56,57],
bound to the ceramide located in the membrane of erythrocytes. The terminal sugars of each blood group and the
antibody they produce are summarized in Table 1.

Antigens of the ABO system have been associated with susceptibility to different diseases and infections; for
example, people with blood group A have a greater susceptibility to develop salivary glands carcinoma, stom-

future science group www.futuremedicine.com 109



Review Cuéllar-Cruz

Table 1. Characteristics of the ABO system.
Blood group Terminal sugars Antibodies in plasma Antigens in red blood cells

A Acetylgalactosamine + fucose Anti-B A antigen

B Galactose + fucose Anti-A B antigen

O Fucose Anti-A and anti-B None

AB Acetylgalactosamine + fucose; galactose + fucose None A and B antigens

ach, colon, rectum, ovary, uterus, cervix, bladder carcinomas, idiopathic thrombocytopenic purpura, coronary
thrombosis, oral contraceptives-induced thrombosis, giardiasis, meningitis due to meningococcus [58–60]. Whereas
individuals of blood group O present more susceptibility to gastric and duodenal ulcers, rheumatoid arthritis, von
Willebrand disease, typhoid and paratyphoid disease, cholera and gastrointestinal infections caused by Escherichia
coli 0157 [58,61–63]. Individuals of blood type B are more susceptible to urinary infections due to E. coli and
blenorragia [58]. For virus-induced infections, it has been reported that viruses of the Caliciviridae family, which
are positive-sense RNA viruses comprised in nine genera, Vesivirus, Lagovirus, Norovirus, Sapovirus, Nebovirus,
Recovirus, Valovirus, Nacovirus and Bavovirus [64,65] are found in several hosts [66–69]. Viruses of the Norovirus
genus are capable of infecting a wide number of hosts, including humans, canine, feline, ovine, swine, bovine and
murine [64,66–69]. Human noroviruses (HuNVs) are responsible for viral gastroenteritis and acute gastroenteritis
outbreaks worldwide [65,70]. Interestingly, HuNVs bind to the carbohydrates of the antigens of histo-blood group
antigens (HBGAs) before their internalization; besides, it has been reported the polymorphism of the histo-blood
antigens is related to the susceptibility presented by the individual to HuNVs [65], pointing out the relevance of
the HBGAs in the entry mechanism. Noroviruses have been divided in six different geno-groups based on the
sequences of their capsids. HuNVs are comprised in geno-groups I (GI), II and IV [64,65,70]. Although HuNVs,
GI and GII, bind to the HBGAs, to elucidate the interaction mechanisms between HuNVs and the HBGAs, the
crystalline structures of the HuNV protruding domains of two rarely identified genotypes were determined, these
were the Vietnam026 (026) GII.10 and Hiro G11.12 [70]. The crystalline structures were resolved alone and in a
complex with a panel of HBGAs (Figure 2).

Results from analyzing different crystalline structures revealed that in the interaction of the norovirus GII with
the HBGAs participate six hydrogen bonds between the α-1,2-fucose terminal of the HBGAs and a dimeric
capsid interface, which is composed of elements of two protruding subdomains (Figure 3) [70]. The interactions of
noroviruses with other saccharide units of the HBGAs involve few hydrogen bonds. In norovirus GII, a conserved
residue was identified with α-1,2-fucose, on the external surface of the virion capsid [70].

Another study elucidated the crystalline structure of another HuNV genotype, specifically the geno-group II,
genotype 4 (GII.4) [71]. These authors mention that noroviruses evolve every 2 years and it is considered that they
modify the binding interaction with different HBGA types. The crystalline structures of the capsid protruding (P)
domains of the epidemic variants of years 2004, 2006 and 2012 were studied, which were co-crystallized with a
panel of HBGAs to elucidate the binding mechanisms of these viruses with the HBGAs [71]. Domain P is important
because it contains the determinants for the binding cells and the diversity of strains. This domain is subdivided
in subdomains P1 and P2 and each of them is considered to have unique functions. Binding of P domains of
noroviruses G11.4 of 2004, 2006 and 2012 to the HBGAs were analyzed through x-ray crystallography. Results
showed that the amino acids variations were localized in subdomain P2 [71]. It was also found that GII.4 viruses are
able to bind to different types of HBGAs, this binding is achieved by complex interactions, such as movements of
the coil of domain P with the consequent alternative conformations of the HBGAs; for example, a coil (residues
391–395) repositioned to allow for the Lewis Y binding. This same coil displaced itself slightly to provide direct
links mediated by Lewis B hydrogen and water. Based on these data, the authors conclude that the outbreaks
caused by noroviruses GII.4 are due to highly regulated binding mechanisms to the HBGAs, their affinity for the
Lewis-type HBGAs, and their amino acids modifications.

Once the virus has bound to its cellular target, a series of events are released that allow the virus to enter the
cell. In general, the steps followed by the virus are: binding to the cellular target; compromise the host; endocy-
tosis; penetration of the cellular membrane; delivery of the viral genome to the cytoplasm [72,73]. Once the virus
has been successful in entering the cells, cellular tropism and pathogenesis take place [73]. In this mechanism, one
of the key points, perhaps the most relevant, is precisely the binding of the virus to the HBGAs. The molecular
mechanism by which these molecules promote infection is proposed to occur as described in Figure 4 [73].
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Figure 2. Structures of the norovirus GII.10 and GII.12 P domains. The GII.10 and GII.12 P1 subdomains are very
similar, with greater differences observed in the P2 subdomains. (A) The GII.10 VLP was modeled from the shell
domain of the NV VLP (PDB ID, 1IHM) and the unbound GII.10 P domain (PDB ID, 3ONU). The GII.10 VLP (T3) was
modeled with different monomer interactions, A/B and C/C, where each A, B and C monomer was colored light blue,
salmon and orange, respectively. The boxed region showed the location of the P domain capsid dimer. (B) The x-ray
crystal structure of the unbound GII.10 P domain dimer was determined to have 1.4-Å resolution and colored
according to monomers (chains A and B) and P1 and P2 subdomains, in other words, chain A P1 (blue), chain A P2
(light blue), chain B P1 (violet) and chain B P2 (salmon). The chain A P2-extended loop protruded out from the side of
the P domain (the chain B extended loop was not fitted into the structure). The P1-interface loop was at the dimer
interface and surface exposed. (C) The x-ray crystal structure of the unbound GII.12 P domain monomer determined
to 1.6-Å resolution (shown here as a modeled dimer) was colored according to monomers and P1 and P2 subdomains,
in other words, chain AP1 (hot pink), chain A P2 (orange), chain B P1 (green) and chain B P2 (cyan). As for the GII.10
P1-interface loop, the GII.12 P1-interface loop was at the dimer interface and surface exposed. (D) Superposition of
GII.10 (PDB ID, 3ONU), GII.12 (PDB ID, 3R6J), GII.4 (PDB ID, 2OBR) and GI.1 (PDB ID, 2ZL5), colored as shown in panels B
and C, dark gray and light gray, respectively, indicated that the four structures were very similar, except for several
differences, including the P1-interface loop and the P2-extended loop. (E) The P1-interface loop (a close-up 90◦

rotation of panel D) was located at a dimer interface for all four structures. The lengths of the P1-interface loops
were the same for GII.10, GII.12 and GII.4 but shorter for GI.1 (residues 445 to 456, 432 to 443, 436 to 447 and 425 to
431, respectively).
GII: Genotype; NV: Norovirus.
Figure and legend reprinted, with permission, from Hansman et al. (2011) [70].
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Figure 3. Surface comparisons of the GII.10 (PDB ID, 3ONU), GII.12, Genotype 4 (PDB ID, 2OBR) and GII.1 (PDB ID,
2ZL5) P domain dimer structures. The GII HBGA binding sites (black circles in panels A to C) involve a dimeric capsid
interface that is formed primarily by the P2 subdomain and includes a P1-interface loop, whereas the GI HBGA
binding site (black circle in panel D) is monomeric, involves only a single P2 subdomain and makes no contact with the
P1 subdomain. (A) The GII.10 P2 subdomain had an amino acid insertion (relative to those of the other GII sequences),
which corresponded to a P2-extended loop. (B) The GII.12 P2 subdomain was somewhat unlike the other two GII
surfaces, having a more pointed P2 subdomain. (C) The GII.4 P2 subdomain was more similar to that of GII.10 but had
a less pointed P2 subdomain top surface. (D) The GI.1 P domain appears somewhat flatter than that of the GII
structures.
GII: Genotype; HBGA: Histo-blood group antigen.
Figure and legend reprinted, with permission, from Hansman et al. (2011) [70].
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Figure 4. Model of norovirus entry. The first and often rate-limiting step of viral entry is viral attachment to the cell
surface. Cell-associated host glycans including terminal sialic acid and HBGAs can facilitate the entry of mouse (MNoV)
and HNoV, respectively. Soluble cofactors including soluble forms of HBGAs (HNoV), bile salts (MNoV and HNoV) and
divalent cations (MNoV) can also augment the attachment of the virus to cells. For MNoV, these soluble cofactors
increase virus attachment in a receptor-dependent manner. The second stage of viral entry is receptor engagement.
CD300lf, an Ig domain-containing membrane protein, is the MNoV receptor and fJAM-A is the FCV receptor, while the
HNoV receptor remains unknown. Interestingly, ceramide alters CD300lf conformation or clustering, promoting the
interaction with MNoV. Following receptor engagement, the virus is endocytosed where, at least for FCV, receptor
binding triggers the minor capsid protein VP2 to form a membrane portal that may enable viral genome release in
the cytosol.
FCV: Feline calicivirus; fJAM-A: Feline junctional adhesion molecule A; HBGA: Histo-blood group antigen; HNoV:
Human norovirus.
Figure and legend reprinted, with permission, from Graziano et al. (2019) [73].

Another type of identified norovirus is the canine norovirus, which has been classified in genogroups IV (GIV)
and VI (GVI). A study determined the binding specificity of these noroviruses to carbohydrates; interestingly,
α-1,2-fucose was identified as a key factor for the attachment. Through ELISA and immunohistochemistry it was
confirmed that the canine norovirus recognizes HBGAs groups that contain α-1,2-fucose [65]. These data support
the idea on the evolution of noroviruses, and this could be the key step in the zoonotic transmission from animals
to humans.

Another analyzed virus is the BtCalV/A10/USA/2009, which likely represents a novel genus of Caliciviridae.
Carbohydrate binding studies were performed with this norovirus and it was found, as with bat noroviruses, that
their capsid sequences resembled those of HuNVs, as they retained the binding to the host’s ligand within binding
domains to the receptor similarly to HuNVs. This calicivirus binds to the HBGAs, as observed with human and
animal noroviruses. These data indicate the ability of bat caliciviruses to bind to HBGAs and, thereby, overcome
the significant barrier for transmission among species [64]. Another virus from the Caliciviridae family is the bovine
nebovirus, causative agent of acute gastroenteritis in cattle. This virus binds to the HBGAs specifically to those of the
type A/H type 2/Ley expressed in the bovine digestive tract; interestingly, they are related to the HBGAs expressed
in humans and in other host species [74]. Results also showed that the bovine nebovirus binds to α-1,2-fucose,
indicating that this virus can be transmitted to other hosts like humans.

Regarding the binding mechanisms of SARS-CoV-2 to the different HBGAs, it has been shown that depending
on the antibodies of the blood groups, these can or not block the interaction between the SARS-CoV-S protein and
ACE2 [75]. In this way, it has been shown in experimental models that the binding between ACE2 and SAR-CoV
S protein can be blocked specifically by anti-A blood group antibodies, when the S protein was synthetized by cells
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that express the A histo-blood group antigen [75,76]. These data suggest that for the people with the O blood type,
by having anti-A and anti-B antibodies, it could be possible to avoid the infection by blocking the binding and
entrance of the virus [75,76]. This observation agrees with a study performed in 2173 patients with COVID-19,
which found that individuals with blood type A exhibit a higher susceptibility to become infected with SAR-CoV-2,
in contrast to those with the O blood type, which seem to be least susceptible [77].

Conclusion
Data obtained in this type of studies suggest that this could be one of the binding mechanisms of HBGAs to
different types of viruses, like CoVs, SARS-CoV and SARS-CoV-2, which could be related to the susceptibility of
the individual, dependent on the histo-blood group.

Future perspective
HBGAs are important for the adhesion of viruses to the host’s cells, as this is the key point to be able to enter the
cell and cause the infection. Additionally, binding of the virus to HBGAs is possibly the mechanism used by the
virus to go from one host to another, for example, from bats to humans or from bats to an intermediate animal
and, finally, to humans. For SARS-CoV and SARS-CoV-2 viruses, formal studies have been started to ascertain
whether the binding of these CoVs to HBGAs favors or not the susceptibility of each individual to these CoVs and
whether it is an alternative pathway for the binding of SARS-CoV-2 to human cells. This knowledge will allow for
the development of a potential vaccine, as well as for the design of new drugs for the treatment of this novel CoV.

Executive summary

Introduction
• Microorganisms are the cause of pandemics that have affected mankind along its history.
• Viruses have caused the death of millions of people worldwide, as happened with the influenza A of the H1N1

subtype during 1918–1920.
• The 20th century witnessed the discovery of many diseases caused by viruses and their classification.
• Viruses have evolved to reproduce inside the infected cell, because by themselves they are not capable of doing

so because they lack the necessary molecular machinery.
Coronaviruses
• Viruses are classified according to their morphology, chemical composition and replication mechanisms.
• Specifically, human viruses are grouped into 21 families, among them is the family of coronaviruses (CoVs).
• These viruses were first identified in the 70s and are responsible for respiratory and intestinal infections in

humans and animals with high mortality rates.
• One of the CoV types that appeared in humans was the SARS-CoV responsible for the acute respiratory distress,

which infected approximately 8000 people.
• Recently, in December 2019, in Wuhan, China, a new human CoV was identified, called SARS-CoV-2, which has a

mortality of approximately 2–3%.
• Several events and incidents are involved in viruses switching hosts, like from bats to other animals or humans.
• The first step of the infection mechanism of the SARS-CoV-2 in the human host is adhesion, which occurs through

the S glycoprotein that is found in diverse human organs.
Correlation between blood type & infection by COVs
• Another way through which SARS-CoV-2 could possibly attach to the host’s cells is by means of the histo-blood

group antigens (HBGAs).
• The ABO was discovered in 1900 by Karl Landsteiner.
• The distribution of the four blood groups varies in the different populations of the world.
• Antigens of the ABO system have been associated with susceptibility to different diseases and infections.
• For virus-induced infections, it has been reported that viruses of the Caliciviridae family, which are positive-sense

RNA viruses comprised in nine genera, Vesivirus, Lagovirus, Norovirus, Sapovirus, Nebovirus, Recovirus, Valovirus,
Nacovirus and Bavovirus are found in several hosts.

• Viruses of the Norovirus genus are capable of infecting a wide number of hosts, including humans, canine, feline,
ovine, swine, bovine and murine.

• Human noroviruses (HuNVs) are responsible for viral gastroenteritis and acute gastroenteritis outbreaks
worldwide.

• Interestingly, HuNVs bind to the carbohydrates of the antigens of HBGAs before their internalization.
• Noroviruses have been divided in six different geno-groups based on the sequences of their capsids. HuNVs are

comprised in geno-groups I (GI), II, and IV.
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• Results from analyzing different crystalline structures revealed that in the interaction of the norovirus GII with
the HBGAs participate six hydrogen bonds between the α-1,2-fucose terminal of the HBGAs and a dimeric capsid
interface, which is composed of elements of two protruding subdomains.

Future perspective
• HBGAs are important for the adhesion of viruses to the host’s cells, as this is the key point to be able to enter the

cell and cause the infection.
• Besides, binding of the virus to HBGAs is possibly the mechanism used by the virus to go from one host to

another, for example, from bats to humans.
• For SARS-CoV and SARS-CoV-2 viruses, it has been formally studied whether the binding of these coronaviruses to

HBGAs favors or not the susceptibility of each individual to these CoVs.

Acknowledgments

This article is dedicated to the loving memory of my mother, Herlinda Cruz-Ramı́rez, who will always be remembered as the beloved

mother whom inspired me all the time to pursue my goals and who was an example of perseverance to all our family members.
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