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Abstract: Some blood group antigens are reported as a susceptibility marker for some diseases. For instance, HBGA
(Histo-blood group antigen) which is controlled by gene FUT2 also considered as a susceptible marker. The FUT2
gene which exhibits the expression of alpha-1, 2-L-fucosyltransferase enzyme also leads to HBGA expression for the
gut, and it provides a composition of the phenotypical profile that exists in some populations with unique histories
of evolution and it can be considered as a marker of the genetic population. It is found to have an association with
many diseases which is discussed in this review. Polymorphic mutations are known to inhibit and reduce its function
which are population specific. Detailed understanding and deeper knowledge of its role in the pathogenesis and
prevention of many diseases is required. FUT2 may also have a potential role in the case of COVID-19 as a suscep-
tible marker due to its association with respiratory diseases and the ABO blood group. There is an utmost need for

this kind of review knowing its importance and owing to limited collective information.
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Introduction

Biological markers of susceptibility are closely
associated with the estimation of populations
at risk. Individuals in a population may differ
widely in their susceptibility. In the absence of
susceptibility information, a population classi-
fied at risk may consist mainly of individuals
who aren’t susceptible and thus considered at
lower risk [1]. Since the discovery of FUT2 as a
genetic susceptible marker, the possible func-
tion of blood groups in infectious diseases has
always been a constant interest. In epidemio-
logical studies, the FUT2 gene is one of the fre-
quent targets since it is a genetically deter-
mined trait between individuals and popula-
tions with defined polymorphic expressions.
Toxins, parasites, and bacteria have receptors
that help them colonize, invade, or avoid being
cleared by the host with the help of blood group
antigens managed by FUT2 [2]. As pathogens
are selective agents, they use host-cell surface
molecules as the signature for identifying sig-
nals. These are mostly oligosaccharides and
produced by glycosyltransferases, for example,
A and B antigens are recognized by certain

pathogens as receptors. If fucosyltransferase,
which is accountable for ABO biosynthesis in
other body fluids other than blood, is active
then these antigens can also be present in
other tissues [2]. This type of association (pa-
thogen with blood group antigen) is discussed
in this paper.

In human, FUT2 gene encodes an enzyme
known as Galactoside 2-alpha-L-fucosyltrans-
ferase 2 which is responsible for secretor sta-
tus of ABO antigens [3]. Other names for FUT2
are B12QTL1, SE, Se2, SEC2, and sej [4]. The
size of FUT2 gene is 9,980 bases with Plus
strand orientation and, present on chromo-
some 19g13.33. It consists of 2 exons (118
and 2995 bp) which are separated by an in-
tron of 6865 bp. The former exon is a non-
translated coding region and another exon
codes for 343 protein amino acids [5]. Around
20 percent of people worldwide are unable to
release ABO in other body fluid. There are
several polymorphisms in FUT2 which inacti-
vates its function, although these polymor-
phisms are population specific and important
to understand.
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This paper hypothesized that the FUT2 is a
determinant for the infectious disease which
arises various questions like literature availa-
bility, its role in infectious diseases, and its
relationship with a new arising disease like
COVID-19.

There is limited and scattered published infor-
mation on the role and overview of FUT2 as a
susceptible marker and how it's associated
with infectious diseases. The main objectives
of this paper are to outline the role of FUT2 in
susceptibility, its association with other diseas-
es, and its interaction with pathogens. We also
tried to verify its importance in coming scenari-
os where pandemic like COVID-19 exists. Also,
this review focuses on a brief overview of the
importance of FUT2 in human health, its rela-
tionship with the blood group system, global
distribution, and its polymorphic allele.

Methodology
Search strategy

We formulated the search strategy using the
MeSH terminology, which was then adapted
for the databases being searched mainly
Pubmed, Embase, Web of Science and Ovid.
The terms used for Medical Topic Headings
(MeSH) were ‘FUT2 gene’, ‘prevalence’, ‘sus-
ceptibility marker’, ‘genetics’, ‘FUT2 disease
association’, ‘FUT2 role in COVID19'. Cross-
references were checked for associated stud-
ies when related papers were found.

Criteria of inclusion for a searched article are
as follow:

(i) A peer-reviewed article published in a scien-
tific journal in English.

(i) Studies on FUT2 gene prevalence.

(iii) Cohort, case control studies or reviews as-
sessing association between FUT2 and dis-
ease, also its relation with blood group.

(iv) Studies including the SNPs of FUT2.
(v) Studies including the importance of FUT2.

(vi) Studies including the methodologies of de-
tecting FUT2 gene.

The titles and abstracts of potentially impor-
tant papers were used for screening. The
entire article was retrieved when the abstract
was not available.

FUT2 mechanism and polymorphism
Terminology and their role linked with FUT2

FUT2 gene is a part of ABO serology. It plays an
integrated and important role in the mecha-
nism of blood group structure and disease
association. The International Blood Transfu-
sion Society (ISBT) officially recognizes 34
blood group systems. Some mechanisms, for
instance, ABO, have several associations with
infective diseases. Similarly, several pathogens
may use many different blood group antigens
to interact with them. This is especially true in
the case of malaria which shows interaction
with different blood group systems [2].

ABO, Lewis and secretor

The ABO histo-blood group comprises 4 types
of groups (AB, O, A, and B) and two antigens (A
& B). These two antigens are autosomal co-
dominant and are formed by the ABO gene.
Owing to the homozygous inheritance of two
null ABO alleles, the group O phenotype is
autosomal-recessive. The H antigen, which is
the biosynthetic precursor to the A and B anti-
gens, is expressed by people with blood group
0. The blood type ABO has antigens A, B, and
H. Different ethnic groups have different rela-
tive distributions of ABO forms, but group O
appears to be the most common [2]. ABH anti-
gens can be found in a range of tissues and
secretions, as well as in the mucosa of the
intestine, endothelium, kidney, heart, and other
organs in addition to red blood cells. Blood
group typing or ABO is also associated with
many diseases as described in the detailed
study done by L. cooling [2]. The implication of
ABO typing for epidemiological research may
be influenced by many developmental, clinical,
and genetic factors. ABO expression is strongly
dependent on Secretor/FUT2 gene inheritance
in many epithelial tissues [6].

Secretor gene (FUT2)

In the autosomal dominant pattern, Fucosyl-
transferase 2, is also known as the Secretor
gene. The inherited dominant form is ‘Se’,
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whereas ‘se’ is indicated as the recessive
form. Therefore, ‘SeSe’ or ‘Se’ is secretors and
‘se’ is non-secretor [7]. For individuals who
secrete antigens that are present in the blood
than other body fluids like mucus, saliva, etc.,
the words secretor are specified. On the other
hand, though, a non-secretor status pointed to
those that were not or very little interested in
these body fluids [4]. Secretor status refers to
the presence of ABH, Lewis antigen, and HBGA
(histo blood group antigen) in mucous of the
intestine and other bodily fluids or in secre-
tions [8].

FUT2 in ABO biosynthesis

H, A, and B blood type antigens are alpha 1,
2-linked glycan-containing fucose existing on
red blood cell glycoproteins and glycolipids
(erythrocytes) in individuals representing the
blood group A, B and H, respectively [8]. Fu-
cosyltransferase enzymes H (FUT1) add fucose
to the alpha (1, 2) binding of type 2 glycopro-
teins on RBCs to form H antigen, whereas FUT2
adds fucose to the alpha (1, 2) binding of type
1 glycoprotein chains to make ABH antigens in
other body fluids (secretor phenotype). AlImost
20 percent of the population lacks ABH anti-
gens in secretions because of the presence of
non-functional (mutated) fucosyltransferase Se
(FUT2) (non-secretor phenotype) [9].

There is a single functional H gene (FUT1) for
individuals with a non-secretor phenotype and
do not have a functional secretor gene i.e.
FUT2. Therefore, people with this expression
have H antigen on the surface of RBCs but no H
antigen in their secretions. H antigen is located
on the surface of RBCs as well as in secretions
of individuals belonging to the secretor pheno-
type. The rare Bombay (group O) and Para-
Bombay phenotypes resulting from homozy-
gosity of inactive H (FUT1) and Se (FUT2) and
homozygosity of null allele H (FUT1) are induc-
ed by this process but have at least one func-
tional allele of Se (FUT2) respectively [9].

The FUT1 and FUT2 gene fucosyltransferase
product encodes a protein which is present on
Golgi stack membrane and have at least one
functional Se (FUT2) and glycoproteins on the
RBC membrane and in body fluids (Figure 1) [3,
10].

Lewis (FUT3) and HBGA

The FUT2 gene, along with the FUT3 gene
encodes an enzyme named fucosyltransfer-
ase-3 (Lewis type alpha 1, 3/4-fucosyltransfer-
ase), which is necessary for the presence of
Lewis b antigen (Le a-b+) in secretions. In this
case, FUT3 encodes Lewis as a histo-blood
group (Le a+b-) antigen in individuals with non-
sense FUT2 mutations (non-functional fucosyl-
transferase 2). Although, Lewis-ve (Le a-b-) has
a Lewis null phenotype mutation in the FUT3
gene, irrespective of the FUT2 gene or secretor
status, as shown in Figure 2. In the case of sev-
eral microbes, these mucosal ABH and Lewis
HBGAs are proven to act as energy sources and
adhesion receptors [8].

HBGAs are complex carbohydrates present as
soluble oligosaccharides on the exterior of RBC
(red blood cell) surfaces, mucosal epithelia,
and body fluids like intestinal secretions, milk,
and saliva [11]. HBGA contains an antigen of
type H 1. HBGA synthesis relies on the alpha 1,
2-fucosyltransferase enzyme produced by the
FUT2 gene, which define the secretors. In order
to promote cell attachment, microbes may rec-
ognise HBGA from hosts (Figure 2) [12].

Global prevalence of FUT2 (Secretors)

The presence of secretor and Non-secretor
genotypes is greatly varies in different ethnic
groups. For example, according to a study, only
a few non-secretors are reported in East and
Southeast Asians [12]. According to Le Pendu
and co-workers, 80% of the population of
Europe and North America has Secretor anti-
gen [13]. While other research studies in Latin
America, Africa, and several Asian countries
have indicated a dominance of secretor plus
Lewis Negative individuals, as opposed to
Europe and North America, where people with
secretor Lewis-positive prevail [14]. Another
studies showed Lewis-positive secretor pheno-
type in North America and other parts of
Europe especially in Spanish population [11,
15-17]. In Burkino Faso, Lewis antigen is nega-
tive for the majority of the population [17, 18].
The delay in Lewis antigen expression in the
initial months of life, regardless of the FUT3
gene activity, has also been documented by
some studies [2, 11].
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Figure 1. Role of FUT1 and FUT2. Fucosyltransferase enzymes H (FUT1) add fucose to the alpha (1, 2) binding of type 2 glycoproteins on RBCs to form H antigen,
whereas FUT2 adds fucose to the alpha (1, 2) binding of type 1 glycoprotein chains to make ABH antigens in other body fluids (secretor phenotype).
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Figure 2. Representation of FUT2 plays a role in the attachment of microbes.

FUT2 polymorphism

FUT2 is predominantly expressed in the sali-
vary glands, trachea, parotid, stomach, and
mucosa of the intestine, epithelium of kidney,
and tract of the human reproductive system
especially in females (ovary, cervical canal,
and cervix); however, there is not any FUT2
messenger RNA in the placenta, bone marrow,
or spleen, which almost exclusively uses FUT1
[19]. Natural selection is evident in polymor-
phism in the FUT2 promoter [20]. Mutations in
a2FucT1 or a2FucT2 enzymes activity (encod-
ed by FUT1 and FUT2, respectively) that affect
negatively reduce or stop the production of an-
tigen H. Mostly, Non-secretors are non-sense
mutations in FUT2 gene [8].

There are currently 29 null and weaker alleles
of the FUT2 gene (http:/www.isbtweb.org/) list-
ed in the ISBT [10]. Se*?® (Trp143stop) is the

very prevalent non-secretor allele in Caucas-
ians and is used in genome research (G428A,;
rs601338). Studies from Turks, Africans, and
Iranians found the presence of se*?® allele [21,
22]. In Asia, FUT2 variants with low activity
(Se%) are usual. Se®*® (lle129Phe) is the pre-
dominant Se% allele in China and neighbouring
Asian countries [23-25]. Se"/Se" and Se"/se
people can also be presented as Le (a+b"),
Le (a+b-), or Le (a-b-) respectively. Individuals
who are mainly at consequences of having a
non-secretor phenotype are Se"/se genotype
[24].

Several other studies also reported polymor-
phism in FUT2 gene. Ting-An Yang et al,
reported a mis-sense mutation (A385T), two
nonsense mutation (C571T and G849A), and a
silent mutation (C357T) in FUT2 alleles in
Taiwanese population [12]. FUT2 gene poly-
morphism has been noted to regulate the
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innate immune response and also play a role
in evolution for the survival of humans during
pathogen outbreaks [26]. According to Pirjo
wacklin et al., in 2011 and Goke Gunaydin et
al., in 2015 when the FUT2 428G>A SNP was
AA, the person’s secretor status was specified
as non-secretor, and if the FUT2 428G>A
(Se*?®, W143X, rs601338) SNP was GA or GG,
the individual status was stated as secretor [8,
27]. In south Africa Se®’5, Se*8, and Se*° are
the most common polymorphisms and in
Europeans, Xhosas, and Ghanaians se®® and
Se“8% is most common [28-30].

While several FUT2 polymorphisms are unique
to individuals, in most populations there is
dominance of non-secretor phenotypes [30].
Non-secretor phenotypes occur due to muta-
tions in the second exon of the FUT2 gene, the
most common explanation for the non-secretor
status among all two alleles is the non-func-
tional allele se*?8, which codes for a stop codon
at position 143 (Trp-Ter) [28, 29]. The most
common reason of non-secretor phenotype in
South East and East Asians is Se®8®, which is
triggered by a decrease in alpha-(1, 2) fucosyl-
transferase activity due to mis-sense mutation
on codon 129 (lle-Phe) [30-33]. There tends to
be a more limited geographical distribution of
two other non-secretor alleles: se3°? and se®™*
which are reported to found in Thai, Banglade-
shi and samoans population, respectively [30,
34].

According to Lara M. Silva and co-workers, the
time duration of global genetic diversity in
FUT2 may be as old as three million years,
according to the hypothesis that FUT2 is under
long-term balancing selection. The 428G>A
mutation happened at least 1.87 million years
earlier, and the 739G>A substitution occurred
approximately 816,000 years ago, according
to specific variant age estimates. In East
Asians, the non-secretor phenotype is caused
by the 385A>T missense mutation and possi-
bly occurred around 256,000 years ago [35].
Studies also showed that Lewis HBGAs and H
type 1 expression in the FUT2 and FUT3 genes
is genetically determined on the basis of poly-
morphisms. The frequency of these polymor-
phisms varies greatly among ethnicities; for
example, around 4-6% of white populations do
not exhibit Lewis antigens, while in certain
African and Latin American populations, the

frequency of this Lewis-negative trait are more
than 30% [18]. One recent study explained that
polymorphism are population specific. Three
alleles, Se®®’, Se and se*?*® were common, and
the frequency of non-secretors was relatively
low in Latin American populations and conclud-
ed that the high number of non-secretors may
affect the expansion or effect of diseases in
particular population [36].

Host-parasite interactions

Secretors and non-secretors have different car-
bohydrate phenotypes, which influences their
sensitivity to various pathogens. According to
Raul Perez-Ortin et al., human rotaviruses have
been reported to recognise individuals’ various
host histo-blood group antigens (HBGAs) in a
type-specific manner [37]. Anna Ferrer-Admetl-
la et al., reported that pathogens are effective
selective agents and the signature of selection
can be revealed by pathogen’s host-cell sur-
face molecules as identification signals [5].

As per another study the frequency of FUT2
alleles is related to pathogen richness, imply-
ing that secretor and non-secretor status can
play a function in susceptibility and resistance
to various pathogens. As a result, to fully com-
prehend the role of FUT2 alleles in the evolu-
tion of host pathogens, a detailed understand-
ing of their function is needed [5].

Linkage of FUT2 with other diseases

Mourant and co-workers explained that there
is epidemiological reason to link ABO blood
types, secretor status, and exposure to patho-
gens, as well as other conditions like carcino-
ma and ulcers [38]. Non-secretors are often
more commonly related to low-level infections
including yeast (Candida) and Streptococcus.
Peter and co-workers also indicated that it is
also recognized that non-secretors suffer from
several types of autoimmune disorders, espe-
cially Crohn’s disease. Non-secretors of blood
type A in some cases experience bacterial
overgrowth in the stomach, which may lead
to severe complications including Barrett's
Esophagus, esophagus and upper stomach
chronic inflammation [39]. Many such associa-
tions of non-secretor and secretors are men-
tioned in Table 1. Although it seems that being
a non-secretor does not have an advantage,
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Table 1. Representing association of Secretor and Non-Secretor with diseases

S. No Status Linked Disease Reference
1 Non-Secretors Imbalance in their bacteria flora, a condition known as dysbiosis [40]
2 Non-Secretors Autoimmune diseases like Rheumatoid arthritis, Psoriasis, Diabetes [41]
mellitus
3 Non-Secretors Peptic ulcers [42]
4 Non-Secretors Vaginal candidiasis [43]
5 Non-Secretors Oral changes like oral submucous fibrosis [44]
6 Non-Secretors Dental caries [45, 46]
7 Non-Secretors Periodontal disease [47]
8 Non-Secretors Precancerous oral lesions and oral cancer [48, 49]
9 Secretors genotype and lewis Higher risk of moderate to serious rotavirus AGE [12]
positive genotype (independently)
10 Lewis negative children Susceptible for Rotavirus P [6] infection and responsible for [11]
resistance to P [8] strains that it’s likely that in Sub-Saharan Africa,
rotavirus vaccine potency is limitedis due to this factor
11 Non-Secretors Lower incident of rotavirus symptomatic infections [37]
12 Secretor status Strong association with intestine micro-biota particularly with [8]

bifidobacterial diversity

13 Non-Secretor phenotype

Strongly associated with Crohn’s disease and necrotizing enterocolitis [50-52]

14 Non-Secretor Urinary tract infection and vaginal candidiasis are more likely to occur [50]
15 Secretor Certain Norovirus genotypes increase the chance of diarrhea [53]
16 Non-Secretor (women) Recurrent urinary tract infection due to E. coli [54]
17 Secretor In both humans and Rhesus monkeys, positive BabA Secretors are [33, 55]

necessary for Helicobacter pylori adhesion and infection

18 Non-Secretor Cholera infection [56]
19 Secretor HIV progression and infection [41]
20 Secretor Respiratory Viral iliness in patients of Influenza [57]

some preliminary research indicates that non-
secretors can have a less chance of some
digestive tract tumours [40].

There has been a significant correlation bet-
ween phenotypic expression of HBGA and NoV
infection in many previous studies, which is
thought to be a significant factor in GIl NoV
prevalence. The Gll.4 NoVs recognize HBGAs
which represent more than 80 percent of the
common population. Few strains may also rec-
ognise non-secretors, explaining their domi-
nance in triggering NoV epidemics worldwide
[58].

Secretor has been recognised as a biomarker
of necrotizing enterocolitis, which is predomi-
nantly a premature infant disease [59]. In
2020, A new study in Korea, concluded that O
type blood and secretors are one of the protec-
tive factors against Cohrn’s Disease in Asian
population [60]. Another research supported
the hypothesis that FUT2 loss-of-function mu-
tation participates in the IBD pathogenesis by
decreasing binding sites for adherent bacteria

and thus altering the gut microbiota. Decreas-
ed abundances of adherent bacteria may allow
the overgrowth of bacteria that induce inflam-
matory T cells, leading to intestinal inflamma-
tion [61]. One study reported the responsibility
for a range of gastrointestinal disorders, such
as salivary tumors, gastric cancer, pernicious
anaemia, and duodenal ulcer, was found to be
related to the blood groups of ABO. The causes
of these connections are unclear, specifically
linked to the basic defensive behaviour of sub-
stances in the blood group in the secretions
[62]. One study also reported association of
non-secretor with C. Jejuni [2]. There was no
correlation found in Se/FUT2 genotype with
severity of cystic fibrosis in some studies [63].

The presence of a secretor determines why a
particular disease is prevalent in that area. The
type 1 chain precursor (Gal3GIcNAc) as well as
all HBGAs on glycolipids carrying the end prod-
ucts of the ABH, secretor, and Lewis genes, are
typically abundant in the neonatal gut. The type
1 chain predecessor is normally undetectable
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in the adult small bowel, and has only been
observed in one Lewis- and secretor-negative
person and a proximal resection of jejunum
taken from a gastric cancer sufferer. While
fucosylated glycosphingolipids undergo minor
structural changes across the villus axis of the
adult intestine less information is available
about the cell-specific, temporal, and longitudi-
nal changes of HBGAs in early childhood intes-
tinal tissues, especially concerning changes in
intestine microflora [18]. In one recent resear-
ch, it is proved that low Fut2 expression and
a-1, 2-fucosylation in the colon were seen in
patients with Ulcerative colitis and Crohn’s dis-
ease. It also found in this study that Fut2 defi-
ciency in intestinal epithelium exacerbated
colitis, including promoting the release of pro-
inflammatory cytokines and aggravating epi-
thelial barrier damage [52]. Like others, intus-
susceptions are another condition whose cau-
se is unknown and predicted to be related to
many of these viruses which are associated
with Secretors and Non-secretors. It may have
been hypothesized that intussusceptions can
be directly or indirectly associated with the sta-
tus of host genetic susceptibility. There is a
need for more studies to infer the hypothesis.
One study also suggested that although a lot of
research studies exist for direct interactions
between host and pathogen, determining the
more complex and variable mechanisms un-
derlying three-way interactions involving the
intestinal microbiota will be the subject of
much-needed future research [64]. One possi-
bility is that the higher frequency of negative
Lewis people leads to viral evolution, but this is
just a speculation [38].

Some recent studies also hypothesised that
ABO antibodies, group O people are highly im-
mune to SARS CoV, reducing the level of infec-
tion in the people. However, The ABO antibody
titre, secretor status, and the presence of gr-
oup O in the population can all influence the
degree of protection [65]. It would also nullify
viral neutralisation by a non-secretor pheno-
type, because viruses transmitted from a non-
secretor lack ABH expression [2]. The effect of
host genetics on COVID-19 susceptibility and
severity has been studied less. In people with
Covid-19 and respiratory failure, a 3p21.31
gene cluster was discovered to be a genetic
susceptibility locus. A recent study in 2020
reported that the ABO blood group system may

be involved in new or emerging infections sug-
gesting the involvement of host genetics with
COVID-19, which is a significant indicator of the
significance of the FUT2 gene and directs the
need for further studies in this direction [66].
According to a mini-review done in 2020, FUT2
polymorphisms may profoundly influence gut
microbiota composition and host susceptibility
to viral infections and chronic inflammatory dis-
ease and indicated that it might play a very
essential role in type 1 diabetes (T1D) etiology
and unveil novel targets of intervention to con-
trast TA1D development and progression which
has steadily increased over the last decades
[67].

Methods for ascertaining FUT2 genes

Different studies used different methods to as-
certain the presence of secretor. Some of rele-
vant studies are discussed in this paper. A
group genotyped FUT2 and FUT3 using PCR-
RFLP following genomic DNA extraction using
Qiagen QlAamp DNA Mini Pack kit [12]. Two
other studies determined the Histo-blood
group antigen in saliva using enzyme-linked
immunosorbent assay (ELISA) [18, 37]. PCR
was also used for FUT2 (secretor status) geno-
typic characterization in a study [18]. Lewis a
and b typing in monoclonal anti-sera tubes was
performed by Pirjo wacklin et al., in 2011. The
secretor status determination was dependent
on Lewis antigens. Phenotyping of lewis nega-
tive people did not determine secretor status
and the genotyping of the FUT2 gene was used
to assess their status of secretors [8]. In 2018
a study determined the HBGA phenotype by
testing saliva for Lewis a, Lewis b, and H anti-
gen with enzyme immunoassays, lectin, and
anti-HBGA antibodies.

Further Nordgren et al. described a detailed
method using saliva for phenotyping. In sum-
mary, Histo blood group antigens (A, B, Lewis
a, and Lewis b) in saliva were determined using
an ELISA method, as mentioned earlier. An
ELISA assay was used to test a subset of saliva
samples for Ulex europaeus agglutinin (UEA-I),
which detect Fuc1-2Gal-R present in the secre-
tor’s saliva [18].

Role and importance of FUT2 genes

The role of the secretor/FUT2 gene has been
thoroughly discussed in this review. To achieve
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a greater understanding of the pathogenesis
of iliness and to better foresee and avoid nega-
tive outcomes for premature infants, children,
and adults, novel biomarkers are required. For
instance, Secretor fucosyltransferase 2 (FUT2)
gene variation and varying H antigen expres-
sion, a carbohydrate formed by secretor gene
enzymes, biomarkers that are promising for
predicting early outcomes in infants which may
be due to an infection/inflammation, such as
death, NEC, and sepsis. Secretors, who have
an active FUT2 allele, have a lot of H antigen in
their saliva and other secretions, including fetal
tissues and secretions, on mucosal surfaces
[59]. Marrow et al. also mentioned in their
research that in mouse pups with regular post-
natal maturation and microbial colonization of
the intestine, secretor gene expression incre-
ases. Immature and irregular microbial coloni-
zation lead to adverse effects in premature
infants, thus, it is a lack of early postnatal
secretor gene expression was hypothesized to
be the cause may indicate a poor prognosis,
and it was being investigated as a predictive
biomarker of premature infant risk of NEC, sep-
sis, and death [59].

The microbiota in the intestine plays an impor-
tant role in human health, according to a study
in 2013, many factors affect the structure of
microbiota, including the host’s diet and geno-
type. More recent research has shown that on
the cell membrane, certain bacteria bind to
particular sugars. Helicobacter pylori, which in-
fects most people’s stomach lining, survive in
the stomachs of secretors because of proper
binding with the extra fucosyl residues to the
glycan branches. H. pylori does the most dam-
age to the gastric lining in secretors, where it is
most likely to interfere with the release of the
intrinsic vitamin B12 absorption factor. Secre-
tors with a lower intrinsic factor have a harder
time absorbing vitamin B12 from food and bili-
ary recirculation. They are having a difficult
time maintaining adequate vitamin B12 sup-
plies. undoubtedly, then many Europeans with
H. pylori infections have lower vitamin B12 lev-
els than those of their pathogen-free individu-
als and most of the affected individuals are
FUT2 461G variant secretors. This highlights
the value of other lifestyle and genetic factors
[68].

The proof that the FUT2 gene has developed in
a non-neutral manner contributes to the func-

tional value of the Se/se variant, indicating a
significant role in the arms race of the host/
pathogens. Therefore, it is important to proper-
ly characterize the efficacy of allelic variation at
the FUT2 locus [35].

The secretor gene in early ontogeny appears to
be important. It is known that the secretor gene
is expressed in the epithelial tissues of the
fetus and saliva. Low levels of H antigen are
found in the uncolonized gut. The intestinal epi-
thelium displays a marked rise in fut2-mRNA
and fucosyltransferase activity during the first
weeks after birth, there is bacterial coloniza-
tion, which can be treated with antibiotic treat-
ment. In this study, they found that in the saliva
and tracheal aspirates of newborns alive, the
secretor (H) antigen expresses highly postna-
tal. Although the mechanisms underlying the
absence or low levels of H antigen as a bio-
marker for adverse premature outcomes are
unclear, potential explanations include a con-
nection to mucosal immaturity or irregular colo-
nization [59].

Discussion

Recently, the role of histo-blood group antigens
(HBGAs) as receptors/ligands for RV cell atta-
chment has been investigated. These studies
demonstrated that the binding of RV to glycans
is dependent on P genotype specificity. One of
the early studies investigating the binding of
synthetic oligosaccharides to the VP8* domain
of VP4 protein of P [4] and P [8] genotypes
found strong binding to the Lewis b and H type
1 glycan, while P [6] strains are bound to H type
1 only. Besides H type 1 and Lewis b, H type 2
precursor glycans and A-type HBGA binds to
RV in P genotype specific manner. Recently,
several studies have established the function
of HBGAs as RV cell attachment receptors/
ligands. The specificity of the P genotype influ-
ences RV binding to glycans, according to the-
se population-specific studies. One of the first
studies of synthetic oligosaccharide binding to
the VP8 domain of the VP4 protein genotypes P
[4] and P [8] find strong binding to type 1 gly-
cans of Lewis b and H, while P [6] only binds to
type H 1. H type 2 precursor glycans and A-type
HBGA specifically bind to RV in the P-genotype,
in addition to type 1 H antigen and Lewis b [69].

In addition, in the present research, there is
insufficient geographical representation. Most
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of the studies were performed in the United
States and European countries. On the other
hand, Asian populations, including Middle
Eastern and South Asian populations, have lit-
tle to no data. Participants from American
countries were also underrepresented, even
though these countries have significant indige-
nous populations [14]. According to another
paper, to date, epidemiological studies have
not fully described the role of enteric viruses in
inflammatory flare-ups, especially that of
human noroviruses and rotaviruses, which are
the main causative agents of viral gastroen-
teritis. Genome-wide association studies have
demonstrated the association between IBD,
polymorphisms of the FUT2 and FUT3 genes
(which drive the synthesis of histo-blood group
antigens), and ligands for norovirus and rotavi-
rus in the intestine [70].

In the view of FUT2 and FUT3 prevalence, poly-
morphisms, and most significantly, susceptibil-
ity patterns, which differ between different
populations and due to the lack of diverse to-
pographical representation, as a result, there
may be differences in infection risk among
those populations. The dominance of the mis-
sense mutation at nucleotide 385 (A>T) in East
Asian populations and the Lewis negative
expression in African populations are two
examples [14]. Because people from certain
regions are not yet represented, future rese-
arch should focus on these ethnicities to see
how susceptibility based on secretory status
differs between ethnic groups.

Studies linked to FUT2 as susceptibility may
have implications for the production of vac-
cines and the design of studies. Some people
may be resistant to infection and therefore will
not respond to the vaccine. The findings of vac-
cine efficacy research should be interpreted by
taking into account the proportion of individu-
als with FUT2 or FUT3 polymorphisms in the
sample population.

In conclusion, FUT2 gene is closely linked to the
risk of norovirus and rotavirus infection as stu-
died. Further observational studies in Asia,
South and Central America and among multiple
ethnic groups are needed to better understand
differences in innate susceptibility to enteric
viruses. For the advancement of vaccines and
therapeutics as well as the administration of
vaccines to communities at risk of infection,
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understanding trends of susceptibility will be
useful [3, 10, 14]. Collaborative data from all
ethnicity will enhance the understanding of full
functioning and role of FUT2 as a susceptible
marker. This may further help in studying the
mechanism involved in the spread of infection
of many other diseases like COVID19 and in
their prevention [14].
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