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The presence or lack of ABO blood group antigens in bodily secretions is explained by interesting genetic differences that give rise
to the secretor and non-secretor phenotypes. The three genes on chromosome 19, namely H, Se, and Le (the genetic musketeers),
have a significant impact on the secretor status. This review aimed to comprehensively explore the complex link between the genetic
musketeers and their collaborative role in determining secretor and non-secretor phenotypes. The genetic musketeers constitute key
determinants in the synthesis and expression of ABH antigens in various body secretions. Variations and mutations within these three
genes influence the presence or absence of ABH antigens in body fluids. The intricate nature of genetics and molecular biology can
present challenges in understanding the relationship between multiple genes’ involvement in synthesising ABH antigens, especially
considering the diverse alleles and their interactions. The comprehensive exploration of chromosome 19's genetic musketeers and
their association with the secretor status presents a comprehensive understanding of the genetic determinants shaping ABO antigen

expression, offering prospects for personalised medicine and targeted interventions in health and disease.
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Introduction

The secretor and non-secretor phenotypes represent interesting
genetic variations that underline the presence or absence
of ABH antigens in body secretions. The secretor status is
profoundly influenced by the three genes (H, Se, and Le) located
on chromosome 19, referred to as the “genetic musketeers” in
this paper. These genes, pivotal in the synthesis and secretion of
ABO(H) blood group antigens, play a fundamental collaborative
role in shaping individual variations in secretor status across
diverse populations.

The H gene, also known as fucosyltransferase 1 (FUTT), an
integral component of the ABO blood group system, encodes
the a-1,2-fucosyltransferase enzyme, which is crucial to catalyse
the formation of the H antigen, a fundamental precursor in
the synthesis of ABH antigens. Variations within the FUTT gene
complexly modulate the expression of H antigens, influencing
the subsequent synthesis of A and B antigens and laying the
foundation for distinct ABO blood group phenotypes.'

In addition to the H gene, the Se gene (FUT2) orchestrates the
secretor status by encoding a-1,2-fucosyltransferase - pivotal to
the secretion of ABH antigens in body fluids. Genetic variations
within the FUT2 gene result in the secretor or non-secretor
status, profoundly impacting the presence or absence of ABH
antigens in saliva, sweat, and other mucosal secretions.? The
secretor and non-secretor statuses have implications for various
aspects of health, including susceptibility to certain infections,
interactions with the gut microbiota, and potential associations
with autoimmune disorders or certain diseases.?

Further enriching the complexity of secretor statuses, the Le
gene (FUT3) contributes to the synthesis of Lewis antigens
(Le? and Le) on epithelial tissues. The interplay between the
a-1,3/4-fucosyltransferase enzyme encoded by FUT3 and the
H antigen modifies the ABO blood group system, influencing
diverse phenotypic outcomes and secretor variability across
populations.

The genetic foundation of secretor and non-secretor phenotypes
hinges on the inheritance of specific alleles at the FUT2 gene
locus (fucosyltransferase 2). The FUT2 secretor gene has two main
alleles, “Se” (dominant) and “se” (recessive), found on the short
arm of chromosome 19, and this gene regulates ABH secretion.
In terms of inheritance, the se is recessive, whereas the Se is
dominant. While both the Se/Se and Se/se genotypes produce
a dominant secretor phenotype, the se/se genotype produces a
recessive non-secretor phenotype. Due to its intricate functions
that extend well beyond simple blood compatibility concerns,
the ABO blood group system has long captivated researchers.
The A, B, and H antigens that are present on the surface of red
blood cells and other body tissues are necessary for this system
to function.

The function of the glycosyltransferase enzyme is essential to the
underlying mechanism.These enzymesfunction by incorporating
particular sugar molecules into precursor structures, which in
turn regulate the development of ABH antigens. ABH antigens
can be released by secretors into bodily fluids, including tears
and saliva. However, whereas non-secretors still exhibit normal
expression of the ABH antigen, they are unable to release these
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antigens into bodily fluids. The secretor status in humans is
determined by the combined action of the H gene (FUTT), the
Se gene (FUT2), and the Lewis gene (FUT3). By encoding an
enzyme that makes it easier for fucose to be added to precursor
chemicals, the Se gene directly influences secretor status and
helps produce the H antigen in body fluids.

4

While people with two non-functional alleles are “non-secretors”
because they do not leak ABH antigens into their physiological
fluids, those with at least one functional Se allele are “secretors”
and can do so. The H gene indirectly influences secretor status
by altering the availability of the H antigen for secretion, which
is dependent on the activity of the FUT2 enzyme, even though
it predominantly influences the expression of the H antigen on
red blood cells. Conversely, the interaction between the Lewis,
Se, and H genes influences the expression of Lewis antigens in

the body fluids of a secretor individual.

The type of Lewis antigens in the body fluids of a secretor
can be either Le? or LeP. Their presence is dependent on the
presence of both the H and Se genes, besides the Le gene.
Variations between secretor and non-secretor phenotypes
are due to their genetic, biochemical, and clinical significance.
Research unpacking the genetic interaction between the three
genetic musketeers on chromosome 19 provides a foundation
for a deeper understanding of their interrelationships, which
influence an individual’s secretor or non-secretor status.

Moreover, exploring the different gene variants, control
mechanisms, and functional effects of those genes helps build
a more comprehensive understanding of human genetic
differences and how they influence the ABO blood group system.
Meanwhile, the Lewis gene affects the expression of Lewis blood
group antigens, which can interact with ABH antigens in bodily
fluids. In conjunction with the Se gene, it influences the presence
of Lewis antigens in these fluids, serving as an indirect indicator
of an individual’s secretor status. Together, these genes interact
to control the presence and type of blood group antigens in
bodily fluids, ultimately determining an individual’s secretor
status.

The distinction between secretor and non-secretor phenotypes
has earned substantial attention due to its genetic, biochemical,
and clinical significance. Research exploring the genetic
landscape of chromosome 19's genetic musketeers serves as
a gateway to unravelling the intricate interrelationships that
dictate secretor and non-secretor statuses. Elucidating the allelic
diversity, regulatory mechanisms, and functional implications of
these genes contributes to a deeper understanding of human
genetic variation and its impact on the ABO blood group system.
Therefore, this review aims to comprehensively explore the roles
of the genetic musketeers (H, Se, and Le genes) on chromosome
19 and their profound influence on secretor statuses, while
focusing on current scientific insights and highlighting their
implications in health.

Impact of the Hgene on the ABO blood group

Karl Landsteiner discovered one of the most clinically significant
blood group systems, the ABH blood group system.' A and B
antigens were discovered to be present on red blood cells and
to be soluble in saliva. As researchers gained more interest in this
phenomenon, it was further discovered that a person’s genetic
capacity to produce ABH blood group substances in secretions
may be either as a secretor or a non-secretor.* The ABH blood
group antigens (A, B, H) are now recognised to be present
or absent on blood cells, tissue cells, bodily fluids — except
cerebrospinal fluid - and in secretions.

ABH antigens have a ubiquitous distribution throughout the
body, as they are found on the surface of red cells, white cells (in
a weakened form), platelets (in a weakened form, body tissue),
and body fluids (if a secretor). The production of ABH antigens
is dependent on the presence of both FUTT (H gene) and the
ABO gene. The H gene encodes a Golgi stack membrane protein
crucial for producing the H antigen precursor, required for
synthesising soluble A and B antigens. The H transferase enzyme
plays a central role in manufacturing this precursor, essential to
the ABO blood group system.’ The enzyme H transferase adds
sugar L-fucose to the precursor substrate already present on the
red cell membrane, then A and B transferase can act.

Depending on the activity of particular enzymes (A transferase
and B transferase), which further change the H antigen to form
the A or B antigens, respectively, the H antigen serves as the
foundation upon which the A and B antigens are formed. Thus,
the expression of ABH antigens is as follows:

+ Hgene + A transferase + N-acetyl-D-galactosamine =
expression of A antigens (H antigen present)

+ Hgene + B transferase + galactose = expression of B antigens
(H antigen present)

+ Hgene only = group O (H antigen in abundance)

+ Hdeficiency (individual inherited hh and se/se) = Bombay
group (no H antigen)

Beyond implications of ABO blood group systems in blood
transfusion and organ transplantation, the ABO system has been
linked to various physiological and pathological phenomena.’
The ABH secretor and non-secretor phenotypes are especially
important because they determine whether these antigens
appear in body fluids and different tissues. The secretor status
refers to an individual’s ability to secrete ABH antigens not only
on the surface of red blood cells but also in body fluids, such as
saliva, tears, and mucosal secretions.®

Genetic basis of secretors and non-secretors

The genetic foundation of ABH secretor and non-secretor
phenotypes connects directly to the FUT2 gene. This gene,
called the Secretor gene, produces the a-1,2-fucosyltransferase
enzyme, which adds fucose molecules to precursor substances
in mucous-secreting glands and epithelial tissues throughout
the body. The glycosyltransferase (a-1,2-fucosyltransferase)
enzyme is produced by goblet cells and mucus glands in the
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gastrointestinal tract (saliva, bile, gastric juice, mucus), urogenital
tract (seminal fluid, vaginal secretions, and urine), respiratory
tract, as well as in milk, sweat, tears, and amniotic fluid.

The a-1,2-fucosyltransferase enzyme is responsible for the
synthesis of H antigen precursors, which serve as substrates
for the synthesis of A and B antigens.” People with the secretor
phenotype have working FUT2 alleles, which allow ABH antigens
to attach to glycoproteins in body fluids and mucosal surfaces.
Non-secretors have broken or missing alleles, so they cannot
secrete ABH antigens into these fluids. Studies have identified
multiple alleles at the FUT2 locus that dictate secretor and non-
secretor status, offering a glimpse into the intricate interplay
between genetics and phenotype expression.?

Multiple alleles at the FUT2 locus have been identified, each
associated with distinct levels of enzymatic activity and secretor
status. Some alleles, such as the wild-type or “secretor” allele,
encode a fully functional enzyme, resulting in the secretion of
ABH antigens in body fluids. In contrast, specific non-functional
alleles, commonly termed “non-secretor” alleles, lead to an
inactive or severely impaired a-1,2-fucosyltransferase, causing
the non-secretor status and the absence of ABH antigens in
secretions. More studies exploring the molecular diversity of FUT2
alleles have identified various genetic variants and mutations
contributing to secretor and non-secretor phenotypes across
different populations.® For instance, the Se*? allele (W428X
mutation) represents a non-functional allele associated with the
non-secretor phenotype in individuals of European ancestry.’%"

Mutations in FUTT can lead to the Bombay phenotype (hh
genotype), where individuals lack the H antigen on their red
blood cells, resulting in them appearing as type O, regardless of
their actual ABO gene’s genotype. Such mutations can reduce or
eliminate the enzyme’s activity, preventing the synthesis of the
H antigen. While FUTT mutations directly affect the expression of
the H antigen on red blood cells rather than secretor status, the
closely related FUT2 gene influences secretor status through the
presence of ABH antigens in bodily fluids. However, individuals
with the Bombay phenotype can show an altered interaction
with pathogens due to the absence of the H antigen in their
system.'?

FUTZ2 gene mutations

The FUT2 gene is essential for the expression of the ABH antigen
in secretory tissues. Mutations in the FUT2 gene can lead to

impaired expression or function of the a-1,2-fucosyltransferase
enzyme. These mutations can lead to the secretor phenotype, as
individuals with this mutation will not have soluble H antigens in
their bodily fluids. There are four general categories of mutations
that can affect the FUT2 gene: missense mutations, nonsense
mutations, frameshift mutations, and splice site mutations.

Missense mutations occur when a single nucleotide is altered
in such a way that the enzyme protein sequence changes from
one amino acid to another. This structural alteration affects
the active site and the stability of the enzyme protein. The
alteration to the active site affects the stability of the protein
molecule, preventing substrate from binding and rendering
the enzyme inactive. Changes to the amino acid structure
will cause structural instability, and to maintain the enzyme’s
three-dimensional structure, substitutions may occur. During
the substitution process, there is a risk of protein misfolding,
resulting in an unstable protein.

To put this into perspective, the alteration of the active enzyme
site could result from a mutation of the FUT2 gene. Under
normal circumstances, the amino acid directly interacts with a
substrate for the successful transfer of fucose. With alterations of
the amino acids because of the missense mutation, the amino
acid will block the proper positioning of the substrate, reducing
or completely affecting enzyme activity. This change will affect
the normal production of soluble H antigens in a person’s bodily
fluids, resulting in a non-secretor phenotype.

Nonsense mutations create early stop signals in the FUT2 gene
sequence, producing shortened proteins that do not function
properly. This early termination cuts off important parts of the
enzyme, including the active site or structural regions needed for
normal function. Frameshift mutations occur when nucleotides
are inserted or deleted in numbers that are not divisible by three,
disrupting the gene’s reading pattern. This disruption changes all
downstream amino acids, usually creating a completely different
and broken protein. The misformed enzyme cannot add fucose
to precursor substances, causing the non-secretor phenotype.
Splice site mutations affect where the gene gets cut and joined
during messenger ribonucleic acid (mRNA) processing. These
mutations create incorrectly processed mRNA that might keep
unwanted sections or lose important parts of the transcript.
The translated protein may be non-functional due to missing
domains or the inclusion of irrelevant amino acid sequences,
affecting enzyme activity.

Table I: Mutations on the H, Se, and Le genes and their prevalence in different populations and clinical implications

Gene Mutation

Prevalence in populations

Clinical implications Source

H W202X, G228R (disrupts
fucosyltransferase function)

W202X)

Se 428G—A (Leu143, stop codon), 1-3% in European populations for
385A—T (lle’>Phe, amino acid 428G—A, less common in African and
change) Asian populations

Le 59T—G (Leu?°Arg), 5-10% in European populations for
202T—G (Vals¢Gly) 59T—G; varies in other populations, but

202T—G is rare globally

Varies widely; specific mutations have
higher prevalence in certain populations considerations for blood
(e.g. 1-2% in Asian populations for

Bombay phenotype; special Bobbo et al.™

transfusion

Increased susceptibility or
resistance to certain infections
and conditions

Soejima et al.’>'®

Impact on organ transplant Guo et al.’”
outcomes and forensic evidence

interpretation
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These mutations (missense, nonsense, frameshift, and splice
site) disrupt the normal function of the a(1,2)fucosyltransferase
enzyme by affecting its ability to catalyse the addition of fucose
to precursor substances, essential for the production of the H
antigen.” Consequently, individuals with such mutations are
unable to secrete ABO blood group antigens in their bodily fluids,
classifying them as non-secretors. Table | presents the genetic
diversity and population-specific prevalence of mutations that
affect the synthesis and expression of blood group antigens.

Allelic variations at the FUT2 locus are crucial for determining an
individual’s ability to secrete ABH antigens, including A, B, and
H antigens, in body fluids, thereby establishing their secretor or
non-secretor status. Secretors possess at least one functional
FUT2 allele, which enables the production of active a-1,2-
fucosyltransferase that adds fucose to precursor substances,
thereby facilitating the secretion of soluble blood group antigens.
Conversely, non-secretors, due to non-functional alleles, lack this
enzymatic activity, resulting in the absence of these antigens in
their secretions.

Research, leveraging advancements in genomic technologies,
has expanded our understanding of the FUT2 gene’s allelic
diversity, shedding light on its role in health and disease across
different populations.®'®® This knowledge underscores the
genetic foundation of secretor phenotypes and their significance
in medical and biological contexts.

Biochemical distinction between secretors and
non-secretors

Scientific studies, including those by Svensson et al.?® have
extensively investigated the molecular basis of secretor and non-
secretor phenotypes. Genetic analyses have identified specific
mutations in the FUT2 gene associated with the non-secretor
phenotype. These mutations can include missense mutations,
insertions, deletions, or other alterations within the gene
sequence, leading to impaired or absent a-1,2-fucosyltransferase
activity.?’

Non-secretors lack functional a-1,2-fucosyltransferase due
to genetic variations or mutations in the FUT2 gene (Se
gene). Consequently, they do not produce an active a-1,2-
fucosyltransferase enzyme. Without the active enzyme, precursor
substances in epithelial cells remain unmodified, and the
synthesis of soluble ABH antigens in body fluids is significantly
reduced or absent. Accordingly, non-secretors typically do not
secrete detectable levels of ABO antigens in their body fluids,
such as saliva and other mucosal secretions. This absence of ABH
antigens in secretions is a key characteristic used in determining
non-secretor status. Table Il illustrates the ABH antigens secreted
in the body fluids of secretors and non-secretors.

Table II: Blood group and substances secreted in body fluids

Blood group Substances secreted

A Aand H

B BandH

0 Abundant H

AB A, B, and a small amount of H

Non-secretors None present

FUT1 and FUT2 enzymes play crucial roles in the synthesis of
the H precursor, which is essential to produce A and B antigens.
However, they act on distinct types of precursor molecules
(type 2 or 1) and operate in different cellular compartments.
Consequently, individuals with the hh genotype, whether they
have the SE/SE or SE/se alleles, are classified under the secretor
phenotype (e.g. para-Bombay individuals).® This phenotype
is characterised by the presence of ABH antigens in bodily
secretions and, occasionally, a faint expression of these antigens
on the surface of red blood cells due to the adsorption of
secreted antigens.

Understanding the distinction between secretor and non-
secretor phenotypes holds significance for various fields,
including forensics, disease susceptibility, and transplantation
medicine. Differences in ABH antigen secretion have implications
for host-pathogen interactions, susceptibility to infections, and
the composition of the human microbiota in different body
compartments, underscoring the importance of this biochemical
distinction in physiological and clinical contexts.

Clinical implications of secretor and non-secretor
status

While the ABH blood group system’s role in transfusion medicine
is well-established, the significance of secretor and non-secretor
phenotypes extends beyond blood compatibility. Recent
research has illuminated potential associations between these
phenotypes and various health conditions. Research has unveiled
interesting connections between ABH antigen expression and
the composition of the gut microbiota.?? For instance, secretor
status is linked to infection susceptibility, including norovirus
and Helicobacter pylori, as well as gastrointestinal disorders.* The
development of healthy flora, necessary for the regular operation
of the gastrointestinal tract, depends on the ABH secretor status.
It has been discovered that some bacteria in the gastrointestinal
tract develop enzymes that break down ABH and utilise ABH
materials as a steady source of food.3*

To put this into perspective, blood group “B” antigen-degrading
bacteria, such as Escherichia coli, create enzymes that enable
them to separate the terminal a-D-galactose and utilise these
sugars as sustenance. These deacetylases catalyse the removal
of acetyl functional groups, thus modifying the N-acetyl-
galactosamine to galactosamine, which is similar to the group
B-specific sugar galactose.? This usually leads to the production
of B antigens by a blood group A individual, referred to as the
acquired B.

On the other hand, the presence of ABH compounds allows
bacteria to adhere, which raises the risk of duodenal ulcers,
celiac disease, urinary tract infections, and chronic Candida
infections.?¢ Conversely, non-secretor status has been suggested
to confer protective effects against certain infections.?” The
implications of secretor and non-secretor phenotypes also
resonate within the growing body of research, as it is suggested
that they can potentially influence overall gut health and disease
susceptibility.?
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Biochemical connection of the Lewis blood group
system to secretor status

Lewis is a blood group system of soluble antigens present in
the saliva and plasma; these are not actually red cell antigens.
Lewis antigens are carbohydrate antigens that are secreted into
the plasma and absorbed on the surface of red blood cells and
other tissues. The antigen strength varies and may change. For
example, cord cells may type Le(a-b-) as the cell Lewis antigens
only develop during the first 12-15 months after birth.2¢ Though
the genetic loci are not connected, the Lewis antigen system
is intimately connected to the secretor and ABO blood type
systems biochemically. The three genes, fucosyltransferase 1
(FUT1, H), 2 (FUT2, Secretor), and 3 (FUT3, Lewis), all located on
chromosome 19, encode enzymes essential for producing the
ABH and Lewis blood type antigens.?’ The Lewis and the Secretor
genes are responsible for determining the Lewis blood group
characteristics.

Two alleles (Le and le) make up the Lewis system, and there are
two main antigens in this system: Le* and Le. The presence of
the Lewis (b) antigen requires the presence of both functional
Lewis and Secretor genes, as it needs H type 1 synthesis by FUT2,
followed by the addition of the Lewis fucose by FUT3. Le(a-b-)
is the blood type of people who do not express either Le(a) or
Le(b) antigens, as they have inherited both recessive Lewis genes
(le/le). The Le gene encodes a glycosyltransferase that converts
a precursor molecule into the water-soluble Le(a) antigen. Table
Il illustrates the Lewis blood group system phenotypes and
genotypes.

Table llI: Lewis blood group system phenotypes and genotypes

Red cell reaction with Phenotype Genotype
anti-Le® anti-Le®

+ - Le(a+b-) Le?Leb/Lele
- + Le(a-b+) LePLeb/Leble
- - Le(a-b-) lele

The presence orabsence of the Le?and LePantigensis determined
by genes at three different loci on chromosome 19, the three
musketeers, as demonstrated below:

« H(FUTT) gene: responsible for producing H substance (the
precursor substance for the A and B antigens)

+ Se (FUT2) or Secretor gene: enables the A, B, and H antigens to
be secreted

+ Le (FUT3) gene: the symbol le denotes the absence of the Le
gene

It is important to understand that the Lewis alleles Le/Le
determine the development of Lewis a and b antigens; however,
their expression depends on the Secretor (Se) and H genes (Table
IV). When the Le gene is inherited and expressed, the enzyme
produced reacts with the H substrate. This is produced when
both H and Se genes are present. The secreted H substance is
then converted into the Le® antigen. If the secreted H substance
is not present because of the inheritance of the se/se genes (or
due to inheriting the very rare hh genes or Bombay Oh gene),
the enzyme product of the Le gene acts on the precursor of the
H substance instead, giving rise to the Le? antigen.

Moreover, the absence of the Le gene results in the Le(a-b-)
phenotype, as neither Le? nor Le® antigens are produced. Thus,
it is not possible to have both Le* and Le® antigens on the
cells; an individual can either have Le® or Le® antigens. Table
IV demonstrates the complex relationship between the three
musketeers (H, Se, and Le genes) and their influence on the
secretor status of an individual. An individual with blood group
A was used as an example.

Blood group A secretors will have A antigens in their saliva.
This is due to the presence of an active a-1,2-fucosyltransferase
enzyme, which is required for the addition of sugar and fucose
to the precursor substrate. Therefore, the presence of ABH
antigens in body fluids of a secretor individual is dictated by
the functional and active a-1,2-fucosyltransferase enzyme.
The lack of an active and functional a-1,2-fucosyltransferase
enzyme leads to the absence of ABH antigens in the body fluids
of non-secretor individuals. These ABH antigens play a clinically
significant role in several fields, such as disease susceptibility
research, transplantation, and forensics.

Test for secretor status (neutralisation test)

The secretor status and mutations are determined through
genotyping or phenotyping. For the latter, the neutralisation test
is used, while a polymerase chain reaction technique is used for
the former. The genotyping method uses the deoxyribonucleic
acid (DNA) extracted from a saliva sample of a patient and does
not differentiate between secretors and non-secretors.'®2° The

Table IV: The relationship between the three musketeers (H, Se, and Le genes) in influencing the substances in saliva

ABO blood group H/FUT1 Se/FUT2 Le/FUT3 Red cell antigens ABH secretor Substances in

genotype genotype genotype status saliva

A H SE/SE or SE/se LE/LE or LE/le H, Le® Yes H, Leb A

A H se/se LE/LE or LE/le H, Le? No Le?

A H SE/SE or SE/se le/le H Yes H

A H se/se le/le H No None

A hh SE/SE or SE/se LE/LE or LE/le Le2 No Le2

A hh se/se LE/LE or LE/le Le2 No Le2

A hh SE/SE or SE/se le/le None No None

A hh se/se le/le None No None
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Stage 1
Anti-A binds A antigens =
neutralisation

Stage 2

A cells will not bind due to

neutralisation

NO REACTION,
individual is a secretor

Figure 1: Secretor status reaction showing no agglutination at the end of stage 2

Stage 1
Anti-A only = no neutralisation

Stage 2

Ai cells bind to A antigens =

agglutination

REACTION,
individual is a non-secretor

Figure 2: Non-secretor status reaction showing agglutination at the end of stage 2

Table V: Secretor status reaction patterns of different blood group types

Stage 1 Stage 2 Interpretation
Anti-A Anti-B Anti-H A, cells B cells O cells
Neutralised 0 4+ 0 4+ 0
0 Neutralised 4+ 4+ 0 0 B
Neutralised Neutralised 4+ 0 0 0 AB
0 0 4+ 4+ 4+ 0 (o)
0 0 0 4+ 4+ 4+ Non-secretor

neutralisation method is used to determine secretor status;
this involves boiling saliva to inactivate or destroy interfering
substances that could potentially impact the test’s accuracy.?
The enzyme inactivation process is followed by the addition of
specific antibodies against A, B, and H antigens. The presence
or absence of visible reactions between the antibodies and the
saliva sample helps determine an individual’s secretor or non-
secretor status for the tested ABO blood group antigens.

Thetestoperates on the principle that when soluble ABH antigens
are present in a fluid sample, such as saliva, they neutralise their
corresponding antibodies. As a result, these antibodies lose their
ability to cause the agglutination (clumping) of red blood cells
that possess the same antigens. Neutralisation involves two
stages wherein anti-A, anti-B, and anti-H reagents are added to
boiled saliva as part of stage 1 (Figures 1 and 2). Following this,
A,, B cells, and O cells are added in stage 2. Neutralisation will
occur during stage 1 if the corresponding antigen is present in
the saliva (Figure 1), and no reaction will be observed during
stage 2 (Figure 1). However, agglutination will be observed at
the end of the experiment if the corresponding antigen is absent
during stage 1 of the test, when the sample is from a non-secretor
(Figure 2). The expected results of the secretor status testing of
different ABH blood groups are shown in Table V.

Conclusion

While the understanding of ABH secretor and non-secretor
phenotypes has advanced considerably, challenges remain
regarding their association with the three musketeers (H, Se,
and Le). This comprehensive review on ABH secretor and non-
secretor phenotypes holds immense potential to advance the
understanding of the biological, clinical, and genetic aspects
of these intriguing traits. The study contributes significantly to
the knowledge of blood group systems, with implications for
personalised healthcare and disease management strategies,
as demonstrated by the link between H, Se, and Le genes and
secretor status, thereby addressing a gap in the existing literature.
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