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ABSTRACT

Background:

Blood group antigens are expressed on red blood cells however; these antigens can also
be expressed on some other cells particularly on the surface of epithelial cells and may be
found in mucosal secretions. The gene known to determine the secretion of these blood
group antigens is the Secretor Fucosyltransferase 2 (FUT2) gene. In many human
populations 80% secrete ABO antigens (termed secretors) while 20% do not (termed non-
secretors). Furthermore, there are disease conditions that are associated with secretor

status. It is against this background that this study was proposed.

Hypothesis:
There are correlations between Secretor FUT2 gene polymorphisms and blood group

antigen secretor status; non-secretors are less susceptible to HIV infections.

Broad Objective:
To investigate associations between mucosal blood group antigen expression profiles
(secretor status), Secretor FUT2 gene polymorphisms and susceptibility to HIV infection

among female sex workers in Nairobi, Kenya.

Study Design:

This was a cross-sectional study.



Study Area:
This study was conducted at the Nairobi Regional Blood Transfusion Centre, and at sex
worker outreach program clinics, from the Pumwani Majengo female sex worker cohort,

Nairobi, Kenya.

Study Population:

This study enlisted 142 adults of both gender (male and female, aged 18-65 years) from
the regional blood transfusion centre in Nairobi, Kenya. In addition, this study recruited
280 female sex workers from the well-established Pumwani Majengo cohort aged 18 to

65 years of age (n=422).

Materials and Methods:

Blood, saliva and female genital tract (vaginal and cervical) specimens were collected
from each study participant once informed written consent was obtained. The laboratory
analyses were carried out at the KAVI Institute of Clinical Research (KAVI-ICR) and the
University of Nairobi Institute of Tropical and Infectious Diseases (UNITID)
laboratories, Nairobi. Blood typing was determined using standard serological techniques
using monoclonal antibodies to the ABH, Rhesus (D) and Duffy (Fya, Fyb) blood group
antigens. Secretor phenotyping was determined using lectins specific to blood group H
antigen in both salivary and female genital tract samples. This was correlated to the HIV
sero-status. The correlation of secretor phenotypes to CD4+ T cell counts, was based on
retrospective data analyses, following immunophenotyping using a CD3/CD4/CD45

panel on an BD LSR 1l flow cytometer. For secretor genotyping, DNA was extracted



from frozen whole blood samples. Quantitative real-time amplification was performed
based on the polymerase chain reaction (PCR) on a Rotor-gene Q (Qiagen) and PCR

products sequenced on the next-generation pyrosequencer, Pyromark Q24 platform

(Qiagen).

Results:

Objective 1: ABO blood group phenotype frequency distribution was O>A>B>AB
comprising 199 (47.2%), 120 (28.4%), 84 (19.9%) and 19 (4.5%) respectively with 408
(96.7%) Rhesus (D) positive cases. Duffy positive phenotypes were reported in 2 (0.47%)
of the study participants.

Objective 2: Saliva testing showed that among the blood donors, 121 (85%) were
secretors and 21 (15%) were non-secretors, while among the female sex workers, 212
(76%) were secretors and 68 (24%) non-secretors

Objective 3: Based on HIV screening, 92 (32.9%) of the female sex workers were HIV-1
infected and 188 (67.1%) HIV-1 uninfected. There was a correlation between HIV
infections and secretor phenotypes. The proportion of secretors was significantly higher
among women with HIV infection (77/92 = 83.7%) in comparison to HIV un-infected
women (135/188 = 71.8%) (p=0.029). Furthermore, the incidence of HIV infection was
significantly higher among blood group A secretors (p=0.028) in comparison to O
secretors, but not B and AB.

Objective 4: The correlation to CD4+ T cell counts demonstrated, although the secretors
were more susceptible to HIV, following infection, the ABH secretors maintained

elevated levels of CD4+ T cell counts in comparison to non-secretors and this difference



was statistically significant (p=0.005).

Objective 5: Secretor FUT2 genotyping demonstrated the secretor status of the
population was not dependent on the allele at position 428 as has been previously
reported in African populations, suggesting the secretor and non-secretor phenotype

profiles may be due to novel polymorphisms in the Kenyan population.

Conclusion:

The prevalence of ABO, Rhesus and secretor/non-secretor phenotypes are similar to the
global profiles as previously reported across African populations. However, the
underlying genotypic variation resulting in the non-secretor phenotype in a subset of the
Kenyan population as screened among our study cases does not fall under a the ,se*?®
umbrella” of a restricted geographical distribution as has been previously reported. These
findings further suggest the non-secretor phenotype may confer a certain degree of
protection against HIV infection, as there were higher HIV infection incidence rates
among ABH secretors; but following infection, the same population of secretors

maintained elevated CD4+ T cell counts.

Recommendations:

1. Itis important to know the frequencies of various blood group antigen phenotypes in
a population. This information is important to confirm the prevalence of both major
and minor blood group phenotypes in a population. There are a number of blood
group phenotypes, which have been associated to varying disease/infection

susceptibilities as seen in this study, blood group A individuals were at an increased



risk for HIV infections.

Secretor and non-secretor phenotype profiles in populations should be determined.
This data serves as a baseline for investigative studies on the correlation between
secretor and non-secretor phenotypes and associations to disease conditions. In the
Kenyan population, secretors were found to have a significantly higher incidence of
HIV infection rates.

HIV awareness programmes, should include information on secretor status testing as
individuals who are ABH secretors are at an increased risk of HIV infections.

HIV treatment and care packages, should include secretor testing as non-secretor
individuals have been shown to progress faster to infection, based on a rapid decline
in CD4+ T cell counts in comparison to the secretor counterparts.

Secretor testing should be comprehensive, based on both phenotyping and
genotyping. There may be silent and/or novel mutations specific to a population,
which confer varying phenotypic traits, hence dual screening will ensure an

individual is ascertained of their secretor status.



1 INTRODUCTION

Thirty years since the discovery of the Human Immunodeficiency Virus (HIV), the
etiologic agent of Acquired Immunodeficiency Syndrome (AIDS), the overall growth of
this global epidemic appears to have stabilized (UNAIDS, 2013). Moreover, the past
decade has witnessed a significant decline in AIDS-related deaths, owing to the scale up
in Antiretroviral Therapy (ART). Despite these advances, the pandemic remains a global
emergency, as new HIV infections continue to accumulate annually. UNAIDS (2013)
reports nearly 35 million people are living with HIV/AIDS, with 2.3 million new
infections every year (this translates to 6,000 new infections per day). Sub-Saharan
Africa is the hardest hit, bearing an estimated two-thirds of the burden, with 1.6 million
Kenyans living with HIV (KAIS, 2012).

Kenya faces a mixed HIV/AIDS epidemic that continues to exert a devastating toll on all
sectors of society. However, as it is globally, the overall prevalence of HIV appears to
have stabilized at 5.6% (KAIS, 2012). Furthermore, transmission of HIV in Kenya is
primarily through heterosexual contact, which accounts for 93.7% of new infections, and
the epidemic disproportionately affects young women. It is estimated that of the 101,560
new infections witnessed in 2013, 50% (50,530) were new infections in women,
compared to the 38,000 new infections in men. In addition, the most at risk populations
(MARPs) include the Female Sex Workers (FSWs) and their clients, who account for
14.1% of new infections (MoT, 2008). This study therefore investigated HIV
transmission among a cohort of female sex workers. The concentrated epidemics among
this high-risk population are known to have a significant impact on the HIV prevalence

dynamics.



Susceptibility to HIV infection is variable within a population, and is governed by
numerous factors including host genetics and mucosal immunology. In line with this,
there are currently a number of efforts all geared towards curbing the HIV/AIDS situation
globally. Most recently the focus has now moved to prevention measures such as
vaccines and microbicide candidates that target the earliest stage of infection; preventing
the establishment and expansion of small founder virion populations (Hladik et al.,
2007). This is based on the premise that the probable most effective prevention strategies
should be mucosal, averting systemic infection and/or ensuing pathologies. Based on this,
this research work was designed to focus on the female genital tract mucosa. The main
aim was to profile the variable expression of ABO blood group antigens and their effect
on the HIV infectious process, which has not been explored before in Kenya.

There is now extensive knowledge of the carbohydrate chemistry, enzymology,
molecular genetics, and structural and evolutionary biology of the ABO blood group
system (Giri et al., 2011; Storry and Olsson, 2009). To date, this major blood group
system remains the most important clinically in transfusion and transplantation medicine
and, despite its relative simplicity; the ABO blood group system has important biological
implications, dividing the world*“s population including both patients and donors into four
major groups, A, B, AB and O. This study began with a baseline profile of these
phenotypes in the Kenyan population.

The precursor substrate for both A and B antigens is the H antigen. Based on the
expression profile, the H antigen is synthesized by one of two fucosyltransferases
encoded by two closely related genes, fucosyltransferase 1 (FUT1) and secretor

fucosyltransferase (FUT2). FUT1 encodes for a fucosyltransferase mainly responsible for



the synthesis of the H antigen on carbohydrate precursors found on red blood cells (Koda
et al., 2001; Ferrer-Admetlla et al., 2009). While FUT2, the secretor fucosyltransferase 2
gene, encodes for the enzyme alpha 1,2 fucosyltransferase and accounts for the
expression of the H antigen and thereby A and B antigens, expressed in epithelial cells,
body tissues and in mucosal secretions. Based on the variable expression of the FUT2
gene, approximately 80% of the population are ,,secretors (Se)* and 20% are ,,non-
secretors (se)” (Ferrer-Admetlla et al., 2009). In secretors, the FUT2 gene is expressed in
mucin-secreting cells of various mucous membranes and glands, resulting in the secretion
of the corresponding blood group antigens in body fluids and secretions. While, in non-
secretors, blood group antigen expression is restricted to the erythrocyte membrane. This
study therefore profiled the secretor and non-secretor phenotypes in the Kenyan
population, which has not been done before.

Mutations in the second exon of the FUT2 gene often result in a non-secretor phenotype.
However, among the secretors, there are both homozygous secretors (SeSe) and
heterozygous secretors (Sese). The latter, are thought to secrete less amounts of the
protein (enzyme: alpha 1,2 fucosyltransferase) in comparison to the counterpart
homozygous secretors. To date, over 20 single nucleotide polymorphisms have been
described across the FUT2 gene, resulting in various allelic variants of the secretor and
non-secretor phenotypes (Koda et al., 2001; Birney et al., 2007; Ferrer-Admetlla et al.,
2009). A large number of these resultant polymorphisms of the gene are population
specific and the most common SNP associated with the non-secretor phenotype in
African populations is the non-functional FUT2 se428, which results in a stop codon and

thereby production of a non-functional form of the enzyme alpha (1,2) fucosyltransferase



(Soejima et al., 2007). However, this has not been confirmed in the Kenyan population.
This study screened for the non-functional FUT2 se428 null allele in the Kenyan
population.

The Secretor FUT2 gene and the resultant phenotypes are of particular interest, owing to
the fact that there are now well-established correlations between secretor status, FUT2
gene polymorphisms, and susceptibility to various bacterial and viral infections (Thorven
et al., 2005; Linden et al., 2008; Higgins et al., 2009). However, few large studies have
determined how secretor status and FUT2 genetics impact HIV susceptibility. In one
study of Senegalese commercial sex workers, non-secretors were found to have a reduced
HIV-1 seroprevalence (Ali et al., 2000). In a second study, Kindberg et al., (2006)
reported a slower HIV-1 disease progression in non-secretors. This study was therefore
designed to investigate correlations between blood group antigen expression profiles, and
their impact on HIV infections, based on the hypothesis that there are distinct correlations
between secretor status and susceptibility to HIV infections in the Kenyan population;
non-secretors are less susceptible to HIV infections.

In addition to the above, the CD4+ T cells are known as the hallmark of disease
progression markers. This study therefore sought to investigate the role of secretor
phenotypes in the context of HIV infections, based on CD4+ T cell counts as a surrogate
marker of disease progression. This multi-faceted approach, allowed the comprehension
of the impact of both red blood cells and T cells, on HIV infection rates.

Kenya is an ideal setting to conduct HIV research relevant to sub-Saharan Africa, where
the challenges of the HIV pandemic are more acute than in other parts of the world. Sex

workers have multiple sex partners and co-factors for HIV acquisition, placing them at



increased risk of HIV infections. This was therefore a very relevant study population to
address these research questions. If any protective associations are observed with blood
group antigen expression profiles, understanding of the mucosal mechanism of protection

may provide insight into the development of new HIV preventive technologies.
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1.1 Rationale and Justification

This study was designed to address a gap in HIV research, which has not been explored
before in Kenya; integration of a multifaceted approach to contribute towards the
elucidation of the establishment of HIV infections. The study evaluated the impact of
both red cells and a specific T cell subset on HIV infections based on the hypothesis,
non-secretors are less susceptible to HIV infections. The study began with a baseline
profile of secretor and non-secretor phenotypes, which has not been investigated before
in Kenya. Secondly, the study investigated the impact of red cell antigens expressed in
mucosal surfaces (secretor status) on HIV infections, among a high-risk population of
female sex workers. In addition the correlation between secretor status and HIV infection
was correlated to CD4+ T cell counts on the basis, CD4+ T cell counts are the hallmark
of disease progression. The final study objective was to screen for a Secretor FUT2 gene
null allele. This specific se428 polymorphism is postulated to confer 1) a degree of
protection against HIV infections 2) the non-secretor phenotype among individuals of
African descent and 3) slower disease progression among HIV infected individuals.

To date, research centred on the role of HIV and red blood cells and corresponding
antigens, has been minimal yet studies continue to demonstrate correlations between red
cell antigens and susceptibility to infections. The infections associated with the variable
expression of these antigens, are often mucosal, including Norwalk virus infections,
Crohn*s disease, Vaginal candidiasis, asthma and pheumonia. These studies suggest a
person‘s secretor status; conferred by the Fucosyltransferase 2 (FUT2) gene may be
associated with varying disease susceptibilities. In some cases, the ABH secretors are

more susceptible to infection, and in other instances the contrary is observed.

11



This raises a number of questions on what role blood group antigens play at the level of
interactions with pathogenic organisms on mucosal surfaces, which are often the first
portal of entry for microorganisms including HIV. Furthermore, pathogens are always
evolving, however, they are also highly selective agents. Therefore for microorganisms
that preferentially bind to carbohydrate moieties, host cell surface molecules such as the
ABO blood group antigens can reveal patterns of selection. This study, therefore
determined blood group phenotype frequencies, secretor and non-secretor phenotypes in
the Kenyan population. This knowledge may inform disease risk and susceptibility
patterns; and contribute towards the elucidation of the underlying ,,protective” effect
conferred by either the secretor and non-secretor status to infections including HIV which
continues to exert a devastating toll within this setting.

Secretor status relates to the expression of ABH blood group antigens in the mucosa. In
relation to this, HIV is primarily a mucosal infection. Therefore, curbing the HIV/AIDS
pandemic would imperatively incorporate effective efforts and measures addressing the
mucosal transmission of infection. This study therefore investigated the specific role of
the ABH antigens in the genital mucosa in relation to HIV infections.

The female genital tract was selected as the focus of the study, because the FGT site
accounts for the highest proportion of heterosexually transmitted infections. Furthermore,
the Kenyan epidemic continues to present a feminized trend with females accounting for
nearly twice the number of HIV infections within the region. Zeroing in, the modes of
transmission study (2008) highlighted female sex workers and their clients* alone account
for nearly 14% of new infections annually. Therefore, studies geared towards curbing the

HIV epidemic, focusing on the female genital tract, among female sex workers, would
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have a huge public health impact not only on the entire HIV epidemic in Kenya but
across the sub Saharan Africa region.

Host genetics are also known to have an impact on the susceptibility and course of HIV
infections. In relation to secretor status, and underlying genotypes, the null FUT2 allele
se428, has also been strongly associated with increased susceptibility to HIV infections
and slow progression to disease. In addition, this is the most common SNP associated
with the non-secretor phenotype in African populations is the non-functional FUT2
se428, which results in a stop codon and thereby production of a non-functional form of
the enzyme alpha (1,2) fucosyltransferase. Therefore, as single nucleotide polymorphisms
(SNPs) are the most widely used markers in studies to assess inter-individual genetic
variations and among a people, this study profiled for this particular FUT2 null allele, to
better understand the impact of FUT2 genetics on HIV infections and secondly determine
the extent to which mutations at this site determine the phenotypic profiles seen in
Kenya.

This study was designed to determine the baseline prevalence of the major ABO blood
group and minor Duffy antigens in the Kenyan population. The study further profiled
secretor and non-secretor prevalence rates; secretor status was determined at two
comparative sites, oral and the female genital tract. The study focus was on the
expression of blood group antigens on the female genital tract epithelium, the earliest
point of HIV-host contact, and potential associations with the establishment of HIV
infection. In addition to the above, the CD4+ T cells are known as the hallmark of disease
progression markers. This study therefore sought to investigate the role of secretor

phenotypes in the context of HIV infections, based on CD4+ T cell counts as a surrogate
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marker of disease progression. This multi-faceted approach, allowed the comprehension
of the impact of both red blood cells and T cells, on HIV infection rates.

Finally, to date, the molecular description of variation of FUT2, in the Kenyan population
has not been undertaken. Thus the novelty of this work was the characterization of
secretor and non-secretor genotypes based on an optimized next-generation sequencing
protocol among study participants in Nairobi, Kenya. Genomic DNA samples were
sequenced and the genotypes compared with the wild type Se allele. The focus was on the
non-functional se428 null-allele that has been associated with the non-secretor status in
African populations.

Kenya is an ideal setting to conduct HIV research relevant to sub-Saharan Africa, where
the challenges of the HIV pandemic are more acute than in other parts of the world. Sex
workers have multiple sex partners and co-factors for HIV acquisition, placing them at
increased risk of HIV infections. This was therefore a very relevant study population to
address these research questions. If any protective associations are observed with blood
antigen expression profiles, understanding of the mucosal mechanism of protection may

provide insight into the development of new HIV preventive technologies.
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1.2  Hypothesis
There are distinct correlations between Secretor FUT2 gene polymorphisms and blood
group antigen secretor status in Kenyan populations and blood group antigen non-

secretors are less susceptible to HIV infections.

1.2.1 Sub Hypotheses
1. There are novel Secretor FUT2 gene polymorphisms in Kenyan populations, and
distinct correlations between Secretor FUT2 gene polymorphisms and blood group

antigen secretor status

2. There are correlations between blood group antigen expression profiles and HIV

susceptibility; non-secretors are less susceptible to HIV infections
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1.3 Objectives

1.3.1 Broad Objective
To investigate associations between mucosal blood group antigen expression profiles
(secretor status), Secretor FUT2 gene polymorphisms and susceptibility to HIV infection

among female sex workers in Nairobi, Kenya.

1.3.2 Specific Objectives

1. To determine ABO, Duffy and Rhesus (D) blood group antigen frequencies
among voluntary non-remunerated blood donors in Nairobi, Kenya.

2. To determine the frequency profiles of secretor and non-secretor phenotypes in
the Kenyan population.

3. To investigate correlations between secretor status and HIV infection rates among
a high-risk cohort of female sex workers in Nairobi, Kenya.

4. To investigate correlations between secretor status and HIV infection based on
CD4+ T cell counts as a surrogate marker of disease progression.

5. To investigate the genetic variations and underlying polymorphisms among a

population of female sex workers in Nairobi, Kenya; with a focus on the FUT2 se*?® short

nucleotide polymorphism.
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2 LITERATURE REVIEW

2.1  The Human Immunodeficiency Virus

Human Immunodeficiency Virus (HIV) was discovered in 1984 by two independent labs
as the causative agent of Acquired Immunodeficiency Syndrome (AIDS). AIDS is a
clinical condition characterized by a decline of CD4" T cells, general immune
dysfunction, and increased susceptibility to opportunistic infections and malignancies.
Although there may be vague symptoms associated with initial viremia, the rate of onset
of clinical disease following infection by HIV is variable; infected individuals may
remain asymptomatic for a decade or more before the immunodeficiency becomes severe
enough to cause illness (Palmisano and Vella, 2011; Haase, 2010; Hladik, 2008;

Dieffenbach and Fauci, 2011).

2.1.1 Types, Groups and Subtypes of HIV

HIV is a member of the genus Lentivirus part of the family Retroviridae and is known to
mainly infect CD4+ T cells, but also to a lesser extent monocytes, macrophages and
dendritic cells. Once infected, the cascade of infections begins resulting in general

immune dysfunction and immune-suppression (Haase, 2010; Hladik, 2008).

Types of HIV

There are two major types of HIV: HIV-1 and HIV-2. HIV-1 accounts for most infections
globally, while HIV-2 is endemic in West Africa (Grez et al., 1994). HIV-1 and HIV-2
are similar although they differ in molecular weight and the respective accessory genes.

Furthermore although both types eventually result in progression to AIDS, HIV-2 is far
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less pathogenic in comparison to HIV-1 (Rowland-Jones and Whittle, 2007).

Strains of HIV-1

The degree of diversity seen in HIV-1 is greater than that of any other virus observed
(McBurney and Ross; 2008). Studies in the early 1990s established HIV-1 strains can be
classified into four groups: the "major" group M, the "outlier" group O and two new
groups, N and P (Charneau et al., 1994; De Leys et al., 1990; Gurtler et al., 1994;
Vanden Heasevelde et al., 1994). Group O appears to be restricted to West and Central
African regions. Group N was recently discovered in Cameroon and is extremely rare and
a new strain closely relating to gorilla Simian Immunodeficiency Virus (SIV) was
isolated from Cameroon and was designated group P (Simon et al., 1998; Roques et al.,
2004; Plantier et al., 2009; Ayouba et al., 2001; Vallari et al., 2011). Most infections
belong to HIV-1 group M. Within group M there are known to be at least nine genetically
distinct subtypes (or clades) of HIV-1. These are subtypes A, B, C, D, F, G, H, J, K and
Circulating Recombinant Forms (CRFs). East Africa is predominated by subtypes A and
D as well as derived recombinants. Subtype A is quite successful in Kenya; A and D in
Uganda; A, D and C recombinants in Tanzania, while southern African countries are

mainly predominated by subtype C (Taylor et al., 2008; Shao and Williamson, 2012).

2.1.2 Structure of HIV-1
HIV-1 is a diploid virus and contains two molecules of positive sense, single-stranded
RNA. The HIV-1 genome conforms to the standard retrovirus gene order 5“-gag-pol-env-

3“ in addition to regulatory genes. Moreover, the virion contains the enzyme Reverse
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Transcriptase (RT), which is responsible for the production of one double stranded
provirus DNA molecule from the HIV-1 RNA. This provirus DNA molecule is then
integrated into the host genome during virion replication (Dimmock, Easton and Leppard,

2007; Crowley, 2009).

2.1.3 HIV-1 Structural Proteins
HIV-1 structural proteins are encoded by the gag, pol and env genes; gag encodes the
virion core proteins, pol encodes the virion enzymes, and env encodes the viral envelope

protein (Checkley et al., 2011) as shown in Figure 2.1.

Virion Proteins

Gag: The gag gene encodes the Gag proteins form the matrix (MA, pl17), CA (p24) and
the p7 Nucleocaspid. The p17 matrix is located just below the viral membrane (envelope)
forming the inner shell. Within the core, there is a cone shaped p24; p24 encloses the
viral genomic RNA. The p7 Nucleocaspid interacts with the viral RNA inside the capsid

(Dimmock, Easton and Leppard, 2007; Crowley, 2009; Checkley et al., 2009).

Pol: The pol gene encodes viral proteins pl17, p24 and p7 are generated by the action of
viral aspartyl protease (PR/Pro, a product of pol) processing the HIV-1 p55 Gag
precursor polyprotein. The Gag proteins on the p55 are located in the following order:
pl7-p24-p2-p7-pl-p6 (Dimmock, Easton and Leppard, 2007; Crowley, 2009).
Polyproteins from env are cleaved by a host cellular protease. The nucleocaspid is also

known as the gag caspid. Within this nucleocaspid are two identical RNA strands. These
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RNA strands are closely associated with Pol, the RNA-dependent DNA polymerase also
known as reverse transcriptase (p66, p51), Nucleocaspid (p7) proteins (p9 and p6) and
MA (p17) is required for the incorporation of the Env proteins onto the mature virion

(Dimmock, Easton and Leppard, 2007).

2.1.4 Envelope Proteins

Env: The env gene encodes the viral envelope glycoprotein (Env). This is the only viral
protein found on the surface of the virion. It is synthesized as a precursor protein known
as glycoprotein 160 (gp160), which is the precursor protein for gp120 and gp41l. In the
host cell, gp160 folds and trimerizes in the endoplasmic reticulum; obtaining ten disulfide
bonds and approximately 30 N-linked glycans. This protein is then transported to the
Golgi complex where a cellular protease cleaves gp160 into a soluble subunit, gp120 and
a transmembrane unit, gp41. These subunits are non-covalently associated on the surface
of infected cells and on HIV-1 virions (Dimmock, Easton and Leppard, 2007; Lever,

2007; Crowley, 2009).

2.1.5 Additional Proteins

There are a number of additional proteins closely associated with the core.

Vif: This gene codes for “virion infectivity factor”, a protein that increases the infectivity
of the HIV particle (Argyis et al., 2004). It is estimated that about 7 to 20 molecules of
Vif are present per HIV virion

Vpr (Viral protein R for HIV-1) and Vpx (for HIV-2): These two exist as accessory viral

gene products. The specific role and significance of these proteins has not yet been
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established to date but they are presumed to play a significant role in the early stages of
HIV infections, accelerating the production of HIV proteins. (Ueno et al., 2003;
Dimmock, Easton and Leppard, 2007; Crowley, 2009).

Vpu: The vpu gene encodes for “Viral protein U” helps with the assembly of new virus
particles, and helps them to bud from the host cell.

Tat: Positive regulator of transcription, accelerates the production of more HIV virus. It*s
crucial to HIV, because HIV completely fails to replicate itself without it.

Rev: Regulator of viral expression, stimulates the production of HIV proteins, but
suppresses the expression of HIV*sregulatory genes. Rev also allows export of unspliced
and partially spliced transcripts from the nucleus.

Nef: Negative regulation factor, this gene encodes a protein, which hangs around in the

cytoplasm of the cell, and retards HIV replication.
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2.2 Transmission of HIV Infections

2.2.1 Modes of Transmission

HIV is transmitted from an infected person via contact with infected body fluids
including blood, blood products or organ/tissue transplants infected with the virus. The
virus can also be transmitted by direct injection into the blood stream, or from an infected
mother to a foetus or child during pregnancy, childbirth or breast feeding (Wood et al.,
2013). The primary mode of transmission, accounting for more than 80% of new
infection is sexual transmission, both heterosexual and homosexual. However, people
who inject drugs also account for the high-risk populations (Hladik et al., 2007;

UNAIDS, 2013).

2.2.2 Sexual Transmission of HIV

Sexual transmission of HIV is the primary route of transmission. This following exposure
to either cell-free or cell-associated virions on genital mucosal surfaces (Hladik et al.,
2007). There are a number of factors that favour the rapid dissemination of HIV
including the absence of pre-existing immune pressures, which subsequently results in a
burst of viremia often manifested during acute HIV infection. It is postulated that the
initial infection is associated with an incompletely effective immune response to HIV.
This results in the rapid increase in plasma viral numbers, and the subsequent resulting in
establishment of a systemic infection (Moir et al. 2011).

Despite the great advancements in HIV research, the underlying events regarding the
earliest events in HIV transmission following heterosexual transmission, in the female

genital tract, have not been clearly elucidated. There has been insight, gleaned from in
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vivo models based on Simian Immunodeficiency Virus (SIV) infections (Haase, 2005).
There have also been epidemiological studies and ex vivo models mainly centered on
understanding the initial target cells and the factors affecting transmission of HIV (Hladik
and McElrath, 2008). Initial studies, based on SIV models by Zhang et al. (1999)
identified CD4" T cells as the primary targets of productive viral replication, less than
one-week post exposure. A few days following this initial event, the local propagation of
the virions in the less abundant but more susceptible CD4" T cells takes place. However,
based on SIV studies in macaques, following infection, virions rapidly migrate, probably
via draining lymph nodes, to the gut-associated lymphoid tissue (GALT) (Li et al. 2005;
Mattapallil et al. 2005). In the GALT the virus induces a massive depletion of CD4™ T
cells in the intestinal lamina propria. These events (i.e. rapid CD4" T cell depletion) are
postulated to occur in humans as well.

Infection of target cells requires the interaction of the virion with CD4 as a receptor and a
chemokine co-receptor (CCR5/CXCRA4). During heterosexual mucosal transmission, the
presence of CD4" T cells expressing CCRS5, therefore, dictates the ability of HIV to
establish a productive infection (Soeters et al., 2013; Wheeler, 2013). The process
whereby the virions penetrate the mucosal barriers to establish infection is still under
research, both in vivo and using animal models. However, studies have demonstrated,
based on ex vivo co-culture models, Langerhans cells (LCs), Dendritic cells (DCs) and/or
Macrophages represent cell subsets present at the mucosal portal of entry (Jin et al.,
2014).

Interestingly, a study by Hladik et al. (2007), based on the early events of transmission in

organ explants, demonstrated that HIV bound to and protected by Langerhans cells
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(LCs), can in fact, cross the epithelial cell layers and further form complexes with the
memory CD4+ T cells. In this case, forming the basis of productive viral replication.
There are a number of additional factors, which have been proposed to influence HIV in
establishment of infection. These include the proposed concept of virologic synapse,
where in close proximity, additional virus-attachment molecules including integrins aid
in HIV establishing a productive infection (Arthos et al. 2008). Piguet and Steinman
(2007), support this line of thought, but based on the protective endosomal compartments
within Langerhans Cells and Dendritic cells, which also help HIV in establishing a
productive infection.

Findings based on epidemiological studies, have also contributed greatly into providing
insight into the transmissibility of HIV. Gray et al. (2001) and Shattock et al. (2003)
based estimates of rates of transmission on the frequency of coital acts in discordant
couples, while findings by Hladik and McElrath (2008), Quinn (2007) and Tobian and
Quinn (2009) examined host factors that may influence (increase or decrease)
transmission. Moreover, studies have now found that circumcision does offer a degree of
protection against HIV infection (Quinn, 2007; Moir et al. 2011). The latter findings are
mainly based on the cell subsets, namely Langerhans Cells, Dendritic Cells, Macrophages
and CD4" T cells, thought to increase the risk of infection by facilitating transmission
(Quinn et al. 2007; Moir et al. 2011; Hladik and McElrath, 2008).

Additional underlying factors are the presence of underlying inflammation in the female
genital tract, increasing the number of immune cells (HIV targets). Also, the virus breach
may be further favoured by the presence of genital-ulcerative sexually transmitted

infections/diseases (Tobian and Quinn, 2009).

25



2.3 Entry of HIV Into A Host Cell

Gp120 and gp41 mediate viral entry into the host target cells during infection (McDougal
et al., 1986; Lasky et al., 1987). Gp120 proteins are assembled into trimers, termed the
spike protein, at the distal part of the HIV-1 virion envelope. Each gp120 comprises five
variable loops, which vary in sequence between HIV strains. Each virion has
approximately 72 spikes. Gp120 binds to the cell surface receptor CD4, and the co-
receptor CCR5 or CXCR4 on target cells. Gp41 is the trans-membrane subunit that plays
an important role in anchoring gp120, and is important in the subsequent fusion of the
virus to the host cell membrane (Clapham and McKnight, 2002; Crowley, 2009; Huang et
al., 2014).

During viral assembly these envelope proteins are transported to the host cell surface.
Here part of the central and amino terminal portion of the transmembrane gp4l is
expressed on the outside of the virion. This central region is the portion that binds to
gp120 non-covalently; primarily at two hydrophobic regions. Gp4l also has a loop
structure segment, which is important in membrane function. It is postulated that the long
cytoplasmic tail of gp41 is required for HIV-1 envelope glycoprotein incorporation into
the virions (Roche et al., 2014; Qiu et al., 2013). Gp120 is very important as it contains
binding sites for the target cell receptors and the major antibody-neutralising domains.
Although, the external gp41 domain has been reported to be contain neutralising antibody
epitopes as well (Huang et al., 2014). Interestingly, virion isolates have demonstrated the
selective incorporation of specific lipid domains and host cell proteins from the host cell

membrane during the viral budding process.
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2.3.1 Reverse transcription and Integration

Following entry, the viral capsid undergoes uncoating, and release of the single stranded
viral RNA into the cytoplasm of the host cell. Reverse transcription is initiated by the
annealing of the 3“-terminus of cellular RNA primer to the complementary primer
binding site of the viral RNA, forming a primer/template complex recognized by the viral
reverse transcriptase. The viral RNA is then reverse transcribed into a single followed by
a double-stranded cDNA by the viral reverse transcriptase in concert with RNAseH
which degrades the original RNA molecule during the synthesis of the second strand of
the DNA. The viral DNA is complexed with integrase, matrix, reverse transcriptase and
Vpr to form the preintegration complex (PIC) that enters the cell nucleus through nuclear
pores (Gotte et al., 1999; Jonckheere et al., 2000). Once inside the cell, the HIV enzyme
called reverse transcriptase converts the viral RNA into DNA. This DNA is then
transported to the cell's nucleus, where it is inserted into the host cell DNA by the HIV
enzyme integrase. Once inserted, the HIV DNA is known as provirus. Infection of host

cells starts the cascade of events that eventually result in immune dysfunction.

2.3.2 Transcription and translation

The integrated viral DNA directs the transcription of viral RNAs, which are transported
into the host cell cytoplasm where translation of the viral proteins takes place. The newly
synthesized viral proteins, together with two single- stranded copies of full-length
(unspliced) viral RNA, assemble into a new generation of viral particles. Concomitant
with release of virus particles from the infected cell, a third viral enzyme, protease (PR),

cleaves the Gag and GagPol polyprotein precursors, triggering the conversion of the
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immature particle to the mature virion. The virus replication cycle is now complete, and
the mature virus particle can initiate a new cycle of infection (Freed et al., 2006;

Swanstrom et al., 1997). This is summarized in Figure 2.2 below:
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Figure 2.2: Infection of a Host Cell by The Human Immunodeficiency Virus
(Janeway’s Immunology)
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2.4 Stages of HIV Infections

2.4.1 Acute HIV Infections

Following approximately 2 — 4 weeks post exposure, HIV infection is often characterized
by experiencing an acute HIV syndrome defined by flu-like clinical manifestations
associated with a high plasma viremia, fever and often lymphadenopathy (Gurunathan et
al. 2009). Muscle pain (myalgias), skin rash, headaches, anorexia and diarrhea, may also
present in patients, however, with a variable degree of severity in manifestation. During
this phase of infection, there is an extremely aggressive replication of the virus, often
favoured by the absence of immune pressures. In fact, the plasma viral loads can be as
high as 10 million copies per millimeter (Moir et al. 2011, Little et al. 1999). In most
cases, the dynamics of acute HIV infection (in the absence of Anti Retroviral Therapy), is
characterized by a steady peak in plasma viremia, 3- 4 weeks post transmission. This is
followed by a decline over the next few months, eventually reaching steady state, known
as the viral set point (Little et al. 1999; Fiebig et al. 2003). The viral set point is
particularly important, as a measure of the rate of disease progression in patients not

treated with ART (Moir et al. 2011).

2.4.2 CD4+ T Cells During Acute HIV Infection

The hallmark of acute HIV infection is a dramatic depletion of CD4" T cells in the
peripheral blood. The infection often results in the rapid infection of CD4+CCR5+ T
cells in the draining lymph nodes. The virus then spreads quickly to other lymphoid
tissues, preferentially infecting and significantly depleting memory CD4 T cells in

multiple sites including the Gut-Associated Lymphoid Tissue (GALT), which are major
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targets of HIV infection as high proportions of these cells express CCR5 and are
activated. Studies based on SIV animal models, have associated GALT cell depletion, to
the infection and direct killing, of the highly abundant, susceptible target cell population
(in the GALT); often intensified by the extensive killing of bystander cell populations via
apoptosis (Li et al. 2005; Mattapallil et al. 2005). Replication of HIV in the GALT, is
then, followed by dissemination of the virus to the peripheral lymphoid tissues especially
the lymph nodes. However, the depletion of CD4" T cells is less pronounced in the
peripheral lymph nodes compared with the GALT (Brenchley et al. 2004). The virus is
now able to establish lymphoid tissue viral reservoirs. During this time, the latent
reservoir is also established. A pool of latently infected, resting CD4 T cells that carry

integrated HIVV-DNA that can produce replication-competent virus on activation.

2.4.3 Chronic HIV Infections

Massive immune activation and an accelerated cell turnover take place during chronic
HIV infection (Ho et al., 1995; Ford et al., 2009). This apparent state of basal immune
hyper-activation in the infected host is evidenced by increased expression of activation
markers, such as CD38, HLA-DR and Ki67, of which CD38 is considered the most
reliable surrogate marker for immune activation, disease progression to AIDS, and death
(Lu et al., 1997). In the gut, naive and central memory T cells are supplied, but these
cells are short-lived and only partially substitute for the CD4+ effector memory T cells
depleted during the acute phase of infection (Grossman et al., 2006). Immunological
damage to the gastrointestinal tract leads to breaks in the mucosal barrier allowing

translocation of microbial products, including bacterial lipopolysaccharide, into the
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circulation. Bacterial translocation may therefore represent a crucial event in persistent
immune activation, although it is probably not the only source of the microbial burden
responsible for chronic immune activation. HIV itself may also be a central player in the
process due to viral constituents, such as gp120 and nef, or viral nucleic acids produced
during viral replication, subsequently resulting in activation of proinflammatory
cytokines and type | interferon (IFN), including IFN-o and IFN-B (McMichael et al.,
2010; Boasso et al., 2008). The accelerated viral evolution at this stage, provided by an
excessively high viral mutation rate and alteration in cellular tropism, results in
progression from a pool of CCR5-trophic to dual trophic or dominantly CXCR4 trophic
strains with increased virulence and broader target cell tropism. In addition, damage to
lymphoid tissue results in thymic dysfunction, transforming growth factor-p-dependent
fibrosis and alterations in lymphoid follicle architecture (Estes et al., 2007). HIV
infection also profoundly affects blood and tissue B cells by inducing early class
switching in polyclonal B cells, massive B cell apoptosis, and loss of germinal centers in

lymphoid tissue (He et al., 2006).
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2.5 Immunology of HIV Infections
Most people infected with HIV will mount an effective immune response to the virus
during the first few months of infection. However, over time this response will prove

ineffective. The responses come in two forms: cellular and humoral.

2.5.1 Cellular Immune Responses

Cellular immune responses refer to the activity of the CD4 and CD8 T cells, the latter
known as cytotoxic lymphocytes. CD8 T cells act against HIV in two different ways
during primary infection: by directly killing HIVV-infected cells and by secreting anti-HIV
molecules such as chemokines. While in most HIV infected people, CD8 T cell counts
fall again after infection, some people continue to exhibit strong HIV-specific CD8 T cell
responses, which control viral load. CD8 T cells play a crucial role in determining the
speed of HIV disease progression (McMichael and Rowland-Jones, 2001). Most
cytotoxic activity is carried out by CD8+ cells, which produce a cell antiviral factor,
which can suppress viral gene transcription. CTL activity is directed against antigens on a
variety of HIV proteins, including envelope glycoproteins, and internal structural proteins
(p17, p24, p15), as well as against the products of regulatory genes such as nef and vif
and pol (Collins et al., 2014). CTLs are capable of lysing cells infected with HIV and
have the advantage of a broad-based activity against isolates from different clades. CTL
activity induced by HIV-2 can also lyse cells infected with HIV-1 (McMichael and
Rowland-Jones, 2001; Sauce et al., 2013).

CD4/CDS8 cell ratio: To obtain a better picture of disease progression, it is advisable to

measure the CD4/CD8 cell ratio. The normal ratio is about 1 to 1.5. If the disease is
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progressing, CD4 will decline and CD8 will stay the same or increase and the CD4/CD8

ratio will be <1, indicating disease progression. Figure 2.3 below is a summary of the

profile of CD4 and CD8 T cells during the course of HIV infection.
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Figure 2.3: The phases of HIV/AIDS and the Magnitude of Immune Responses
During the Course of Infections (Nature, 2006)

2.5.2 Humoral Responses

This refers to the production of antibodies against HIV. Antibodies to HIV can be

detected soon after acute infection, often as early or a few days after exposure to the

virus, but generally within 1 to 3 months. These antibodies can be found in the blood, on

mucosal surfaces, and in various body fluids. 1gG1 is a key player in host defense during
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all stages of infection, and helps to combat the virus via antibody-dependent cellular
cytotoxicity, complement-dependent cytotoxicity, and neutralizing and blocking
responses (Mestecky et al., 2014). Antibody-dependent cellular cytotoxicity is directed
against sites on the viral envelope, especially against sites on the V3 loop and the
extracellular domain of gp4l. All the other antibody isotypes (IgM, IgA, 1gG2, 1gG4)
vary in their levels throughout the course of infection (Gu et al., 2014; Xu et al., 2014).
Neutralizing antibodies offer some protection by limiting viral replication during the
early asymptomatic stages, but overall their titers tend to remain too low to clear the HIV
infection. The low titer is probably a result of the fact that the viruss envelope epitopes
have a highly dynamic configuration, which changes often, depending on the state of
activation and binding to cellular receptors. The low titers also favour the emergence of
resistant mutants during active replication (Xu et al., 2014). Patients often produce titres
of neutralizing bodies, often specific to the earlier virus isolates and therefore cannot
neutralize “escape mutants” as effectively. Neutralizing antibodies bind to specific sites
on the viral envelop complex, SU-TM. The V3 loop on SU is one of the chief targets of
these immune molecules. Anti-V3 antibodies block co-receptor interactions that occur
after the virus attached to the major CD4 receptor. Antibodies to this region tend to be
very strain specific because of the high sequence variation in this segment (Gu et al.,

2014; Xu et al., 2014).
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2.5.3 The Host Immune System In Clearing HIV

There are currently numerous efforts all geared towards elucidating the mechanisms by
which HIV fails to respond to immune pressures following exposure of a single virion to
the host. Recent findings from studies designed and aimed to characterize the early
founder transmitting virus in HIV-1 infection, have used single-genome amplification
and mathematical models. Studies by Keele et al. (2008), Salazar-Gonzalez et al. (2009)
and Goonetilleke et al. (2009), suggest that a single ,,founder*virus (cell-free or cell-
associated) is initially transmitted and that HIV begins to evolve or diverge from the
founder virion, once a cellular immune response has been mounted against the pathogen;
often several weeks post exposure.

It is postulated that transmission represents a genetic bottle-neck for the virus. There are
certain traits from the founder virus, especially those of the viral envelope, which are
preferentially selected. The initial founder virions are characterized by an increased
sensitivity to neutralization and a scarcity of glycosylation sites on the virion envelope
gp120 (Derdeyn et al. 2004). However, the immune response elicited, probably 12 weeks
post exposure, characterized by the increase in production of neutralizing antibodies, is
considered ,too little — too late™. This is based on the fact that the initial virions have been
quickly replaced in succession by neutralization-resistant variants (Karlsson Hedestam et
al. 2008).

One of the key reasons, HIV is thought to favorably escape the host immune system, is
the subsequent viral population following infection; characterized by virions that have
highly glycosylated envelopes. This is the so-called ,glycosylation shield”, which

prevents binding of neutralizing antibodies and promotes viral persistence (Wei et al.
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2003). In line with this, a recent review by McMicheal et al. (2010), highlights that early

HIV-specific CD8" T cell responses contribute to the decline in HIV plasma viral loads

during the acute phase of infection. To counter this, there is a rapid evolution of the
initially homogenous virus, which begins at the peak of the early HIV-specific CD8" T

cell responses. This is characterized by mutations in epitopes recognized by CD8" T cells

(Salazar-Gonzalez et al. 2009; Goonetilleke et al. 2009). It is important to note that this
virion evolution takes place very early in the course of HIV infection, often before the
elucidation of neutralizing antibodies. The continuation of this throughout disease
progression contributes to infection (viral) persistence. Finally, Li et al. (2009),
demonstrate evidence from animal models; additional factors such as location and
magnitude of the immune response elicited are also likely to contribute to disease
outcome. This places a key emphasis on the importance of HIV-specific T cell responses.

2.5.4 Host and Viral Factors in the Course of HIV Infection

There has been great insight on the influence, and role of host and viral factors on the
course of HIV infections and progression to disease. Interestingly, questions remain
unanswered about certain issue, including the HIV-resistant individuals — who maintain
low to undetectable HIV plasma viremia and stable CD4" T cell counts, in the absence of
ART. These are known as Long-Term Non Progressors (LNTPs). Within this group,
there are individuals who maintain viral burdens below the limits of detection and are
known as Elite Controllers. Majority of the studies on LNTPs and Elite Controllers focus
on cellular restriction factors and viral fitness, in addition to host genetics and its impact
on the ability to control virion replication, HIV infection, through innate, cellular and

humoral immunity (Moir et al. 2011).
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2.6 Vaccine Development

The development of an AIDS vaccine is affected by the range of virus subtypes as well as
by the wide variety of human populations who need protection and who differ, for
example, in their genetic make-up and their routes of exposure to HIV. In particular, the
occurrence of super infection indicates that an immune response triggered by a vaccine to
prevent infection by one strain of HIV may not protect against all other strains. The
increasing variety of sub-types found within countries suggests that the effectiveness of a
vaccine is likely to vary between populations, unless an innovative method is developed
which guards against the circulating recombinant forms.

Inevitably, different types of candidate vaccines will have to be tested against various
virion strains in multiple vaccine trials, conducted in both high-income and developing
countries. To-date there have been three major vaccine efficacy trials. The AIDSVAX
glycoprotein (gp)120 vaccine stimulated the production of non-neutralizing antibodies to
the virus envelope proteins but failed to protect vaccinated individuals from infection
(Pitisuttithum et al., 2006). The STEP vaccine, comprised of three recombinant
attenuated adenovirus serotype 5 viruses expressing HIV-1 Gag, Pol and Nef, stimulated
CD8" T cell responses to the viral proteins but again showed no protective effect
(McElrath et al., 2008; Buchbinder et al., 2008). Similar virus vector-based vaccines
have been shown to stimulate simian immunodeficiency virus (SIV)-specific CD8" T cell
responses in rhesus macaques, and an Adenovirus serotype 5 vector expressing Gag
protected against challenge with a chimeric SIV-HIV (SHIV89.6p) virus but was not
protective against challenge with the more natural SIVmac239 (Casimiro et al., 2005).

Finally a third trial the RV144 study tested the safety and efficacy of a prime-boost
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regimen comprising an ALVAC-HIV (a canary pox vector expression HIV-1 env/gag/pro
prime and AIDSVAX-gp120 B/E (recombinant gp 120) boost in heterosexual individuals
at various levels of risk of HIV infection (Rerks-Ngarm et al., 2009). These vaccines
were designed to induce both antibody and cell-mediated immune responses and to
complement each other in order to maximize protection. Hence, with 74 HIV infections
among the placebo recipients compared to only 51 in the vaccines, RV144 achieved
31.2% efficacy and although there was no effect on viral load following infection, it so
far remains the most encouraging vaccine study to date. Thus although highly elusive, the
unsatisfactory outcomes of three large trials, mean that now more than ever, the world is
more desperate for a safe and an effective vaccine to prevent HIV infection and/or control
progression to AIDS.

Most recently, the focus has now moved to mucosal immunology. Data from numerous
studies, point to the imminent possibility of a vaccine that can stimulate the greatly
desired protective mucosal and systemic immune responses. It might be that carefully
selected combination of immunogens, adjuvants, delivery vectors, and immunization
routes may possibly yield an HIV-1 vaccine that induces optimal activation of the innate
immune system, and elicit protective antibody and T cell responses in both the mucosal
and systemic compartments. Mucosal immunization holds promise as the ultimate
modality to ensure sustained levels of potent antibody and cellular immune responses at
the genital mucosa, where they are required to arrest initial breakthrough infections.
Moreover, since systemic responses do not accurately represent local immunity at the
genitorectal mucosa, comprehensive immune-functional and phenotypic characterization

of the mucosal anti HIV-1 immune response that correlates with in vivo virus inhibition,
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together with the mechanisms involved, will be crucial to the design of an efficacious
vaccine for HIV-1. These will include accurate quantification of threshold titres of the

mucosal antibody and T cell responses that would be sufficient to prevent infection.

39



2.7 Epidemiology of HIV/AIDS

2.7.1 Global Burden of HIVV

UNAIDS (2013) estimates there are currently over 30 million people are living with

HIV/AIDS. The annual number of new infections in 2012 was 2.3 million a decline by

33% from 3.4 million (2001); and there was a witnessed decrease in AIDS related deaths

to 1.6 million in 2012 from the 2.3 million witnessed in 2005 as summarized in Table 2.1

below:
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Table 2.1: Trend of HIV Infections, and AIDS related Deaths by Region (Source:
UNAIDS 2013 Fact sheet

http://www.unaids.or
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Accessed 23 April 2014 8.24pm)
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2.7.2 The HIV Epidemic in Sub-Saharan Africa

On the global front, sub Saharan Africa (SSA) is the hardest hit, bearing an estimated
two-thirds of the burden of the HIV epidemic with 25 million people living with HIV
(Table 2) However, over the past decade there have been great leaps in the field of
prevention within the region. There was a notable 40% decline from the 2.6 million
(2001) to 1.6 million (2012). The AIDS related deaths also reduced by 22% from 1.5
million (2001) to 1.2 million (2012) owing to the life-prolonging effects of antiretroviral
therapy (UNAIDS, 2013: AIDS by the Numbers).

Overall, HIV prevalence is on the decline in most countries but the effect of the
diminishing HIV rates - are not strong or widespread enough to diminish the epidemics*
overall impact. In Africa, countries in the Southern parts have the highest prevalence
rates including Swaziland, Botswana, Lesotho, South Africa and Zimbabwe with country
prevalence rates of 26.5%, 23.0%, 23.1%, 17.9% and 14.7% respectively while lower and
more generalized epidemics are seen in Eastern Africa including Kenya (5.6%), Tanzania
(5.1%) and Uganda (7.2%), Rwanda (2.9%) and the neighboring South Sudan (2.9%).
Furthermore, the epidemic has a feminized trend, as the HIV prevalence rates among
young women are twice as high as those of the young men.

In the field of prevention, there has been great scale up of antiretroviral therapy within
SSA to nearly 60%, increment in biomedical prevention efforts including voluntary male
circumcision with 3.2 million African men circumcised in 2012 (UNAIDS 2013, AIDS
by the Numbers). Furthermore, although sexual transmission is the primary driver of HIV
infections in the region, the trends in reduction via sexual transmission have generally

been favourable. Changes in sexual behavior including delayed sexual debut, and the

41



adoption of safer sexual behaviours including increase in condom use, reduction in
multiple partners have ultimately altered the natural dynamics of the epidemic (UNAIDS,
2013). The impact of HIV in SSA as compared to other global regions is outlined in

Table 2.2 below.
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Region People living with HIV 2012 New HIV infections AIDS -related
2012 deaths 2012

e T (total)
total ] children

Y —

total ‘ children
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Table 2.2: Global burden of HIV by region (Source: UNAIDS 2013 Fact sheet

http://www.unaids.org/en/resources/campaigns/globalreport2013/factsheet/, Accessed 23
April 2014 8.24pm)
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2.8 Burden of HIV In Kenya

Kenya faces a generalized HIV/AIDS epidemic, however as it is globally, the overall
HIV/AIDS prevalence within the country is on the decline among the general population
aged 15-49 years declined from 10% (Sentinel Surveillance) in 1998 among the general
population to 5.6% in 2012 (KAIS 2012) with women displaying a higher prevalence at
6.9% versus 4.4% for men (KAIS 2012). The reduction in the prevalence of AIDS-related
deaths has also decreased, which has been primarily attributed to an increase in access to
Antiretroviral Therapy (ART), promising increases in safe behaviour such as increases in
condom use, delay in sexual debut, and a reduction in the number of sexual partners.
There are a number of factors that have a clear association with the prevalence of

HIV/AIDS among the Kenyan population, detailed below:

Age and Sex

HIV prevalence rates increase with age and the trend is feminized with more females

being infected with HIV as shown in the figures 2.4 and 2.5 below:
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Figure2.4: HIV prevalence stratified by sex, in 2007 and 2012; the incidence of HIV
is higher among the females (KAIS, 2012)
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Figure 2.5: HIV prevalence stratified by age in 2007 and 2012; the incidence of HIV
increases with age (KAIS, 2012)
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Residence and Region

Kenya displays a mixed HIV epidemic, with prevalence varying widely across regions,
and between urban and rural settings (KAIS, 2012). In the rural areas, HIV prevalence
among adults aged 15-64 years was estimated at 5.1%, compared to 6.5% among those
from the urban setting. However, because the vast majority (65%) of Kenya's population
is based in rural regions, the absolute number of HIV infections is higher in rural
compared to urban areas (1 million versus 0.4 million adults, respectively). The gender
imbalance in HIV prevalence is reflected in both urban and rural areas, with urban-based
women displaying a higher HIV prevalence compared to those in the rural setting (8.0%
versus 6.2%, respectively). For the men, HIV prevalence is, urban against rural, 5.1%
versus 3.9% respectively. HIV prevalence also varies substantially between regions; in
some cases, HIV prevalence can differ by as much as 15-fold between regions. Figure 2.6

highlights the regional prevalence variation across Kenya.
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2.8.1 HIV Prevalence across Regions in Kenya

North Eastern
(no data)

Westemn
(4.7%)

Nyanza (15.1%)

Nairobi (4.9%)

Figure 2.6: HIV across regions in Kenya (KAIS, 2012)
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Marital Status

The Kenya AIDS Indicator Survey (2012), reports the highest HIV prevalence observed
is among widowed respondents (20%), and lowest among those who are single and never
married had the lowest (1.8%). The prevalence among those married or cohabiting was
approximately 5.3% while among those who were not in any marriage unions, women

had a prevalence of 2.7% while the men had a prevalence of 1.3%.

Most At Risk Populations in Kenya (MARPS)

In STI epidemiology, a small proportion of a given population, due to behaviours that
lead to exposure, experience disproportionately high numbers of infections. For the
current HIV epidemic, these include female sex workers (FSWSs), their clients, men who
have sex with men (MSMs) and people who inject drugs (PUDs). Currently, surveillance
of these risk groups is weak, and there is a need to enhance the current strategies to
determine more accurate prevalence data in these important populations. The MoT
Spectrum model of 2008 highlights that the current HIV/AIDS epidemic crisis is being
driven largely by the MARPs in Kenya; sex workers were estimated to contribute 14% of

new infections, MSM and prison populations, and 15%, PUDs.
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2.8.2 HIV Infections among High Risk Populations

Focus on Sub Saharan Africa

The trends in reduction of HIV infections via sexual transmission have generally been
favourable in SSA. However, there has been an increase in transmission among high-risk
populations including commercial sex workers, and efforts to reduce transmission among
these key groups remain insufficient. This subpopulation has specific behavioural and
biological risk factors including multiple sexual partners, numerous exposure episodes,
incidence of ulcerative diseases and sexually transmitted infections which all have an
impact on the concentrated HIV epidemics among them and thereby translating into the
general population (Baral and Beyrer et al., 2012).

Zeroing in: globally female sex workers are 13.5 times more likely to be living with HIV
than other women (Baral et al., 2012). This effect is more pronounced in SSA. In West
African countries, sex workers account for 10-32% of new infections, Uganda, Swaziland
and Zambia, 7-11%, Kenya 14% of new infections are attributed to sex workers and their
clients (MoT, 2008).

The HIV prevalence among this high-risk population is also alarmingly high; pooled data
found rates of HIV among FSWs is 36.9% (Kerrigan et al., 2010). In Eastern and
Southern Africa (data from 8 countries) the HIV prevalence rate was 22% and in Western
and Central Africa (17 countries) a rate of 17% while the rates were less than 5% in all
other regions. A limitation of these findings is that they are based on urban population
surveys and therefore are not a true reflection of the national prevalence rates among
these high-risk populations.

There has been an overall increase in condom use among these women but the inadequate
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financing on HIV prevention programmes focused on FSWs both from local and
international governments remains low except in southern Africa where domestic
spending on HIV prevention services for sex workers outweighs international
contributions. Sex workers are a sub population at a disproportionate risk of acquiring
HIV, compounded by social stigma and the legal disadvantages. It is therefore imperative
for host country governments to translate the recognition of HIV prevention needs among
sex workers, their clients and partners into scaled-up evidence-and rights-based

programmes.

2.8.3 Focus on The Pumwani Majengo Sex Worker Cohort, Nairobi, Kenya

The Pumwani cohort was started in 1983. As of 2013, more than 60,000 contacts had
been made, with more than 20,000 HIV tests performed. Approximately 9,000 volunteers
were receiving care, with 4,000 on antiretroviral treatment; the HIV prevalence rate
among this cohort is currently at 22%. Outreach activities continue with this population.
Sex workers are contacted in the field and encouraged to visit clinics, enroll and access
services. The volunteers are primarily recruited from the slum area of Pumwani, Nairobi,
Kenya.

This cohort is unique in Africa for the duration and depth of follow-up of such mobile,
high-risk women. Much work has been done with this cohort. A key finding early on was
the phenomenon of a subset of these women who are highly exposed to HIV through
their sex work but remain uninfected with the virus — these women are considered to be
resistant to HIV infection. They are referred to as the HESN — Highly Exposed

Seronegative. A second unique set of women, get infected with the virus, but maintain
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low to undetectable HIV plasma viremia and stable CD4" T cell counts, in the absence of
ART. These are known as Long-Term Non Progressors (LTNPs). Within this group,
there are individuals who maintain viral burdens below the limits of detection and are
known as Elite Controllers. Majority of the studies on LTNPs and elite controllers focus
on cellular restriction factors and viral fitness, in addition to host genetics and its impact
on the ability to control virion replication, HIV infection, through innate, cellular and

humoral immunity.
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2.9 Human Blood Group Systems

2.9.1 An Overview

The discovery of the human blood groups in the 1900s by Landsteiner led to the
understanding of blood group antigens as patterns of inherited serological reactions
(Landsteiner, 1900). Today, there are more than 20 distinct blood group systems,
comprising approximately 400 antigens (ISBT, 2014). Of these, the ABO and Rhesus
blood groups systems remain the most important clinically, in transfusion and
transplantation medicine. These well-defined markers are also the most genetically
polymorphic of all human blood group antigens to-date (Avent and Reid, 2000; Giri et
al., 2011; Segurel et al., 2012).

The ABO antigens comprising A, B and H are carbohydrate moieties expressed on red
blood cells depending on the activity and specificity of enzyme glycosyltransferases
encoded by the Fucosytransferase 1 (FUT1) gene (Yamamoto et al., 1990a; Yamamoto
et al., 1990b). They catalyze the transfer of N-acetyl-D-galactosamine or D-galactose or
both to the non-reducing ends of suitable oligosaccharide chains found on red cell
membrane glycoproteins and glycolipids (Morgan and Watkins, 1953). This results in
the expression of blood group A and B antigens respectively while blood group O results
from inactivity of the glycosyltransferase gene that generates A, B or both antigens.

The distribution of blood group phenotypes differs among populations globally and has
been clearly documented, however, the principle underlying the major distribution
difference among populations is not fully understood (Rahman et al., 2011; Lialiaris et
al., 2011; Hamed et al., 2012; Temitayo and Timothy, 2013; Mwangi, 1999).

Furthermore, there is now extensive knowledge relating to the ABH glycans and their
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role in immunohaematology. The blood group O phenotype has been associated with a
higher risk of peptic ulcers (Edgren et al., 2010); Blood group A with increased
Plasmodium falciparum malaria disease severity (Fry et al., 2008); Blood group B,
associated with Chagas disease, dengue fever and Human T-lymphotropic Virus-1
(HTLV-1) (Teixeira, et al., 1987; Kalayanarooj et al., 2007; Ayatollahi et al., 2008) and
type AB individuals have been shown to have an increased incidence of pancreatic cancer
(Wolpin et al., 2010).

In addition to the major ABO blood group system, the Rhesus blood group system
comprises the second most immunologically important blood group antigens (Flegel,
2011). Dating back to the early 1940s, the Rhesus (Rh) antigens play a significant role in
transfusion medicine (Levine et al., 1941; Nance and Lomas-Francis, 2013). Rh antigens
are protein motifs with the ability to mount potent alloimmune reactions in transfusion,
pregnancy - haemolytic disease of the newborn (Avent and Reed, 2000; Flegel, 2011),
and play a key role in sickle cell disease (Noizat-Pirenne, 2012). However unlike the
ABO blood group system, anti-Rhesus D antibodies develop only when a Rhesus D
negative person is transfused with Rhesus D positive blood (Crowther et al., 2013). Once
produced, these antibodies persist in blood for years and can produce serious reactions
during a second transfusion, known as Rhesus incompatibility. In pregnant mothers, if the
mother is Rhesus D negative and the child is Rhesus D positive, this results in haemolytic
disease of the newborn; severity may worsen in subsequent pregnancies (Chown, 1954;
Chilcott et al., 2002). Similar to ABO frequency profiles, Rhesus D antigen distribution
is variable globally. There is a notable low prevalence of the Rhesus D negative

phenotypes among individuals of African descent (Pennap et al., 2011; Erbahor et al.,
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2010).

An additional blood group system is the minor Duffy blood group system comprising the
Duffy blood group antigens. The Duffy antigen also known as the Duffy Antigen
Receptor for Chemokines (DARC) is a high-affinity receptor for pro-inflammatory
chemokines such as Interleukin-8 (IL-8), macrophage inflammatory protein-1 (MIP) and
regulated and normal T cell expressed and secreted (RANTES) (Neote et al., 1993).
DARC expressed on erythrocytes is also known to be a receptor for malarial parasites
Plasmodium vivax and Plasmodium knowlesi (Pogo and Chaudhuri, 2000). Furthermore,
DARC has been demonstrated as a receptor for the Human Immunodeficiency Virus
(HIV-1), as well as molecules such as tetraspanin CD82 (Bandyopadhyay et al., 2006).
Interestingly, the Duffy antigen-negative phenotype, Fy (2 b’), has a high prevalence in
individuals of African ancestry, while remaining exceedingly rare among Caucasians
(Howes et al., 2011). This negative phenotype is characterized by lack of DARC
expression on red blood cells and is due to a homozygous point mutation on the gene, in
the erythroid specific promoter (Pogo and Chaudhuri, 2000; Daniels et al., 2005).
Frequency studies of the major and minor blood group phenotypes including ABO,
Rhesus and Duffy in families and across populations globally are therefore, multipurpose.
The importance of these well-defined antigens is increasingly being sought in their
relation to disease, forensic pathology, population genetics, and anthropological studies.
This study was therefore designed as a baseline profile of the ABO, Rhesus (D) and
Duffy (Fya, Fyb) blood group antigens among a low risk population of voluntary blood

donors, in Nairobi, Kenya.
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2.10 The ABO Blood Group System

The ABO system was first described in the early 1900s, based on serological differences
in blood between individuals. Interestingly, the antigens comprising this blood group
system were among the first human genetic markers identified (Storry and Olsson, 2009;
Koda et al., 2001; Ferrer-Admetlla et al., 2009). This major blood group system consists
of four blood types: A, B, AB and O (Daniels et al., 2004). A, B and O were initially
described by Landsteiner et al., (1900), while the DesCasterllo and Sturli (1902)
discovered the fourth blood group, AB. These antigens are genetic markers inherited as
Mendelian characteristics in a codominant autosomal fashion.

The variation of these phenotypes among populations has been clearly documented.
There is a high frequency of the A phenotype mainly in Northern and Central Europe.
The B phenotype is more frequent in Asia, while the O phenotype is most common
globally, with a distinct increase in Africa and Australia (Storry and Olsson, 2009). The
principle underlying the major distribution difference among populations is not well
understood. However, despite its relative simplicity, the ABO blood group system divides
the world*s population including both patients and donors into four groups irrespective of

origin or creed.

2.10.1 Serology of the ABO Blood Group System

Blood group antigens are molecules expressed on the surface of red blood cells. They
consist of proteins and carbohydrates and are often attached to cell surface lipids or
proteins. In this regard, the ABO blood group system is comprised of the A, B and H

antigens. These antigens define one™s individual blood group (A, B, AB or O (H)). In
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every individual based on the specific blood group phenotype there are corresponding
antibodies, either anti-A or anti-B in serum. Thus type A individuals, express blood group
A antigens on the RBC cell surface, and anti-B antibodies; type B individuals, express
blood group B antigens on the RBC cell surface, and anti-A antibodies; while type AB
individuals, express both blood group A and B antigens on the RBC cell surface, but no
antibodies and blood type O type individuals, express blood group neither A nor B, only
the backbone H antigen on the RBC cell surface, and both anti A and anti-B antibodies
(Table 2.3). Anti -A and anti -B antibodies are usually IgM type, and not present in

newborns, but appear in the first year of life.

Phenotype Antigen (RBC) Antibody (Serum)
A A Anti-B

B B Anti-A

AB Aand B None

@) Neither A nor B Anti A and Anti-B

Table 2.3: ABO blood group system phenotypes, with corresponding antigen and
antibody expression profiles

ABO antigens are one of the oligosaccharide antigens (Storry and Olsson, 2009). The
precursor substrate for both A and B antigens is the H antigen. Therefore, the first step in
the biosynthesis of the respective A and B antigens is the addition of an L fucose in an
alpha (a) 1, 2 linkage to a terminal galactose (Gal) of a common precursor attached to
lipids or proteins. This reaction is catalyzed by the enzyme al, 2 — fucosyltransferase,

also known as the H transferase, resulting in the expression of the H antigen. There are

56



multiple forms of the H antigen known, but the two main structures are Type 1
(Galpl_3GIcNACcB-R) and Type 2 (Galpl_4GIcNACcP -R). The latter is expressed on the

surface of red blood cells while the former (i.e. Type 1) is the H antigen expressed in

mucosal secretions and in body tissues (Figure 2.7)
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Antigen Structure
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restde on a vartety of protein or lipid glycan structures containing branches. repeats, etc.

Figure 2.7: Structure of the A, B and H antigen moieties (Source: Blood Group
Antigen Mutation Database)

The blood group O phenotype is characterized by expression of blood group H antigen on
the erythrocyte surface while modification of the H antigen by the A and/or B
glycosyltransferases results in the expression of the A, B and AB antigens. Interestingly

the corresponding ABO gene does not encode the respective blood group antigens
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directly. This gene, located on the long arm of chromosome 9 (9934) encodes for the A
and B glycosyltransferase that in turn synthesize oligosaccharide epitopes (Storry and
Olsson, 2009; Yamamoto et al., 1990). The A allele encodes for the A-synthesizing 3-a-
N-acetylegalactosaminytransferase and the B allele encodes for the B-synthesizing 3-a-
N-galactosaminyltransferase. The resultant gene products i.e. the A and B
glycosyltransferases are type Il membrane proteins located in the golgi compartment,
while soluble forms of the enzymes are found in plasma and other blood fluids and
secretions. These enzymes result in the synthesis of the A and B blood group moiteies
during normal glycosylation of proteins and lipids in the golgi compartment. Since O
allele encodes proteins without glycosyltransferase (O transferase) function, H antigen is

the only ABO structure present in blood type O (Storry and Olsson, 2009).
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2.10.2 Structure of the ABO Gene Locus

The ABO genes are located in chromosome 9 (9934.1-934.2) and consist of 7 exons
distributed over an 18 kb region of genomic DNA (Figure 2.8). Exon 7 contains most of
the largest coding sequence and Exon 6 contains the deletion found in most O alleles. The
exons range in size from 28 to 691 base pairs (Daniels, 2013; Hakomori and Palcic,
2014). The gene locus has three main allele forms, A, B, and O. A and B alleles have
seven nucleotide substitutions (297A_G, 526C_G, 657C_T, 703G_ A, 796C_A, 803G_C
and 930G_A) of which, four nucleotide substitutions (526C_G, 703G_A, 796C_A and
803G_C) are translated into different amino acid substitutions (Arg526Gly, Gly703Ser,
Leu796Met and GIly803Ala). These substitutions determine the specificities of
glycosyltransferases (Hakomori and Palcic, 2014).

The A allele encodes A transferase catalyzing the addition of GalNAc residue, and the B
allele encodes B transferase catalyzing the addition of Gal residue, respectively, in a al_3
linkage on terminal Gal of the H antigen. The O allele differs from the A allele by a
single nucleotide deletion of guanine (G) at position 261. This deletion causes a frame-

shift and results in a loss of transferases activity (Daniels, 2013).

a

nt. 1-28 29-98 99-155 156-203 204-239 240 374 375 1062
a.a 19 10-33 / 34-52 / 53-68 / 69-80 81-125 126-354
Intron: 12982 724 1451 1686 554 1052

b

I i L1 1 [ 1 .

T

Figure 2.8: Organization of the ABO gene. The ABO gene drawn to scale; exons are
black and introns grey (b) (Bahimern et al., 2007)
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2.10.3 Physiological Role of the ABO Blood Group System

The ABO blood group antigens are not solely expressed on red blood cells. These
antigens are also present in soluble form in body fluids including saliva, breast milk,
vaginal and seminal secretions. Their role in transfusion and transplantation medicine has
been described over years, based on the serological characteristics of the blood types. In
addition to their obvious clinical importance in transfusion and transplantation medicine,
there is now extensive knowledge relating to carbohydrate chemistry, enzymology,
molecular genetics and structural and evolutionary biology of the ABO blood group
system. However, the physiological functions of ABO blood group antigens are still not
well understood.

This is because individuals of blood group O individuals express neither A nor B antigens
yet, they are perfectly healthy. Therefore this raises a number of questions on the
physiological role of the A and B antigens. Furthermore, the variable expression of these
antigens as seen in secretors raises a number of questions on what role these antigens
play in the context of host disease susceptibilities, especially since mucosal surfaces are
often the first point of pathogen host contact. In this regard, a number of associations
have been made between ABO phenotypes and increased susceptibility to disease. For
example, the blood group O phenotype has been associated with a higher risk of peptic
ulcers (Edgren et al., 2010). Blood group A with increased Plasmodium falciparum
malaria disease severity (Wolofsky et al., 2012); blood group B, associated with Chagas
disease (Teixeira, et al., 1987), dengue fever (Kalayanarooj et al., 2007) and Human T-
lymphotropic Virus-1 (Ayatollahi et al., 2008), while type AB individuals have been

shown to have an increased incidence of pancreatic cancer (Wolpin et al., 2010).
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2.11  Minor Blood Group Systems

Although the A, B and H antigens are considered most often, especially clinically with
regards to blood transfusion and solid organ transplantation, there are a number of other
antigens that may be expressed on the surface of red blood cells. These are considered
,,minor" and collectively, comprise the Minor blood group systems. There are a number of
studies that have demonstrated a clear correlation between these minor blood group
antigens and altered susceptibility to infection. Among these, the Duffy Blood Group
Antigen (also known as the Duffy Antigen Receptor for Chemokines, DARC) has been

extensively researched.

2.11.1 Duffy Antigen Receptor for Chemokines (DARC)

The Duffy antigen is a transmembrane glycoprotein that spans the red cell membrane
seven times. It consists of an extracellular N-terminal domain and a cytoplasmic C-
terminal domain. DARC is expressed on venular endothelial cells, cerebellar neurons,
and on the surface of red blood cells. Since the discovery of the Duffy Antigen in the
1950s, there has been extensive research on this antigen and its biological roles. The Fy
gene located on region 1922-g23 on chromosome 1 of the human genome encodes for
DARC (Pogo and Chaudhuri, 2000; Daniels et al., 2005; Rios et al., 2005). The two main
alleles described are: FYA, which results in the gene product Fy?, FYB which results in
the gene product Fy® which lead to four phenotypes Fy (a+b-), Fy (a-b+), Fy (a+b+) and
Fy (a-b-). These alleles are codominant (Pogo and Chaudhuri, 2000).

The Duffy glycoprotein consists of 336 amino acids. The extracellular domains of this

glycoprotein comprise the N-terminal 60 amino acid domain (ECD1) and three loops
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(ECD2-4), comprising of amino acid residues 119 — 129, 189 — 206 and 267 — 288 (Pogo
and Chaudhuri, 2000; Daniels et al., 2005; Rios et al., 2005).

The main antigenic epitopes that have been described on DARC: Fy?, Fyb, Fy3 and Fy6
(Pruenster and Rot, 2006). Fy* and Fy* are the main epitopes, relating to a
Glycine/Aspartic acid polymorphism at the amino acid residue 42. Fy® is a determinant

present in Fy? and Fy” isoforms. Fy? is also an epitope however quite different from Fy®

mapped to the third extracellular loop of the Duffy glycoprotein (Pruenster and Rot,
2006).

There are two underlying genetic mutations that result in the Duffy negative phenotype:
Fy (a-b-). One results from a mutation in the promoter region of the FYB allele. This
results in the loss of expression of the Duffy antigen on the surface of the red cells.
However, in this case, the Duffy antigen is still produced in other cell types. This is a
specific erythroid-specific mutation; quite common among the West African population
(100%) and African Americans (70%) (Pogo and Chaudhuri, 2000; Daniels et al., 2005;
Rios et al., 2005). It is postulated, since the Duffy antigen is variable expressed among
the body tissues, these population, do not express significant amounts of the
corresponding antibody Anti-Fyb. The second less common underlying genetic
background is as a result of a point mutation that results in the introduction of a
premature stop codon in the coding sequence, resulting in a Fy (a-b-) phenotype. In line
with this, Rios et al., 2005 postulate that the truncated Duffy protein fails to be
transported to the cell surface and owing to this mutation, the Duffy protein would be

absent from all tissues.
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Interestingly, the Duffy antigen-negative phenotype, Fy (a-b-), is more prevalent in
individuals of African ancestry and exceedingly rare among whites. However, studies
have now shown that in Africans whose erythrocytes express the Fy® gene, antigens are
also expressed on the cells of their kidneys, heart, muscles, brain and placenta. Worth
noting is that studies have now shown that the Anti - Fy* is more commonly found in
patients of African decent, with the Duffy null phenotype and sickle cell anemics (Pogo

and Chaudhuri, 2000; Daniels et al., 2005; Rios et al., 2005).
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2.11.2 Duffy Antigen Receptor for Chemokines as a Chemokine Sink

The DARC structure is highly similar to G-protein coupled receptors. However, to date,
DARC has not been shown to be a member of this family of receptors. In the early 1990s,
the Duffy Antigen was described to be an Interleukin 8 (IL-8) receptor (Darbonne et al.,
1991) in addition to other chemokines (Neote et al., 1993 and Horuk et al., 1993), and
this lead to its name. DARC binds both CC and CXC chemokines. Chemokines are small,
secreted proteins that play a key role in directing leukocyte trafficking. Chemokines
traditionally bind and signal through specific G-protein couple receptors with seven
transmembrane domains. However, chemokines can also bind to ,,silent” receptors known
as interceptors including the Duffy Antigen Receptor for Chemokines (DARC) just like
classical receptors; this binding has a major impact on chemokine homeostasis (Fra et al.,
2003, Shen et al., 2006, Jamieson et al., 2005).

Studies have supported the ,,chemokine sink* theory including findings by Dawson et al.,
(2000) and Shen et al., (2006). Binding of chemokines to erythrocyte DARC, in addition
to neutralisation, prevents chemokine diffusion from the blood to the body organs
including the lungs, kidneys and other tissues, suggesting that DARC as a chemokine
reservoir therefore maintains plasma chemokine levels (Pruenster and Rot, 2006). It is
important to note that although there are several associations suggested between DARC
expression and plasma inflammatory chemokine levels, intricate details such as how long
the chemokines bind, and the function of DARC as a sink, remain unclear (Pruenster and

Rot, 2006).
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2.11.3 Duffy Antigen Receptor for Chemokines and HIV Infection

DARC expressed on the surface of the red blood cells, as mentioned above, is known to
act as a chemokine sink. In association with HIV, recent findings by Weijing et al.,
(2008) illustrated that erythrocyte DARC mediates binding of HIV-1 to red blood cells;
and thereby subsequent transfer of the virions to target cells. However after infection,
DARC appears to associate with slower HIV disease progression. DARC expressed on
the surface of red blood cells has been shown to influence plasma levels of HIV-
associated chemokines such as RANTES (Weijing et al., 2008). RANTES in a pro-
inflammatory chemokine with well-known HIV-1 suppressive activities, due to its
binding and blocking of the HIV co-receptor CCR5.

Binding to DARC regulates the levels of plasma chemokines associated with HIV
pathogenesis. Therefore, it is assumed that expression of DARC may influence the
disease progression of HIV/AIDS, where DARC expression slows down disease
progression.

It is important to note that although several associations have been suggested between
DARC expression and plasma inflammatory chemokine levels, intricate details such as
how long the chemokines bind and the function of DARC as a sink remain unclear. The
specific mechanism underlying DARC functions remain uncertain, and there is still need
to specifically investigate DARC as a variable underlying population-specific differences
associated with disease susceptibility. There is need to investigate further the role of
DARC in inflammation-associated pathology and malignancy, although this is an area
that is highly controversial. My study has been designed to unravel these unanswered

questions. We will investigate associations between erythrocyte DARC expression and
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susceptibility to HIV infections in a well-established high-risk population of female sex

workers in Kenya.

66



2.12  Secretor Status and Secretor Fucosyltransferase 2 Gene Polymorphisms

2.12.1 An Overview

The human Fucosyltransferase 1 (FUT1) and Secretor Fucosyltransferase 2 (FUT2)
genes are responsible for the variable expression of the ABH blood group antigens on red
blood cells, and in body tissues, secretions and fluids (Schiff and Sasaki, 1932;
Yamamoto et al., 1990a; Yamamoto et al., 1990b). These genes do not directly encode
for the ABO blood group antigens. The products of the FUT1 and FUT2 genes are
glycosyltransferases responsible for the modification of cell surface oligosaccharides
resulting in the expression of the A, B and H antigens.

It is estimated, approximately 80% of the global population are ,,secretors (Se)*and 20%
are ,,non-secretors (se)” (Koda et al., 2001; Ferrer-Admetlla et al., 2009). With regards to
the secretor phenotype (both Se Se and Se se), the FUT2 gene is expressed in mucin-
secreting cells of various mucous membranes and glands, resulting in the secretion of the
corresponding blood group antigens into body fluids and epithelial cells (Slomiany and
Slomiany, 1978). Based on the underlying genotype profile, the homozygous secretors
(Se/Se) are known to display more distinct protein expression profiles in comparison to
the counterpart heterozygous secretors (Se/se). In line with this, the non-secretors are
known to express a non-functional form of the protein and/or no protein. Therefore,
among non-secretor individuals, ABO antigen expression is restricted to the red blood
cells (Koda et al., 2001).

The distribution of the secretor and non-secretor phenotypes, among populations globally
has been documented. Global population studies report approximately 80% of the world*s

population are secretors while 20% are non-secretors (Soejima et al., 2007; Olorunshola
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et al., 2013). Furthermore, the secretor phenotype is of particular interest, as there are
well-established correlations between secretor status and susceptibility to various
bacterial and viral infections. Secretors have been shown to have increased susceptibility
to noroviruses. Norwalk virus-like particles (VLPs) were shown to bind to gastro-
duodenal epithelial cells from individuals who were secretors but not to cells from non-
secretors. This postulation was further confirmed based in in vitro studies, where the
same VLPs bound to H type-1 thus supporting this association (Huang et al., 2005; Le
Pendu et al., 2006). A second investigative study among female study cases with
recurrent urinary tract infections, demonstrated secretor status is associated with
differences in immunoglobulin concentration. Non-secretors were found to have lower
concentrations of serum IgA and IgG; suggesting that this population may have a less
effective immune responses in comparison to their non-secretor counterparts thus the
underlying increased susceptibility to urinary tract infections (Kinane et al., 1982). The
profiling of secretor phenotypes in correlation with oral carriage of Candida albicans,
demonstrated that non-secretors were at increased risk of fungal infections (Darwazeh et
al., 1990).

In addition, non-secretors have also been found to have increased susceptibility to acute
uncomplicated pyelonephritis (Ishitoya et al., 2002), Crohn®s disease, one of the major
forms of inflammatory bowel syndrome (Dermot et al., 2010), sickle cell disease
(Olorunshola and Audu, 2013), Hepatitis B infections (Meo et al., 2010), Type 1 diabetes
(Smyth et al., 2011), and the Human Immunodeficiency Virus (HIV) (Ali et al., 2000). In
fact, following HIV infection non-secretors have been shown to have slower disease

progression (Kindberg et al., 2006). On the contrary, the secretor phenotype has been
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associated to increased susceptibility in Helicobacter pylori infections (Linden et al.,
2008).

Determination of prevalence rates of secretor and non-secretor phenotypes in a
population is therefore important, as this knowledge may inform disease risk and
susceptibility patterns; and contribute towards the elucidation of the underlying
protective” effect conferred by either the secretor and non-secretor phenotypes to
infections. In this regard, baseline data on the variable expression of blood group antigens
in the context of secretor status in the Kenyan population is not available. This study was
therefore designed to determine the frequency of secretors and non-secretors in the
Nairobi, Kenya. This study was among a HIV low-risk population of voluntary blood
donors and a comparative HIV high-risk population of female sex workers in Nairobi,

Kenya.

2.12.2 Secretor Status and the Secretor Fucosyltransferase 2 (FUT2) Gene

Secretor status is defined by the presence of H type 1 blood group antigen in body
secretions such as milk and saliva. The H type 1 antigen belongs to the ABO (H) histo-
blood-group systems and it is expressed in erythrocyte membranes and in several
epithelial tissues (Storry and Olsson, 2009). Individuals of blood groups A, B, or O
respectively contain A, B and H antigens made up of complex fucosylated carbohydrates.
Fuc al,2-glycan is the common denominator present in all three ABH antigens because
the bone marrow expresses the common H-(fucosyl)transferase (Koda et al., 2001,
Ferrer-Admetlla et al., 2009). The expression of the ABO (H) histo-blood-group systems

is regulated by several glycosyltransferases that add monosaccharides to a precursor

69



molecule in a sequential fashion. In particular, the expression and secretion of ABO
antigens in epithelial cells are controlled by secretor type o (I, 2) fucosyltransferase
activity, known as the Secretor (Se) transferase. The latter is a product of
Fucosyltransferase 2 gene typically referred to as the FUT2 gene; a protein-coding gene
that constitutes part of a multigene family located on chromosome 19. The a (1,2)- and o
(1,3)-fucosyltransferase genes constitute part of a multigene family (Kelly et al., 1995).
Two human a (1,2) fucosyltransferase genes (FUT1land FUT2) have been isolated. FUT1
encodes H type a (1,2) fucosyltransferase (H enzyme) whereas FUT2 encodes Secretor
type a (1,2) fucosyltransferase (Se enzyme) respectively (Koda et al., 2001).

In humans the synthesis of soluble A, B and H blood group antigens is determined by the
Secretor (Se) (FUT2) blood group locus. Glycosytransferases are responsible for the
synthesis of oligosaccharides found on the ABO blood group antigens (Kelly et al.,
1995). They are composed of glycosphingolipids (GSLs) made up of lipophilic portion,
ceramide that is attached to the plasma membrane and a variable carbohydrate chain
extending out from the cell surface (Suleiman et al., 2000). Studies show that among
ABH ,secretors” these molecules maybe found in saliva, cell surface of erythrocytes,
epithelial cells of the urinary, vaginal, gastro-intestinal, buccal and respiratory tracts and
in secretions covering these epithelial cells (Suleiman et al., 2000). Based on the
expression of the FUT2 gene, approximately 80% of the global population are ,,secretors
(Se)*“and 20% are ,,non-secretors (se)* (Koda et al., 2001; Ferrer-Admetlla et al., 2009).
With regards to the secretor phenotype (both Se Se and Se se), the homozygous secretors
(Se Se) are known to display more distinct protein expression profiles in comparison to

the counterpart heterozygous secretors (Se se). In line with this, the non-secretors are
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known to express a non-functional form of the protein and/or no protein (Koda et al.,
2001; Ferrer-Admetlla et al., 2009).

Although the prevalence of the non-secretor phenotype is similar between populations
globally, the point mutations that lead to non-secretors status can differ (Pang et al.,
2001). There are several single nucleotide polymorphisms of the FUT2 gene that predict
non-secretor status; some may be silent mutations, while others are in coding regions and
result in the production of a non-functional form of FUT2. Some of the polymorphisms
reported to date are population-specific (Koda et al., 2001; Ferrer-Admetlla et al., 2009).
This study will investigate and profile novel FUT2 polymorphisms within the Kenyan

population.
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2.12.3 Structure and Function of Secretor Gene

FUT2 is 9.980bp in total length, and it is composed of two exons of 118 and 2.995bp,
respectively which are separated by a 6.865bp intron (Admetlla et al., 1993) (Figure 2.9).
The biosynthesis proceeds from precursors by stepwise addition of monosaccharide units
through the action of a set of glycosyltransferases (Marionneau et al., 2001). Figure 10
below shows a description of the biosynthesis pathway where type 3 precursor in this
case is exclusively found on O-glycans while type 4 is found on glucolipids of the globo
and ganglio series respectively. The addition of a fucose in al,2 linkages gives the H

antigens and it is catalyzed by a(1,2) fucosyltransferase (Marionneau et al., 2001).
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Figure 2.9: Biosynthesis pathway where type 3 precursor in this case is exclusively
found on O-glycans while type 4 is found on glucolipids of the globo and ganglio
series respectively (Source: Marionneau et al., 2001)
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Studies show approximately 20%-30% of humans do not express ABO antigens in saliva,
because they are homozygous for the null allele of FUT2 (Koda et al., 2001). This is due
to a stop mutation in FUT2 leading to absence of the enzyme (Kelly et al., 1995). These
individuals are referred to as “non-secretors” since they are unable to express blood
group antigens on mucosal epithelial cells and in secretions (Henry et al., 1995) while
individuals with “positive secretor status” express the secretor-(fucosyl)transferase which

produces the Fuc al,2-glycan structure (Linden et al., 2008).

2.12.4 Secretor Fucosyltransferase 2 (FUT2) Gene Polymorphisms

The fucosyltransferase 2 (FUT2) gene is composed two exons separated by a single
intron and is a highly polymorphic gene. Studies show the first part of the exon
constitutes an untranslated coding region, while the second exon codes for a 343-amino
acid protein that has extensively been studied. To date, more than 30 single nucleotide
polymorphisms (SNPs) have been described across the FUT2 gene, resulting in various
allelic variants of the secretor phenotype (Koda et al. 2001; Birney et al. 2007; Ferrer-
Admetlla et al., 2009). A large number of these polymorphisms are population-specific
(Soejima et al., 2007). For instance Se40, Se375, and Se481 are quite frequent in Xhosa,
South-Africa (Liu et al., 1998) and Se357 and Se480 in Xhosas, Ghanaians, and

Europeans (Kelly et al., 1995; Liu et al., 1998; Soejima et al., 2007).
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Figure 2.10: Polymorphic base positions in 13 FUT2 alleles.

Functional alleles were indicated as Se and nonfunctional alleles as se. Vertical labels on
the top indicate the positions of nucleotides. An asterisk indicates the sequence matched
the reference allele (Se) at that position. A - indicates a single base deletion at that
position at FUT2 (Pang et al., 2001).

A study done by Pang et al., (2001) showed there was little genetic differentiation among
the Tamang, Tibetan and Indonesian populations, moderate genetic differentiation
between the Uygur and Tamang, and very great genetic differentiation between the
Uygur and Tibetan/Indonesian populations. In addition 80% of Caucasians are secretors
while the remaining 20% are non-secretors at position 428, this mutation causes a switch
of amino acid 143 from a trypyophan to a stop codon resulting in a non-functional protein
(Kindberg et al., 2006), weak secretor individuals are not yet discovered. In contrast,
weak secretor individuals are common among Chinese, Japanese, Polynesians, Australian
aborigines and African-Americans (Kindberg et al., 2006; Linden et al., 2008). The

skewed prevalence in secretor phenotypes suggests selection in response to specific types

of infections (Linden et al., 2008).
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2.12.5 Correlation of specific polymorphisms to Infections

The degree of FUT2 polymorphisms displayed across populations implies that the FUT2
gene has both negative and positive associations with human health, and therefore has
evolved depending on what the heavier selection pressure is for a given population.
Mutations in the second exon of FUT2 often result in a non-secretor phenotype. Of these
mutations, two alleles are considered the most common cause of the non-secretor status:
se428 and se385 (Ferrer-Admetlla et al., 2009). The non-functional allele se428 codes for
a stop codon at position 143 resulting in a non-functional protein. This allele is
responsible for the non-secretor phenotype in several populations including Europeans,
Iranians, and Africans (Kelly et al., 1995; Liu et al., 1998; Koda et al., 2001; Ferrer-
Admetlla et al., 2009). The latter polymorphism, se385, results in a reduction of enzyme
activity caused by a missense mutation at position 129 (lle to Phe). This allele is
responsible for the non-secretor phenotype in South East and East Asians (Yu et al.,
1995; Henry et al., 1996; Koda et al., 2001; Soejima et al., 2007; Ferrer-Admetlla et al.,
2009). Interestingly se302 is a common non-secretor allele among the Thai and
Bangladeshi populations while se571 is distinct to Samoans (Birney et al., 2007; Soejima
et al., 2007). Moreover, one deletion (se778), two complete deletions of the coding
region (sedel, sedel2), and one fusion gene (sefus) have been reported (Soejima et al.,

2007).
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2.12.6 Secretor Status and Disease

There are now well-established correlations between secretor status, FUT2 gene
polymorphisms, and susceptibility to various bacterial and viral infections. Susceptibility
to infection by norovirus has also been correlated to the expression profiles of the ABH
antigens in the gastrointestinal tract. Norovirus is the most common cause of acute
gastroenteritis in humans especially in developing countries (Morrow et al., 2010;
Anstee, 2010). Secretor status as a biomarker of norovirus infection susceptibility has
been elucidated in a number of studies. In this regard, the null allele, se428, has been
shown to confer selective protection against the GGII strain of norovirus (Thorven et al.,
2005; Larsson et al., 2006). Marionneau et al., (2005) provide supporting evidence to this
finding, reporting that heterozygous (Se/se428) individuals were more prone to Norwalk-
like viral infection than secretor homozygotes (Se/Se), whereas non-secretor individuals
(se428/se428) were relatively resistant to the infection. Thorven et al., (2005) compared
susceptibility to gastroenteritis in patients and medical staff involved in hospital
outbreaks in Sweden. Their findings demonstrated that homozygous non-secretors were
protected from infection. Evidence for greater susceptibility to influenza viruses,
rhinoviruses, respiratory syncytial virus, and echoviruses in those with the Secretor
phenotype has also been presented (Raza et al., 1991).

Interestingly, a recent study by Morrow et al., (2011) reported findings that during the
first weeks of life in neonates, there is a significant increase in FUT2 gene expression,
which directly correlates with an increase in normal gut microbial colonization during
infant development. The study postulates that secretor phenotype may provide strong

predictive biomarkers of adverse infection outcomes in premature infants.
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Few studies have investigated secretor phenotypes and HIV. In Senegalese commercial
sex workers, non-secretors were found to have a reduced HIV-1 seroprevalence (Ali et
al., 2000). Kindberg et al., (2006) reported a slower HIV-1 disease progression in non-
secretors. Confirmation of these findings in a larger population, while determining any

potential mechanism involved, is therefore an important research priority.
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2.12.7 Postulated Underlying Mechanisms: Secretor Status and Disease

The underlying mechanisms of altered susceptibility to infection associated with blood
antigens and their expression profiles (secretor status) are not fully understood, however,
there are several hypotheses. Various pathogens including bacteria and viruses express
blood group-identical or cross-reactive molecules on their surfaces (Anstee, 2010; Storry
and Olson, 2009). These pathogens, have been postulated as probable targets for the
corresponding blood group antibodies.

Pathogens including viruses and bacteria have also been shown to selectively bind to the
A, B and H blood group carbohydrate molecules via a family of receptor called lectins,
which bind specifically to carbohydrate moeities. It is postulated that these pathogens
may initiate infection via non-covalent binding to specific mucosal cell surface
carbohydrate-binding proteins (lectins). In this way, expression of the blood antigens on
mucosal surfaces may place the host at an increased risk of infection (by aiding in
pathogen attachment). On the contrary, modification of cell surface carbohydrates at
mucosal surfaces by FUT2 activity may in other instances offer a protective role.

Early studies on viral glycosylation (Arendrup et al., 1991) supported this line of thought.
HIV (virion isolates) cultured in vitro with peripheral blood mononuclear cells from
donors of different ABO groups demonstrated neutralisation by the corresponding ABO
antibodies of specific cell isolates. Preece et al., (2002) demonstrated that measles virus,
when co-cultured in a system expressing the ABH glycosyltransferases in vitro,
expressed the corresponding A or B epitopes, according to the enzymes expressed. More
recently, Neil et al., (2005) highlight that HIV-1 virions can incorporate ABO blood

antigens, both in an artificial trans-infection system, and when primary strains are

78



propagated in human PBMCs. Further investigations demonstrated that the presence of
these antigens sensitizes the virus to the serum of ABO-matched individuals by the action
of heat labile complement in conjunction with anti-AB antibodies.

In line with the above, my study has been designed to investigate associations between
blood antigens expression profiles, secretor status, FUT2 gene polymorphisms, and the
risk of infection by HIV in a well-established high-risk population of female sex workers

in Kenya.
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3 MATERIALS AND METHODS

3.1  Study Design

This was a cross-sectional conducted study in Nairobi, Kenya. The target populations
were voluntary non-remunerated blood donors recruited at the Nairobi regional blood
transfusion centre and female sex workers enrolled in the Pumwani Majengo cohort,

recruited from sex worker outreach clinics.

3.2  Study Area

3.2.1 Regional Blood Transfusion Centres

This study was conducted at the Nairobi Regional blood transfusion centre. The target
population was voluntary blood donors. The Kenya National Blood Transfusion Services
(NBTS) was established in 2001 to collect, test, process and distribute blood and blood
components to health facilities and support appropriate blood use in these facilities. The
blood transfusion services in Kenya are under a centrally coordinated management
structure with a network of regional blood transfusion services. Satellite hospital blood
banks have also been set up. These operate under auspices of the NBTS where hospitals

do not have easy access to regional blood transfusion services.

3.2.2 Sex Workers Cohorts

Furthermore, this study was conducted in the context of the existing/ongoing University
of Manitoba/University of Nairobi collaborative research group activities. The target
population were female sex workers from the well established, the Pumwani Majengo sex

worker cohort. All self-identified female sex workers within the clinic catchment slum
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areas of Pumwani, Kangemi, Kawangware and within the Nairobi Central Business
District (CBD), and already enrolled within the Pumwani Majengo cohort and presenting
to the target Kawangware, CBD and Majengo clinics were eligible to enroll into the
study.

The Pumwani cohort was started in 1983 and has recruited over 2500 participants, with
approximately 800 FSWs in active follow up (approximately 22% HIV-infected). The
volunteers are primarily recruited from the slum area of Pumwani, Nairobi, Kenya. This
cohort is unique in Africa for the duration and depth of follow-up of such mobile, high-
risk women. For this unique cohort, sexually transmitted infection (STI) treatment and
basic outpatient medical care is available on site. Volunteers complete a detailed
questionnaire at enrolment, with a focus on sexual risk behavior (condom use, client
numbers, prior genital infections, douching practices, etc.). In addition, they consent to
HIV counseling and testing, STI screening and treatment, and blood/female genital tract

sampling for immunological studies.

3.3  Study Population

This study enlisted 142 adults of both gender from the Nairobi regional blood transfusion
centre. The donors were aged 18 to 65 years. In addition, this study enlisted 280 female
sex workers; 90 study cases from the Majengo clinic, 50 cases from Kawangware clinic
and 140 from the Nairobi Central Business District (CBD) clinic. The study cases were

aged 18 to 65 years of age.
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3.4  Sample Size

Sample size calculation was estimated using a standard formula (Hayes and Bennett,
1999) to compare the proportion of individuals with the outcome of interest (Secretor
Fucosyltransferase 2 - FUT2 gene expression). This was using an estimated power of
80%, a significance level of 0.05, the two populations: secretors versus non-secretors.
The calculation was based on the evaluation of the impact of secretor status on HIV
susceptibility: 26.7% for the secretors and 17% for the non-secretors as previously

described (i.e. non-secretors are less susceptible to HIV (Ali et al., 2000)).

3.4.1 Sample size calculation
The sample size was calculated using a standard formula (Hayes and Bennett, 1999)
below:

N = (Ze-w2 + Z1p) * o (1- mo) + my (1- 1)

(Mo m)?
Where the f (0, B) = (Z1-w2 + Z1.p) °
Estimated power: 80%
Level of significance: 0.05
Therefore with a power of 80% and level of significance 0.05 f (o, ) = 7.85
Treatment effect: mp=17% versus m;=26.7%
Where mp and y are the true (population) proportions in the presence and absence of the
intervention (secretor status), respectively

Therefore:
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n = 7.8 x 17(100-17) + 26.7(100-26.7) = 140

(26.7-17)?

This study therefore enlisted 142 blood donors, and 280 female sex workers as

summarized in the Figure 3.1 below:

Total Number of Study Cases
(n=422)

Low Risk Population High Risk Population
Voluntary Blood Donors Female Sex Workers
(n=142) (n=280)

Kawangware

Clinic CBD* Clinic

Regional Blood Transfusion Centre Majengo Clinic

Figure 3.1: Flow Chart of Study Subject Recruitment Per Site

* CBD — Central Business District
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3.5  Selection Criteria

3.5.1 Inclusion Criteria for Study Participants

All study participants willing to take part in the study were required to sign the informed
consent forms (Appendix 1: Study Participant Information and Consent Forms) and also

to meet the following conditions:

a) For Voluntary Blood Donors:
. Adults (both male and female) aged between 18 to 50 years of age

. Voluntary, non-remunerated blood donors visiting the Nairobi regional blood

transfusion centre (as recruited by the Kenya National Blood Transfusion Services)

Exclusion criteria:
All study participants:
. Who declined to give consent

. Were under the age 18 and over 65 years of age

b) For Female Sex Workers:

Females enrolled in the Pumwani Majengo sex worker cohort
Females aged between 18 and 65 years of age

Females who were not pregnant, based on urine testing
Females not in menses

Females with a uterus and cervix present
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Exclusion criteria

All study participants:

B Whodid not give consent

. Under the age 18 and over 50 years of age

. Were pregnant, based on urine testing

. With active pelvic inflammatory disease, cervicitis or vaginitis on clinical
examination

. Actively menstruating

. Had a prior hysterectomy or ablation of the cervix
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3.6  Recruitment of Study Subjects

3.6.1 Regional Blood Transfusion Centres

A project nurse/counselor was appointed to recruit consecutive blood donors visiting the
transfusion centres. This was based on a non-coercive approach. All adults, both male
and female, aged 18 to 65 years of age, who were visiting the transfusion centres for
blood donation were eligible to participate in this study.

As per the National Blood Transfusion Services (NBTS) Policy Guidelines only
voluntary blood donors are recruited; these donors are recruited through public
campaigns across towns, work places, schools and through the media. NBTS relies
heavily on young donors, particularly college and university students. These groups have
lower prevalence of HIV and other Transfusion Transmissible Infections (TTIs e.g.
Hepatitis B, Hepatitis C and Syphilis) compared to the general population, thereby
contributing to the safety and sufficiency of blood and reducing discards from TTI.

Once identified, those who are willing to donate blood join the donation process, which
begins with filling of a risk assessment questionnaire. This questionnaire asks about the
past medical history of the potential donors and their sexual behaviour. This helps
minimize the chances of receiving infected blood and hence reduce wastage of donated
blood and equipment. In Kenya, blood is screened after donation; if a sample is found
infected and positive for TTIs the sample is discarded. NBTS thus targets donors with the

least likelihood of having a TTI to improve safety and minimize discards.

3.6.2 Female Sex Worker Cohorts

This study was conducted at three sex worker outreach program (SWOP) clinics: SWOP
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Majengo, SWOP Kwangware and SWOP Central Business District. A project
nurse/counsellor at each sex worker clinic recruited consecutive female sex workers
visiting the project research clinics. During the clinic visits, there are routine health
discussion forums coordinated by the clinic staff at each clinic. It is during these forums
that the women, (approximately five (5) women per health discussion forum) are
informed and updated regarding any new and/or on-going studies. To address the
objectives of this study, a project nurse/counsellor introduced this study; performed the
research specific counselling to ensure that all the women understood the study
significance, design, objectives and any risks that may have been involved. For the
female sex workers interested in participating, the clinic staff then recruited female sex
workers consecutively. For the women who consent to participate, once they had fully
understood and signed the consent forms; they then proceeded to undergo a brief physical
examination by the clinic staff. Based on the outcome and correlation to the outlined
selection inclusion/exclusion criteria, the study subjects were recruited. Personnel
ensured that recruitment was based on a non-coercive approach. This approach was
observed until the target number of study cases was achieved; 90 study cases at the
SWOP Majengo clinic, 50 study cases from the SWOP Kawangware clinic and 140 study

cases from the SWOP CBD clinic (n=280).

3.6.3 Informed consent
A project nurse/counsellor at each site (regional site and sex worker recruitment clinic)
performed research specific counselling to ensure all study participants understood the

study significance, design, objectives and any risks that may be involved. The project

87



nurse hired and appointed at each site obtained informed consent from all study
participants, administer survey questionnaire (Appendix 1: Study Participant Information

and Consent Forms).

3.6.4 Screening of Study Cases

For the blood donor based investigations, there was no prior clinical screening involved
at the blood transfusion centres. However, all female sex worker study subjects were
screened as indicated for sexually transmitted diseases (STDs) including; Gonorrhoea,
Bacterial vaginosis, and Trichomonas vaginalis. Data regarding the concurrent use of
contraceptives and sexual behaviour, was taken under consideration at time of cervical
sample collection. (The latter information is collected routinely by well-trained project
nurses on-site at the Pumwani Majengo site as standard pre-requisite protocol prior to

enrolment of any study being undertaken).
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3.7  Sample and Specimen Collection

3.7.1 Sampling

Based on the study design and methods, saliva, blood and cervical samples were obtained
to perform these studies using safe and well-tested techniques. All specimens were
collected from each study participant once informed written consent was obtained. A
trained project nurse/counsellor was appointed to collect peripheral blood and saliva
samples at each site, and a trained gynaecologist, the female genital tract specimens.
Sample analysis was then performed at the KAVI Institute of Clinical Research (KAVI-

ICR) laboratories, at the University of Nairobi.

Blood Samples

Voluntary Blood Donors: For the collection of blood samples, two 4ml samples of blood
were obtained in EDTA vacutainers from the main sample of blood donated. The
participant was not required to undergo a second needle prick following blood donation.
Female Sex Workers: Two 4ml samples of venous blood were obtained in an EDTA

vacutainer.

Saliva Samples

For the saliva samples, the study participants were provided with a bottle of clean
drinking water to rinse their mouth to remove any debris. A sterile swab, the salimetrics
oral swab was placed in the cheek, at the back of the mouth, adjacent to the second molar
or at the bottom of the tongue as shown in Figure 3.2. The swab was kept in place for 5

minutes to allow it absorb sufficient saliva. The swab was then removed and placed into a
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salimetrics oral swab kit tube. Study participants were then provided some more drinking

water to rinse the mouth. There was no risk involved.

Under the front of
the tongue

Figure 3.2: Saliva Sampling using Salimetrics KIT (Salimetrics UK)

Female Genital Tract Samples: Female Sex Workers

Data regarding concurrent use of contraceptives and sexual behaviour, was taken under
consideration at time of female genital tract sample collection. In case of clinical
suspicion or a participant self-report, urine pregnancy testing was performed on-site by
the project clinic staff. This was to ensure the study excluded pregnant women.

For the cervical samples, a trained and experienced gynaecologist performed an external
genital exam to check the vulva and the opening of the vagina for signs of redness,
irritation, discharge, cysts, genital warts or other clinical abnormalities. An internal exam
including sampling was then be performed. For the internal exam, the gynaecologist
gently inserted a speculum into the vagina. The vaginal walls and cervix were checked

for ulceration, discharge, discoloration or other clinical abnormalities.
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Samples for further analysis were taken, including:

1. A cervical swab — a sample of cervical mucus was collected using a cotton swab
rotated 360° in the cervical os and a second swab used to collect secretions from the
posterior vaginal fornix. Both swabs were transferred into a single vial containing 5mL of
phosphate buffered saline (PBS) which was transported to the laboratory to be tested and
cultured for sexually transmitted infections such as Bacterial Vaginosis antigen and for
screening for Trichomonas vaginalis and Neisseria gonorrhoeae organisms as indicated
by the gynaecologist.

2. Two additional swabs - one vaginal and a second cervical swab as in (1) above
were collected, transferred into two separate vials containing 5mL PBS each. These

samples were used to screen for blood group antigen secretion.

The samples were then transported to the respective analyses sites, University of Nairobi

Institute of Tropical and Infectious Disease (UNITID) and KAVI Institute of Clinical

Research (KAVI-ICR) laboratories.
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3.8 EXPERIMENTAL APPROACH
The laboratory analyses and investigations were performed at the KAVI-Institute of

Clinical Research laboratories, College of Health Sciences, University of Nairobi, Kenya.

3.8.1 Objective 1: To determine ABO, Duffy and Rhesus (D) blood group antigen

frequencies among voluntary non-remunerated blood donors in Nairobi, Kenya.

ABO and Rhesus (D) Blood Grouping: ABO and Rhesus (D) blood grouping was
determined using commercial antisera kits: murine monoclonal anti-A, anti-B and anti-D
antisera (Plasmatec Laboratory Products Ltd., Bridport, Dorset, UK) by the
haemagglutination technique on a 2-3% red cell suspension of the blood sample. 100ul of
anti-A, Anti-B and anti-D was added into clean test tubes labelled A, B and D, containing
100pl of the 2-3% red cell suspension and incubated at room temperature for 10 minutes.
The reaction mix was then centrifuged at 1000rpm for 5 minutes. Red cell buttons were
gently resuspended and observed for agglutination macroscopically. Agglutination was
interpreted as a positive result and absence of agglutination a negative results. For the
ABO blood grouping, negative results were confirmed by reverse typing on the sample
serum, and for Rhesus (D) typing, negative results were confirmed using the indirect anti-

human globulin test procedure.

Fya, Fyb Blood Grouping: Duffy blood grouping was determined using human

monoclonal anti-Fya and anti-Fyb blood grouping reagents (Lorne Laboratories Ltd.,

Reading, Berkshire, UK) by the Indirect Antiglobulin Technique on a 2-5% red cell
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suspension of the blood sample. An equal volume (100ul each) of a 2-5% suspension of
washed test red cells prepared in saline was mixed with anti-Fya and anti-Fyb reagents, in
two separate tubes, and incubated at 37°C for 15-30 minutes. Samples were centrifuged at
1000rpm for 5 minutes, and the test cells washed four (4) times in saline. 200ul of anti-
human globulin was added to each ,,dry* cell button, mixed and centrifuged at 1000rpm
for 5 minutes. The cell button was resuspended and agglutination was interpreted as
positive. Validity of all negative reactions was confirmed with IgG sensitized red cells by

adding a 100ul of Coombs control cells to all negative tubes.

3.8.2 Objective 2: To determine the frequency profiles of secretor and non-

secretor phenotypes in the Kenyan population.

Secretor Phenotyping: Secretor status was determined using Ulex Europaeus specific
anti-H Lectin (Lorne Laboratories Ltd., Reading, Berkshire, UK) to salivary H antigen by
the agglutination inhibition technique. 2 ml whole saliva samples collected using sterile
salimetrics oral swab kits were centrifuged at 1500 rpm for 15 minutes. The saliva
samples were boiled for 10 minutes to denature salivary enzymes, allowed to cool and
centrifuged at 1000 rpm for 5 minutes. Equal volumes of the anti-H lectin and sample
supernatants (1 ml each) were incubated for 10 minutes at room temperature. An equal
volume of a 2-3% O positive red cell suspension was added to each reaction, and
centrifuged at 1000 rpm for 5 minutes. No agglutination was interpreted as the secretor

phenotype and agglutination indicated the non-secretor phenotype.
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3.8.3 Objective 3: To investigate correlations between secretor status and HIV

infection rates among a high-risk cohort of female sex workers in Nairobi, Kenya.

Secretor Phenotyping: Secretor status was determined using Ulex Europaeus specific
anti-H Lectin (Lorne Laboratories Ltd., Reading, Berkshire, UK) to vaginal and cervical
H antigen by the agglutination inhibition technique. Swabs collected from the female
genital tract were collected using sterile cotton swabs and placed in PBS. These samples
were transferred into two separate clean test tubes and centrifuged at 1500 rpm for 15
minutes. Equal volumes of the anti-H lectin and sample supernatants (1 ml each) were
incubated for 10 minutes at room temperature. An equal volume of a 2-3% O positive red
cell suspension was added to each reaction, and centrifuged at 1000 rpm for 5 minutes.
No agglutination was interpreted as the secretor phenotype and agglutination indicated

the non-secretor phenotype.

Microbiological Methods: Serological assays were performed on samples as indicated to
test for HIV-1 rapid testing (Vironostika), Bacterial Vaginosis by microscopy (Gram
Stain), Neisseria gonorrhea by plate culture using chocolate agar and Trichomonas

vaginalis by Wet mount.

3.8.4 Objective 4: To investigate correlations between secretor status and HIV

infection based on CD4+ T cell counts as a surrogate marker of disease progression.
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Immunophenotyping: Samples were analyzed using flow cytometry, the gold standard
technique for CD4+ T cell enumeration. Cells were stained with fluorochrome —labeled
monoclonal antibodies specific for CD3, CD4 and CD45 (LSR, Becton, Dickinson and
Company, San Diego, CA). Samples were acquired on an LSR and data analysis

performed using Flow Jo analytical software version 7.2.4 (Treestar, Ashland, OR).

3.8.5 Objective 5: To investigate the genetic variations and underlying

polymorphisms among a population of female sex workers in Nairobi, Kenya; with a

focus on the FUT2 se*®short nucleotide polymorphism.

Next Generation Sequencing: The FUT2 gene is located on chromosome 19g13.3 and
the protein-coding region is found within the second exon. For secretor genotyping of the
entire coding region spanning 1032 bp in length, genomic DNA was prepared from

frozen whole blood samples. One 4 ml EDTA tube of blood was obtained, and the

samples were frozen at -80°C until sequencing analysis.

DNA extraction: Total DNA was extracted and purified using the QlAamp 96 DNA
QIAcube HT kits (Qiagen) intended for automated DNA extraction on the QlAcube HT
instrument. Samples were lysed with Proteinase K, and the lysate was loaded onto a
QlAamp 96-well plate. A vacuum was established, and during vacuum, DNA was
selectively bound to the QlAamp plate membrane as the contaminants passed through.
Three wash steps to ensure any remaining contaminants followed this and enzyme

inhibitors were removed. Pure DNA was then eluted under vacuum in a single step in
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approximately 200ul of Buffer AE. Overlaying the elution buffer with TopElute Fluid

enhanced DNA recovery. DNA extraction is summarized in Figure 3.3 below:

QlAamp 96 DNA QlAcube HT procedure

Lyse
Add binding buffer

| Transfer lysates

Wash with Buffer AW1

O \/osh with Buffer AW2
\1ﬁ43§33ﬂ15

Vacuum

'

&Wﬁﬂﬂm y

Vacuum

Wash with ethanol

\44444444::4::;'
Vacuum
UM  Add Buffer AE and
49999999995 TopElute fluid for elution
lVocuum

Purified genomic DNA

|,

Dry QlAamp 96 plate

Figure 3.3: Flow chart outlining extraction of genomic DNA

(Source: Qiagen Tehnologies)

Amplification of the coding regions of Secretor FUT2
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PCR Primer Design: Appropriate primers were designed for both PCR amplification
using the PyroMark Assay Design Software, Version 2.0 as previously described by Ali
et al., 2000. All primers were then synthesized by Qiagen Sample & Assay Technologies

(USA). The PCR Primer sets used are outlined in the Table 3.1 below:

Pyrosequencing Primers
Assay 1 TTTCCCATGGCCCACTTC Forward
GCAGGGTGATTCTGAAGATGG Reverse
Assay 2 CGTTTTCCTCCCCTGACAGC Forward
ATCGTCCACATCCCCCTGAG Reverse
Assay 3 GTTTTCCTCCCCTGACAGC Forward
CCCAGTGCCTTTGATGTTGA Reverse
Assay 4 GGGGATGTGGACGATCAA Forward
GCAGGGTGATTCTGAAGATGG Reverse
Assay 5 CTCAGGGGGATGTGGACGAT Forward
AGGCCCCGCAGGAACTTC Reverse
Assay 6 CTCAGGGGGATGTGGACGA Forward
CCCGCAGGAACTTCTGGG Reverse
Assay 7 GCCCTGGCCAAGATGAAC Forward
CCACACTTTTGGCATGACA Reverse
Assay 8 GGGAGGAGGCCCAGAAGT Forward
CAGTCCAGGGCCTGCTGTA Reverse
Assay 9 AGGCCCAGAAGTTCCTGCG Forward
GATCCCGAACGTCCCAATG Reverse
Assay 10 | TGTCCATGTCATGCCAAAAG Forward
AAAATCTTTGGCAGGTGAGC Reverse
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Assay 11 CCTGGTGTCGGGAGAACATT Forward
AAGATTTTGAGGAAAGGGGAGTCG Reverse
Assay 12 GCCAAAGATTTTGCTCTACTCAC Forward
GAAGGCTGCCTCTGGCTTAAA Reverse
Assay 13 CACCTGCCAAAGATTTTGCTCTA Forward
TCTTGAGGGAGGCAGAGAAGGA Reverse

Table 3.1: List of primer sets used for amplification of the 1032bp FUT2 region.

PCR Reaction Mix: Sample amplification was based on a quantitative, real time

polymerase chain reaction (PCR) assay, using the Rotor-Gene Q (Qiagen). The assay was

specifically optimized for Pyrosequencing analysis, to enable highly specific and

unbiased amplification of template DNA for sequencing. All reagents were thawed at

room temperature and the reaction mixture was set up according to the Table 3.2 below:

Component Volume/reaction | Concentration
PyroMark PCR Master Mix 12.5 ul
(Containing HotStarTag DNA Polymerase and

optimized PyroMark PCR buffer containing MgCl,

and dNTPs)

Primer A/B 25l 0.2 uM
Template DNA 10.0 pl

Total Volume 25.0 pl

Table 3.2: PCR Reaction mix used during the amplification of the 1032bp FUT2 region
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Amplification Cycles: The thermal cycler was programmed according to manufacturers
instructions. The PCR tubes were then placed in the thermal cycler and the cycling

program started. The optimized cycling protocol, for 45 cycles, is shown in the Table 3.3

below:
Step Duration Temperature
Initial PCR activation step 15 minutes 95°C

(Activation of HotStarTag DNA polymerase)

3-Step Cycling

Denaturation 30 seconds 94°C
Annealing 30seconds | 60°C
Extension 30seconds | 72°C
Final extension 10 minutes | 72°C

Table 3.3: PCR Amplification Cycle

Confirmation of PCR Products: The amplified PCR products were analysed by
electrophoresis in an agarose/Tris EDTA gel containing ethidium bromide and visualised
under UV light. After the PCR amplification above, 20 ul of the amplified product was

used for subsequent Pyrosequencing analysis.

Sequencing of Amplified PCR Products: PCR products were screened for gene
variations using real-time sequence-based Pyrosequencing technology to detect and
quantify DNA sequences. The assay was performed using 13 primer sets, so as to achieve

genome sequencing of the entire region.
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Sequencing Primer Design: Appropriate primers were designed for sequencing
reactions using the PyroMark Assay Design Software, Version 2.0 as previously
described by Ali et al., 2000. All primers were then synthesised by Qiagen (USA). The

Sequencing Primer sets used are outlined in the Table 3.4 below:

Pyrosequencing Primers

Assay 5 AGATGCACAGCACCC
Assay 6 GCAGAACTACCACCTGA
Assay 7 GCTACCCCTGCTCCT

Table 3.4: Sequencing Primer Sets

The sequencing primer set was hybridized to a single stranded, PCR-amplified DNA
template. This template was incubated with enzymes and substrates.

The first of four nucleotides, based on an optimized dispensation order of CTGA, was
added to the reaction. If the nucleotide was complementary to the base in the template
strand, it was incorporated into the DNA strand by the DNA polymerase as shown in

Figure 3.4 below:
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—— Forward PCR primer

Biotinylated reverse PCR primer 4—0

lBioﬁnyloted single-stranded

template

/ Polymerase \
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Polymerase

(DNA), + dNTP » (DNA), ,, + PPi

Figure 3.4: Schematic of Polymerase Chain Reaction (Source: Qiagen Technologies)

Each incorporation event was accompanied by release of pyrophosphate (PPi) in an
equimolar quantity to the amount of nucleotide incorporated. ATP sulfurylase
quantitatively converted PPi to ATP in the presence of adenoside 5 phosphosulfate. This
drove the conversion of luciferin to oxyluciferin by luciferase, generating visible light in
amounts proportional to the amount of ATP. Light was detected using charged coupled
devices (CCDs) and seen as a peak in the Pyrogram®. Each light signal was proportional

to the number of nucleotides incorporated as shown in Figure 3.5 below:
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Nucleotide incorporation generates light
seen as a peak in the Pyrogram trace

Figure 3.5: Nucleotide incorporation results in generation of the peak as above (Source:

Qiagen Technologies)

Apyrase, a nucleotide-degrading enzyme, continuously degraded unincorporated
nucleotides and ATP. When degradation was complete, another nucleotide was added. As
the process continued, the complementary sequence was built up and the nucleotide

sequence was determined from the peak in the Pyrogram as shown in Figure 3.6 below.

Nucleotide sequence
G € - A GG cc T

T A G
Nucleotide added

O—
n_
n-.
—_

Figure 3.6: Pyrogram generated during Sequencing (Source: Qiagen Technologies)
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On completion, the run was saved on an external drive and the respective Pyrograms per

sample well were analyzed using the PyroMark Q24 Software.

Analysis of the run

The processed run file was transferred from the external drive (USB stick) to the
computer running the PyroMark Q24 Software. The data per well was analyzed in ,,SQA"“
mode. By selecting an analyzed well, the corresponding Pyrogram was displayed and the
well information (including analysis warnings) were displayed as demonstrated in Figure

3.7 below:

CTGA14 CTGEA4
[ = 1| = ]

L LI il

ESCTGCAC TCAC TG A CTGGAC TGACTGAC TCGACTCACTGACTGACTGACTGACTGACTGA
H) 10 15 20 25 30 35 40 45 S0 55

T 23 52 1 28 0 28 B B 8885 28 2 B 8 A8 3858 5 e 8108 B 3 0 8 0 38,5 0 5. 0 E8 e 3 R 0 B8 B0 8885503 85 0 38 B4 S0 e 81 4 B 14 2 88k 48 B 04 S 0 68 6 0 30 1 3 B SR BB 1 8B B BB B 1A

AL 4 4 4 4 4 % & & & % 8 & & & B B B & 0 4 B 4 0 9 4 4 4 & 4 8 & B 8 & & B 8 8 8 B P oo 0 9 )\ 4 4 444 R
CTCACTGACTGACTGACTGACTGACTGACTGACTGACTGACTGACTGACTGACTGA
5 i 15 1 5 LY % 40 45 50 55

Figure 3.7: Quality Analysis Checks During Sequencing Run; Blue (Passed),

Yellow(Check), Red (Failed) (Source: Qiagen technologies)
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3.9 Quality Assurance

Quality assurance was performed to ensure that all the tests and analyses from both the
UNITID and KAVI laboratories were correct, and relevant to the study investigations. To
achieve this, all laboratory work was under skilled management with critical supervision

of the work including quality assurance programs and practices in place.

Quality Assurance Programs: The current programs in place at both KAVI-ICR and
UNITID laboratories cover all the respective laboratory activities aimed at achieving the
required standard of analysis. The various aspects of quality assurance considered include
internal quality assurance and control, external quality assurance, standardization and

optimization of methods and method proficiency surveillance of all analytic procedures.

Internal Quality Assurance: The internal quality assurance assayed the precision and

reproducibility of the assays. This will include pre-analytic and analytic controls.

Pre-Analytic Controls: Standardized specimen collection and specimen transit to the
respective sites of analyses. For each sample collected there was a pre-ordered test
requested and recorded. There were also quality assurance checks already in place at the
laboratories concerned with the processes from specimen collection, labelling, delivery

and storage prior to any analytical analyses.

Analytic Controls: There are currently standard operating procedures written for the
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standard and routine specimen collection and handling, test performance, reporting of

results, quality control and quality assurance. Critical values, reporting critical results and

corrected reports are all defined and written. There is also adequate space and facilities

available. Local and National regulations and guidelines are adhered to for infection

control, hazardous/infectious waste disposal adhered to and documented.

Furthermore:

All the technical procedures include the test principle, specimen required,
equipment/reagents needed, directions for performing the tests, sources of error,
interpretation of results (includes criteria for repeating/referring specimens for
further review), reporting protocol and references.

Test kits and reagents are correctly labelled, stored at the proper temperatures and
used within the expiration dates

Documentation that equipment/procedure calibration is done upon
implementation of the instrument or method, as required by manufacturer and

when controls show trends, shifts or are out of limits
Worksheets and printouts are retained for the most recent 2 - 5 years
Documentation of new instrument/test validation studies are available

Reference ranges established/verified for control materials and documentation

available

All lab reference values are valid for their respective test methods and relevant to

the local and study population

Reference books/atlases are available for identification of unknowns
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. Equipment maintenance is performed as appropriate and documented
B Corrective actions are all documented

. Documentation that reagents prepared/stored and used at proper temperatures

Records, Training and Maintenance: Efficiency of recording and reporting of results,
maintenance and control of equipment and apparatus, staff training, administrative
procedures, management, protection of laboratory staff against health risks and hazards
when handling specimens and equipment. Unique patient and sample codes, date (and
time, if appropriate) results reported, unit of measure for each value, specimen source and
limitations and normal ranges. Equipment function checks kept for up to two years and
maintenance records for life of the instrument. Lot numbers, expiration dates of Kkits,
reagents, controls, calibrators, and standards kept for 2-5 years. Requisitions, quality
control results, proficiency testing data; biannual verification of accuracy of tests, quality

assurance activities.

External Quality Assurance: The external quality assessment will be concerned with the
inter-laboratory and inter-method or inter-instrument harmony. This will entail the
regular comparability of results wheresoever the test is performed. There are currently
annual external quality assurance surveys. These ensure that all assays being performed
at the laboratories are standardized and optimised. For each selected methods there will

be instrument calibration and equipment checks.
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Accreditation

The KAVI-ICR laboratories have already attained accreditation under the stringent Good
Clinical Laboratory Practice (GCLP) scheme. Annual systematic study audits are carried
out to determine if the laboratory maintains a satisfactory level of good practice with
effective application of quality-related issues in accordance with any regulatory

requirements.

3.10 Data Management and Statistical Analyses

Laboratory data was entered in a database using Micorsoft Excel software and exported
to Scientific Package for Social Science (SPSS) version 20 for statistical analyses.
Frequency distribution of the dependent categorical variables were compared by the Chi-
square test. Chi-square (%) tests were performed to compare frequency distribution of
categorical variables, with odds ratios (ORs) used as measures of association. The level
of significance for all the analyses was set at a value of P = 0.05 at 95% Confidence
Interval (CI). Multivariate logistic regression analysis was used to analyse data for the
association between HIV infection and the secretor phenotype, adjusted for potential
confounding variables. The presence of confounding was determined by comparing the
ORs obtained from logistic regression models before and after addition of the covariates
being evaluated. Stratified logistic regression analyses were performed to assess the
relationship between HIV infection and the secretor phenotype with female sex workers;
comparing HIV infected and HIV un-infected. In addition, multivariate logistic
regression analysis was used to analyze data for the association between HIV infection

and the secretor phenotype against CD4+ T cell counts, adjusted for potential
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confounding variables. The presence of confounding was determined by comparing the
ORs obtained from logistic regression models before and after addition of the covariates
being evaluated. Stratified logistic regression analyses were performed to assess the
relationship between HIV infection and the secretor phenotype among the female sex

workers; comparing HIV infected and HIV un-infected.
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4 RESULTS

The study began with a baseline profile of the frequencies of ABO, Rhesus (D) and Duffy
(Fy*, Fy") blood group antigen phenotypes; followed by the determination of secretor
phenotype frequencies among both the blood donors and female sex workers. Among the
female sex workers secretor phenotypes were correlated to HIV infection rates, further
based on CD4+ T cell counts as a surrogate marker of disease progression. The last
objective involved the screening for the FUT2 se*®® polymorphism among the same
cohort of female sex workers. The results of this study are presented below.

4.1 Socio-Demographic Characteristics of the Study Population

4.1.1 Gender

This study recruited 422 adults in Nairobi, Kenya. The study population comprised 142
voluntary blood donors (106 males and 36 females) and 280 female sex workers.

4.1.2 Nationality

Majority of the study participants were from Kenya, however there were some non-

Kenyan nationals who were enlisted at the time of the study as outlined in Table 4.1

below:

Nationality Blood Donors Female Sex Workers
Kenyan 134 (94.4%) 249 (88.9%)
Tanzanian - 7 (2.5%)

Congolese - 1 (0.3%)

Ugandan - 2 (0.7%)

Arab 2 (1.41%) -

Declined to Disclose 6 (4.22%) 21 (7.5%)

Totals 142 280

Table 4.1: Nationalities among the study participants.
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4.1.3 Age Stratification among Study Participants

The age range for all study volunteers was 18-65 years with a mean age of 33.01 years

(SD, 9.3 years), as outlined in Table 4.2. These were 142 voluntary blood donors and 280

female sex workers (n=422). The percentage was calculated based on the group totals

i.e. (No0./142100) for blood donors, (No0./280100) for female sex workers and

(N0./422100) for the totals respectively.

Blood Donors Female Sex Workers | Total
Age (Years) | No. %* No. %* No. %*
18-24 60 42.2 29 10.4 89 21.1
25-29 39 27.5 48 17.1 87 20.6
30-34 17 11.97 95 19.6 72 17.1
35-39 10 7.04 58 20.7 68 16.1
40-44 10 7.04 28 10.0 38 9.0
45-49 3 2.1 34 12.1 37 8.8
50+ 3 2.1 28 10.0 31 7.3
Totals 142 280 422
Means 27.97 (SD, 7.7 years) | 36.1 (SD, 9.3 years) | 33.01 (SD, 9.3 years)

Table 4.2: Age distribution of the study participants.

Majority of the blood donors were under the age of 30 (69.7%), while the female sex

workers were mostly above the age of 30 years (72.5%) as shown in Figure 4.1 below.

This difference was statistically significant (p=0.0001).
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Comparison of Age Group Distribution between Blood Donors and
Female Sex Workers recruited in Nairobi, Kenya (n=422)
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EBelow 30 years (<30)
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Figure 4.1: Age group distribution of the study participants.

4.1.4 Female Sex Worker Cohort Characteristics

Majority of the female sex workers enlisted had practiced sex work for more than 5 years,

with the mean duration at 8.75 years. The main contraceptive used was the male condom,

while most of the women reported to have children, mainly 2-5 children per participant.

These characteristics are outlined in Table 4.3 below.
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POPULATION CHARACTERISTIC

NUMBER OF STUDY CASES (n)

Duration in Prostitution

0-2 years 59 (21.1%)
3-5 years 90 (32.1%)
6-8 years 39 (13.9%)
9+ years 92 (32.9%)

Mean Duration in Prostitution

8.75 years (SD, 7.9 years)

Contraceptive Use

Oral Contraceptive Pill 20 (7.1%)
Intrauterine Contraceptive Device 5 (1.8%)
Depo-Provera 39 (13.9%)
Tubal Ligation 4 (1.4%)
Male Condom 196 (70%)
Female Condom 1 (0.4%)
Diaphragm 2 (0.7%)
Other 13 (4.6%)

Number of Children

0-2 207 (73.9%)
35 69 (24.6%)
6+ 4 (1.4%)

Table 4.3: Socio-demographic characteristics of the female sex workers.

4.2 ABO, Duffy and Rhesus Blood Group Antigen Phenotypes

ABO blood group phenotype distribution was O>A>B>AB among both the blood donors
and female sex workers. Collectively, blood group O were a majority comprising 199
(47.2%), A 120 (28.4%), B 84 (19.9%) and AB 19 (4.5%) respectively with 408 (96.7%)

Rhesus (D) positive cases. Duffy positive phenotypes were reported in 2 (0.47%) of the
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study participants, both female sex workers. The frequencies of the respective blood

group phenotypes are shown in the Table 4.4.

Blood Donors Female Sex Workers | Total
Blood No. % No. % No. %
Group
ABO
) 58 40.8 141 50.4 199 47.2
47 33.1 73 26.1 120 28.4
B 30 21.1 o4 19.2 84 19.9
AB 7 4.9 12 4.3 19 4.5
Rhesus (D)
Positive 135 95.1 273 97.5 408 96.7
Negative 7 4.9 7 2.5 14 3.3
Duffy
(Fya, Fyb)
Fya"Fyb~ |0 0 1 0.3 1 0.2
Fya Fyb™ [0 0 1 0.3 1 0.2
Fya Fyb 142 100 278 99.3 420 99.5

Table 4.4: ABO, Rhesus (D) and Duffy blood group distribution of the study
participants.

Further stratification, based on the ABO and Rhesus (D) phenotypes confirmed > 95% of

the blood donors were Rh positive as outlined in Table 4.5 below.
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Blood Donors Female Sex Workers | Total
Blood No. % No. % No. %
Group
@)
Positive 95 94.8 137 97.2 192 96.5
Negative 3 5.2 4 2.8 7 3.5
A
Positive 45 95.7 71 97.3 116 96.7
Negative 2 4.3 2 2.7 4 3.3
B
Positive 28 93.3 54 100 82 97.6
Negative 2 6.7 0 0.0 2 2.4
AB
Positive 7 100 11 91.7 18 94.7
Negative 0 0.0 1 8.3 1 5.3

Table 4.5: Distribution of Rhesus (D) phenotypes between ABO phenotypes of the
study participants.

4.3 Regional Distribution of ABO Phenotypes

The study participants were all recruited from Kenya, however, there was further
stratification based on individual ancestral descent. 392 (92.9%) were from Kenya and of
these, study participants from Central region represented a 209 (49.53%) majority, while
study cases from North-Eastern region represented a 3 (0.71%) minority. The non-
Kenyan study participants represented a 2.8% minority from East and West Africa
(Figure 4.2). In Central, Eastern, Nyanza, and Coastal regions of Kenya the blood group
phenotype distribution patterns were O>A>B>AB, while in Western and Rift valley

regions, the distribution patterns were O>B>A>AB. 18 (4.27%) of the study participants
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declined to disclose their nationality and/or tribe.

Distribution of Blood Group Phenotvpes based on Studyv Participants'
Tribal Descent (n=422)
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Figure 4.2: Regional distribution of blood group phenotypes.

4.4  Secretor and Non-secretor Status

Saliva testing showed that among the blood donors, 121 (85%) were secretors and 21
(15%) were non-secretors, while among the female sex workers, 212 (76%) were
secretors and 68 (24%) non-secretors. In total, 333 (78.9%) of the study population were

secretors and 89 (21.1%) were non-secretors. (Figure 4.3).
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SECRETOR STATUS AMONG VOLUNTARY BLOOD DONORS AND
FEMALE SEX WORKERS IN NAIROBI, KENYA (n=422)
250
200
150
100 -
50 -
0 -
Blood Donors Female Sex Workers
= Secretors 121 212
E Nonsecretors 21 68

Figure 4.3: Secretor status of voluntary blood donors (n=142) and female sex
workers (n=280) in Nairobi, Kenya.

441 Secretor Status and Gender

The study participants comprised 142 blood donors (106 male and 36 female), and 280

female sex workers. Of the 106 male study subjects 87.7% were secretors and 12.2%

were non-secretors, while among the 316 female study participants 77.5% were secretors

and 22.5% were non-secretors. Statistical analysis of the proportions indicated the

secretor phenotype was more frequent among the male study subjects (87.7%) in

comparison to the female study cases (75.9%). There was a significantly higher

proportion of secretors among the male study participants (p=0.027) (Table 4.6).
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Gender Male Female P Value
Secretors 93 (87.7%) 240 (75.9%) P=0.027
Non-secretors 13 (12.2%) 76 (24.1%)

Total 106 316

Table 4.6: Distribution of secretor status prevalence based on gender.

4.4.2 Secretor Status and ABO Phenotypes

Based on the ABO blood group phenotypes, blood group O secretors were a majority:
n=163 (81.9%) and blood group AB secretors the least frequent: n=14 (73.7%).
Collectively, the proportion of secretors versus non-secretors in each blood group ranged

from 73% - 82% for the secretors and 18% - 26% for non-secretors as shown in Table

4.7.

Blood Donors Female Sex Workers Total
Blood Group | No. % No. % No. %
O
Secretors 51 87.9% 112 79.4% 163 81.9%
Non-secretors | 7 12.1% 29 20.6% 36 18.1%
A
Secretors 40 85.1% 52 71.2% 92 76.7%
Non-secretors | 7 14.9% 21 28.8% 28 23.3%
B
Secretors 25 83.3% 39 72.2% 64 76.2%
Non-secretors | 5 16.7% 15 27.8% 20 23.8%
AB
Secretors 5 71.4% 9 75.0% 14 73.7%
Non-secretors | 2 28.6% 3 25.0% 5 26.3%

Table 4.7: Frequency of secretor status in A, B, AB and O blood group individuals.

However, when comparing the individual blood groups, there was no significant
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difference in the incidence of secretors per blood group phenotype as shown in Figure 4.4

below:

Comparison of Secretor Status Prevalence between Blood Group
Phenotypes (O versus A, B, AB) among the Study Participants

180
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80
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20 1
0 -

A versus O
(p=0.257)

B versus O
(p=0.270)

AB versus O
(p=0.381)

E Blood Group O (Secretors)

163

163

163

E Comparative Blood Group

(Secretors)

92

64

14

Figure 4.4: Comparison of Secretor status prevalence between blood group
phenotypes (O, n=163; A, n=92; B, n=64; AB, n=14)

4.5 HIV Screening:

The female sex workers were screened for HIV-1. 92 (32.9%) were HIV positive and 188

(67.1%) HIV negative (Figure 4.5).
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HIV INFECTION RATES AMONG FEMALE SEX WORKERS
RECRUITED FROM THE PUMWANI MAJENGO COHORT
(n=280)

Figure 4.5: HIV Infection Rates of female sex workers recruited from the Pumwani
Majengo Sex Worker cohort (n=280)

45.1 Medical History:

Study participants were required to complete a health assessment questionnaire during
their clinic visits, outlining their medical history over the past one year. Of these 55 of the
92 HIV infected women (59.8%) were on antiretroviral therapy, and 17 of the 280 study

cases (6.1%) reported a history of tuberculosis treatment.

4.5.2 Secretor Phenotypes and HIV Infection Rates:

As shown in figure 4.3, above, of the 280 female sex workers, 212 (75.7%) were
secretors and 68 (24.3%) non-secretors. This was consistent in swabs obtained from
vaginal and cervical sampling sites. On evaluation of HIV status, the proportion of

secretors was significantly higher among women with HIV infection (77/92 = 83.7%)
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than among the HIV un-infected women (135/188 = 71.8%) p=0.029 (Table 4.8).

Phenotype HIV Positive HIV Negative P Value
Secretors 77 (83.7%) 135 (71.8%) p =0.029
Non-secretors 15 (16.3%) 53 (28.2%)

Totals 92 188

Table 4.8: Distribution of secretor and non-secretor phenotypes of HIV infected and
HIV uninfected female sex workers recruited from the Pumwani Majengo Sex
Worker Cohort (n=280)

4.5.3 Blood Group Phenotypes and HIV Infection Rates:

Among the secretors, when stratified based on the individual ABO phenotypes (Table 9),
the incidence of HIV infection was higher among blood group A secretor individuals
(26/52 = 50%), in comparison to blood group B (12/39 = 33.3% : p = 0.066), AB (3/9 =
33.3% : p=0.355), and this difference was statistically significant when compared to

blood group O secretors (36/112 = 32.1% : p = 0.028) (Figure 4.6). There was a

significant difference in the incidence of infection between A secretors and O secretors.
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Phenotype A (n=73) B (n=54) AB (n=12) | O (n=141) | Totals
Secretors 52 39 9 112 212
(Totals) HIV+=26 |HIV+=12 |HIV+=3 |HIV+=36 | (/57%)

(50%) (30.8%) (33.3%) (32.1%)

HIV-=26 |HIV-=27 |HIV-=6 HIV-=76

(50%) (69.2%) (66.7%) (67.9%)
Non-secretors 21 15 3 29 68
(Totals) HIV+ = 4 |HIV+E=3 |HI Hiv+=6 | (24.3%)

(19.04%) (20%) V+ =2 (20.7%)

HIV- =17 |[HIV-=12 | (66.7%) HIV-=23

(80.96%) (80%) HIV-=1 (79.3%)

(33.3%)

Table 4.9: ABH Secretor Phenotypes and HIV Infection Rates. There was a higher
incidence rate of HIVV among ABH secretors in comparison to non-secretors.

Comparison of HIV Incidence between the four ABO Blood
Group Phenotypes among Female Sex Workers recruited in

Nairobi, Kenya
60
50
40
30 A
20
10
0 -4
Aversus O A versus B Aversus AB
(p=0.028) (p=0.066) (p=0.355)
“ Blood Group A 50 50 50
& Comparative Blood Group 321 30.8 333

Figure 4.6: Comparison of Incidence of HIV Infection between the four ABO blood

group phenotypes.
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4.5.4 Vaginal/Cervical Infections:

All female sex workers underwent a detailed gynaecological examination and samples

were screened for Bacterial Vaginosis (BV), Neisseria gonorrhea (GC) and Trichomonas

vaginalis (TV) as indicated. For all STI cases that tested positive, the secretors were a

majority however; there was no significant difference in the incidence of infection

between secretors and non-secretors when comparing those who tested positive for BV,

GC and TV (Table 4.10).

n/ No. Tested Secretors | Non-secretors P Value
(%) (%)
Trichonomas 11/166 11 0 -
(Positive) (6.6%) (6.6%) (0%)
Trichonomas 155/166 123 32
(Negative) (93.4%) (74.1%) (19.3%)
Neisseria gonorrheae 69/167 56 13 p=0.930
(Positive) (41.3%) (33.5%) (7.8%)
Neisseria gonorrheae 98/167 79 19
(Negative) (58.7%) (47.3%) (11.4%)
Bacterial vaginalis 78/174 64 14 p=0.335
(Positive) (44.8%) (36.7%) (8%)
Bacterial vaginalis 96/174 73 23
(Negative) (55.2%) (42%) (13.3%)

Table 4.10: Bacterial vaginosis, Neisseria gonorrhea and Trichomonas vaginalis
infections among female sex workers recruited from the Pumwani Majengo cohort

(n=280)
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455 Confounding Factors

The association between HIV-1 and secretor status, as outlined above, was independent
of several potentially confounding variables including, age, nationality, contraceptive
use, and for Bacterial vaginosis, Neisseria gonorrhea and Trichomonas vaginalis

infections.

4.6 Secretor Status, HIV and CD4+ T Cell Counts
To investigate correlations between secretor status and HIV infection based on CD4+ T
cell counts as a surrogate marker of disease progression, secretor status, HIV sero-status

and CD4+ T cell counts were determined for 90 female sex workers in Nairobi, Kenya.

4.6.1 HIV Screening:

Study participants were screened for HIV-1. 52 (58%) were HIV positive and 38 (42%)

HIV negative (Figure 4.7).
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INCIDENCE OF HIV INFECTIONS AMONG FEMALE SEX
WORKERS RECRUITED FROM THE SWOP MAJENGO
CLINIC, NAIROBI (N=90)

Figure 4.7: HIV Infection Rates in the among female sex workers recruited from the
SWOP Majengo clinic (n=90)

4.6.2 Secretor Status:
Based on saliva screening 77 (85.6%) of the participants were secretors and 13 (14.4%)
were non-secretors. This was consistent in swabs obtained from vaginal and cervical

sampling sites (Figure 4.8).
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SECRETOR PHENOTYPE DISTRIBUTION AMONG FEMALE SEX
WORKERS RECRUITED FROM THE SWOP MAJENGO CLINIC,
NAIROBI (n=90)

Non Secretors,
n=13, (14.4%) e

Figure 4.8: Secretor Phenotype Distribution among Female Sex Workers recruited
from the SWOP Majengo clinic, Nairobi (n=90)

4.6.3 Secretor Phenotypes and HIV Infection Rates:

The proportion of secretors was significantly higher among women with HIV infection

(36/38 = 94.7%) than among the HIV un-infected women (41/52 = 78.8%) p=0.034

(Table 4.11).

Phenotype HIV Positive HIV Negative P Value
Secretors 36 (94.7%) 41 (78.8%) p=0.034
Non-secretors 2 (5.3%) 11 (21.2%)

Totals 38 52

Table 4.11: Distribution of secretor and non-secretor phenotypes among HIV
infected and HIV uninfected female sex workers recruited from the SWOP Majengo
clinic, Nairobi (n=90)
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4.7 CD4 Cell Counts

4.7.1 Medical History:

Study participants were required to complete a health assessment questionnaire during
their clinic visits, outlining their medical history over the past one year. Of these 23 of the
38 HIV infected women (60.5%) were on antiretroviral therapy, while 15 were ART
naive. This data was correlated with CD4 cell counts, and of those not on ART, 3 out of

15 had CD4+ T cell counts < 350 cells/mm?® at the time of their clinic visit (Figure 4.9).

CD4 T Cell Counts among HIV Infected Study
Cases (on ART and ART Naive, n=38)
20
18
16
14
12
10
8
6
4
2
0
Currently on ART ART Naive
B CD4 T cells/mm3 (<350) 5 3
ECDA4 T cells/mm3 (2350) 18 12

Figure 4.9: CD4 T cell counts among HIV Infected Study Cases. 60% of the women
were on ART while 40% were ART naive.

The HIV infected study cases were further stratified as secretors and non-secretors based
on CD4 T cell counts (Table 4.12). The proportion of secretors with CD4 T cell counts >
350 cell/mm® (96.8%) was higher in comparison to the non-secretors and this difference
was statistically significant (p=0.005). The secretors, although more susceptible to HIV

infections, maintained a significantly higher proportion of CD4 T cell counts.
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Phenotype CD4 T cell/mm? < 350 CD4 T cell/mm®> 350 p Value
Secretors 6 (85.7%) 30 (96.8%) p =0.005
Non-secretors 1 (14.2%) 1(3.2%)

Totals 7 31

Table 4.12: Stratification of secretor phenotypes against CD4 T cell counts.

4.8 Secretor Gene Polymorphisms

Secretor FUT2 genotype profiles among 66 female sex workers, all Kenyan nationals,

aged 18-65 years were determined.

4.8.1 HIV Sero-status

Of the 66 women, 27 (41%) were HIV infected and 39 (59%) HIV un-infected as shown

in Figure 4.10 below:

HIV Sero-Status among Female Sex Workers

recuited from the Pumwani Majengo cohort (n=66)

Figure 4.10: HIV sero-status among female sex workers recruited from the
Pumwani Majengo cohort (n=66)
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4.8.2 Secretor Phenotypes
The study cases comprised 8 (12%) secretors and 58 (88%) non-secretors. This was based
on screening for the blood group H antigen in saliva, vaginal and cervical samples as

shown in Figure 4.11 below:

Secretor Phenotypes among Female Sex Workers
recruited from the Pumwani Majengo cohort (n=66)

Non-Secretors,
n=8, (12%)

Figure 4.11: Secretor status among Female sex workers recruited from the
Pumwani Majengo cohort (n=66)

4.8.3 Confirmation of PCR products:

The amplified PCR products were analysed by electrophoresis in an agarose/Tris EDTA
gel containing ethidium bromide and visualised under UV light. After the PCR
amplification, 20 ul of the amplified product was used for subsequent Pyrosequencing

analysis as shown in Figure 4.12 below:
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Figure 4.12: Gel image of amplified PCR products.

Ten wells are shown above, well 1-4 are samples with confirmed amplified products,

well 5 is water (negative control); 6-9 samples with confirmed amplified products, well

10 is water (negative control)

4.8.4 Secretor Genotypes: Screening for the FUT2 se*? null allele

To screen for the FUT2 se*® null allele, sequences were mapped to the FUT2 reference.
Both the mapped and reference sequences were analyzed for occurrence of restriction

sites. The region of interest was identified to have Smal restriction site (Table 4.13 and

Figure 4.12) in both the reference and mapped reads.

Name Location | HGVS* Name Sequence

rs150802597 | 423 NM_000511.5:c.423 | GCCACATCCC G GGGGAGTACG

Table 4.13: Restriction site in both reference and mapped reads
*HVGS - Human Genome Society Variation
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Ic | ™™ | Catalytic Domain

(Protein)

428

|5° CDS

(DNA, 5¢ — 3%)

423 /rs150802597

Figure 4.12: FUT2 Gene Sequencing site, screening at position 428.

The protein coding sequence (CDS), of FUT2 are shown in the Figure 12 above. The
corresponding domains are organized in the NH2-terminal hydrophobic cytoplasmic
domain ,,C*, a golgi-membrane spanning domain (Transmembrane, TM) and the COOH-
terminal catalytic domain residing in the lumen of the golgi apparatus. All the reads to the
FUT2 reference sequence were mapped with a focus at base 428. Observing the bases
after position 428 there was a constant pattern of AGT, occurring after a GGGG sequence

as shown in Table 4.14. This was for all 65-study cases.
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Sample ID | 420 | 421 | 422 | 423 | 424 | 425 | 426 | 427 | 428 | 429 | 430 | 431 | 432
Reference | C C c |6 |6 |G |G |G |G |A |G |T |A
#1 C C c |6 |G |G |G |G |G |A |G |T |A
#27 c |[C |[C |G |G |G |G |G |G |A |G |T |A
#40 c |[C |[C |G |G |G |G |G |G |A |G |T |A
#45 c |[C |[C |G |G |G |G |G |G |A |G |T |A
#67 c |[C |[C |G |G |G |G |G |G |A |G |T |A

Table 4.14: Base arrangement on gene focus region comparing a subset of samples
and the reference sequence. Samples #1, #27, #40 (Non secretors), #45, #67
(Secretors)

There were no sequence variations observed at position 428, based on the Smal
restriction site (rs150802597) at position 423 and followed by a reference sequence:

*GGGGAGTACGTC *. These results demonstrate the secretor status of the population

under study is not dependent on the allele at position 428 as has been previously reported.
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5 DISCUSSION

This is the first study to date to profile, the variable expression of the blood group
antigens (secretor status) in the Kenyan population. The study began with a baseline
profile of the ABO, Rhesus (D) and Duffy blood group antigens. The prevalence patterns
of these blood groups among the study population were similar to findings from previous
studies in African populations. Notably, 1) predominance of blood group O witnessed in
similar study populations 2) high prevalence of the Rhesus (D) positive phenotype
(95.1%) similar to findings from an earlier study in Kenya 94%, Nigeria ranging from
93%-98% and 3) high prevalence of the erythroid Duffy null phenotype (Fy a-b-) (Loua
et al., 2007; Pennap et al., 2011; Erbahor et al., 2013; Mwangi, 1999; Egesie et al., 2008;
Ukaejiofor et al., 1996; Pogo and Chaudhuri, 2000; Daniels et al., 2005). These findings
confirm, human populations globally share the same blood groups systems; the difference
only comes in, in the frequencies of the specific phenotypes.

In addition, this is the first study on the frequency of secretor phenotypes: secretors
versus non-secretors in this setting. The fucosyltransferase 2 (FUT2) gene, encodes for
the enzyme alpha 1,2 fucosyltransferase which results in the expression of the H antigen
and thereby A and B antigens, expressed in epithelial cells, body tissues and in mucosal
secretions (Storry and Olsson, 2009). Phenotyping was therefore, determined by
screening for the variable expression of the H antigen in saliva samples. The ABH
secretors comprised 78.9% while the non-secretors a 21.1% minority among the target
population. Globally, frequency distribution patterns of secretors vary markedly; 84.4%
secretors and 15.6% non-secretors as reported in a study in Nigeria (Olorunshola and

Audu, 2013), 64.4% secretors, 35.6% non-secretors, in Pakistan (Saboor et al., 2014),
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60% secretors, 40% non-secretors in Dhaka (Akhter et al., 2011), 73% secretors, 26.9%
non-secretors in Hungary (Karpati et al., 2014), and 78.8% secretors, 21.2% non-
secretors in Burkina Faso (Nordgren et al., 2013).

This data fits into the global picture with non-secretors representing a minority, although
the frequency rates are variable. The variability in prevalence rates may be linked to the
underlying genetic profiles. Ferrer-Admetlla et al., (2009) and Koda et al., (2001),
describe natural histories of the Secretor FUT2 gene polymorphisms outlining a number
of population-specific polymorphisms. Furthermore, heterozygous secretors (Sese)
express decreased levels of the resultant protein (enzyme: alpha 1,2 fucoslytansferase) in
comparison to their homozygous (SeSe) counterparts. Therefore for the heterozygotes,
determination of secretor status based solely on phenotyping may result in an
underestimation of the proportion of secretors in a population.

Questions have been raised on the physiological significance of blood group antigens,
aside from their well-described role in blood transfusion and compatibility testing.
Indeed, functional relevance of a number of these moieties has been experimented and
documented (Lin et al., 2009). There is the increasing interest in knowledge on the
tissular distribution of the ABH antigens in humans, often in correlation to disease as
evidenced by studies on the associations between secretor phenotypes and a number of
mucosal infections including Noroviruses (Nordgren et al., 2013) and Streptococcus
pneumonia (Higgins et al., 2009).

The findings of this study confirm the hypothesis; secretors are more susceptible to HIV
infections as the results demonstrate a significantly higher proportion of secretors among

HIV infected female sex workers in comparison to the HIV-uninfected (p=0.029). This
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suggests the presence of the ABH blood group antigens in mucosal secretions may
increase an individual®s risk to HIV infection while the non-secretor phenotype, lack of
expression of ABO antigens in mucosal secretions, may confer a certain degree of
protection against HIV infection. Furthermore, when stratified based on the individual
ABO phenotypes, blood group A secretors had a higher incidence of infection in
comparison to their blood group AB, B and O counterparts. These findings compare with
those of Ali et al., (2000) who reported similar findings among Senegalese commercial
sex workers, in which non-secretors were found to have a reduced HIV-1 seroprevalence.
In a second study, Kindberg et al., (2006) reported a slower HIV-1 disease progression in
non-secretors.

Decades of research have established, HIV can cross the female genital tract epithelium
through several routes; via transcytosis across an intact epithelium to the luminal surface;
by penetration between the epithelial wall gaps, or if there are ulcerations or abrasion
wounds, the virion gains direct access into the sub-mucosa (Bomsel, 1997; Bobardt et al.,
2007). This grants HIV access to the underlying target cells, after-which the cascade
resulting in establishment of a systemic infection begins. In this case, the basis
underlying the expression of blood group antigens in the genital mucosa and HIV
infection may possibly be mediated by the selective binding to the A, B and H blood
group antigens via a family of receptors called lectins, which bind specifically to
carbohydrate moieties (Anstee, 2010). It is postulated that these pathogens may initiate
infection via non-covalent binding to these mucosal cell surface carbohydrate-binding
proteins (lectins) (Arendrup et al., 1991; Storry and Olsson, 2009;). In this way,

expression of the blood group antigens on mucosal surfaces in ABH secretors may place
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the host at an increased risk of infection (by aiding in pathogen attachment). On the
contrary, modification of cell surface carbohydrates at mucosal surfaces in ABH non-
secretors may in other instances offer a protective role.

A second mechanism may be based on the premise that various pathogens including
bacteria and viruses express blood group antigen-identical or cross-reactive molecules on
their surfaces (Higgins et al., 2009). These pathogens have been postulated as probable
targets for the corresponding blood group antibodies. Early studies on viral glycosylation
(Arendrup et al., 1991) supported this line of thought. HIV isolates cultured in vitro with
peripheral blood mononuclear cells from donors of different ABO groups demonstrated
neutralization by the corresponding ABO antibodies of specific cell isolates. Preece et
al., (2002) demonstrated that measles virus, when co-cultured in a system expressing the
ABH glycosyltransferases in vitro, expressed the corresponding A or B epitopes,
according to the enzymes expressed. In addition, Neil et al., (2005) highlight that HIV-1
can incorporate ABO blood group antigens, both in an artificial trans-infection system,
and when primary strains are propagated in human peripheral blood mononuclear cells.

In the context of HIV infections, CD4+ T cells are the hallmark of disease progression.
CD4+ T lymphocyte numbers in the human body are kept constant by homeostatic
mechanisms. However, during HIV infection, these mechanisms fail, and AIDS sets in
characterized by progressive immune deficiency. Loss of CD4+ T cells and systemic
immune hyper-activation are the hallmarks of acute HIV infection while chronic HIV
infection is characterized by the massive production of pro-inflammatory cytokines,
which further results in the gradual loss of peripheral CD4+ T cells over time (Haase,

2005). In relation to secretor status; the ABH secretors in this population were found to
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have an increased susceptibility to HIV infection, however, following infection, the same
ABH secretors maintained high levels of CD4+ T cell counts > 350 cells/mm?, the cut off
for ART initiation at the time of the study.

This is interesting, because HIV research has been primarily focused on cells of the
immune system, excluding research on viral interactions with red blood cells. However,
emerging evidence suggests that red blood cells may play a significant role in the HIV
infectious process by either binding free virions or binding to viral immune complexes
thereby facilitating trans-infection to HIV target cells. These findings demonstrate
correlations between the variable expression of the ABH blood group antigens (secretor
status), T cells and HIV infection rates. This alone underscores the importance of
widening the diagnostic scope in the context of HIV infections to include T cells and red
blood cells, including secretor phenotypes.

Finally, single nucleotide polymorphisms (SNPs) are becoming increasingly important in
the field of genomics. This study was designed to profile for the non-functional se** null-
allele, a SNP that has been associated with the non-secretor status in African populations
(Kelly et al., 1995; Liu et al., 1998). The study was among a cohort of female sex
workers with known secretor and non-secretor phenotypes. An optimized next generation
sequencing assay protocol was designed to screen for the SNP among the population.
These findings indicate, at position 428, both secretors and non-secretors had no
polymorphism as has been previously reported. The G-A mutation at this point results in
a stop codon and thereby, translation of a non-functional form of the protein. However, in
this population, among both the secretors and non-secretors there was a consistent G-G,

with no polymorphism. These findings therefore suggest, the underlying genotypic
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variation resulting in the non-secretor phenotype in a subset of the Kenyan population as
screened among this study cases does not fall under a the ,, se*?® umbrella” of a restricted
geographical distribution as has been previously reported (Koda et al., 2001; Ferrer-
Admettla et al, 2009; Kindberg et al., 2006; Ali et al., 2000).

Furthermore, the variation in the phenotypes and associated genotypes suggest that
although the prevalence of secretors and non-secretors in this population is similar to
profiles globally, there is an existent inter-population and probably intra-population and
inter-individual variability in the context of genetics. There are underlying novel
polymorphisms that confer both the secretor and non-secretor phenotypes within this

setting.
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6 CONCLUSION

It was presumed for decades that blood group antigens were exclusively limited to
transfusion and compatibility medicine. It is now apparent; these moieties are of clinical
significance and may contribute to the provision of first line of defense against
pathogens. This study demonstrates there is a correlation between secretor status, and
HIV. Furthermore these results indicate that FUT2 diversity patterns cannot be explained
by neutrality and human demography; there are underlying novel polymorphisms that
confer both the secretor and non-secretor phenotypes within this setting. The postulated
underlying mechanism of protection is, these carbohydrate moieties possibly enhance
viral binding and viral penetration, leading to establishment of infection, which may be
particularly important at the initial stages of viral uptake into cells of the female genital

tract.
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7 SUMMARY OF RESEARCH FINDINGS AND
RECOMMENDATIONS FOR THE FUTURE

This section summarizes and briefly discusses the study*s research findings with useful

insight on possible future directions of the research work.

7.1 Objective 1: To determine ABO, Rhesus and Duffy phenotype frequency profiles

in the Kenyan population.

7.1.1 Summary of Research Findings

This chapter presents a profile of the ABO, Rhesus and Duffy phenotypes among
voluntary blood donors. Blood group O was the most frequent, followed by A, B and AB
the least common. The profiles are similar to previous reports globally among blood
donors of African descent. The study findings also confirm the high prevalence of Rhesus
positive phenotype and Duffy negative phenotypes both, which are characteristic of
African populations. Overall the characteristics of the blood donors described, with >70%
aged under 30 years and predominantly male are as described in a review by (Tagny et

al., 2009) describing the characteristics of blood donors in sub Saharan Africa.

7.1.2 Recommendations

It is important to know the frequencies of various blood group antigen phenotypes in a
population. This information is important to confirm the prevalence of both major and
minor blood group phenotypes in a population. There are a number of blood group
phenotypes, which have been associated to varying disease/infection susceptibilities as

seen in this study, blood group A individuals were at an increased risk for HIV infections.
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7.2 Objective 2: To profile secretor and non-secretor phenotype frequencies in the

Kenyan population.

7.2.1 Summary of Research Findings

This is the first report to date on the frequency of the secretor phenotypes: secretors
versus non-secretors in the Kenyan population. Phenotyping was determined by
screening for the variable expression of the H antigen in saliva samples; hence the
frequency of the H antigen expression in the saliva (secretors): 78.9% and lack of H
antigen expression in the saliva (non-secretors): 21.1% among this target population

comprising voluntary blood donors and female sex workers.

7.2.2 Recommendations

It is important to profile secretor and non-secretor phenotypes in a population as this
information may contribute to the comprehension of varying disease susceptibility
patterns in a population. Pathogens are highly selective agents; therefore for
microorganisms that preferentially bind to carbohydrate moieties, host cell surface
molecules such as the ABO antigens can reveal patterns of selection in a given

population.

140



7.3  Objective 3: To investigate correlations between secretor status and HIV infection

7.3.1 Summary of Research Findings

This study enlisted 280 female sex workers aged 18-65 years from the Pumwani Majengo
cohort, Kenya. 32.9% of the study cases were HIV-1 infected and 67.1% HIV-1
uninfected. Based on blood group H antigen screening in vaginal and cervical samples,
75.7% study cases were secretors and 24.3% non-secretors. The proportion of secretors
was significantly higher among women with HIV infection (p=0.029). Based on ABO
phenotype stratification, the incidence of HIV infection was significantly higher among

blood group A secretors.

7.3.2 Recommendations

Routine secretor status screening should be encouraged, especially in areas with
increased HIV prevalence rates and among the most at risk populations who are known to
display concentrated HIV epidemics. This information is necessary because the secretor
phenotype is associated with increased susceptibility to HIV infections. There is however
need for further exploration into factors underlying the protective effect conferred by the

non-secretor phenotype.
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7.4 Objective 4: To investigate correlations between secretor status and HIV infection

based on CD4+ T cell counts as a surrogate marker of disease progression.

7.4.1 Summary of Research Findings

This objective describes a correlation between secretor phenotypes and HIV infection
rates among 90 female sex workers aged 18-65 years from the Pumwani Majengo cohort.
The study findings indicate 42.2% of the study cases were HIV-1 infected and 57.8%
HIV-1 uninfected. Based on blood group H antigen screening in vaginal and cervical
samples, 85.6% study cases were secretors and 14.4% non-secretors. The proportion of
secretors was significantly higher among women with HIV infection (p=0.034).
However, following infection, the proportion of patients with CD4+ T cell counts > 350
was significantly higher among secretors when compared to non-secretors (96.8% versus

85.7%) (p=0.005).

7.4.2 Recommendations

Secretor phenotype profiles should be determined among HIV sero-positive individuals.
This information will contribute towards the prediction of disease progression patterns; as
seen in this study the ABH secretors were able to maintain elevated levels of CD4+ T cell
counts even after infection; based on CD4+ T cell counts as markers of disease

progression.
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7.5 Objective 5: Profile for the presence of the null allele se*?® across the FUT2 gene

among secretors and non-secretors in the Kenyan population.

7.5.1 Summary of Research Findings

This study sequenced the second exon of the FUT2 gene on a set of samples from a HIV
high-risk population of female sex workers. The most common SNP associated with the
non-secretor phenotype in African populations is the non-functional se*?®. These findings
indicate, at position 428, both secretors and non-secretors had no polymorphism as has
been reported in other populations. The mutation at this point results in a change from G-
A resulting in a stop codon and thereby, translation of a non-functional form of the
protein. However, in this population, among both the secretors and non-secretors there
was a consistent G-G, with no polymorphism. These findings therefore suggest, the
underlying genotypic variation resulting in the non-secretor phenotype in a subset of the
Kenyan population as screened among this study cases does not fall under a the ,se*?®

umbrella“ of a restricted geographical distribution as has been previously reported.

7.5.2 Recommendations

Laboratory screening for secretor status should incorporate a multipronged approach:
phenotyping and genotyping. If the screening is strictly genotypic, whole genome
sequencing should be performed initially on a subset of the population, and the specific
novel polymorphisms identified, and utilized as a baseline for the adoption of genetic
screening. Further investigations should be performed to confirm phenotypes and

associated genotypes, as each population is unique.
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