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Abstract

To investigate the characteristics of HIV-1 in the female genital tract and the molecular
epidemiology of subtypes, cell-free viral populations in the blood plasma and vaginal mucosa of
women infected with HIV-1 using DNA sequencing of C2V3 region of the env gene were
examined. Study subjects were those who had visited a sexually transmitted disease clinic for
genital tract inflammation (n = 32 of which 29 had sexually transmitted infections) in Addis
Ababa, Ethiopia. From the study subjects, 28 of the blood plasma and 22 of the cervicovaginal
lavage viruses were successfully amplified and sequenced. 31 of the subjects carried subtype C
and only one subject carried subtype A. Among the total individuals carrying subtype C, 12 and

19 were with subclusters C and C’, respectively.

The sequences in cervicovaginal lavage differed significantly from those in plasma. The number
of nonsynonymous substitutions significantly exceeded synonymous substitutions in both plasma
and cervicovaginal lavage in almost all the study subjects. Sequences from both compartments
within an individual were more closely related to each other than to those obtained from viruses
of other individuals when evaluated through phylogenetic analysis. However, there were
significant genotypic differences between viruses in the two compartments of an individual.
Differences in nucleotide sequences, in net charge of amino acids at physiological pH and
predicted amino acid sequences were also observed. These differences could be due to selective
immune pressures operating in the two compartments, which could lead to differential evolution

of the viruses in vaginal mucosa and plasma that can lead to differential evolution of the viruses.

These findings indicate that cellular replication of HIV-1 occurs in vaginal mucosa that results in
a virus population with important differences from that in blood. This could result in different
resistance patterns in the two compartments in the era of chemotherapies. Thus, resistance
patterns in the viruses derived from the genital mucosa should be taken into account in order to
prevent transmission of resistant viruses through exposure to the genital tract. For vaccine
candidates, viruses derived from the genital compartment should be considered. So far, vaccine
candidates are based on virus isolates from blood only. This indicates a need of considering all

heterogeneity in all compartments to produce effective vaccines and therapies.

Vi



1. Introduction

1.1. Epidemiology of HIV/AIDS

According to WHO/UNAIDS report (2002), twenty years after the first clinical evidence of
acquired immunodeficiency syndrome (AIDS) was reported, it has become the most devastating
disease mankind has ever faced. HIV/AIDS is now the leading cause of death in Sub-Saharan
Africa. Worldwide, it is the fourth biggest killer. The total number of people affected by
HIV/AIDS from the start of the epidemic until the end of 2002 was estimated to be more than 60
million. Among 42 million people now living with HIV/AIDS, more than 70% are in the
developing world. The highly affected region by the pandemic is Sub-Saharan Africa, where
approximately 3.5 million new infections occurred in the year 2002, while the epidemic claimed
the lives of an estimated 2.4 million Africans in the past year. Ten million young people (age 15-
24) and almost 3 million children under 15 are living with HIV, bringing the total number of

people living with HIV/AIDS in this region to 29.4 million.

In Ethiopia, there was no reported case of positive serum during 1982 and 1983. The first two
positive sera were detected in 1984 collection (Tsega et al., 1988). The first AIDS cases were
diagnosed in Yekatit 12 Hospital of the capital, Addis Ababa, in 1986 (Lester et al., 1988). The
Ethiopian Disease Prevention and Control Department of the Ministry of Health (2002) reported
that over 219,400 people may have already developed AIDS since the beginning of the epidemic
although only a small portion of these (107,575) have been recorded in official statistics. In the
year 2002, it was estimated that there were about 2.2 million people infected with HIV, out of
which 200,000 were children under the age of five years. The estimated adult prevalence of 7.1

percent in 1997 increased to 7.3 percent in the year 2000, and decreased to 6.6 in 2002.



1.2. HIV and Its Life Cycle

Since the initial clinical reports in the summer of 1981 among patients with Pneumocystis carinii
pneumonia in previously healthy homosexual men in the United States of America, a large
number of people all over the world have been infected by the virus, and a considerable number
of the patients have died as a result of the disease (Gottlieb et al., 1981). Two years after the first
description of AIDS, its causative agent was identified to be a virus and was variously named as
human T cell lymphotrophic virus type 1l (HTLV-III) (Gallo et al., 1983), lymphadenopathy
associated virus (LAV) (Barre-Sinoussi et al., 1984), or AIDS associated retrovirus (ARV) (Levy
et al., 1984). Thereafter, the International Committee on the Taxonomy of Viruses decided the
virus to be called HIV (Coffin et al., 1986a). Two years later, HIV-2 that caused the same disease
but was significantly different from HIV-1 serologically and molecularly was discovered in West

Africa (Clavel et al., 1986).

Since the initial identification of HIV-1 in 1983 (Barre-Sinoussi et al., 1983; Gallo et al., 1984),
much has been learned about the virus, its transmission and its pathogenic mechanisms. HIV is
transmitted through sexual contact, contaminated injection needles, blood and blood product
transfusion, and mother-to-child transmission. Although an acute mononucleosis-like illness may
occur at the time of infection (acute retroviral infection), the infection is characteristically
followed by a prolonged period of clinical latency (Moss and Bacchetti, 1989), with the median
period of latency estimated to be approximately 10 years. It is now clear that during this clinically
quiescent period, viral replication continues (Pantaleo et al., 1993) and is associated with the
gradual erosion of immune competence. Subsequently, as a patient becomes progressively

immunosuppressed, opportunistic infections and malignancies develop that are responsible for



most of the morbidity and, mortality of HI\VV/AIDS.

HIV is a member of the Lentivirinae subfamily of the Retroviridae. This family is known for
being RNA viruses and use reverse transcriptase (RT) enzyme to become DNA and integrate into
the human genome by the help of integrase (IN) enzyme. The lentiviruses are all A-rich and C-
poor with nucleic acid compositions of 36%A, 18%C, 24%G and 22%T. The A richness and C
poorness are roughly evenly distributed across the lentivirus genome with few exceptions

(Kuiken et al., 2000).

HIV infects cells with CD4 cell-surface receptor molecules, using them to gain entry. In
macrophages and in some other cells lacking CD4 receptors, such as fibroblasts, an Fc receptor
site or complement receptor site may be used instead for entry of HIV. Cells of the mononuclear
phagocyte system, principally blood monocytes and tissue macrophages, T lymphocytes, B
lymphocytes, natural killer (NK) lymphocytes, dendritic cells (Langerhans cells of epithelia, and
follicular dendritic cells in the lymph nodes), hematopoietic stem cells, endothelial cells,
microglial cells in the brain, and gastrointestinal epithelial cells are the primary targets of the
HIV infection (Vartanian and Wain-Hobson, 1994). After an asymptomatic period of variable
length, HIV infections, accompanied by a dominant T helper 1 (TH1) response tend to proceed
longer. The switch from a TH1 to TH2 response has been suggested as a factor in an irreversible
destruction of the immune system, which finally leads to AIDS. The destruction of the immune
system is caused mainly by the gradual depletion and loss of function of CD4 bearing
helper/inducer T-lymphocytes in the peripheral blood from the normal count of about 1000
cells/mm? to less than 100 cells/mm®. This is because CD4* T cell plays a central role in the

immune system, which includes induction of the function of B-cells, NK cells, cytolytic T-



lymphocytes (CTL), macrophages through secretion of different cytokines. The precise
mechanisms of CD4 T-cell depletion (or dysfunction) in HIV infection are not still well
understood. The depletion may occur as a result of direct pathogenicity, syncytium formation, T-
cells susceptibility to apoptosis by defective antigen presenting cells, suppression of the
protective TH1 cells, induction of autoimmunity by cross reaction with HIV proteins, or coating
of surface CD4 by gp120 immune complexes (Fauci, 1993; Murphy et al., 1995; Roitt, 1997;

Popper et al., 1999).

Although the precise ordering of many of the steps has not been definitely determined and
multiple steps are likely to occur in simultaneous fashion, the retroviral life cycle of HIV is
summarized by Freed (1998) into the following series of events. The infection process begins
when the surface (SU) env gp120 binds CD4 and interacts with coreceptors. A membrane fusion
reaction induced by transmembrane (TM) env gp41 occurs between the lipid bilayer of the virion
and the host cell plasma membrane, releasing the viral core into the cytoplasm. A series of ill-
defined steps collectively referred to as uncoating takes place. During this process, capsid (CA,
p24) protein is lost while at least some matrix (MA, p17) protein, as well as nucleocapsid (NC,
p7/9), the pol-encoded enzymes integrase (IN, p32) and reverse transcriptase (RT, p66) and the
viral protein R (vpr) are thought to be retained as part of a high molecular weight complex.
During uncoating, reverse transcription of the viral RNA to generate a double-stranded DNA
copy is largely completed in the presence of lysyl tRNA primer. The high molecular weight
complex referred to as a preintegration complex is transported across the nuclear membrane with
expense of ATP. In the nucleus, integration of only linear viral DNA into the host cell

chromosome is catalyzed by IN. The integrated viral DNA, known as the provirus, serves as the



template for the synthesis of the viral RNAs, which are transported to the cytoplasm. The env
glycoprotein is synthesized in the endoplasmic reticulum and is transported to the plasma
membrane via the secretory pathway. The gag and the gag-pol polyproteins precursors are
synthesized and transported by unknown mechanism to the plasma membrane. During or after
transport, the gag precursor, recruits two copies of the single stranded viral RNA genomes,
interacts with the gag-pol precursor, and assembles into structures visible by electron microscopy
as dense patches lining the inner face of the plasma membrane. The assembled core proteins
complex of gag gene (MA, CA, NC, and p6) induces membrane curvature, leading to the
formation of a bud. During budding, the viral env glycoprotein is incorporated into the nascent
particles. Budding is completed as the particle pinches off from the plasma membrane. During or
immediately after budding, the viral protease (PR, p11) cleaves the gag and the pol proteins. PR
cleavage leads to core condensation and the generation of a mature, infectious virion, which is

now capable of initiating a new round of infection.

1.3. Genomic Organization and Gene Products of HIV

The genetic material of HIV is about 100,000 times smaller than the genetic information of
human cell: a mere 9,749 nucleotides and consists of nine genes (Haseltine and Wong-Staal,
1988). Among these, three are typical proviral genes. All have the basic gene orders 5’-gag-pol-
env-3’ and are flanked by the characteristic long terminal repeat (LTR) sequences that contain
transcription initiation (5’ LTR) and termination (3’ LTR). According to Patarca et al. (1987) and
Coffin (1990), HIV LTR is a very active promoter in vitro. In addition, the genome of HIV
encodes numerous regulatory proteins common to all retroviruses, and further complicated by

containing three to five additional accessory regulatory genes than other retroviruses (tat, rev,



vpu, vif, nef and vpr) (Haseltine and Wong-Staal, 1988; Young, 1994; McClure and Dalgleish,

1998; Peeters et al., 2000).

The single-stranded viral RNA is converted to double-stranded DNA by the action of two pol
enzymes packaged within the capsid, RT (RT, p51) and the RNase H (RNH, p15) after its entry
to the cytoplasm. The RNH has the ability to degrade RNA in the context of a DNA-RNA hybrid,
which takes place within a viral nucleoprotein complex. The minus single stranded DNA, which
remains single after RNA degradation, is used as a template for the plus strand and makes the
double stranded proviral DNA and form complexes with nucleoproteins. Retroviral DNA can
integrate into the host genome at a large number of essentially random sites by the help of IN
enzyme, although some target sites are preferred (Haseltine, 1988). Comparison of the cellular
sequences flanking a modest number of independent integration events (12-20 in most cases) has
revealed no common sequence, which might serve as a cellular target. The choice of host
integration site appears random with regard to the DNA sequences but strongly depends on
accessibility of the local chromatin. As increased accessibility of chromatin correlates with
increased transcriptional activity, retroviruses may thus preferentially integrate in the vicinity of

actively expressed genes (Coffin, 1990; Young, 1994).

The env protein is very heavily modified into glycoproteins by addition of complex
carbohydrates via the action of cellular enzymes for a reason that such carbohydrates are not
antigenic. The amino-terminal portion of the protein is located entirely exterior to the cell
membrane. Gp120 is anchored noncovalently with its carboxyl terminus to the viral membrane.
The conserved gpl20 surfaces are involved in binding to its three minimally polymorphic

ligands, gp41, CD4, and chemokine receptors, each exhibiting particular problems with respect to



the elicitation of or sensitivity to the neutralizing antibodies (Wyatt and Sodroski, 1998).
Mulligan et al. (1990) indicated that env glycoprotein of HIV is central to its ability to
specifically interact with and infect CD4" cells. These interactions include receptor binding, viral
entry and syncytium formation, and perhaps other cytopathic effects. Interaction of gp120-CD4
allows for a change in the env protein structure to take place (The Global AIDS Policy Coalition,
1992). Once the gp120 interacts with the coreceptors, additional conformational changes expose
fusion peptides at the N-termini of the gp41 moieties, which then mediate fusion of the viral
envelope and cell membrane so that viral nucleoprotein complexes enter the target cell cytoplasm

(Haseltine, 1988).

1.4. Genetic Diversity of HIV: Causes and Consequences

HIV-1 genome exhibits extensive nucleotide sequence variation in blood cells of infected
individuals (Pang et al., 1991). One of the most important mechanisms for producing new types
of RNA viruses is mutation, mostly through the accumulation of point mutations introduced by
the error prone HIV-1 reverse transcriptase during replication (Haseltine, 1988; Strauss et al.,
1990; Bonhoeffer et al., 1995; Mansky, 1998). This means that most DNA dependent RNA
polymerases and RNA dependent DNA polymerase appear to lack 3’-5° exonuclease-
proofreading activities, and their inherent error frequently is on the order of 1 in 10*. Besides, the
virus has a high rate of replication, where about 10™° virions are produced each day thereby

increasing the rate of error introduction (Haseltine, 1988; Perelson et al., 1996).

Subsequent nucleotide sequence comparisons confirmed that sequence differences among

different viral genomes are not evenly distributed throughout and is not the property of the entire



genome. In general, the extra-cellular envelope region and the nef gene are more variable than the
LTR, gag, pol, vif, vpr, tat, or rev genes. Not only the degree of divergence is different among
these genes, but also the type of nucleotide and amino acid changes are very different as well. It
is known that in gag and pol, most nucleotide sequence changes are due to point mutations,
whereas in the env there are clustered changes involving inframe deletions, insertions, and
duplications. Furthermore, the majority of changes in the gag and pol are in the third base codon
position, resulting in silent mutations. In contrast, more than half of the single nucleotide changes
in env occur in the first or second positions. These findings suggest two possible mechanisms of
selection of env mutations. First, there may be regions in the env gene that have little sequence-
function constraints and therefore, would tolerate such changes; second, changes in parts of the
env may confer a selective advantage for mutants. The rapid evolution of HIV isolates
demonstrates the extreme plasticity of the HIV genome with regard to its genetic and biologic
properties, including cell tropism (such as CD4 recognition, membrane anchorage and membrane
to membrane fusion, virulence, and antigenicity) (Haseltine, 1988; Wang-Staal, 1990; McClure

and Dalgleish, 1998).

The diversity of HIV-1 is mainly caused by mutations that affect genes part of genes encoding
proteins. Amino acid sequences of gpl120 from a number of different HIV-1 isolates have
revealed five discontinuous regions (V1-V5) that contain highly variable amino acid residues
interspersed with five relatively conserved regions designated C1-C5. The most antigenically
dominant domain on the env of HIV-1 is the V3 region. The evolution of V3 sequences is
apparently host dependent, rapid, and independent of the level of antigen expression (De Wolfs et

al., 1990). It is known that the number of charges and glycosylation in the V3-loop can affect



cellular and neutralization abilities of antibodies. The conformation of V3 domain and the
antibody response directed against this epitope may vary from one variant to another, which
results in the absence of high titer antibodies to the important functional domains such as the
CD4 binding region and the fusion region. Because this region of the virus is highly variable,
this variation leads to a further delay in the development of a universal prophylactic vaccine and
therapeutics, and it ensures an endless source of antibody escape and drug-resistant variants
which leads to disease progression in the presence of neutralizing antibodies (Young, 1994; Lenz

et al., 2001).

Several genetic subtypes and circulating recombinant forms (CRFs) of HIV-1 have been
identified. Subtyping is mainly done based on phylogenetic analysis of env gpl120 and gag
sequences (Simon et al., 1998), where there is about 30% nucleotide sequence divergence
between the genetic subtypes in the env gene and 14% in the gag gene and 13% in the total
genome. Since its discovery, the HIV genome has been extensively studied, partly to determine
the range of strains contributing to the global epidemic and partly in an attempt to understand the

evolution of HIV-1 over time (Peeters et al., 2000).

Numerous strains of HIV-1 isolated from diverse geographical origins have revealed three
distinct groups of viruses. These have been termed groups M (for main), N (non-M-non-0O), and
O (outlier). The vast majority of the strains found worldwide and are responsible for the
pandemic belong to just one of the three lineages, group M. Group M includes the viruses that
dominate the global epidemic which is further divided into subtypes, subsubtypes and circulating
recombinant forms (CRFs), whereas group O contains a pool of highly divergent but genetically

related viruses with its epicenter restricted to West Central Africa. Group N, the least spreading



of the viruses, is represented by only a handful of viruses identified in Cameroon (Peeters et al.,

1997).

A virus isolated as a specific subtype should fulfill the following criteria: representative strains
must be identified in at least three individuals with no direct epidemiological linkage, at least
three near full-length genomic sequences should be preferably available, and the subtype should
resemble each other but no other existing subtype throughout the genome (which may indicate
recombination), a subtype should have consistent clustering and all parts of the genome should be
approximately equidistant from one another (Robertson et al., 2000). In this light, there are nine
subtypes of the HIV-1 group M: A, B, C, D, F, G, H, J and K. A putative new subtype, possibly
to be named subtype L is described, and is found most commonly in Senegal (McCutchan et al.,
2001). All known representatives of what was initially described as subtype E appear in fact to be
recombinants of the subtypes A and E, and are now designated (CRFO1-AE). CRF04-cpx viruses
correspond to the previously described env subtype | virus, which are complex recombinant
viruses involving at least four subtypes. Recombinant forms of the virus will continue to appear
as long as the different subtypes of HIV-1 continue to circulate between continents and
recombination continues to occur (Peeters and Delaporte, 1999; Robertson et al., 2000). The
highest degree of genetic diversity in HIV-1 is observed in Africa where all subtypes and groups

can be observed (McClure and Dalgleish, 1998).

McClure and Dalgleish (1998) indicated that recombination between isolates of different clades
makes its own contribution to the range of the strains found in global pandemic of AIDS.
Recombination in the gag gene is highly frequent among the major env subtypes and that

selection of the recombinants is apparently based on particularly beneficial combinations of gag

10



and env products (Cornelissen et al., 1996). Inter-subtype recombination is an additional cause of
HIV diversification and is relatively frequent (up to 10%) in regions where multiple subtypes co-
circulate, such as Sub-Saharan Africa (Robertson et al., 1995; Bobkove et al., 1998; Carr et al.,
1998; Sherefa et al., 1998). Phylogenetic analysis of HIV-1 isolates from UNAIDS plasma
samples collected from four vaccine evaluation sites: Brazil, Rwanda, Thailand, and Uganda,
previously subtyped by env sequence, showed a high frequency of gag recombinants
(Cornelissen et al., 1996). Serum samples collected from immigrants in the Netherlands from 12
countries throughout Africa and phylogenetic analysis based on the gag sequences of 22 isolates
showed the recovery of AG recombinants from African countries a thousand miles apart,

indicating the active spread of new recombinants (Cornelissen et al., 2000).

Sequence data of the env gene on sera and plasma samples collected in Addis Ababa
demonstrated that the majority of the circulating viruses belong to the subtype C. But sporadic
infections with other subtypes, A and D, have also been reported (Abebe et al., 1997; Hussien et
al., 2000). In neighboring countries, Kenya and Uganda, subtypes A and D are dominating. In
Djibouti subtypes A and C are reported (Louwagie et al., 1995). Thus there is a possibility of
influx of other subtypes to Addis Ababa from the neighboring countries. The first HIV-1 subtype
C sequence in Ethiopia was reported in 1991 (Ayehunie et al., 1991) followed by partial gag and
env sequences by Ayehunie et al. in 1993. The first full length Ethiopian subtype C sequence
(ETH2220) was reported in 1996 from a 1986 Ethiopian sample (Salminen et al., 1996) and the
second full length Ethiopian sequence in 1998, documented the first evidence of the subtype A/C
recombinant from a 1991 Addis Ababa sample (Sherefa et al., 1998). In addition, from randomly

selected HIV-1 subtype C infected sera collected from several Ethiopian towns, phylogenetic
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analysis of the whole pl17 and partial of p24 of the gag gene, and their respective C2V3 env
regions showed intra-subtype recombinants between the two groups of viruses (C and C’), which
co-circulate in the country (Pollakis et al., unpublished data). This shows that recombination can
occur not only among the different subtypes of the HIV-1 but also within one-subtype strains.
All-recombinant viruses carried the env of the C virus suggesting that this env may be more
efficient for virus transmission than the envelope of subgroup C. The phenotypic expression of
this genomic region involves how the virus attaches itself to the cell receptor and how it invades

neutralizing antibodies produced by the immune system.

The HIV-1 subtypes are unevenly distributed in the world and the geographic distribution of
subtypes is subject to constant change. Subtype B predominates in Europe and America, whereas
subtype C is mainly found in South and East Africa, such as South Africa, Botswana, Burundi,
Tanzania, and Ethiopia, and also in India and China (Lou et al., 1995; Engelstad, 1996; Renjifo et
al., 1998; Wang et al., 1998; Van Hermelen et al., 1999; Koch et al., 2001). HIV-1 subtype C is
the most spreading, and 50% of the new infections in Africa are due to infections with this
subtype. This rapid increase in the prevalence of subtype C virus in Africa and Asia may be due
to behavioral or biological factors that facilitate transmission and the selective characteristics of
the subtype C virus envelope (Janssen et al., 1997; Van Hermelen et al., 1999). For example,
subtype C has a genome organization similar to that of other subtypes of the group M that are
fully sequenced HIV-1 isolates A, B, and D. However, it has an additional third binding site for
the transcription factor NF-kB makes these strains distinctive among HIV-1 isolates, and this
invites speculations about the possible role of this structural anomalies in the epidemiology of

HIV-1 subtype C (Salminen et al., 1996).
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Selection forces, besides a combination of mutations and recombinations, shape the diversity of
viral quasispecies (Bonhoeffer et al., 1995). It is found that a greater systemic HIV-1
heterogeneity exists in HIV/TB patients than in HIV patients. Phylogenetic and sequence analysis
of the C2V3 region of individual env pair clones of HIV and HIV/TB patients indicated more
diverse clustering of the quasispecies and greater mutation frequencies in the TB patients. In
addition, HIV/TB patients tended to have higher honsynonymous (dn)/synonymous (ds) values
than HIV patients, suggesting a stronger immune selection pressure in the former (Collins et al.,
2001). This leads to a conclusion that an increase in HIV-1 heterogeneity with the advent of TB

could have a profound effect on disease progression (Collins et al., 2001).

The accelerated rate of disease progression has been related to chronic immune stimulation due to
pathogenic microbes, including parasites (Gilks, 1993; Bentwich et al., 1995). Evidence for an
involvement of cytokine in the activation of HIV-1 has been documented. For example, tumor
necrosis factor alpha (TNF-a)) has been found to induce the production of NF-kB which binds to
the HIV enhancer elements present in the LTR which initiates transcription of viral mRNA and
augment viral replication (Gruber et al., 1992). STDs increase HIV shedding, thereby increasing
the likelihood that genital secretions contain higher viral load of the HIV required for
transmission (Hitchcock and Fransen, 1999). The local immune activation increased HIV-1 load
in genital secretions, potentially increasing the risk of transmission. Furthermore, cytokine
released in genital ulcers in people uninfected with HIV may render cells within the ulcers more
susceptible to HIV-1 infection and promote systemic spread of HIV infection beyond the genital
tract (Lawn et al., 2000). For example, sexually transmitted infections (STI) can be a risk for

both HIV infection and/or transmission by altering the integrity of the mucosa, recruiting

13



susceptible activated lymphocytes and monocytes/macrophages to the genital mucosa, or
increasing viral shedding of productively infected cells either in the genital mucosa or in the

genital secretions (Cohen, 1998; Plummer, 1998).

1.5. Effect of the Genotype on the Biological Phenotype of HIV

The effect of genotype on viral phenotype is reported by different people who did researches in
this field (Fouchier et al., 1992; Tersmette et al., 1989). In this context, isolates of the HIV-1
have been broadly divided into two groups; those which replicate in T-cell lines, grow very
rapidly in cultures and induce the formation of syncytia in target cells, and those which are able
to replicate in macrophages, grow relatively slowly in cultures and do not induce syncytia. These
two groups are generally referred to as syncytium inducing (SI) and non-syncytium inducing
(NSI), respectively (Bozzette et al., 1993). There is a strong correlation between the viral
phenotype and progression to disease (Cheng-Mayer et al., 1988; Tersmette et al., 1989). NSI
HIV-1 strains use primarily CCR5, while Sl strains use CXCR4 receptors. Sl strains use other
chemokine receptors such as CCR3 and CCR2b in some instances (Abebe et al., 1999). CXCR4
usage was perfectly correlated to the biological phenotype for all subtypes. The role of Sl viruses
in transmission of HIV is still unclear. If highly pathogenic SI viruses are readily transmitted
between individuals, one might expect a decreasing incubation period for AIDS as the epidemic

progresses. However, this has not been observed (Lemp et al., 1990; Taylor et al., 1991).

Sl variants appear in the later stage of the infection and for subtype B, this biological phenotype
was proven to be a prognostic marker for disease progression with individuals harboring Sl

viruses progressing faster independent of the CD4 cell count (Chowdhury et al., 1995). HIV-1
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strains differ in how they utilize chemokine receptors as co-factors for entry, and the ability of the
chemokine receptor to facilitate entry depends on the cell in which it is expressed (Collman and
Yi, 1999). Preferential transmissibility of certain NSI isolates compared with more pathogenic S
isolates may be one explanation for this finding. In this respect, Ethiopian patients with HIV-1 C-
subtype harbor a remarkably low frequency of SI phenotype viruses (Abebe et al., 1999). Even if
the reasons for this are not clear, it could be speculated that the expression of CCR5 chemokine
receptor is higher on cells of subjects living in countries where HIV-1 subtype C epidemic is
present, thus providing less selective advantage to the virus for mutation to CXCR4 tropic
variants. CCR5 reportedly is preferentially expressed on activated and memory T-cells (Bleul et
al., 1997). However, it is also possible that the primary immune response after HIV infection of
an individual might be more efficient in eliminating SI viruses than in eliminating NSI viruses
(Chesebro et al., 1992). There may also be subtype dependent differences in frequency of usage
of certain co-receptors. This opens up the possibility that genetic subtypes may differ in
important biological properties such as virulence, tissue tropism and transmissibility (Tscherning

et al., 1998).

The V3 hypervariable region of HIV envelope protein influences cell tropism. Tropism is
determined largely at entry and is encoded mainly by the HIV-1 env gene (Berger et al., 1997).
The homogeneity of the macrophage tropic patient isolates appeared to be the result of selection
based on the biological advantage in vivo in contrast to the heterogeneous V3 sequences of T cell
tropic clones (Chesebro et al., 1992). In vitro mutagenesis of the V3 loop is able to convert the
viral phenotype from NSI, low replicating into Sl, high replicating. In short, the V3 region, and

even specific regions herein are shown to be involved in the syncytium forming and replicating
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capacity of HIV-1 (de Jong et al., 1992b).

1.6. Temporal and Spatial Variation of HIV in a Host

Virus in patients in early stage of infection are relatively homogenous and diverge with time,
more consistently at its non-synonymous sites. Just prior to or coincident with the rapid decline in
CD4" T cell number, sequences were found with basic amino acid substitutions clustered within
downstream of the gp120 V3 domain (Shankarappa et al., 1998). Other data from small number
of infected patients also show temporal changes in the number of genetically distinct strains of
the virus throughout the incubation period, with slow but steady rise in the diversity during

progression to disease (Nowak et al., 1991).

According to Ellerbrock et al. (2001), multiply spliced HIV-1 mRNA, which is found only in
cells replicating virus, was detected in cervicovaginal lavage samples tested. There is a strong
correlation between the amounts of multiply spliced HIV-1 RNA and viral RNA load in the
lavage samples. In addition, significant genotypic differences were found in cell-free virus from
matched blood plasma and vaginal secretions. These findings indicate that cellular replication of
HIV-1 occurs in vagina mucosal cells and can result in a virus population with important
differences from that in blood. All these lines of evidences suggest that HIV virus is actively

produced in the vagina and not just a result of leakage into the vagina through the bloodstream.

16



In phylogenetic trees constructed from V3 of gpl120, kidney derived sequences form tissue-
specific subclusters within the radiation of blood mononuclear cells derived viral sequences from
the patients. These data indicate the localized replication of HIV-1 in the kidney and the
existence of a renal viral reservoir (Marras et al., 2002). Also, the ratio of infected to uninfected
leucocytes in ejaculated semen specimens is highly discordant with paired blood samples,
demonstrating that they derive from distinct populations of the infected cells (Kiessling et al.,

1998).

Cervical viral shedding is more frequent in women with a higher plasma viral load and more
advanced immunodeficiency (Gouldston et al., 1998). HIV-1 is present at high levels in genital
tract secretions during the acute primary infection stage and is followed by reduced levels during
the subsequent period of clinical latency and by increased levels during late-stage disease (Wahl
et al., 1999). HIV-1 shedding was highest in the genital tract with more association of the
combination of B-chemokines than virus load in blood indicating that local immune reaction
strongly influence virus load in the cervical compartment (lversen et al., 1998). In another study,
Belec et al. (1995) indicated that IgG and IgA anti-HIV antibody titers were, respectively 30- and
12-fold higher in serum than in cervicovaginal secretions, but their mean specific activity were

higher in cervicovaginal secretions than in serum, suggesting a local synthesis of both isotypes.

Although most researchers showed that most women had higher RNA concentrations in blood
than in either swab or cervicovaginal lavage specimens, 4% of the women are found with higher
RNA concentrations in the genital secretions. Even some have 10-fold higher RNA in genital

tract specimens than in plasma (Kovacs et al., 2001). This in part may indicate that there is
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compartmentalization between the peripheral blood and the vaginal mucosa. And, although there
is an association between HIV-1 levels in plasma and genital secretions (semen and
cervicovaginal fluid), there is variability in the ability to isolate HIV-1 RNA from genital
secretions at different time points between individuals (Uvin and Caliendo, 1997; Mostad et al.,
1998). For example, Mostad et al. (1998) evaluated cervical and vaginal secretions throughout
the menstrual cycle in 17 women (21-31 sample times per subject) and found HIV-infected cells

in 4% to 100% of the total endocervical swabs.

Vernazza et al. (1996) described 28 patients with detectable HIV-1 RNA in both semen and
blood, with only 12 subjects showing levels within 1 log of each other. A similar proportion of
subjects demonstrated a quantification discordance of greater than 10-fold in each direction. In
the majority of the cases, discordant detection results in blood and genital compartments show
plasma viremia without detectable genital secretion HIV-1 RNA. Cases of detectable genital
secretion (cervicovaginal fluid and semen) HIV-1 RNA in individuals with undetectable plasma
HIV-1 RNA levels have been described (Uvin and Caliendo, 1997; Kiessling et al., 1998; Zhu
al., 1996). Kiessling et al. (1998) have also described cases of culturable virus in semen from

men who did not have culturable virus in blood.

Drug resistance-associated mutations appear in plasma virus several months before appearing in
vaginal virus (Ellerbrock et al., 2001). In addition, infectious HIV is isolated from semen cells,
but not from blood cells of an individual on triple antiretroviral therapy was found. The absence
of major resistance-conferring mutations in the semen virus indicates that it was replicating in

isolation from the antiviral agents (Kiessling et al., 1998). The compartmentalization of blood
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and semen infection is further supported by genetic analysis of several infectious HIV clones
isolated from semen cells and peripheral blood cells of another donor not on antiretroviral
therapy using PR region of the pol gene. PR gene sequence analyses revealed significant
divergence of the two viral populations. These findings confirm the distinct compartmentalization
of HIV in the semen of this study, and support the concept that the semen HIV arises from an
isolated reservoir of infection that may function independently in the patho-biology of HIV
(Kiessling et al., 1998). Genetic and phenotypic compartmentalization of HIV-1 is found in
different compartments. The presence of Sl in blood and NSI phenotypic variants in genital fluid
as a common property of subtype E (now AE recombinant) was observed by Kiessling et al.

(1998).

Clinicians and patients must understand that effective antiretroviral therapy may reduce plasma
HIV-1 RNA levels to undetectable levels even with ultra-sensitive assays, and still leave
infectious virus in genital secretions. While sexual transmission on a population basis is likely to
decrease with widespread use of effective antiretroviral therapy, individual infectiousness and
transmissibility are highly variable across patients and even within patients over time. The
evolution of resistance mutations for chemotherapies in blood and semen were frequently
discordant, although over time similar patterns were seen. Sexual transmission of resistant
variants may have a negative impact on treatment outcome in newly infected individuals and on
the spread of diseases within a population (Eron et al., 1998). Another study by Dornadula et al.
(1999) showed that resting CD4" T lymphocytes and cells in the other body compartments,
including the genital tract, might contain replication competent proviral species in patients taking

suppressive highly active antiretroviral therapy with undetectable viral RNA in peripheral blood.
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This replicated virus may not only infect uninfected cells in the local microenvironment of viral

producing cells, but may infect cells at a distance within the body.

Generally, the above review indicate that the development of safe and effective vaccine and
therapeutics against HIV requires a good knowledge on genetic variability of HIV-1 virus in
different body compartments. The existence of genetically varied group and detectable loads of
viral RNA in nonblood body fluids stresses the importance of evaluating the impact of
therapeutic treatment regimens and candidate vaccines in both blood and nonblood fluids
(Shepard et al., 2000). But, still most researches for therapeutic and vaccine developments are
based on blood viral genetic variability. Due to this reason, we intend to carry out comparisons of
the genetic variation of HIV-1 in Ethiopian case, in the blood plasma and genital secretions of
HIV-positive women using nested RT-PCR and automated sequencing of the C2V3 region of the

env gene.
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2. Objectives

2.1. General Objectives

The general objectives of this study are:

a) to compare the genetic variation of the HIV-1 in the blood plasma and genital secretions
using nested RT-PCR and automated sequencing of the C2V3 of the env gene, and

b) to make phylogenetic analysis of the HIV-1 env sequences of circulating virus isolates in
the STD study subjects and to determine the frequency of subtype C genetic subclusters C

and C' viruses.

2.2. Specific Objectives

The specific objectives of this study are:

a) to determine the percentage of nucleotide and predicted amino acid sequence differences
of HIV-1 in C2V3 of gp120 of the env gene of cell-free virus from blood plasma and
vaginal secretions,

b) to investigate whether differences between amino acid sequences of cell-free HIV-1 in
blood plasma and genital secretions resulted in differences of predicted cellular tropism
by comparing the difference in the net charge and the signature amino acids in the V3
loop of HIV-1 infected women,

c) to construct the phylogenetic tree and observe the divergence between the HIV-1
sequences in genital secretions and in blood using the C2V3 region of the env gene, and

d) to relate the observed viral diversity with viral RNA load and CD4 count.
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3. Subjects and Methods
3.1. Eligibility Criteria for Specimen Collection and Sample Selection

This analysis includes baseline data from examinations of HIV positive women enrolled in

Teklehaimanot Clinic as part of the| follow up of sexually transmitted diseases (STD) study under ~—{ comment [s11:

treatment. Blood plasma and cervicovaginal lavage samples were collected from HIV sero-
positive ~ women. Whole blood was collected in  vacutainer tubes  with

ethylenediaminetetrachloroacetate (EDTA) [(Becton and Dickinson, USA). Plasma was isolated

[ Comment [s2]:

by centrifugation at room temperature for ten minutes at 1180 revolution per minute (rpm) and
stored at —-80°C. A cervicovaginal lavage was obtained by introducing 10 mL of phosphate
buffered saline (PBS) into the vagina and by collecting the pooled fluid in the posterior vaginal

fortex. ]Cervicovaginal lavage fluid samples were vortexed and centrifuged at room temperature,

/{ Comment [s3]:

and cell-free supernatants of the cervicovaginal lavage were carefully removed and stored as
aliquots at —-80°C with the DNA/RNA stabilizer. Of the study subjects, 32 sero-positive women
were selected for the test of compartmentalization through the detection of the genetic variability
based on C2V3 loop of the env gene. Only samples from the study participants with detectable
viral loads in plasma and almost all cervicovaginal lavage of individuals were selected. The study

subjects were not using antiretroviral therapy and there was no sexual intercourse for 72 hours

preceding collection of cervicovaginal lavage and also no intra-vaginal medications| Clinical _—{ comment [s4:

examinations for cervicovaginal lavage collection were not scheduled during menstruation to

reduce the risk of blood contamination (Shepard et al., 2000; Ellerbrock et al., 2001).
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3.2. HIV Screening

HIV screening was performed by HIV-SPOT (Genelabs Diagnostics, Singapore) and enzyme
linked immuno-sorbent assay (ELISA) (Vironostika HIV Uni-Form Il Organon, Teknika, the
Netherlands). Discrepant results were confirmed by Western Blot Assay (HIV BLOT 2.2,

Genelabs Diagnostics, Singapore).

3.3. Enumeration of Lymphocyte Subsets

Absolute number of leucocytes per microlitre of whole blood was obtained using coulter counter
T540 (Coulter Electronics, Florida, USA). Lymphocyte subsets were enumerated based on three
colors staining in whole blood, using a FACScan flow cytometer (Becton Dickinson, USA),
according to the manufacturer’s recommendations. The percentage of lymphocyte and the
absolute count of leucocyte were used to calculate absolute count of the corresponding cell
populations (CD4", CD8", B cells and NK cells) using the Multiset Analysis Software. However,

only the CD4 count was used in this analysis.

3.4. Viral Load Determination

Assessment of the viral load in plasma and cervicovaginal lavage was done using the modified
form of a nucleic acid sequence based amplification assay (NASBA) called Nuclisens NASBA
Diagnostics (Organon Teknika, the Netherlands) on 200 pL plasma and cervicovaginal lavage
samples according to the manufacturer’s recommendations. In brief, RNA was extracted from
blood plasma and cervicovaginal lavage using established guanidinium isothiocyanate silica bead
RNA extraction method of Boom et al. (1990) and isothermally amplified in the presence of three

synthetic RNA standards (Qa, Qb, Qc) of known high, medium and low concentrations,
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respectively. These RNAs serve as internal caliberators each differing from the HIV-1 wild-type
(WT) RNA by only a small sequence. Detection of amplified RNA was performed on a Nuclisens
reader (Organon Teknika, the Netherlands), using the RNA standards for calibration and
calculation of viral loads where the lower limit of detection of the viral load is 80 copies/mL.

Results were also presented as logio RNA copies/mL plasma or cervicovaginal lavage.

3.5. Nucleic Acid Isolation and Purification

HIV-1 RNA was isolated from the collected plasma and vaginal secretions according to
guanidinium isothiocyanate (GuSCN) silica bead RNA extraction method of Boom et al. (1990).
For this purpose, 200 pL of plasma/cervicovaginal lavage was added to 900 pL lysis buffer
(prepared from 120 g GUSCN to 100 mL L1 buffer at a temperature of 60°C with 8.8 mL of 0.5
M EDTA at pH = 8.0 and 2.4 mL (=2.6 g) Triton X-100 heated at 60°C), containing GuSCN. L1
buffer is prepared by mixing 12.1 g Tris to 900 mL distilled H,O with 42 mL 37% HCI pH = 8.0
up to the total volume of 1 L. 50 pL silica was added to the above mix, incubated for 10 minutes

at room temperature, then centrifuged at 14000 rpm for 30 seconds. The pellet was washed after

removing the supernatant with washing |ouffer (L2 prepared by mixing 120 g guandium _—{ comment [s51:

isothiocyanate to 100 mL of L1 Buffer) and ethanol twice each and once with acetone with
mixing and centrifugation. After washing, the pellet was dried at 56°C for 10 minutes and RNA

was eluted with 50 uL Low TE™ (Louwagie Tris-EDTA) buffer for 15 minutes through shaking.
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3.6. Amplification of the C2V3 Region of the Env Gene

From the total RNA elute, 10 uL RNA elute was taken for the reverse transcription reaction and
was reverse transcribed into cDNA by adding into 10 pL reverse transcription mix at 42°C for 1
hour in the water bath with the total volume of 20 uL. Per sample, the total volume of mixes for
reverse transcriptions were 10 pL with 0.5 pL of 1 units/uL avian myeoloblastosis virus reverse
transcriptase (AMV), 2 uL of 10x RT buffer, 4 uL of 25 mM MgCl, 2 pL of 10 mM each
dNTPs, 0.5 pL of 10 units/uL RNAsin, and 1 pL of 10 pmol/uL 3’-ED33, 5’-TTA CAG TAG
AAA AAT TCC CCT C-3". The product of the reverse transcription reaction was put at 95°C for
5 minutes for the inactivation of the AMV. HIV-1 env C2V3 region was amplified using two
rounds of amplification by PCR, in a thermal cycler (Perkin ElImer DNA Thermal Cycler 480).
External PCR reactions were carried out in a 100 pL reaction mixture containing 10 uL of 25
mM MgCl,, 8 puL of 10x PCR buffer, 0.5 uL of 5 units/uL of Taq polymerase, 1 uL of 10
pmol/uL 5’-ED31, 5’-CCT CAG CCA TTA CAC AGG CCT GTC CAA AG-3’, and 60.5 pL
distilled water with the 20 uL of the reverse transcription product. The dNTPs added for reverse
transcription was enough for the first PCR. The first PCR condition was 1 cycle of denaturation
at 95°C for 4 minutes, 35 cycles for 1 min at 95°C, 1 min at 55°C, and 2 min at 72°C for
denaturation, annealing and elongation, respectively, followed by 1 cycle final incubation for 10

min at 72°C for extension| This amplification resulted in a 536-bp DNA fragment of the C2V3

/{ Comment [D36]:

region. A nested PCR amplification of the C2V3 region of the gp120 was performed on the
external PCR products using 5’-V3-M13 (17F), 5’-CAG GAA ACA GCT ATG ACA atg gia gic

tag cag aa-3’ and 3’-V3-M13 (-40R), 5’-CGC CAG GGT TTT CCC AGT CAC GAC aat ttc tig

itc ccc tcc ig-3’ primer#. The nested PCR reactions were carried out in a 100 pL reaction mixture - comment [D371:
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containing 16 pL of 25 mM MgCl,, 10 uL of 10x PCR buffer, 0.5 uL of 5 units/uL of Taq
polymerase, 2 uL of 10 mM each dNTPs, 1 puL of 10 pmol/uL 5’-V3-M13 (17F), 1 pL of 10
pmol/uL 3’-V3-M13 (-40R) and 59.5 uL distilled water with 10 pL of the first PCR product. The
second PCR was for 25 cycles with the same condition as the first PCR. This second PCR
resulted in, a 279-bp DNA fragment which was sequenced for this analysis. For those samples
which were difficult to amplify and sequence, other nested primers 5INNgpCV3-dir, 5’-CGC
CAG GGT TTT CCC AGT CAC GAC tta aat ggt agt mta gca gaa-3’ and 3INNpgV3C-rev, 5’-
CGA CGT TGT AAA ACG ACG GCC AGT gtt gta att tct agg tcc cct cct ga-3” were used for
amplification starting from the first PCR products of primers ED33/ED31 for the second PCR.
The reaction condition for second PCR by the new set of primer was carried out in a 50 pL
reaction mixture containing 1.8 puL of 100 mM MgCl,, 5 pL of 10x PCR buffer, 0.4 uL of 5
units/uL of Taq polymerase, 0.4 uL of 25 mM each dNTPs, 0.5 pL of 100 ng 5INNgpCV3-dir,
0.5 uL of 100 ng 3INNpgV3C-rev and 36.4 uL distilled water with 5 uL of the first PCR product
for 25 cycles in the similar reaction conditions of the above.

3.7. Agarose Gel Electrophoresis

The presence of the amplified PCR products was verified on 1% agarose gels stained with
ethidium bromide (EtBr) for both the first and second PCR products where 0.5 pg/mL EtBr was
used as a DNA stain. To confirm amplification of the region of interest, 5 uL. of the PCR product
with 5 pL of distilled water and 5 pL of loading dye were mixed and loaded on the gel. 100 bp A
DNA fragment was used as a molecular weight marker. The gel was covered with 1500 mL 1x
TAE (Tris-Acetate-EDTA) buffer and it was run at 100 milliampere (120 volt) for 1 hour and

then it was observed under ultraviolet light where PCR positive results fluoresce. Finally,
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Polaroid pictures were taken and the presences of the 536-bp and 279-bp bands were checked for
the first and second PCR products, respectively.

3.8. Sequencing

The nested PCR products were cycle sequenced with Thermo-sequenase fluorescent-labeled
primer cycle sequencing kit according to the manufacturer protocol (Amersham Pharmacia
Biotech, Netherlands). The DNA polymerase, sequenase and the fluorescent-labelled primers,
M1317 base reverse primer (5’-Fluorescein-d[CAG GAA ACA GCT ATG AC]-3’) and M13-40
primer (5’-Fluorescein-d[CGC CAG GGT TTT CCC AGT CAC GAC]-3’), and ALFA0FAM
base direct primer (5’-Fluorescein-d[CGC CAG GGT TTT CCC AGT CAC GAC]-3’) and
ALFUNIFAM base reverse primer (5’-Fluorescein-d[CGA CGT TGT AAA ACG ACG GCC
AGT]-3’) for those difficult samples by the former sequencing primers were used using an A.L.F.
DNA Sequencer Pharmacia Biotech following the manufacturer’s instruction. The cycle sequence
reaction mix containing the primer (2.1 pL, 3 pM/uL), distilled water (14.7 uL), DNA (5 uL, 50-
100 ng) was prepared and 5 pL of this mix was added into four tubes labeled A, C, G, and T,
followed by addition of 2 pL of the A, C, G, and T mix in the respective tubes. The cycle
sequence tubes were subjected to 1 cycle of denaturation at 95°C for 4 minutes followed by 25
cycles of denaturation at 95°C for 30 seconds and annealing/extension at 55°C for 30 seconds.
The cycle sequence products were mixed with loading dye, denatured to form single stranded
DNA and loaded on the gel that was prepared in the following fashion. Sequence gel (120 mL)
for A.L.F. sequencer sufficient for two runs was prepared consisting of urea (50.5 g), accugel
[40% (29:1) acrylamide: bisacrylamide solution (19.4 mL)], distilled water (50.5 mL) and one

spoon of deionizer. The mix (acryl mix) was left for an hour whilst being stirred. After one hour,
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the mix was filtered and degassed, and 10x TBE (Tris-Borate-EDTA, 12 mL) was added. Finally,
60 uL N,N,N’N’-tetramethylethylenediamine (TEMED, catalyst) and 30% ammonium
persulphate (APS, polymerization initiator) each were added to 60 mL of the acryl mix and this
solution was casted into the already prepared sequencing gel plate using a syringe within ten
minutes of preparation. The gel plate was left for at least three hours for polymerization. The
comb inserted before polymerization into the plates form holes following each lane. Lanes in the
gel were washed after 3 hours, and is used for loading of the already prepared mix after the plate
was arranged into the sequencing machine. The 0.6% 2000 mL TBE was put into the two buffer

reservoirs fitted to the gel cassette and both connected to anode and cathode in order to allow

flow of current. The sequencing machine was left on overnight with the appropriate current and —{ comment [s8]:

voltage where the fragments produced following the Sanger’s method move down in the
polyacrylamide gel depending on their size and detected in laser beam following individual lanes.

The electrogram was read from the computer for editing.

3.9. Sequence Analysis

The sequenced products were edited using reverse and other direct sequences produced following
the method in section 3.8. Samples difficult to sequence using the older sequencing primers were
sequenced by the new set sequencing primers from the second PCR product of the new set of
primers and edited with the help of sequenced results of the first and/or second set of sequencing
primers. The sequences were aligned manually with previously obtained HIV-1 env C2V3
reference sequences of Ethiopian strains and with the consensus HIV-DNA sequence alignments
with the Los Alamos database. Alignments and gaps were introduced for optimal alignment of

the amino acid sequence; positions containing an alignment gap were excluded from pairwise
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sequence comparisons. The pairwise nucleotide distances were generated by Kimura 2-parameter
method included in the Molecular Evolutionary Genetics Analysis (MEGA) program.
Phylogenetic analysis of the C2V3 nucleotide sequences was performed with the neighbor-
joining (N-J) method of MEGA (Kumar, 1993) and the PHYLIP package, including the programs
DNADIST, NEIGHBOUR (under the Kimura two-parameter model), DRAWTREE, SEQBOOT
(100 sets) and CONSENSE (Felsenstein, 1996). Amino acid sequence comparisons were
performed using the viral epidemiology signature pattern analysis (VESPA) program (Korber and
Myers, 1992). MEGA was also used for synonymous and nonsynonymous genetic distance
calculation with the modified Nei-Gojobori method with the Jukes-Cantor correction as described
(Collins et al., 2000). A bootstrap value > 70% based on one hundred replications were

considered significant (Hills and Bull, 1993; Hills, 1997).

[ Comment [M9]:

3.10. Statistical Analysis

The statistical analyses were done using the statistical package SPSS for windows 10.0 version 4
for the comparison of clinical data, and synonymous and nonsynonymous nucleotide genetic
distances. The t-test for means of continuous variables test, bivariate correlation analysis, the
Mann-Whitney and Wilcoxon rank test for nonparametric methods in this package were used for

the sake of the comparison of the above parameters.

3.11. Ethics

The study was performed as part of the Ethiopian Health and Nutrition Research Institute/Ethio-
Netherlands AIDS Research Project (EHNRI/ENARP) STD-study, which was ethically cleared
by the EHNRI and Science and Technology Commission. Informed consent was obtained from
patients in this study. Institutional clearance from EHNRI and the Biology Department, Addis

Ababa University was obtained.
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4, Results

4.1. Study Subijects

The analysis includes baseline data from the initial examination of 32 HIV infected women
among those enrolled in the STD/HIV co-infection follow-up study for both the two
compartments. Matched samples of cervicovaginal lavage and blood plasma of HIV-1 infected
women were examined. The median age of the women was 25 years (range 17-50 years) (Table
1). At the women’s first study visits, their CD4" T lymphocyte counts varied from 25 to 670
cells/uL (median 190 cells/uL). Seventeen patients had CD4 cell counts below 200 cells/uL.
HIV-1 RNA plasma virus loads ranged from 8,900 to 1,900,000 copies/mL (median 87,000
copies/mL), whereas cervicovaginal viral loads ranged from < 80 to 88,000 copies/mL (median,
about 2,800 copies/mL only for those with HIV-1 shedding). As shown in Table-1, all the plasma
samples had detectable viral load. Despite the detectable viral loads in plasma for all 32 women,
for 2 (6.4%) of them there was no amplification in the cervicovaginal lavages and in 3 (9.4%),
amplification was less than 80 copies/mL, which is below the lower detection limit of the
Nuclisens assay. In cervicovaginal lavage of subject STD013, there was no amplification using
the Nuclisens Assay. However, this sample was positive by PCR. Twenty-nine of the subjects
(90.6%), with the exception of the three subjects (STD030, STD070 and STDQ75), were positive

for STDs as shown in Table 1.
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Table 1. Age, CD4" T lymphocyte cell count and HIV-1 viral load in plasma and
cervicovaginal lavage of 32 HIV-1 infected women attending an STD Clinic in Addis
Ababa.

Absolute Cervicovaginal lavage viral

Patient 1D Age CD4" cell count/uL Plasma viral load ® load °
STD003 22 155 84000 1900
STD004 25 226 950000 3100
STDO007 28 415 100000 7000
STD008 25 329 170000 1400
STDO11 24 358 140000 220
STDO012 18 212 35000 850
STDO13 20 503 15000 No amplification f
STDO015 27 101 9000 < 80°
STDO016 42 110 8900 < 80°
STDO017 43 122 57000 < 80°
STDO021 23 112 520000 2900
STD022 33 271 41000 2300
STD023 25 176 48000 1600
STD024 20 443 71000 1600
STD026 22 161 610000 55000
STD030¢ 26 670 15000 No amplification
STDO032 17 216 71000 9900
STDO033 23 191 400000 83000
STDO035 22 66 230000 2100
STD036 38 104 25000 2700
STDO041 20 370 53000 1400
STD042 36 257 90000 9400
STDO057 30 53 43000 2700
STD065 33 77 480000 88000
STDO067 50 74 170000 26000
STD068® 19 337 14000 23000
STDO70¢ 29 533 440000 59000
STD072 28 120 45000 2200
STDO073 28 288 800000 69000
STDO75¢ 27 190 910000 29000
STDO079 25 25 1900000 51000
STD088 24 81 710000 37000

Note:

2Cell-free HIV-1 RNA copies/mL in plasma

P Cell-free HIV-1 RNA copies/mL in cervicovaginal lavage

¢ Cell-free RNA below the level of quantification in cervicovaginal lavage (< 80 copies/mL).
4 Subjects with no STD

¢ Subject with higher viral load in lavage than plasma

fViral load negative in Nuclisens but amplification in the PCR
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Although most women had higher RNA concentrations in blood plasma than cervicovaginal
lavage specimens, 1 (3%) of the 32 women, subject STDO068, had higher concentrations in the
cervicovaginal lavage without considering the dilution made during washing for sample

collection and RNA/DNA stabilizer for storage.

The actual cervicovaginal lavage viral load may be difficult to determine because the amount of
the fluid in this compartment is unknown and may vary from person to person. But, for all
individuals, the amount of PBS introduced for washing was equal, i.e., 10 mL, similar volumes of
nucleic acid stabilizer were added before freezing and 200 uL or cervicovaginal lavage was used

as input in the Nuclisens assay.

Mean plasma HIV-1 RNA concentrations were 6-fold higher for women with genital tract
shedding than for those with no shedding (Table-1). The amount of cell-free HIV-1 RNA in
blood plasma was correlated with that in cervicovaginal lavages (Spearman’s rank correlation
coefficient (r) = 0.651, P = 0.0001 and Figure-1). No correlation was found between cell-free

HIV-1 levels in either cervicovaginal lavages or blood plasma with CD4" T lymphocyte levels.
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Logarthmic value of cervicovaginal lavage viral load

1.0
3.0 4.0 5.0 6.0 7.0

Logarthmic value of plasma viral load

Figure 1. Comparison of the logarithmic value of viral load (copies/mL) of HIV-1 cell-free
viruses in plasma and cervicovaginal lavage samples.
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4.2. Polymerase Chain Reaction and DNA Sequencing

To analyze the C2V3 region of the env gene in both compartments, polymerase chain reaction
(PCR) and DNA sequencing were performed using PCR and sequencing primers. A total of 32
plasma samples with the corresponding 30-cervicovaginal lavage samples (for subjects STD079
and STDO088 no cervicovaginal lavage was available), were available for RNA extraction and
amplification. All the blood plasma (100%) samples and 23 (77%) of the cervicovaginal lavage,
with the exception of STD016, STD021, STD022, STD023, STD030, STD035 and STDO068,
were positive on gel for the PCR products of required molecular weight. From the amplified PCR
products of blood plasma and cervicovaginal lavage viruses, 28 (87.5%), with the exception of
STD026, STD036, STD057, and STD072, of the blood plasma and 22 (96%), with the exception
of STDO017, of the cervicovaginal lavages were sequenced and gave interpretable DNA
sequences. This indicates that five amplicons (4 from plasma samples and 1 from vaginal

samples) were difficult to sequence due to unknown reason.

4.3. Phylogenetic Analysis

All the sequenced products of the plasma and lavage gp120 C2V3 sequences were aligned with
previously published Ethiopian subtype C sequences and reference sequences of other subtypes
encompassing the same region from the HIV database. Based on the C2V3 sequences, the
phylogenetic tree generated by a neighbor-joining (N-J) method indicated that all viruses belong

to subtype C, except for subject STD003 who carried a subtype A virus as shown in Figure-2.

The phylogenetic tree reveals the two subclusters, C and C', showing the Ethiopian phylogeny

with a bootstrap value of 50%. This value is not significant. Of the 31 subtype C samples, 19
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(61.3%) were C' and 12 (38.7%) were C. In the overall phylogenetic analysis, the cervicovaginal
lavage sequence of subject STDO036 did not clearly cluster with C or C'. However, it clustered
with C in the C/C’ tree (data not shown). This may indicate presence of co-infection with the two
subtype C subclusters (C/C'") and this may affect the clustering because the sequences refer to

populations of viruses in the individual subject.

The phylogenetic analysis also showed that the HIV-1 sequences from each patient clustered
together, compared with those from other patients with a large bootstrap value which indicates
that the two sequences come really from the same source but they are not identical. This also
indicates the intra-patient variations between the viral species in plasma and cervicovaginal
lavage of patients were not an artifact or contamination of samples. The branch length in
phylogenetic tree between sequences of the corresponding compartments is different as could be
seen from the tree (Figure-2). This implies that, even if the two sequences from the two
compartments cluster together, there is a divergence, differ in rate of change or evolution and

HIV strains with a longer branch are more diverse than those with a shorter branch.

As shown in the phylogenetic tree, the sequence from cervicovaginal lavage of STD0O07 was
found to be subtype B and was found to be closer to the HIV-1 subtype B sequences from Brazil.
The presence of subtype B, for the first time, in these sequences requires verification, if possible,
by tracing the subject. If the result is confirmed true, it will be candidate for the investigation of

double infections and should be the subject of future investigation.
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Figure 2. Unrooted phylogenetic tree of HIV-1 subtypes. Neighbor-joining tree of 264 bases
showed evolutionary relationship of the C2V3 region of the gpl20 of HIV-1 RNA from
cervicovaginal lavage (CL) and plasma (PL) of 50 sequences from the STD study of which 28
were from plasma and 22 from cervicovaginal lavage with other published subtype C reference
sequences. Other reference sequences include Ethiopian subtype C (ETH2220), and other
subtypes which include A (UGU455 and KEQ2317), B (FRHXB2R and USJRFL), and D
(94UG114 and 84ZR085) from Los Alamos database were used. The scale bar represents a
genetic distance of 5%.
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4.4. Comparison of CD4 and Viral Load in Ethiopian Subtype C Subclusters C and C'

Even if viral loads should be considered for groups matched for the same counts of CD4 cells,
enough samples to split them into subgroups were not available. So it was tried to see whether
the CD4 and age distribution data are comparable or not for the median and mean values. The
comparison of the age and the CD4 counts in the two subclusters C and C' did not show any
difference by the Mann-Whitney U-test (P = 0.580 and P = 0.490, respectively), making the viral
load data of the two groups comparable. The median and mean values for the CD4 counts were
found comparable, 149 cells/uL subcluster C and 216 cells/uL subcluster C', and 212 cells/uL
subcluster C and 244 cells/uL subcluster C', respectively, although the standard deviation is quite

high as shown in Table-2.

Table-2. The median and mean values with their standard deviations and errors of the age,
absolute CD4 counts, plasma and cervicovaginal viral load in each of the groups C and C'
subclusters from 32 HIV-1-infected women.

Median Mean | Std. Deviation | Std. Error
Age (yrs) C 26.50 27.67 6.827 1.971
c 25.00 27.26 8.465 1.942
Absolute CD4 count (cells/uL) | C 149.0 2125 174.6 50.400
c 216.0 244.3 153.8 35.290
Logso plasma viral load C 4,665 4.826 0.713 0.206
c 5.230 5.185 0.606 0.139
Logso cervicovaginal lavage C 3.385 3.261 0.956 0.276
viral load c 3.715 3.716 1.031 0.243
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The statistical analysis of the plasma viral load showed that people infected with ' have higher
viral loads than those infected with C. The values in plasma viral load were found significantly
different by the independent t-test that gives weight to the mean value (P = 0.0009) and by the
Wilcoxon signed rank test that gives weight to the median value (P = 0.002). However, although
these data are exciting the groups compared are not big enough to be conclusive and even the
standard deviation is bigger than the differences. The difference in cervicovaginal lavage viral
load for the two subclusters was not done by any statistical test for the reason that no actual
number of RNA was calculated for cervicovaginal lavage specimens due to the absence of

dilution factor information at least in this case.

4.5. Comparison of the Amino Acid Consensus Sequences of the Subclusters C and C' A comment [s10]:

The deduced consensus gp120 C2V3 amino acid sequences of the HIV-1 isolates from the 28
plasma (ConPLC/C") and 22 lavage (ConCLC/C") samples are shown in Figure-3 aligned with the
consensus C (ConC), consensus of 1988 Ethiopian C/C' (Con88C/C"), consensus of Ethiopian
1996 C/C' (Con96C/C"). The consensus amino acid sequences comparison pointed out whether
there are amino acid positions that characterize one particular group. This comparison between
consensus sequences of the C and C” amino acid sequences of both plasma and lavage samples
revealed significant changes at nine amino acid positions, most of which are outside of the V3
loop. In these case, the amino acids at positions Isoleucine (1) 270 Valine (V), Glutamine (Q) 286
Histidine (H), Asparagine (N) 288 Lysine (K), Asparagine (N) 294 Valine (V), Glutamic acid (E)
304 Lysine (K), Isoleucine (1) 306 Methionine (M), Glycine (G) 333 Glutamic acid (E), Lysine

(K)/Arginine (R) 344 Glycine (G) and Lysine (K) 348 Glutamine (Q) stably distinguish C from C’.
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As described above and shown in Figure-3, the V3 loop region revealed two significant amino
acid changes where the Glutamine (E) at position 304 and lIsoleucine (I) at position 306 in
subcluster C virus were substituted by Lysine (K) and Methionine (M), respectively, in subcluster
C’. In addition to the 2 amino acid differences in the V3 loop, there were seven amino acid
differences in the flanking region of the V3 loop although the biological significance of these
differences in amino acids is not known. So, further investigation is needed to see the biological

differences of the two subclusters of subtype C.

The differences in the amino acid consensus sequences of the plasma and cervicovaginal lavage
within subcluster C were at seven positions and within subcluster C’* at four positions. However,
the amino acid sequence differences within each of the two subclusters were outside of the V3
loop region (Figure-3). This is one important indication that the plasma sequences were different
from the cervicovaginal lavage sequences with the potential that the consensus may avoid

sequencing/PCR mistakes/artifacts.

The length of the V3 loop, which is 35 amino acids long and is surrounded by the two-Cysteine
residues and GPGQT (Glysine-Proline-Glysine-Glutamine-Threonine) motif, typical of subtype
C viruses, and Asparagines (N) at the three NNN residue glycosylation site positions 5-7 were
conserved in all the consensus sequences. As shown in Figure-3, all groups had a greater
variability towards the right end downstream of the V3 loop of gp120 in the env gene, which is
the most variable region. However, the V3 loop region was relatively conserved in all consensus

sequences in contrast to the region immediately downstream of it.
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Figure 3. VESPA supported amino acid sequence comparison among different groups of predicted consensus amino acid sequences.
The envelope gp120 V3 region for three periods of the two subclusters C and C” of HIV-1 subtype C of Ethiopian epidemic of which
ConC/C’, Con88C/C’, Con96C/C’, ConPLC/C” and ConCLC/C’ refer to total Ethiopian consensus C, consensus of 1988, consensus of
1996 of Ethiopian sequences and consensus plasma and consensus cervicovaginal lavage 2001 sequences of the STD study of the
respective Ethiopian subclusters C and C’, respectively. The sequences are shown in comparison with the consensus C subcluster of
Ethiopian subtype C. The underlined amino acids sequence refers to V3 loop of Gp120. Dashes indicate amino acid identities. !
indicates unreadable codon.
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4.6. Comparison of the Predicted Phenotypes of the Cell-Free Virus

Figure-4 represents the amino acid sequence alignment of the 18 pairs of samples of the STD
study for the comparison of genetic compartmentalization of viruses in the cervicovaginal lavage
and plasma. All V3 loops including subtype A (STD003) were 35 amino acids long. Most of the
amino acid sequences showed the characteristic C-subtype pattern of GPGQT at the apex. Some
of the sequences (STD012, STD033, STD070 and STDO75) showed a consensus subtype A apex
(GPGQA). The viruses from cervicovaginal lavage of subject STD007 show GPGRA motif of
typical subtype B and it was classified as subtype B in the phylogenetic tree (Figure-2). The first
Asparagine (N) at the three NNN residue glycosylation site positions 5-7 was changed into
Glycine (G) in 6 of the individuals from the total 18 pairs of sequences (33.33%) while it was
changed into Serine (S) in one pair of samples (5.55%) from the two compartments (STD070). In
subject STD041 Serine (S) in the cervicovaginal lavage substitutes Asparagine (N). At position
13 of subject STDO007, Arginine (R) in plasma is replaced by Histidine (H) in the cervicovaginal
lavage and in subject STDO73 Serine (S) in plasma is replaced by Lysine (R) in the
cervicovaginal lavage; at position 29 of subjects STD008 in plasma, STD032 cervicovaginal
lavage, STDO065 both in plasma and cervicovaginal lavage and STD070 in plasma, and at position
25 in subject STDO75 of the cervicovaginal lavage, the negatively charged amino acids, Aspartic
acid (D) and Glutamic acid (E) downstream of the starting Cysteine amino acid of the V3 was
substituted by Asparagine (N) which may affect the phenotype of the virus by affecting the
charge and may have a role in resistance towards the neutralizing antibodies due to the effect in

glycosylation site (De Wolfs et al., 1990)
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Figure 4. Alignment of the V3 loop derived amino acid sequence and net charge.The sequences
of each of the 18 patient isolates were shown both for plasma (PL) and cervicovaginal lavage
(CL). Dashes (-) indicate concurrence with the STDO0O3PL with amino acid homology. Net
charge is indicated to the right of the amino acid sequence. The GPGQT crown and N-linked
glycosylation sites are underlined (* = Cysteine residue and 8, 11, 24, 25, and 29 = signature
positively charged amino acids which determine the phenotype of the HIV-1 viruses and 13, 25
antigenic binding specificity).
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To investigate whether differences between amino acid sequences of cell-free HIV-1 in blood
plasma and cervicovaginal lavage resulted in differences of predicted cellular tropism, the net
charge and signature amino acids in the V3 loop of the major HIV-1 species in plasma and
cervicovaginal lavage of 18 HIV-1 infected women. For each sample tested in both
compartments in this study, the net charge in the V3 loop predicted the same cellular tropism,
i.e., macrophage tropic in both compartments except the virus in the plasma of patient STD070
probably being Sl because it has a charge +5. This individual was not in clinical AIDS stage and
its absolute CD4 count was 533 during sample collection. Similarly, the distribution of charged
amino acids in the V3 loop of viral envelope protein gp120 indicates that no positively charged
amino acids were found at positions 8, 11, 24, 25 and 29 as shown in Figure-4, which is an

indication that almost all subjects carry nonsyncytium inducing (NSI) viruses.

There were differences in the amino acid sequences between plasma and cervicovaginal lavage in
all subjects, except for STD011, STD065 and STDO067. Furthermore, the overall V3 positive
charge was different between the plasma and cervicovaginal lavage sequences for 50% of the
analyzed sample pairs. There was also a difference in the position of the negatively charged
Aspartic acid (D) and Glutamic acid (E) and positively charged Lysine (K), Arginine (R) and
Histidine (H) amino acids. For subjects STD003, STD013, STD032, STD041, STD073 and
STDO75, the cervicovaginal lavage sequences had higher V3 positive charge than the plasma
amino acid sequences in contrast to the samples of STD007, STD008 and STDO070, where the
cervicovaginal lavage amino acid sequences had lower V3 positive charge than the plasma amino
acid sequences. Thus, this result showed relatively higher net positive charge in cervicovaginal
lavage in 6 of the 18 pairs. However, in 3 of 18 women the net positive charge in plasma was

higher than in cervicovaginal lavage, and in 9 of the 18 women the net positive charge was equal
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in the two compartments. Generally paired sample t-test showed that there is no significant net

charge difference (P = 0.205) between amino acids of the respective compartments.

4.7. Comparison of Viral RNA Genotypes

The major genotypes in the populations of viruses based on the C2V3 region of HIV-1 RNA to
see whether there is a divergence or not in matched blood plasma and vaginal secretions were
sequenced. Comparison of the percentage differences of the predicted amino acid sequences of
C2V3 region of cell-free virus in the two compartments was performed in order to investigate
possible differences in HIV phenotypes of 17 HIV infected women (Table-3). Ellerbrock and his
colleagues (2001) showed that> 5% predicted amino acid difference is assumed to be the

minimum divergence value. In this study, the predicted amino acids differences between plasma
and cervicovaginal lavage for these women of the V3 loop region were 1.0%, 2.1%, 2.6%, 2.9%,
3.2%, 4.2%, 4.5%, 4.5%, 4.8%, 5.3%, 5.4%, 5.9%, 6.4%, 8.3%, 10.4%, 11.4% and 14.7%,
indicating that in eight (47.1%) of the women the virus in the plasma and cervicovaginal lavage

constitute different populations.

It is possible that HIV-1-infected cells from blood populate in the genital tissues and are the
major source of cell-free HIV-1 in genital secretions as cited by Ellerbrock et al. (2001). To
address this possibility, the major species of HIV-1 in blood plasma and cervicovaginal lavage
RNA based on the nucleotide difference as indicated in Table-3 was compared. Previous studies
have shown that samples with a < 2% nucleotide difference in a variable region of the HIV-1
genome originate from the same source (Learn et al., 1996). All (100%) of the 17 women had a
C2V3 region nucleotide divergence of > 2% in the two compartments. The median nucleotide

difference between the C2V3 sequences of viral RNA in cervicovaginal lavage samples and
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plasma was 8.3%. In none of the 17 women tested, the nucleotide sequences of the C2V3 region

in the gp120 envelope in the two compartments were identical or had < 2% nucleotide difference.

Table 3. Percentage of predicted amino acid and nucleotide differences in the C2V3 region of the
human immunodeficiency virus type 1 (HIV-1) gpl20 envelope between cell-free virus
population in peripheral blood and cervicovaginal lavage samples from 17 HIV-1-infected
women.

Subject ID Subtype % amino acid sequence % nucleotide sequence
differences differences
STD003 A 8.3 11.0
STD004 C 2.9 3.7
STD008 C’ 45 9.7
STDO011 C’ 2.1 3.6
STD012 C’ 2.6 2.6
STD013 C’ 11.4 15.0
STD015 C 14.7 24.0
STD024 C’ 5.9 9.0
STDO032 C’ 6.4 9.4
STDO033 C’ 4.2 8.6
STD041 C 4.8 7.8
STD042 C 10.4 15.2
STD065 C’ 1.0 2.4
STD067 C’ 45 8.3
STD070 C’ 5.4 6.8
STD073 C’ 5.3 6.8
STD075 C 3.2 4.7
Median 4.8 8.3

Note: % amino acid differences 5% and % nucleotide differences > 2% are assumed to be
indicators of divergence of the cell-free RNA populations in peripheral blood and cervicovaginal
fluid as indicated by Ellerbrock et al. (2001). The % amino acid difference is assumed to be equal
to the nonsynonymous distances because this distance is the result of 95%, 100% and 28% the
first, second, and third nucleotide changes, respectively, in the codons. And % nucleotide
difference is a result of the sum of synonymous and nonsynonymous nucleotide distances
according to Nei and Gojoberi (1986).
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4.8. Synonymous and Nonsynonymous Genetic Distances

The calculation of average synonymous and nonsynonymous genetic distances of overall codons
in the C2V3 region of HIV-1 was done by comparing matched plasma and CVL sequences. The
mean synonymous and nonsynonymous genetic distances were significantly different by the
paired t-test (P = 0.0003) when all subjects were treated together. The nonsynonymous mean
distances were higher than the synonymous distances (0.053 versus 0.029; P = 0.021) for C’ and
still higher but not statistically significant for C (0.064 versus 0.037; P = 0.248) by the Mann-
Whitney test (Table 2). This resulted in a ratio of ds/dn < 1 which is an indication of positive
selection. The mean of synonymous and nonsynonymous genetic distances among the sequences
of the C group seems higher than those of the C” group in the study population described here
(Table 2). However, these differences were not statistically significant by one-way ANOVA for
the two subclusters of subtype C (P = 0.537) and (P = 0.622) for both synonymous and

nonsynonymous genetic distances, respectively.

The absolute CD4 count in blood was negatively correlated but not significant with the ds/dn
ratios (Spearman’s rank correlation coefficient (r) = -0.347, P = 0.172 and Table 2) which may
indicate that the magnitude of the nonsynonymous substitution increases when the individual
infected has strong immune pressure and the fittest virus population is positively selected and
proliferate to dominate the environment in the host. The viral load in blood plasma was positively
correlated with ds/dn ratio but not significant (Spearman’s rank correlation coefficient (r) =
0.036, P = 0.890), which may indicate that the magnitude of the nonsynonymous substitution
decreases when the individual infected has developed higher viral load, in other words, as the

immune pressure decreases, the viral load increases.
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Table 4. The mean cervicovaginal lavage versus plasma synonymous (ds) and nonsynonymous

(dn) nucleotide distance for each couple of sequences with their standard deviation.

Subject ID  Subtype Mean ds (standard Mean dn (standard ds/dn
deviation) deviation)

STDO003 A 0.027 (£0.019) 0.083 (+0.024) 0.325
STD008 c’ 0.052 (+£0.028) 0.045 (+0.018) 1.156
STDO11 c’ 0.015 (+0.015) 0.021 (£0.011) 0.714
STDO012 O 0.000 (+£0.000) 0.026 (+0.011) 0.000
STDO013 c 0.036 (+£0.022) 0.114 (0.028) 0.316
STD024 c 0.031 (£0.021) 0.059 (+0.018) 0.525
STD032 c 0.030 (+£0.020) 0.064 (+0.018) 0.469
STDO033 c 0.044 (+0.026) 0.042 (+0.015) 1.048
STD042 c 0.048 (+£0.025) 0.104 (+0.028) 0.462
STD065 c 0.014 (+£0.014) 0.010 (0.007) 1.400
STDO067 c 0.038 (£0.022) 0.045 (+0.020) 0.844
STDO070 c 0.014 (+£0.015) 0.054 (+0.019) 0.259
STDO073 c 0.015 (+£0.015) 0.053 (+0.016) 0.283

Mean value c’ 0.029 (£0.015) 0.053 (£0.030) 0.547
STD004 C 0.008 (+0.008) 0.029 (£0.017) 0.276
STDO015 C 0.093 (+0.027) 0.147 (£0.048) 0.633
STD041 C 0.030 (+0.021) 0.048 (£0.015) 0.625
STDO75 C 0.015 (+0.015) 0.032 (£0.013) 0.469

Mean value C 0.037 (£0.039) 0.064 (+0.056) 0.578
Note:

ds/dn < 1 refers to positive selection
ds/dn >1 refers to negative selection
ds/dn = 1 refers to neutral selection
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The pairwise mean synonymous (ds) and nonsynonymous (dn) genetic distances among different
consensus sequence groups were calculated along the synonymous and nonsynonymous sites as
shown in Table-5. This is a different representation of a mean value since the consensus does not
include individual differences but only group differences. The distances between the groups are
all comparable and close to 10% both for synonymous and nonsynonymous distances. The nearly
10% synonymous genetic distances between the two groups indicate the diversity at the protein
level and the value for nonsynonymous distances between the two groups indicate the differential

evolution in the two subclusters.

The distance between the consensus sequences of the cervicovaginal lavage and plasma within
the group are much lower, which is characteristic of intra-patient variation. This is not an
unexpected result in blood plasma or cervicovaginal lavage sequences with high degree of
sequence identity within such individuals, because any two virions may have shared a common
ancestor within the patients. The synonymous genetic distance within the subcluster C’ is the
lowest which is an indication of similarity in evolutionary stage but the presence of relatively
high (2%) nonsynonymous genetic distances is an indication of the presence of factors which

lead the virus to evolve.
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Table 5. The mean synonymous (ds) and nonsynonymous (dn) nucleotide distances of pooled
sequences. The genetic distances of consensus sequences of the Ethiopian pooled subtype C with
subclusters C/C’ of two different years and these clusters within cervicovaginal lavage and
plasma of the present study with the standard deviation

Mean ds (standard deviation) Mean dn (standard deviation)

EthC/EthC’88
EthC/EthC’96
cLc/cLe’
PLC/PLC’
PLC’/CLC’
PLC/CLC

0.103 (+0.040)
0.108 (+0.041)
0.100 (+0.043)
0.110 (+0.043)
0.000 (+0.000)
0.030 (+0.021)

0.107 (+0.025)
0.089 (+0.027)
0.119 (+0.032)
0.106 (0.028)
0.021 (+0.010)
0.042 (+0.015)

As shown below in Figure-5 and Table-6, the distance differences for both synonymous and
nonsynonymous nucleotide distances generally seems increasing over the years from 1988 to
1996 and seems more increasing for both plasma and cervicovaginal lavage sequences obtained
in the present study. It indicates that the virus in the Ethiopian HIV-1 epidemic is in continuous
evolution over time. This is an indication of the presence of strong positive selection due to the

presence of immune pressure may be due to continuous immune activation in this population.
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Figure 5. Kimura, mean synonymous and nonsynonymous genetic distances for both plasma
(past + present sequences) and cervicovaginal lavage sequences of the present study. The ratios
are derived from C2V3 sequences of the two Ethiopian subclusters C and C’ (a and b,
respectively) obtained from HIV-1 infected patients with the corresponding years. The line graph
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indicates the parallel increment of all parameters within the years.
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Comparison of the plasma sequences of the former and the present studies showed that the
synonymous distance for subtype C subcluster C’ sequences (7.7%) was less compared to
subtype C subcluster C (9.7%) while the nonsynonymous distance is relatively comparable
(13.0% and 14.3%). For the cervicovaginal lavage sequences of the present study, the
synonymous distance among subcluster C* sequences (11.5%) was less compared to subcluster C
(19.6%) while the nonsynonymous distance is relatively comparable (17% and 20.4%). For the
plasma sequences of the present study, the synonymous distance among subcluster C’ sequences
(10.2%) was less compared to subcluster C (17.5%) while the nonsynonymous distance is
relatively comparable (17.1% and 19.4%). The calculation of the genetic distance between C and
C’ (C/C’) subcluster viruses resulted in 12.5% at synonymous and 16.4% at nonsynonymous

sites.

Synonymous and nonsynonymous genetic distances increased with time due to the parallel
accumulation of synonymous and nonsynonymous substitutions (with P < 0.001 for both of the
two variables) and nonsynonymous substitutions overweigh within the given time. The paired t-
test for synonymous versus nonsynonymous distances of all sequences with no partition by
clustering was found highly significant (P = 0.0001 for both variables). Even though the C” was
shown to be dominating in the present study, the mean of synonymous and nonsynonymous
nucleotide variation among the sequences of the C group seems higher than in the C’ group but
not statistically significant (P = 0.113 and P = 0.307, respectively) by one-way ANOVA. When
the analysis was performed independently between the two subtype C subclusters C and C’, the
synonymous and the nonsynonymous genetic distances were not statistically different (P = 0.465

and P = 0.076) by the Mann-Whitney test for subcluster C and subcluster C’, respectively.
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Table 6. The mean synonymous (ds) and nonsynonymous (dn) nucleotide distance variation
within a group of consensus sequences of pooled Ethiopian subtype C from C/C’ subclusters of
C2V3 region of the env gene. Pooled C and C’ of different years and pooled results of the
cervicovaginal lavage and plasma sequences of the present study (2001) with standard deviation
of each group are indicated.

Subtype | Number of | Sequence Kimura Distance Mean ds (standard Mean dn (standard ds/dn
Sequences group (standard deviation) deviation) Deviation)
c/iC’ ETH C/C’ 0.156 (£0.013) 0.125 (+0.020) 0.164 (+0.022) 0.762
70 ETHC 0.132 (£0.012) 0.097 (+£0.012) 0.143 (+0.020) 0.678
c 28 88C 0.095 (£0.010) 0.055 (+0.011) 0.109 (+0.017) 0.505
17 96C 0.153 (£0.014) 0.140 (+£0.021) 0.157 (+£0.023) 0.892
21 97C 0.153 (£0.013) 0.115 (+0.016) 0.166 (+0.023) 0.693
9 PLC 0.192 (£0.016) 0.175 (+0.025) 0.194 (+0.024) 0.902
7 CLC 0.207 (£0.020) 0.196 (+0.031) 0.204 (+£0.030) 0.961
77 ETHC’ 0.117 (£0.010) 0.077 (+0.009) 0.130 (+0.017) 0.592
c 18 88C’ 0.071 (£0.009) 0.038 (+0.008) 0.083 (+0.014) 0.458
20 96C’ 0.127 (£0.012) 0.088 (+£0.015) 0.139 (+£0.019) 0.633
40 97C’ 0.129 (£0.012) 0.090 (+0.010) 0.141 (+0.020) 0.638
16 PLC’ 0.173 (£0.018) 0.102 (+0.016) 0.171 (£0.023) 0.596
13 CLC’ 0.157 (£0.015) 0.115 (+0.018) 0.170 (£0.026) 0.676
Note:

Significant value of sequence differences in each of the 13 groups for both synonymous and nonsynonymous genetic
distances is p < 0.001 by two tailed test.

Ds/dn < 1 refers to positive selection
Ds/dn >1 refers to negative selection
Ds/dn = 1 refers to neutral selection
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5. Discussions

In this study, sequencing of the C2V3 region of the gp120 of the env gene was performed to see
if there exists compartmentalization of HIV in peripheral blood and vaginal mucosa in samples
collected from HIV-1 positive women attending an STD clinic in Addis Ababa, Ethiopia. Both
cervicovaginal lavage and blood plasma samples were used for this compartmentalization testing

through phylogenetic and genotypic analysis.

There were discordance in amplification and sequencing of the viral PCR product in plasma and
cervicovaginal lavage samples. The most probable reason for problem in sequencing of these
samples could be the presence of some fragmented products and protein materials in the
sequencing mix, which come from the nested PCR product due to the absence of purification
steps and not updated sequencing machine. The reasons contributing to the absence of
amplification could be low viral load, presence of amplification inhibitors, the aberrant nature of
the RNA and possibly repeated freezing and thawing of the samples during laboratory activities

which may result in RNA degradation.

All the present 31 sequences belong to subtype C except for subject STD003 who carries a
subtype A virus. This is an indication of the dominance of subtype C in the Ethiopian epidemic of
HIV/AIDS, with sporadic subtype A and D infections as reported by Abebe et al. (1997, 2000)
and Hussein et al. (2000). The present subtype A is the fifth documented HIV-1 subtype A
infection in Ethiopia. Four earlier reported subtype A viruses are: AFAR11-A detected from a 25-
years old man in Afar Regional State from police recruits (Zewde et al., 2001), TP95001-A from

a pregnant woman and AA97206-A from a commercial sex worker in Addis Ababa (Abebe et al.
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1997, 2000) and A3099-AC recombinant, where C at its V3 loop region, with an almost full

length sequence (Sherefa et al., 1996).

The phylogenetic tree showed the two subclusters, C and C’ of the Ethiopian subtype C
subclusters, with no significant bootstrap value. Of the 31 subtype C samples, 19 (61.3%) were
C’ and 12 (38.7%) were C. The percentage of C” was lower than the previous report by Rinke de
Wit et al. (2002), where 75% of the sequences belong to subtype C’ while 25% to subtype C.
These results are in contrast to Abebe et al.’s report (2000) that showed that from the analyzed
samples 43% of 1988, and 52% of 1996 and 1997 contain a C’ virus. These studies confirm the

spreading of C’ virus among the study population with time.

Patients infected with subtype C subcluster C’ had significantly higher plasma viral loads than
those infected with subcluster C. The comparison of the age and the CD4 counts in the two
subclusters C and C’ did not show any differences. This is in agreement with the finding by
Rinke de Wit et al. (2002). The dominance of subcluster C’ in comparison with C and the
presence of higher viral load in subcluster C’ than C might be due to the selective advantage in
terms of transmission of C’ viruses. In fact, this suggestion is in agreement with Pollakis et al.
(unpublished data) on the presence of C/C’ recombinant viruses, where all the recombinants
carried the C’ virus in the env region. It indicates that C’ viruses could be selectively advantaged

possibly due to their higher replication efficiency.

Diversity in the viral genome is due in part to the high error rate and lack of proof reading
activity of the retroviral reverse transcriptase (Coffin, 1986b; Preston et al., 1988). It is also

influenced by the cellular (Epstein et al., 1991; Itescu et al., 1994) and immunological (Borrow et

al., 1997) environment of the host. Provirus studies have shown that HIV-1 proviral sequences —{ comment [s11]:
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can be non-uniformly distributed throughout the body. Differences in the composition of virus
population in plasma, PBMC and other compartments have been described for a number of viral
genes that support the concept of anatomically distinct, independently evolving quasispecies.
Distinct proviral sequence variants have been reported in some patients in PBMC compared to
brain tissue (Epstein et al., 1991; Hughes et al., 1997; Korber et al., 1994; Pang et al., 1991;
Power et al., 1994; Wong et al., 1997), cerebrospinal fluid (Kuiken et al., 1995; Steuler et al.,
1992), spleen (Epstein et al., 1991), lymph node (Ball et al., 1994, Sheehy et al., 1996), lung

(ltescu et al., 1994) and semen (Kiessling et al., 1998).

Detection of HIV-1 RNA in cervicovaginal secretions is primarily associated with increased
plasma HIV-1 RNA load (Gouldston et al., 1998). In this study, the subjects were not on anti-
retroviral treatment and the amount of cell-free HIV-1 RNA in blood plasma was correlated with
that in vaginal secretions. This correlation should be evaluated in subjects on anti-retroviral
therapies. However, statistical test of significance of viral loads between the two compartments is
difficult due to the dilution difference in different individuals and there is a need of developing a
method to know the actual dilution factor in the cervicovaginal compartment. Although most
women in this study had higher concentrations in blood plasma than cervicovaginal lavage
specimens, one woman had higher RNA concentrations in the cervicovaginal lavage. This result
is in agreement with the work by Kovacs et al. (2001) that 4% of the subjects in their study had a
higher cervicovaginal viral load than the plasma viral load. There is an indication that these two
compartments are spatially different replication reservoirs; otherwise, in the absence of this
compartmentalization with the presence of the dilution of the cervicovaginal lavage samples, it is
expected to see less amount of RNA viral load in the genital compartment. Effective treatment of

STDs results in significant reduction of genital shedding while failure of treatment is associated
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with persistently elevated HIV shedding (Wolday et al. AIDS Conference, Barcelona, 2002), and
the later may be associated with increasing viral diversity due to selection pressure of the

persistent immune activation.

Phylogenetic analysis of these sequences showed that the HIV-1 sequences from both plasma and
cervicovaginal lavage of each patient clustered together, compared with those from other patients
which indicated that the two sequences come really from the same source but they are not
identical. This implies that even though the two sequences from the two compartments cluster
together, there is a divergence and HIV strains with longer branch are more diverse than the
shorter branch. These data provide phylogenetic evidence for HIV compartmentalization between
peripheral blood and vaginal mucosa. The data provide evidence for replication of the HIV-1 in
vaginal mucosa and indicate that HIV strains residing in the vaginal mucosa microenvironment
are not in a state of unrestricted bi-directional movements with viruses circulating in the blood.
This in turn suggests that the vaginal mucosa may serve as a viral reservoir potentially harboring
HIV-1 strains that have evolved under tissue specific selection pressures. The work by Birdsall et
al. (2002) showed the above fact that reverse migration of HIV-1 infected leucocytes out of the
perivascular reservoirs may provide a way to disseminate HIV-1 and expand the body burden of

the virus in some patients receiving highly active antiretroviral therapy.

All these results are in agreement with results from other studies done in matched HIV-1
sequences derived from cervicovaginal fluid and from PBMC (Poss et al., 1995; Overbaugh et
al., 1996; Ellerbrock et al., 2001) even though the RNA populations in the vaginal mucosa and
blood plasma were compared. Genetic differences were found between proviral variants in the

peripheral blood and those in the genital secretions in women infected with HIV-1 envelope
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sequence subtypes A and D (Poss et al., 1995). Evidences support this independent evolution of

mucosal lineages in individuals chronically infected with HIV-1 (Overbaugh et al., 1999).

The prediction of cellular tropism, in the 35 amino acids V3 loop predicted positive charges
< 5.0 which suggests that the virus is macrophage tropic, whereas positive charges > 5.0 suggest
that the virus is T cell tropic (Fouchier et al., 1992). Amino acids at positions 11, 24 and 25 in the
V3 loop are defined and used as signature amino acids for the determination of SI and NSI
phenotypes (Chesebro et al., 1992; De Wolf et al., 1994) of which these are proved to be true in
A, B, D and E (now AE recombinant) subtypes. In addition, it is indicated that amino acid
positions 8, and 29 were important for the syncytium-inducing, high replication rate conferring
property of the V3 Region (de Jong et al., 1992a; Abebe et al., 1999) and amino acid positions 13
and 25 are thought to be used in antigen binding specificity (Wolfs et al., 1991; Shioda et al.,

1994).

In the present study, differences in the predicted amino acid sequences of plasma and
cervicovaginal lavage at seven positions for subcluster C and at four positions for subcluster C’
were found. This is one important indication that the plasma sequences were different from the
cervicovaginal lavage sequences. A more positive charge of the V3 loops were found in the blood
strains compared with genital fluid strains (Sutthent et al., 2001). However, relatively higher net
positive charge in cervicovaginal lavage in 6 of the 18 pairs was found although in 3 of 18
women net positive charge in plasma was higher than cervicovaginal lavage viruses. The finding
that there are not only amino acid differences but also V3 positive charge differences might
reflect the difference in quasispecies viruses in the two compartments. There may be also a co-

receptor usage difference in the two environments following the difference in the charge because
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it is already proven that charge has a role in resulting different phenotypes of viruses (Fouicher et

al., 1992).

The analysis of nucleotide and the predicted amino acid sequences of major quasispecies of HIV-
1 RNA in blood plasma in comparison with cervicovaginal lavage, indicates that local HIV
replication in the female genital tract provides the opportunity for development of virus
phenotypes that may be different from those in blood. In this study, the predicted phenotype in
almost all subjects was nonsyncytium inducing except for subject STD070 who had a predicted
syncytium inducing phenotype in plasma sample. This subject has no clinical symptoms of AIDS
and its absolute CD4 count was 533 cells per cubic millimeter. In support of this result,
Katzentein et al. (1996) reported that CD4 cell counts were not significant predictors of clinical
outcome even though the syncytium-inducing phenotype were significantly associated with an
increasing risk of progression to AIDS or death. The dominance of syncytium inducing
phenotype in this result is in agreement with the work by Bjorndal et al. (1999) and Abebe et al.
(1999) on biological phenotype and co-receptor usage of HIV-1 subtype C isolates obtained from
Ethiopian AIDS patients, revealing scarcity of CXCR4 usage of subtype C isolates that

distinguishes subtype C from other HIV-1 subtypes.

The premise that phylogenetic structure arose by independent migration events and subsequent
viral proliferation is consistent with the biology of memory cells homing to specific tissue
compartments (Mackay et al., 1992a; Mackay et al., 1992b) which means that there is repeated
migration of viruses into the different compartments followed by localized expansion of these
populations. Tissue specific variant populations and distributional differences of variants in the
genital mucosa and PBMCs suggest that selective pressures on the two virus pools are different

or nonsynchronous. Local chemokines and HIV-1 specific immunoglobulins production in
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female genital tract secretions are reported to be different to those in blood (Belec et al., 1995;
Iversen et al., 1998). This indicates that there is also immunological compartmentalization in

peripheral blood and vaginal mucosa.

Elucidation of the mechanism for viral evolution within a human body is of a particular
importance in understanding the evolutionary mechanism of viruses and for developing effective
strategies for antiviral therapy and vaccination. The phylogeny through genetic distance of the
sequences in the present study were compared with sequences of previous years and were able to
show the viral evolutionary pattern over time. The type of selective pressure operating on the
virus population dynamics in the two compartments at a given point of time in the present study

were also shown.

Studies of viral evolution frequently involve portion of the envelope gene, which encodes the
envelope glycoprotein of the HIV-1, gp120 because it contains determinants of cell tropism
(Shioda et al., 1991). HIV is characterized by enormous genetic flexibility, which gives rise to
drug resistance, escape from immune responses and failures of the immune responses. The
diversity of viral quasispecies, however, is shaped by a combination of mutations and selection
forces. The main selective forces that have been proposed to derive HIV diversity are the immune
response, cell tropism and random activation of infected cells (Bonheoeffer et al., 1995).
According to Holmes and Zanotto (1998), Bonhoeffer et al. (1995) and Collins et al. (2000), the
ratio of ds/dn shows the type of selection, in which a ratio ds/dn = 1 is indicative of neutral
selection, ds/dn < 1 is indicative of positive selection and ds/dn > 1 is indicative of negative
selection. The ratio can also be interpreted in terms of the immune status of an individual because
the ds/dn < 1 in an individual signifies strong immune response and ds/dn > 1 in individuals

signifies weak immune response. In this context, the absolute CD4 count in blood plasma was

59



negatively correlated but not significant with that of the genetic distance rate ratio ds/dn of the
two compartments, which may indicate that the magnitude of the nonsynonymous substitution
increases when the individual infected has strong immune pressure and the fittest virus

population is positively selected and proliferates to dominate the environment in the host.

Synonymous and nonsynonymous genetic distances at synonymous and nonsynonymous amino
acid sites support the clade C HIV-1 evolutionary divergence study between cervicovaginal
lavage and blood plasma. Nucleotide substitution analysis in matched plasma and cervicovaginal
lavage samples of an individual indicated that there was positive selection pressure in almost all
women. The mean synonymous and nonsynonymous distances between the two compartments is
significantly different, regardless of the two subclusters of subtype C, which means there is a
drive that pushes the virus in the two compartments to differentiate. This indicates that there is
also the compartmentalization of the immune pressure as one of the selective forces for the HIV

evolution in patients.

In the settings of HIV-1 infection, cellular activation in the mucosa is enhanced by the
stimulation of proinflammatory cytokines (Kotler et al., 1993). The majority of the mucosal CD4
lymphocytes express high levels of the CCR5 and CXCR4 co-receptors in the presence of
proinflammatory cytokines and chemoattractant, resulting in infiltration of immunocompetent
cells. This increases the chance of infection of cells by the HIV-1 virus (Olsson et al., 2000). The
presence of certain genital tract infections is associated with substantial increases in the level of
HIV-1 in genital secretions (Wahl et al., 1999). Nearly all subjects in this study presented with
sexually transmitted infections. According to Wright et al. (2001), cervical inflammation and
ulceration are associated with local HIV-1 expression increasing up to 10,000-fold, thereby

increasing the amount of HIV-1 shedding into genital secretions. This may explain why sexually
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transmitted diseases are important risk factors for HIV transmission. Increased viral replication
due to cellular activation in these compartments may result in higher mucosal HIV-1 load and, in
the face of selective pressure through immune response or antiretroviral medications to

differential evolution.

The synonymous distance in subcluster C* of Ethiopian virus sequences (including the present
ones) was less compared with the synonymous distance in subcluster C, while the
nonsynonymous distances are relatively comparable. Even though C’ was shown to be
dominating (Rinke de Wit et al., 2002) and for present the study the samples were collected in
2001, the mean of synonymous and nonsynonymous nucleotide variation among the sequences of
the C group is higher than in the C” group even if it is not significant. This could be explained as
either this subcluster C” viruses are the results of intra-patient variation so that C’ evolves from
C, or they are introduced late. However, both of the above explanations are ruled out because a
study on the years of introduction of these viruses in Ethiopia estimated the years 1982 and 1983
to be the year of introduction of subtype C’ and C viruses respectively (Abebe et al., 2001a;
Abebe et al., 2001b). The greater replication rate of group C viruses cannot be an explanation too
because if this group of viruses had a higher replication rate, they would have replaced the C’
virus which is not the case at present. In contrast, the viral load of subcluster C’ was found to be
higher than C which may lead to the conclusion that it is selectively advantaged for transmission
and then replication. So, the reason for the presence of larger synonymous genetic distances in

subcluster C than C’ should be verified.

Virus in patients diverged with time, more consistently at its non-synonymous sites (Shankarappa
et al., 1998). Synonymous and nonsynonymous genetic distances increased over years from 1988

to 2001, may be due to the parallel accumulation of synonymous and nonsynonymous
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substitutions even though nonsynonymous substitutions overweigh within the given time. It
indicates that the virus in the Ethiopian HIV-1 epidemic is in continuous evolution. This
evolution can be caused by a strong positive selection as a consequence of continuous immune
activation in the study population due to intestinal parasitic infections (Kassu et al., 2001). It is
found that a greater systemic HIV-1 heterogeneity exists in HIV/TB patients than in HIV
patients. Phylogenetic and sequence analysis of the C2V3 region of individual env pair clones of
HIV and HIV/TB patients indicated more diverse clustering of the quasispecies and greater
mutation frequencies in the TB patients. In addition, HIV/TB patients tended to have higher
nonsynonymous (dn)/synonymous (ds) values than HIV patients, suggesting a stronger immune

selection pressure in the former (Collins et al., 2001).

The limitations of this study were absence of purification of the PCR products for sequencing and
not having performed sperm test for those subjects under the study. This is because protein
materials and fragmented PCR products in the PCR may affect the migration pattern of the actual
fragmented products for sequencing in unpurified PCR product. The sperm test was important
because the study subjects might have mated in the prohibited period to meet the criterion of the
study. If the subject(s) probably had sex with HIV positive individuals, there may be washing of
the sperm and the virus in it. So there may be amplification of the virus in the sperm, which may
affect the comparison of the virus genetic variability in the two compartments. For example, in
subject STD007, the subtype found in cervicovaginal lavage is B; in contrast, it is found to be
subtype C in plasma. This discordance may be due to the above limitation or there may be
multiple infections in this individual where subtype B population is dominant in cervicovaginal
lavage and subtype C population in blood. This means that the two subtypes may be found in the

two compartments. However, this subtype difference may be from sampling of the viral
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populations during amplification for sequencing. But, the absence of contamination in other pairs
other than STDO007 is confirmed through the phylogenetic analysis as shown in Figure-2.
However, the problem of viral contamination by viruses from the sperm is not occurred as it is
proven in the phylogenetic analysis where viral sequences from blood plasma and cervicovaginal

lavage of an individual cluster together with large bootstrap value.
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6. Conclusions and Recommendations

This study showed that the Ethiopian subtype C subcluster C’ is dominating the subcluster C.
Both subclusters are in continuous evolution may be due to the presence of continuous immune
activation in our population. The increasing of HIV-1 subtype C genetic heterogeneity within
these isolates may be an indication for the role of STDs in immune activation and further
selection of fittest isolates in vaginal mucosa and contributing to the systemic heterogeneity
because there is no complete barrier between different compartments within a body (partial
compartmentalization). Effective treatment of STDs are found to reduce the viral shedding and
further helps in reduction of viral transmission through heterosexual intercourse. This result also
showed that subjects infected with subcluster C” virus had higher viral load compared to those
infected with the subcluster C virus even though the sample size was small. This finding should

prompt further investigation with a sample size large enough for conclusive results.

The virus populations in blood plasma and vaginal secretions were found significantly different.
The presence of divergence in peripheral blood and vaginal mucosa must be considered in the
view of the application of chemotherapies and future vaccines. This result also implies that
consideration of both subtype C subclusters C and C’ in the Ethiopian case is necessary for
development of vaccine(s) or therapies. Of course, there is need of whole genome sequence
analysis to see whether there is difference between the two subclusters and to come with
protective vaccine. Adding of fifty sequences to Ethiopian sequences is another achievement and
these sequences will be submitted to the genebank with the specified accession numbers as far as

the publication is submitted and published in an international journal.
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Basic knowledge on genetic variability of the HIV-1 virus in different body compartments is
indispensable as it can affect infants exposed to the HIV-1 variants during birth and men during
heterosexual intercourse. Therefore, the existence of genetically varied HIV-1 variants in
cervicovaginal fluid stresses the importance of considering viruses in both blood and
cervicovaginal fluids in evaluating the impact of therapeutic treatment regimens and candidate

vaccines.
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