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Genetic Diversity and the Human
Immunodeficiency Virus Type-1:
Implications and Impact

Orville Heslop
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1. Introduction
1.1 Overview

Genetic diversity is the tendency of individual genetic characteristics in a population to vary
from one another or the potential of a genotype to change or deviate when exposed to
environmental or genetic factors (Dale & Park, 2010). The extent to which the trait or the
genotype tends to vary describes genetic variability and at the molecular level variability is
measured by determining the rate of mutation. Genetic diversity however measures the
number of the actual variation of species in a population (Dale & Park, 2010).

The scope of references to the numerous microbes which demonstrate both genetic diversity
and variability within their genomes are beyond the limits of this chapter. Our focus is
therefore confined generally to those species which would best explain the nature, mode
and factors which influence mutational changes which can be measured.

1.2 Factors influencing diversity

The genetic response of micro-organisms to host and various environmental selective
pressures may vary differentially among species. The outcome characterized by the
influence of these factors often result in minor or major mutational changes and host
adaptability.

Organisms of one genotype such as mumps, rubella and the measles virus do not
demonstrate the type variability or diversity as the influenza, human immunodeficiency
virus (HIV) and hepatitis viruses. Consequently the predictability of the epidemiology of
highly genetically diversified agents is often more challenging. The etiology of an influenza
outbreak is invariably the result of genetic re-assortment of different influenza strains.
Metzulan et al., (2004) report that genetically distinct multiple viruses can combine to cause
an influenza B epidemic in a community and that the frequent re-assortment among these
viruses play a role in generating the genetic diversity of influenza B viruses (Metzulan et al.,
(2004). There are several factors which influence diversity and are dependent on the species
involved, the host with various immunological selective pressures, environmental pressures
as well as treatment intervention resulting in development of resistance genes to
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antibacterial, antiviral, antifungal and antiprotozoal agents. Resistance to several
antimicrobials used as therapeutic agents relative to the various and specific categories of
microorganisms have been well documented (Murray et al, (2007). The human
immunodeficiency virus is demonstrably the most genetically diverse microorganism and is
an important reference point in understanding and appreciating the impact of genetic
diversity. Whatever the resulting impact of mutational changes, it is important to determine
how these changes impact the definitive host, their influence on transmission of the
infecting agent and whether these changes are measurable and can be used as an
epidemiological tool in clinical and laboratory diagnosis.

1.3 Measuring genetic diversity

The etiological agent in an outbreak can be determined based on phenotypic characteristics
which are the observable properties of the organism measured under controlled laboratory
settings. Genetic characteristics are, however, more difficult to measure employing various
molecular methods and highly trained individuals. The major difference between
phenotypic (physiological) and genetic characteristics, is observed in altered physiological
changes as opposed to properties of micro-organisms which are genetically inherited. The
importance of genotyping as an epidemiological tool in determining mutant genes in drug
resistance cannot be overemphasized. This involves the genome of micro-organisms and is
the focal point for single or multiple mutational changes.

Behavioural changes of micro-organisms are the results of mutational changes in genes and
consequently are responsible for the various features exhibited by these organisms. Included
in the changing behavioral patterns of microorganisms and in particular bacteria, may range
from differences in biochemical reactions, growth requirements, tolerance to various
temperatures and resistance to therapeutic agents. These changes may be demonstrated
under controlled laboratory conditions by assays and specific methods designed to
determine phenotypic and genotypic characteristics.

2. Background of the problem

The first cases of acquired immunodeficiency syndrome (AIDS) were recognized in the USA
during 1981 (Morbidity Mortality Weekly., 1981). By 1983 the human immunodeficiency
virus - type 1 (HIV-1) had been identified and was later confirmed to be the aetiologic agent
of AIDS (Barré-Sinoussi et al., 1983). At the end of 2000 an estimated 60 million cases of
human immunodeficiency virus -type 1 (HIV-1) infection were reported globally (Barré-
Sinoussi, 1983; Piot, 2001). The extensive genetic variation which characterizes HIV-1 is an
important feature of the HIV/AIDS epidemic (Robertson et al., 2000). The genetic variability
of HIV-1 is generated by the lack of proof reading ability of the reverse transcriptase, the
rapid turn-over of HIV-1 in vivo, host selective immune pressures and recombination events
during viral replication (Heyndrickx, 2000; Ho, 1995; Leitner, 2005; Michael, 1995; Tatt,
2001). This has several public health implications although the biological significance is not
known (Loussert-Ajaka, 1998; Tatt, 2001). The HIV-1 subtypes vary in the geographical
distribution of the virus (Heyndrickx, 2000; Tatt, 2001). The differences in HIV-1 subtypes
and geographic diversity impact the development of efficacious vaccines, diagnostic testing
and antiviral therapy (Borrow, 1997; Loussert-Ajaka, 1998; Piot, 2001). On the other hand,
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the genetic hetero-geneity in HIV may aid the surveillance of transmission patterns within
the epidemic (Robertson et al., 2000).

The World Health Organization reports that the economies of Caribbean countries, which
rely heavily on tourism components are substantially affected by the HIV epidemic
(UNAIDS/ WHO, 2004). In addition, most countries in the Caribbean are limited in their
capacity to control and track the evolution of the epidemic. It is therefore necessary to
strategize surveillance programmes which include the determination of existing HIV-1
subtypes to understand the changing nature of the epidemic and measures to control spread
of the virus in the Caribbean (d'Cruz-Grote, 1996; Delwart, 1995).

In Jamaica, the first case of AIDS was reported in 1983 and the number of reported cases
increased to over 12,000 by 2007 (Ministry of Health, Jamaica, 2007). Being a tourist
destination increases Jamaica’s potential for introduction of different HIV-1 subtypes and
circulating recombinant forms (CRFs) of the virus into the Jamaican population. The aim of
this study is to determine the HIV-1 subtypes in HIV-1 infected persons and the molecular
epidemiology of the virus in Jamaica. The main objectives are to:

i.  determine current subtypes and recombinant forms of HIV-1

ii. investigate the relationships between HIV-1 subtype strains in terms of transmission
and disease progression in Jamaica

iii. evaluate the heteroduplex mobility assay (HMA) as a sub typing method in the
HIV/AIDS epidemic in Jamaica

3. Literature review
3.1 Human Immunodeficiency Virus - type 1 (HIV-1)

Human immunodeficiency virus - type 1 (HIV-1), a member of the genus Lentivirinae, and
family Retroviridae is closely related to its primate retrovirus HIV-2 and is the cause of
acquired immunodeficiency syndrome (AIDS) (Chiu, 1985; Peeters, 2000). While HIV-1 is
responsible for the vast majority of cases in the AIDS pandemic, HIV-2 is almost exclusively
confined to Africa and, to a large extent, is responsible for the epidemics seen in that region
(Peeters, 2000).

HIV-1 is divided into three genetic groups: group M (major or main), group O (outlier) and
N (new or non-M, non-O) group M being responsible for the AIDS pandemic accounting for
over 90% of HIV infections worldwide (Hemelaar et al., 2006). Nine pure subtypes of HIV-1
group M are currently known (A-D, F- H, ] and K). These subtypes are further into sub-
subtypes such as F (F1 and F2 and A (A1, A2 and A3). Subtypes and sub-subtypes may form
additional mosaic forms when individuals are dually or multiply- infected by different
strains of HIV-1 giving rise to known recombinant forms (Burke, 1997) - CRFs, - drug
resistance differences). To date, over 40 CRFs are recognized (Taylor et al., 2008).

3.2 Morphology and genomic organization of human immunodeficiency virus -type 1
(HIV-1)

Structure of HIV-1 A schematic presentation of the structure of the human
immunodeficiency virus - type 1 (HIV-1) as described by Hahn, (1994 - 42) is shown in
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Figure 1. Like the other human retroviruses the mature virion of HIV comprises icosahedral
cores containing the RNA genome, the RT enzyme and gag proteins surrounded by an
envelope which is acquired as the virion buds through the host cell membrane (Folks &
Khabbaz, 1998). Morphologically HIV-1 differs from HTLV-1 with respect to the nucleoid,
the dense inner part of the core, and the pronounced glycoprotein spikes of the envelope.
However the overall diameter of the mature particles of both viruses is 100-120 nm in
diameter (Folks, 1998; Hahn, 1994). The viral core contains the viral genome, which
comprise two identical copies of single stranded positive sense RNA, each of which encodes
the complete structural, enzymatic and regulatory proteins (Hahn, 1994).
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gag : RT
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} Integrase
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x [ ] ” Protease
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Fig. 1. Human immunodeficiency virus - type 1 (HIV-1) Adapted: Hahn et al (Hahn, 1994)

The structural proteins that form the nucleocapsid and matrix shell are induced by the gag
gene. The nonstructural gene products of the HIV-1 pol gene region include the reverse
transcriptase (RT), integrase and protease (Folks, 1994; Guatelli, 2002; Hahn, 1994). The lipid
envelope encoded by the env gene contains structural proteins with a surface domain (SU,
gp120) and transmembrane domain (TM, gp41) presented as trimeric spikes on the surface
of the virion (Folks, 1994; Guatelli, 2002; Hahn, 1994; Kwong, 1998). The viral envelope
contains conserved (C) and variable (V) regions, is poorly immunogenic, and contains
binding sites for CD4 T cells on gp120 and chemokine co-receptors (Kwong, 1998; Wyatt,
1998a; 1998b). These, so-called, co-receptors are masked by variable loops V2 and V3 of
gp120 until the CD4 molecule is engaged (Rizzuto, 1998).
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3.3 Genome organization of HIV-1

The complete sequence of HIV-1 contains a 9.2 kb genome (Folks, 1994). The genomic map
of the HIV-1 viral genome is well documented and is shown in Figure 2. (Hahn, 1994). In
keeping with the general structure of primate lentiviruses, the HIV-1 genome comprises 9
genes, including 3 structural, gag, polymerase (pol), envelope (env), and 6 nonstructural, fat,
rev, vip, nef, vpu and vpr genes which are flanked by long terminal repeat (LTR) sequences.
The HIV-1 LTR is approximately 640 bp long and is segmented into the U3, R, and U5
regions. The genes of HIV-1, corresponding proteins and functions have been reviewed, as
shown in Table 1. Guatelli et al (2002).
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Fig. 2. Genome arrangement/map of the HIV-1 genome - adapted: Hahn et al (1994)

3.4 HIV-1 diversity and molecular epidemiology
3.4.1 HIV-1 diversity

The genetic diversity of HIV-1 has resulted in differences among the subtypes in the LTR
sequences, transcriptional promoters, accessory and regulatory genes such as nef, tat, rev and
vpu (Geretti, 2002). The basis of genetic diversity of HIV-1 subtypes is, to a large extent, the
consequence of a high mismatch error rate in the reverse transcriptase (RT). In addition,
there is an absence of exonuclease proof reading activity (Spira et al., 2003). Other factors
which contribute to genetic diversity include the replicative rate of each viral subtype,
mutational changes arising in each replicative cycle, genomic recombination and viral
fitness (Robertson, 1995; Spira, 2003). Evolutionary changes in the genome may result from
host, environmental and other selective pressures (Hu, 2005; Piot, 2002; Quinones-Mateu,
1999; Renjifo, 2002).

In comparison to the env gene the pol and the gag regions are much more intolerant to
mutation primarily because they encode core protein sequences which are relatively
inflexible. Genetic changes in pol and gag may give rise to drug resistance as some
antiretroviral drugs are directed against the RT and protease proteins encoded by these
genes (Spira et al., 2003). For example, 6.8%-10% variation has been shown in the RT of
clade B isolates from Ethiopia whereas, intra-clade differences of 3.5-5% have been reported
in isolates from Africa, India and South America (Loemba, 2002; Loemba, 2002a; 2002b).
Differences in the degree of variation among subtypes also have been observed in LTR
sequences and in the transcriptional promoters involved in HIV replication (Montano, 1997).
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Other variations observed among HIV-1 subtypes include 14.4%-23.8% differences in the
sequences of viral regulatory protein, nef (Jubier-Maurin et al., 1999). Subtype C contains a
unique rev protein and an enlarged vpu product while subtype D expresses a tat protein
with a C-terminus deletion (Gao & Robertson, 1998 ). Also a significantly shorter envelope
V1-V2 loop sequences and fewer potential N-linked glycosylation sites have been shown in
subtypes C and A compared to subtype B (Chohan et al., 2005).

Differences in co-receptor usage and syncytia inducing capacity between subtypes have also
been reported (Cocchi, 1995; Deng, 1996; Fenyo, 1998; Tersmette, 1988; Worgall, 1999). For
example some subtypes may exhibit enhanced susceptibility to CCR5 (R5) inhibition
(Marozsan et al., 2005). Subtype B viruses for example appear as R5 viruses in early infection
and emerge as X4 viruses in advanced disease while recombinant subtype BG strains appear
to be X4 viruses regardless of the clinical stage of disease (Pérez-Alvarez et al., 2006). In
contrast subtypes A and C appear infrequently as X4 viruses, even in advanced disease.
Subtype C viruses however, are able to switch from CCR5 to CXCR4 using mechanisms
similar to those used by subtype B viruses (Pollakis et al., 2004).

Variations among HIV-1 strains also have been seen in the ability to infect Langerhans cells.
This tropism has been linked to vaginal/cervical transmission of the virus (Dittmar, 1997;
Hu, 1999).

Subtype diversity in response to antiretroviral drugs has been reported (Loemba 2002a, 2002b;
Miller, 2007; Quinones-Matue, 1998; Velazquez-Campoy, 2002). Changes in nucleotide
sequences play an important role in conferring resistance to each antiretroviral drug or even
entire classes of nucleoside and non-nucleoside reverse transcriptase inhibitors (NRTI and
NNRTI) and protease inhibitors (PI) (Velazquez-Campoy, 2002; Quinones-Matue, 1998;
Tantillo, 1994). While the majority of the reports on resistance to antiretroviral drugs and
subtype diversity have focused on subtype B it has been noted that Y181C and Y1811
mutations, respectively can render HIV-1 group O and all HIV-2 strains resistant to the entire
NNRTI class of drugs (Leitner, 2005; McCutchan, 2004; Papuashvili, 2005;Tantillo, 1994).

3.4.2 Global distribution of HIV-1 subtypes, sub-subtypes, circulating recombinant
forms (CRFs), and unique recombinant forms (URFs)

Majority of the subtypes, subtypes and several CRFs are found in Africa (Geretti, 2002;
Leitner, 2005, McCutchan, 2004; Yang, 2005). The phylogenetic classification of HIV-1
subtypes including sub-subtypes, CRFs and URFs are well documented (Tables 1.) (Taylor,
2008) The profile of HIV-1 subtypes fluctuates in some countries. For example, in 1996 the
dominant subtypes in Eastern Europe were subtypes B in homosexuals, C in heterosexuals
and G in nosocomially infected patients but by 2003 subtype Al accounted for more than
90% of infections (Papuashvili et al., 2005). In Western Europe subtype B initially dominated
the epidemic but the prevalence of non-subtype B has been noted to be steadily increasing
(deMendoza, 2005; Monno, 2005; Taylor, 2005). Non-B subtypes were also noted to be
increasing in Canada (Akouamba et al., 2005). Emerging recombinant forms are presently
seen in several regions including sub-subtypes B/CRF_O1AE, A/CRFO2_AG and
A/CRFO6-cpx seen in South East Asia, Uzbekistan and Estonia, respectively (Carr, 2005;
Tovanabutra, 2004; Zetterberg, 2004;). A new CRF designated CRF18_cpx was recently
isolated in Cuba (Thomson et al., 2005). With the exception of Cuba and Jamaica, Caribbean
islands have reported subtype B as virtually the only subtype present in the other regions of
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the Caribbean (Cleghorn, 2000; Gittens, 2003, Heslop, 2009; Thomson, 2005; Vaughan, 2003).
Five non-B subtypes including A, C, D, E and ] have been reported in Jamaica (Heslop et al.,
2009). It is important to note that the predominant subtype B in the United States and other
countries is associated with a homosexual epidemic, while its association with a

heterosexual epidemic has been reported only in the Caribbean (Avila et al., 2002).

Classification

Subtypes or clades

Sub-subtypes

Intersubtype recom-

binant forms

Definition

Genetically related HIV-1 strains that are es-
sentially phylogenetically equidistant, gen-
erating a starlike, rather than a treelike,
phylogeny

Distinct lineages within a subtype; genetic dis-
tance between sub-subtypes is smaller
than that between subtypes

Mosaic strains with segments from two or
more subtypes alternating across the ge-

nome

Examples

Subtypes A, B,C,D,F, G, H, ], and K are
currently known; A through D are highly
prevalent, others have low prevalence
and limited geographic distributions

Subtypes A and F are subdivided into sub-
subtypes Al through Ad and F1 and F2,
respectively; mostly these circulate in
Central and West Africa

Common in mixed-subtype epidemics;
thought to result from infection of a
person with rore than one HIV-1

subtype

Currently, 43 forms are described;
CRFO1_AE and CRFO2_AG are found
principally in Southeast Asia and West
Africa, respectively; others have more

mited distributions

Circulating recombi-

nant forms

Specific recombinant forms that are spreading
in a population; new forms are defined
when three people without direct epidemi-
ologic linkage are found to be infected; the
assigned name reflects sequence of discow-
ery and subtype composition, with “cpx”
indicating forms containing three or more
sublypes

Hundreds of forms have been described on
the basis of partial or complete genome
sequences; their potential for epidemic

spread is unknown

Unique recombinant Intersubtype recombinant forms recovered

fram only a single person

Geographically dis- .  Lineages, often country-specific, that are dis- Thai 8, Indian C, West vs. East African D,
tinct lineages tinguishable phylogenetically; unlike sub- and Former Soviet Union A (FSU-A)
subtypes, they are not phylogenetically
equidistant within subtypes

Adapted from Taylor et al (2008).
Table 1. Phylogenetic Classification and global distribution of HIV-1

3.5 Molecular detection of HIV-1 infection and determination of diversification among
the virus subtypes

3.5.1 Molecular detection of HIV-1 infection

The HIV-1 DNA polymerase chain reaction (PCR) assay which detects HIV proviral DNA in
PBMC and HIV-1 reverse transcriptase polymerase chain reaction (RT-PCR) assay for
detection of HIV-1 RNA virions in plasma are highly sensitive and independent of the host
responses (Diagnostic Tests, 1998; Eisenstein, 1990). The nucleic acid amplification methods
involve exponential amplification of viral nucleic acid sequences allowing detection of low
numbers of HIV infected lymphocytes in patients (Schochetman, 1989).

The PCR assays enable the resolution of early HIV infection before seroconversion and have
been particularly useful in the early identification of HIV infected infants born to HIV
seropositive women where antibody tests may be ineffective due to passive transfer of
maternal antibodies (Sheppard, 1993).
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3.5.2 Human Immunodeficiency Virus -type 1 subtype determination

Several techniques for HIV-1 subtype determination have been described (Myers, 1995; Ou
Cy, 1992). These comprise molecular based methods including genetic sequencing, probe
hybridization assay, restriction length polymorphism (RFLP) analysis, subtype-specific PCR,
combinatorial melting assay, heteroduplex mobility assay (HMA) and a phenotypic method
of serotyping (Cornelissen, 2007; Delwart, 1995; Luo,1998; Murphy, 1999; Peeters, 199§;
Robbins, 1995; van Harmelen, 1999). Of these methods HMA has been shown to be reliable,
rapid and inexpensive (Delwart, 1995; Loussert-Ajaka, 1998; van der Auwera, 2000).
Currently the two most widely used methods for HIV-1 subtype determination are genetic
sequencing and phylogenetic analysis and HMA. Molecular analysis has been used
extensively in the HIV/AIDS pandemic to determine transmission patterns of HIV-1
(Leitner et al, 1999). Recently routine HIV-1 genotyping has been proposed as a tool to
identify dual HIV-1 infections (Cornelissen et al, 2007).

3.5.3 DNA sequencing and phylogenetic analysis

Sequencing and phylogenetic analysis are still the most accurate approach for characterizing
viral genomes in identifying new subtypes, sub-subtypes, recombinant, complex and unique
forms of HIV-1 and are well documented (Leitner, 2005; Loussert-Ajaka, 1998; Tatt, 2001).
These methodologies have been important tools in determining sequence relatedness,
mutational changes relating to viral ancestry, the relative time of viral introduction,
mutations associated with antiretroviral drug resistance, viral transmission patterns and
other epidemiological information (Leitner et al., 1998). The definitive method of subtyping
HIV-1 is the genetic sequencing of the envelope (env), group antigen (gag) or polymerase
(pol) The main advantages of this method are that it allows the determination by
phylogenetic analysis of the relatedness among HIV sequences, the study of the evolution of
HIV quasispecies in different hosts linked to a common source of infection, and the study of
virus transmission patterns among different risk groups (Diaz, 1997; Holmes, 1995; Leitner,
1999). However genetic sequencing is expensive, time consuming and requires highly
qualified personnel (Hu, 2005; Leitner, 2005; Loussert-Ajaka, 1998; Tatt, 2001). In addition
phylogenetic methods have been widely used to investigate alleged person to person
transmission of the virus, for example, from health care professionals to their patients
(Holmes, 1993; Ou, 1992). These molecular techniques have been useful in confirming
transmissions in household settings, in forensic investigations including sexual offences,
and cases of intentional HIV infection (Albert, 1994; APRI newsletter, 2001, Morb Mortal
Wkly Report, 1994).

3.5.4 Heteroduplex mobility assay (HMA)

The heteroduplex mobility assay (HMA) has been shown to be a reliable and standardizable
method of HIV-1 subtyping (Holmes, 1995; Ou, 1992). Its usefulness as a tool to study HIV
diversity in different populations has been demonstrated (APRI Newsletter, 2001; Holmes,
1993; Hu, 2005). The HMA may be used to distinguish strains of HIV-1 and to trace viral
quasispecies within individuals and within populations (Albert, 1994; Hu, 2005). It is cost
effective and correlates well with genetic sequencing and characterization by phylogenetic
analysis (Delwart, 1993; Heyndrickx, 1998). The HMA has been introduced by UNAIDS in
several developing countries as a tool for monitoring subtype distribution. The combination

www.intechopen.com



Genetic Diversity and the Human Immunodeficiency Virus Type-1: Implications and Impact 347

of results from HMA gag and env genes allows the detection of intersubtype recombinant
strains. This is not possible when only one genomic region is typed (Heyndrickx, 2000;
Loussert-Ajaka, 1998; Tatt, 2001).

The hypervariable V3 region of env is most frequently used for genetic subtyping by the
HMA. This is done particularly when there is a need to investigate epidemiologically linked
infections (Mulder-Kampinga, 1993; Scarlatti, 1993; Weiser, 1993). Other hypervariable
regions of env such as V1/V2 and V4/V5 are used less in the HMA to trace epidemiological
linkage (Lamers, 1993; Simmonds, 1990). As opposed to the variable region of V3, subtyping
of the more conserved tat gene region by HMA was particularly successful in identifying
epidemiological relationships in cases of person to person transmission of HIV-1 (Simmonds
et al., 1990).

4. Molecular characterization and epidemiology of Human Immunodeficiency
Deficiency Virus - type 1 (HIV-1) in Jamaica

4.1 Introduction

This chapter describes the study which was undertaken to determine the HIV-1 subtypes in
Jamaica and assess the heteroduplex mobility assay (HMA) as a method for tracking the
HIV-1 epidemic. The HMA was introduced by the Joint United Nations Programme on
HIV/AIDS (UNAIDS) in several developing countries as a tool for monitoring HIV-1
subtype distribution (Heyndrickx, 2000; Loussert-Ajaka, 1998). An abbreviated account of
the clinical, immunological and laboratory characteristics of a representative sample of the
cohort of HIV-1 infected patients which was studied is also presented. In this chapter the
terms HIV-1 isolates and HIV-1 proviral DNA are used inter- changeably.

4.2 Materials and methods
4.2.1 Study population

The study population included EDTA blood samples collected from 1341 consecutive HIV-1
infected patients presenting at designated health care centres situated in several parishes
throughout Jamaica were received by the Microbiology Department, University Hospital of
the West Indies (UHWI), a tertiary care centre, for leucocyte immunophenotyping. Jamaica
has 14 parishes from which samples were obtained from 12 parishes. Hanover and
Trelawny were the only parishes that were not included. A data abstraction form was used
to collect socio-demographic and clinical information from the hospital records of 94
patients who were seen at UHWI. The medical records of the patients seen at other
healthcare facilities were not available for the study.

The peripheral blood mononuclear cells (PBMC) were separated from remnant EDTA blood
samples of each patient using density gradient centrifugation with Histopaque® 1077
(Sigma-Aldrich Inc., St. Louis, Mo, USA) and the cells were kept frozen at - 20°C until
required.

4.2.2 Immunophenotyping and T lymphocyte enumeration

Absolute CD3, CD4 and CD8 T lymphocyte counts were determined on EDTA blood
samples by flowcytometry using the FACSCOUNT system and reagents (Biosciences
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Immunocytometry Systems, San Jose, CA). The manufacturers” instructions were followed.
The established reference ranges for T lymphocyte subsets in the Jamaican adult and
paediatric populations (unpublished data) were used to evaluate the immune status of the
patients. At least 1 EDTA blood sample from a healthy blood donor was included, as a
control, with each test run.

4.2.3 Polymerase Chain Reaction (PCR) amplification of HIV-1 and gag genes

Polymerase chain reaction (PCR) was performed on PBMC from 318 patients. Two
microlitre aliquots of PBMC was used as the DNA template for two-step nested polymerase
chain reactions (PCR) carried out in a Perkin Elmer 9600 Thermal Cycler (Perkin-Elmer
Corp. Norwalk, Conn.) using the PCR mixtures and amplification programs described in the
HIV-1 env/ gag HMA subtyping kit manuals, with modifications (Delwart version 5; Heslop,
2005; van der Auwera, 2000). The HIV-1 HMA subtyping kits which include plasmid clones
of the complete genome of HIV-1 subtypes A-J of the major M group of HIV-1 sequences
and primer pairs for PCR amplification of the HIV-1 env and gag genes were obtained from
the National Institutes of Health (NIH) AIDS Research and Reference Program (Heslop,
2005; van der Auwera, 2000). The PCR core reagents used were commercially prepared
(Invitrogen, Life Technologies, Grand Island, NY).

Due to the high rate of failed amplifications with primers supplied in the HMA kit, the gag
gene primer pairs were replaced with DT1/DT7 and DT3/DT6 as first and second round
primers (Delwart, 1995; Tatt, 2000; van der Auwera, 2000). The plasmids containing cloned
env and gag genes, respectively, were amplified using second round env and gag primers. A
negative control in which the DNA template was replaced by reagent grade water was
included with each PCR assay.

The second round PCR amplification of the env gene using the ED5/ ED12 primers yielded a
1.2 Kb fragment spanning the V1-V5 coding region of HIV-1 gp120, while the ES7/ES8
primer pair yielded a 666 bp fragment spanning the V3-V5 coding region of gp120. Second
round amplification of the gag gene resulted in a 748 bp fragment of the HIV-1 p17/ p 24
gene.

The PCR products were resolved by agarose gel electrophoresis carried out in 1.5% agarose
gel containing ethidium bromide (0.5 pg/ml) at 80 volts for 45 minutes and visualized by
ultraviolet (UV) illumination. The appropriate kilobase markers and controls were included
in each run.

4.2.4 Genotyping of HIV-1 env and gag genes by Heteroduplex Mobility Assay (HMA)

The heteroduplex mobility assays (HMA) were performed on HIV-1 isolates from 180
patients. The HMA was performed as previously described with modifications (Loussert-
Ajaka, 1998).

Both the gag-HMA and env-HMA were performed on each HIV-1 isolate. The subtype
reference strains were selected following a pilot run of the HMA on 28 samples. Eleven env
and 12 gag reference subtypes were selected from a panel of reference subtypes to include
subtypes A, B, C, D, E, F, G, H and ] in the HMA procedure. All subtype B reference strains
(4 from the gag and 3 from the env) included in the kit were used in the HMA due to the
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dominance of this clade in the Caribbean and North America. In this method equal volumes
of the patient HIV strain DNA and reference strain DNA are mixed under certain conditions
to form heteroduplexes. This is followed by polyacrylamide gel electrophoresis. The HIV
subtype is identified by the heteroduplex with the highest electrophoretic mobility which is
the most closely matched heteroduplex formed from the most closely related strains. For the
formation of heteroduplexes 5ul aliquots of a mixture containing equal volumes (5ul each
and 1ul annealing fluid) of the second round PCR products of the HIV-1 isolates and the
reference subtype strains were separated by polyacrylamide gel electrophoresis using
Criterion™ precast gels which contained 5% polyacrylamide and 6M urea (Bio-Rad
Laboratories, Hercules, CA). The heteroduplexes were visualized under UV light after
ethidium bromide (0.5ng/ml) staining. The HIV-1 subtype assigned was that of the
heteroduplex with the highest electrophoretic mobility.

4.2.5 Genotyping of HIV-1 env and gag genes by DNA sequencing and phylogenetic
analysis

A total 63 HIV-1 isolates including 5 which were untypable by HMA were subjected to DNA
sequencing and phylogenetic analysis of the purified PCR product or cloned PCR product.
The sequencing primers for direct DNA sequencing were the second round PCR primers of
the gag and env gene regions, respectively as described above.

4.2.6 Purification and cloning of amplicons of HIV-1 env and gag genes

The PCR products of the gag and env genes were purified using a commercially prepared kit
(QIAGEN Inc. Valencia, CA) and cloned using the pGEM-T Easy Vector System Kit
(Promega Corporation, Madison, WI). The manufacturers” instructions were followed.

4.2.7 Confirmation of env and gag clones by Polymerase Chain Reaction (PCR)

The recombinant clones were subjected to env-DNA PCR and gag-DNA PCR, respectively
followed by agar gel electrophoresis to confirm the presence of the cloned DNA inserts, as
described above.

4.2.8 Purification of HIV-1 env and gag gene clones

The plasmid vectors carrying the HIV-1 env and gag gene clones were purified using the
PlasmidPURE™ DNA Miniprep kit (Sigma, St Louis, MO). The procedure followed was in
accordance with the manufacturer’s instructions. The final product of this procedure was
highly purified plasmid DNA. The yield of cloned DNA was estimated by agar gel
electrophoresis of 1-5 ul of the DNA using 1.5% agarose gel and read against an appropriate
kilobase marker with ethidium bromide staining as described above. The env and gag gene
clones were stored at -20°C until required.

4.2.9 Cycle sequencing of HIV-1 env, gag amplicons and clones

Commercially prepared reagents (BigDye® Terminator v3.1 Cycle Sequencing Kit, Applied
Biosystems) were used for sequencing following the manufacturer’s instructions. Briefly,
sequence reactions were performed on the different HIV-1 DNA templates, including

www.intechopen.com



350 Genetic Diversity in Microorganisms

purified PCR products, purified cloned inserts, double stranded control DNA (pGEM®
3Zf(+), 0.2ug/ul or 200ng/pl) and negative control DNA templates supplied with the kit.
Sequence reactions were carried out in a Perkins Elmer 9600 thermocycler using the
following parameters:

960C for 10 seconds
500C for 5 seconds |25 cycles
600C for 4 minutes

Following purification of the sequence reactions using the DyeX 2 (QIAGEN, Valencia, CA)
DNA sequencing was performed using the ABI 3100 analyser (Applied Biosystems, Foster
City, CA).

4.2.10 Sequence editing and phylogenetic analysis of HIV-1 env and gag sequences

Following the cycle sequencing procedure single strand sequences generated by forward and
reverse sequencing primers were assembled into contigs (a contiguous alignment of
overlapping sequences) using the Sequencher™ 4.0 software program (Gene Codes
Corporation, Ann Arbor, MI). The formed contiqs were edited for ambiguous base pairs
introduced during sequencing. The chromatograms generated were subsequently compared
for relationships between the HIV-1 isolates and GenBank reference strains. All sequences
were imported in the FASTA format for alignment by the ClustalX software programme
(http:/ /inn-prot.weizmann.ac.il/software/ClustalX.html) ~ (Thompson et al, 1997).
Alignments were carried out firstly by pairwise matching of the sequences of interest,
followed by multiple alignments with referenced HIV-1 sequences from GenBank (http:/ /hiv-
web.lanl.gov/ALIGN_CURRENT/ALIGN-INDEX html). The multiple aligned sequences
were edited prior to the construction of phylogenetic trees. The PAUP 4.0 software programme
(Beta version 8 for Windows 95/98/ME/NT/2000/XP, Sinauer Associates, Inc, Sunderland,
MA) was used to construct rooted and unrooted neighbour-joining phylogenetic trees using
the SIVcpz sequence (simian derived virus) of CPZ.GA.CPZGAB (GenBank accession number
X52154,  htppy//hiv-web.lanl.gov/ALIGN_CURRENT/ALIGN-INDEX.html) as the out-group
(Swofford, 2003). The phylogenetic trees were subsequently bootstrapped (using 1000
replications) to establish confidence and statistical reliability (Hall, 2001).

4.2.11 Statistical analyses

Univariate and multivariate analyses of the patients’ sociodemographic, clinical and
laboratory data were performed using the Statistical Packages for Social Sciences (SPSS)
Version 8 software.

4.3 Results

4.3.1 Demographic, clinical and immunological characteristics of HIV-1 infected
patients

As shown in Table 2, the study population was predominantly heterosexual (90/94, 96%)
with a preponderance of females (68/94, 72%) and did not contain any injecting drug users
(0/94, 0%) while the only non-injecting drug used was marijuana (1/94, 1%). Other risk
factors for HIV infection included inconsistent condom use (21/94, 20%), history of
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ulcerative (12/94, 13%) and non-ulcerative (15/94, 16%) STI. The percentages of
antiretroviral drug therapy naive and antiretroviral drug treated patients were 56% (53/94)
and 44% (41/94), respectively. The clinical manifestations in the HIV-infected persons are
summarized in Table 3 and a variety was seen. Constitutional symptoms including weight
loss occurred in more than three quarters of the patient population and skin rashes in almost
a half while opportunistic and respiratory infections were present in over one third. Other
STI were common, over 20% and weight loss was found in just under 20%. There was 1 case
of Kaposi’s sarcoma while 13% of the population were asymptomatic.

The CD4 T cell counts were available for 73 patients. No trend was noted in the CD4 T cell
counts by age and duration of diagnosis of HIV-1 infection for the cohort. However, when
the patient population was separated into antiretroviral therapy naive and treated
categories, CD4 counts were statistically significantly higher in untreated patients (p<0.005,
Table 4). A significant decreasing trend in CD4 counts with age in untreated patients
(p<0.05) was observed (Table 5). In contrast no significant correlation was observed with age
and CD4 counts in antiretroviral drug treated patients (Table 14). In multivariate analyses
both increasing age in antiretroviral therapy naive patients and absence of antiretroviral
drug therapy were identified as independent risk factors for low CD4 counts (p= 0. 022; 95%
confidence interval (CI), 1.014, 1.197 and p=0.003; 95% CI, 2.096, 35.982, respectively).

Characteristics 94
Mean age (years) + SD 37 £10
Gender

Male 26(28)
Female 68(72)
Asymptomatic/Pre-AIDS 3(14)
Symptomatic/ AIDS 81(86)
Risk Factors

Sexual practices

Heterosexual 90(96)
MSM 4(15)
Inconsistent condom use 21(20)
History of STI

Ulcerative 12(13)
Non-ulcerative 15(16)
Drug use

Marijuana 1(1)
Cocaine 0(0)
IV drug 0(0)
Antiretroviral drug therapy

Yes 41(44)
No 53(56)

*MSM = Men who have sex with men. The cohort of HIV-1 infected patients was predominantly
heterosexual.

Table 2. Characteristics of 94 HIV-1 infected patients presenting at the University Hospital of
the West Indies (UHWI)*
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Manifestation Frequency (%)
Constitutional 73(77)
symptoms

Skin rashes 46(49)
Opportunistic infection 35(37)
Respiratory infection 34(36)
Other STI 21(22)
Vomiting/diarrhoea 13(14)
Lymphadenopathy 11(13)
Neurological 6(6)
Kaposi sarcoma 1(1)
Asymptomatic 13(14)

* Respiratory infections include cough, dyspnea, bacterial pneneumonia, pneumocystis carinii
pneumonia, otitis media. Opportunistic infections include candidiasis, toxoplasmosis, cytomegalo virus
infection, scabies, molluscum contagiosum, ulcers, hairy leukoplakia of tongue. Neurological
manifestations include meningitis and neuralgia.

Table 3. Clinical manifestations in 94 HIV- infected patients*

CD4 cells/ul
Category (N) Mean (+ SD) Range
Untreated (32) 378 (341) 5- 1305
Treated(41) 192 (163) 1- 691
Total (73) 291(140) 1- 1305

* N = Number of patients in each category. CD4 T Lymphocyte counts were available for 73/94
patients. The CD4 cells counts were statistically significantly higher in the untreated patients (p< 0.005)

Table 4. CD4+ T Lymphocyte counts in antiretroviral drug treated and untreated HIV-
infected patients*

CD4+ cells/ul
Age group/years(N) Mean (+ SD) Range
<20 (2) 879 (315) 656 - 1102
21-30 (13) 486 (345) 19 - 1305
31-40 (12) 284 (270) 7 - 684
41-50 (2) 294 (392) 16 - 571
51 - 60 (3) 8 (2) 5-9

* N = Number of patients in each category. A decreasing trend in CD4 counts with age in untreated
patients (p<0.05) was observed.

Table 5. CD4+ T Lymphocyte counts in 32 antiretroviral drug therapy naive patients by age*
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4.3.2 HIV-1 DNA-PCR assay

The PCR amplicons obtained included env gene, 141/318 (44.3%), gag gene, 170/318 (53.5%).
Of the total 318 samples tested, positive results in one or both genes were obtained in 251
(79%), 113 (113/318, 35.5%) were amplified in both genes while neither the env or gag gene
was amplified in 67 (21.0%) samples. The results of the HIV-1 env and gag DNA - PCR assays
are summarized in Table 6. As shown in Figure 3, all gag (35/35,100%) and env (22/22,
100%) reference subtype plasmids were amplified successfully by all second round primers.

Category Positive(%) Negative(%)
Env-PCR 141(44.3) 177(55.7)
Gag-PCR 170(53.5) 148(46.5)
Env + gag-PCR 113(35.5) 205(64.5)

Table 6. HIV-1 DNA - PCR assays in 318 HIV- infected patients

(A) (B)

"™

4—748bp—> L L L I T T 1T T

Lanes1 2 3 4 5 6789 101112 Lanes1 23 4 56 7 8 910 11 12
©) (D)

<«—1254 bp—>

Lanes1 2 3 4 56 7 8 9 Lanes1 2 34 5 67 8 9101112

Fig. 3. DNA polymerase chain reaction (PCR) assay: Photographs (A-D) of agarose gel
electrophoresis of PCR products. Lane 1 in each gel contains the base pair (bp) marker. Gels
A and B show the 748 bp PCR product of the gag gene region of HIV-1 isolates and reference
strains. Gels C and D show the 1254 bp PCR product of the env gene region of HIV-1 isolates
and reference strains.

4.3.3 Heteroduplex mobility assay (HMA) analysis of HIV-1 proviral DNA/isolates

The env and gng HMA were performed on the PCR amplicons of 180 samples. Of these 174
(96.7%) were unambiguously genotyped while 6 samples (3.3%) were indeterminate. The
majority of HIV-1 isolates were subtype B (170/180, 94.4%) while 1 (0.6%) isolate each of
subtypes A, C, D and E was found. The representative HMA polyacrylamide gel
photographs in Figures. 4-5 illustrate the endpoint of the HMA procedure and comparative
electrophoretic mobilities of different HIV subtypes which were found.
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Fig. 4. Heteroduplex mobility assay (HMA) of HIV-1 strains. Photographs (1-1II) of
polyacrylamide gels showing subtype B strains which formed heteroduplexes with 3
subtype B reference strains B1 (I), B2 (II) and B3 (III). Heteroduplexes of 11 subtype
reference strains including A-J strains were tested. The subtypes assigned are those of the
heteroduplexes with the highest mobility formed between amplicons of the patient’s isolate
and subtype reference strains. The first lane (m) of each gel contains the Kb marker and the
last lane (BLK) the negative control.
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Fig. 5. Heteroduplex mobility assay (HMA) of HIV-1 non-B subtype strains. Photographs
(IV-VII) of polyacrylamide gels showing subtypes A (IV), C (V), D (VI), E (VII).
Heteroduplexes of 11 subtype reference strains A-J were tested. The subtypes assigned are
those of the heroduplexes with the highest mobility formed between amplicons of the
patient’s isolate and reference subtype strains. The first lane (m) of each gel contains the Kb
marker and the last lane (BIk) the negative control.
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4.3.4 DNA sequencing and phylogenetic analysis of HIV-1 proviral DNA/isolates

A total 63 HIV-1 isolates were subjected to automated DNA sequencing which yielded 54
DNA sequences (54/63, 86%) including 26 gag and 28 env gene region sequences.
Representative neighbor-joining phylogenetic trees constructed from the gag and env gene
sequences, respectively are shown in Figures 6-7. Of the 54 sequences 50 (50/54, 93%) were
assigned subtype B, 2 (2/54, 4%) subtype D and 1 each (1/54, 2%) assigned subtypes A and
J, respectively. In the gag gene 87% (22/26) clustered with HIV-1 B subtype reference strains
(BUS98, BFR, BTH90), 2 (8%) with D subtype reference strain (DUG94), 1 (4%) each with A
subtype and CRF reference strains (A1 UG92, 18CPXCM) and ] subtype reference strain
(JSE93). The subtype assignments of the gag gene sequences were supported by bootstrap
values = 70% in 96% (25/26) of isolates. On the other hand all (28/28, 100%) env gene
sequences clustered with B subtype reference strains (BUS98, BFR, BTH90). The subtype
assignments of the majority of env gene sequences (25/28) were supported by bootstrap
values > 90%. The relationships between the Jamaican strains were assessed by the unrooted
phylogenetic trees constructed from the HIV-1 gag and env sequences.

et
CBRS2

19 CPXCU

K CD97

F1BR93
F1FI93

Fig. 6. Phylogenetic analysis of HIV-1 gag gene sequences of Jamaican isolates: Neighbour-
joining phylogenetic tree constructed from 26 HIV-1 gag sequences, reference subtype
strains (B US98, B FR, B TH90, D UGY4, ] SE93, A1 UG92) and circulating recombinant forms
(18CPXCM). Numbers at the nodes of the tree indicate bootstrap values expressed as the
percentage of 1000 replicates supporting each subtype in the tree.
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Fig. 7. Phylogenetic analysis of HIV-1 env gene sequences of Jamaican isolates: Neighbour-
joining phylogenetic tree constructed from 27 Jamaican HIV-1 env sequences and subtype
reference strains. The Jamaican isolates clustered with subtype B reference strains (BUS9S,
BTH90, BFR83). Supporting bootstrap values, indicated by numbers at internal nodes, are
expressed as the percentage of 1000 replicates supporting each subtype in the tree.

4.3.5 Comparison of HIV-1 subtype assignment by HMA and phylogenetic analysis

For the subtype B viruses which were characterized by both methods there was an overall
86% (38/44) concordance between phylogenetic analysis and HMA. Of the 6 discordant
subtype B isolates, 5 were indeterminate and 1 identified as subtype D in the HMA. For non-
B subtypes the rate of concordance was lower (67%, 2/3) as the 2 subtype D viruses were
identified as subtype E and subtype B, respectively by HMA. The HMA was concordant
with phylogenetic analysis in discriminating the only subtype A virus in the sample.

4.3.6 Geographical distribution of HIV-1 subtypes in Jamaica

The geographical distribution of HIV-1 subtype strains among the parishes in Jamaica is
shown in Figure 8. Multiple subtypes were found in 3 of the 14 parishes sampled.
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Fig. 8. Map of Jamaica showing the geographical distribution of the different HIV-1 subtype
strains in 14 parishes: Multiple subtypes were found in the parishes of St. Ann (population:
52,600), Portland (population: 33,000) and the capital city Kingston (population: 157,000).

4.4 Discussion

This study of the molecular epidemiology of HIV-1 is the largest and most recent of its kind
from the English- speaking Caribbean (Cleghorn, 2000; Gittens, 2003; Vaughan, 2003).
Another important difference between the present study and similar studies conducted in
the other English-speaking Caribbean countries is the fact that the gag gene of the HIV-1
isolates was genotyped (Gittens, 2003; Vaughan, 2003).

The patients whose records were reviewed are representative of the cohort of adult HIV-1
infected patients from whom peripheral blood mononuclear cells (PBMC) were obtained for
HIV-1 isolation and molecular typing. The exact time of contracting HIV infection could not
be ascertained in these patients. However at the time of diagnosis a spectrum of AIDS
related conditions which defined both primary and late stage HIV-1 infection were seen in
the majority of patients whereas a few were asymptomatic (JAMA, 2006).

The explanation for the late presentation at hospital of some of the patients is beyond the
scope of this study. What is notable, however, is the relatively long period of time between
diagnosis and having the required CD4 cell counts done to assess the immune status and
implement antiretroviral regimens in some patients according to current guidelines (JAMA,
2006; Office of AIDS Research Advisory Council, 2008). The late presentation, delay in
immune monitoring and antiretroviral therapy are reflected in the proportion of patients
whose CD4+ T lymphocyte counts were already below 350 and 200 cells/pl, respectively, at
the time of testing. This may be due to the fact that CD4 cell determinations and
antiretroviral drugs only became widely accessible to Jamaican patients under the Global
HIV /AIDS Programme in mid- 2004.

The absence of intravenous drug users from the cohort is also worthy of note. Cleghorn et al
(Cleghorn et al., 2000) also reported an absence of intravenous drug users from a cohort of
HIV infected patients in Trinidad and Tobago. However other known risk factors for HIV-1
infection such as history of other STI, inconsistent condom use and multiple sexual partners
were comparable to that seen in other cohorts including that reported from Trinidad and
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Tobago and other Caribbean /West Indian islands (Cleghorn, 2000; Fleming, 1999; Gibney,
1999; Murphy, 1999).

In this Jamaican cohort increasing age in antiretroviral drug naive patients and absence of
antiretroviral drug therapy in all age categories were the only independent risk factors
identified for decreasing CD4 T cell counts. This is in keeping with what is known of the
natural progression of HIV infection (Fox et al., 2008). Although disease progression in HIV-
1 infected patients has been linked with HIV-1 subtypes the impact of different subtypes
was not assessed in this study as the overwhelming majority of patients were infected with
subtype B (Baeten , 2007; Kaleebu, 2002; Kanki, 1999). The impact of antiretroviral treatment
on disease progression was evident as the CD4 T cell counts were significantly lower in the
group of antiretroviral drug treated patients and similar in the group of patients on
antiretroviral therapy irrespective of age (Harari, 2004; Hogg, 1999).

A panel of HIV-1 primer sets from international sources was used in the PCR amplifications.
Nonetheless failures in amplifications of either gag or env gene were observed in about half
of the isolates and failures in both genes in about a fifth of isolates. The low sensitivity of the
HIV PCR assays and the frequent non-concordance between the PCR results for the gag and
env gene regions might be due to the marked genetic heterogeneity of the virus in both
genes (Delwart, version 5; Swofford, 2003). This is supported by the fact that all reference
plasmids were successfully amplified using the primer sets from the National Institutes of
Health (NIH) prepared kits which failed to amplify a number of the HIV-1 isolates. Other
authors have encountered the problem of unamplifiable HIV-1 strains with the env primers
from the HMA kits due to the broad heterogeneity within the gp120 region of the env gene
(Agwale et al., 2001). For the above mentioned reasons antiretroviral drug use in HIV-
infected patients in Jamaica might not have contributed substantially to genetic variation in
the env gene as reported by others (Agwale et al., 2001). Six HIV-1 subtypes were identified
in this study including subtypes A, B, C, D, E and ]. It was not entirely surprising to find
that the majority of HIV-1 isolates in Jamaica were subtype B which accounted for over 90%
of infections. This is in keeping with reports, from other English speaking Caribbean
Islands, which did not include Jamaican samples (Gittens, 2003; Vaughan, 2003). Subtype B
is also the predominant subtype in North America, Western Europe, Australia and South
America (Distler, 1995; Laukkanen, 2000; Ramos, 1999).

The percentages of subtypes A, C, D, E and ] found in this study were low. However the
mere presence of these non-B HIV-1 subtypes in the HIV/AIDS population in Jamaica is of
great importance as it signals high genetic diversity of the virus and the HIV/AIDS
epidemic. It might be essential that these subtypes be considered in vaccine modeling.
Outside of Central Africa a limited number of HIV-1 variants are usually circulating in each
country, rarely more than 2 or 3, representing multiple introductions or in some cases
locally generated CRFs (Pérez et al., 2006). Subtype A is found in East and Central Africa,
Central Asia and Eastern Europe with a global prevalence of 12.3% (Hemelaar et al., 2006).
Subtype C, the dominant subtype in India and China, is the most prevalent subtype
worldwide accounting for approximately 50% of infections (388, 389). Subtype D is
generally limited to East and Central Africa with sporadic cases observed in Southern and
Western Africa (Vogt et al., 1986). Subtype E is a recombinant strain (CRFO1_AE), and not a
distinct subtype as initially thought, which co-circulates with subtype B within the
intravenous drug user (IDU) population and fishermen in Thailand and also occurs in
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Vietnam and South East Asia (Entz, 2000; Heyndrickx, 2000; Wasi, 1995). Subtype J occurs in
various locations with a less than 1% prevalence (Archer, 2007; Hemelaar, 2006).

The DNA sequencing and phylogenetic analyses performed in the study did not allow
identification of inter-subtype recombinants as the subtype of the HIV-1 isolates were
assigned on the DNA sequence of a single gene region, either env or gag (Louwagie, 1993;
Tatt, 2000). On the other hand genotyping by HMA analysis was performed on the gag and
env gene sequences of each isolate. This method also failed to identify any recombinant
strain in Jamaica except for the subtype E strain which was re-assigned subtype D by
phylogenetic analysis (Heslop et al., 2005). The subtype A virus identified in this Jamaican
sample appears to be related, in the gag gene, to CRF18- cpx which originated in Central
Africa and, currently, is circulating in Cuba (Thomson et al., 2005). It has been reported that
the genome of CRF18-cpx contains multiple segments clustering with subtypes Al, F, G, H
and K as well as segments failing to cluster with any subtypes (Thomson et al., 2005). The
multiple subtypes of HIV-1 in circulation in Jamaica should be monitored for the likely
emergence of inter-subtype recombinant strains as the epidemic progresses. Recombinant
strains have been observed mostly in areas where multiple subtypes co-circulate
(Heyndrickx et al., 2000). The emergence of recombinant strains in other Caribbean and
Latin American countries, including Cuba and Brazil, following sudden shifts in HIV-1

subtype distribution from a predominance of subtype B is well documented (Pérez, 2006;
Santos, 2006; Tatt, 2000; Thomson, 2005).

The limited divergence of the Jamaican HIV-1 strains, from the subtype reference sequences,
in the gag and env gene is another important observation. This was evident from the high
bootstrap values supporting the subtype classification of this sample especially subtype B
viruses. This might at least be partly explained by the fact that the cohort was largely
antiretroviral therapy naive. Secondly the Jamaican HIV-1 isolates which were not amplified
by the NIH primer sets might include the more divergent strains and these were not
genotyped (Vaughan et al., 2003). Gittens et al (Gittens et al., 2003) reported a broad genetic
diversity of env gene sequences in Barbados suggesting multiple introductions of subtype B
viruses to the island (10). Similarly Cleghorn et al reported a significant subcluster within
the B subtype in Trinidad (Vaughan et al., 2003).

The discordance between HMA and phylogenetic analysis in the assignment of subtypes is
not unique to the present study (Loussert-Ajaka, 1998; Novitski, 1996, Swofford, 2003;
Thompson, 1994). The HMA has been shown to give excellent results for the detection of
subtypes B and F, the prevalent subtypes in Caucasian patients originating from Western
countries and Romania, respectively. Conversely extensive viral variation might create
problems in countries like Africa where different HIV subtypes have been circulating longer
(Loussert-Ajaka et al., 1998). This raises the question of whether further problems with the
HMA might occur in Jamaica with its multiple subtypes of the virus. For example, in
previous studies of international cohorts, the HIV-1 strains which were deemed un-
typeable/indeterminate by HMA and were subsequently assigned by DNA sequencing
turned out to be highly divergent subtypes A-D or G related strains (Loussert-Ajaka, 1998;
Novitski, 1996; Swofford, 2003; Thompson, 1994). In one study almost two thirds of the
subtype D isolates were incorrectly genotyped by HMA (10). In the present Jamaican sample
the 2 subtype D viruses were incorrectly genotyped, by HMA, as subtypes B and E,
respectively (UNAIDS, 2004 - 12). The viruses belonging to subtypes B and D have been
shown to be closely related with respect to gag, env and pol gene sequences and probably
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diverged relatively recently. Therefore separation of subtype B and subtype D is not as well
defined as between other subtypes (Tatt, 2000; UNAIDS/WHO, 2006). Nonetheless the
HMA remains the recommended genotyping method second only to DNA sequencing.
Consequently it has been recommended that the plasmid selection in the HMA kit be
constantly revised to cover viral diversification (Loussert-Ajaka, 1998; Thompson, 1994).

Limitations of the study include the fact that a substantial proportion of samples were not
amplifiable by the primer sets which were used. The failure to sequence both the env and
gag genes of each isolate to indentify inter-subtype recombinants is another limitation. A
more comprehensive study of the genetic diversity of the Jamaican HIV-1 isolates should
include customized or more conservative primers, such as those recently described, and
sequencing pol gene regions (Agwale, 2001; Gittens, 2003; Tatt, 2000). More extensive
genomic sequence analyses which were not performed in this study might also reveal more
genetic diversity and linkages among Jamaican isolates.

4.4.1 Conclusions and recommendations

Transmission of the multiple subtypes of HIV-1 in the Jamaican population is
predominantly heterosexual and is not linked to intravenous drug use. HIV-1 subtype B is
the dominant subtype contributing to the HIV/AIDS epidemic amidst high genetic regions
of the virus in Jamaica. The results also emphasize the need for genotyping of multiple
genetic regions, to be attempted, to ensure positive results against the background of
frequent failures of the necessary PCR assays.

The HMA is well established as a genotyping method in the Jamaican setting. Our results
confirm the value of this cost- effective and reliable method in tracking the HIV/AIDS
epidemic. This does not abrogate the need for DNA sequencing and phylogenetic analysis
which should be used as an adjunct methodology to resolve indeterminate HMA results and
ensure the accurate assignment of non-B subtype strains of HIV-1.

The implications of HIV-1 genetic diversity and its impact on diagnosis, treatment,
progression and prevention of disease continue to be better understood. Therefore it is
important that the molecular epidemiology of HIV-1 in Jamaica continue to be monitored
especially in light of pending vaccines and multiple subtypes of the virus found in Jamaica.
We recommend the use of the HMA as a major method supported by DNA sequencing and
phylogenetic analysis for tracking the transmission of the virus. A more comprehensive use
of DNA sequencing which involves other genetic regions of the virus such as the pol gene
and more extensive characterization of the genome are required to better elucidate the
molecular epidemiology of this virus in Jamaica. Further studies also should include
optimizing the HMA through the development of PCR primers and reference clones of HIV-
1 which are customized for Jamaican strains of HIV-1.

5. References

Agwale, SM., Robbins, KE., Odama, L., Saekhou, A., Zeh, C., Edubio, A., Njoku, OM., Sani-
Gwarzo, N., Gboun, MF., Gao, F., Reitz, M., Hone, D., Folks, TM., Pieniazek, D.,
Wambebe, C., & Kalish ML. (2001). Development of an env gp4l-based
heteroduplex mobility assay for rapid human immunodeficiency virus type 1
subtyping. Journal Clinical Microbiolology, Vol. 39, pp. 2110-4.

www.intechopen.com



Genetic Diversity and the Human Immunodeficiency Virus Type-1: Implications and Impact 361

Akouamba, BS., Viel J., Charest, H., Merindol, N., Samson, J., Lapointe, N., Brenner, BG.,
Lalonde, R., Harrigan, PR., Boucher, M., & Soudeyns, H. (2005). HIV-1 genetic
diversity in antenatal Cohort. Canada. Emerging Infectious Diseases, Vol. 11, pp.
1230-4.

Albert, ]., Wahlberg, J., Leitner, T., Escanilla, D., & Uhlen, M. (1994). Analysis of a rape case
by direct sequencing of the HIV-1 pol and gag genes. Journal of Virology, Vol. 68, pp.
5918-24.

APRI Newsletter. (2001). Day A. Nonhuman DNA testing increases DNA’s power to
identify and convict criminals. The silent witness. Vol. 6, pp.1-2.

Archer, ]., & Robertson, DL. (2007). Understanding the diversification of HIV-1 groups M
and O. AIDS Vol. 21, pp. 1693-1700.

Avila, MM., Pando, MA., Carrion, G., Peralta, LM., Solomon, H., et al. (2002). Two HIV-1
epidemics in Argentina: different genetic subtypes associated with different risk
groups. Journal Acquired Immune Deficiency Syndrome, Vol. 29 (4), pp. 422-6.

Baeten JM, Chohan B, Lavreys L, Chohan V, McClelland RS, Certain L, Mandaliya K, Jaoko
W, Overbaugh J. HIV-1 subtype D infection is associated with faster disease
progression than subtype A inspite of similar plasma HIV-1 loads. ] infect Dis 2007;
195: 1177-80.

Barré-Sinoussi, F., Chermann, JC., Rey, F., Nugeyre, MT., Chamaret, S., Gruest, J., Dauguet,
C., Axler-Blin, C., Vézinet-Brun, F., Rouzioux, C., Rozenbaum, W., Montagnier, L..
(1983). Isolation of a T-lymphotrophic retrovirus from a patient at risk for acquired
immune deficiency syndrome. AIDS, Vol. 220, pp. 868-71.

Borrow, P., Lewicki, H., Wei, X., Horwitz, MS., Peffer, N., Meyers, H., Nelson, JA., Gairin,
JE., Hahn, BH., Oldstone. MB., & Shaw, GM (1997). Antiviral pressure exerted by
HIV-1 specific cytotoxic T lymphocytes (CTLs) during primary infection
demonstrated by rapid selection of CTL escape virus. Nat Med, Vol. 3, pp. 205- 11.

Burke, DS. (1997).Recombination in HIV: an important evolutionary strategy. Emerging
Infectious Diseases, Vol. 3, pp. 253- 9.

Carr, JK., Nadai, Y., Eyzaguirre, L., Saad, MD., Khakimov, MM., Yakubov, SK., Birx, DL,,
Graham, RR., Wolfe, ND., Earhart, KC., & Sanchez, JL. (2005). Outbreak of a West
African recombinant of HIV-1 in Tashkent, Uzbekistan. Journal of Acquired Immune
Deficiency Syndrome, Vol. 39, pp. 570-5.

Chiu, IM., Yaniv, A., Dahlberg, JE., Gazit, A., Skuntz, SF., Tronick, SR., & Aaronson, SA
(1984). Nucleotide sequence evidence for relationship of AIDS retrovirus to
lentivirus. Nature, Vol. 317, pp. 366-8.

Chohan, B., Lang, D., Sagar, M., Korber, B., Lavreys, L., Richardson, B., & Overbaugh, J.
(2005). Selection for human immunodeficiency virus type 1 envelope glycosylation
variants with shorter V1-V2 loop sequences occurs during transmission of certain
genetic subtypes and may impact viral RNA levels. Journal of Virology, Vol. 79, pp.
6528-31 clades in the in the Caribbean using pol gene sequences. AIDS Res Hum
Retroviruses,

Cleghorn, FR,, Jack, N., Carr, JK., Edwards, J., Mahabir, B,, Sill, A., & McDanal, CB. (2000).
Connolly SM, Goodman D, Bennetts RQ, O'Brien TR, Weinhold K], Bartholomew
C, Blattner WA, Greenberg ML. A distinctive clade B HIV type 1 is heterosexually
transmitted in Trinidad and Tobago. Proc Natl Acad Sci USA; Vol. 97, pp. 10532-7.

www.intechopen.com



362 Genetic Diversity in Microorganisms

Cocchi, F., DeVico, AL., Garzino-Demo, A., Arya, SK. Gallo, RC., Lusso, P. (1995).
Identification of RANTES, MIP-1 alpha, and MIP-1 beta as the major HIV-
suppressive factors produced by CD8+ T cells. Science, Vol. 270, pp. 1811- 5.

Cornelissen M, Jurriaans S, Kozaczynska K, Prins JM, Hamidjaja RA, Zorgdrager F, Bakker
M, Back N, van der Kuyl AC. Routine HIV-1 genotyping as a tool to identify dual
infections. AIDS 2007; 21: 807-11

Murphy G, Belda FJ, Pau CP, Clewley JP, Parry JV. Discrimination of subtype B and non-
subtype B strains of human immunodeficiency virus-type 1 by stereotyping:
correlation with genotyping. ] Clin Microbiol 1999; 37: 1356-60.

Dale, ] W & Park, SF. (2010). Mutation and variation, In: Molecular genetics of Bacteria, A John
Wiley and Sons, Ltd, Publication, (5t Ed.), 37-72.

d'Cruz-Grote D. Prevention of HIV infection in developing countries. Lancet. 1996; 348:
1071-4.

de Mendoza, C., Rodriguez, C., Colomina, J., Tuset, C., Garcia, F., Eiros, JM., Corral, A,
Leiva, P., Aguero, J., Torre-Cisneros ,J., Pedreira, ]., Viciana, I., del Romero, J., Saez,
A., Ortiz de Lejarazu, R., & Soriano, V. (2005). Spanish HIV Seroconverter Study
Group. Resistance to nonnucleoside reverse-transcriptase inhibitors and prevalence
of HIV type 1 non-B subtypes are increasing among persons with recent infection
in Spain. Clinical Infectious Diseases, Vol. 41, pp. 1350-4.

Delwart, EL, Herring, B., Rodrigo, AG., & Mullins, JI. (1995). Genetic subtyping of human
immunodeficiency virus using a heteroduplex mobility assay. PCR Methods
Application, Vol. 4, pp.202-16.

Delwart, EL., Busch, MP., Kalish, ML., Mosley, JW., & Mullins, JI. (1195). Rapid molecular
epidemiology of human immunodeficiency virus transmission. AIDS Res Human
Retroviruse, Vol. 11, pp. 1081-93.

Delwart, EL., Herring, B., Learn, Jr. GH., Rodrigo, AG., & Mullings, JI. Heteroduplex
mobility analysis HIV-1 env subtyping kit protocol version 5.

Delwart, EL., Shpaer, EG., Louwagie, J., McCutchan, FE., Grez, M., Rubsamen- Waigmann,
H., & Mullins, JI. (1993). Genetic relationship determined by a DNA heteroduplex
mobility assay: analysis of HIV-1 env genes. Science, Vol. 262, pp. 1257-61.

Deng, H., Liu R., Ellmeie,r W., Choe, S., Unutmaz, D., Burkhart, M., Di Marzio, P., Marmon,
S., Sutton, RE., Hill, CM., Davis, CB., Peiper, SC., Schall, T]., Littman, DR., &
Landau NR. (1996). Identification of a major co-receptor for primary isolates of
HIV-1. Nature, Vol. 381, pp. 661-6.

Diagnostic Tests for AIDS. (1988). The Medical Letter on Drugs and Therapeutics Vol. 2, pp.
299- 303.

Diaz, RS., Zhang, L., Busch, Mp., Mosley, JW., & Mayer, A.(1997). Divergence of HIV-1
quasispecies in an epidemiologic cluster. AIDS, Vol. 11: pp. 514-22

Ding, J., Jacobo-Molina, A., Nanni, RG., Boye,r PL., Hughes, SH., Pauwels, R., Andries, K.,
Janssen, PA., & Arnold, E. (1994). Locations of anti-AIDS drug binding sites and
resistance mutations in three dimensional structure of HIV-1 reverse transcriptase.
Implications for mechanisms of drug inhibition and resistance. Journal of
Molecular Biology Vol. 243, pp. 369-87.

Distler, O., McQueen, PW., Tsang, ML., Byrne, C., Neilan, BA., Evans, L., Penny, R., Cooper,
DA., & Delaney, SF. (1995). Characterization of the V3 region of HIV-1 isolates from
Sydney, Australia. AIDS Res Hum Retroviruses, Vol. 11, pp. 423-5.

www.intechopen.com



Genetic Diversity and the Human Immunodeficiency Virus Type-1: Implications and Impact 363

Dittmar, MT., Simmons, G., Hibbitts, S., O'Hare,. M, Louisirirotchanakul, S., Beddows, S.,
Weber, J., Clapham, PR., & Weiss, RA. (1997). Langerhans cell tropism of human
immunodeficiency virus type 1 subtype A through F isolates derived from different
transmission groups. Journal of Virology, Vol. 71, pp. 8008-13.

Eisenstein, B. (1990). A new method of using molecular genetics for medical diagnosis. New
England Journal of Medicine, Vol. 322, pp. 178-183.

Entz, AT., Ruffolo, VP., Chinveschakitvanich, V., Soskoline, V., & van Griensven, GJ. (2000).
HIV-1 prevalence, HIV-1 subtypes and risk factors among fishermen in the Gulf of
Thailand and the Adaman sea. AIDS, Vol. 14, pp.1027-34.

Feny6 EM, Morfeldt-Manson L, Chiodi F, Lind B, von Gegerfelt A, Albert J, Olausson E,
Asjo  B. Distinct replicative and cytopathic characteristics of human
immunodeficiency virus isolates. ] Virol 1998; 62: 4414-9

Fleming DT, Wasserheit JN. From epidemiological synergy to public health policy and
practice: the contribution of other sexually transmitted diseases to sexual
transmission of HIV infection. Sex Transm Infect 1999; 75:3-17.

Folks, TM., & Khabbaz, RF. (1998). Retroviruses and associated diseases in humans. In:
Topley and Wilson’s Microbiology and Microbial Infections. 9t Edn. Collier, L.,
Ballows, A., Sussman, M., & Arnold. New York, PP. 781-802.

Fox ], Scriba TJ, Robinson N, Weber JN, Phillips RE, Fidler S. Human immunodeficiency
virus (HIV)-specific T helper responses fail to predict CD4+ T cell decline following
short course treatment at primary HIV-1 infection. Clin Exp Immunol 2008; 152:
532-7.

Gao, F., Robertson, DL., Carruthers, CD., Morrison, SG., Jian, B., Chen, Y., Barré-Sinoussi, F.,
Girard, M., Srinivasan, A., Abimiku, AG., Shaw, GM., Sharp, PM., & Hahn BH. A
comprehensive panel of near-full-length clones and reference sequences for non-
subtype B isolates of human immunodeficiency virus -type 1. Journal of Virology,
Vol. 72, pp. 5680-98.

Geretti, AM. (2006). HIV-1 subtypes: epidemiology and significance for HIV management.
Current Opinion Infect Diseases, Vol. 19, pp. 1-7.

Gibney L, Choudhury P, Khawja Z, Sarker M, Islam N, Vermund S. HIV/AIDS in
Bangladesh: an assessment of biomedical risk factors for transmission. Int ] STD
AIDS 1999; 10:338-46.

Gittens, MV., Roth, WW., Roach, T., Stringer HG. Jr., Pieniazek, D., Bond, C., & Levett PN.
(2003). The molecular epidemiology and drug resistance determination of HIV type
1 subtype B infection in Barbados. AIDS Res Hum Retroviruses, Vol. 19, pp.313- 9.

Guatelli, JC., Siliciano, RF., Kuritzkes, DR., & Rickman, DD. (2002). Human Immuno-
deficiency Virus. In: Clinical Virology. 2nd Ed. Rickman, DD., Whitley, R] & Hayden,
FG (Eds). American Society for Microbiology, Washington, pp 685- 729

Hahn, BH (1994). Viral genes and their products. In: Textbook of AIDS Medicine. S Broders,
TC Merigan, D Bolognesi (Eds) .Williams and Wilkins; Baltimore. Vol. 21, p. 208.

Hall, BG. (2001). A how-to manual for molecular biologists. Sinauer Associates, Inc.
Sunderland.

Harari A, Petitpierre S, Vallelian F, Pantaleo G. Skewed representation of functionally
distinct populations of virus-specific CD4 T Cells in HIV-1- infected subjects with
progressive disease: changes after antiretroviral therapy. Blood 2004; 103: 966-72.

www.intechopen.com



364 Genetic Diversity in Microorganisms

Hemelaar, J., Gouws, E., Ghys, PD., & Osmanov, S. (2004). Global and regional distribution
of HIV-1 genetic subtypes and recombinants in. AIDS 2006; 20: W13-W23.

Heslop, OD., Smikle, MF., & Vickers, IE. (2009). Christian NA, Harvey KM, Figueroa JP,
Brown SE, Christie CDC, Bain B, Barton EN. High genetic diversity in human
immunodeficiency virus type-1 (HIV-1) subtypes in Jamaica. West Indian Medical
Journal, Vol. 58 (3), pp. 195- 200.

Heslop, OD., Smikle, MF., Deer, D., Christian, NA., Vickers, IE., Harvey, KM., Figueroa, JP.,
Christie, CD., Bain, B., & Barton, EN. (2005) Human immunodeficiency virus type-1
(HIV-1) subtypes in Jamaica. West Indian Medical Journal, Vol. 54, 279- 82.

Heyndrickx, L., Janssens W., Zekeng, L., Musonda, R., Anagonou, S., Van der Auwera, G.,
Coppens S, Vereecken, K., De Witte, K., Van Rampelbergh, R., Kahindo, M.,
Morison, L., McCutchan, FE., Carr, JK., Albert, ]J., Essex, M., Goudsmit, J., Asjo, B.,
Salminen, M., Buvé, A., & van Der Groen, G. (2000). Simplified strategy for
detection of recombinant human immunodeficiency virus type 1 Group M Isolates
by gag/env heteroduplex mobility assay. Journal of Virology, Vol. 74, pp. 363-70.

Heyndrickx, L., Janssens, W., Coppens, S., Vereecken, K., Willems, B., Fransen, K.,
Colebunders, R., Vandenbruaene, M., & van der Groen, G.(1998). HIV-1 C2V3 env
diversity among Belgian individuals. AIDS Res Hum Retroviruses, Vol. 14, pp. 1291-
6.

Ho, DD., Neuman, AU., Perelson, AS., Chen, W., Leonard, JM., & Markowitz, M. (1995).
Rapid turnover of plasma virions and CD4 lymphocytes in HIV-1 infection. Nature,
Vol. 373, pp. 123-6.

Hogg RS, Yip B, Kully C, Craib K], O'Shaughnessy MV, Schechter MT, Montaner JS.
Improved survival among HIV infected patients after initiation of triple-drug
antiretroviral regimens. Can Med Assoc ] 1999; 160: 659-65.

Holmes, EC., Zhang, LQ., Robertson, P., Cleland, A., Harvey, E., Simmonds, P., & Leigh
Brown, AJ. (1995). The molecular epidemiology of human immunodeficiency virus
type 1 in Edinburgh. Journal of Infectious Diseases, Vol. 171, pp. 45-53.

Holmes, EC., Zhang, LQ., Simmonds, P., Rogers, AS., & Brown, A].(1993). Molecular
investigation of human immunodeficiency virus (HIV) infection in a patient of an
HIV-infected surgeon. Journal of Infectious Diseases, Vol. 167: pp. 1411-14.

Hu, DJ., Buve, A, Baggs J., van der Groen, G., & Dondero, T. (1999). What role does HIV-
subtype play in transmission and pathogenesis? An epidemiological perspective.
AIDS, Vol. 13, 873-81.

Hu, DJ., Subbarao, S., Vanichseni, S., Mock, PA., Ramos, A., Nguyen, L., Chaowanachan, T.,
Griensven ,F., Choopanya, K., Mastro, TD., & Tappero, JW (2005). Frequency of
HIV-1 dual subtype infections, including intersubtype superinfections, among
injection drug users in Bangkok, Thailand. AIDS, Vol. 19, pp. 303-8.

JAMA (2006). Treatment for adult HIV infection: 2006 recommendations of the international
AIDS Society. Vol. 296, pp. 827-843.

Jeeninga, RE., Hoogenkamp, M., Armand-Ugon, M., de Baar M, Verhoef, K., & Berkhout, B.
(2000). Functional differences between the long terminal repeat transcriptional
promoters of human immunodeficiency virus -type 1 subtypes A through G.
Journal Virology, Vol. 74, pp. 3740-51.

Jubier-Maurin, V., Saragosti, S., Perret, JL., Mpoudi, E., Esu-Williams, E., Mulanga, C,,
Liegeois, F., Ekwalanga, M., Delaporte, E., & Peeters M. Genetic characterization of

www.intechopen.com



Genetic Diversity and the Human Immunodeficiency Virus Type-1: Implications and Impact 365

the nef gene from human immunodeficiency virus type 1 group M strains
representing genetic subtypes A, B, C, E, F, G and H. AIDS Res Hum Retroviruses,
Vol. 15, pp. 23-32.

Kaleebu P, French N, Mahe C, Yirrell D, Watera C, Lyagoba F, Nakiyingi J, Rutebemberwa
A, Morgan D, Weber ], Gilks C, Whitworth J. Effect of human immunodeficiency
virus (HIV) type 1 envelope subtype A and D on disease progression in a large
cohort of HIV positive persons in Uganda. ] infect Dis 2002; 185: 1244-50.

Kanki PJ, Hamel DJ, Sankalé JL, Hsieh C, Thior I, Barin F, Woodcock SA, Gueye-Ndiaye A,
Zhang E, Montano M, Siby T, Marlink R, NDoye I, Essex ME, MBoup S. Human
immunodeficiency virus type 1 subtypes differ in disease progression. J infect Dis
1999; 179: 68-73.

Kwong, PD., Wyatt, R., Robinson, ]., Sweet, RW., Sodroski, J., & Hendrickson, WA (1998).
Structure of an HIV gp120 envelope glycoprotein in complex with the CD4 receptor
and a neutralizing human antibody. Nature, VOL. 393, pp. 648-59.

Lamers, SL., Sleaman, JW., She, JX., Barrie, KA., Pomeroy, SM., Barrett, DJ., & Goodenow
MM. (1993). Independent variation and positive selection in env V1 and V2
domains with maternal-infant strains of human immunodeficiency virus type 1 in
vivo, Journal of Virology, Vol. 67, pp. 3951-60.

Laukkanen, T., Carr, JK., Janssens, W., Liitsola, K., Gotte, D.,, McCutchan, FE., Op de Coul,
E., Cornelissen, M., Heyndrickx, L., van der Groen, G., & Salminen, MO. (2000).
Virtually full-length subtype F and F/D recombinant HIV-1 from Africa and South
America. Virology, Vol. 269, pp.95-104.

Leitner, T & Fitch, WM. (1999).The phylogenetics of known transmission histories. In: The
Evolution of HIV. Crandall KA, (ed). Johns Hopkins University Press, Baltimore pp.
315.

Leitner, T., Foley, B., Hahn B et al. (2005). HIV sequence compendium 2005. Los Alamos
National Laboratory, New Mexico.

Leitner, T., Korber, B., Daniels, M., Calef, C., & Foley, B (Eds). (2005). HIV-1 subtypes and
circulating recombinant form (CRF) reference sequences. In: HIV Sequence
Compendium, pp. 41-8. Los Alamos National Laboratory, NM 87545, USA.

Loemba, H., Brenner, B., Parniak, MA., Ma'ayan, S., Spira, B., Moisi, D,. Oliveira, M.,
Detorio, M, & Wainberg, MA. (2002). Genetic divergence of human
immunodeficiency virus type 1 (HIV-1) Ethiopian clade C reverse transcriptase
(RT) and rapid development of resistance against non- nucleoside inhibitors of RT.
Antimicrobial Agents and Chemotherapy, Vol. 46, 2087-94.

Loemba, H., Brenner, B., Parniak, MA., Ma'ayan, S., Spira, B., Moisi, D., Oliveira, M.,
Detorio, M., Essex, M., & Wainberg, MA.(2002) Co-receptor usage and HIV-1 inter-
clade C polymorphisms in the protease and reverse transcriptase (RT) of HIV-1
isolates from Ethiopia and Botswana. Antiviral Therapy, Vol. 7pp. 141-8.

Loemba, H., Brenner, B., Parniak, MA., Ma'ayan, S., Spira, B., Moisi, D., Oliveira, M.,
Detorio, M., Essex, M., & Wainberg, MA. (2002). Polymorphisms of cytotoxic T-
lymphocyte (CTL) and T-helper epitopes within reverse transcriptase RT) of HIV-
1 subtype C from Ethiopia and Botswana following selection of antiretroviral drug
resistance. Antiviral Res Vol. 56, pp. 129-42.

www.intechopen.com



366 Genetic Diversity in Microorganisms

Loussert-Ajaka, 1., Menu, E., Apetrei, C., Peters, M., Damond, F., & Mauclere, P. (1998). HIV-
1 diversity and the reliability of the heteroduplex mobility assay. AIDS Res and
Human Retroviruses, Vol. 14, pp. 877-83.

Louwagie, J., McCutchan, FE., Peeters, M., Brennan, TP., Sanders-Buell, E., Eddy, GA., van
der Groen, G., Fransen, K., Gershy-Damet, GM., & Deleys, R. (1993). Phylogenetic
analysis of the gag genes from 70 international HIV-1 isolates provides evidence for
the multiple genotypes. AIDS, Vol. 7, pp.769- 80.

Luo, CC., Downing, RG., Dela, Torre N., Baggs, J., Hu, DJ., Respess, RA., Candal, D., Carr,
L., George, JR., Dondero, TJ.,, Biryahwaho, B., & Rayfield MA. (1998). The
development and evaluation of a probe hybridisation method for subtyping HIV
type 1 infection in Uganda. AIDS Res Hum Retroviruses, Vol. 14, pp. 691-4.

Marozsan, AJ., Moore, DM., Lobritz, MA., Abraha, A. Reeves, JD. & Arts EJ.(2005).
Differences in the fitness of two diverse wild-type human mmuno- deficiency virus
type 1 isolates are related to the efficiency of cell binding and entry. Journal of
Virology, Vol. 79, pp. 7121-34.

Matsuzaki, Y., Sugawara, K., Takashita, E., Muraki, Y., Hongo, S., Katsushima, N., Mizuta,
K., & Nishimura H. (2004). Genetic diversity of influenza B virus: The frequent
reassortment and co-circulation the genetically distinct reassortant viruses in a
community. Medical Virology, Vol. 74, pp. 132-140.

Michael, NL. (1999). Host genetic influences on HIV-1 pathogenesis. Current Opinion
Immunology, Vol. 11, pp. 466-4.

Miller, MD., Margo,t N, McColl, D., & Cheng, AK.(2007). K65R development among
subtype C HIV-1 infected patients in tenofovir DF clinical trials. AIDS, Vol. 21, pp.
265-6.

Ministry of Health, Jamaica. National HIV/STI prevention and control program facts and
figures. (January-June 2007). HIV/ AIDS epidemic update.

Monno, L., Brindicci, G., Lo Caputo, S., Punzi, G., Scarabaggio, T., Riva, C., Di Bari, C.,
Pierotti, P., Saracino, A., Lagioia, A., Mazzotta, F., Balotta, C., & Angarano, G.
(2005). HIV-1 subtypes and circulating recombinant forms (CRFs) from HIV-
infected patients residing in two regions of Central and Southern Italy. Journal of
Medical Virology, Vol. 75, pp. 483-90.

Montano, MA., Novitsky, VA., Blackard, JT., Cho, NL., Katzenstein, DA., & Essex M. (1997).
Divergent transcriptional regulation among expanding human immunodeficiency
virus type 1 subtypes. Journal of Virology Vol. 71, 8657- 65.

Morb Mortal Wkly (MMW) Report. (1994). Centers for Disease Control and Prevention
(CDC). Human immunodeficiency virus transmission in household settings -
United States. Vol. 43, pp. 353-6.

Morb Mortal Wkly (MMW, 1981) Report. Pneumocystis pneumonia - Los Angeles.; ASM
press, Vol. 30, pp. 250-5.

Mulder-Kampinga, GA., Kuiken, C., Dekker, J., Scherpbier, HJ., Boer K., & Goudsmit, J.
(1993). Genomic human immunodeficiency virus type 1 RNA variation in mother
and child following intra-uterine virus transmission. Journal of General Virology,
Vol. 74, pp. 1747-56.

Murphy G, Belda F], Pau CP, Clewley JP, Parry JV. Discrimination of subtype B and non-
subtype B strains of human immunodeficiency virus-type 1 by serotyping:
correlation with genotyping. ] Clin Microbiol 1999; 37: 1356-60.

www.intechopen.com



Genetic Diversity and the Human Immunodeficiency Virus Type-1: Implications and Impact 367

Murray, PR. Baron, EJ. Jorgensen, JH. Landry, ML. Pfaller, MA (Eds). (2007) Manual of
Clinical Microbiology (9th Ed), ASM Press, Washington D.C.

Myers G, Hahn BH, Mellors JW et al. Human Retroviruses and AIDS 1995: A Compilation
and Analysis of Nucleic Acid and Amino Acid Sequences. Los Alamos National
Laboratory, Los Alamos 1995.

Novitski, V., Arnold, C., & Clewley, JP. (1996). Heteroduplex mobility assay for
subtypingHIV-1: Improved methodology and comparison with phylo- genetic
analysis of sequence data. Journal Virology Methods, Vol. 59, pp. 61-72.

Office of AIDS Research Advisory Council (OARAC) January 2008; Guidelines for the use of
antiretroviral

Ou, CY. Ciesielski, CA., Myers, G., Bandea, CI., Luo, CC, Korber, BT., Mullins, ]I,
Schochetman, G., Berkelman, RL., & Economou, AN.(1992). Molecular epidemiology
of HIV transmissions in a dental practice. Science, Vol. 256, pp. 1165-71.

Papuashvili, MN., Novokhatsky, AS., & Shcherbakova, TI. (2005). Characteristics of HIV-1
env V3 loop sequences for subtype Al variant spread in Eastern Europe. Infect Genet
Evol, Vol. 5, pp. 45-53.

Peeters, M., & Sharp, PM. (2000). Genetic diversity of HIV-1: the moving target. AIDS, Vol.
14, pp. S129-5140.

Peeters, M., Liegeois, F., Bibollet-Ruche, F., Patrel, D., Vidal, N., Esu-Wiliams, E., Mboup, S.,
Mpoudi Ngole, E.,, Koumare, B., Nzila, N., Perret, JL., & Delaporte E. (1998).
Subtype-specific polymerase chain reaction for the identification of HIV-1 genetic
subtypes circulating in Africa. AIDS, Vol. 12, pp.671-3.

Pérez, L., Thomson, MM., Bleda, MJ., Aragonés, C., Gonzélez, Z., Pérez, ]., Sierra, M.,
Casado, G., Delgado, E., & Najera, R. (2006). HIV Type 1 molecular epidemiology
in Cuba: high genetic diversity, frequent mosaicism and recent expansion of BG
intersubtype recombinant forms. AIDS Res Hum Retroviruses, Vol. 22, pp. 724-33.

Pérez-Alvarez, L., Mufioz, M., Delgado, E., Miralles, C., Ocampo, A.,& Garcia, V. (2206).
Thomson M, Contreras G, Néjera R; Spanish Group for Antiretroviral Resistance
Studies in Galicia. Isolation and biological characterization of HIV-1 BG
intersubtype recombinants and other genetic forms circulating in Galicia, Spain.
Journal of Medical Virology, Vol. 78, pp. 1520-8.

Piot, P., & Bartos, M. (2002). The epidemiology of HIV and AIDS. In: AIDS in Africa, (2nd ed).
Essex, M., Mboup, S., Kanki, PJ., Marlink, PJ., & Tlou, SD. (Eds). Kluwer
Academic/Plenum, New York, p. 200.

Piot, P., Bartos, M., Ghys, PD., Walker, N., Schwartlander, B. (2001). The global impact of
HIV/AIDS. Nature, VOL. 410, pp. 968 -73.

Pollakis, G., Abebe, A., Kliphuis, A., Chalaby, MI., Bakker, M., Mengistu, Y., Brouwer, M.,
Goudsmit, J., Schuitemaker, H., Paxton, WA. (2004). Phenotypic and genotypic
comparisons of CCR5-and CXCR4-tropic human immuno-deficiency virus type 1
biological clones isolated from subtype C-infected individuals. Journal of Virology
Vol. 78, pp. 2841-52.

Quinones-Mateu, ME., & Arts, EJ. (1999). Recombination in HIV-1: Update and implications.
AIDS Reviews, Vol. 1, pp. 89-100.

Quinones-Matue, ME., Albright, JL., Mas, A., Soriano, V., & Arts, EJ. (1998). Analysis of pol
gene heterogeneity, viral quasi-species, and drug resistance in individuals infected

www.intechopen.com



368 Genetic Diversity in Microorganisms

with group O strains of human immunodeficiency virus type 1. Journal of
Virology, Vol. 72, pp. 9002-15.

Ramos, A., Tanuri, A., Schechter, M., Rayfield, MA., Hu, DJ., Cabral, MC., Bandea, CI.,
Baggs, J., & Pieniazek, D. (1999). Dual and recombinant infection: an integral part of
the HIV-1 epidemic in Brazil. Emerging Infect Diseases, Vol. 5, pp.65-74.

Renjifo, B & Essex, M. HIV-1 subtypes and recombinants.(2002). In: AIDS in Africa, (2nd
edn). Essex, M., Mboup, S., Kank,i PJ., Marlink, PJ., & Tlou, SD. (Eds). Kluwer
Academic/Plenum. New York, p. 138.

Rizzuto, CD., Wyatt, R. (1998). Hernandez-Ramos N, Sun Y, Kwong PD, Hendrickson WA,
Sodroski JA. Conserved HIV gp120 glycoprotein structure involved in chemokine
receptor binding. Science, Vol. 280, pp. 1949-53.

Robbins KE, Kostrikis LG, Brown TM, Anzala O, Shin S, Plummer FA, Kalish ML. Genetic
analysis of human immunodeficiency virus -type 1 strains in Kenya: a comparison
using phylogenetic analysis and a combinatorial melting assay. AIDS Res Hum
Retroviruses 1999; 15: 329-35.

Robertson, DL., Anderson, JP., Bradac, JA., Carr, JK,, Foley, B., Funkhouser, RK., Gao, F.,
Hahn ,BH., Kalish, ML., Kuiken, C., Learn ,GH., Leitner, T., McCutchan, F.,
Osmanov, S., Peeters, M., Pieniazek, D., Salminen, M., Sharp, PM., Wolinsky, S., &
Korber, B. (2000) HIV-1 nomenclature proposal. Science, Vol. 288, pp. 55-6.

Robertson, DL., Hahn, BH., & Sharp, PM. (1995). Recombination in AIDS viruses. Journal
Molecular Evolution, Vol. 40, pp. 249-59.

Sankale, JL., M'Boup, S., Kim, B., Tovanabutra, S., Hamel, DJ., Brodine, SK., Kanki, PJ., &
Birx, DL.(2004). HIV-type 1 circulating recombinant form CRFO9_cpx from West
Africa combines subtypes A, F, G and may share with CRFO2_AG and Z321. AIDS
Res Hum Retroviruses, Vol. 20, pp. 819-26.

Santos, AF., Sousa, TM., Soares, EA., Sanabani, S., Martinez, AM., Sprinz, E., Silveira, J.,
Sabino, EC., Tanuri, A., & Soares, MA. (2006). Characterization of a new circulating
recombinant form comprising HIV-1 subtypes C and B in southern Brazil. AIDS,
Vol. 20, pp. 2011-19.

Scarlatti, G., Leitner, T., Halapi, E., Wahlberg, J., Marchisio, P., Clerici-Schoeller, MA.,
Wigzell, H., Fenyo, EM., Albert, J., & Uhlén M. (1993). Comparison of variable
region 3 sequences of human immunodeficiency virus type 1 from infected
children with RNA and DNA sequences of the virus populations of their mothers.
Proc Natl Acad Sci USA, Vol. 90, pp. 1721-5.

Schochetman, G., Epstein, JS., & Zuck ,TF. (1989). Serodiagnosis of infection with the
AIDS virus and other human retroviruses. Ann Rev Microbiol , Vol. 43, pp. 629-59.

Sheppard, HW., Busch, MP., Louie, PH., Madej, R., & Rodgers, GC. (1993). HIV-1 PCR and
isolation seroconverting and seronegative homosexual men: absence of long-term
immunosilent infection. Journal Acquir Immune Defic Syndr, Vol. 6, pp. 1339-46.

Simmonds, P., Balfe, P., Ludlam, CA., Bishop, JO., & Brown, A]J. (1990)Analysis of sequence
diversity in hypervariable regions of the external glycoprotein of human
immunodeficiency virus-type 1. Journal of Virology, Vol. 64 pp. 5840-50.

Spira, S., Wainberg, MA., Loemba, H., Turner, D., & Brenner, BG.(2003). Impact of clade
diversity on HIV-1 virulence, antiretroviral drug sensitivity and drug resistance.
Journal of Antimicrobial Chemotherapy, Vol. 51, pp. 229-40.

www.intechopen.com



Genetic Diversity and the Human Immunodeficiency Virus Type-1: Implications and Impact 369

Swofford, DL. (2003). PAUP. Phylogenetic analysis using Parsimony (and other methods).
Version 4. Sinauer  Associates, Sunderland agents in HIV-1 infected adults and
adolescents.

Tatt, ID., Barlow, KL., & Clewley, JP. (2000). A gag gene heteroduplex mobility assay for
subtyping HIV-1. Journal of Virology Methods, Vol. 87, pp.41-51.

Tatt, ID., Barlow, KL., Nicol, A., & Clewley, JP. (2001). The public health significance of HIV-
1 subtypes. AIDS, Vol. 15 (suppl 5): pp. s59-s71.

Taylor, BS., Sobieszczyk, ME., McCutchan, FE., & Hammer, SM. (2008). The challenge of
HIV-1 subtype diversity. N England Journal of Medicine, Vol. 358, pp. 1590-602.

Tersmette, M., de Goede, RE., Al, B., Winkel, IN., Gruters, RA., Cuypers, HT., Huisman,
HG., & Miedema, F. Differential syncytium-inducing capacity of human
immunodeficiency virus isolates: frequency detection of synctium-inducing isolates
in patients with acquired immunodeficiency syndrome (AIDS) and AIDS-related
complex. Journal of Virology Vol. 62, pp. 2026-32. Thompson, JD., Gibson, TJ.,
Plewniak, F., Jeanmougin, F., & Higgins, DG. (1997). The Clustal_X windows
interface: Flexible strategies for multiple sequence alignment aided by quality
analysis tools. Nucleic Acids Res, Vol. 25, pp. 4876-82.

Thompson, JD., Higgins, DG., & Gibson, TJ. (1994). Clustal W: improving the sensitivity of
progressive multiple sequence alignment through sequence weighting, position-
specific gap penalties and weight matrix choice. Nucleic Acids Res, pp. 22, pp. 4673-
80.

Thomson, MM., Casado, G., Posada, D., Sierra, M., & Najera, R.(2005). Identification of a
novel HIV-1 complex circulating recombinant form (CRF18_cpx) of African origin
in Cuba. AIAS, Vol, 19, pp. 1155-63.

Tovanabutra, S., Beyrer, C., Sakkhachornphop, S., Razak, MH., Ramos, GL., Vongchak, T.,
Rungruengthanakit, K., Saokhieo, P., Tejafong, K., Kim, B., De Souza, M., Robb,
ML., Birx, DL,, Jittiwutikarn, J., Suriyanon, V., Celentano, DD., & McCutchan, FE.
(20004). The changing molecular epidemiology of HIV type 1 among Northern Thai
drug users, 1999 to 2002. AIDS Res Hum Retroviruses, Vol. 20, pp. 465- 75.

UNAIDS (December 2004). USAIDS epidemic update. Joint United Nations Programme on
HIV/AIDS (UNAIDS) World Health Organization (WHO)

UNAIDS/WHO (December 2006). Joint United Nations Programme on HIV/AIDS.

van der Auwera, G., & Heyndrickx, L. (December 2000). HIV-1 group M gag heteroduplex
mobility analysis (HMA) subtyping kit Protocol Version 3, pp. 1- 15.

van Harmelen, ]J., van der Ryst, E., Wood, R., Lyons, SF., & Williamson, C. (1999).Restriction
fragment length polymorphism analysis for rapid gag subtype determination of
human immunodeficiency virus type 1 in South Africa. Journal Virology Methods,
Vol. 78, pp.51-9.

Vaughan, HE., Cane, P., Pillay, D., & Tedder RS. (2003). Characterization of HIV -type 1
clades in the in the Caribbean using pol gene sequences. AIDS Res Hum
Retroviruses, Vol. 19, pp. 929-32.

Vaughan, HE., Cane, P., Pillay, D., & Tedder, RS. (2003). Characterization of HIV -type 1.

Velazquez-Campoy, A., Vega ,S.,& Freire, E. (2002). Amplification of the effects of drug
resistance mutations by background polymorphisms of HIV-1 protease from
African subtypes. Biochemistry, Vol. 41, pp. 8613-9.

www.intechopen.com



370 Genetic Diversity in Microorganisms

Vogt MW, Witt DJ, Craven DE, Byington R, Crawford DF, Schooley RT, Hirsch MS. Isolation
of HTLV-III/LAV from cervical secretions of women at risk for AIDS. Lancet 1986;
i: 525-7, Vol. 19, pp. 929-32.

Wasi, C., Herring, B., Raktham, S., Vanichseni, S., Mastro, TD., Young, NL., Riibsamen-
Waigmann, H., von Briesen, H., Kalish, ML., & Luo CC. (1995). Determination of
HIV-1 subtypes in injecting drug-users in Bangkok, Thailand using peptide
binding enzyme immunoassay and heteroduplex mobility assay: evidence of
increasing infection with HIV-1 subtype E. AIDS, Vol. 9, pp.843-9.

Weiser, B., Burger, H., Hachman, S., Hsu, YJ., & Gibbs, R. Use of serial HIV-1 sequences
from a pregnant woman and her twins to study timing of vertical transmission.
Vaccines Vol. 1, pp. 31-6.

Worgall S, Connor R, Kaner R], Fenamore E, Sheridan K, Singh R, Crystal RG. Expression
and use of human immunodeficiency virus type 1 co-receptors by human alveolar
macrophages. ] Virol 1999; 73: 5865-74.

Wryatt, R., & Sodroski, J. (1998). The HIV-1 envelope glycoproteins: fusogens, antigens, and
immunogens. Science, Vol. 280, pp. 1884-8.

Wyatt, R.,, Kwong, PD., Desjardins, E., Sweet, RW., Robinson, J., Hendrickson, W A.,
Sodroski ,JG. (1998) The antigenic structure of the HIV gpl120 envelope
glycoprotein. Nature, Vol. 393, pp. 705-11.

Yang, C., Li, M., Mokili, JL., Winter, J., Lubaki, NM., Mwandagalirwa, KM., Kasal, M]J.,
Losoma, AJ., Quinn, TC., Bollinger, RC., Lal, & RB. (2005). Genetic diversification
and recombination of HIV type 1 group M in Kinshasa, Democratic Republic of
Congo. AIDS Res Hum Retroviruses, Vol. 21, pp. 661-6.

Zetterberg, V., Ustina, V., Liitsola, K., Zilmer, K., Kalikova, N., Sevastianova, K., Brummer-
Korvenkontio, H., Leinikki, P., & Salminen, MO. (2004). Two viral strains and a
possible novel recombinant are responsible for the explosive injecting drug use-
associated HIV type 1 epidemic in Estonia. AIDS Res Hum Retroviruses, Vol. 20, pp.
1148-56.

www.intechopen.com



Genetic Diversity in Microorganisms

GENETIC Edited by Prof. Mahmut Caliskan
DIVERSITY IN

MICROORGANISMS

Bdited B Mahmut Cadiakan

ISBN 978-953-51-0064-5

Hard cover, 382 pages

Publisher InTech

Published online 24, February, 2012
Published in print edition February, 2012

Genetic Diversity in Microorganisms presents chapters revealing the magnitude of genetic diversity of
microorganisms living in different environmental conditions. The complexity and diversity of microbial
populations is by far the highest among all living organisms. The diversity of microbial communities and their
ecologic roles are being explored in soil, water, on plants and in animals, and in extreme environments such
as the arctic deep-sea vents or high saline lakes. The increasing availability of PCR-based molecular markers
allows the detailed analyses and evaluation of genetic diversity in microorganisms. The purpose of the book is
to provide a glimpse into the dynamic process of genetic diversity of microorganisms by presenting the
thoughts of scientists who are engaged in the generation of new ideas and techniques employed for the
assessment of genetic diversity, often from very different perspectives. The book should prove useful to
students, researchers, and experts in the area of microbial phylogeny, genetic diversity, and molecular biology.

How to reference
In order to correctly reference this scholarly work, feel free to copy and paste the following:

Orville Heslop (2012). Genetic Diversity and the Human Immunodeficiency Virus Type-1: Implications and
Impact, Genetic Diversity in Microorganisms, Prof. Mahmut Caliskan (Ed.), ISBN: 978-953-51-0064-5, InTech,
Available from: http://www.intechopen.com/books/genetic-diversity-in-microorganisms/genetic-diversity-and-
the-human-immunodeficiency-virus-type-1-implications-and-impact

INTECH

open science | open minds

InTech Europe InTech China

University Campus STeP Ri Unit 405, Office Block, Hotel Equatorial Shanghai

Slavka Krautzeka 83/A No.65, Yan An Road (West), Shanghai, 200040, China

51000 Rijeka, Croatia FE EBHIERFEK6SS iEEPrRE ARG DA E4058TT
Phone: +385 (51) 770 447 Phone: +86-21-62489820

Fax: +385 (51) 686 166 Fax: +86-21-62489821

www.intechopen.com



© 2012 The Author(s). Licensee IntechOpen. This is an open access article
distributed under the terms of the Creative Commons Atiribution 3.0
License, which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.




