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ABSTRACT

A study was conducted to investigate the genetic diversity of HIV-1 in South Africa. 

Blood was collected from 172 HIV-1 seropositive individuals, representing different risk groups, 

and subtyped by heteroduplex mobility assay (HMA) using an -700-bp env region. HIV-1 

subtype C predominated and was present in 97% of heterosexually infected individuals. Ninety 

three percent of individuals infected homosexually and 89% of recipients of contaminated blood 

products were infected with subtype B viruses. Four env subtype A viruses were also identified. 

In order to screen for recombinant viruses, 117 of these samples were also subtyped using a gag 

HMA based on an -540-bp gag region. There was concordance in 113 samples with both gag 

and env HMA identifying the same subtype. Four recombinant viruses were found which were 

mosaics between subtype C and regions belonging to either subtypes A or B. Thus, the 

prevalence of recombinant viruses in this study is relatively low (3%).

A second study examined the phylogenetic relationships between 44 HIV-1 isolates from 

43 infected subjects employed by three adjacent South African gold mines. The patients were 

migrant workers originating from the rural areas of South Africa and neighbouring countries of 

Lesotho, Botswana, Swaziland and Mozambique. HIV-1 was subtyped by env HMA and 

sequence analysis was used to determine phylogenetic relationships between isolates. All isolates 

were identified as env subtype C. These isolates did not show a distinct phylogenetic relatedness 

based on the geographic origins of the migrant workers or show cki ,-c homology to other subtype 

C sequences from southern Africa or India. The heterogeneity among these samples suggests 

multiple introductions of HIV-1 subtype C into this population. However, five clusters of closely 

related sequences were identified, mainly involving miners of disparate geographic origins, 

suggesting possible epidemiological linkage in these few cases.

In summary, subtype C is the predominant HIV-1 subtype in Gauteng associated with 

heterosexual transmission. Globally, subtype C has become the most prevalent subtype and it is 

likely that future vaccine strategies will be directed towards this subtype. Continual genetic 

characterization of HIV in South Africa is important to monitor the ongoing evolution of this 

subtype and to document the emergence of new subtypes and inter-subtype recombinants.
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CHAPTER ONE

LITERATURE REVIEW

1.1 The HIV epidemic

In 1981 a number of previously healthy, young homosexual men were treated for 

Pneumocystis carninii pneumonia and Kaposi’s sarcoma (CDC, 1981a, CDC, 1981b). The 

underlying disorder in these patients was found to be a severe immune deficiency with a dramatic 

decline in CD4+ cells, which was subsequently given the name acquired immunodeficiency 

syndrome (AIDS). After two years of intensive research, Montagnier and coworkers identified 

a retrovirus, which grew to high titres in CD4+ cells and was cytopathic, as the etiological agent 

of AIDS (Montagnier et a i, 1984). In 1986, the International Committee on Taxonomy of 

Viruses recommended the name, human immunodeficiency virus (HIV) (Coffin et a l, 1986). 

Soon after the discovery of HTV, a second immunodeficiency virus was identified in West Africa 

(Clave! et al., 1986). This virus was designated HIV-2, and the first was subsequently renamed 

HIV-1. Both viruses belong to the family Retroviridae, subfamily Lentivirinae, which are slow 

acting, cytopathic viruses associated with long incubation periods and infection of the central 

nervous system (CNS) (Hehlmann, 1991).

Since then, nearly 31 million people have become infected with HTV and almost 12 

million people around the world have died of AIDS. Over two-thirds of all these people live in 

sub-Saharan Africa, and 83% of the world’s ADDS deaths have been in this region. HTV in sub- 

Saharan Africa is mostly spread through heterosexual transmission which means that women and 

children are more heavily burdened in Africa, than in other regions (UNAIDS/WHO, 1998). It 

has been estimated by the WHO that by the year 2000 there will be 40 million people infected 

with HIV; more than 90% will be in developing countries such as Asia and sub-Saha an Africa 

(WHO, 1995). In developed countries such as the USA, the routine use of increasingly intensive 

anti-retroviral therapies has resulted in the dramatic decrease in morbidity and mortality among 

HIV-infected patients (Palella et al., 1998). However, HIV-1 continues to spread in developing 

countries which are least able to afford anti-retroviral therapy, causing nearly 16,000 new 

infections a day (UNAIDS/WHO, 1998).



South Africa currently has the fastest growing epidemic in the world. In 1990, less than 

1% of the women attending ante-natal clinics were infected, however, since then the prevalence 

has doubled roughly every one to two years (Figure 1.1). By the end of 1998,22.8% of pregnant 

women were HIV-infected with KwaZulu/Natal province being the worst affected and Western 

Cape province the least affected. Based on these figures it is estimated that 3.6 million people 

in South Africa are infected with HIV-1 (Department of Health, 1999).
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Redrawn from Department of Health Report (Department of Health, 1999)

Figure 1.1 HTV prevalence trends in South Africa (Based on the national surveys in antenatal 
clinic attenders: 1990-1998)

1.2 Modes of transmission

1.2.1 Sexual

HIV-1 is transmitted by both heterosexual and homosexual activity and the likelihood 

of becoming infected is related to the number of sexual partners and to different sexual practices 

(Anderson & May, 1988). In developed countries, such as the United States, anal intercourse 

between men is the most common mode of transmission, whereas in developing countries such 

as in Africa and Asia, heterosexual vaginal intercourse is the dominant mode of transmission.
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‘ -ale-to-female transmission is approximately eight times more efficient than female-to-male 

transmission (Padian et al., 1997). The vagina is more vulnerable to infection as large volumes 

of infected semen remain in contact with a substantial area of susceptible vaginal and cervical 

epithelium for long periods of time (Schoub, 1994). Transmission is likely to occur through cell- 

associated virus as this is present in higher numbers than cell-free virus in both semen and 

vaginal secretions (Levy, 1994). Rectal intercourse has a greater risk of transmitting the virus as 

the rectal mucosa is very delicate compared to the vaginal mucosa which is multi-layered and 

relatively robust. HTV gains entry in the vagina or the anal canal by infecting the epithelial cells 

(M-cells in the rectal mucosa, and CD4+-bearing Langerhans cells in the vaginal mucosa) directly 

or through abrasions and genital ulcers in. the mucosa. Uncircumcised men are significantly more 

susceptible to HIV infection than those who are circumcised, due to retention of infected cells 

under the foreskin. In bol.i homosexual and heterosexual intercourse, the recipient partner is of 

greater risk than the insertive partner (Schoub, 1994). Sexually transmitted diseases (STD), 

associated with large numbers of inflammatory cells containing virus-infected cells, and often 

involving ulcerations or discharges, increases the risk of transmission by 5 to 20 times (Royce 

et al., 1997). Successful treatment of STDs results in a significant reduction in vaginal shedding 

of HIV-1 which may reduce HIV-1 transmission (Htun et al., 1999).

1.2.2 Vertical
HTV transmission from an HIV-infected mother to her infant occurs via three pathways: 

a) pre-partum/intra-uterine (across the placenta), b) intra-partum/perinatal (exposure to an 

infected genital tract, maternal blood or vaginal secretions during delivery), and c) 

postpartum/postnatal, through breast milk (Ahmad et al., 1995).

There are various factors which influence the transfer of HIV from mother to infant: poor 

clinical stage of the mother; low levels or absence of anti-V3 loop antibodies; reduced CD4+ cell 

count; high viral load; and the presence of high-replicating, syncitium-inducing strains in the 

mother at the time of delivery (Husson et al., 1995). Up to half of infant infections occur during 

birth through contact with the amniotic fluid, genital secretions, or blood of the mother. In the 

case of twins, the first bom is at higher risk of becoming infected as it clears the vaginal birth 

canal during delivery (Goedert et al., 1991). Caesarean deliveries have been associated with a 

reduction in risk of acquiring HIV infection (between 20 to 50%), although in other studies it did
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not demonstrate any protective effect (Villari et al., 1993). In the absence of any interventions, 

rates for perinatal transmission range from 15% - 35%. The highest rates are reported in Africa 

where the clinical stage of the mother may be more severe and breast-feeding is a common 

practice (Newell & Peckham, 1993). Recent studies have shown that the systematic use of 

azidothymidine (AZT) reduces the transmission rate to less than 10% (Masquelier et al., 1999),

1.2.3 Blood and blood product transfusion

Before 1985, transmission by blood transfusion accounted for more than 90% of HTV-l 

transmission. However, HTV-l antibody screening of donated blood has significantly reduced 

HIV transmission through this route, which now accounts for less than 5% of all new cases 

(Schoub, 1994). Prolonged heat treatment (>60°C) of clotting factors VUI and IX has virtually 

eliminated HIV transmission via these products (Levy et al., 1985).

1.2.4 Intravenous drag use

HIV is transmitted among injecting drug users (TVDU) through the sharing of 

contaminated needles and other equipment. Transmission is related to the frequency of needle 

sharing, the immunosuppressiveness of certain drugs, and the prevalence of HTV infection in the 

particular area. The inaccessibility of these groups to educational and needle-exchange 

programmes in countries where the use of drugs is illegal may propagate behaviour which 

increases transmission (Schoub, 1994). TVDU are the main risk group for HTV-l infection in 

Spain (Registro de casos de SID A, 1993), whereas, in South Africa very few cases have been 

reported.

1.2.5 Accidental needle-stick injuries

The risk for acquiring the virus through an accidental needle-stick injury is < 0.3%, but 

nevertheless remains an important and preventable route of transmission. The risk of 

transmission is dependent on the volume of infected blood injected, the clinical stage of the 

patient from whom the blood was taken as well as how immunocompromised the individual is 

who has been pricked (Schoub, 1994). Appropriate post-exposure prophylaxis (PEP) after per 

cutaneous exposure to infected blood may reduce the risk for HTV seroconversion by 79% and 

is now practised in many countries including South Africa (CDC, 1996).
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1.3 The HIV virion

1.3.1 Structure

High-resolution electron microscopy has revealed the HTV virion as an icosahedral 

structure (Gelderblom et al„ 1987), 100 to 150 nm in diameter, containing 72 external spikes 

(Connor eZ a/., 1997, Green, 1991). Mature particles are characterized by an electron-dense cone- 

shape capsid, which consist of (i) the major capsid protein, p24; (ii) the nucleocapsid proteins, 

p7 and p9; (iii) the diploid single-stranded RNA genome; and (iv) the three viral enzymes, 

protease, reverse transcriptase, and integrase. The viral capsid is surrounded by a matrix protein, 

p i7, located underneath the lipid bilayer envelope membrane that is acquired as the virion buds 

from an infected cell. The viral genomic RNA encodes a series of structural, enzymatic and 

regulatory proteins that are required to complete the viral life cycle efficiently (Barre-Sinoussi, 

1996). Each of the 72 spikes are formed by the two major viral-envelope proteins, an external 

glycosylated protein gpl20 and a transmembrane protein gp41, that are embedded in the lipid 

membrane (Montagnier & Cla.vel, 1994).

1.3.2 Genomic organization

The genome of HTV is approximately 10 kb in length with open reading frames coding 

for several viral proteins (Figure 1.2). Flanked by two long-terminal repeats (LTR), the genome 

consists of three main genes: gag, which encodes the virion structural components; pol, which 

encodes several viral enzymes; and env, which encodes the envelope glycoproteins. The HTV-l 

genome also contains at least another six additional genes: tat, rev, nef, vpr, vpu (or vpx in EHV- 

2) and vif. Proteins encoded by these genes function both early and late in the replication cycle 

to regulate transcription and translation of viral proteins and to enhance assembly and release of 

particles from infected cells (Connor et al., 1997).

1.3.3 Major proteins

The major core proteins of HIV are synthesized from gag as a large precursor protein 

(pr55), which is subsequently proteolytically cleaved by the HTV protease to yield pl7, p24, p7 

and p9 proteins. Both p7 and p9 are capable of binding genomic RNA and together form the 

nucleoid core (Green, 1991). A minus one nucleotide ribosomal frame shift occurs between the 

first and second long open reading frame of the HTV genome, resulting in the synthesis of a gag-
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pol precursor protein (prl70) (Jacks ei al., 1988). The ratio of gag-pol to gag produced is 

approximately 1:20. Subsequent cleavage of this precursor protein produces the gag protein 

products and the retroviral enzyme protease (pll), reverse transcriptase-ribonuclease H 

(p51/p66), and integrase (p32). With the exception ofHTV protease, these enzymes function in 

the early stages of the replication cycle to convert the viral genomic KNA to DNA and to 

mediate insertion of the viral genome into the host cell chromosome. By contrast, HIV-1 

protease acts during assembly and release of virions to cleave the gag and gag-pol polyproteins 

(Kaplan et al., 1994). The major protein product of the env gene is synthesized in the host cell 

cytoplasm as an 88 kd polypeptide (Willey et al., 1988). After a series of post-translation 

glycosylation steps, primarily with N-linked sugars in the endoplasmic reticulum and Golgi 

apparatus, the final protein product is about 160 kd. A fraction of the newly synthesized gpl60 

is spliced by a cellular protease to generate the transmembrane (gpl20) and surface (gp41) 

subunits (McCune et al., 1988). Cleavage of the integral membrane proteins is of critical 

importance in the virus life cycle as mutations within the endoproteolytic cleavage site of the 

env gene result in the release of noninfectious particles. Following this cleavage step, gpl20 

remains non-covalently associated with gp41 on the cell surface and is incorporated into the 

envelope of budding virions as a trimeric complex in a typical spike-and-knob configuration 

(Ozel et al., 1988).

IBSgll 4—tat — ► gj 
88 «—rev —> HSH

vif

5 rLTR

pol env g p l60 nef

Redrawn from J. A. Levy (Levy, 1994) 

Figure 1.2 Genomic map of HTV-1
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1.3.4 The life cycle of HIV

1.3.4.1 Attachment of the virion:

HIV-1 can infect many different human cells in culture, but in vivo CD4+ T lymphocytes 

and monocytes are the major cellular targets (Fauci, 1988). The binding of gp 120 to CD4+ occurs 

through the interaction of conformationally defined domains. These molecular “twists” reveal 

additional attachment sites for the viral envelope to bind to a second molecule, a seven- 

transmembrane domain G-protein coupled chemokine receptor, either CXCR4 or CCR5 (Levy, 

1996). Non-syncitium-inducing (NSI) macrophage-tropic HIV-1 strains use the CC chemokine 

receptor CCR5. This co-receptor is used by almost all primary HIV-1 isolates regardless of viral 

genetic subtype (Alkhatib et al., 1996, Deng et al, 1996, Dragic et al., 1996). Syncitium- 

inducing (SI) T-tropic isolates use the CXCR4 co-receptor (Feng et al., 1996), although many 

of them also use CCR5 (Simmons et al., 1996).

1.3.4.2 Internalization of the virion:

Internalization of the receptor-bound HIV-1 virion by the cell takes place through either 

receptor-mediated endocytosis (Maddon et al., 1986) or virus-mediated membrane fusion (Stein 

et al., 1987), although the latter appears to be the dominant mechanism (Bedinger et al., 1988). 

Chemokine-receptor binding (CCR5 or CXCR4) is believed to trigger additional conformational 

changes in the envelope glycoprotein tim er that leads to the exposure of the three N-terminal 

fusion peptides of the trimeric gp41. These fusion peptides interact with a still undefined cell- 

membrane (fusogenic) domain in the lipid bilayer of the host. Activation of this domain leads 

to fusion of the viral and host cell membranes which in turn promotes internalization of the 

virion (Kwong et al., 1998).

1.3.4.3 Reverse transcription and integration:

After internalization, the HIV-1 virion is stripped of its lipid membrane (Varmus, 1988), 

and the capsid complex moves into the cytoplasm. Reverse transcription in initiated with the 

conversion of viral RNA to DNA mediated by the coordinated polymerase and ribonuclease H 

activities of the HTV-l-encoded reverse transcriptase. This is done by the synthesis of a 

complementary strand of DNA from the viral genomic RNA. Ribonuclease H selectively 

degrades the original RNA template while a second strand of DNA is synthesized, yielding a 

double-stranded DNA copy of the original viral RNA genome (Goff, 1990). This double-stranded
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DNA replica is translocated to the nucleus and inserted randomly into the host genome by the 

viral integrase. Once integrated, this DNA copy of the retroviral genome is called a “provirus” 

(Barre-Sinoussi, 1996).

1.3.4.4 Expression of early and late genes:

After integration, cellular DNA-dependent RNA polymerases generate genomic-length 

viral pre-messenger RNA (pre-mKNA) transcripts using the provirus as a template. These early 

transcripts are transported to the cytoplasm as multiply spliced viral RNAs that are translated into 

various regulatory proteins including Tat, Rev and Nef. Thereafter, Tat and Rev shuttle back to 

the nucleus. Initially the level of viral-specific transcription is low in the absence of Tat. Tat binds 

directly to an RNA stem-loop structure, termed the transactivation response element (TAR), 

located at the 5' end of all viral mRNAs. It acts primarily at the level of transcription initiation 

and elongation, giving rise to full-length HIV-1 transcripts rather than the short, truncated 

transcripts. Transcription of early regulatory proteins predominates while a significant amount 

of Rev protein accumulates in the nucleus. In the presence of Rev, unspliced and singly-spliced 

viral RNA transcripts (late transcripts) encoding structural and enzymatic proteins, as well as the 

viral genomic RNA, are transported to the cytoplasm. Rev functions through a five stem-loop 

RNA structure, the Rev response element (RRE), located within the env gene of the mRNA 

species whose expression is regulated by Rev. Once transported, these late transcripts are 

translated to the products of the env, gag andpol genes (Montagnier & Clavel, 1994).

1.3.4.5 Assembly and budding:

Assembly of new virions occurs at the plasma membrane of the host cell. The process 

involves the aggregation of the ribonucleoprotein cores, composed of the HIV-1 RNA, and gag 

proteins, together with the various enzymes encoded by the pol gene, in the cytoplasm. Virions 

are formed when these cores bud through the plasma membrane during which they acquire their 

lipid membranes, complete with the external (gpl20) and transmembrane (gp41) envelope 

glycoproteins (Connor et al., 1997). These virions are then able to initiate new cycles of infection.



1.4 Cenetic variability of HIV-1

In the absence of anti-retroviral therapy HIV-1 shows extremely high continuous turnover 

of virus with up to 1 O’ virions produced per day (Ho et ah, 1995) resulting in a substantial viral 

burden (Piatak et ai, 1993). This high replicative capacity together with its ability to mutate has 

resulted in considerable genetic diversity in the HJV-1 genome. The env gene is the most variable 

region, where divergence between isolates of different subtypes can be up to 30% (Montagnier 

& Clavel, 1994), It is estimated that within an infected person HIV-1 sequences change by 

approximately 1 % per year in the env gene (Myers et ah, 1993). Thus, there exists a swarm or 

quasispecies of related but distinct HIV variants which increase over time and affect the 

biological phenotype and possibly also virulence and transmissibility of the virus (Hahn et ah, 

1986).

1.4.1 Mechanisms of variability

1.4.1.1 Errors during reverse transcription:

The molecular basis of variability in HIV-1 is partly due to the low fidelity of the reverse 

transcriptase enzyme. None of the three stages in retroviral replication, including reverse 

transcription, plus-strand DNA synthesis as well as transcription, are subjected, xo proof-reading 

(Ricchetti & Buc, 1990). It has been estimated that during this highly error-prone process, HIV-1 

can mutate in vitro at a rate of about one nucleotide per genome per replication cycle. Therefore, 

a population of HIV-1 viruses will contain few if any identical genomes (Subbarao & 

Schochetman, 1996). The HIV-1 viral copies within a single individual (quasispecies) commonly 

vary by 1% - 6% in env (Hahn et a i, 1986, Goodenow et al., 1989). In addition, retroviral 

genomes undergo insertions, deletions and frame shifts which contribute to genetic diversity 

(Dougherty & Temin, 1988, Pathak & Temin, 1990a, Pathak & Temin, 1990b). High rates of G- 

to-A transitions also occurs in the HIV-1 genome. This phenomenon, by which individual 

proviruses acquire several mutations in a single replication cycle, is called hypermutation 

(Vartanian et al., 1991). G-to-A substitutions not only contribute to the high A content (34%) 

of the HIV-1 genome, but also to the genetic variability (Goodenow et al., 1989).

1.4.1.2 Recombination:

Retroviruses are known to be highly recombinogenic. The enzyme’s affinity for the two
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RNA templates is low and is able to frequently switch templates during proviral DNA synthesis. 

Recombination results when a host cell is infected with two different viruses, either sequentially 

(super-infection) or simultaneously (co-infection). The error-prone reverse transcriptase jumps 

between the two RNA templates so that the newly synthesized DInA transcripts are a mosaic 

between that of the two parents. However, recombination can also occur when one RNA 

transcript from each virus is encapsidated into a single heterozygous virion. When such a virion 

subsequently infects a new host cell, the reverse transcriptase uses both strands as templates to 

generate a mosaic DNA transcript (Hu & Temin, 1990). Co-infection with highly divergent 

strains from the same subtype (Zhu el al, 1995), from different HTV-1 subtypes within the major 

(M) group (Artenstein et al,, 1995, Van der Ryst, 1996, Xin et al., 1995) or with members of 

group M and the highly divergent outlier (O) group (Heyndrickx et al., 1996, Songok et al., 

1996) have been described.

Inter-subtype recombinant viruses are identified when different genes, or different regions 

within the same gene, group phylogenetically with different HIV-1 subtypes. One of the earliest 

characterized HJV-1 isolates from Africa was MAL which was found to cluster with subtype D 

in env, but with subtype A in gag (Myers et al., 1992c). More than 10% of the HIV-1 strains that 

have been characterized by sequencing appear to be inter-subtype recombinants (Robertson et 

al., 1995b). 1 iris figure is possibly an underestimate of the true frequency of recombinant viruses, 

both because of the excess representation of subtype B, and because the cross-over points of 

possible recombinant viruses do not fall within the gene being analysed (Robertson et al., 1997). 

Recent studies indicated the frequency in Africa may be an high as 25% (Kampinga et al., 1997).

Recombination occurs in geographic regions where multiple genetic subtypes co- 

circulate, such as Central Africa, South America, and Southeast Asia (Tain et al., 1994, Louwagie 

et al., 1995, Louwagie et al., 1993, Lukashov et a l, 1995, McCutchan et a l, 1992a). A variety 

of recombinant viruses have been identified, including A/B, A/C, A/D, A/E, A/G, and B/F 

recombinants (Bobkov et a l, 1998, Carr et a l, 1998, Carr et a l, 1996, Leitner et al, 1995b, 

Sabino et a l, 1994, Sahninen et al, 1997). It appears that certain subtypes recombine more often 

than others, as in the case of subtypes A and C while subtypes B and D show a more restricted 

pattern of genetic exchange (McCutchan et al, 1996). Analysis of full-length genomes of 

subtypes A-H has revealed that all subtype E strains and the majority subtype G strains are
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recombinants with subtype A (Leitner et al., 1997). However, non-recombinant full-length 

genomes of HTV-l subtype G have recently been described (Carr et al., 1998). Recent analysis 

of a complete genome of a subtype I sequence, originally from Cyprus, revealed that it is 

multiply mosaic and composed of at least 3 subtypes (A, G, and I) (Gao et al., 1998a). Other 

complex mosaic viruses comprising three different HTV-l group M subtypes include the MAL 

strain which in addition to subtypes A and D also showed segments of subtype I (Robertson et 

al., 1997). Env and gag fragments of subtype J genes have been isolated from Zairean 

immigrants in Sweden, but full-length sequences of this subtype are still unavailable (Leitner et 

al, 1995a).

Recombination between HTV-l and HTV-2 has not been described, although co-infection 

has been serological defined (Rubsamen-Waigmann et a l, 1994) and later confirmed by 

polymerase chain reaction (PCR) using nested primer pairs specific for either HIV-1 or HIV-2 

(Grez et al., 1994). The lack of recombination between these two lineages, which are only 40% 

homologous in th "v env genes (Guyader et al., 1987) may be due to the high level of sequence 

divergence between them (Robertson et al.,). This suggests that in order to ensure a functional 

virus there may be a limit to genetic variation within HIV.

1.4.1.3 Selection by the immune system:
The frequent emergence of phenotypic variants in an individual over time is likely to be 

driven partly by the strong selective pressure imposed by the immune system (Coffin, 1992). 

HIV-1 mutates to escape neutralising antibodies (McKeating et al., 1989) and cytotoxic T 

lymphocytes (CTL) (Phillips et al., 1991). In vitro studies have shown that a single amino acid 

substitution in the sequence of the V3 epitope can lead to a highly significant reduction in the 

neutralizing activity of antibodies directed against this epitope (McKeating et al, 1989). 

Similarly, variation in the amino acid sequence of known CTL epitopes have been shown to 

correlate significantly with reduced CTL specificity (Phillips et al., 1991). This allows the virus 

to escape recognition by HIV-specific CTL prevalent at that time.

Rates of selection pressures vary for different parts of the retroviral genome. The viral 

envelope is continuously exposed to immune pressure which explains why env shows more 

genetic variation compared to the rest of the genome (Montagnier & Clavel, 1994). This suggests
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that the observed levels of genetic sequence variation does not simply reflect intrinsic mutation 

rates (Holmes et a l, 1992), but rather a combination of viral and host factors.

1.4.1.4 Selective pressures of prolonged chemotherapy:

Drug-resistant mutants of HIV-1 have been shown to emerge under the selective pressure 

of prolonged chemotherapy. Resistance is characterized by specific mutations in the appropriate 

gene, for example mutations at codons 67, 70, 215, and 219 in the reverse transcriptase gene 

confer AZT resistance (Richman, 1992). There is strong evidence for the transmission of these 

drug-resistant strains (Imrie et al., 1991), which not only contribute to the genetic pool of 

variants, but also complicate combination therapy in the recipient.

1.4.2 Biological effects of env gene diversity

The HIV-1 env gpl20 protein contains five hyper variable domains (V1-V5) separated 

by six relatively conserved regions (Willey et al., 1986) (Figure 1.3). Env is the most commonly 

studied gene for phylogenetic analysis because of its high degree of genetic variation. The third 

hyper variable region (V3 loop) has been mapped to a region of 32-35 amino acids formed by 

a disulphide bond between two conserved cysteines (Matsushita et al., 1988). The tip of the loop 

has a highly conserved tetrapeptide motif, usually Gly-Pro-Gly-Gln (GPGQ (Figure 1.3), 

compared to the more variable immediate flanking regions (Foley & Korber, 1995). The V3 loop 

contains the principal neutralization domain and is the main target of antibody (Javaherian et al, 

1989) and T-cell-mediated responses (Takahashi et al, 1992). It is therefore highly immunogenic 

and subjected to strong selective pressure. Diversity of the V3 loop sequence increases during 

HIV-1 infection from a relatively homogenous population during the acute phase, to a more 

heterogenous one at the onset of AIDS. This increased diversity is associated with an increase 

in antigenic variation which in turn has major implications for the gp!20-CD4+ interaction 

(Kuiken et a l, 1993).

The V3 loop is associated with several functions, such as infectivily (Freed et al., 1992), 

viral fusion (Freed et al., 1991), cytopathicity (Fouchier et al., 1992) and cell tropism (Hwang 

et al, 1991). It is these characteristics that help in defining the pathogenicity of the viral strain. 

In vitro studies indicate the predominance of macrophage tropic, slow replicating non-syncitium 

inducing (NSI) virus variants which use the CCR5 co-receptor (R5 viruses) during the early, 

asymptomatic stage c . 'HV- v , tion r ie T-cell line tropic syiicitium inducing (SI) variants.
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which use the CXCR4 co-receptor (X4 viruses), emerge in about 50% of symptomatic patients 

(Tersmette et ai, 1989). The V3 domain functions during virus cell adsorption and fusion, after 

the initial binding between gpl20 and the CD4 * molecule on the surface of the host cell. Amino 

acid substitutions in the V3 loop cause changes in the confirmation of the epitope which has a 

direct impact on the tropism of HTV-1 (Freed et al., 1991). Increased V3 loop charge, associated 

with the switch from macrophage to T cell tropism, indicates that a net positive charge is a 

determining factor in the SI capacity of a strain (Distler et al., 1995). There is no significant 

association between biological phenotypic characteristics (slow/low and rapid/high) and the 

different HIV-1 genetic subtypes. This was evident from a study showing that HTV-1 isolates 

of diverse genetic subtypes derived from patients from different geographical regions, were quite 

heterogenous with respect to their biological phenotypes (Nkengasong el al., 1995).
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Redrawn from P.K. Diglie et al. (Dighe et at., 1997) and R. Connor et at. (Connor et at., 1997)

Figure 1.3 The HIV-1 env gpl20 protein showing five hyper variable domains (V1-V5) 
separated by six relatively conserved regions (C1-C5), The V3 region alignment shows a 
consensus sequence generated for subtypes A-E. A dash (-) indicates concurrence with ALL 
consensus in the alignment, a period (.) indicates a deletion and cysteines (C) at the start and end 
of the V3 loop are shown. The tetrapeptide, GPGQ, is highly conserved in all subtypes except 
subtype B (GPGR).
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1.4.3 Implications of genetic variability

1.4.3.1 Diagnostic tests:

The genetic variability of HIV-1 has major implications for the sensitivity and specificity 

of diagnostic tests. Previously used serological tests, based primarily on synthetic peptides and 

recombinant antigens of subtype B. failed to detect highly divergent strains such as HIV-1 

subtype 0  (Schable et ah, 1994). This resulted in significant modifications to diagnostic tests to 

broaden their sensitivity towards current circulating subtypes. PCR-based diagnostic tests may 

also be compromised if primers are designed using regions of the genome that show genetic 

variability. This was the case with the first generation Roche Amplicor Monitor kit for 

quantitation of viral RNA. This test showed poor sensitivity for subtypes A, E and G, although, 

this has been corrected in a subsequent version by modifying the primers used. It is, therefore, 

important to take into account ongoing variation and the appearance of possible new subtypes, 

when designing diagnostic tests.

1.4.3.2 Drug resistance:

Genetic variation may affect the response of HTV-l to chemotherapeutic agents, A low 

frequency of naturally occurring drug-resistant strains are present prior to therapy. The selection 

of these strains begins when drug therapy is initiated which then replace previously sensitive HTV 

strains. Resistance of non-B subtypes to azidothymidine (AZT) and didanosine (ddl) may have 

serious implications for effective chemotherapy in populations where non-B subtypes prevail. 

This may be relevant to the use of AZT in developing countries, such as Africa for preventing 

maternal-fetal transmission (Janssens et al, 1997). Therefore, surveillance for these 

drug-resistant non-B mutants prior to the start of chemotherapy is essential.

1.4.3.3 Developing an HIV vaccine:

Candidate vaccines face the challenge of antigenic variation within the principle epitopes 

that elicit both humoral and cell-mediated immunity. Genetic variation results in the antigenic 

diversity of HTV-l proteins, which in turn diminish the binding of neutralizing antibodies and 

the effectiveness of CTL. Some antibodies neutralize viruses, irrespective of HIV-1 subtypes, 

as a result of cross-reactive epitopes (Burton et al., 1994), while others only show neutralization 

activity against viruses from the same subtype (Mascola et al., 1994). Some CTL epitopes are 

conserved among several HTV-l subtypes. Recent data has shown that subtype C-infected
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individuals can recognize subtype B CTL epitopes indicating that cross-subtype CTL activity 

exists (Casement et al., 1996) (Betts eSal., 1997). Thus, despite the extent ofHTV-1 variation, 

the finding of cross-reactive antibody and CTL responses suggests that genetic variability may 

be less of a problem than what was initially thought. Knowing this, there is a recent trend 

towards the inclusion of conserved structural proteins, in addition to the more variant 

gpl20/gpl60, in vaccine development to elicit cross-clade immunity (Brodine et a l, 1997).

1.4.3.4 Transmissibility:

The hypothesis that HIV subtypes display differences in transmission efficiency as a 

result of functional differences, is controversial (Cohen, 1995). In Thailand the frequency of 

sexual transmission between men and women was found to be higher for HIV-1 subtype E than 

for B, the other major subtype present in intravenous drug users (Kunanusont et al, 1995). It was 

found that subtype E viruses had an increased replication capacity in epithelial Langerhans cells 

(LC), present on the surface of the genital mucosa, possibly explaining the high rate of 

heterosexual transmission (Soto-Ramirez et al., 1996). Studies counter-claiming this hypothesis 

have shown that HIV-1 subtypes; do not have a preferred tropism for Langerhans cells in vitro, 

indicating that differences in transmissibility are probably subtype-independent (Dittmar et al,

1997, Pope et al., 1997). A further study in Brazil has shown that the incidence of subtype C is 

increasing together with higher rates of heterosexual transmission (Csillag, 1994). Other data 

lend very little support to this subtype-dependent transmission hypothesis as in the case of Haiti, 

which has experienced an explosive heterosexual epidemic of subtype B (Pape et al., 1990). In 

vertical transmission there is selective transmission of certain maternal HIV-1 quasispecies 

(Wolinsky et al., 1992), although no significant differences in transmission rates of the various 

HIV-1 subtypes were shown (Peckham & Gibb, 1995), Thus, there is evidence both for and 

against this hypothesis, but until further proof is available no conclusion can be drawn.

The variability of HIV-1 is very useful in establishing transmission patterns and 

epidemiological linkage between cases. Nucleotide sequence analysis showed strong similarities 

between the viral strains isolated from a dentist in Florida and those from five of his patients, 

proving HTV transmission occurred during dental procedures (Cm et al., 1992).
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1.4.3.5 Virulence and disease progression:

The possibility that HIV-1 subtypes cause different rates of disease progression was 

shown in a study which enrolled sex workers from Senegal. Women infected with a non-A 

subtype were 8  times more likely to develop AIDS than those infected with subtype A, the 

predominant subtype in Africa (Kanlci et al., 1999). However, a study conducted in London 

argues against genetic subtypes being an important determinant of HIV disease progression. 

Differences in progression could not be attributed to different viral subtypes, but rather to the 

lack of access to health care and exposure to opportunistic pathogens, particularly tuberculosis 

(TB), in Africa (Del Amo et a l, 1998). Differences in disease progression were initially apparent 

in the natural history of HIV-2. Although the clinical manifestation in HIV-2 infected individuals 

are quite similar to those of HIV-1, it is less pathogenic and disease progression appears to be 

slower (Pepin et al, 1991). It still remains to be determined what, if any, impact different HIV-1 

group M subtypes have on HTV-1 disease progression.

1.5 Classification of HIV

Two types of HTV have been characterized both genetically and antigenically, tenned 

HIV-1 and HIV-2. Phylogenetic analysis of HIV-1 env sequences has revealed two groups within 

HIV-1: the major group (M), which is further divided into at least 10 genetically distinct 

subtypes (A-J), comprises the majority of HlV-l isolates, and the outlier group (0), which is 

represented by a number of highly divergent HIV-1 strains. In addition, a new (N) subtype has 

recently been identified in Cameroon. Five genetic subtypes of HIV-2, designated A to E, have 

also been identified.

1.5.1 HIV-1

1.5.1.1 Group M:

Before 1992, HTV-1 strains were classified into two subgroups on the basis of their 

geographic origin, North American and African variants (Myers et al, 1990). Since then, the V3 

env gene has been used to classify globally prevalent viruses. The first five subtypes, identified 

as A, B, C, D and E (Myers et a l, 1992a), differed from each other by approximately 30% in 

their env gene and 14% in their gag gene (Janssens et a l, 1997). Another five subtypes were
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described later and named F through to J (Janssens et ai, 1994, Kostrikis et a l, 1995, Leitner 

et al., 1995a, Myers et al., 1994). These ten subtypes belong to the main (M) group of HIV-1 and 

are approximately genetically equidistant from one another in the env gene (Foley & Korber, 

1995). In a phylogenetic pattern these subtypes are referred to as a “star phylogeny”, suggesting 

that the different HIV-1 subtypes might all have evolved and diverged synchronously from a 

common ancestor (Chameau et al., 1994) (Figure 1.4). Group M subtypes differ from one 

another by an average nucleotide percentage distance of 27% (range 21- 31%) with an average 

intra-subtype genomic diversity of 11% within every subtype (Moore et al., 1996). Phylogenetic 

analysis of HTV-1 nucleotide sequences (ZR59) recovered from a 1959 African plasma sample 

(Nahmias et al., 1986), showed that this isolate is a representative of the common ancestor of 

HIV-1 subtypes B, D and F. This isolate may have existed in the 1940's or early 1950's, and 

perhaps all group M viruses may have evolved from this source (Zhu et al., 1998). The oldest 

of the known hybrid viruses (Z321B), from a sample isolated in 1976, showed recombination 

between 3 (or possibly 4) subtypes. This supports that distinct subtypes must have been present 

earlier than the 1970s (Robertson et al., 1997).

1.5.1.2 Group 0:

The discovery of highly divergent Cameroonian HIV-1 isolates in 1994, which share 50% 

amino-acid similarity in the env genes with group M viruses, led to the identification of group

O (outlier) viruses (De Leys et al., 1990, Gurtler et al., 1994, Vanden Haesevelde et al., 1994). 

These sequences are also highly divergent from HIV-2 isolates and are equidistant between HIV- 

2 and HIV-1 (Dondero et al., 1994). Viruses within group O show as much variation as the 10 

members of group M (Chameau et al., 1994). However, they do not form subtype clusters in the 

same way as the group M. sequences (Loussert-Ajaka et a i, 1995). Phylogeneticaliy, group M 

and O viruses form a double-star-like configuration, i.e. two centres of evolutionary radiation, 

suggesting that HIV-1 arose from at least two separate zoonotic transmissions (Myers, 1994).

1.5.1.3 Group N:
In 1995, a highly divergent HIV-1 isolate, designated YBF30, was isolated from a 

Cameroonian woman. Phylogeneticaliy it did not cluster with any of the known subtypes, 

including group O, and was as distinct from SIV ^.^ as it was from HTV-1 group M. Therefore, 

YBF30 was considered as the prototype strain of a new HTV-1 group, designated “N (Simon et
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al, 1998). Recently the N group was shown to be a mosaic of SIVcpz and HTV-1 sequences. This 

highly divergent virus may represent an ancestral recombination event between HIV-1 and SIV 

possibly in a chimpanzee host (Gao et al.9 1999).

Evolutionary analysis of HTV-1 groups M, O and N isolates indicates that they probably 

originated as three separate transfers or zoonotic infections from chimpanzees or other primates 

into humans. All HIV-1 strains known to infect man, including all three groups, are closely 

related to just one SIYCPZ strain, SrVCPZUS, which is found in the chimpanzee subspecie Pan 

troglodytes troglodyte (Gao et al., 1999).
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Reprint from T. Leitner et a l (Leitner et al., 1997)

Figure 1.4 Unrooted phylogenetic tree calculated with maximum likelihood methods using env 
V3 fragments of 9 HIV-1 subtypes (except I).
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1.5.2 HIV-2

HIV-2 shares approximately 40% homology with HTV-1 and is sub-classified into five 

genetic subtypes, designated A-E.  While HIV-1 has been widely disseminated throughout the 

world causing explosive epidemics in certain areas (UNAIDS/WHO, 1998), HIV-2 generally 

remains confined to western African countries (De Cock et at., 1993). Lower quantitative HTV-2 

viral load levels relative to HIV-1, at all stages of infection, may contribute to the decreased 

transmission efficiency of HIV-2 (De Cock et al, 1993), as demonstrated in studies of perinatal 

and heterosexual transmission (Adjorlolo-Johnson et al., 1994, Kanki et al, 1994). Despite the 

differences in epidemiological spread and pathogenicity, HIV-1 and HIV-2 share modes of 

transmission as well as clinical manifestations. Recombinations within HIV-2 have also been 

documented; for example, the mosaic genome of 7312A involves HIV-2 subtypes A and B (Gao 

et al., 1994).

1.5.3 Classification criteria for HIV-1 subtypes

In 1996, the proposed criteria for the identification of a new subtype were listed as: i) 

envelope sequences representing different subtypes must be approximately genetically 

equidistant from one another, ii) the phytogeny based on the env gene must be congruent with 

the gag gene, iii) two or more samples of the new sequence subtype are required, vi) clustering 

of at least two epidemiologically unrelated isolates which are separated from established 

subtypes, v) full sequence of at least a 1.5 kilobase region, and vi) the absence of any subsegment 

joining established subtypes. Less strict criteria may be used to classify a virus, and« therefore, 

it is very important to state which region is used for classification. If only the env V3 region is 

used one might propose that the virus is env V3 subtype A, B, C, etc (Leitner, 1996). Subtype 

designation based on a gene or gene fragment may be correct, but recombination outside the 

region examined may have occurred (Foley & Korber, 1995). Since 1996, the criteria of a 

reference sequence has changed with a shift in emphasis to using full-length HIV genomic 

sequences (Leitner et al., 1997).

Many sequences have been found not to group with known subtypes, either because they 

cluster differently using different phylogenetic analysis methods, or using different reference
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subtype sequences. Insufficient data such as sequences that are too short or do not have enough 

representatives of a potential subtype, can also be the cause of sequences remaining unclassified. 

With the growing knowledge of inter-subtype recombinants, many of these unclassified 

sequences have been explained. The remaining unclassified sequences are included in the “U” 

or “unclassified” group (Foley & Korber, 1995).

1.6 Methods used for subtyping HIV

1.6.1 Genetic sequence analysis

The most accurate method of characterizing various HTV subtypes remains nucleic acid 

sequence analysis. The enzymatic chain-termination technique of Sanger involves synthesis, 

while the Maxam-Gilbert method involves chemical degradation of the original DNA (Sambrook 

et al., 1989b). Although very different in principle, these two methods generate separate 

populations of radiolabeled (or digoxigenin-Iabelled) oligonucleotides that begin with a fixed 

point and terminate randomly at a fixed base or combination of bases. Because every base in the 

DNA template has an equal chance of being the terminating base, each population consists of a 

mixture of oliginucleotides with variable lengths determined by the location of a particular base 

along the length of the template. These populations of oligonucleotides are then resolved by 

loading them in adjacent lanes of a polyacrylamide gel under electrophoretic conditions that can 

discriminate between different lengths of individual DNA’s by as little as one base. The order 

of nucleotides along the DNA template can be read directly from an autoradiographic image of 

the gel. The sequence template may be either proviral DNA, which requires the extraction of 

DNA from infected peripheral blood mononuclear cells (PBMC), or reverse transcribed RNA 

from HIV-1 virions in various body fluids (i.e. plasma, genital secretions). Indirect sequencing 

involves cloning of the PCR product prior to sequencing during which the sequencing population 

structure may be skewed by selection steps such as transformation, growing of clones, and clone 

picking. The fastest way of sequencing is by direct sequencing of the PCR product which suffers 

the least from methodological artifacts. DNA sequencing is usually performed on automated 

sequencers, enabling not only the simultaneous analysis of multiple HTV strains, but also 

hundreds of nucleotides per virus in a short period of time. It is important to remember that any 

HIV sample contains a population of related but genetically diverse variants, or quasispecies.
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Therefore, it must be certain that a representative number of viral molecules are investigated to 

avoid erroneous conclusions, such as the detection of outlier sequences. While sequencing is the 

preferred method for subtyping, it is time consuming and requires expensive reagents and 
equipment.

1.6.2 PCR fingerprinting

A major challenge to larger-scale HIV characterization is the development of more 

efficient screening of isolates to determine which are strains of interest for subsequent 

sequencing. Several less cumbersome and less expensive techniques have been developed based 

on PCR. Sets of subtype-specific PCR primers have been used to amplify HIV isolates. PCR 

products are detected by hybridization with a 32P-labelled probe which spans a fragment present 

in all products, and quantitated. Discrimination of HTV-1 genetic variants by PCR is based on 

template-primer mispairing. PCR reactions are scored “mispaired” when the product yield 

decreases 20-fold or more relative to reference isolates (McCutchan et al., 1992a, McCutchan 

etal., 1992b). This method of screening can only be useful in populations where no more than 

two subtypes are prevalent, as the various combinations of primer sets per subtype is very 

expensive.

1.6.3 Probe hybridization

Subtype-specific probe hybridization involves the binding of subtype-specific 

oligonucleotide probes, 3' or 5' end-labelled with digoxigenin (DIG)-dUTP or 32P, to alkaline- 

denatured PCR env products of various HIV-1 isolates, already spotted onto a nylon membrane. 

In the case of DIG-labelled probes, detection is accomplished with the addition of alkaline 

phosphatase-conjugated anti-DIG antibody followed by phosphatase substrate and positive 

colour development (Luo et al., 1998). Alternatively, an autoradiogragh is obtained after the 

membrane, hybridised with 32P-labelled probe, is exposed to film (Ou et al., 1993). This method 

shows adequate sensitivity and specificity in e/zv-based studies where only a few subtypes 

circulate (Luo et al., 1998, Subbarao etal., 1996).

1.6.4 Restriction fragment length polymorphism
Restriction fragment length polymorphism (RFLP) is based on the observed correlation 

between the restriction, maps of HIV-1 isolates with their phylogenetic classification. A ~300-bp
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pol fragment (Pieniazek et al, 1995) or 400-650-bp gag fragments (Van Haimelen et al, 1999a) 

are amplified by nested PCR. Following endonuclease digestion, the products are loaded onto 

an acrylamide gel. Differences in electrophoretic mobility of the various digestion products result 

from the restriction site polymorphisms in the selected regions of the HIV-1 genome. Knowing 

the restriction patterns of various HIV-1 subtypes allows for quick recognition of the distinct 

subtypes. However, since HIV-1 is highly variable, single nucleotide mutations created either 

through substitution, deletions or insertions could destroy or generate a restriction site. Thus, 

RFLP can only be reliably applied for the rapid screening in an HIV-1 epidemic of limited 

diversity, such as in South Africa (Van Harmelen et al., 1999a).

1.6.5 Single-strand conformational polymorphism

Single-strand conformational polymorphism (SSCP) has the advantage over RFLP 

analysis that it can detect DNA polymorphisms and point mutations at a variety of positions in 

short DNA fragments. It involves the amplification of a DNA fragment by PCR, melting of the 

PCR products, and analysis of the single strands by electrophoresis on non-denaturing 

polyacrylamide gels. The single strands adopt different conformations because of their nucleotide 

sequence differences and tbp s can be distinguished by their different electrophoretic mobilities 

(Lin et al., 1995, Orita et a l, 1989a). The technique has the potential to detect as little as one 

nucleotide change within sequences of 100-2Cn nucleotides (Orita et al., 1989b). Therefore, 

SSCP is a useful tool for studying viral quasispecies (Lin et al, 1998) rather than discriminating 

different subtypes. There are a number of possible applications of quasispecies analysis using 

SSCP: i) to monitor the emergence of drug-resistant variants in patients undergoing drug therapy, 

ii) to study the natural history of HIV-1 infection, and iii) to study the vertical transmission of 

variants in mother-infant pairs (Lin et al., 1995).

1.6.6 Heteroduplex mobility assay
The heteroduplex mobility assay (HMA) provides a rapid and convenient method to 

subtype large numbers of HIV-1 isolates. This method is based on the migration differences of 

DNA heteroduplexes and homoduplexes in polyacrylamide gels (Delwart et al., 1993). 

Heteroduplexes are formed by simply denaturing and reannealing partially complementary env 

or other PCR-amplified fragments from each of the reference subtypes with an unknown virus 

envelope genr fragment (Figure 1.5). Sufficient quantities of product, either 1.2 kb, 0.7 kb or 0.5
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kb env fragments, are generated using nested PCR reactions. Structural distortions of the DNA 

double strand are caused by mismatched and unpaired nucleotides, resulting from base substitutions, 

mutations, insertions or deletions in aligned regions. The reduced mobility of DNA heteroduplexes 

in the gel is proportional to the degree of mismatches between the two strands. Thus, the most 

related sequences are the most rapidly migrating heteroduplex species, In addition, homoduplexes 

are formed between fragments from the same origin which migrate fastest. HMA is very useful in 

the initial screening of HTV-1 subtypes prevalent in countries where vaccine trials are in preparation 

(Buonaguro et ah, 1995, WHO, 1994). HMA is relatively simple and quick to perform, highly 

accurate and inexpensive relative to sequencing.
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Figure 1.5 Schematic illustration of the heteroduplex mobility assay. A, B and C denote different 
HTV-1 reference subtypes. Heteroduplexes formed between the unknown sample and reference B 
migrate the fastest relative to other heteroduplexes thereby identifying this sample as a subtype B.
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1.6.7 Combinatorial melting array

The combinatorial melting array (CoMA) is based on the principle that there is a direct 

correlation between the melting behaviour of long DNA heteroduplexes and the divergence 

among the single-stranded DNA strands. The higher the divergence the lower the Tm 

(Tm=temperature at which half of a double-stranded DNA fragment is denatured). Anti-sense, 

single-stranded DNAs were generated for each of the reference subtypes by asymmetrical PCR, 

with biotinyiation of one of the primers facilitating capture to streptavidin-coated plates. 

Complementary Sense-stranded DNAs are generated in the same manner for patients, but with 

DIG labelling, and added to the microtiter wells. After heat denaturation, heteroduplexes are 

allowed to form followed by a colorimetric assay using alkaline phosphatase-conjugated antibody 

against DIG. The subtype is determined by the comparative absorbance measurement with a 

particular reference subtype being higher than any other subtype by a factor of at least 2 (Kostrikis 

et al, 1998).

1.6.8 Serotyping

All the above methods rely on PCR amplification of genetic material, and are therefore 

not suitable for large-scale surveillance of HIV subtypes. Phylogenetic analysis of the gpl20 

envelope gene of HIV-1 subtypes A-E has allowed the design of subtype-specific consensus 

sequences of the third variable region (V3). Synthetic V3 peptides derived from this region are 

employed in peptide-binding enzyme immunoassays (PEIA). These peptides are coated on to an 

ELISA microtiter plate after >vhich the plate is incubated with seropositive HIV-1 sera. Colour 

development can be measured following the addition of peroxidase conjugate and substrate. V3 

serotyping classifies HIV-1 based on the affinity of HIV-1 antibodies from infected individuals 

to bind V3 peptides derived from different HIV-1 env genetic subtypes (Cheingsong-Popov et al., 

1992). HIV-1 serotyping has shown both high sensitivity and specificity for iaige-scale 

identification of HIV-1 isolates in countries where the numbers of subtypes <.re limited, such as 

Thailand, Argentina, Ethiopia and South Africa (Cheingsong-Popov et al., 1998b, Devito et al.,

1998, Engelbrecht et al., 1999, Pau et al, 1993, Sherefa et al, 1997, Wasi et al, 1995). However, 

it does not perform well in countries where a large variety of subtypes are circulating, eg. Central 

Africa (Hoelscher et al, 1998, Murphy et al„ 1993). Although V3 serotypes B, C, and E correlate 

the closest with their genetic subtypes (Cheingsong-Popov et a l, 1998a, Cheingsong-Popov et 

al, 1998b) subtype E sera shows the best concordance (Cheingsong-Popov et al, 1998b). A
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number of sera have been found to be non-typable. This can be explained by (1) patients who fail 

to produce antibodies to the V3 loop, (2) antibodies directed against a subtype variant which do 

not recognize the V3 peptide derived from the consensus subtype sequence, (3) antibodies 

directed against viral genotypes not yet discovered, and (4) distortion of the binding site when the 

synthetic peptides are mounted onto the solid phase of the microtiter plate (Cheingsong-Popov 

el al, 1998a, Pau et ah, 1993, Sherefa et al, 1997). In the case of antigenically similar subtypes 

(such as subtypes A and C, or subtypes B and D) cross-reactivity of A sera with C peptides, and 

D sera with B peptides, is observed. Serotyping in cohorts with these mixtures of subtypes may 

therefore result in decreased sensitivity and specificity (Cheingsong-Popov et al., 1998a).

An initial serological screening by PEIA and subsequent HMA analysis of non-typable 

or dually reactive specimens allows for rapid and accurate screening of HIV-1 subtypes (Wasi et 

al., 1995). If there is still uncertainty concerning the subtype identity of a HIV-1 positive 

specimen, genetic sequencing remains the ultimate tool for viral characterization.

1.7 The global distribution of HIV subtypes

HIV-1 subtypes have distinct geographical distributions (Figure 1.6 ) and the rate of spread 

of these subtypes is not uniform. In sub-Saharan Africa, the epidemic has spread most rapidly and 

extensively in East Africa compared to the relatively slower and more stable spread in Central 

Africa. There appears to be an association between the relatively slow epidemics and a higher 

variety of subtypes. This is in contrast to areas with explosive epidemics where only one (or at 

most three) subtype is present. It has been suggested that the relatively slow spread of the virus 

in a particular area causes more opportunities for new viruses to emerge. This results in the 

presence of a large variety of circulating subtypes as in the case of Central Africa where all HIV-1 

subtypes, except subtype I, have been found (Janssens et al., 1997).

1.7.1 HIV-1

1.7.1.1 Group M:

Subtype A is the most genetically divergent subtype (Leitner, 1996). The epidemics in all 

parts of sub-Saharan Africa, except southern Africa, appear to be dominated by subtype A
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(Janssens et a l, 1997), but it has also been found in other parts of the world, including Europe 

(Alaeus et al., 1997), Russia (Lukashov et al, 1995), East Asia (Tsuchie et al., 1995), and 

America (Brodine et al., 1995).

The most intensely studied subtype is B, mainly because viruses of this subtype represent 

the vast majority circulating in Europe and the United States, but also because many original 

reference isolates are of this subtype (Janssens et al., 1997). However, subtype B has also 

established itself in parts of southeast Asia (Weniger et al., 1994), such as Thailand (Weniger et 

al., 1991) and South America, and is the dominant subtype in Australia (Leitner, 1996). In 

Thailand, a distinct form of subtype B has been referred to as B’ (Kalish et al., 1995), which has 

been found spreading into China (Luo et al., 1995), Malaysia and Japan (Cassol et al., 1996). 

Subtype B is also found in Brazil where it has diverged from the consensus North 

American/European strains which may have important implications for the vaccine programs in 

Brazil (Morgado et al., 1994). Surprisingly, subtype B strains in India showed closer homology 

to subtype B isolates from North America and Europe than to those from Thailand (Baskar et al.,

1994).

It has been estimated that subtype C is now the most prevalent virus world-wide. Subtype 

C viruses are associated with new, rapidly growing epidemics in southern Africa, India and China, 

but ha ve also been reported to occur in other parts of the world, including Europe, Russia and 

Brazil (Leitner, 1996). In both India and South Africa, subtype C is the predominant subtype with 

heterosexual transmission as the major route of transmission (Janssens et al., 1997, Lalvani & 

Shastri, 1996). Unlike South Africa, limited intra-patient nucleotide sequence divergence among 

Indian sequences suggests recent spread of HIV-l from a common ancestor (Grez et al., 1994), 

referred to as a clonal epidemic. The presence of subtype C strains in China suggest that these 

viruses were introduced via the travelling of infected people between these three countries. The 

low nucleotide divergence among subtype C’s in China also suggests a recent introduction of this 

subtype. In Africa, subtype C is mainly found in the eastern and southern region. Subtype C is 

also the predominant strain in Ethiopia (Sonnerborg & Sherefa, 1997) with sequences that form 

a distinct sub-cluster different from the consensus C sequences from the international database. 

This suggests, as in India and China, an independent introduction of this subtype into Ethiopia, 

possibly from a common ancestor (Abebe et al., 1997).
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Viruses of subtype D, together with subtype A, are responsible for the predominant 

heterosexual epidemic in Eastern Africa (Janssens et al., 1997). Subtypes D, E, G, H and J have 

been found in Central Africa (Janssens et al, 1994, Leitner et al., 1995a, Louwagie et al., 1995, 

Louwagie et al., 1993, Murphy et al, 1993). Subtype E viruses are the major cause for HIV-1 

infections among heterosexuals in Thailand (Janssens et al., 1997) and have also entered the 

United States (Brodine et al., 1995). Isolates from recently acquired subtype E HIV-1 infections 

in Thailand show very low genetic diversity indicating more recent introduction of this subtype 

compared to the more heterogeneous subtype E isolates in Central Africa (Murphy et al., 1993). 

Despite the two isolates from Central Africa (Louwagie et al., 1993), the majority of subtype F 

isolates has been identified in Brazil, South America (Morgado et al., 1994).

Thus far, subtype I viruses have only been found in patients from Cyprus (Kostrikis et al.,

1995). Although originally classified as I, this subtype was later identified as a triple recombinant 

with subtypes A, G and I (Gao et al., 1998a).

1.7.1.2 Group O:

Initially the distribution of HIV-1 group O infections appeared to be endemic to Cameroon 

and neighbouring countries such as Gabon and Nigeria (Nkengasong et al., 1993) accounting for 

less than 10% of HIV-1 cases (Zekeng et al., 1994). Although HIV-1 group O infections have 

recently spread to West African countries such as Senegal, Niger and Togo, the prevalence 

remains very low (Peeters et al., 1996). A survey conducted in France between December 1990 

and March 1994 resulted in the identification of a group 0  HIV-1 strain in a French woman who 

had no links to Africa (Loussert-Ajaka et al., 1995).

1.7.2 HIV-2
HIV-2 is endemic to West Africa and its appearance in other areas generally reflects 

epidemiological links to West Africa. Sporadic cases ofHIV-2 infections have been identified 

throughout Europe, United States and South Africa (De Cock & Brun-Vezinet, 1989, Lyons et 

al., 1988), with the greatest numbers of cases reported in Portugal, France, Germany and India 

(De Cock & Brun-Vezinet, 1989)(Horsburgh Jr & Holmberg, 1988)(Grez et al., 1994, Kanki, 

1991, Markovitz, 1993). India is the first country outside Africa where an HIV-2 epidemic 

occurred in the presence of an existing HIV-1 epidemic (Dietrich et al., 1995).
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Figure 1.6 Geographic distribution of HIV-1 group M subtypes (A-I), group 0  and HIV-2.

1.8 South African HIV epidemic

In South Africa, HIV first spread during the early 1980s among the homosexual 

community after the virus was introduced possibly through contacts with gay communities in the 

United States and Europe (Ras et al, 1983). The predominant subtype associated with homosexual 

transmission in both the United States and South Africa is subtype B, which supports the 

suggestion that this subtype was introduced to South Africa through the gay population (Van 

Harmelen et al., 1997, Williamson et al, 1995). During the late 1980s, the focus of the epidemic 

shifted to the heterosexual population after an alarming increase in the number of AIDS cases and 

HIV-1 positive people in the urban black community (Schoub et al., 1990, Sher, 1989). Since the 

early 1990s the HIV-1 seroprevalence has increased exponentially in the heterosexual population 

(Department of Health, 1999). It is suggested that the virus has entered from countries north of 

South Africa through trucking routes which end in Durban. While there are many other factors
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for this still rapidly rising epidemic in South Africa, among them migrancy and the high 

prevalence of sexually transmitted diseases (STD), are certainly the most important (Williams & 
Campbell, 1998).

The first South African strain to be sequenced, termed Nof (Myers et ah, 1992b), clustered 

with HIV-1 isolates from India (Dietrich et aL, 1993) indicating possible spread ofHTV-l from 

Central Africa to India via South Africa through the medium of merchant ships that call at South 

African ports (Becker et al., 1995). Subtypes A,B, C and D have been found in South Africa with 

subtype C viruses as the predominant subtype, transmitted mainly heterosexually, followed by 

subtype B viruses mainly among homosexually-infected individuals (Williamson et al., 1995, 

Van Harmelen et al., 1997, Engelbrecht et al., 1995, Van Harmelen et al., 1999b). An average 

intra-subtype C divergence of 14% suggested this subtype has evolved mainly through multiple 

heterosexual introductions (Bredell et al., 1998, Van Harmelen et al., 1999b, Van Harmelen et 

al., 1997). A few subtype D infections were also reported in this group during the mid-1980's 

(Becker et al, 1995, Engelbrecht et al., 1995, Williamson et al., 1995, Van Harmelen et al, 1997) 

and more recently two subtype A infections have been documented (Bredell et a l, 1999, Van 

Harmelen et al., 1999b).

1.9 Aims of this thesis:

Previous studies have indicated the prevalence of HTV-l subtypes A, C and D in sub- 

Saharan African countries (Janssens et a l, 1997) with subtypes A, B, C and D being found in 

Cape Town, South Africa (Becker et al, 1995, Engelbrecht et al, 1995, Williamson et al, 1995, 

Van Harmelen et al., 1997, Van Harmelen et al, 1999b). Similar studies to determine the 

circulating subtypes have not been done elsewhere in South Africa.
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The objectives of this study are therefore:

1. to determine the HIV-1 genetic subtypes circulating in Gauteng, South Africa in different 

risk groups,

2. to determine whether inter-subtype recombinant viruses are present in South Africa,

3. to determine HIV-1 subtypes and patterns of transmission among migrant workers in 

South Africa.
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CHAPTER TWO

MATERIALS AND METHODS

2.1 Viral DNA lysates

Whole blood, collected in EDTA, was spun at 1,000 rpm for 10 min. Plasma was stored 

in volumes of 300 /.<! at -70°C. The cell fraction was resuspended in phosphate-buffered saline 

(PBS) and layered onto Ficoll-Hypaque, followed by density centrifugation at 2,000 rpm for 30 

min. The white interface, representing PBMC, was resuspended in PBS and concentrated at

1,000 rpm for 10 min. Contaminating red blood cells were lysed using ammonium chloride 

(pH7), at room temperature for 5-7 min followed by 3 washes in PBS (1,000 rpm for 10 min) to 

remove contaminating platelets. PBMC were counted and stored as pellets of 106 cells at -70°C. 

To each pellet, 50 /ul of lysis buffer containing 1.5 mg/ml proteinase K was added, and incubated 

at 56°C overnight. Proteinase K was heat inactivated at 98°C for 15 min prior to PCR.

2.2 Viral RNA extraction

In cases where only plasma samples were available, viral RNA was extracted and used 

as the template for reverse transcriptase-PCR (RT-PCR). Viral RNA was extracted from either 

fresh or frozen plasma using the QIAamp® Viral RNA isolation kit. Briefly, 560 /il lysis buffer 

was added to 140 /il p'asma and incubated at room temperature for 10 min. This ensured 

isolation of intact viral RNA as well as the inactivation of RNases. After adding 560 /il 100% 

ethanol, the mixture was loaded onto the QIAamp spin column. Salt and pH conditions ensure 

that RNA binds to the silica-gel column. Proteins and other contaminants are washed through 

the column using two different wash buffers. RNA was eluted in a RNase-free buffer, ready to 

use for RT-PCR.

2.3 Reverse transcriptase-PCR

Single-stranded viral RNA was transcribed into complementary DNA (cDNA) using the
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same primers as for the PCR. This was done by combining the RT-step and the first round PCR 

using primers ED5/ED12 or MSF12/SK431 (Table 2.1). The env RT-PCR mixture (50 pi) 

consisted of 10 pmol of each primer, 160 pM dNTPs, 1.4 mM MgCl2 , 10U RNase inhibitor, 5U 

Reverse Transcriptase, 0.625U Super-Therm DNA polymerase with recommended 10X buffer, 

and 5 pi isolated viral RNA. The gag RT-PCR mixture was identical, except for 200 pM dNTPs 

and 1.5 mM MgCl2. Samples were placed in a GeneA ap* PCR System 2400/9600 thermocycler 

at 42°C for one hour, followed by identical cycling conditions to the first round env or gag PCR.

2.4 PCR amplification

2.4.1 env gene

A -700-bp PCR product, spanning the gpl20 V3 - V5 region of the HIV-1 envelope 

gene, was amplified from each sample by nested PCR. The PCR mixture (50 pi for first round, 

100 pi for second round) consisted of 10 pi of each primer, SO pM dNTPs, 1.4 mM MgCl2, 

0.625U Super-Therm DNA polymerase with recommended 10X buffer (without MgCl2) and 5 

p i lysed PBMC or 10 pi diluted (1:10) reference plasmid. The second round reactions were 

initiated with 5 pi of the first round reaction as template. The following cycling conditions for 

both first and second round reactions were used: 3 cycles of 94°C for 90 sec, 55°C for 45 sec, and 

72°C for 90 sec; 31 cycles of 94°C for 1 min, 550C for 45 sec, and 72°C for 90 sec; 1 cycle of 

94°C for 1 min, 55°C for 45 sec, and 72°C for 7 min. Primers ED5/ED12 were used in the first 

round and ES7/ES8 in the second round PCR reaction (Delwart et al, 1993) (Table 2.1).

The same fragment was directly amplified from reference plasmids A2 (IC144 from the 

Ivory Coast), B, (BR20 from Brazil), B2 (TH14 from Thailand), B3 (SF162 from the USA), C, 

(MA959 from Malawi), C2(ZM18 from Zambia), Q  (IN8 6 8  from India), C4 (BR25 from Brazil), 

D, (UG21 from Uganda) and Ej (TH06 from Thailand) using primers ES7/ES8 in a single PCR 

reaction.

4.2 gag gene

A -540-bp product, spanning -100 base pairs in the LTR region and the rest in the pl7 

gag gene, was amplified by nested PCR. The PCR mixture (50 pi for first round, 100 pi for
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second round) consisted of 10 [A of each primer, 200 jjM dNTPs, 1.5 mM MgCl2, 0.625U 

Super-Therm DNA polymerase with recommended 10X buffer and 5 [A of lysed PBMC or 10 

//I diluted (1:10) reference plasmid. The second round reactions were initiated with 5 jA of the 

first round reaction as template. The following cycling conditions for both first and second round 

reactions were used: 1 cycle of 94°C for 2 min, 45°C for 2 min, and 72°C for 4 min; 24 cycles 

of 94°C for 45 sec, 45°C for 60 sec, and 72°C for 90 sec; 1 cycle of 94°C for 45 sec. 45°C for 60 

sec, and 72°C for 7 min. Outer primers MSF12 (Salminen et at., 1995) and SK431 (Lynch et al,

1992), were used in the first round, and inner primers LTR236 and gag778 (Van Harmelen et al., 

1997) (Table 2.1) in the second round PCR reaction. The same fragment was amplified and 

cloned from HIV-1 isolate 92UG029 {gag Alenv A), 92BR021B (B/B), 92BR025 (C/C), 

92RW009A (C/A), and 92UG001 (D/D) as references plasmids.

Table 2.1 Oligonucleotide primers used in PCR and sequencing reactions.

Prim ers 5'-Sequence-3' Position*

HIV-1:
ED5 forward ATGGGATCAAAGCCTAAAGCCATGTG 6556-6581
ED 12 reverse AGTGCTrCCTGCTGCTCCCAAGAACCCAAG 7822-7792

ES7 forward tgtaaaacga'iggccagtCTGTTAAATGGCAGTGTAGC" 7001-7020
ESS reverse caggaaacagctatgaccCACrTCTCCAATTGTCCCTCA" 7667-7647

MSF12 forward AAATCTCTAGCAGTGGCGCCCGAACAG 622-649
SK431 reverse AGAGAAl CAAGGGGAAGTGACATAGCAGG 1475-1501

LTR236 forward CGCAGGACTCGGCTTGC 688-703
gag778 reverse CACCTAGA -XGTTTAAATGCATGGG 1231-1254

PNDX forward TGCa CCATCCTCAGGAGG 7306-7323
ED33 reverse TTACAGTAGAAAAATTCCCCTC 7359-7380

H um an:
PC 03 forward CGATCACTTGTGTCAACACA
P C 04 reverse CCACTTGCACCTACTTCAAC

Plasm id vectors:
T7 Promoter Forward TAATACGACTCACTATAGGGCGA
Cy5-M13 Reverse Cy5-d[CAGGAAACAGCTATGAC]

21 M l 3 Forward TGTAAAACGACGGCCAGT
SP6 Promoter Reverse AGTATTCTATAGTGTCACCTAAAT

* = corresponding to various positions of HIV-1 -HXBR-genome.
* — lower case letters are complementary to the universal M13-primer (ES7) or the reverse M l 3-primer (ESS)

which allow direct sequencing o f the PCR product.
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For both env and gag PCR, PBMC lysates or plasma from HIV-seronegative individuals, 

and cells or supernatant fluid of an HMIIB-infected T-cell line were amplified under identical 

experimental conditions as negative and positive controls respectively. Amplification reactions 

were performed in either a GeneAmp® PCR System 2400 or 9600 or a Biometra TRIO- 

Thermoblock TB-1 cycler. Amplified PCR products, mixed with 5 ^1 bromophenol 

blue/xylenexyanol loading dye, were analysed on a 1% agarose gel (see Appendix A) containing 

0.5 mg/ml ethidium bromide (EthBr) at 100V and visualized by ultraviolet (UV) 

transillumination.

When proviral DNA could not be amplified, the presence of intact DNA was assessed by 

PCR using primers P03 and P04 (Table 2.1) specific for human |3-globin DNa  and the following 

cycling conditions: 1 hold temperature of 94°C for 2 min; 1 cycle of 94°C for 90 sec, 50°C for 45 

sec, and 72°C for 45 sec; 38 cycles of 94°C for 1 min, 55°C for 45 sec, and 72°C for 45 sec, and

1 cycle of 94°C for 1 min, 55°C for 45 sec, and 72°C for 10 min. The 50 yul PCR mixture consisted 

of 10 Ail of each primer, 80 yuM dNTPs, 1.4 mM MgCl2, 0.625U Super-Therm DNA polymerase 

with recommended 10X buffer (without MgCl2) and 5 ^1 lysed PBMC. Unsuccessful 

amplification of p-globin products resulted in viral RNA being used as an alternative template 

for PCR. If PCR product yields were too low an increased input of template (10 jul instead of 5 

fA) was used,

2.5 Heteroduplex mobility assays (HMA)

2.5.1 env HMA

Env HMA was performed by mixing 7.5 tA ES7/ESS PCR product from each specimen 

with 2.5 /d of the corresponding PCR fragment of each subtype reference plasmid and 1.1 Ail of 

10X heteroduplex annealing buffer (see Appendix A) in separate wells of a 96-well polycarbonate 

niicrotiter plate. Initially references A2, B„ Q, D, and Ej were used, but additional references Bj, 

B3, C„ C3 and C4 were added in cases of indeterminate HMA profiles and to confirm discrepant 

env and gag HMA results. DNA heteroduplexes were formed by thermal denaturation at 94°C for

2 min in a HYBAID Touch Down PCR system and reannealed by rapid cooling on wet ice. 

Heteroduplex reactions were mixed with 5 ix\ loading dye prior to loading )n a 5% 

polyacrylamide gel (160 x 160 x 1.5 mm) (see Anpendix A) followed by electrophoresis in IX
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TBE buffer (Delwart et al, 1993) with an altered voltage of 200V for 3.5 hours. Hetero- and 

homoduplexes were visualized by UV transillumination after ~10 min EthBr staining (0.5 mg/ml 

in IX TBE).

For each specimen a control lane containing 10^1 ofPCR product alone, in the absence 

of reference plasmids, was run in parallel. Heteroduplexes formed in this lane were the result of 

inha-sample quasispecies diversity providing the background pattern to which deliberately 

formed heteroduplexes were compared.

2.5.2 gag HMA

For the gag HMA, 7.5 yul of LTR236/gag778 PCR product of each specimen was mixed 

with 2.5 ^1 of the corresponding PCR fragment from each of the gag reference plasmids A-D, and

1.1 yul of 10X annealing buffer. The rest of the gag HMA procedure is the same as for env HMA. 

The gag HMA was developed in collaboration with Gillian Hunt and Dr Caroline Tiemessen at 

the National Institute for Virology.

2.6 Cloning of PCR products

2.6.1 Inactivation of DNA polymerase activity

In order to inactivate DNA polymerase present in the PCR mixtures, the 700-bp ES7/ES8 

PCR products were extracted with 1 volume chloroform:isoamylalcoho 1 (24:1) (CIAA). Briefly, 

1 volume CIAA was added to the PCR mixture, vortexed for 1 min and centrifuged at 14,000 rpm 

for 1 min. Two microliters of the aqueous (top) phase were added to the ligation reaction when 

using the pMOSS/ue T-vector system.

2.6.2 Ligation and transformation

For each PCR product, a ligation reaction (10 //i) was set up according to the 

manufacturer’s protocol. Briefly, 1 //I I OX ligase buffer, 0.5 fil dithiothreitol (DTT) (100 mM), 

0.5 yul ATP (10 mM), 1 (A pMOSR/we T-vector (50 ng/yul), 0.5 yH T4 DNA ligase (2-3 weiss 

units), 4.5 /A nuclease free HzO and 2 /A purified PCR product were mixed and incubated 

overnight at 16°C in a thermocycler. MOSBlue competent cells (20 /^/transformation reaction) 

were thawed on ice. One microliter of the ligation mix was added directly to the cells in a 1.5 ml
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microcentrifuge tube, gently mixed and left on ice for 30 min. The mixture was heat shocked for 

40 sec in a 42°C water bath, followed by another 2 min on ice. SOC medium (80 

/.il/trausformation reaction) was added and incubated in a 37"C shaker (250 rpm) for 1 hour. 5- 

Bromo-4-chloro-3-indolyl-p-D galactoside (X-gal)/isopropylthio-p-D-galactoside (IPTG) Luria 

broth (LB) agar plates were prepared by spreading 35 /A 50 mg/ml X-gal and 20 jA 100 mM 

JPTG onto Lti agar plates (see Appendix A) containing 50 yug/ml ampicillin and 15 /zg/ml 

tetracycline. Fifty microliters of each transformation mixture was spread onto X-gal/IPTG LB 

agar plates and incubated overnight at 37°C (see Appendix A).

Due to discontinuance of the pMOSB/we vector kit during this work, the pGEM®-T vector 

kit was used to clone some of the PCR products. Briefly, 1 (A T4 ligase 10X buffer, 1 jA pGEM®- 

T vector (50 ng), 1 /A T4 DNA ligase, 5 /A nuclease free HzO and 2 fj.1 unpurified PCR product 

were incubated overnight at 4°C. The transformation protocol was almost identical to the 

pMOSjB/ue T-vector system, except for a few changes: 50 )A JM109 high efficiency competent 

cells were added to 2 pil ligation reaction followed by 20 min incubation on ice. Cells were heat 

shocked for 50 sec at 42°C and 950 /A SOC medium was added to each transformation mixture 

followed by 1.5 hr incubation at 37°C. One hundred microliters of transformation mixture was 

plated onto X-gal/IPTG LB agar plates.

Both cloning systems provided positive control inserts and plasmids to test the efficiency 

of ligation and transformation reactions, respectively. Successful cloning of an insert using both 

vectors interrupted the coding sequence of P-galactosidase, which contains the multiple cloning 

site. Insertional inactivation allowed recombinant clones to be directly identified by blue/white 

screening on X-gal/IPTG indicator plates.

2.6.3 Identification of recombinant clones

Ten white colonies, representing recombinant clones, were picked and each inoculated in 

600 /Ltl LB media (see Appendix A) containing 50 /.ig/ml ampicillin (and 15 /Ug/ml tetracycline 

in the case of pMOSBlue T-vector). After incubating overnight in a 37°C shaktx (250 rpm), 5 (A 

of each mini-culture was subjected to PCR using the appropriate primers (ES7/ES8 for env 

clones; LTR236/gag778 for gag clones) to identify clones with env and gag inserts. PCR po^tive 

clones were expanded by adding 100 iA of the mini-cultures to 30 ml LB with the appropriate 

antibiotics and incubated overnight in a 37°C shaker (250 rpm).
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2.7 Isolation of recombinant plasmids

Bacterial cells were harvested by centrifugation (6,000 rpm for 15 min) from 30 ml 

cultures, resuspended and alkaline lysed (200 mM NaOH, 1% SDS) using a QIAGEN Plasmid 

isolation kit. Genomic DNA, proteins and cell debris were precipitated using potassium acetate 

prior to centrifugation at 12,000 rpm for 30 min. The remaining supernatant was applied to 

QIAGEN anion-exchange resin, which allowed the plasmid DNA to bind under appropriate low- 

salt and pH conditions. Impurities were removed by a medium-salt wash followed by the elution 

of plasmid DNA using a high-salt buffer. Plasmid DNA was concentrated and desalted by 

isopropanol precipitation. Purified plasmids were quantitated as follows: Plasmid concentration 

[jUg/ml] = OD260/50; where 1 OD260= 50 yug/ml double-stranded DNA. Plasmid purity was 

determined by: OD26(/OD280. A ratio of 1.8 indicates pure plasmid DNA (Sambrook eZ al., 1989a).

2.8 Sequencing of en\ and gag inserts

Purified plasmid DNA served as the template for automated sequencing, whereas PCR 

products from cloned DNA were used as templates for manual sequencing. For each isolate, one 

positive clone was sequenced in both directions. Early specimens were sequenced manually by 

the dideoxy-chain termination method using a Sequenase PCR Product Sequencing kit and later 

specimens by automated sequencing. An ALFexpress™ DNA Sequencer and ABI PRISM 377 

DNA Sequencer was used with the Cy5 AutoRead Sequencing kit and dRhodamine Terminator 

Cycle Sequencing kit, respectively.

2.8.1 Sequenase PCR Product Sequencing kit

Prior to sequencing, 2 /.tl of PCR product was treated with a combination of 1 Atl 

exonuclease I (to remove residual single-stranded primers) and 1 fA shrimp alkaline phosphatase 

(to remove remaining dNTPs) at 37°C for 15 min. The exonuclease and phosphatase were 

inactivated by heating to 80°C for 15 min. The treated PCR product (4 /2 I) was denatured at 100°C 

for 3  min in the presence of 1 0  pmol primer in a total \  olume of 1 0  jA followed by quick cooling 

in wet ice for 5 min. This allow the primers to anneal to the single-stranded DNA. PCR primers 

ES7 and ESS were used as forward and reverse sequencing primers, respectively. In addition, 

ED33 (Delwart et al., 1993) was used as a reverse primer, while PNDX was designed to
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complement the forward primer (Table 2.1). The following labeling mixture was prepared and 

incubated at room temperature for 5 min: 10 [A ice-cold annealed DNA mixture, 2 //I 5X buffer,

1 fA DTT, 2 Ml 1:5 diluted labeling mix (dGTP, dCTP, dTTP), 0.5 A  35S dATP (S^Ci) and 2 (A 

DNA polymerase. In addition to the deoxynucleotides present, 1 /A each of dATP and dTTP was 

added to provide sufficient quantities in cases where A-T rich regions were sequenced, i.e. env 

fragments. While the labeling reaction took place, four 0.5 ml microcentrifuge tubes, labeled G, 

A, T and C were filled with 2.5 (A of the appropriate termination mixture (ddGTP, ddATP, ddTTP 

or ddCTP) and pre-warmed at 50°C for 1 min. One micro liter magnesium (Mn2+) buffer was then 

added to the labeling mix, and 3.5 (A of the total volume was transferred to each of the 

termination tubes. MrT allows for sequences less than 20 nucleotides from the primer to be read. 

The tubes were incubated for 5 min at 50°C followed by the addition of 4 A  stop solution. All 

reactions were done in a Biometra TRIO-Thermoblock.

Samples were heated to 80°C for 3 min before loading 3 jA onto an 8 % acrylamide gel 

(see Appendix A). Gels were run. at 60W (50°C), 2500V and 60mA in IX Glycerol Tolerant Gel 

Buffer. For better resolution at the top of the gel, 3 M NaAc was added after 1 hr to the bottom 

buffer chamber to a final concentration of 1.5 M. Gels were fixed in 15% methanol:5% acetic acid 

for 30 min, dried for 1 hour at 80°C onto chromatography paper using a vacuum gel dryer and 

exposed overnight to Hyperfilm™-Pmax autoradiography. Film was developed manually in the 

dark using developer (~3 min) and fixer (~1 min).

2.8.2 Cy5 AutoRead Sequencing kit

DNA denaturation. Purified plasmid DNA (10 Mg), diluted in 32 m1 H20, was denatured 

in the presence of 8  m! 2 M NaOH at room temperature for 10 min. DNA was precipitated with 

7 m1 3 M NaAc, 4 m1H20  and 120 m1 100% ethanol at -70°C for 15 min and pelleted for 15 min 

at 14,000 rpm in a microcentrifuge. The DNA pellet was then washed with 70% ethanol, spun for 

10 min, vacuum dried and re-dissolved in 10 m! H20,

Annealing reaction. 2 A  10 pmol/Ml Cy5-M13 reverse primer (Table 2.1) was allowed to 

anneal to the denatured DNA (10 Ml) in the presence of 2 m! annealing buffer at 65°C for 5 min, 

followed by two 10 min incubations at 37°C and room temperature, respectively.

Sequencing reaction. 1 m! Extension buffer containing DTT, 3 m! dimethyl sulfoxide 

(DMSO) and 2 m! diluted T7 DNA Polymerase (4U/m1) was added to the annealing reaction. Four 

tubes, labeled G, A, T and C containing 2.5 m! of the appropriate termination mixes (ddGTP,
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ddATP, ddTTP or ddCTP in solution with dGTP, dCTP, dTTP and dATP) were pre-wamied at 

37°C for at least 1 min. An aliquot (4.5 jA) of the annealing mixture was added to each of the 4 

termination tubes and incubated for 5 in at 37°C. The reaction was stopped by adding 5 jj\ stop 

solution. All reactions were done in a Biometra TRIO-Thenno block.

Forward sequencing reactions were done using the Cy5-dATP labeling mix (Pharmacia 

Biotech, Uppsala, Sweden) in conjunction with the unlabeled T7 promoter forward primer (Table 

2.1). The protocol is almost identical to the Cy5 AutoRead kit except for a few changes:

DNA denaturation. Template DNA was redissolved in 12 jA (not 10 /A).

Sequencing reaction. 1 //I Cy5-labeling mix (Cy5-dATP in solution with dGTP, dCTP, 

dTTP) and 2 [A diluted T7 DNA Polymerase (4U//A) was added to the annealing reaction 

followed by 15°C incubation for 10 min. Four tubes (G, A, T and C) were each filled with 3 jul 

of the appropriate termination mix and pre-warmed at 37°C tor 1 min. One micro liter extension 

buffer and 3.5 /ri DMSO were added to the annealing reaction, and 5.4 yul was added to each of 

the 4 termination tubes, which were then incubated at 37°C for 5 min. The reaction was stopped 

by adding 6  yul stop solution.

Samples were heated to 85°C for 3 min before loading 6  [A onto an 5% Long Ranger 

acrylamide gel. Gels were run at 25W (55’C), 120V, 60 mA in 0.5X TBE buffer for 720 min 

using the ALFexpress™ DNA Sequencer.

2.8.3 dRhodamine Terminator Cycle Sequencing kit

This method is based on a cycle sequencing protocol. Briefly, 6  fA PCR product was 

mixed with 8  /A Terminator Ready Reaction Mix and 3.2 jA primer (3.2 pmol) in a total volume 

of 20 iA. Initially, primers ES7/ES8 and LTR236/gag778 were used, but in cases of poor primer 

binding, primers -21M1.3/SP6 were used (Table 2.1). The reaction was then subjected to the 

following cycling conditions in a GeneAmp® PCR System 2400 or 9600; 25 cycles of 96°C for 

10 sec, 50°C for 5 sec and 60°C for 4 min. Hold at 4°C.

Excess dye terminators were removed from sequencing reactions by using CENTRI-SEP 

columns (Princeton Separations Inc., Adelphia, New Jersey). Columns were hydrated with 

RNase-free H20  for at least 2 hours prior to using them. Excess H20  was drained by gravity flow 

followed by a 3,000 ipm spin for 2 min in a microcenrifuge. All 20 [A of each completed
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sequencing reaction was loaded onto the hydrated gel of a column and spun at 3,000 rpm for 2 

min. Purified samples were collected and vacuum dried. Samples were resuspended in 6  f/X (5 jA 

formamide and 1 lA Blue dextran with EDTA), heated at 90°C for 3.5 min prior to loading 2 jA 

onto a 4% acrylamide gel using the ABI PRISM 377 DNA Sequencer. Automated sequencing 

using this system was done by our Sequencing Core facility.

2.9 Nucleic acid analysis

Env and gag sequences were aligned with reference sequences representing various 

subtypes and SIVcp2.Gllb as an outlier (Forum, 1999), using Clustal W (Thompson et aL, 1994). 

Refinement of the alignment was performed by hand editing and insertions and deletions within 

the alignment were excluded from all comparisons. Phylogenetic trees were constructed using 

both distance matrix and maximum parsimony approaches.

Pairwise distance matrixes were generated using the Kimura two-parameter model 

(Kimura, 1980) and Clustal W. Neighbour joining trees were generated using either TREECON 

for Windows 1.0 (Van de Peer, 1994) or PHYLfP 3.5c (Felsenstein, 1993). The reliability of the 

branches using TREECON was assessed by 500 repetitions of bootstrap analysis, which involved 

resampling the nucleic acid sequences whereby each column of the sequence alignment was 

selected using a (pseudo) random number generator. Bootstrap analysis done in PHYL3P used 

programs such as SEQBOOT (to generate 100 reshuffled sequences), DNADIST (maximum- 

likelihood model), NEIGHBOR, and CONSENSE from the PHYLFP package. Maximum 

parsimony trees were constructed using either PAUP 3.1.1 (Swofford, 1993) with gaps counted 

as 'missing” and. branch-swapping performed, or the program DNAPARS from PHYL1P.
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CHAPTER THREE

HIV-l SUBTYPES IN SOUTH AFRICA AND THE IDENTIFICATION OF INTER­

SUBTYPE RECOMBINANTS

3.1 Introduction

In South Africa, HIV-1 was first recognized in the early 1980s in the homosexual 

population (Ras et al,, 1983), and by the late 1980s the epidemic expanded into the heterosexual 

population (Schoub et al., 1990, Sher, 1989). Prevalence figures of HIV infection among women 

attending ante-natal clinics show that the epidemic in South Africa continues to rise resulting in 

one of the fastest growing epidemics in the world (Department of Health, 1999). Although 

subtypes A, B, C and D have been found in South Africa, the epidemic is dominated by subtype 

C viruses (Becker et al., 1995, Bredell et al., 1998, Engelbrecht et al., 1995, Van Harmelen et al., 

1997, Van Harmelen et al., 1999b, Williamson et al., 1995).

The contribution of recombination to the genetic diversity of HTV-1 strains in the global 

epidemic has only recently been appreciated when it was estimated that more than 1 0 % of the 

HIV-1 strains that have been sequenced appear to be inter-subtype recombinants (Robertson et 

al., 1995b). A large number of HTV-1 recombinants have been identified from African countries, 

including Central African Republic, Zambia, Zaire, Nigeria, Rwanda, Uganda and Djibouti, 

which involve mainly subtype A with either subtypes C, D, E or G (Carr et al., 1998, Choi et al., 

1997, Comelissen et al., 1996, Gao et al., 1998b, Gao et al., 1996, Kampinga et al., 1997, 

Salminen et a l, 1997). All the inter-subtype recombinants have been found in geographic 

regions where multiple genetic subtypes are known to co-circulate, such as Central Africa, South 

America, and south-east Asia (Jain et al., 1994, Janssens et al., 1997, Louwagie et al., 1995, 

Louwagie et al., 1993, Lukashov et a l, 1995, McCutchan et al., 1992a).

Previous studies have not revealed the existence of recombinant viruses in South Africa 

(Becker et al., 1995, Van Harmelen et al., 1999a, Van Harmelen et al., 1997). The purpose of 

this study was to determine the HIV-1 subtypes present in different risk groups and if HIV-l

41



inter-subtype recombinant viruses circulate in South Africa. An HMA, based on the gag gene, 

was designed to complement the env HMA allowing a large number of samples to be screened.

3.2 Materials and Methods

3.2.1 Patients

Blood was collected in EDTA from 172 HTV-l seropositive individuals between 1996 

and 1998. Informed consent was obtained from all study subjects prior to collection of blood and 

the majority of patients were interviewed for demographic information including route and place 

of transmission (Appendix C). CD4+ lymphocyte counts were determined in 117/172 (68%) of 

cases by flow cytometry. This study was approved by the Committee for Medical Research on 

Human Subjects of the University of the Witwatersrand (Appendix D).

3.2.2 PCR, HMA and phylogenetic analysis

Lysed PBMC were used as template for amplification of both the -700-bp env and -540- 

bp gag fragments, as described in Chapter 2. Amplified products were subtyped using a 

combination of env and gag HMA. In addition to env reference plasmids A2, C2, D„ and E2,

reference plasmids B2, B3, C„ C,, and C4 were also used in cases of indeterminate HMA profiles 

and to confirm discrepant env and gag HMA results (possible recombinants). The pMOSBlue 

T-vector was initially used and later the pGem®-T vector kit for cloning PCR products. Positive 

clones were identified by PCR using primers ES7ZES8 or LTR236/gag778 and sequenced in both 

directions by automated sequencing (ABI PRISM 377 DNA Sequencer) using the dRhodamine 

Terminator Cycle Sequencing kit. The V3-V5 env sequences were multiply aligned with 12 

known env reference sequences belonging to subtypes A (U455 and SF1703), B (92BR020 and 

HXB2R), C (92BR025, D868, 93MW959 and ZAM18A), D (ELI and 92UG021) and E 

(92TH011 and 92TH006) (Forum, 1999), using Clustal W (Thompson et a l, 1994). Similarly, 

gag sequences were aligned with reference subtypes A (U455 and IBNG), B (HXB2R and SF2), 

C (ETH2220 and 92BR025) and D (ELI and Z2Z6). Two known HIV-1 recombinant strains, 

ZAM184 (A/C) and MAL (A/D) were included for comparison and SIVcp2.Gllb was used as an 

outlier (Forum, 1999). Neighbour joining trees were constructed using PHYLIP (Felsenstein,

1993). Phylogenetic relationships were also analysed by the maximum-parsimony method with



repeated randomized input order, implemented by using the program DNAPARS firom PHYLIP 

(Felsenstein, 1993).

The sequences were named by year of isolation, patient's identification number followed 

by the country code ZA for South Africa. Twenty-two HTV-1 sequences (16 e.nv and 6 gag) have 

been submitted to GenBank.

3.3 Results

3.3.1 Patients

In order to monitor the spectrum of subtjrpes present in South Africa, 172 HIV-1 infected 

individuals representing different HIV risk groups were recruited for this study (Table 3.1). One 

hundred and sixty five patients were from hospitals and ADDS clinics in and around 

Johannesburg. Specifically, these groups included patients admitted with tuberculosis and other 

AIDS defining illnesses, individuals attending hemophiliac or ante-natal clinics, immigrant and 

mobile persons using urban clinics as well individuals under the care of private physicians. Seven 

commercial sex workers from KwaZulu/Natal were also included. There was a similar number 

of men (n=84) and women (n=88) in the cohort with ages ranging from 18 to 59 years. The 

majority of individuals were infected through heterosexual contact, followed by blood 

transfusion, homosexual transmission, intravenous drug use and occupational exposure. This 

cohort does not reflect the HIV infection rates across the different risk groups. Fifty two percent 

of individuals had CD4+ T cell counts less than 200 cellsZ/ri indicating that they had advanced 

disease and were thus likely to be have been infected for a long period of time.

3.3.2 env HMA subtypes

A 700-bp env PCR product (Figure 3,1) was amplified in 167 of 172 samples. PCR 

products were then used in an HMA with reference isolates from subtypes A-E (Figure 3.2). 

Samples from 3 commercial sex workers could not be subtyped due to the lack of clear 

heteroduplex formation (not shown). This resulted in 164 env subtypes, the majority of which 

were subtype C, followed by subtype B, with a few subtype A viruses (Table 3.2). Among 

heterosexually infected adults, 97% (104 of 107) were env subtype C. Subtype B isolates were
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present in individuals infected through homosexual contact (93%) or through contaminated blood 

products (89%). In each of these 2 risk groups there was a single case of a subtype C 

transmission. Similarly subtype B was found among a heterosexually-infected individual. Two 

cases of occupational exposure were also examined, A subtype B virus was found in a laboratory 

worker and a subtype C virus in a physician. Intravenous drug use is still relatively rare in South 

Africa: and of the 2 cases examined, one was subtype B and one was subtype C. Four env subtype 

A viruses were identified: 1 from a Zambian woman (95ZAM823ZA) who was later found to 

habour an C/A recombinant (see below); 1 from a man from Mali whose route and place of 

transmission is unknown, 1 from a Polish man infected heterosexually in South Africa and 1 was 

a recipient of contaminated Factor IX.

Table 3.1 Patients' gender and CD4+ range by different cohorts.

Patients
Cohorts n Male Female CD4"1" count

Hospitalized patients:
Gold Fields West hospital 6 6 22 - 663
Sizwe hospital 48* 30 18 0-938

AIDS clinics - outpatients:
Johannesburg hospital 23 15 8 11-923
Hillbrow hopital 16 13 3 110-570
Private patients5 23* 19 4 29 - 509

Ante-natal clinic at Baragwanath hospital: 30* 30 ND

Haemophiliac clinic at Johannesburg hospital*: 19 1 18 5-974

Commercial Sex workers (Durban): 7 7 ND

Total 172 84 88

ND = not done
* = all 30 mothers, 5 hospitalized patients and 1 private patient were omitted from gag PCR
* = patients infected through blood transfusion 
s =  some homosexually infected patients
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3.3.3 Screening for recombinant viruses

A gag HMA was developed to complement the snv HMA to facilitate HIV subtype 

determination in 2 regions of the genome and to identify inter-subtype recombinant viruses. 

Isolates representing subtypes A-D were used to generate 540-bp PCR gag gene fragments for 

use as references. The gag HMA was performed essentially the same as for tin env HMA. There 

was, however, less discrimination between gag subtypes with heteroduplex cs migrating closer 

to the homoduplexes compared to the env HMA. Nevertheless, subtypes and C were easily 

identified using the gag HMA as these heteroduplexes migrated ahead of other subtypes. Subtype 

B was more difficult to distinguish as heteroduplexes migrated only slightly ahead or 

equivalently with subtype D and were classified as B or D (Figure 3.3 and Table 3.2).

1 2 5 4 5 6 7 8 9 10 111213 14 1516 1718 - +

Figure 3.1 Agarose gel showing amplified ES7/8 env products. Lanes 1-18 represent PBMC 
from 18 HIV-1 infected patients, lane (-) an HTV-l seronegative PBMC sample used as a 
negative control and lane (+) H9/HIB-infected T-cells used as a positive control.

Of the 172 samples, 136 were used to amplify the gag gene (30 samples from the ante­

natal clinic, 5 samples from patients infected heterosexually and 1 sample from an individual 

infected through occupational exposure, were not subjected to gag PCR). A 520-bp gag PCR 

product (Figure 3.4) was amplified in only 119 of the 136 samples. Two gag amplified fragments 

could not be subtyped by HMA, thus giving 117 gag subtypes (Table 3,2).
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There was concordance between the subtypes determined by env and gag HMA in 113 

samples. However, four samples showed discordant HMA resv Its suggesting the presence of 

recombinant viruses (Table 3.3). Two of the patients, 96MOK.ZA and 97PP110ZA, were env 

subtype C and gag subtype A. 96MOKZA is a male from Congo who attended a private clinic 

in Johannesburg, while 97PP11OZA is a South African male who travelled extensively in Africa 

and Europe. The third individual (95ZAM823ZA) is a Zambian women infected heterosexually 

with a subtype C/A. Her husband harboured a subtype C/C virus (not shown). The last 

individual, CSW1, a commercial sex worker from KwaZulu/Natal, was infected with B/C mosaic 

virus.

Subtype A Subtype B Subtype C
A2B ,C 2D1E2S A2 B| C2 D, E2 S A2B1C2D ,E2S

Figure 3.2 env HMA profiles of 3 South African samples representing subtypes A, B and C. 
Samples were run against reference plasmids from subtypes A2 (IC144), B, (BR20), C, (ZM18), 
D, (UG21) and E2 (TH06). Lane S is the sample in the absence of any reference plasmids. * This 
band, present in all lanes, represents non-specific bands or intra-patient quasispecies and is 
therefore ignored. The arrows indicate the lane with the fastest migrating heteroduplexes (He) 
which delineates the subtype. Homoduplexes (Ho) and single-stranded DNA (ss) are indicated.
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Table 3,2 Genetic subtypes as determined by HMA.

Route of transmission env subtypes S aS subtypes
n A B C n A B o r D C

Heterosexual J07 2 1 104 gg 2 66

Blood products 19 1 17 1 19 1 17 1

Homosexual 15 14 1 13 12 1

IVDU 2 1 1 1 1

Occupational exposure 2 t 1 1 1

Unknown 19 1 5 13 15 2 3 10

TOTAL (%) AW 4(2) 39 (24) 121 (74) 117 3(3) 35 (30) 79(68)

Subtype A Subtype B Subtype C
A B C, C, D S A B C, C, D S A B C, C, D S

Figure 3,3 gag HMA profiles of 3 samples representing subtypes A (97PP110ZA), B 
(98HM12ZA) and C (95ZAM823ZA). Samples were run against reference plasmids from 
subtypes A (92UG029), B (92BR021B), Cl (92BR025), C2 (92RW009A) andD (92UG001). 
Lane S is the sample in the absence of any reference plasmids. The arrows indicate the lane with 
the fastest migrating heteroduplexes (He) which delineates the subtype. Homoduplexes (Ho) and 
single-stranded DNA (ss) molecular forms are indicated. Note that subtypes A and C are easily 
identified, whereas, subtype B heteroduplexes migrate only marginally faster than those in the 
D lane (middle gel).
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 1516 - +

-46*" '"'540-bp

Figure 3.4 Agarose gel showing amplified LTR236/gag778 gag products. Lanes 1-16 represent 
PBMC .from 16 HTV-1 infected patients, lane (-) an HTV-1 seronegative PBMC sample used as 
a negative control and lane (+) H9/IIIB-infected T-cells used as a positive control.

Table 3.3 Inter-subtype recombinants identified by env and gag FIMA.

Patients gag HMA env HMA Comments

PP110 A C South African male, place and route of transmission unknown

ZAM823 C A Zambian female, heterosexuaBy* infected in Zambia

MOK A C Congolese malr, place and route of transmission unknown

CSW1 B C South African female commercial sex worker, infected in 
KwaZulu/Natal

♦husband infected with C/C virus

3.3.4 gag and env sequence analysis

In order to validate the HMA results phylogenetic analysis was performed on 16 HTV-1 

isolates identified by env HMA as subtypes A (n=4), B (n=8) and C (n=4). The 700-bp env 

sequence was compared with 12 references from subtyped A-E, 2 recombinant viruses ZAM184 

(A/C) and MAL (A/D) and SIVcpzgab (Forum, 1999) (Figure 3.5). HMA results were confirmed 

in 15 cases. Samples 96RS474ZA, 96SH523ZA, 98HM8ZA and 95ZAM823ZA clustered with 

subtype A; 96DS814ZA, 96DS815ZA, 96DS816ZA, 96DS833ZA, 96DS837ZA, 96DS897ZA, 

96DS998ZA, 96DS1050ZA, 96DS814ZA and 96DS897ZA clustered with subtype B and 

97PP110ZA, 97PP119ZA and 98CSW1ZA clustered with subtype C. However, one patient who
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was subtyped as C (96MOKZA) by e/iv HMA, did not cluster phylogenetically with a subtype 

group.

In order to confirm the discordant HMA profiles of the four putative recombinant 

isolates, the 520-bp gag fragment from patients with 95ZAM823ZA, 97PP110ZA, 96MOKZA 

and 98CSW1ZA was cloned and sequenced. One clone of each patient was phylogenetically 

analysed and compared with eight HIV-1 gag reference subtypes A-D and two known HIV-1 

recombinant strains (Forum, 1999). Phylogenetic analysis of both gag and env gene fragments 

confirmed these 4 isolates to be recombinant viruses (Figure 3.5). Two A/C recombinants 

identified by HMA, 97P1110ZA and 96MOKZA, grouped with subtype A in the gag 

phylogenetic tree, but only the former grouped with env subtype C. The latter was shown to be 

an outlier as mentioned above. 95ZAM823ZA was confirmed as a C/A and 98CSW1ZA a B/C 

mosaic. In addition, gag fragments of 2 patients were sequenced; 97PP119ZA confirmed as C/C 

and 98HM8ZA confirmed as A/A. Both env and gag neighbour-joining trees showed the same 

topology as their parsimony trees (not shown), with clusters supported by bootstrap values of 

>75%.

3.3.5 Predicted protein sequence analysis

In order to reveal subtype specific patterns in the V3 loop, predicted amino acid 

sequences were aligned with an ALL consensus sequence (Dighe et al., 1997). The characteristic 

tetrapeptide sequence GPGQ at the tip of the V3 loop was evident in all subtype A and C 

sequences, except for patient 95ZAM823ZA (GPGR) (Figure 3.6). For subtype B isolates GPGR 

was present in all isolates except for patient 96DS815ZA (GAGR).

3.4 Discussion

In this study, I describe the identification of HIV-1 subtypes A, B and C, and the 

relatively low prevalence of inter-subtype recombinants in Gauteng. Subtype C was the 

predominant subtype and was present mainly among individuals infected heterosexually. The 

majority of homosexually infected individuals and recipients of contaminated blood products 

were infected with subtype B viruses. Four recombinant viruses were found which were mosaics
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between subtype C and regions belonging to either subtypes A or B.

The aim of this study was to document the HIV-1 subtypes in different risk groups in 

South Africa and to determine if new subtypes and inter-subtype recombinant viruses are 

emerging. Our results confirm those from other studies which showed that HIV-1 subtypes in 

South Africa segregate according to mode of transmission. Thus, the majority of heterosexual 

infections are due to env subtype C, while env subtype B predominates in the homosexual group 

(Engelbrecht et ai, 1995, Van Harmelen et al., 1997, Williamson et al., 1995). However, there 

is cross-over of subtypes between these groups as observed here and elsewhere (Van Harmelen 

et al., 1997, Van Harmelen et al, 1999b, Williamson et al, 1995). Subtype B was also found in 

the majority of haemophiliacs infected through contaminated Factor Vm  produced in the USA 

(Sher, 1986). A single case of subtype A infection (patient 98HM8ZA) was traced to a locally 

produced Factor DC. In this study, we found a total of 6 isolates with either or both gag/env 

subtype A fragments. This together with other cases of subtype A infection (Van Harmelen et 

al., 1999b), probably signal the spread of this subtype from Central Africa where it is more 

common.

The prevalence of gag/env recombinant, viruses in South Africa would appear to be 

relatively low (3%) compared to other countries in Africa, where in some areas prevalences of 

up to 25% have been recorded (Kampinga et al,, 1997). This is mainly due to the predominance 

of subtype C and low prevalence of other subtypes, but possibly also related to the more recent 

heterosexual epidemic in this region. Although there is a significant subtype B epidemic in South 

Africa, the apparent lack of recombination events between subtypes B and C probably reflects 

the limited overlap between the homosexual and heterosexual risk groups. However, the noted 

cross-over of these subtypes into different risk groups may alter this profile in the future. Indeed 

one B/C recombinant virus was identified in a South African commercial sex worker who may 

have been infected with more than one subtype as a result of multiple exposures. The other three 

recombinant viruses identified in this study involved subtypes A and C. Two of these were 

isolated from individuals from Zambia and Congo where subtype A circulates. The third 

recombinant virus, 96MOKZA, was from a local man whose place of transmission is unknown.

This individual was classified as subtype A in gag and possibly had a mosaic env fragment as 

it was unclassified pbylogenetically. It would be of interest to determine the possible existence 

of inter-subtype breakpoints within this env fragment. It is reported that subtypes A and C
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recombine more frequently with other subtypes compared to subtypes B and D, which have a 

more restricted pattern of genetic exchange (McCutchan et a(., 1996). Thus, the apparent increase 

in subtype A viruses in South Africa may foster the emergence of more recombinant viruses in 

the future.

A combination of env and gag HMA provides a rapid and effective screening method for 

subtyping and identifying recombinant viruses or dual infections. This may underestimate the hue 

frequency of recombinant viruses as recombination can also occur outside the two regions that 

were analysed. Although the gag HMA was able to identify subtype C viruses clearly, further 

work needs to be done to improve this assay for subtype B. It is likely that viruses classified as 

B or D are in fact subtype B because: i) they were subtype B in env; ii) subsequent sequencing 

analysis of 1 isolate confirmed it as subtype B; iii) subtype D has only rarely been reported in 

South Africa early on in the epidemic (Becker et al., 1995, Engelbrecht et al.} 1995, Van 

Harmelen et al., 1997, Williamson et al., 1995); iv) subtype B viruses have previously been 

described among homosexual men in South Africa (Engelbrecht et al., 1995, Van Harmelen et 

al., 1997) and; v) individuals infected through contaminated blood products are known to have 

single source infections (Sher, 1986). Further refinement of the gag HMA may be complicated 

by the lower inter-subtype variation in the gag gene (14%) (Louwagie et al., 1993) compared to 

the env gene (30%) (Janssos et al., 1997), which probably accounts for less discrimination 

between subtypes. In particular, there is less genetic diversity between subtypes B and D, relative 

to other subtypes, which may explain why heteroduplexes formed with subtypes B and D 

migrated equivalently. It may be possible to improve on this by using representative local isolates 

as references strains or more variable regions of the gag gene (Becker et al., 1995, Engelbrecht 

et al., 1995, Van Harmelen et al., 1997, Williamson et al., 1995). Failing this it may be necessary 

to sequence all B or D indeterminates identified by HMA. In a country such as South Africa 

which has a predominantly subtype C epidemic, together with a lesser subtype B epidemic, the 

inability to distinguish between subtypes B and D may present only a minor problem. 

Nevertheless, the increase in the detection of other subtypes (such as A and possibly D) suggests 

that HMAs may need to be continually adapted to take into account new emerging viruses. 

Despite these limitations the HMA remains a powerful tool. It would have been considerably 

more difficult to identify the 4 recombinant viruses without the use of this quick screening 

method. We therefore, recommend the combination of gag and env HMAs to detect recombinant 

viruses in low frequency regions with a restricted number of subtypes.
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Figure 3.6 Predicted amino acid (aa) sequences of the env V3 loop of 16 isolates. Samples are grouped according to their subtype designation relative 
to the ALL consensus sequence (Dighe et al., 1997). Dashes indicate identity and dots indicate gaps relative to the consensus. Changed aa are 
indicated. The tetrapeptide sequence at the tip ofthe V3 loop (position 15-18) is highlighted and shows that GPGQ is present in most A and C strains, 
while GPGR is in mostB strains.



CHAPTER FOUR

GENETIC CHARACTERIZATION OF HIV-1 TYPE 1 FROM MIGRANT 

WORKERS IN THREE SOUTH AFRICAN GOLD MINES

4.1 Introduction

The spread of HTV-1 in South Africa is fueled by the migrant labor system. It not only 

creates situations of high risk behavior for the migrants, but also ensures the geographical spread 

ofHTV-1 throughout the country. The mining industry in South Africa attracts job-seekers from 

many parts of the country as well as from other countries in southern Africa (Jochelson et al., 

1991). An HIV-1 seroprevalence survey conducted by the Chamber of Mines in 1986 showed 

that 4% of miners from Malawi, 0.3% from Botswana and less than 0.1% from Lesotho, 

Mozambique, Swaziland and South Africa were HIV-1 infected (Brink & Clausen, 1987, 

Chamber of Mines, 1993). Although no current data exist regarding current IHV prevalence 

among miners, mine doctors estimate it to be over 15% with an doubling time of 15 months 

(Williams & Campbell, 1996).

Sub types A, C and D are most prevalent in sub-Saharan Africa (Janssens et al., 1997) 

with subtypes A, B, C and D being found in South Africa (Becker et al., 1995, Bredell et al., 

1998, Engelbrecht et al., 1995, Van Harmelen et al., 1997, Van Harmelen et al., 1999b, 

Williamson et al., 1995). Recent studies to detennine the circulating subtypes showed the 

occurrence of subtype C in Maputo, Mozambique (Engelbrecht et al., 1998), but similar studies 

in other southern African countries such as Botswana, Lesotho and Swaziland have not yet been 

done.

In order to investigate the genetic relationships among HIV-1 isolates from migrant 

workers employed by three adjacent gold mines in South Africa, 44 samples were 

phylogenetically analyzed. Based on published epidemiological data (Chamber of Mines, 1993) 

and phylogenetic analysis of the env gene, there is evidei ce of both epidemiological spread 

within the group of mines as well as multiple introductions of HIV-1 into this cohort.
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4.2 Materials and Methods

4.2.1 Study setting

Gold Fields West Hospital serves a population of 28 500 gold miners working on three 

mines in Westonaria, a district situated 50 km from Johannesburg in the Gauteng province. The 

men, 18 to 65 years of age, were migrant workers living in single-sex hostels on the mines. They 

came from the rural areas of South Africa as well as the neighbouring countries of Botswana, 

Lesotho, Swaziland, and Mozambique, where they returned on annual leave. Patients sampled 

were proportionate to their representation on the mine (except for the Mozambicans, who were 

under-represented), but did not reflect the HTV prevalence rates in the different countries. It is 

company policy not to conduct pre-employment HTV testing and to test only when clinically 

indicated. Therefore, serostatus at the time of employment, date of seroconversion, and 

geographical place of infection were unknown.

4.2.2 Patients

Specimens were collected over a 4 month period, from October 1995 to January 1996, 

from 43 HTV-1 seropositive patients admitted with pulmonary tuberculosis. Except for samples 

95ZA309,95ZA327,95ZA368 and 95ZA369 which were collagenase-digested lymph node cells 

(Gray el aL, 1996), all samples were uncultured PBMC isolated from a 5 ml EDTA-blood sample. 

HIV-1 seropositivity was confirmed using 3 ELISA tests (Genscreen® HIVl/2 version 2, 

Vironostika® HIV Uni-Form II plus O, Wellcozyme* HIV Recombinant). CD4+ lymphocyte 

counts were determined by flow cytometry using Simultest monoclonal antibodies and a FACSort 

equipped with SimulSet software (all from Becton Dickinson, San Jose, California, USA). 

Specimens were obtained with the informed consent of all participants and ethical approval was 

obtained from the Committee for Research on Human Subjects of the University of the 

Witwatersrand (see Appendix C and D).

4.2.3 PGR, HMA and phylogenetic analysis

Lysed PBMC were used as templates for the amplification of the -700-bp env fragment, 

as described in Chapter 2. PCR products from all 44 samples were subtyped by env HMA using 

reference plasmids A2, B„ Co, D, and I^. For patient 96ZA119BWA additional references B%, B,, 

C,, C3 and C4 were also used. Products were cloned into the pMOSB/ue T-vector and positive 

clones were identified by PCR using primers ES7/ES8. For each isolate, one positive PCR clone
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was sequenced in both directions: 35 samples were sequenced by the dideoxy-chain termination 

method using the Sequenase PCR Product Sequencing kit, and the rest by automated sequencing 

(ALFexpress™ DNA sequencer) using the Cy5 AutoRead sequencing kit and Cy5-dATP labeling 

mix. The 44 ES7/ES8 env sequences were aligned with 38 reference sequences representative 

of subtypes A (2), B (2), C (25), D (2), E (2), F (2), G (2), and SIVcpz.G;ib as an outlier (Forum, 

1999), using Clustal W (Thompson et al., 1994). Neighbor-joining trees were generated using 

TREECON (Van de Peer, 1994) and a limited set of sequences (n = 64, including all 44 

sequences, 19 reference A-D subtype sequences and SIVcpz.Gab) were also analysed using PAUP

3.1.1 (Swofford, 1993). All of the 200 equally parsimonious shortest trees were used to generate 

a strict 50% majority rule consensus tree.

The sequences were named by year of isolation, country of origin of the patient and his 

identification number. For the purpose of distinguishing between isolates, the last two or three 

characters denote geographical origin of the patient: ZA (South Africa), LSO (Lesotho), MOZ 

(Mozambique), SWZ (Swaziland) and BWA (Botswana). Env sequences are listed in GenBank, 

identified by accession numbers AF053181-AF053224.

4.3 Results

4.3.1 Study subjects

The 44 HIV-1 samples were obtained from 43 individuals originating from five different 

countries in southern Africa (Figure 4.1). Samples 95ZA853BWA and 96ZA119BWA were from 

the same patient, two months apart. The largest group (19 out of 43) of patients were from South 

Africa, 13 from Lesotho, 5 from Botswana and 3 each from Swaziland and Mozambique. The 

spectrum of CD4+ lymphocyte cell counts ranged from 30 to 930 cells/pl. Forty percent of 

patients had counts less than 200 CD4+ T-cells/pl indicating that many patients had advanced 

disease and likely infected for a long period of time (Table 4.1). One patient (95ZA961ZA) had 

recently /.r econverted.
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® Gold Fields West mines 
"1 Swaziland -5% 
j Botswana -10%
I Lesotho - 22% 
j Mozambique - 7%
1 South Africa:

- KwaZnlu-Natai -12%
- Eastern Cape - 27%
- rest - 7%

Figure 4.1 Origin of the workforce at the mines where this study was conducted. Less than half 
(46%) of the workforce are from South Africa. Mosf > they migrate from the eastern part of the 
country from the provinces of Kwazuiu/Natal and the Eastern Cape (formerly Ciskei and 
Transkei). The study site is situated in the province of Gauteng where only a small fraction of 
the workforce is drawn. Over half the workforce is recruited from countries bordering on South 
Africa such as Mozambique and Botswana or within the borders of South Africa such as Lesotho 
and Swaziland.

4.3.2 PCR and 11MA

Uncultured PBMC and collagenase-digested lymph node cells were all found to be HIV-1 

positive by nested PCR using primers ED5/ED12 and ES7/ES8. The -700-bp nested PCR 

products, spanning the V3 - V5 region, were subtyped by HMA. Each sample was compared 

against one representative of each reference subtype: Az, B,, C?, D, and E? (Figure 4.2). Forty- 

three of the 44 samples could be clearly assigned to HTV-1 subtype C on the basis of markedly 

faster mobilities of heteroduplexes fonned with C2 (defined as migrating two-thirds of the 

distance compared to one-third or less with other subtypes, relative to the homoduplexes). One 

sample, however, 95ZA853BWA, showed equivalent migration with B, and C2 (Figure 4.3)
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Table 4.1 Patients’ geographic origin and CD4+ count.

Sample CD4 count Geographic origin

95ZA309 390 Lesotho
95ZA327 620 KwaZulu/Natal, SA
95ZA368 80 KwaZulu/Natal, SA
95ZA369 370 Lesotho
95ZA650 190 KwaZulu/Natal, SA
95ZA65.1. 50 Mozambique
95ZA653 ND Lesotho
95ZA654 30 Lesotho
95ZA656 120 Mozambique
95ZA658 730 Lesotho
95ZA659 270 KwaZulu/Natal, SA
95ZA711 1176 Eastern Cape, SA
95ZA712 125 Botswana
95ZA716 120 Mpumalanga, SA
95ZA718 277 ..astern Cape, SA
95ZA722 589 Swaziland
95ZA724 269 Botswana
95ZA726 630 Botswana
95ZA728 285 Mozambique
95ZA731 ND Northern Province, SA
95ZA735 456 KwaZulu/Natal, SA
95ZA736 797 KwaZulu/Natal, SA
95ZA739 635 Eastern Cape, SA
95ZA742 ND Eastern Cape, SA
95ZA770 90 Eastern Cape, SA
95ZA784 356 Lesotho
95ZA787 700 Lesotho
95ZA799 442 Eastern Cape, SA
95ZA801 395 Eastern Cape, SA
95ZA803 379 Lesotho
95ZA804 930 Eastern Cape, SA
95ZA828 385 Lesotho
95ZA830 412 Swaziland
95ZA834 153 Lesotho
95ZA836 325 Botswana
95ZA845 274 Lesotho

95ZA853* 93 Botswana
95ZA854 107 Lesotho
95ZA857 ND Eastern Cape, SA
95ZA859 168 Lesotho
95ZA863 96 Eastern Cape, SA
95ZA868 122 Swaziland

95ZA961" ND Eastern Cape, SA
96ZA119* 108 Botswana

■' Sample 96ZA119 is a two month follow-up of sample 95ZA853

recent seroconverter
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suggesting that this patient was either co-infected with subtype B and C, or infected with a virus 

showing equivalent homology to B, and C2. Twenty separate clones from this sample also showed 

equivalent migration with B, and C2 indicating that this patient was not co-infected. Minor 

variation in heteroduplex formation represent intra-patient quasispecies (Figure 4.4). Further 

analysis using two additional reference B plasmids (B2 from Thailand and B3 from USA) and 

three additional C plasmids (C, from Malawi, C3 from India, and C4 from Brazil) confirmed that 

95ZA853BWA was indeed a subtype C virus: heteroduplexes in C„ C2, C3, and C4 all migrated 

ahead of heteroduplexes formed with B2 and B3, but equivalent to B1 (Figure 4.5). A follow-up 

sample from this patient, 96ZA119BWA, was clearly subtype C (Figure 4.3). The subtype 

designation was later confirmed by sequence analysis, which showed that both samples from this 

patient were HEV-l subtype C.

95ZA731ZA 95ZA735ZA 95ZA73uZA 95ZA739ZA
a 2 b , c 2 d , e 2 s  a ,  b , c 2 d , e 2 s  a 2 b , c 2 d , e 2 s  a 2 b , c 2 d , e 2  s

ss 

He

Ho n

t t t t
Figure 4.2 env HMA profiles of 4 samples (95ZA731ZA, 95ZA735ZA, 95ZA736ZA and 
95ZA739ZA) representing subtype C. Samples were run against reference plasmids from 
subtypes A2 (IC144), B, (BR20), C, (ZM18), D, (UG21) and E, (TH06). Lane S is the sample in 
the absence of any reference plasmids. The arrows indicate the lane with the fastest migrating 
heteroduplexes (He) which delineates the subtype. Homoduplexes (Ho) and single-stranded DNA 
(ss) are indicated.

4.3.3 DNA sequencing and phylogenetic analysis

The -700-bp PGR products of the 44 isolates were cloned and one representative clone of

59



each isolate was sequenced in both directions. Sequences were phylogenetically compared with 

25 subtype C sequences (Forum, 1999), 6 from South Africa (90ZA514, 92ZA517, NOF, DLU, 

UOGOM and BOOYD) (Becker et al, 1995, Engeibrecht et a l, 1995), 12 from other regions in 

Africa (ZAM18A, UG268A2, 93MW959.18, SH750, 93MW960.3, 93MW965.26, SM145A, 

ZAM20A, Z8A1, DJ259A, DJ373A, and SE364A), 6 from India (D744, D747, D757, D760, 

D808 and D1044), and 1 from Brazil (92BR025.9). Two reference sequences each of subtype A 

(SF1703 and U455), B (SF2 and HXB2R), D (ELI and Z2Z6), E (CAR4017 and 93TH966.8), F 

(CA20 and BZ163A) and G (92UG975.10 and RU511B) were also included. All 44 miner 

sequences grouped with known subtype C sequences, confirming the HMA results. The topology 

of the neighbor joining trees (Figure 4.6) was essentially the same as that of the PAUP tree except 

in some of the terminal branches (not shown), and clusters supported by bootstrap values >80% 

were also observed in the PAUP tree.

A2 B, C2D,E2 S, A2 B, C2 D, E2 S2

Figure 4.3 env HMA profiles of sample 95ZA853BWA (S,) and a follow-up sample 
96ZA119BWA (Sz) from the same patient. Samples were run against reference plasmids from 
subtypes A2 (IC144), B, (BR20), C, (ZM18), D, (UG21) and E, (TH06). Lane S is the sample in 
the absence of any reference plasmids. * These bands, present in all lanes, represent non-specific 
bands or intra-patient quasispecies and are therefore ignored. The arrows indicate the lane with 
the fastest migrating heteroduplexes (He) which delineates the subtype. Note that sample 
95ZA853BWA shows equivalent migration with B, and C2 whereas the follow-up sample 
96ZA119BWA was clearly subtype C. Homoduplexes (Ho) and single-stranded DNA (ss) are 
indicated.
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Figure 4.4 e»vHMA profiles of twenty clones from sample 95ZAS53BWA showing equivalent 
migration with B, (a) and C2(b).

A2 B, B2B3 C, C2 C3 C4 D, E2 S

Figure 4.5 Env HMA profile of sample 95ZA853BWA using additional reference plasmids. 
Samples were run against reference plasmids from subtypes A2 (IC144), B, (BR20), B2 (TH14), 
B, (SF162), C, (MA959), C, (ZM18), Q  (IN868), Q  (BR25), D, (UG21) and % (TH06). Lane 
S is the sample in the absence of any reference plasmids. Homoduplexes (Ho) and 
heteroduplexes (He) are indicated. Note that heteroduplexes in C„ C2, C3, and C4 all migrated 
ahead of heteroduplexes formed with B2 and B3 but equivalent to B,.
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To determine whether HIV-1 isolates grouped according to the geographic origin of the 

migrant workers, each isolate was compared to isolates from patients from the same geographic 

region (intra-group) and to isolates from patients from other geographic regions (inter-group). 

In addition, isolates were compared to two reference subtype C isolates and two reference 

subtype B isolates. The mean nucleotide diversity within and between each group and subtype 

is shown in Table 4.2.

Table 4.2 Infra- and inter-subtype nucleotide diversity among 54 HIV-1 isolates^.

@
i

!i..
...

L_
 _ Percentage mean nucleotide diversity

ZA(I9) LSO(13)

!

MOZ(3) SWZ(3) REF B(2) REF C(2) INDIAN(6)

ZA(19) 10.4 11.2 10.5 11.8 10.6 22.5 ; 9.1 9.7

LSO(13) 11.2 10.6 10.8 12.2 10.8 22.6 i 9.1 10 1

BW A(6) 10.5 10.8 7.3 10.9 10 22 | 8.2 8.5 ;

M OZ(3) 11.8 12.1 10.8 8.3 11.8 22.9 | 9.7 11.3

:SWZ(3) 10.6 10.8 9 -5 , 11.7 7.6 22.7 I 9.3 9-5

REF B(2) 22.5 22.6 22 22.9 22,7 3 j  ; 20.2 22.1 |

REF C(2) 9.1 9.1 8.2 9.6 9.3 21.2 ; 3.3 M .......1
; INDIAN(6) 9.7 10 1 8.6 11.3 | 9.5 22.1 i 7.6 I

“Including migrant workers infected with subtype C virus, reference B isolates, reference C isolates and iublyre 
C isolates from India.

bNucleotide distances were calculated from 54 HIV-1 sequences, using the Kimura method. The 44 migrant 
workers all belong to subtype C and are grouped according to their geographic origin (ZA, South Africa; L30, 
Lesotho; BWA, Botswana; MOZ, Mozambique; SWZ, Swaziland), which may not necessarily represent the source 
of their infection. Values for the intra-group and intra-subtype distances are shown in boldface. Comparison 
between and within groups and subtypes was done by calculating the genetic differences between each individual 
isolate and all the other isolates in that group (intra-group) or within the same subtype (intra-subtype; e.g. reference 
C and IndiaC) or inter-subtype (reference B). The two subtype B isolates in this analysis (SF2 and HXB ZR) show 
close homology and are not representative of the divergence seen within this group.

There was at least a 20% difference between isolates from subtypes B and C, clearly 

delineating these two subtypes. However, except for a few clusters (see below), the genetic 

diversity among the groups of migrant workers presented as a spectrum with no apparent 

phylogenetic relatedness within groups. This was reflected in the overlap between the mean 

intra-group nucleotide diversity of 7.3%-10.6% and the mean inter-group diversity of 9.5%- 

12.2%. Thus, subtype C viruses from a cohort of migrant workers could not be separated on the 

basis of the geographic origins of the infected individual.
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HTV-1 subtype C sequences from the miners were not more closely related to each other than 

to other subtype C viruses from South Africa, The average DNA difference between the 44 

miners' sequences was 11%, compared with the intra-subtype C virus DNA difference of 8.9% 

for the 6 published South African isolates and 10.6% for the 19 subtype C viruses of non-South 

African origin. This is in contrast to the relationship seen between sequences from India, which 

have previously been shown to have resulted from recent spread of a single ancestor (Grez et al,

1994) and, in our analysis, showed a mean divergence of only 4% (Table 4.2). This small degree 

of diversity among isolates within the Indian group of viruses compared to i solates from other 

groups was also confirmed by the single cluster of Indian sequences in the phylogenetic tree 

(Figure 4.6). None of the miners' sequences showed significant homology with the Indian 

sequences.

Five clusters of closely related sequences were identified within the mining cohort supported 

by bootstrap values of 75% or more (Figure 4.6, indicated by number): (1) 95ZA830SWZ, 

95ZA653LSO, together with 95ZA784LSO and 95ZA368ZA; (2) 95ZA854LSO and 

95ZA787LSO; (3) 95ZA739ZA and 95ZA654LSO, and (4) 95ZA868SWZ, 95ZA859LSO, 

95ZA718ZA, 95ZA857ZA and 95ZA799ZA. These clusters linked isolates from miners with 

the same geographic origins (cluster 2 and three patients in cluster 4 from the Eastern Cape 

region of South Africa) and miners who worked on the same mine (cluster 3 and four of the 

miners in cluster 4). There was no similar obvious linkage between the isolates in cluster 1. The 

average DNA distances between the isolates in these four clusters were 7%, 8%, 4% and 4% 

respectively. Samples 95ZA853BWA and 96ZA119BWA, the fifth cluster, showed 97% 

homology, as would be expected given that these two samples were from the same patient taken 

2 months apart. No apparent differences in genetic diversity between samples from lymph nodes 

and PBMC were evident, although a more extensive analysis of the quasispecies in the lymph 

nodes and PBMC from a single patient would more frilly address this issue.

4.3.4 Predicted protein sequence analysis

The characteristic tetrapeptide sequence at the tip of the V3 loop of subtype C viruses. 

GPGQ, was present in the predicted amino acid sequences of all the isolates except for 

95ZA742ZA (RPGQ), 95ZA652MOZ and 95ZA961ZA (both GPGR) (Figure 4.7). The latter 

sample was from a patient who had recently seroconverted. Amino acid positions 12,24 and 25 

of isolates from patients from all 5 southern African countries showed extensive variation from
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the published subtype C consensus sequence (Dighe et a l, 1997). However, analysis of the 

isolates according to the geographic origins of the patients did not reveal any characteristic 

sequence patterns for geographic groups (Figure 4.7). The median V3 loop charge for this group 

was +4. All of the 44 subtype C viruses had neutral amino acids at position 11, 25 and 32 

associated with a non-syncitium-inducing phenotype (NSI). There were two amino acid changes 

in sample 96ZA119 compared with the previous sample, 95ZA853, from the same patient taken 

two months earlier.

4.4 Discussion

Genetic analysis of HIV-1 from 43 infected individuals from a mining population recruited 

from the rural areas of South Africa and from the neighboring countries of Botswana, Lesotho, 

Swaziland and Mozambique confirms the predominance of subtype C in this region. The lack 

of significant genetic relatedness amongst isolates in this cohort suggests that HTV-1 subtype C 

has evolved through multiple introductions of subtype C into this population.

In this study we investigated the extent of HIV-1 genetic diversity within the mining cohort 

to identify possible epidemiological linkage between HIV-1 isolates. Phylogenetic analysis 

showed a lack of genetic relatedness between isolates from individuals from the same geographic 

region. Compared to the Indian isolates, which showed close homology, the isolates from the 

miners were very heterogenous in the V3-V5 env region. Thus, there was considerable 

intra-group (miners from the same geographic region) and inter-group (miners from different 

geographical regions) genetic diversity that did not delineate separate clusters. This indicates that 

most of the HIV-1 infections on the mine did not originate from the recent spread of a common 

progenitor virus. This supports previous studies done elsewhere in South Africa, where the 

intra-subtype DNA distance for subtype C viruses indicated multiple introductions of the same 

subtype into the heterosexual community rather than a clonal epidemic (Van Harmelen et al., 

1999b). The 5 clusters identified in the phylogenetic free showed between 3-8% diversity. Since 

it has been estimated that HIV-1 evolves at a rate of approximately 1% per year in this region 

(Myers et al., 1993), the relatively low diversity seen among these clusters indicates recent 

spread from common sources and possible epidemiological linkage. In most cases these clusters 

involved individuals of disparate geographic origins, some of whom worked on the same mine,
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suggesting in these cases possible transmission within the mine or within communities around 

the mine.

Recent studies report that the Sl-phenotype, i.e. CXCR4 dependence, appears to be rare 

among subtype C isolates (Morris et a l, 1999, Peeters et ah, 1999). SI variants evolve in 

approximately half of subtype B infected individuals associated with an increased positive 

charge in the V3 loop and the use of the CXCR4 co-receptor (Richman & Bozzette, 1994, 

Tersmette et ah, 1989). The overall positive charge of the V3 loop in this study was moderately 

low especially considering that 40% of the miners had CD4+counts <200 celV/rl. In addition, the 

amino acids at positions 11, 25 and 32 were all neutral, which is consistent with a MSI 

phenotype. Although we were not able to examine the in vitro phenotypic properties of these 

viruses, our data suggest that they are likely to be NSI.

The movement of migrant work-seekers from rural areas to the urban and mining workplace 

and then back home is a common feature of southern African society. While on the mines, the 

majority of miners live in single-sex hostels without wives and families, but in contact with 

surrounding communities including a mobile female sex worker population. Although 

transmission of HIV-1 is predominantly through heterosexual contact with sex workers, 

homosexual activities also occur in the hostels, but mainly involves contact rather than anal 

penetration (Jochelson et ah, 1991). Furthermore, the rate of other sexually transmitted diseases 

is high in the mineworker population which may facilitate trans nission (Jochelson et ah, 1991), 

The extent of the migrant labor system in South Africa means that once HIV-1 is present in the 

urban areas it would inevitably spread to rural areas (Campbell & Williams, 1996), and 

vice-vera. Movement of migrant workers between South Africa and its neighboring countries 

could facilitate spread of HIV-1 in this sub-region of Africa. HIV-1 infection is therefore 

unlikely to remain confined to a specific geographic region for any length of time. The HIV-1 

heterogeneity seen in this mining cohort is likely the result of many factors including external 

sources of infection as a result of migrancy, together with exposure of mine workers to the local 

population. While these data suggest multiple introductions of HTV-l into the mining population 

it gives no clues as to the origin of the viruses. Further studies into the molecular epidemiology 

of HIV-1 in neighboring countries and among local sex workers may shed some light on this 

question.
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Figure 4.6 Phylogenetic analysis of the gp!20 V3-V5 region (~700-bp) of 44 HIV-1 isolates from 43 
miners from South Africa (ZA, «=19), Lesotho (LSO, «=13), Botswana (BWA, n=5), Mozambique 
(MOZ, n=3) and Swaziland (SWZ, h=3). Phylogenetic trees were constructed using both distance matrix 
and maximum parsimony approaches. The phylogenetic tree with bootstrap values of >75% are shown. 
Samples from this analysis are in boldface and clusters of interest are indicated. For comparison, other 
subtype C isolates from South Africa («=6) and India (»=6), and reference C isolates (/i=25), were 
included. The Indian cluster is labelled. In addition, two reference isolates from subtypes A, B, D, E, F 
and G were included for comparison (see text for details). SrVcp-,.ai!b was used as an outlier (not shown).

66



1 S 10 15 20 25 30 35 CHARGE
C_CONS_97 C T R P N W N T R K S  I R I G P g' q T F Y A T G D  I I G D I R Q A H C  +4

95ZA3272A +4
95ZA368ZA G M +4
95ZA650ZA - - - - - - V - R G - - S N N - +4
95ZA659ZA - - - K - - R *5
95ZA711ZA - A - A E +3
95ZA716ZA
95ZA718ZA

- I -
M E V

+4
+4

95ZA731ZA E V +4
95ZA735ZA - N - E Y - +2
95ZA736ZA M G - N +6
952A7392A V - N S +5
95ZA742ZA M R - -  - E - N +6
95ZA770ZA +4
95ZA799ZA +5
95ZA801ZA - E +2
95ZA604ZA N - N T Y - +4
95ZA557ZA V A +5
95ZA863ZA A N Y - +3
95ZA961ZA - - - - G K - K - R -  •  R V - N D V - ’ K - Y - +7

95ZA309LSQ +4
95ZA36GLSO N +3
95ZA653LSO - I - T G Y - +2
95ZA654LSO +4
95ZA658LSO N - N 45
95ZA764LSO A - G - R V +4
95ZA737L£>0 - - - - - - G - S - E - R - +5
95ZA803L50 Y - +4
95ZA828LSO A - S A E V - N +5
95ZA834LSO V .K. . . ^ N - N +5
95ZAS45LSO - Q A K G +5
95ZAS54LSO S - +3
G52A859LSO N +5

95ZA652MOZ I - +6
95ZA656MOZ - G - - V - A - N G +5
95ZA728MOZ I - +5

95ZA712BWA I - G V +4
95ZA724BWA +5
95ZA726BWA V - M +4
957A836BWA - G - - Q G - A - R - - H - +4
95ZA853BVVA V - - - - - - - - - - +4
98ZA119BWA V - V /  J « S +4

95ZA722SWZ +5
95ZAS30SWZ I - T G G V G +5
95ZA868SWZ +4

Figure 4.7 Predicted amino acid sequences of V3 loop from 43 migrant workers grouped according 
to country of origin relative to the consensus subtype C sequences (Dighe et al., 1997). Amino acids 
(aa) that are identical to the published sequences are shown as a dash and changed aa are indicated. 
Dots indicate gaps and the asterisk in 95ZA369LSO indicates a stop codon. Two samples from the 
same patient collected 2 months apart are in bold. The net amino acid charge of the V3 loop was 
calculated by subtracting the number of negatively charged amino acids (D and E) from the number 
of positively charged ones (H, K and R),
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The HIV-1 epidemic in South Africa is increasing exponentially. Based on the current trend it 

is predicted that between 18% and 27% of the South African population will be HIV-1 infected 

by the year 2010 (Doyle, 1991). The vast majority of isolates in South Africa are subtype C 

(Van Harmelen et ah, 1999b), although A, B and D have also been identified (Becker et al., 

1995, Bredell et al., 1998, Engelbrecht et al., 1995, Van Harmelen et at., 1997, Van Harmelen 

et al., 1999b, Williamson et al., 1995). Given the extensive movement of people in this 

sub-region and the presence of multiple HIV subtypes in countries to the north and north-east 

(Janssens et al., 1997), it is likely that other subtypes will appear in South Africa further 

contributing to the HIV-1 genetic pool. Globally HIV-1 subtype C is the most prevalent virus 

and it is likely that future vaccine strategies will be directed towards this subtype. The high 

level of genetic diversity that are seen among subtype C viruses (Bredell et a l , 1998, Van 

Harmelen et al., 1997, Van Harmelen et al., 1999b) is likely to complicate the identification of 

a South African prototype subtype C strain as well as the design of vaccines cross-reactive with 

other HIV-1 subtypes. Thus, a comprehensive analysis of subtype C viruses and continual 

monitoring of the spread and genetic evolution of this subtype is an important aspect in the 

global control ofHTV-l.
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CHAPTER FIVE

CONCLUDING REMARKS

Genetic analysis of HIV-1 from 215 infected individuals has confirmed the predominance 

of subtype C in Gauteng. This subtype was found mainly within the heterosexually infected 

group currently estimated to affect over 3 million individuals. A smaller subtype B epidemic was 

present among the majority of homosexually infected individuals and those infected through 

contaminated blood products. It is unlikely that subtype B will expand significantly in the future 

as education programs among homosexual groups and screening of blood have been effective 

interventions. The four env subtype A sequences that were identified probably represents a 

recent introduction of this subtype from Central Africa. It remains to be seen if  subtype A will 

expand significantly in South Africa given that subtype C is already so well established. 

Nevertheless, the presence of other subtypes contributes to the genetic pool and may also 

facilitate the emergence of recombinant viruses. While at present there appears to be a low 

frequency of inter-subtype recombinant viruses in Gauteng, it is likely that the true frequency 

of these events may be underestimated as only 2 gene regions were analysed. Full-length 

sequencing or the analysis of additional gene fragments will become a necessity for a full 

appraisal of the extend of recombination events.

HIV-1 diversity increases as a consequence of the movement of infected individuals between 

different countries and within a particular country. Migrancy is a major feature of the southern 

Airican region and has contributed significantly to the spread of HIV. The majority of migrant 

workers are driven by rural poverty to seek job opportunities in the urban areas of South Africa, 

such as the mines. This has created a market for prostitution in mining towns allowing for inter­

mixing of different HIV-1 subtypes within and between urban and rural communities. Despite 

this, all miners were infected with HTV-1 subtype C. Although the source of these infections 

cannot be determined, attending doctors believe miners to be infected locally on the mines and 

this may not be a significant source of new viral strains. In contrast, non-C subtypes were found 

among individuals attending urban clinics in central Johannesburg. These clinics service areas 

with a large number of immigrants, particularly from other countries in Africa. Thus, it is likely 

that this represents introductions of other viral subtypes into South Africa.

69



The genetic characterization of HIV-l isolates, not just highly diverse strains, but also strains 

that are globally prevalent, together with the frequency and distribution of different subtypes 

within a population, provides the basis for vaccine development. Sampling of isolates for 

analysis should be as diverse as possible, both geographically and in terms of transmission 

inodes, but should also include recent infections so as to reflect the strains currently being 

transmitted. Vaccine development is focussing on HIV-1 subtype C which now accounts for 

almost 50% of all infections world-wide. South Africa is well poised to play an important role 

in developing a vaccine against subtype C. Thus, continual monitoring and development of new 

methodologies are needed to stay abreast of the evolution of HIV in high incidence areas such 

as South Africa.
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APPENDIX A: Composition of buffers, media and gels

1. Reagents for making viral DNA lysates

Lysis buffer:
1 M Tris-HCL (pH 8.3)

0.5MEDTA

10% Triton X-100

1 ml

200 Ati 

5 ml 

10 ,ul10% SDS
Make up to 100 ml with sterile, deionized, distilled water.

2. Reagents for agarose electrophoresis 

1% agarose gel:
1 g D-l LE agarose (molecular grade) in 100 ml IX TBE. Microwave until dissolved. Allow it 
to cool to room temperature and add 5 fi\ 10 mg/ml EthBr before pouring the gel.

10X TBE stock buffer:
Tris-HCL 108 g

Boric acid 55 g

0.5 MEDTA 40 ml
Make up to 1000 ml with distilled water. Dilute l:10for IXTBE and 1:20 for 0.5X TBE running 
buffer.

3. Reagents for HMA

10X Heteroduplex annealing buffer:
IM NaCl 5.84 g

1 M Tris-base (pH 7.8) 10 ml

0.5 M EDTA 4 ml
Make up to 100 ml with sterile, deionized, distilled water.



4. Reagents for polyacrylamide gel electrophoresis

5% PAGE gel:
30% acrylamide:bis-acrylamide (30:0.8) 8.3 ml

10XTBE 5 ml

sterile, deionized, distilled water 36.7 ml

10% ammonium persulphate 500 jA

TEMED 33 ix\

5. Reagents for transformation 

SOC medium:
bacto-tryptone 20 g

bacto-yeast extract 5 g

IM N aCl 1ml

1MKCL 250 A<1
Add 97 ml distilled water and autoclave for 15 min at 121 °C. Allow it to cool to room 
temperature aid then add 1 ml 2 M Mg2+ stock (1 M MgC^.dE^O/l M MgS04.7H20) and 1 ml
2 M sterile glucose (both filter-sterilized). Make up to 100 ml with distilled water. Filter the 
complete medium through a 0.2 /um filter unit. Final pH should be 7.0.

LB agar plates:
LB agar (Lennox L agar) 32 g

Make up to 1 L with distilled water and autoclave for 15 min at 121 °C. Allow it to cool to 60 
°C and then add 1 ml 50 mg/ml ampicillin (and 3 ml of 5 mg/ml tetracycline in the case of 
pMOSS/ye T-vector) before pouring the plates.

LB growth medium:
LB broth base (Lennox L broth base) 20 g

Make up to 1000 ml with distilled water and autoclave for 15 min at 121 °C. Allow it to cool to 
room temperature and then add 1 ml 50 mg/ml ampicillin (and 3 ml 5 mg/ml in the case of 
pMOSS/ue T-vector).
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6. Reagents for sequencing 

8% acrylamide gel:
acrylamide 7.6 g

bis-acrylamide 0.4 g

urea 48 g

10XTBE 10 ml

sterile, deionized, distilled water 40 ml

10% ammonium persulphate 500 [A

TEMED 50 iA

20X Glycerol Tolerant running buffer:
Tris-base 216 g

Taurine 72 g

Na2EDTA.2H20  4 g
Make up to 1 L with distilled water and autoclave for 15 min at 121 °C. Dilute 1:20 for IX 
Glycerol Tolerant running buffer
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APPENDIX B: List of suppliers

acrylamide
ABI PRISM 377 DNA Sequencer
ALFexpress™ DNA Sequencer
ammonium persulphate
Ampicillin
bacto-tryptone
bacto-yeast extract
Biometra TRIO-Thermoblock TB-1
cycler
bis-acrylmaide 
boric acid 
bromophenol blue 
CENTRI-SEP columns 
chloroform
chromatography paper 
Cy5 AutoRead Sequencing kit 
Cy5-dATP labeling mix 
D-l LE agarose 
dNTP’s
dRhodamine Terminator Cycle
Sequencing kit
EDTA
ethidium bromide 
Ficoll-Hypaque
GeneAmp® PCR System 2400/9600 
thermocycler
Genscreen® HIV1/2 version 2
HCL
HMAkit
HYBAID Touch Down PCR system 
Hyperfilm™-pmax aittoradiograpgy 
film 
IPTG
isoamylalcohol
KC1
LB growth medium 
LB agar 
MgCl,
MgSO*
NaCl
pGEM® -T vector kit 
pMOSB/ae T-vector kit 
polycarbonate microtiter plate

Boehringer Mannheim GmbH, USA 
Perkin Elmer Applied Biosystems, USA 
Pharmacia Biotech AB, Sweden 
Pharmacia Biotech, Sweden 
Boehringer Mannheim GmbH, Germany 
Unipath Ltd., England 
DIFCO Laboratories, USA 
Gottingen, Germany

Boehringer Mannheim GmbH, Germany 
Merck, Germany 
Merck, Germany 
Princeton Scperations Inc., USA 
Merck, Germany
Whatman Scientific Limited, England 
Pharmacia Biotech, Sweden 
Pharmacia Biotech, Sweden 
Whitehead Scientific, South Africa 
Boehringer Mannheim GmbH, Germany 
Perkin Elmer Applied Biosystems, Great Britain

Boehringer Mannheim GmbH, Germany 
Promega, USA
Amersham Pharmacia Biotech AB, Sweden 
Perkin Elmer Applied Biosystems, Great Britain

Sanofi Diagnostics Pasteur, USA
Sigma Chemical Co., USA
NIH AIDS Research and Reference Program, US
HYBAID Limited, UK
Amersham International pic., UK

Boehringer Mannheim GmbH, Germany
Merck, Germany
Sigma Chemical Co., USA
GIBCOBRL, Life Technologies, Scotland
GIBCOBRL, Life Technologies, Scotland
Merck, Germany
Merck, Germany
Merck, Germany
Promega, USA
Amersham LIFE SCIENCE Inc., England 
HYBAID Limited, UK
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Proteinase K
QIAGEN Plasmid isolation kit
QIAmp® Viral RNA isolation kit
Reverse transcriptase
RNase inhibitor
Sab ax water (sterile, deionized,
distilled)
SDS
Sequenase PCR Product Sequencing
Super-Therm DNA polymerase
(including 10X buffer and MgCl2)
Taurine
TEMED
tetracycline
Tris-base
Tris-HCL
Triton X-100
urea
Vironostika® HIV Uni-form II plus 0  
Wellcozyme* HTV Recombinant 
X-gal
xylenexyanol

Boehringer Mannheim GmbH, Germany 
Q? A.GEN, Germany 
QIAGEN GmbH, Germany 
Boehringer Mannlieim GmbH, Gennany 
Boehringer Mannheim GmbH, Germany 
Adcock Ingram Limited, South Africa

Merck, Germany
Amersham LIFE SCIENCE Inc., USA 
Advanced Biotechnologies Limited, UK

Pharmacia Biotech, Sweden 
Stratagene Cloning System, California 
Boehringer Mannheim GmbH, Germany 
Pharmacia Biotech, Sweden 
Boehringer Mannheim GmbH, Germany 
Boehringer Mannheim GmbH, Germany 
Boehringer Mannheim GmbH, Germany 
Organon Teknika, Belgium 
Murex, UK
Boehringer Mannheim GmbH, Germany 
Fluka AG, Switzerland
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APPENDIX C: Patient Information, Informed Consent and Questionnaire

PATIENT INFORMATION LEAFLET

GENETIC CHARACTERIZATION OF HIV-1 IN SOUTH AFRICA

Your doctor has asked you if you would be willing to take part in this study. This 

information sheet is to help you decide if  you would like to participate. Please read it carefully 

and do not hesitate to ask your doctor any questions about it. You should not agree to take part 

unless you are completely happy with it.

The aim of this study is to characterize the strains (or subtypes) of the human 

immunodeficiency virus (HIV) that are currently circulating among people living in South 

Africa. The reason for doing this is to allow us to follow the spread of the epidemic and to 

determine the rate at which the virus is evolving. This is a research project, the results of which 

will be used by Epidemiologists and Public Health Officials, and this information will also be 

essential when EQV vaccine trials are undertaken in South Africa.

If you decide to take part in this study you will be asked to provide a 5 ml blood sample 

which will be taken at the same time as your routine checks. The HIV in this specimen will be 

subjected to molecular analyses and this information will be passed on to your doctor. In 

addition, a CD4 cell count will also be done on your blood specimen which will b given to your 

doctor which he/she will use in your clinical management. You will also be asked a number of 

questions by a doctor or nurse involved in this study relating to your geographic and sexual 

history. Some of these questions may be too personal and you may wish to refrain from 

answering them. This will net jeopardize the study and will not affect your access to other 

medical care at the clinic.

By taking part in this study you are contributing to a great understanding of HTV in South 

Africa which is a first step towards attempting to curtail this epidemic. This study will not affect 

your own situation directly, that is, it will not provide a cure or alter the course of your infection. 

All information obtained during tire course of this study is strictly confidential and any data that 

maybe reported will not include information which identifies you as a patient.

Thank you for taking the time to read this.
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INFORMED CONSENT FORM (Appendix C)

I hereby confirm that I have been informed by the investigator, Dr...........................................

of the nature, purpose and risks of this clinical study.

I have also received and understand the Patient Information Leaflet regarding this study.

I am also aware that the results of this study, including personal details regarding my age, sex, 

diagnosis and risk factors will be anonymously processed into a publishable report.

I may at any stage, without prejudice withdrawn my consent and participation in the trial.

I have had sufficient opportunity to ask questions and (of my own free will) declare myself 

prepared to participate in this study.

Patient:

Signature:.......... ....... ..................

Name (please print):.....................................................................................

Dr who obtained informed consent:

I hereby confirm that the above patient has been informed fully about the nature, purpose and 

risks of this study.

Witness:

Signature: Date: . /  / .

Signature: Date: ./  /.

Name (please print):
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HIV SUBTYPING STUDY AT NATIONAL INSTITUTE FOR VIROLOGY (NIV)

(Appendix C)
Contacts at NTV: Dr Barak Morgan, Dr Lynn Morris, Jtu ba Bredell 

at 321 4200 (phone), 882 0596 (fax)

Please fill this form an send it with a 5 ml EDTA (purple top) blood specimen within 48 hrs.

Referring doctor + phone # ...................................................  Hospital......................... .....

Patient I.D. (Initials/Code) ..............................................  Hosp. No...........................

Age.............................  Sex................................Date of specimen................. /...... /.......

Race.............................. Nationality....................Ethnicity...............................................

Occupation...........................................................................................................................

Geographic/Residential history..............................................................................................

Date of diagnosis.........................................................

Risk factor or likely route of transmission (see below)

Place and time of transmission....................................

Clinical events including CDC category  ..........

Drug history

Latest CD4 count.....................................................Date of specimen................./...... /.

Other...............................................................................................................................

Patient selection

White patients especially women
Patients infected via blood transfusions or factor VIII preparations 
Patients with Kaposi’s sarcoma
Non-South African patients who you suspect were infected outside South Africa
Homosexuals
Intravenous drug users
HIV negative patients with a clinical diagnosis of “AIDS”

Your co-operation is much appreciated. Thank you.
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