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ABSTRACT

pandemic began to be noticed. Since that time a great deal of energy has gone into

halting the progression and spread of this plague. But we are still not there, and despite

our best efforts at prevention and treatment, the outbreak goes on unabated. In the

developed world the available prevention and treatment has almost eliminated the threat

of mother to child transmission of HIV-I. However, in the developing world, this type of

transmission is still a cruel reality. Mother-child HIV-I transmission can be prevented in

two ways, through prevention of maternal infection with a vaccine, or through prevention

of a child's infection with drugs and avoidance of breasrfeeding. Studying and

understanding viral genetic factors which influence transmission, and give the virus its

virulence will be important for the design of new drugs which may be used in treatment

and prevention, and may provide targets for a vaccine.

'We 
began our study of viral genetic factors by looking at the influence of viral

subtype on mother-child transmission of HIV-I. Our examination of the subtype of the

HIV-1 protease gene led us to the conclusion that in Kenya, there is no difference

between HIV-I subtype and rates of transmission from a mother to her child. But, as oft

happens in science, one study led us to another question. Our inability to amplify the

protease genes of a number of women in our study group led us to the observation that

these women seldom transmit HIV-I to their children. Use of epidemiological methods

helped us establish that women for whom the protease gene was non-amplifiable were

significantly less likely to transmit HtV-1 to their children, possessed better cellular

It has now been a sobering 24 years since the hallmark cases of the AIDS



markers of disease progression (i.e. CD4 and CD8 counts and percentages), and were

more likely to become long term non-progressors than women for whom the protease

gene was amplifiable.

V/e have hypothesized that these women are infected with virus which is

somehow less virulent than that infecting women with amplifiable virus, and that this

virulence is associated with viral factors because the group was isolated based on our

inability to amplify a gene with primers in the region of it.

Sequence analysis has shown that significant variability of p7, pl and p6 genes

exists in active motifs from both amplifiers and non-amplifiers in the study group. These

changes are significantly more likely to be found in the "PEPTAPPA" motif of p6sus, and

the "LWQRPLVT" motif of p6pol. 'We 
have also seen that there were significantly more

changes in proline residues located in the pl protein as compared to amplifiers. Though

these changes may not be the whole answer as to why the virus in these women appears

less pathogenic, they may certainly be a part of it.

Finally, we have shown that in a few individuals at least, our inability to amplify

the protease gene is associated with a significantly decreased ability to grow and produce

progeny in cell culture, a finding which adds credibility to our hypothesis that viral

genetic factors play an important role in the pathogenicity and transmissibility of the

HIV-I virus.
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INTRODUCTION

Overview

It has now been a sobering 24 years since the first five cases of Pneumocystis

carinii pneumonia (PCP), the hallmark of the onset of the AIDS (Acquired immune

deficiency syndrome) epidemic, were reported in Morbidity and Morølity V/eekly, and

by the Centre for Disease Control (CDC) in Atlanta (1981c). This was soon followed by

other reports of previously healthy individuals becoming very ill with a variety of rare

and opportunistic diseases. Upon further inspection, these individuals were anergic, and

had a corresponding lack of CD4 positive T cells (Siegal, Lopez et al. 1981; Small, Klein

et al. 1983). The search for a cause began. In 1983 two independent groups isolated and

reported findings of HTLV-like (Human T-cell lymphohopic virus) virions from

individuals with acquired immunodeficiency syndrome (AIDS) (Barre-Sinoussi,

Chermann et al. 1983; Gallo, Sarin et al. 1983). These isolates, determined to be the

causative agent of the disease now known as AIDS, represented the same agent, and were

subsequently renamed the human immunodeficiency virus (HIV). Since those early days

HIV has had devastating effects on world populations. It strikes individuals at the prime

of life (20's to 40's) and has had catastrophic effects on the populations of many African

countries. One of the worst affected counhies is Botswana where an estimated35o/o of

adults (aged 15-49) are infected with the HtV-l virus (WHO,2003). The average life

expectancy in many African countries has plummeted as individuals succumb to the

virus. In sub-Saharan Africa the average life expectancy would be 62 without

HIV/AIDS but is 47 with its presence (WHO, 2003). Worse still, children left behind

have no one to support them, and are often unable to care for themselves. Thus far, over



20 million people have died of AIDS (AVERT 2004) and a further forty million are

believed to be infected and living with the HIV virus (UNAIDS 2004). Of these,

approximately thirty million are found in sub-Saharan Africa, and over 90%o are in

developing countries where access to adequate medical care is limited (WHO, December

2002). Further, approximately 2.2 million children under the age of 15 are currently

infected with HIV (LINAIDS 2004), and even those not infected with the virus will

suffer. By the end of 2001 approximately 15 million of the world's children had lost one

or both parents to AIDS (UNICEF 2004). HIV/AIDS doesn't stop there. 1n2004 it was

estimated that a staggering 3.1 million people died of AIDS, while a further 4.9 million

individuals were infected with HIV GJNAIDS 2004). Unfortunately there is no cure for

HIV infection, although drug treatment if taken properly will extend the life of the victim.

Drug treatment may perhaps reduce transmission rates as well, if results from mother-

child HIV-1 prevention studies via drug prophylaxis (Connor, Sperling et al. 1994) cart

be extrapolated. Despite large price cuts in antiretroviral drugs, however, the cost is still

far above the reach of the majority of those infected; those who survive on as little as a

dollar a day. At any rate, antiretrovirals prolong life but they do not cure the disease, and

so ultimately prevention of infection is essential. Prevention of HIV-1 infection would

best be attained via administration of a vaccine. This has proven easier said than done,

and although intensive research is underway to realize this goal, it is becoming clear that

the creation of an HIV vaccine will notbe easy if indeed it is possible. It is therefore of

the utmost importance that we do two things. First we must continue and intensify

research into the development of an effective HIV-I vaccine, but secondly, we must

maintain our preventative efforts in all spheres of the pandemic. This includes testing



blood products, providing clean needles, and counseling individuals to use condoms for

intercourse. Additionally, research has shown that fairly simple preventative methods

can have large effects on mother to child transmission of HIV (Sperling, Shapiro et al.

1996). V/e aim to further elucidate factors involved in the transmission of HIV from

mother to child with the aim of deflrning further strategies for prevention of mother to

child transmission as well as to determine factors that may be important in the design of

an effective AIDS vaccine.

The discovery of HIV-I and its relationship to AIDS

In June of 1981 an article in "Morbidity and Mortality Weekly Report" described

the cases of five otherwise healthy young homosexual men who had been recently

diagnosed with Pneumocystis carinii pneumonia or PCP (1981c). The report was unusual

as PCP is an opportunistic infection causing disease only in individuals who are severely

immunocompromised. V/ithin the next year several other groups reported cases of PCP

and other opportunistic infections as well as Kaposi's sarcoma (an unusual cancer) in

otherwise healthy young homosexual males (1981b; Borkovic and Schwartz 1981;

Friedman-Kien 1981; Hymes, Cheung et al. 1981), intravenous drug users ([VDU's)

(Masur, Michelis et al. 1981), and recipients of blood transfusions (particularly

hemophiliacs) (Gill, Menitove et al. 1983; Lechner, Niessner et al. 7983; Shankey and

Eyster 1983). It would later be noted that these were not the only groups affected when

others were described (Chamberland, Castro et al. 7984; Kreiss, Kitchen et al. 1985).

Rather, they represented a core group of individuals who would and had spread the

infection to individuals outside of these groups. In August of 1981 the first case of



Kaposi's sarcoma in a previously healthy woman was reported in MMWR (1981a), and

the disease was also associated with Haitians in its early stages (Laverdiere, Tremblay et

al. 1983; Moskowitz, Kory et al. 1983; Vieira, Frank et al. 1983). It was not until 1985,

however, that the flrrst case of mother to child transmission of HIV-I was noted, in the

child of a hemophiliac (Ragni, Urbach et al. 1985), although there had previously been

several cases of unexplained immune deficiency in infants and children (Joncas, Delage et

al. 1983; Oleske, Minnefor et al. 1983; Rubinstein, Sicklick et al. 1983). In this case, the

virus had presumably been transmitted via blood products to the hemophiliac who had

then infected his wife via heterosexual contact. The child had been infected perinatally by

its mother. Later the same year, the first case of postnatal transmission of HIV-I (likely

secondary to breast-feeding) was reported in the Lancet (Ziegler, Cooper et al. 1985).

By early 1983 several things were noted about the individuals affected. All of

these individuals demonstrated cutaneous anergy, severe lymphopenia, decreased

lymphocyte proliferative responses, and defective natural-killer cell activity (Gottlieb,

Schroff et al. 1981; Small, Klein et al. 1983). Additionally, there was striking T-

lymphocyte depletion especially of the T-helper cell variety, with a concommittant

increase in T-supressor cell populations. (Gottlieb, Schroff et al. 1981; Masur, Michelis et

al. 1981; Siegal, Lopez et al. 1981). Affected individuals appeared to be severely

immunocompromised, and the epidemiology pointed to an infectious cause transmitted

through blood (to affected hemophiliacs and IVDU), and bodily fluids (through sexual

contacts and from mother to child).

It was not until 1983, however, that the etiologic agent of AIDS (as it had come to

be known) was discovered by two different groups, from lymph nodes taken from



individuals although to be suffering from the acquired immunodeficiency syndrome

affecting an ever increasing number of people (Barre-Sinoussi, Chermann et al. 1983;

Gallo, Sarin et al. 1983).

Montagnier's group also found that cultures of this new virus, while not HTLV-I,

held traces of reverse hanscriptase (suggestive of a retrovirus) (Barre-Sinoussi,

Chermann et al. 1983). Additionally, the isolate had affinity for CD4+ cells (Klatzmann,

Champagne et al. 1984). The virus would initially be named LAV, ARV, and HTLV-III

by different isolating groups before eventually coming to be known as HIV-I (the human

immunodefiency virus), a lentivirus.

}JIIy'-z, a related virus found mainly in West Africa would later be described

(Clavel, Guyader et al. 1986). HIV-Z, although possessing a tropism for CD4+ cells, and

similar genetic structure, was nonetheless signiflrcantly different genetically from HIV-1.

This new virus caused a less pathogenic infection in affected individuals although

progression to immunodeficiency and AIDS still occurred (Clavel, Guetard et al. 1986).

The HIV-I virus, its structure, and replicative cycle

The HIV-I virus is a member of the family Retroviridae, and the subfamily

Lentivirinae. Members of the family Retroviridae are so-named because they all possess

the same characteristic step in their replication cycle. All viruses in this family possess a

positive sense RNA genome from which the virus creates a DNA copy before carrying on

with replication. As the normal flow of nucleic acid production is from DNA to RNA,

this family of viruses stands out in that it first does the reverse. Additionally, retroviruses

are known to possess three main genes: gag (group specific antigen), pol (polymerase),



and env (envelope) as well as a variety of accessory genes. In the case of HIV- 1 , these

accessory genes are tat, rev, nef, vpr, vpu andvif. Members of the sub-family

Lentivirinae cause disease typified by long incubation periods, in a narrow host range.

HIV-1 is no exception, as it is charactenzedby a disease-free period that can range from

several months to an indefinite number of years before the onset of symptoms. Despite

its suspected origin from other primates, HIV-I now has a narrow host range and does

not naturally cause disease in other animals. Lab studies have only been able to show

infection of peripheral blood mononuclear cells (PBMC's) in a few primate species

(Ghosh, Fultz et al.1993; Bosch, Schmidt et al. 2000).

The HIV-I virion is an enveloped virus, approximately 100 nm in diameter, with

a characteristic cone shaped core derived from p24 (gag) protein. Contained within the

core are the pol gene products (reverse transcriptase (RT), integrase (IN), and protease

(PR)) that serve enzymatic functions in viral replication. These proteins will be described

in detail later. Also enclosed within the core are two copies of the approximately 9.8 kb

positive sense RNA genome. The nucleic acid is further enclosed by a nucleocapsid

composed of a number of p7 and p9 proteins (also derived from gag). The core is then

encapsidated by a layer of myristoylated pl7 or matrix (MA) protein, which binds to and

thereby provides support for the viral envelope obtained when the virus buds through the

cell membrane. HIV-1 envelope is derived from host cell membrane and thus is made up

of a lipid bilayer interspersed with both host and viral proteins. HIV-I proteins located in

the envelope are the gpl20 and. gp41(both products of the env gene). The gp41 protein

traverses the envelope bilayer, while the gp720 is non-covalently linked to the outside of



the membrane to form a spike or peplomer. Usually present as trimers, these protein

complexes function as the HIV-1 attachment protein (V/yatt and Sodroski 1998).

The HIV-I replication cycle can be broken down into three phases; initiation,

replication and release. The initiation phase is characterizedby the actions of viral

attachment, penetration and uncoating. The replication phase consists of DNA, RNA and

protein synthesis, and the release phase involves the assembly and maturation of HIV-1,

and its release from the cell. HIV-1 prefers to replicate in CD4 positive cells, as the CD4

receptor is the primary target for the virus (Klatzmann, Champagne et al. 1984) . Most

CD4 positive cells are lymphocytes of the T-helper vanety, but some macrophages as

well as dendritic cells also express the CD4 receptor and can therefore become infected

(Garbrer, Markovits et al. 1986; Garbrer, Markovits et al. 1986). Additionally, HIV-I

also appears capable of utilizing other receptors as its primary target (Saha, Zhang et al.

2001), although this is less common. HIV-I is somewhat dependent on the use of

chemokine receptors such as CCR3, CCR5 and CXCR4 as co-receptors for infection of

CD4 positive cells (Alkhatib, Cornbadiere et al. 1996; Choe, Farzan et al. 1996; Bieniasz,

Fridell et al. 1997). In fact, individuals with conformationally different co-receptors due

to allelic differences have been shown to be much less susceptible to infection by HIV-1

(Samson, Libert et al. 7996).

Initiation of HIV-1 replication begins with the adsorption of free virus to the T-

cell surface and the subsequent interaction of the gp120 with cellular receptors, notably

the CD4 receptor (an interaction necessary for viral infectivity (Landau, Warton et al.

1988) and one or more chemokine receptors (members of the seven transmembrane

spanning receptor family such as CCR5, CXCR4, which are required for membrane



fusion and entry (Choe, Farzan et al. 1996; Deng, Liu et al. 1996;Doranz, Rucker et al.

1996; Feng, Broder et al. 1996). The HtV-l and target cell membranes subsequently fuse

via a non-pH dependent process, and the virus becomes partially uncoated, allowing entry

of the cone-shaped core into the cytoplasm.

Replication begins with the production of cDNA from the single stranded RNA

genomes by reverse transcriptase (pot). Following the production of the first cDNA

strands from the RNA template, the RNase H activity of the reverse transcriptase digests

the RNA template, thus allowing for synthesis of the complementary DNA strand. The

inherent carelessness of the reverse transcriptase enzyme, due to its lack of proofreading

activity (Roberts, Bebenek et al. 1988), and the speed at which it replicates, results in the

misincorporation of a base for every I 0a to 1 05 bases that the enzyme copies (Preston,

Poiesz et al. 1988; IVeber and Grosse 1989). This high error rate, in association with

recombination events (Palaniappan, 'Wisniewski et al. 1996) and selective pressures

exerted by the immune system (Overbaugh and Bangham 2001) are thought to be

responsible for the high degree of heterogeneity seen in the HIV-1 viral genome both

within an individual, and between populations of infected persons.

Once the viral genome has been copied to produce a dsDNA form, it is then

translocated to the nucleus as part of a nucleoprotein-preintegration complex (PIC) that

contains gag and pol proteins (Bukrinsky, Sharova ef aI. 19921' Bukrinsky, Sharova et al.

1993). The HIV-I integrase (pot) is then responsible for inserting copies of the full-

length genome randomly into the host cell DNA (Bushman and Craigie 1991). Here the

genome waits for the host cell to become activated. Upon immune activation of the

infected cell, RNA and protein synthesis begins, being carried out by host cell machinery.



Interaction of tat with host cell proteins results in the high level production of

HIV-I viral RNA ('West, Hoover et al. 1995). HIV-I viral transcripts are then shuttled

from the nucleus to the cytoplasm with the help of the rev protein (Meyer and Malim

1994). Translation and processing of the gp160 envelope precursor subsequently takes

place in the endoplasmic reticulum, followed by translocation of envelope proteins to the

plasma membrane. Translation of the gag and gag-pol polyproteins occurs in the

cytoplasm, after which the proteins are transported to the cell's plasma membrane.

Diploid copies of the viral genome join the polyproteins, and they condense to form a bud

thatbuds from the cell. As the immature virion buds from the cell it takes with it an

envelope of cell plasma membrane embedded with HIV-I envelope proteins. The virus-

encoded protease then cleaves the gag and gag-pol polyproteins, and the resulting

reaffangement results in a mature HIV-1 virus particle (Kaplan, Manchester et al. 1994).

HIV-I proteins, their role in the replicative cycle, and mutations reported to

decrease or eliminate infectivity.

Please refer to Figure 4 for location of HIV-I major genes on the genome. Genes

comprising the gag and pol regions of the genome are listed in order in the text.

LTR

HIV-I LTRs or long terminal repeats are repetitive sequences produced during

reverse transcription that thus exist in repetitive form only when the virus is in its DNA

form. The LTRs are responsible for a number of functions in the HIV-I viral life cycle



including control of transcription of HIV-1 RNA copies, and packaging of the diploid

ssRNA genome into the assembling virion (Vicenzi, Dimitrov et al. 1994). Aswell, att

sequences found at both ends of the full length viral DNA molecule are important for

mediating the insertion of the viral DNA into the host cell genome (Colicelli and Goff

1e85).

The HIV-I U3 region of the LTR contains the transcriptional promoter region and

nearby regulatory elements required for the production of progeny RNA hanscripts. It is

only when the U3 region is located in the 5'LTR of the HIV-1 genome (that is, when the

virus is in its DNA form with repetitive sequences at both ends) that the promoter is able

to function. Thus, once the HIV-I viral DNA has been inserted in its DNA form into the

host cell genome it is able to recruit the host RNA Polymerase II enzyme to the RNA

start site.

GAG

The gag gene provides information for the HIV-1 structural proteins and is

synthesized initially (with the help of the rev protein) as the polyprotein precursor

Prl5sos. After translation, the polyprotein oligomerizes and is targeted (via a multipartite

membrane binding signal contained on the matrix (MA) domain of the polyprotein) to the

region of the plasma membrane where it condenses in association with gag-pol precursors

and copies of the viral genome to form buds (Facke, Janetzko et al. 1993). In the

presence of protease, the Pr55sosis cleaved during or shortly after viral budding from the

host cell to form the gag proteins (p24 (capsid),p17 (matrix), p7 (nucleocapsid), p6, and

the two spacer peptides p2 andpl) required to form a mature and infectious virion. With

the cleavage of the Pr55sos around the time of budding, a major structural rearrangement
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takes place in the immature virion, and the mature virus particle is formed (Kaplan,

Manchester et al. 1994).

Matrix Protein (pl7l

The matrix protein (pll), while still a part of the gag polyprotein precursor, is

responsible for directing the precursor (Pr55sus) to the plasma membrane. The basic

domain of the protein is thought to be responsible for targeting to the plasma membrane.

Once there, it attaches to the plasma mernbrane via a myristic acid moiety on the glycine

residue at the N-terminal end of the protein. It is therefore true that mutations of the N-

terminal glycine residue (Bryant and Ratner 1990) and in the basic domain (Yuan, Yu et

al.1993; Spearman, Wang et al. 1994; Ono, Huangetal.l99T), both seriously impact

viral assembly. It is also thought that the pl7 protein plays a role in the early replication

of the HIV-1 virus; an effect which is hampered in viral mutants with increased

membrane binding affinity (Kiernan, Ono et al. 1998).

Capsid Protein (p241

The capsid (p24) protein forms the cone-shaped capsid in the mature HIV-I

virion. It is composed of the N-terminal "core domain" and the C-terminal

"dimerization" domain. The N-terminus is thought to play a role in maturation of the

core after particle release, and thus N-terminal mutations tend to result in defects of

particle maturation (Tang, Murakami et al. 2001). C-terminal mutations cause problems

with general particle assembly prior to virion release from the cell, suggesting that the C-

terminus is involved in Gag multimerization (Liang, Hu et aI.2003). Additionally, the

capsid protein is thought to be responsible for binding and incorporation of cyclophilin A

(a human peptidyl prolyl cis-trans isomerase) from target cells into the HIV-I virion
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(Thali, Bukovsky etal.1994). In the absence of incorporated cyclophilin A, viral

replication becomes arrested prior to reverse hanscription (Braaten, Franke et al. 1996;

Braaten and Luban 2001). Thus, mutations affecting the incorporation of cyclophilin A

will result in defective HIV-1 virions.

P2 Protein

The p2 protein is a fourteen-residue spacer peptide found between the p24 capsid

andpT nucleocapsid genes. Its function remains largely unknown, although the

P2lnucleocapsid cleavage site controls the rate and order ofcleavage ofgag precursors,

making it essential for viral assernbly and infectivity (Pettit, Moody et al. 1994). In

addition its functionality is required for RNA dimer maturation. Thus, unconserved

changes in the cleavage site can seriously impact viral particle maturation (Shehu-

Xhilaga, K¡aeusslich et al. 2001).

Nucleocaos id Protein (p7 )

The nucleocapsid (p7) protein plays the important role of encapsidating the HIV-1

genomic RNA, and is indispensable for particle assembly and release (Dawson and Yu

1998). The protein contains two zinc-finger motifs required for the encapsidation of the

HIV-I genome. The zinc fingers interact with a 120 nucleotide region in the LTR of the

full length genome known as the packaging signal (Berkowitz, Fisher etal.1996).

Mutations resulting in the loss of zinc-binding ability prevent encapsidation and thereby

eliminate infectivity (Berthoux, Pechoux et al. 1997; Ramboarina, Druillennec et al.

2004). ThepT protein in association with genomic RNA is also thought to be important

for the multimerization of gag polyprotein molecules (Burniston, Cimarelli et al. 1999),

and the binding of gag to the plasma membrane (Platt and Haffar 1994; Sandefur,
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Varthakavi et al. 1998). Additionally, the nucleocapsid protein acts as a "nucleic acid

chaperone", and is important in reverse transcription, integration, and the protection of

newly synthesized oDNA (Lapadat-Tapolsky, De Rocquigny et al.1993; Cimarelli,

Sandin et al. 2000). Mutations in the highly basic N-terminal region of the p7 protein

disrupt proviral DNA production and core structure (Berthoux, Pechoux et al. 1997).

PI Protein

The pl protein is a sixteen-residue spacer peptide found in the gag/pol transframe

region of the HIV-I genome. The ribosomal slip site is located at the start of the p1 gene,

thus allowing both the pl and p6 genes to be translated in two frames as either part of the

Pr55cuc or the Pr160cuc-Polpolyproteins. The nucleic acid sequence of pl contains the

slippery sequence, and a hairpin stem-loop structure. These structures are responsible for

the -1 frameshifting event that allows production of both Pr55G'c and Prl60cus-Pol

polyproteins in a ratio of approximately 20 to I (Jacks, Power et al. 1988). Significantly

increased or decreased stability of the stem-loop results in a disruption of this ratio, and

negatively impacts viral replication and assembly (Karacostas, Wolffe et al. 1993;Hung,

Patel et al. 7998; Chang, Sutthent et al. 1999; Park, Ohashi et al. 2000; Shehu-Xhilaga,

Crowe et al. 2001; Hill, Shehu-Xhilaga et a1.2002). In addition, substitution of proline

residues located at amino acids 7 and 13 of the p1 protein result in reduced viral

infectivity, a decreased RNA dimer stability, and altered protein processing (Hill, Shehu-

Xhilaga etal.2002).

P6 Protein (P6 Gagt

The p6 protein is located at the C-terminal end of the gag polyprotein after the

ribosomal slip site, and overlaps the protease gene. It is responsible for guiding the
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incorporation of Vpx (SIV) and Vpr GfÐ into developing virions through a C-terminal

Vpr-binding domain (Paxton, Connor etal.1993; Wu, Conway etal.1994) identified as

LXXLF. This domain is essential for incorporation of Vpr into HIV-1 particles (Kondo

and Gottlinger 1996). A second site which has been shown to be required for Vpr virion

packaging is the "FRFG" motif found at amino acid l5 to 18. Substitution of either

phenylalanine residue (F) with an alanine abolished Vpr packaging(Zhu, Jian et al.

2004). In addittion, near the C-terminal end of the p6 protein, is a minor protease

cleavage site between Y36 and P31 . Y36 is associated with a fairly well conserved

"KELY" motif. Cleavage at the site occurs approximately 30Vo of the time in mature

p6cus proteins. In one paper, mutation of this site, either a Y36F mutation, or 2 mutations

Y36s-L4lP resulted in normal processing of the cleavage site, but greatly reduced or absent

infectivity of the virus. Further experiments demonstrated that the decreased infectivity

was secondary to an inability to incorporate env into the maturing virus particle (Ott,

Chertova etal.1999). In addition, the amino terminal "PTAP" motif of p6 (also known

as the late virus assembly domain) facilitates viral release by forming a docking site for

the cellular protein Tsgl01 which in turn recruits additional cellular factors to help in

viral budding (Huang, Orenstein et aI. 1995; VerPlank, Bouamr et al.200l; Demirov,

Ono et aL.2002). One study suggested that the proline residue preceding this might also

be important (making the motif "PEPTAPP" (Dettenhofer and Yu 1999). Thus, it is no

surprise that mutation of the highly conserved N-terminal "PTAP" (Pro-Thr-Ala-Pro)

motif results in a blockage of virion release (Gottlinger, Dorfman et al. 7991; Huang,

Orenstein et al. 1995). Despite the necessity of the C and N-terminal regions of the p6

protein, one recent study demonstrated that the central third (amino acids 14 to 31) of the
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protein was not required for viral propagation in vitro, although only smaller mutations

appeared to be tolerated in vivo (Bleiber, Peters etal.2004).

POL

The HIV-I pol gene contains the genetic information for the three HIV-I viral

enzymes: protease (PR), reverse transcriptase (RT), and integrase (IN). In addition, the

protease-regulating transframe protein is located just 5' to the start of protease gene. Pol

is hanscribed as the gag-pol fusion protein or Pr76Éos'pol when a ribosomal frameshift

occurs (about 5 to l0o/o of the time) during transcription of the gag precursor (Pr55s9.

HIV-I viral protease is responsible for cleavage of the gag precursor (Pr55sj, and the

gag/polprecursor (Prl6Éos-p') into their constituent particles. Although the significance

of this is not known, protease also has the ability to cleave nef, and as such, any nef

proteins found in the mature viral particle are smaller than those found in the cytoplasm

(Pandori, Fitch et al. 1996; Welker, Kottler et al. 1996; Bukovsky, Dorfman et al. 1997).

Protease is not responsible for the cleavage of the envelope gp 1 60 precursor into the

gp120 and gp4l constituents; this process is carried out by host enzymes (Stein and

Engleman 1990).

Trans-frame protein (TF P I

The transframe gene (TF) exists as the pol -frame version of the pllp6 region of

the HIV-1 genome, and is transcribed when the -1 frameshift event occurs at the slippery

site at the beginning of pl. TF consists of two domains; a conserved N-terminal

octapeptide (TFP), and a 48-60 amino acid variable region known as p6 pol, separated by

a cleavage site. TF plays an important role in the regulation of protease activity (Zybarth,
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Krausslich et al. 1994; Zybarth and Carter 1995; Almog, Roller et al. 1996; Louis, Dyda

et al. 1998; Tessmer and Krausslich 1998; Paulus, Hellebrand et al. 1999) as is

demonstrated by the fact that TF-deletion mutants show increased polyprotein processing

in vitro (Partin, Zybarth et al. l99l; Louis, Nashed et al. 1994; Hill, Shehu-Xhilaga et al.

2002). The autocatalytic release of protease from TF may act as the triggering event for

proteolytic processing of other targets (Partin, Zybarth et al. 1991; Louis, Nashed et al.

1994; Hill, Shehu-Xhilaga etal.2002). Failure of TF cleavage fromprotease results in a

loss of stabilization of the protease dimeric structure (Louis, Wondrak etal.1999).

Thus, the transframe protein likely functions as a negative regulator of protease activity.

Mutation of the highly conserved octapeptide located at the amino-terminal end

of the protein resulted in a modification of the gaglgag-pol ratio which greatly impaired

infectivity of the virions (Paulus, Ludwig et al. 2004). Disruption of residu es 72-20 of

the transframe protein (the location of a cryptic protease cleavage site) resulted in

decreased levels of mature integrase, a decrease in infectious viral titres, and a delay in

growth in cell culture experiments (Paulus, Ludwig et aL.2004). Further, it is thought

that the transframe protein may regulate protease activity through a blockage of the

substrate binding cleft of protease with its carboxy-terminal residues as there is no

inhibition of cleavage by protease with these residues deleted (Paulus, Hellebrand et al.

1999). Mutation of the C-terminal motif (particularly residues 62-68) also results in

alteration or failure of release of the mature protease from the gag-pol precursor, and

greatly reduces viral infectivity (Paulus, Ludwig et al.2004).

t6



The HIV-1 viral protease is similar in structure and function to cellular "aspartic"

proteases such as rennin and pepsin (Davies 1990) in that it'ttilizes two apposed Asp

residues at the active site to coordinate a water molecule that catalyzes the hydrolysis of a

peptide bond in the target protein" (Fields Virology, 2001). The difference between the

HIV-I protease and the cellular proteases is that while the cellular proteases function as

pseudodimers (but are composed of only one molecule), the HIV-I protease truly is a

dimer, held together by a four stranded antiparallel B-sheet derived from both N- and C-

terminal ends of each monomer (Fields Virology, 2001). The cleft between the two

monomers contains the binding site for the molecule to be cleaved, while flexible "flaps"

overhang the binding site possibly to provide stabilization of the substrate. Protease's

primary action is to liberate itself from the gaglpol precursor. Subsequently, protease

then goes on to process the remainder of cleavage sites found in the Pr55 and Prl60

polyproteins, and to process nef. The efficiency and ability of protease to process its

substrates can be altered by amino acid changes to the active site of the protease gene

(Kohl, Emini et al. 1988; Le Grice, Mills et al. 1988), to areas that result in an alteration

in accessibility of the cleavage site to protease (Rose, Gong et al. 1996), to polyprotein

cleavage sites (Zennou, Mammano et al. 1998), and to the gag-pol frameshift site

(Doyon, Payant et al. 1998). Additionally, mutations in gag that affect the order of

processing of proteins by protease can have a serious impact on virus assembly and

maturation (Pettit, Moody et al. 1994).

Protease
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The HIV-I reverse transcriptase (RT) produces a oDNA copy from the ssRNA

genome of HIV-1 by flrrst producing a minus-strand DNA molecule from the RNA

template. The RT then uses its RNaseH activity to digest the positive-strand RNA

template before forming the positive strand DNA molecule. The HIV-I RT is known for

its lack of proof-reading activity which results in approximately 3x10 -5 mutations per

cycle of replication (Mansky and Temin 1995). Additionally, the low affinity that RT has

for the HIV-I template (Temin 1993) results in frequent shifting on and between RNA

templates. Mutation of any of the three essential aspartic acid residues (110, 185, and

186) in the active site of the reverse transcriptase eliminates RT activity (Arnold, Ding et

al.1995).

Integrase

Integrase is a32 kd protein located at the 3' end of the pol gene segment. It is

responsible for randomly integrating the newly formed HIV-I cDNA into the host

genome. Integrase is composed of three distinct domains known as the (1) N-terminal,

zinc-finger-containing domain, (2) the core domain, and the less conserved but still

important (3) C-terminal domain. HIV-I integrase is initially found as part of the gag-

pol polyprotein, but once liberated by protease, it is free to carry out its role that is

universal to all retroviruses. The following steps were shown to exist in the murine

leukemia virus (MuLV) but remain true in all retroviruses including HIV-1. The flrrst

step carried out by integrase is known as 3'-end processing which occurs in the

cytoplasm. Here, the enzyme cleaves two to three nucleotides from the initially blunt 3'

end of the newly synthesized DNA to leave a recessed 3' end. The next enzymatic action

Reverse Transcriptase
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of integrase (strand transfer) is in the nucleus where the enzyme randomly catalyzes

cleavage of the host cell DNA such that a 5' overhang is produced. Integrase then

facilitates atlachment of the 3' end of the HIV-I genome to the exposed 5' overhang on

the host DNA. Finally, the host cell machinery, perhaps in conjunction with HIV-I

integrase, fills in any gaps in the host DNA strand (Fujiwara and Mizuuchi 1988; Brown,

Bowerman et al. 1989; Roth, Schwartzberg et al. 1989). Further, it has been shown that

HIV-1 integrase can also catalyze a reaction opposite to integration termed disintegration

(Kim, Lee et al. 2000).

As the integrated HIV-I genome serves the function of template for HIV-I RNA

(and thus protein) production, failure of the genome to integrate results in a failure of the

virus to produce progeny. The zinc-finger region of the N-terminal domain appears to

play roles in forming multimers, and stabilizing integrase structure (Zheng, Jenkins et al.

1996). These functions are eliminated with mutation of the region. In the core domain,

three amino acid residues (Asp-64, Asp-l16, and Glu-l52) known as the D, D-35-E motif

have been shown to be highly conserved such that mutation at any of these positions

eliminates integrase function (Gaur and Leavitt 1998). Also, loss of the C-terminal

domain results in defective integration of the HIV-I genome, possibly because the

domain serves as a DNA-holding motif (Kim, Lee et al. 2000). Finally, it has been

proposed that the junction of the core and C-terminal domains is important for integrase

to participate in the nuclear importation of the preintegration complex (Gallay, Hope et

al.1997).
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VIF

The vif (virus infectivity factor) gene encodes for a23l<D protein and is located at

the 3'end of thepol gene, where it overlaps bothpol andvpr. Early studies of vif

demonstrated that although vif was required for virions to be fully infectious, it was not

required for efficient assembly or release (Sodroski, Goh et al.1986; Strebel, Daugherty

et al. 1987). Further study has suggested that vif in fact is responsible for suppressing a

host factor or factors that would otherwise inhibit virus replication (Madani and Kabat

1998; Simon, Gaddis et al. 1998). Studies with vif-deleted mutants suggest other roles

for vif that involve the effrcient reverse transcription of the HIV-1 RNA genome (Sova

and Volsky 1993; von Schwedler, Kornbluth et aL.1994), and processing of the Gag

precursor Pr55gag (Borman, Quillent etal.1995; Simm, Shahabuddin et al. 1995).

Whatever the reason thatvif is required for infectivity,vif-defective or deleted mutants

are about l%o as infectious as are virions with an intact vif gene (Madani and Kabat

2000).

VPR

The vpr gene is located at a position overlapping the 3' end of the vif gene, and

encodes a 14 kD protein which is incorporated at high levels into developing HIV-I

particles (Cohen, Dehni et al. 1990; Yuan, Matsuda et al. 1990). The Vpr protein

stimulates LTR-mediated gene expression through interaction with the LTR

transactivation domain which includes the glucocorticoid response element (GRE)

(Cohen, Dehni et al. 1990; Vanitharani, Mahalingam et al. 2001). Studies of Vpr deletion

mutants suggest that Vpr helical domains I and III, and amino acid residues G75 andC76

are required for LTR transactivation through the GRE (Vanitharani, Mahalingam et al.
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2001). Further, studies using Vpr mutants show that there is a direct link between the

ability of Vpr to stimulate LTR-mediated gene expression, and levels of viral replication

that are obøined (Vanitharani, Mahalingam et al. 2001).

Early studies demonstrated that Vpr was found in the HtV-l preintegration

complex (Heinzinger, Bukinsky et al. 1994; Gallay, Swingler et al. 1995), and could be

located in the nucleus of infected cells (Lu, Spearman et al. 1993). More recently it has

been shown that Vpr facilitates the infection of non-dividing cells (particularly

macrophages) by acting as a nucleocytoplasmic shuttling protein that mediates transport

to the nucleus of the viral preintegration complex through the limiting nuclear pore

(Sherman, de Noronhaetal.200l). Vpr also causes HIV-1 infected cells to become

arrested in the G2 phase of the cell cycle (Jowett, Planelles etal.1995) by inhibiting the

activation of the p34cdc2lcyclin B complex (He, Choe et al. 1995). Vpr does this even in

the presence of antiviral agents which suggests the protein must be found in the virus

particle which is entering the cell (Poon, Grovit-Ferbas et al. 1998).

Finally, Vpr appears to also induce apoptosis of infected and bystander cells

(extracellular Vpr can rapidly penetrate and induce apoptosis of bystander cells) through

an action of the conserved "HFRIGCRHSRIG" motif in the C-terminal domain

(Arunagiri, Macreadie et al. 1997).

TAT

The HIV-I tat gene is made up of two exons flanking andpartly overlapping the

envelope gene at the 3' end of the viral genome (Sodroski, Patarca et al. 1985). It

encodes a protein that earned its name through its function as a transactivator of HIV-I
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gene expression. Tat coîtains a 48 amino acid tripartite activalion domain, made up of a

highly acidic domain, a Cys-rich region containing 7 invariantresidues, and a highly

conserved hydrophobic core. Following the tripartitie binding domain, residues 49-57

form a lysine/arginine-rich RNA binding domain responsible for binding to the TAR

bulge area (Chen, Cywinski et al. 1985). Tathas been shown primarily to regulate

transcription of HIV-I in the host cell at the level of elongation of the RNA transcript

(Kao, Calman et al. 1987} In the absence of tat, normal initiation from the long terminal

repeat occurs, but short transcripts predominate. When lal is present, however,

approximately 10-100 fold as many long transcripts are formed. (Kao, Calman et al.

1987; Kessler and Mathews 7992). Tat acts to facilitate transcriptional elongation

through its binding of TAR (the transactivation response region), a 59 amino acid stem-

loop structure which acts as an RNA regulatory element (Muesing, Smith et al. 1987).

The bindingof tat to TAR spurs the production of the protein kinase TAK(Tat-

associated kinase), which in turn, hyperphosphorylates the large subunit of the RNA

polymerase II carboxy-terminal domain and improves target binding (Karn 1999). Thus,

tat acts as the inducer in a positive feedback mechanism where the LTR region of the

genome is the inducible promoter (Sodroski, Rosen et al. 1985).

Mutations affecting base-pairing in the TAR stem-loop eliminate tat binding and

thus result in inefficient transcription (Selby and Peterlin 1990). Additionally, mutations

located in the apical loop of the TAR stem-loop structure eliminate the activity of tat,

despite the fact thattatprotein is still able to bind TAR in experiments where this region

was deleted (Karn 1999). This data suggests that other co-factors are involved in the

talTAR stem-loop interaction.
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REV

The HIV-I Rev (regvlator of expression of viral proteins) gene is encoded by two

exons located in the middle and 3' end of the HIV-I genome. The gene encodes a 19 kD

phosphoprotein that is found mainly in the nucleolus of the cell (Cullen, Hauber et al.

1988), and is capable of mediating nuclear export of incompletely spliced HIV-1

transcripts by shuttling back and forth between the nucleus and the cytoplasm (Meyer and

Malim 1994). Rev is composed of two functional regions: an Arginine-rich domain

important for nuclear localization and multimerization (Zapp, Hope et al. l99l), and an

hydrophobic, leucine-rich domain important for nuclear export (Kim, Beeche et al. 1996).

The Arginine-rich domain is able to influence expression and transport of viral

transcripts (Feinberg, Jarrett et al. 1986; Sodroski, Goh et al. 1986) by binding to the Rev

response element (RRE), a multi-stem-loop structure found between gpl20 and gp41 of

the envelope gene (Malim and Cullen 1991). Mutation of this domain results in the

inability of rev to mediate movement of transcripts (Meyer and Malim 1994). The

hydrophobic, leucine-rich activation domain acts as a nuclear export signal (NES)

(Fischer, Huber etal. 1995; Wen, Meinkoth et al. 7995), allowing the rev protein, with its

attached cargo of HIV-I mRNA to bind to a receptor of the host importin-p family. The

complex is now capable of passing through the nuclear pore complex (NPC) and into the

cytoplasm (Doye and Hurt 1997). Mutation of critical residues in the leucine-rich

domain results in a rev protein incapable of shuttling transcripts from the nucleus to the

cytoplasm (Malim, McCarn et al. 1991), measurable by a decrease in mRNA transcripts

found in the cytoplasm.
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VPU

The Vpu gene is of interest in that it is not found in the genomes of HIV-2 or most

SIVs (with the exception of SN.p"). Vpu codes for an 81 amino acid integral membrane

phosphoprotein with an N-terminal anchor sequence and a 50 amino acid cytoplasmic

domain (Maldarelli, Chen et al. 1993), that is not found in the mature HIV-1 virion

(Field's Virology, 2001). Vpu mediates CD4 down-regulation (Garcia and Miller l99l;

Schwartz, Marechal etal. 1996) and degradation (Margottin, Bour et al. 1998), as well as

enhancing viral release from infected cells (Field's Virology, 2001). CD4 is degraded

when Vpu binds the molecule at the same time that it interacts with the human protein h-

pTrCP. The resultant ternary complex is then targeted for ubiquitin-mediated proteolysis

in the endoplasmic reticulum (Margottin, Bour et al. 1998). Binding of CD4 by Vpu also

results in the liberation of any env proteins previously bound to CD4, thus facilitating the

movement of env to the plasma membrane (Willey, Maldarelli et al. 1992; Willey,

Maldarelli et al. 1992). Alteration of amino acids in the cytoplasmic domain, or

alterations in the protein's phosphorylation (at positions 52 and 56 (Schubert, Henklein et

aI.1994)) eliminates the degradation of CD4 (Chen, Maldarelli et al. 1993; Lenburg and

Landau 1993; Maldarelli, Chen et aI.1993;Vincent, Raja et al.1993; Schubert and

Strebel 1994; Willey, Buckler-'White et al. 1994; Bour, Schubert etal.1995). Vpu

enhances viral release from HIV-1 infected cells possibly by forming cation-selective ion

channels (Schubert, Ferrer-Montiel et al. 1996), andlor interacting with host endogenous

proteins from the tetratricopeptide repeat protein family that interfere with HIV-1 gag

(Callahan, Handley et al. 1998). Loss of vpu gene function (Klimkait, Strebel et al.
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1990), or alteration of the N-terminal transmembrane domain (Schubert, Bour et al. 1996)

results in the retention of virus particles at the cell surface.

ENV

The env gene is located at the 3' end of the HIV-I genome and encodes a 160 kD

polyprotein precursor known as gp160. Once made, gp160 forms oligomers in the

endoplasmic reticulum (most notably trimers) before being hansported to the Golgi.

Unlike the gag and gag-pol polyproteins, env is not cleaved into its subunits by viral

protease, but is processed by host proteases (most notably furin) in the Golgi apparatus

(Hallenberger, Bosch etal.1992). Failure of HIV-I gp160 to be cleaved into its gp120

and gp4l subunits results in a loss of env-induced fusion activity (V/illey, Bonifacino et

al. 1988), and infectivity (McCune, Rabin et al. 1988). Once cleaved, the heavily

glycosylated gpl20 and less glycosylated gp41 proteins form a non-covalent association

and are transported to the cell surface. At the cell surface, the complex is rapidly

assimilated into the plasma membrane with the help of a Tyr-X-X-Leu motif found on the

cytoplasmic tail of gp41 (LaBranche, Sauter et al. 1995). The gp41 may now be found as

a transmembrane protein in the host plasma membrane, with gpl20 extending outside of

the plasma membrane and attached in a non-covalent fashion. At this point, assimilated

proteins are recruited by HIV-1 matrix proteins for incorporation into the envelopes of

budding HIV-1 virions. The major function of HIV-I env is its facilitation of membrane

fusion between the infecting HIV-1 virion and a target cell bearing the CD4 receptor,

allowing virion entry. It has been shown that two areas in the N-terminus of gp41, the

fusion peptide (White 1992), and the N-terminal helix (Cao, Bergeron et al. 1993; Chen,

z5



Lee et al. 1993) are required for membrane fusion, and that mutation of either results in

impaired infectivity.

In addtition to facilitating viral binding and fusion to a target cell by interacting

with CD4 at the cell surface, env is capable of binding CD4 on its way to the surface in

infected cells (Hoxie, Alpers et al. 1986). Once bound together, CD4 and env are taken

to the endoplasmic reticulum where HIV-I Vpu proteins participate in the degradation of

the CD4 molecule (see Vpu section). The env protein is thus liberated for movement to

the cell surface. In this way CD4 molecules are down-regulated from the surface of HIV-

1 infected cells, and the cells are partially protected from both superinfection (Stevenson,

Meier et al. 1988; Bour, Boulerice et al. 1991) and recognition by host immune cells

(Collins, Chen et al. 1998).

NEF

The nef gene is located just prior to the 3' LTR in the HIV-1 genome. It encodes a

27 kdphosphoprotein associated with the host cell membrane via a myristic acid moiety

as well as a number of basic residues located at the 3' end of the gene (Yu and Felsted

1992). The nef gene possesses three known functions that increase HIV-I virulence. It

facilitates the down regulation of both MHC class I (Schwartz, Marechal et al. 1996) and

CD4 receptors (Garcia and Miller 1991; Schwartz, Marechal etal.1995) on the cell

surface such that HIV-I infected cells expressing nef are less susceptible to cytotoxic T

lymphocle mediated killing (Collins, Chen et al. 1998), and inhibition via interaction

with surface env (Ross, Oran et al. 1999) respectively. Nef is also capable of enhancing

HIV-1 infectivity (Chowers, Spina et al.1994; Spina, Kwoh etal.1994; Goldsmith,
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Vy'armerdam etal.1995; Miller, Warmerdam etal.7997) possibly by having an effect on

initial reverse hanscription of the genome (Chowers, Pandori et al. 1995), and can alter

macrophage cellularpathways to stimulate production of p-chemokines (MIP-1o, MIP-

1p), thereby activating T lymphocytes at rest (Swingler, Mann et al. 1999).

Attenuation of effects mediated by nef was shown in vivo in individuals from the

Sydney Blood Bank Cohort who became long-term non-progressors as a function of a

nef-LTR deletion that they possessed (Dyer, Geczy et al. 1997). Downregulation of

MHC class I and CD4 receptors on HIV-I infected cells is eliminated by mutations

affecting myristolation of the N-terminal end of the gene (Peng and Robert-Guroff 2001).

Further, studies have specifically shown that nef s enhancement of infectivity is

attenuated by mutations found in the Pro-X-X-Pro motif (a binding site for the SH3

domain of Src-family Tyr kinases (Arold, Franken et al. 1997), despite having no effect

on the down-regulation of CD4 and MHC class I by the gene (Goldsmith, Warmerdam et

al.1995; Saksela, Cheng etal. 1995).

FIIV Genetic Variation

To date, two distinct species capable of causing AIDS (HIV-I and HIV-2) have

been found in human populations. HIV-I is thought to be most closely related to SfVsr",

a lentiviral infection found in chimpanzees. It has been estimated that HIV-I likely

entered the human population about 70 years ago (Gao, Bailes et al. 1999; Korber,

Muldoon et al. 2000) as a zoonosis from primates, likely the chimpanzee (Huet, Cheynier

et al. 1990), and through several independent exposures. Subsequent to HIV-1 being

described in the early 1980's, another, related virus was described in 1986. This virus,
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seen in the West African countries of Senegal, Guinea-Bissau and Ivory Coast was less

pathogenic and immunologically distinct, but showed a relation to HIV-I. The virus was

given the name HIY-2 (Clavel, Guetard et al. 1986) and is now suspected to represent an

independent zoonotic transmission of an SIV (likely SIVsr,n"r) from primate (the sooty

mangabey) to human (Gao, Yue et al.1992).

As mentioned previously, HIV populations are very heterogeneous both within an

individual and within populations (Benn, Rutledge et al. 1985; Saag, Hahn et al. 1988).

In fact, it seems as if no two isolates are the same. Although there is much variability

throughout, the greatest degree of variability in the HIV-I virus genome is found in the

env gene, specifically in five hypervariable regions found there (Vl to V5) that are

interspersed with less variable regions (C1 to C5) (Starcich, Hahn et al. 1986; V/illey,

Rutledge et al. 1986). With the sequencing of multiple HIV-1 isolates, and subsequent

genetic comparison, it was soon seen that HIV-1 isolates tended to cluster in distinct

groups often according to the geographic location from which they had originated. This

led to the classification of HIV-I isolates into HIV-1 subtypes or clades based upon

genetic similarity. Three groups of HIV-1 virions have now been described: M (major),

O (outlier), and N (non-M or O). Group O virions have been isolated mainly from West

Africa (Gabon, Equatorial Guinea, and Cameroon), and share only 50o/o identity with

Group M virus strains (Subbarao and Schochetman 1996). Group N virions, seen

primarily in individuals from Cameroon, are the most recent addition to the HIV-1 family

tree. These viruses are sufficiently diverse compared to group M virions that many

isolates do not provoke a positive response to the HIV-1 specific ELISA designed to
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diagnose HIV-1 infection in suspected individuals. Western blot analysis, however, is

capable of detecting the infection (Simon, Mauclere et al. 1998).

Ninety-five percent of the world's HIV-I isolates fall into the M category, and as

such, isolates have been further classified as falling into one of the group's ten subtypes

or clades based on full length sequence analysis (4, B, C, D, E, F, G, H, K, and J)

(Louwagie, McCutchan et al. 7993;1994; Myers 1994; Triques, Bourgeois et al. 2000).

Subtype E, found mainly as a recombinant form with subtype A (few full length subtype

E viruses exist) has been reclassified as the AE recombinant (Carr, Salminen ef. al. 1996;

Gao, Robertson et al.1996). In Nairobi, Kenya (the area where samples for this thesis

work originate), subtype A is very prevalent, and is responsible for between 56 and93%

of HIV-1 infections (Janssens, Heyndrickx etal.1994; Robbins, Koshikis etal.1999;

Murray, Embree et al. 2000; Morison, Buve et al.200l; Dowling, Kim et aI.2002)

depending on whether A-containing recombinants were included in the calculation.

Subtype B, although present in Africa, is classically the clade of virus causing infection

of individuals in the Americas, Australia, and Western Europe, although Eastern Europe

and Asia also display a prevalence of this subtype (Thomson, Perez-Alvarez et at.2002).

Due to its location in the developed countries of the world, B is the most widely studied

subtype of HIV-I.

Subtype C HIV-I has nowbecome the dominant subtype of HIV-1 found

throughout the world, accounting for approximately 48Yo of infections worldwide in 1999

(Novitsky, Montano et al. 1999). Subtype C is found as the primary subtype in South

Africa, and is also responsible for a significant percentage of infections in other parts of
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Africa, and India (Thomson, Perez-Alvarez et aL.2002). There are several possible

explanations for the emergence of subtype C as the world's most prevalent subtype.

Some of the world's highest rates of HIV-I infection occur in and around South

Africa and Botswana, with adult prevalence rates estimated at21.5%o and37.3o/o

respectively by the WHO in2004 (WHO 2004; WHO 2004). With the population of

South Africa estimated at 44.3 million (CIA 2005), the number of HIV-I infections due

to subtype C may be explained from this viewpoint, but why is the infection rate so high?

The severity of the infection rate in South Africa and Botswanamay be due to social and

economic factors that lead to individuals having more sex partners or being less likely to

protect themselves against infection with condoms. It may be that subtype C is more

transmissible from one person to another than other clades, or takes longer to cause AIDS

and death leading to an increase in prevalence. Additionally, genetic factors such as

HLA type may play a role in that highly susceptible individuals are found in greater

numbers in the population (at least for now). One contributing factor appears to be the

fact that the borders between South Afüca and Botswana close between six p.m. and

eight a.m. each evening, leaving travelers, notably high risk truck drivers, to find a place

to stay overnight while they await the re-opening of the border in the morning. Truck

drivers' interactions with sex-trade workers in the border towns has thus led to an

incredibly high rate of HIV-I infection in these areas. 'Whatever the reasons for its

transmission, subtype C has become a major player in the world of HIV-1 infection and

must be considered in emerging vaccine strategies.

Subtype D virus is the second most prevalent HIV-1 clade found in the Nairobi

cohorts, and is responsible for 72-29%o (Janssens, Heyndrickx et al. 1994; Poss, Gosink et
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aL. 1997; Robbins, Kostrikis et al. 1999; Murray, Embree et al. 2000) of infections there.

The clade is most prevalent in eastern and central Africa (Thomson, Perez-Alvarez et al.

2002), although, like all clades may be found worldwide thanks to the global movement

of people. Subtype E virus is found almost exclusively in recombinant form with subtype

A (Thomson, Perez-Alvarez et aL.2002), and is mainly seen in southeast Asia in places

such as Thailand, and the islands of the South Pacific (Thomson, Perez-Alvarez et al.

2002). Subtypes F, G, H, and J, although not the most prevalent subtype in any one area,

are found in a variety of areas, including Asia, Europe and Western Africa (Thomson,

Perez-Alvarez et aL.2002). It is not known for certain why different world regions have

higher prevalence of one subtype than another, but it may be postulated that this is due to

the introduction, and subsequent genetic drift, of different HIV-1 viral shains over a

period of time which has resulted in the emergence of discreet strains. With the ever

increasing rates of worldly travel by individuals from different regions, this phenomenon

seems to be reversing somewhat as additional subtypes make their appearance in areas

where they were previously not found (Brodine, Starkey et aL.2003; Perrin, Kaiser et al.

2003; Tramuto, Vitale etal.2004). Additionally, there are an increasing number of

reports of recombinant infections (Peeters and Delaporte 1999) worldwide. However,

something caused this genetic drift in the first place, and this could be explained by

increased fitness of certain viral characteristics in certain populations, resulting in

increased transmissibility and an amplification of certain fit strains in certain areas.
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TransmÍssion: Routes, rates and factors involved.

The HIV-1 virus may be found in all bodily fluids (Shepard, Schock et at.2000),

and therefore in theory may be hansmitted through the exchange of any of them

(Fujikawa, Salahuddin et al. 1985). This appears, however, not to be the case. As a

fairly large infectious dose of HIV-1 is thought to be required to establish infection, the

concentration of HIV-I in a body fluid must exceed a certain level for that fluid to pose a

real risk to other individuals. The concentration of HIV-I in tears, sweat and saliva is

lower than in other body fluids (Shepard, Schock et al. 2000), perhaps due to the presence

of lysozymes in these fluids (Fultz 1986). Additionally, HIV-1 is unable to penetrate

intact skin, and thus exposure to body fluids in the absence of an open sore or cut to the

skin is not infectious. Thus far, HtV-l transmission has been shown to occur through

intercourse, the exchange of blood or blood products, and from a mother to her child,

prior to or during delivery, and through breast-feeding (Datta, Embree et al. 1994).

Mother to child transmission will be discussed in detail later.

A multitude of factors are involved in determining whether an individual exposed

to the HIV-I virus becomes infected. One of the most important factors in determining

infectivity of HIV-I from one individual to another through any of the above

transmission routes is the viral load (or amount of virions per milliliter) (Pedraza, del

Romero et aL 1999) at the time of hansmission. Serum viral load is directly related to the

number of infectious virions to which a non-infected individual may be exposed by an

infected individual, and thus a high viral load is more likely to result in an infectious dose

of virus (Fawzi, Msamanga etal.2002). Viral load is usually highest during very early,

and late infection, thus these are the times of greatest risk (Pizzo and Butler 1991). Other
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studies suggest thatatleast in the case of sexual transmission of HIV-1, a more important

viral load is that found in the genital secretions of the individual as this is to what they are

exposing their partner (John, Nduati et al. 1997).

Another factor important in determining risk for an exposed individual involves

the CD4 count (Tibaldi, Tovo et aL.1993), or CD4 cell percentage (Pitt, Brambilla et al.

1997) of the infected individual. Lower CD4 counts orpercentages are associated with a

higher risk of transmission, and reflect a decreased ability of the infected host to respond

to the virus. Viral load and CD4 count are highly relevant factors associated with all

routes of HIV-1 transmission. Route-speciflrc factors will be discussed with their relevant

mode of transmission.

homosexual (men having sex with men) nature and carries with it varying risk. Based on

a decade-long prospective study of 442 serodiscordant heterosexual couples, heterosexual

sex with an HIV-I infected individual carries with it a risk of approximately 0.0009o/o per

contact for a female, eight times greater than the per contact risk for a male (Padian,

Shiboski et al. 1997). As with all studies, there are a couple of potential problems with

the numbers generated. The first is the increased rate of condom use as time went on,

and likely, as infected individuals developed higher viral loads. The second, is that

results from this study cannot be extrapolated to include one time sexual contacts where

the per contact risk is higher.

Intercourse resulting in HIV-1 infection may be of either a heterosexual or

In the case of men having sex with men the risk is greater (05% to 3Vo per

contact, (DeGruttola, Seage et al. 1989)), particularly with receptive anal intercourse

(Tabet, de Moya et al. 1996; Carneiro, Cardoso et al. 2003).
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Factors affecting the rate of HIV-1 transmission in unprotected heterosexual and

homosexual contacts include viral load, and CD4 counlpercentage as well as the

presence or absence of sexually transmitted infections (Plummer, Simonsen et al. 1991),

particularly ulcerative STI's (Latif, Katzenstein et al. 1989; Nasio, Nagelkerke et al.

1996). The presence of blood associated with intercourse is also important (Kalichman

and Simbayi2004), as is the presence or absence of the male foreskin (lrlasio, Nagelkerke

et al. 1996).

The exchange of blood or blood products includes the sharing of HIV-I

contaminated needles for injection drug use ([VDU), being transfused with blood, or

blood products, or receiving a needle stick injury with a needle contaminated with HIV-1

infected blood. For IVDU, I was unable to locate any studies estimating the risk of HIV-

1 seroconversion per injection, but numbers would intuitively vary with the prevalence of

HIV-I in the population, and an individual's own practices. Needle stick injuries carry a

significant but likely lower risk of seroconversion at approximately 0.3 o/o per injury

(1995a; de Graaf, Houweling et al. 1998). Fortunately, the use of post-exposure

prophylaxis (in the formof AZT) is modeled to decrease the rate of seroconversion post

needle stick injury by approximately 79Yo (Cotton 1996). Transfusion-related HIV-I

infection is now very rare in developed countries (0.003-0.0007%) since the advent of

screening blood products for HIV-1 (Cohen, Munoz et al. 1989; Gerst, Fildes et al. 1990).

Prior to screening of blood and blood donors this number would have been significantly

higher. Blood transfusion is still associated with a transmission risk of 5-l0o/o in some

developing countries where blood screening is not routinely done (Lackritz 1998).

Estimates suggest that transfusion of a unit of HIV-1 infected blood is associated with a
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90% transmission rate of the virus. Factors specific for influencing the rate of HIV-I

transmission through the exchange of blood or blood products differ with the mode of

exchange. In needle stick injuries, the depth of penetration, bore size, and presence of

frank blood on the needle, are all thought to be important in determining outcome. For

injection drug use, important factors likely include the frequency and number of

individuals with whom needles are shared, as well as the socioeconomic status of the

individuals with whom one is sharing, and the social networks of those people. In the

case of blood transfusions, importiant factors include the country in which the transfusion

is received, the frequency with which one requires transfusion, and whether or not one

receives pooled products such as clotting factor concentrates which would compound the

risk.

Host and viral factors affecting transmission and pathogenesis of HIV-I

A number of host and viral factors independent of those mentioned above also

play important roles in whether or not an individual becomes infected with the HIV-I

virus. Specific maternal-child factors will be discussed below.

Host factors which determine if an individual becomes infected with HIV-I

include several genetic factors. Perhaps one of the first and most highly publicized was

the discovery that individuals with a delta3? mutation in the CCR5 receptor (a co-

receptor used by HIV-1 for entry) were less susceptible to infection than those without

the mutation (Liu, Paxton et al. 1996; Samson, Libert et al. 1996). Following this it was

shown that the CcR2-í Ipolymorphism of the CCR-2 co-receptor (for HIV-I entry)

imparted protection against disease progression in HIV-1 infected individuals (Smith,
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Dean et al.1997), whereas homozygous carriers of a2459A allele in the CCR5 promoter

gene progress more quickly to AIDS (Knudsen, Kristiansen et al. 2001). In addition,

certain HLA types such as the A216802 supertype, HLA 818, HLA DRBl"01

(MacDonald, Fowke et al. 2000), and Ax0205 subgroup of the A2 supertype (Liu,

Carrington et aI.2003), to name a few, are protective against HIV-I infection, while

others such as HLA-AZ3 increase likelihood of infection (MacDonald, Fowke et al.

2000). Once an individual is infected with HIV-I, HLA types play a role in the rate of

progression to AIDS that the individual experiences. Possession of class I B*35, or

Cw*04 (Carrington, Nelson etal.1999) for example; and several alleles of the HL^-822

cluster (Dorak, Tang et aL.2003) are detrimental and convey faster progression to disease

while HLA class II DRB1 *1702, DRBI*1301 (Itescu, Rose et al. 1994) delayed

progression. Further, HLA class I homozygosity with the infecting individual

accelerates disease progression in infected individuals (Tang, Costello et al. 1999), while

heterozygosity delays it (Camington, Nelson etal. 1999).

Also important to an individual's susceptibility to HIV-1 is the presence or

absence of HIV-1-specific clotoxic T lymphocyte (CTL) responses. A study in the

Nairobi sex-worker cohort demonstrated the presence of cross-clade CTL activity in a

large proportion of HIV-1 resistent \¡/omen (Rowland-Jones, Dong et al. 1998),

suggesting that the presence of this type of immune response is important in protection

against infection. In addition, further studies by the same group have shown that mucosal

IgA is present in the genital tracts of a majority of HIV-I resistant sex-workers, and only

a minority of uninfected and infected controls (Kaul, Trabattoni et al. 1999). This study

suggested that independent of CTL response, mucosal antibody in the form of IgA was
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protective against HIV-I infection. On the other hand, the presence of serum IgG in an

individual is synonymous with active HIV-I infection, and thus, an ineffective immune

response against the virus.

HIV-I viral factors involved in HIV-I transmission are less well elucidated but it

is known that the dose of infectious virus one is exposed to (Fang, Burger et al. 1995) and

potentially the subtype of the virus (Kunanusont, Foy et al.1995; Yang, Li et al. 2003)

may play a role in hansmission of the HIV-I virus. Additionally, a well studied group of

individuals from the Sydney Blood Bank Cohort who all received blood products from a

single individual have displayed markedly delayed disease progression likely secondary

to a serries of deletions in the nef gene of their infecting virus (Deacon, Tsykin et al.

t99s).

Long Term Non-Progressors and Long Term Survivors

It has long been known that infection with HIV-I displays a wide variety of

phenotypes. Depending on the circumstances and genotype of their infection, the

availability of antirehovirals, and a wide variety of host genetics, individuals may

progress rapidly to AIDS and death within months of infection (Demarest, Jack et al.

2001), may progress more slowly, or may survive with relatively intact immune systems

for extended lengths of time (greater than 10 to 20 years). Individuals who quickly

develop severe immune deficiency are known as "rapid progressors", and are defined as

those whose CD4 count falls below 200 within 2 to 3 years of seroconversion

(Farzadegan, Henrard etal.1996; Liu, Schacker et al.1997). In the absence of

antiretroviraltherapy,long-term survivors (LTS) are defltned in multiple ways in the
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literature (from those who survive greater than 7 -L0 years with normal CD4 counts, to

those who survive long term but do progress to infection, and sometimes both are

included). Long term non-progressors (LTNP) survive free of AIDS symptoms and

without the use of antiretrovirals for a period of at least 7-10 years (Bartnof 1995:'

Zanussi, Simonelli et al. 7996; Easterbrook and Schrager 1998; Clegg, Ashton et al.

2000; Salvini, Scarlatti et al. 2001) after seroconversion. In addition, LTNPs must

maintain stable CD4 counts of at least 400-600 cells/mm3 (Easterbrook 1994; Aiuti and

D'Offizi 7995; Easterbrook and Schrager 1998; Candotti, Costagliola et al. 1999), and

tend to maintain significantly lower viral loads than their progressing peers (Bartnof

1995; Barker, Mackewicz et al. 1998). Approximately 1-5 % (Easterbrook 1994; Bartnof

1995; Mikhail, 'Wang et aL.2003) of individuals infected with the HIV-I virus will

ultimately become LTNPs, although many will eventually progress to AIDS and death.

Only with ongoing monitoring will we know whether these individuals will maintain

their LTNP status indeflrnitely or if they all too will eventually succumb to infection.

A number of studies have been carried out on long-term surviving and non-

progressing individuals to determine which facets of HIV-1 infection play the most

important roles in determining if an individual will survive for a long time. What has

been found is that a combination of host and viral factors may be involved in the

establishment of a non-progressing infection. Infection of individuals with a variety of

attenuated virions (particularly in the nef,vpr, víf and env genes (Deacon, Tsykin et al.

1995; Kirchhoff, Greenough et al. 7995; Mariani, Kirchhoff et al. 1996; Saksena, Ge et

al. 7996; Huang, Zhang etal. 1998;Meruo, Sampaolesi et al. 1998; Alexander, Aquino-

DeJesus et al. 2002; Roman, Kariø et al. 20021' Lum, Cohen et al. 2003)) has been linked
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to non-progressive infection. In addition, infecting virus tends to be, and remain, non-

syncytium inducing G\ISD (Salvini, Scarlatti et al. 2001), and is traditionally more

difficult to recover from viral culture (Barker, Mackewicz et al. 1998; Candotti,

Costagliola et al. 1999). One study found, however, that those LTNP strains it was

possible to recover from culture did not possess significantly different replication kinetics

when compared to wild type virus in vitro. This suggests that either the viral replication

kinetics were not responsible for the attenuated infection found in the host, or that in vítro

techniques are not necessarily representative of events taking place in the infected host.

A number of host factors have also been shown to be of importance in

determining outcome of HIV-I infection. Individuals heterozygous for CCR5 (Huang,

Paxton et al. 1996), and CCR2 (Smith, Carrington et al. 7997) receptor polymorphisms

are more likely to become LTNPs. Also, LTNP status is associated with aggressive CD8

(+) T-lymphocyte activity in the form of cytotoxic T-lymphocyte (CTL) responses to a

wide range of HIV-1 epitopes (Barker, Mackewicz et al. 1998; Buchbinder and

Vittinghoff 1999), as well as strong noncytolytic suppressive activity capable of

suppressing HIV-1 replication while minimizing bystander death of uninfected T-cells

(Buchbinder and Vittinghoff 1999). Vigorous polyclonal CD4 (+¡ T-cell responses to

HIV-I p24 and gpl20 (with the CD4 cells producing such protective cytokines as IFN-1,

RANTES, MIP-1o, and MIP-18) are also associated with non-progressing infection

(Rosenberg, Billingsley et al. 1997). Thus, it is likely that a number of factors are

simultaneously affecting whether an individual progresses rapidly to AIDS and death, or

is able to survive for extended periods of time despite infection.
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Mother to child transmission of HIV-I

One of the major routes of transmission of HIV-I is via maternal-child

transmission of the virus. As previously stated, there are currently about 2.2 million

children infected with HIV-I (LINAIDS 2004). The flrrst reported case of mother to child

transmission of HIV-I was in the child of a hemophiliac (Ragni, Urbach et al. 1985),

although previous cases of children with unexplained severe immunodeficiency had been

described as early as 1983 (Oleske, Minnefor et al. 1983). It would later be elucidated that

around 40o/o of children born to mothers with HIV-I infection would be infected when no

interventions were in place (Datta, Embree et al. 1994).

Children are infected with HIV-1 primarily via perinatal or postnatal transmission

of the virus from their mothers. Additionally, although children could potentially be

infected earlier in gestation, most perinatal infections occur in the last weeks of

pregnancy, and during labour and delivery (Mofenson 1997). Suggested mechanisms for

infection during labour and delivery include the hansfusion of the mother's blood to the

fetus during labour contractions (Pizzo and Butler 199I), infection after the rupture of

membranes, and direct contact of the fetus with infected secretions or blood from the

maternal genital tract (Goedert, Duliege et al. l99l:. Minkoff, Burns etal.1995). Infection

after membrane rupture is thought to occur because of loss of maternal-child placental

barrier integrity, allowing the exchange of blood between mother and child. Several

studies have reported the rate of transmission of HIV-1 via this route to be about25o/o

(Range 14-43 %o) (Datta, Embree et al. 1994; Thomas, Weedon et al. 1994; 1 995b), in

untreated individuals.
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The HIV-I infection rate due to breast-feeding is estimated at160/o (Nduati, John

et al. 2000; John, Richardson et al.200l). It is thought that HIV-I may gain entry to the

child through the tonsilar lymphoepithelium, M cells, or enterocytes found in intestinal

surfaces (Van de Perre 2000). Although the incidence of new HIV-I infections secondary

to breast-feeding has all but been abolished in the developed world, it is still a very real

mode of transmission in the developing world, accounting for approximately one third of

all maternal-infant infections there. Lack of access to clean water, not knowing that one is

infected, and the stigma associated with not breast-feeding (Kiarie, Richardson et al. 2004)

all likely play signiflrcant roles in the continuation of this mode of transmission.

The zidovudine study (Protocol 076 Study Group) (Connor, Sperling et al. 1994)

was a randomized, double blind, placebo controlled trial carried out on 417 HIV-l

infected women from 1991-1993. The study showed a decrease in perinatal transmission

of HIV-I from 25.5 to 8.3%o. Impressively, the rate has been lowered further over the last

decade, and by 1998 was in the neighbourhood of 2o/o when mothers were treated

optimally with anti-retrovirals and a prophylactic C-section was carried out to minimize

duration of membrane rupture (Kind, Rudin et al. 1998). The most recent statistics in

Canada for mother-child transmission of HIV-I released by CPARG (Canadian Pediatrics

AIDS Research Group, personnal communication, Dr. J. Embree, 2004) put the number

now at less than 1%.

Factors affecting rates of transmission from mother to child

Subsequent to the first reported case of mother to child transmission of HIV-I, a

multitude of studies have been carried out to elucidate rates of maternal-child HIV-1
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transmission and factors important in determining if a child is infected by their mother.

Studies in developed and developing nations have reported overall HIV-1 transmission

rates from 13-32% and25-48% respectively (Goedert, Mendez etal.7989; Andiman,

Simpson et al. 1990; Dabis, Msellati et al. 1993;Dafta, Embree et al. 1994). As

mentioned above, perinatal transmission of HIV-I occurs approximately 20 to 25o/o of the

time in untreated mothers (Krasinski, Turner et al. 1997;Nduati, John et al. 2000), while

breast-feeding results in about a 16%o additional transmission rate (Nduati, John et al.

2000). Factors affecting rates of transmission can thus be broken down into perinatal and

postnatal factors.

Extensive study has yielded a nurnber of factors affecting rates of perinatal HIV-1

transmission. Likely the most important factor affecting whether or not a mother

transmits HIV-I to her child is the mother's viral load at the time of pregnancy and

delivery of her child (Fang, Burger et al. 7995; John, Nduati et al.2007; Jamieson,

Sibailly et al. 2003). Studies have shown that maternal-infant HIV-1 transmission

decreases with maternal viral load. Closely related to viral load is the stage of disease

that the mother is experiencing in the perinatal period, with progression to AIDS resulting

in increased risk of transmission (1992; Hague, Mok et al.1993). Further, as mentioned

above, the use of zidovudine (Connor, Sperling etal.1994) or nevirapine (Moodley,

Moodley etal.2003;Taha, Kumwenda et al. 2003) in the perinatal period has been

shown to largely mitigate risk of perinatal HIV-I transmission. Again, as above, the use

of elective Cesarean section in high risk mothers has been shown by meta-analysis to

halve perinatal transmission of HIV-1 (1999). Other variables which increase the rate of

perinatal transmission include placental membrane inflammation (chorioamnionitis) (St
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Louis, Kamenga et al. 1993), increasing duration of membrane rupture (2001), shorter

gestation (Goedert, Mendez et al. 1989), lower birth weight of the child (Stratton,

Tuomala et al. 1999), and MHC class 1 allele concordance between a mother and her

child (MacDonald, Embree et al. 1998; MacDonald, Embree et al. 2001). Another factor

that has been postulated to increase risk of maternal-child HIV-1 transmission, is the

presence of sexually transmitted (Lee, Hallmark et al. 1998) and other infections in the

mother in the perinatal period.

The rate at which mothers transmit HIV-I to their children through breast-feeding

is increased with advanced HIV-1 infection/AlDS in the mother (Embree, Njenga et al.

2000), and high viral load (Fawzi, Msamanga et al. 2002) as is seen with perinatal

infection. Breastfeeding-related factors such as increased duration (Embree, Njenga et al.

2000), greater breast milk viral load (Rousseau, Nduati et al. 2003), presence of

concurrent infection such as mastitis in the mother (Embree, Njenga et al. 2000) or oral

thrush in the infant (Embree, Njenga et al. 2000) also play important roles in whether or

not a mother transmits HIV-I to her child. Additionally, if a mother breastfeeds

exclusively she may have a lower risk of transmitting HIV-1 to her child through breast

milk than if she supplements her child's diet with other foods as well as breast milk

(Coutsoudis, Pillay et al. 2001). It is thought that the mechanism of protection with

exclusive breast-feeding is similar to that seen in sex-worker cohorts where cell-mediated

resistance wanes with a break from sex-work, it may also do so with breaks from breast-

feeding. It is obvious then that avoidance of breastfeeding by the mother eliminates the

risk of the child becoming infected by this route, and is an effective measure taken in

developed countries to lower risk of transmission of HIV-1 . However, in developing
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countries where clean water is not always available, supplementing infant formula

reconstituted in unclean water results in increased child mortality and morbidity from

diarrheal disease (Nicoll, Killewo et al. 1990). Additionally, mothers in developing

nations face stigma and marginalization from their peers if they choose not to breastfeed.

Thus, in developing nations, it has been suggested that if they must breast feed, mothers

should do so exclusively for the first months of their child's life, and then wean the child

to other foods as soon as is feasible (WHO, October 2000).

Hypothesis and Objectives:

Hypotheses:

1. HIV-I viral subtypes (clades) are genetically different and thus should possess

different pathogenesis and rates of mother to child transmissibility.

2. Deleterious mutations to HIV-I genes, their promoter, target or active sites will

decrease fitness and impair viral pathogenesis and transmission.

Classically, and with few exceptions, pathogenesis and transmission of infectious

agents have involved an interaction of both pathogen and host factors. With a majority of

etiologic agents not all individuals exposed to the agent manifest disease, and of those

that do there are a wide range of disease states. This phenomenon is due to a variety of

host factors, including the state of nonspecific (skin, mucous membranes, and cellular

immune responses), and specific immune defenses (natural and acquired immunity,

involving both T and B cell lines). Examples of this include the susceptibility to a wide

variety of bacterial, viral and fungal infections seen in burn patients due to breeches in

44



the skin, in neutropenic patients due to lack of innate cellular responses, and in AIDS

patients due to a breakdown of specific immune defenses. Additionally, host age,

nutritional status and co-morbid disease states (Beck 2001), dose and route of exposure

(see "Transmission: routes, rates and factors involved" section, page 31), and host genetic

factors such as HLA type (Canington, Nelson et al. 1999; Dorak, Tang et aI.2003) play

roles in the determination of host disease acquisition.

Pathogenic factors also affect disease severity. Viruses possess a variety of traits

that enable them to successfully cause disease in a host. This is often done by producing

proteins capable of causing a down regulation of the host immune response (Mellencamp,

O'Brien et.al.l99l; Ploegh 1998). An example of this is seen with the HIV-1 virus

which is able to reduce expression of class I MHC proteins, thus making infected cells

less obvious and therefore less vulnerable to elimination by cytotoxic T cells (Scheppler,

Nicholson et al. 1989). A good example of altered virulence factors affecting

pathogenesis to the host is the use of live attenuated organisms in vaccines. These

pathogens have been affected by the attenuation process such that a normally virulent

organism is no longer able to induce serious disease, except, perhaps in

immunocompromised individuals (Angel, Walpita et al. 1998; Ktamer, LaRussa et al.

200I; Kengsakul, Sathirapongsasuti et aI.2002). Similarly, different strains of an

organism may produce more severe disease than others (Cheung, Poon et at.2002). A

common example of this is seen with influerua,where disease severity changes with the

season and the genetic makeup of the pathogen (Taubenberger, Reid et al. 2001; Zambon

2001).
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Research has demonstrated a multitude of host factors involved in transmission

and pathogenesis of HIV-I. The list is extensive and includes many factors that have

been elucidated through the use of in vitro techniques often associated with

epidemiolo gical data. A reasonably exhaustive list of receptive host factors includes

CCR5 (Liu, Paxton et al. 19961' Samson, Libert etal. 1996) and CXCR4 (Feng et.al.

1996) polymorphisms, cell mediated immunity (CMI) in the form of cytotoxic T cells

(Rowland-Jones, Dong et al. 1998), the initial T helper response to infection (Korthals

Altes, Ribeiro et a\.2003} humoral immunity (Tranchat, Van de Perre et al. 1999), and

chemokine receptor polymorphisms (CCR5, CCR2, CCR5 promoter) (Liu, Paxton et al.

1996; Samson, Libert etal.1996; Smith, Dean et al.19971' Knudsen, Kristiansen et aI.

2001). Chemokines such as SDF (stromal cell derived factor) (Agace, Amara et al.

2000), cytokine responses (Heeney, Beverley et al. 1999), as well as other soluble and

genetic factors (such as HLA type) (Itescu, Rose etal.1994; Carrington, Nelson et al.

1999; Tang, Costello et al. 19991' Dorak, Tang et al. 2003) also play a role. Additionally,

local factors such as concurrent STDs (Knudsen, Kristiansen et al. 2001), the cytokine

milieu (Sha, D'Amico et al. 1997; Plummer 1998) at the time of infection, mucosal CTL

(Kaul, Plummer et al. 2000) and antibody (IgA) responses (Kaul, Trabattoni et al. 1999)

as well as the action of dendritic cells (Williams, Trout et aI.2002) are all important in

the establishment or not of a new HIV-I infection. Further, host factors such as HIV-I

viral load, CD4 and CD8 counts, and concurrent STD infections also play arole in

transmission of the virus from one individual to another. In the case of mother to child

transmission of HIV-I, duration of membrane rupture (2001), the presence of genital

ulcers (such as those caused by human herpes virus 2) (Lee, Hallmark et al. 1998),
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breastfeeding (Datta, Embree et al. 1994; Embree, Njenga et al. 2000), and MHC class 1

concordance (MacDonald, Embree et al. 1998; MacDonald, Embree et al. 2001) allplay a

role.

HIV-I viral factors involved in HIV-1 pathogenesis and transmission are less well

elucidated. It is known that HIV-I viral loads (Fang, Burger etal.1995; John, Nduati et

al. 2001; Jamieson, Sibailly et al. 2003), and perhaps HIV-I viral subtype (Kunanusont,

Foy et al.1995; Yang, Li et al. 2003), although this has been disputed (Pope, Frankel et

al.1997; Murray, Embree et al. 2000),play roles in viral transmission. It is known that

defective HIV-I virus, in the formof nefdeleted mutants are less pathogenic (Learmont,

Tindall et al. 1992) (as determined by rate of CD4 cell decline, viral load, and degree of

long term survival). Further, research shows that HIV-I virions with mutations enabling

them to evade host CTL responses (Fang, Burger et al. 2001), or the effects of anti-HlV-1

drugs (Peters, Munoz et al.200l; Yusa and Harada 2004), give advantage against the

host as measured by HIV-I viral load and CD4 counts (Fang, Burger et al. 2001).

Additionally, numerous studies have shown that use of protease inhibitors elicits the

development of resistant mutants against the drug (el-Farrash, Kuroda et al. 1994). As

the protease inhibitors act by blocking the active site of the enz;vrrre, resistance mutations

must occur in or at the active site of the eîzyme (Yoshimura, Kato et al. 2002), in the

slippery site in the pl protein which dictates the ratio of gag to gag-pol production

(causing an upregulation of protein production) (Doyon, Croteau et al. 1996;Zhang,

Imamichi etal.l997;Mammano,Petitetal. 1998; Zerrnou,Mammano etal. 1998),orat

the sites of action of the enzyme (Doyon, Croteau et al. 1996; Zhang,Imamichi et al.

1997; Mammano, Petit et al. 1998; Zenrtou, Mammano et al. 1998). Although the virus is
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able to adapt to this new environment where protease inhibitors exist, the virus often no

longer behaves like wild-type and is most often attenuated such that pathogenesis is

decreased (Kuroda, el-Far¡ash etal.1995;Zennou, Mammano et al. 1998). A similar

decrease in pathogenesis should also be seen with mutations in integrase and reverse

transcriptase that impair enzyme function.

As with many infectious diseases HIV-1 has been genetically characterized and

subdivided. HIV-I has been characterized via the clading (or subtyping) system. HW-l

shains are compared to test their genetic similarity to other strains. Groups of similar

strains make up what are known as HIV-I clades (or subtypes). Virions representing

different clades are significantly different genetically from other clades. It is well known

that in other viral diseases, such as the previously mentioned influenza, different strains

can have widely different pathogenesis. Thus, itmay be hypothesized that there is a

difference between HIV-1 transmission rates and pathogenesis between the different

HIV-I clades. Further, there may be more subtle differences between virions, not

necessarily large enough to warrant a separate clade designation thaf.may affect

pathogenesis and transmissibility of the virus. These differences may be related to one or

more of HIV-I's genes, and may involve the function of said gene (for instance, the

protease gene).

It follows then that both host and viral factors, and likely an interaction of the

two, determine the pathogenesis in an individual and rate of transmission of HIV-1 from

one host to another. As host factors have been widely studied already,I have elected to

try and prove the imporüance of viral factors, specifically HIV-I viral clade as well as

genetic variance in HIV-1 enzymes in the transmission and pathogenesis of HIV-I.
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Studies done to test these hypotheses were canied out in the Mother to Child

hansmission cohort in Nairobi, Kenya and were designed to test the following objectives:

1) To determine if HIV-I subtlpe affects rate of mother to child transmission of HIV-I.

2) To identify viral characteristics associated with decreased rates of mother to child

transmission of HIV-I, as well as decreased pathogenesis in the hosts. In this case an

association was seen between the inability to amplify the protease gene and a

significantly lower rate of maternal-child transmission of HIV-I. Thus, we sought to

compare epidemiological factors in protease amplifying and non-amplifying groups.

3) To elucidate whether significant sequence differences exist between the above groups

thatmay explain a decrease in transmission and pathogenesis.

4) To show a decrease in in vitro viral activity/fitness in the non-amplifier group versus

the amplifier group.
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MATERIALS

Source of biological material and statistical information

MATERIALS AND METIIODS

All biological material used in the following studies, with the exception of some

control material, was obtained from the mother to child HIV-l transmission cohort in

Nairobi, Kenya. Women admitted to the labour and delivery ward of a major maternity

hospital in Nairobi (Pumwani) were invited to participate in the study. With their

permission, cord blood serum samples were screened by ELISA for HIV-I antibody.

'Women who were HIV-1 seropositive, and an equal nurnber of seronegative controls,

were enrolled with their infants. Blood samples were then taken for analysis within 24

hours of delivery from mothers agreeing to participate in the study. HIV-1 positive

mothers and their infants were then followed up at the MCH clinic at2,6, 10, 14,18, and

24 weeks, and then at 3 month intervals thereafter (Braddick, Kreiss et al. 1990; Datta,

Embree etal. 1994). As per both World Health Organization reconìmendations and the

Government of Kenya policy at the time during which women in this study were

recruited, HIV-1 infected mothers were not discouraged from breast-feeding their infants

unless they had safe alternative methods of nutrition for their infants (WHO 1987).

Children of HIV-I positive mothers were subsequently monitored for HIV-1 infection by

either Western blot or ELISA. For the purpose of this monitoring, and to obtain

specimens for study, blood samples were obtained from children at ages 2,6,74, and24

weeks, and then at 3 month intervals thereafter. HtV-l infection status of infants born to
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HIV-I infected mothers was classified as follows. Infants classiflred as uninfected were

children who lost their maternal antibodies and remained seronegative thereafter, or those

who died or were lost to follow up before one year of age who were PCR negative on 2

or more occasions after delivery and beyond 2 weeks of life. Children who were

considered HIV-1 infected were further classified as being either perinatally or

postnatally infected. To be classified as perinatally infected, infants had to have been

considered to have acquired HtV-l infection in utero, during labour, or in the immediate

postnatal period. These children were persistently seropositive and, if done, were always

PCR positive, with the exception that they may have been PCR negative one time in the

frrst 6 weeks after delivery. Children who were considered to be postnatally infected

with HIV-I included those who (1) were ultimately found to be HIV-1 infected but were

persistently PCR negative before 6 months of age (on at least two occasions), (2) children

who were born to mothers who did not seroconvert until after the delivery of their child,

and who themselves were seronegative at birth and subsequently seroconverted, and (3)

children for whom no PCR results were available but who lost maternal antibodies to

HIV-1 and then later seroconverted. Any children who were lost to follow up while still

less than 12 months of age, and who were HIV-I antibody positive but lacked PCR data

to determine HIV-I status, were considered indeterminate for the purpose of this study.

HIV-I negative controls were obtained for experimental use from volunteers at low risk

of acquiring HIV-I. These individuals were recruited from among Winnipeg, Manitoba

laboratory staffmembers, and informed consent was obtained. Negative control samples

were used for all protocols where an HIV-I negative control specimen was required, as

well as for co-culture with PBMC's of infected individuals in viral culture.
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HIV-I positive controls were obtained from laboratory propagated strains of HIV-

linitially garnered either through the NIH Reference and Reagents program, or HIV-I

infected individuals who have given informed consent for the laboratory use of blood

specimens that they provide.

General Laboratory Supplies:

Unless otherwise specified, all laboratory plastic-ware was obtained from NIINC,

Corning, or Falcon Becton-Dickenson.

General Laboratory Chemicals :

Unless otherwise specified, all laboratory chemicals were purchased from Gibco

BRL or Sigma -Aldrich.

Molecular Biology Solutions and Reagents

Buffers

10X Phosphate Buffered Saline (PBS)

80 grams NaCl, 2 grams KCL,14.4 grams NazPO¿, and2.4 grams KHzPO4 were

dissolved in 800 millilitres of ddHzO. The pH was then adjusted to 7.4 with HCI and the

volume brought up to one litre. The solution was then heat sterilized.

10X Tris-Borate EDTA Buffer (TBE Buffer)

727.1 grams of Tris Base,61.8 grams of Boric Acid, and3.l2 grams of NazEDTA

were dissolved in double distilled water. The volume was then adjusted to 1 litre, and the

solution pH adjusted to 8.3.
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10 mM Tris 1 mM EDTA Buffer (TE Buffer)

10 millilitres of I M Tris*HCl (pH 8.0) was added to 2 millilitres of 0.5 M EDTA

(pH 8.0). The volume was then adjusted to 1 litre.

lOX SSC

775.3 grams NaCl and 88.2 grams sodium citrate were combined in 800 ml of

ddHzO. The pH was adjusted to 7.0 with NaOH, and the volume increased to 1 litre.

2OX SSPE

210.0 grams NaCl, 28.6 grams Na2H2POa, 7.4 grams EDTA were combined in

800 Íì1 of ddHzO. Once all solids were dissolved, the volume was increased to 1 litre.

General PCR and Sequencing Reagents

Deoxvribonucleotides ldNTPs)

Deoxyribonucleotides (Invitrogen) were reconstituted in ddHzO to a concentration

of 1.25 mM each dNTP (4, C, T, and G).

Double Distilled V/ater (ddHe0)

Double distilled water was heat sterilized, then aliquoted into individual 1 ml snap

cap tubes for use in PCR.

Primers

Primers were obtained in lyophilized form (GibcoBRl/Genosys, Invitrogen, or

Life Technologies) and resuspended at a concentration of 100 pmoVul in either TE buffer

or ddHz0. Primers were then aliquoted into individual snap cap tubes at a concentration

of 5 pmoVul for use in PCR reactions, or at a concentration of 3.2 pmollul for use in

sequencing reactions.
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10X Agarose Gel Loading Dye

25 milligrams of bromophenol blue (0.25%) (Sigma) and 1.5 grams of Ficoll

(Type 400, Pharmacia) were dissolved in ddHz0 to a flrnal volume of 10 rnl.

DNA Ladders

1 kilobase and 100 base pair DNA ladders (Invitrogen) were prepared for use in

agarose gels by mixing 2 ul DNA ladder with2 ul 10X agarose gel loading dye, and 16 ul

ddH2O. Twenty microlitres of one or the other DNA ladder was then added to the first

well of each agarose gel depending on product size.

Reasents for TA Clonins

LB (Luria-Bertani) Medium

LB medium was made by dissolving 10 grams of tryptone, 5 grams yeast extract,

and l0 grams NaCl in 950 ml of ddHzO. Once dissolved, the volume was made up to I

lihe and the pH adjusted to 7.0 with NaOH. The medium was sterilized by autoclave,

and stored at 4 oC until use. 100 pglrnl of ampicillin was added to broth prior to use in

broth form.

LB Agar Plates

15 grams of agar was dissolved in I litre of LB medium and the solution

autoclaved to sterilize. Once the solution had cooled to 55 oC, 200 pghnl of ampicillin

was added and the solution poured into 10 cm plates. The media is allowed to cool and

harden, after which the plates are stored inverted at 4 oC.
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TA Cloning

TA cloning was carried out using the Invitrogen TOPO TA Cloning Kit for

Sequencing (Qiagen) as per the manufacturer's instructions.

Reasents for DNA Extraction of TA Clones

DNA extraction was carried out using the QIAmp DNA Mini kit (Qiagen) as per

the manufacturer's instructions.

Reasents for Restriction Frasment Lensth Polvmornhism Analvsis IRFLP)

Materials for PCR were as described above. Restriction enzymes were obtained

from Gibco-BRL or Invitrogen.

Solutions for Southern Blottins

Preh)¡bridization Solution (per blot)

1.25 nrls of 20X SSPE (pH7.4),1 rnl of 50X Denhart's solution,0.25 tttls of 20o/o

SDS, and 2.5 mls of ddHzO were cornbined for each blot.

Solutions and Reasents for ELISAs

Coatine antibody CNIH Reference and Reagent Program. Catalogue number 1513)

HIV-1 p24Hybndoma (183-H12-5C). Cells were cultured in RPMI-IO% FCS.

The antibody was purified from spent supernatant using Protein-A sepharose. Eluted

antibody was dialyzed versus PBS and using an extinction coefftcient of I .2 O.D., the

concentration was determined. Antibody was stored at -l}oC.
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Rabbit polJ¡clonal anti-p24 antibody (,NIH Reference and Reagent Program. Catalogue

number 384)

Antibody was diluted 1:50 with PBS-T20-1% BSA (blocking buffer) and was

stored at -70oC. Prior to use in assay, the antibody was diluted to 1:100 with glycerol,

which was stable at -20oC. It was then used in the p24 assay such that a final dilution of

1:20,000 was obtained (50 pl of 1:100 in 10 rnl of blocking buffer).

Biotin anti-rabbit IgG (Sigma)

The anti-rabbit IgG is diluted to l:100 with equal volumes of blocking buffer (see

below), and glycerol. It was stored at -20"C, and used at aftnal concentration of 1:4000

(or 10 pl in 10 ml of blocking buffer).

Streptavidin-Alk Phosphatase (SAAP) Oackson Immuno)

One milliliter of blocking buffer and two milliliters of glycerol were added to one

milliliter of SAAP. The solution was then stored at -20oC until use. For use, 10 ¡rl of the

above solution was mixed with 10 ml of blocking buffer for a final concentration of

1:4000.

104 Substrate Tablets lSisma)

One tablet was dissolved per 5 ml of l0%o diethanolamine (Sigma D-0681) buffer.

Two tablets, and 10 ml of diethanolamine (DEA) were required for onep24 ELISA plate.

DEA buffer was made by combininggT rnl of DEA, and 100 mg MgCl2, then increasing

the volume to one litre. The pH was then adjusted as necessary to 9.8.

Couoline Buffer

Carbonate-bicarbonate (pH 9.6) was produced by mixing 1.59 grams of NazCO¡

with2.93 grams of NazHCO3 per litre of water.
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Blocking Buffer

Blocking buffer was made by adding O.lVo &veen2ï and either 1% BSA or 2Yo

FCS to PBS.

V/ash Buffer

Wash buffer was made by diluting 10X wash buffer (Amplicor) with distilled

water (lpart wash buffer: 9 parts distilled water).

Cell Lines

MAGI-CCR-S INIHAIDS Research & Reference Reagent Program. catalogue number

3522\

This cell line was contributed by Dr. Julie Overbaugh (Chackerian, Long et al.

1997) and was produced from a parental cell line prepared in Dr. Micheal Emerman's

laboratory (Kimpton and Emerman,1992) (NIH Catalog#1470). The parental cell line is

a HeLa cell clone that expresses the human CD4 receptor, the CXCR-4 co-receptor, and

HtV-LTR-Þ-gal. The MAGI-CCR-5 cell line also expresses the CCR-5 co-receptor, thus

allowing for infection by both macrophage and T-cell tropic HIV-1 viral isolates.

Cell Culture Reagents

PBMC's:

Media for propagation of PBMC's

PBMC's are propagated in RPMI 1640 (Hyclone) with l0o/ofeøl calf serum

(Gibco), polybrene (2ug/ml) (Sigma), penicillin G sodium (50 units/ml) and
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streptomycin sulfate (50 units/rnl) (Gibco), andrlL-2 (10 units/ml) (NIH AIDS Reference

and Reagents Program, Catalogue No. 136).

Freezing media for PBMC's

PBMC's ar e frozen in 90o/o fetal calf serum (Gibco) and l0o/o DMSO (Sigma).

Hela's:

Media for propagation of MAGI-CCR-S Cells

MAGI-CCR-S Hela cells were propagated in DMEM (Gibco) supplemented with

l0%fetal calf serum, penicillin (100 U/Íìl), streptomycin (100 pglml), fungizone (0.25

pglml) (Invitrogen),I-glutamine (300 pglnìl) (Gibco-BRL), G418 (0.2 mglrnl)

(Invitrogen), hygromycin B (0.1 mg/rnl) (Sigma), and puromycin (1 pdml) (Sigma).

Freezing Medium for MAGI-CCR-5 Cells

Freezingmedium was prepared by combining 65%DMEM with 25o/o fetal calf

serum and l0%o DMSO.

Trypsin EDTA

Trypsin EDTA was prepared by dissolving 2.5 grams of Trypsin (Difco l:250),

and 0.38 grams of EDTA to a final volume of 1 litre in PBS.

Materials for B-gal indicator âssay to determine infectious HIV-I viral titres

Test Virus

Virus isolate in culture medium. If titre was high, serial dilutions were done.

Culture Medium

As above, for propogation of MAGI-CCR-5 cells.

58



DEAE Dextran (Sigma)

Prepared at a concentration of 200 pg/rnl in DMEM.

Fixing Solution

Fixing solution was made by adding 0.1% formaldehyde (Sigma) and0.2%ó

glutaraldehyde (Electron Microscopy Sciences) to PBS. It can be made up to I month in

advance and stored in the dark at 4oC.

Staining Solution

Each ml of staining solution was made by combining 950 pl PBS with 20 pl of

0.2Mpotassium ferrocyanide (Sigma-Aldrich), 20 pl of 0.2 M potassium ferricyanide

(Sigma-Aldrich), 1.0 ¡rl of 2.0 M Mg2Cl (Mallinckrodt), and 10 pl of X-gal (Invitrogen).

X-Gal Stock

X-gal stock (Invitrogen) was prepared at aconcentration of 40 mg/mt in DMSO

and stored in the dark at -20oC.
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METI{ODS

Data Entry

Epidemiological and laboratory data obtained from the study subjects was coded

and entered into one of several Paradox 9.0 (Word Perfect Office 2000) data flrles

depending on the nature of the data.

Data Analysis

Standard parametric tests (Student's t-test, analysis of variance (ANOVA), Chi-

square, Fischer's exact test) were utilized with 95o/o Confidence Intervals (Graphpad

Quickcalcs (http://www.graphpad.com/quickcalcs/index.cfm); Epistat (Round Rock,

Texas)).

Individual HIV-I sequences (300 to 600 bp) were aligned and analyzed using

Sequencher (Gene Codes Corporation) software. Briefly, multiple sequences were

obtained in both forward and reverse directions from a variety of primers for each sample

such that for almost all samples, the full length of the area sequenced had complete

forward and reverse components. Overlapping sequence fragments were aligned and

nucleotides determined based on the best quality electropherograms available for that

section of sequence. In areas where heterogeneity existed, first alternate primers were

used to try to determine the sequence, and if this was unsuccessful, then samples were

cloned to discriminate more than one quasispecies or subtype. Finished alignments were

aligned with each other and HIV-I reference strains from Genbank

(http://www.ncbi.nlm.nih.gov/Genbank/index.html) using either the ClustalW Multiple
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Sequence Alignment tool (http://clustalw.geno or MEGA program (Molecular

Evolutionary Genetics Analysis version 2.1). Phylogenetic trees were constructed using

the Neighbour-joining method with 1000 Bootstrap replications (MEGA).

Thermodynamic stability of the pl ribosomal slip site and hairpin stemloop

structure was examined using mfold (version 3.1) software

("http://www.bioinfo.mi.edu/applications/mfold/old/rnal, (Matheson, Vy'eedon et al. 7995;

Zuker 2003).

Determination of Initial and Mean CD4 and CD8 Counts and Percentages

Initial CD4 counts were determined for the amplifier and non-amplifier groups by

obtaining the first available CD4 count for each woman in each group. The mean of

initial counts was subsequently determined for each group and the groups compared

using Student's t-test. To determine the "mean CD4 count" for each group, the mean of

all available CD4 counts was first determined for each woman. The mean of the means

from all women in a group was then determined and the groups compared. The "initial

CD4 percentage" was determined by dividing the first available CD4 count on each

woman by the total lymphocyte count determined from the same sample on the same day.

The mean of the percentages obtained from all of the women in each group was then

determined, and the means compared using a Student's t-test. The "mean CD4

percentage" was established by first calculating the CD4 percentage from each available

time point for each v/oman, and then taking the mean CD4 percentage from all time

points. The mean of these means was resolved for each group and the groups compared.
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Calculations of CD8 percentages and counts were done in the same fashion only

substituting the CD8 count for the CD4 count in each instance.

Calculation of Duration of Enrollment and Estimated Duration of Infection

Duration of enrollment of HIV-I positive mothers enrolled in the MCH study in

Nairobi, Kenya was determined for the purpose of this study by determining the number

of months from enrollment in the study (all women for whom subtype analysis was done

were HIV-I positive at the time of enrollment) to the date of the latest follow up visit.

Estimated duration of infection was calculated as follows. Time from first sex to the date

of enrollment (based on questioning of the subject) was determined in months and then

divided by 2 to give an estimation of the time of HIV-I infection. (Although this

estimate would likely be erroneous for the individual, it was the best estimate we had,

and was likely more accurate on a population basis.) This number was then added to the

duration of enrollment to give an estimate of the time since a subject was infected with

the HIV-1 virus.

Long Term Non-Progressors and Long Term Survivors

For the purpose of this study long-term non-progressors (LTNPs) were defined as

individuals who had never had a CD4 count less than 400 cells/mm3 and who had been

enrolled in the study for a period of greater than or equal to 8 years. In the literature (see

Introduction, page 38) minimum CD4 counts of 400 to 600 cells/mm3 are used as cut ofß

for LTNP status. For this study, aCD4 count of 400 was chosen as one study showed

normal female African CD4 counts can range from 430 to 1610 cells/mm3 (Maini, Gilson
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et al. 1996). A count of 400 was lower than the normal range for the group of women

being studied, while a number higher than this may have removed women from the group

whose CD4 counts were in the normal range for them. The literature also varies between

7 and 10 years in its definition of duration of infection when applied to defining LTNP

status (see Introduction, page 38). I chose a period of 8 years of follow up as the time of

seroconversion of these women was not known, and the estimated duration of infection

for most of the women was greater than l0 years if they had been in follow up for 8 years

or more (see Table 9). We thus felt that this interval of time was suffrcient for defining

LTNP status in our study. Long-term survivors were defined as those individuals in the

study whom had been enrolled for a period of greater than or equal to 8 years, but during

that time had had one or more CD4 counts below the level of 400 cells/mm3, whether or

not their CD4 count was still less than 400 cells/mm3. Vy'omen were also defined as long-

term survivors if they had been in the study for greater than 8 years, but had been lost to

follow up, even if they had always had CD4 counts above 400 cells/mm3.

HIV-I serology to determine HIV-I status

HIV-I serology was carried out on all subjects enrolled in the MCH cohort using

a synthetic peptide immunoassay (Detect HIV: Biochem Immunosystems Inc.) If a test

was positive then it was confirmed with the use of a specific HIV-112 ELISA, Cambridge

Biotech Corp.)
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Ficoll Separation of PBMCs from Whole Blood

Blood was collected from individuals into vacutainers containing an anticoagulant

other than heparin (which impedes PCR). Once at the lab, the blood was transfened (in a

laminar flow hood (Class IIB/83 Biological Safety Cabinet), using level two precautions)

to a conical tube. It was then centrifuged for fltve minutes at 1500 rpm (Allegra 6R

Centrifuge, Beckman Coulter) to separate the plasma from the cells. Three vials of

plasma were aliquotted into 1.5 ml cryovials and stored for future studies at -70oC.

Excess plasma was discarded if greater than one third of the original volume of plasma

was left. A volume of PBS approximately equal to the remaining blood volume was

added to the tube and gently mixed. Twelve ml of ficoll-hypaque (Lymphoprep, MJS

Biolynx Inc.) was then added to fresh 50 rnl conical tubes (or 4 ml to 15 nìl conical tubes

if blood volume was no greater than 8 ml), and the bloodÆBS mixture was gently layered

on to the ficoll being careful not to mix. The tubes were then centrifir ged at 1 500 rpm for

20 minutes with the break turned off, to separate the cell layers. The closed centrifuge

cups were then transferred to the laminar flow hood, where they were opened and

sprayed with ethanol to eliminate aerosols, before removing. The white cell layer was

then collected into a fresh 50 rnl conical tube, and diluted to 40 ml with sterile PBS,

before being gently mixed. This was then centrifuged using low brake, at 1800 rpm for

10 minutes to pellet cells. 50% bleach was added to the remaining blood and ficoll

before it was discarded into bleach. Once cells were pelletted, the supernatant was

poured off and the cell pellet gently resuspended. To wash the cells, twenty ml of RPMI-

10% FCS was then added, and the solution gently mixed. 50 pl of the mixture was

removed for a cell count and the remainder was centrifuged at 1200 rpm (low brake) for
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an additional 10 minutes. A cell count was done at this point using an equal volume of

hypan blue (i.e. 50 ¡rl) (Sigma). After centrifugation, the supernatant was again poured

off and the cell pellet gently resuspended. If cells were to be preserved for later usage,

then they were resuspended to a concentration of 5-10 million cells/ml in PBMC freezing

media, and aliquotted I ml per tube into cryovials. Cells were frozen overnight at -70 oC,

then placed in liquid nitrogen. If cells were to be immediately used for co-culture, then

they were resuspendedto 2 million cells per ml in media (RPMI with l0o/o FCS, and

penicillin/streptomycin as above). Five ug/mt of phytohemaglutinin (PHA) (Sigma) was

then added to stimulate cells. If the volume was less than 10 ml, the cells were placed in

aT-25 flask;if thevolume\ryasgreater, aT-75 wasusedforincubation. Cellstobeused

for DNA extraction and subsequent PCR were either taken directly for DNA isolation, or

resuspended in media and frozen in cryovials at -70 oC until use.

Isolation of proviral DNA from PBMCs

HIV-I infected lymphocytes for isolation of proviral DNA were collected either

directly from the patient (and separated via Ficoll-hypaque as described previously), or

were obtained from HIV-I viral cultures set up with infected donor PBMCs. As per the

Quiagen QAIamp DNA mini kit instructions, PBMCs were collected and transferred at

room temperature to 1.5 ml microfuge tubes, and then spun down at 1000 rpm for one

minute to pellet the cells (IEC Micromax RF centrifuge). The supernatant was removed

and the cell pellet v/as resuspended in 200 ¡rl PBS (a00 pl if >6 x 106 cells). 20 pl of

proteinase K(920 mg/rnl) was added and the sample mixed well. 200 prl buffer AL (400

¡rl for >6 x 106 cells) was then added and the sample vortexed (VWR-Canlab) for 15
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seconds before being briefly spun down. Next, 200 pl of 96-10% ethanol was added (400

¡rl for a 400 pl sample) followed by a brief vortex and spin. This mixture was then placed

into a Qiagen spin column (if the original sample is 400 ¡rl then half of the sample must

be loaded followed by a spin and loading of the remainder of the sample) and centrifuged

at 14,000 rpms for one minute. The flow through was discarded and the column placed

into a clean collection tube where 500 ¡rl of buffer AWl was added. Again, the column

was spun, this time at 8000 rpms for one minute, and the flow through discarded. The

column was again placed into a clean collection tube, and this time 500 pl of buffer AW2

was added. The column was spun at 14,000 rpms for three minutes and the flow through

discarded. After being placed in another clean collection tube the sample was spun again

for one minute at 14,000 rpms. After a final replacement of the collection tube, 200 ¡rl

buffer AE was added and the sample incubated at room temperature for five minutes,

before being centrifuged at 8000 rpms for one minute. The eluent containing the DNA

was then transferred to a clean tube and stored at -20 "C until use.

IILA PCR for Presence of Human DNA in Samples

After DNA extraction, samples underwent PCR analysis to ensure presence of

adequate human DNA prior to determination of HIV-I positivity. As with all PCR

protocols described in this work, PCR was carried out using standard PCR techniques,

including the use of aerosol resistant tips, apropriate positive and negative controls, and

careful prevention of PCR carry-over contamination using '?CR clean" and'?CR dirty"

roorns for preparation and analysis. A cocktail of PCR reagents was created using 5 pl of

10X PCR buffer, 1.5 pl 50 mM MgCl (final concenhation I .5 mM), 8 pl 1.25mM dNTPs
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(final concentration0.2 mM each dNTPs), 5 pl of primer solution containing 5 pmoVpl of

each primer (Table 1a), and 0.25 ¡tl ( 1.25 units) Taq polymerase.

HIV-I PCR for Determination of Patient HIV-I Status

HIV-I status was determined for women enrolled in the mother-child cohort using

methodologies developed for use in the cohort in the early 1990's, prior to availability of

commercial assays. After establishing the presence of DNA in prepared samples,

aliquots then underwent PCR amplification for HIV-I vif, nef and env genes to determine

maternal HIV-1 status. For vif and nef ampßfication, a nested PCR protocol was used;

whereas for env, samples underwent an initial PCR amplification followed by southern

blotting.

Briefly, for each reaction a cocktail of PCR reagents was created using 5 pl of

l0X PCRbuffer, 1.5 pl50 mM MgCl (final concentration 1.5 mM),8 pl 1.25mM dNTPs

(final concentration0.2 mM each dNTPs),5 ¡rl of primer solution containing 5 pmol/pl of

each primer (Tables 1b,c,d), and 0.25 ¡tl (1.25 units) Taq polymerase. Five pl of sample,

and25.25 ¡rl of ddH2O were also added to each reaction. Vif amplifrcation utilized the

"outer" primers in the initial PCR reaction, followed by the "inner" primers in the nested

PCR reaction. Nef amplification used Nef8996 andNef9208 in the first round reaction,

followed by Nef9008 and Nef 9156 in the nested reaction. The initial PCR reaction

consisted of 35 cycles of 94'C for 30 seconds,56'C for 30 seconds,andT2oC for 30

seconds. The nested PCR reaction ulitized 30 cycles of 94oC for 30 seconds, 60'C for 30

seconds, andl2oC for 30 seconds, and included I pl of first round sample in the second

round reaction. Gene products were subsequently run on2%o agarose gels stained with
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Table la: HLA Primers

Primer Name

HLA-DQa 5'

HLA-DQa 3'

Oligonucleotide Sequence

Table lb: Vif Primers

GTGCTGCAGGTGTAAACT'T
TGTACCAG
CACGGATCCGGTAGCAGC
GGTAGAGTTG

Primer Name
Outer Vif A'

Outer Vif C'

Inner Vif A'

Oligonucleotide Sequence

CAGATGGCAGGTGATGATT
GTG

Inner Vif C'

Tm
l.C)

CTCCAGTATGCAGACCCCAA
TATG

63.5 "C

Table Lc: Nef Primers

ATTGTGTGGCAAGTAGACA
GGATGA

Orientation

69.3 "C

CTAGTGGGATGTGTACTTCT
GAACT

Primer Name

Forward

Nef8996

Reverse

Nef9208

Location

Nef9008

Tm ("ç¡

Human

Olisonucleotide Sequence

60.1 .C

gen

Nef9156

GGTTTTCCAGTCAGACCTCA
GG

Human
ome

62.0.C

GGTACTAGCTTGTAGCACCA
TCC

qen

Orientation
Forward

60.3.C

ome

Table ld: Env Primers

ACCTCAGGTACCTTTAAGAC
CAATG

Reverse

60.3 "C

TGTGTAGTTCTGCCAATCAG
GGAA

Primer
/Probe Name

Forward

Location
5049-s070

SK68'

Reverse

SK69'

s243-5266

SKTO'

Tm (.C)

5065-s089

Oligonucleotide Sequence

61.9.C

AGCAGCAGGAAGCACIATGG

5t94-5218

62.0 "C

CTGTTGCAACTCACAGTCTG
G

Orientation
Forward

60.3 .C

ACGGTACAGGCCAGACAITT
ATTGTCTGGTATAGT

Reverse

60.3 .C

Forward

Location
889s-9016

Reverse

9214-9236

Tm ("ç¡

9009-9033

59.9 "C

91 s7-91 80

60.0.c

Orientation

73.0 "C

Forward
Reverse

Probe

Location

68

779s-7814
7916-7936

783s-7869



Table 1a: HLA Primers. Listed are the primers used to amplify human HLA from DNA

samples. To each primer name's right is the primer sequence utilized; the melting

temperature (Tm), orientation, and location on the HXB2 genome of the primer. The

HXB2 location was determined using the primer placement tool at

http ://www.hiv. lanl. gov/contenlhiv-dbÆRlMALIGN/PRIME.html.

Table 1b: Vif Primers. Listed are the primers used to amplify the víf gene from sample

DNA. To each primer name's right is the primer sequence utilized; the melting

temperature (Tm), orientation, and location on the HXB2 genome of the primer.

Table lc: Nef Primers. Listed are the primers used to amplify the nef gene from sample

DNA. To each primer name's right is the primer sequence utilized; the melting

temperature (Tm), orientation, and location on the HXB2 genome of the primer.

Table 1d: Env Primers. Listed are the primers used to amplify fhe env gene from sample

DNA. In addition, SK70' represents the env probe used to detect the amplified gene by

southern blot analysis. To each primerþrobe name's right is the primer sequence

utilized; the melting temperature (Tm), orientation, and location on the HXB2 genome of

the primer or probe.
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ethidium bromide (EtBr) in 0.5X TBE running buffer. Twenty pl of the 100 bp DNA

marker (see Materials, page 53) was included with each gel to ensure determination of

product size. Gels were subsequently placed on a transilluminator (Gel Doc 2000, Biorad)

and photographed for permanent record. Env gene products were run in a2%o agarose gel

as above, before undergoing southern blotting as described below. Women for whom at

least two of the three gene products were positive by these methods were considered to

be HIV-1 infected. Women with only one positive result had their samples repeated, and

if the results remained the same were considered to be of indeterminate HIV-I status until

additional testing could be done on a subsequent DNA sample.

Southern Blotting of Env Gene Products for IIIV-I Status Determination

Agarose gels containing env gene PCR products were washed in a solution of 0.4

N NaOH, and 0.6 M NaCl for 30 minutes, followed by an additional 3O-minute wash in a

buffer containing 1.5 M NaCl, and 0.5 M Tris-HCl at pH 7 .5. A blotting paper "wick"

was then wrapped around the blotting apparatus, and the apparatus filled almost to the top

with 10X SSC buffer. Blotting paper (6x11 cm) was placed on the '\vick" followed by

the agarose gel (cut to fit the apparatus). A pre-moistened nitrocellulose membrane

(Genescreen Plus, NEN Dupont) was then placed on top of the gel, followed by more

blotting paper, a glass plate, and a heavy weight (such as a book). The apparatus was

then left overnight to allow capillary hansfer of the DNA onto the nitrocellulose

membrane. The next day, the apparatus was disassembled, and the nitrocellulose

membrane marked for orientation. The membrane was then washed in 0.4 N NaOH for

60 seconds to denature DNA, and rinsed twice in a solution of 0.2 M Tris-HCl at pH
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7.5and I X SSC to neutralize any residual NaOH. The membrane was then hybridized

with the radiolabelled env probe. Membranes were placed in clear bags sealed on 3 sides,

after which 4.5 mls of prehybridization solution was added and each bag sealed.

Membranes were then incubated t hour to overnight on a belly dancer (oscillator)

at 68'C. The env probe was prepared by combining I pl of T4 kinase (5 .3 U lpl) , 2 ltl

10X polynucleotide kinase buffer (Pharmacia, Biotech), 10'pl of env-specific probe (see

Table 1d) (lpmoVpl),4 ¡rl ddH2O, and 5 ¡rl of y-32P adenosine 5' triphosphate (ATP)

(3000 Cilmmol, l0mCi/ml, NEN Dupont) for each membrane, and incubating at37'C for

t hour. Free y-32P-ATP was removed with passage through a 1ml syringe column of

Sephadex G-50 (Pharmacia). An aliquot of the labeled probe was then placed in 5 ml of

scintillation cocktail (Ecolume, ICN), and the specific activity was determined by

counting on a scintillation counter (LS 500 CE, Beckman). 5-6 x 108 counts/minute/¡rg

of radiolabelled env probe was then added to each membrane and the bag resealed. This

was then left to incubate on the belly dancer overnight at 68'C. Membranes were washed

three times in wash buffer (1x SSC, 1% SDS solution) at 68oC for 30 minutes each before

being exposed to X-ray film (Kodak X-O-Mat AR5) for 6-48 hours. Films were

developed using an automated film processor (MiniMed/90 X-ray Film Processor, AFP

Imaging Corp.)

HIV-I PCR for Restriction Fragment Length Polymorphism Analysis to Determine

HIV-I Subtype

At the time when this part of the study was completed (i.e. 1996 and 1997),

sequencing methodologies available were very laborious. For this reason, RFLP analysis
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as described below was used by several groups to assess HIV-I viral subtype. This

protocol was adapted from one found in the literature that had been validated by them for

use in analysis of subtypes A, B, C, D and F (Janini, Pieniazek et al. 1996). In addition,

primers used for the analysis had been developed based on available sequence data atthat

time, and were intended to be as universal as possible.

Protease

Nested HIV-1 specific PCR was carried out on proviral DNA samples. First

round PCR involved mixing 10 pl purified DNA with 16 pl (final concentration 0.2mM

each) dinucleotidetriphosphates (dNTP's) (Invitrogen), 10 pl (10x) PCR buffer

(Invitrogen),43.5 pl sterile double distilled water (ddHzO), 0.5 pl (1.25 units) Taq

polymerase (Invitrogen), and 10 pl (5 pmol/pl) each of DP10 and DPll primers (Table

2a). Test samples as well as positive, negative, and water controls were included.

Samples then underwent PCR amplification in an Eppendorf Mastercycler gradient PCR

machine (lt[umber 5331 10741). Samples were initially heated to 95 "C for 2 minutes,

before undergoing 35 cycles of (95 oC for 20 seconds, 55 oC for 30 seconds, and72 oC for

2 minutes). Samples then underwent a final 10 minute elongation at72'C.

Second round protease PCR involved mixing 10 pl of the first round PCR product

with 16 pl dNTP's, 10 pl 10X PCR buffer,43.5 ¡rl ddH2O, and 0.5 ¡rl Taq polymerase.

10 pl each of DP16 and DP17 primers (Table 2a) were added and the samples underwent

35 cycles of (95 oC for 20 seconds, 55 oC for 30 seconds, and72 oC for 2 minutes) on the

PCR machine before a final 10-minute elongation at72oC. The fïnal protease PCR

product was 297 base pairs in length.
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P24

First and second round PCR amplification of the HIV-1 p24 gene was as

described above with the exceptions that the first round primers used were p24Fl and

p24R7, and second round primers were p24FA and p24RA (Table 2b). The finalp24

product was 311 base pairs in length.

Protease and p24 PCR products were subsequently run on a 3o/o agarose gel

stained with ethidium bromide (EtBr) in 0.5X TBE running buffer. 20 pl of the 100 bp

DNA marker (see materials) was included with each gel to ensure determination of

product size. Gels were subsequently placed on a transilluminator (Gel Doc 2000, Biorad)

and photographed for permanent record. Positive samples then underwent RFLP analysis

as described below.

HIV-I subtyping by RFLP (restriction fragment length polymorphism) analysis.

Protease

Samples positive by gel electrophoresis of protease and p24 PCR products were

digested in a step-wise fashion with restriction enzymes to determine the HIV-I subtype

of the isolate (see Table 3). Briefly, 7 pl of PCR product, 3-5 units (1 pl) of restriction

enz¡ume,2 pl of specific enzyme buffer and 10 ¡rl of ddH20 were combined and incubated

at the appropriate temperature (see Table 3) for 3 hours. After digestion with the

appropriate restriction enz)¡mes, all samples were initially spun down briefly andthen2

¡rl of 0.5 M EDTA (pH7.5) was added to halt the reaction. 10 pl of the resultant product

was then cornbined with 8 pl of ddH2O and2 pl of tracking dye. This was then run on a

3To agarose gel alongside an uncut aliquot of the same sample and a 100 bp DNA ladder
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Table 2a: Primers for Amplification of the Protease Gene for RFLP Analysis.

Primer Name
DPlO

DPl1

DPl6

Olisonucleotide Seouence
CAACTCCCTCTCAGAAGCAG
GAGCCG

DPl7

CCATTCCTGGCTTTAATTTTA
CTGGTA

Table 2b: Primers for AmplifÏcation of the P24 Gene for RFLP Analysis.

CCCTC fuA,ATCACTCTTTGGCA

CTAATGGG A AJA-A.TTT fuA.AGT

Primer Name
P24FI

P24R1

P24RA

Tm l.C)

Olisonucleotide Sequence

68.3 .C

ATAGAGGAAGAGCAAAACA
AAA

P24RA

59.0.C

GTTCCTGAAGGGTACTAGTA
GT

Orientation
Forward

58.0.C

C AJAAAT TACCCTATAGTGCA

Reverse

47.5 .C

ATGTCACTTCCCCTTGGTTCT

Inner
Forward

Location
2198-2223

Inner
Reverse

257r-2598

Tm (.C)

2252-2272

52.6'C

2s38-2557

58.2 "C

Orientation
Forward

51.1 .C

Reverse

58.0 .C

Inner
Forward

Location
1099-1120

Inner
Reverse

ts04-1525

ll77-1195

1476-1496
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Table 2a: Primers for Amplification of the Protease Gene for RFLP Analysis. The table

depicts the outer (DP10, DP11) and inner or nested (DP16, DP17) PCR primers used to

amplify the protease gene for HIV-1 subtype analysis. To the right of each primer name

is the nucleotide sequence of the primer, the primer's melting temperature (Tm), its
orientation on the HIV-l genome, and its location on the standard HXB2 genome as

aligned on the HIV sequence database ftttp://wvw.hiv.lan
db/mainpaee.html).

Table2b: Primers for Amplification of the P24 Gene for RFLP Analysis. The table
depicts the outer (P24Fl, P24R1) and inner or nested (P24FA, P24RA) primers used to
amplify the p24 gene for HIV-I subtype analysis. To the right of each primer name is the
nucleotide sequence of the primer, the primer's melting temperature (Tm), its orientation
on the HIV-I genome, and its location on the standard HXB2 genome as aligned on the

HIV sequence database (http://www.hiv.lanl.eov/contenlhiv-db/mainpage.html).
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to be used as a marker. Protease gene products were first digested with Alu 1 at37 'C.lf

the product cleaved to reveal a243 bp fragment then the sample was deemed to be either

a subtype A, C, or F (see Figure 1). Il however, it cleaved to yield fragments at271 and

747 bp, then the isolate was deemed to be either subtype B or D. For samples appearing

to be in the subtype A, C, or F grouping, a fresh aliquot of sample was taken and digested

at 55 "C with Bcl 1. If the product was cleaved with this enzyme then the sample was

deemed to be either A or C subtype. If the product remained uncleaved, then the sample

was deemed to be and F subtype virus. A and C subtypes were differentiated by

digestion with Sca I at37 oC. Uncleaved samples were determined to be subtype A,

while cleaved samples were identified as subtype C. Subtypes B and D were further

elucidated by cleavage of afresh aliquot of sample with Hinf 1. Cleavage of the sample

indicated a B subtype, while non-cleavage indicated subtype D.

P24

P24 gene products were first digested with Dra I at3l oC for 3 hours after which

time they were treated as described above (see Figure 2). Cleavage of the sample into 3

pieces with one piece at 59 base pairs indicated that the sample was either a B or an F

subtype. If the sample was only cleaved once and demonstrated a band at the 155 bp

level, then the sample was designated as A, C, or D subtype. A fresh aliquot of sample

was then digested with Bsm 7 at 65 "C. If when the product was run on the gel there was

no cleavage of the sample, it was designated as either subtype B, D, or F. If the product

was cleaved, the sample was designated as an A or C subtype.
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Table 3: Restriction Enzymes used for HIV-I Subtype Analysis.

Enzyme Name

Alu 1

Sca 1

Restriction
Temnerature

Bcl 1

Hinf 1

37 0C

Dra 1

37 0C

Target Gene

Bsml

55 "C

Protease

37 0C

Protease

37 0C

Protease

65 "C

Protease

P24

P24
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Table 3: Restriction Enzymes used for HIV-I Subtype Analysis. Table 3 represents the

restriction enzymes used in determination of HIV-I subtype by RFLP analysis of the p24
and protease genes. To the right of eachenzyme used is the temperature at which the

restriction was done followed by the gene on which the enzyme was utilized.
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Figure 1: RFLP Analysis of the Protease Gene
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Figure 1: RFLP Analysis of the Protease Gene.
Restriction fragment length polymorphism analysis was carried out on the protease gene

as seen in the frgure. Digestions were done in a step-wise fashion with results from the
prior reaction dictating the next reaction to be done. A fresh aliquot of sample was used

for each restriction digestion. After digestion, the sample was run on a3o/o agarose gel
alongside an uncut aliquot of the same sample and a 100 bp marker for size
determination.
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Figure 2: RFLP Analysis of the P24 Gene
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Figure 2: RFLP Analysis of the P24 Gene.
Restriction fragment length polymorphism analysis was carried out on the p24 gene as

shown above. A new aliquot of sample was used for each digestion, and the resultant
product run on a3%o agaraose gel alongside an uncut aliquot of the same sample, and a

100 bp marker for size determination.
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HIV-I PCR for amplifÏcation of HIV -1 DNA for Sequencing

Nested HIV-I specific PCR was carried out on proviral DNA samples isolated

either from cell culture (in the case of the six full lengfh virions) or previously frozen

PBMCs for other samples. First round PCR involved mixing 5 pl purified DNA with l5

¡tl(1.25 mMM) dinucleotidetriphosphates (dNTP's) (Invitrogen),5 pl (10x) PCRbuffer

(Roche), 19.25 ¡tl sterile double distilled water (ddH2O), 0.75 pl (3.75 units) Expand

Long Template Taq polymerase (Roche), and2.5 pl (5 pmoV¡rl) each of primers

"gagpcrfii" and "envpcroutr" (Table 4a). Test samples as well as positive, negative, and

water controls were included. Samples then underwent PCR amplification in an

Eppendorf Mastercycler gradient PCR machine (Number 5331 10141). Samples were

initially heated to 94 "C for 2 minutes, before undergoing 45 cycles of (94 "C for 10

seconds, 58.4 "C for 30 seconds, and 68 oC for 2 minutes). Samples then underwent a

final30 minute elongation at 68 "C. Nested PCR involved making two master mixes

which were later added together just prior to starting the PCR reaction. The first master

mix contained 8 ¡tl of I.25 mM dNTPs, 13 ¡rl of ddHzO , and 1 .5 pl (5 pmol/pl) of each

of the primers from pair ".Ã" , "8" , or "C" (see Table 4b) depending on the fragment

being ampliflred, for each sample being amplified with an additional I0%o added. The

second master mix was made by combining 10 ¡rl of 5X PCR buffer with 0.5 pl (2.5

units) Expand High Fidelity Taq polymerase (Roche) and 14.5 ¡rl ddH2O for each sample

being amplifîed (plus 10%). The ingredients were then combined in a snap cap tube with

I pl of first round reaction product for each sample. Samples underwent an initial

incubation for 2 minutes at94 oC then 35 cycles of 94 "C for 15 sec, 57 oC for 30 seconds,

and 68 oC for 3 minutes, and a final T minute elongation at 68 oC. Samples were
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aîalyzed for the presence of the appropriate sized DNA product by running on a lo/o

agarose gel (as previously described).

TA Cloning

TA cloning followed by sequencing was carried out on those samples for which

initial sequence analysis yielded poor quality results. Sequences deemed "poor quality"

were those in which multiple peaks appeared at numerous sites in the sequence data, or

those for which sequence data was largely or entirely unreadable when taken directly

from PCR product. It was felt that 'þoor quality" data possibly signified the presence of

more than one dominant quasispecies in the sample, or perhaps in some cases, even the

presence of a mixed infection in the mother. TA cloning thus enabled us to examine

these possibilities.

Prior to cloning into competent cells, T/A ends were added to PCR products to

facilitate ligation of the DNA into the vector. Briefly, I ¡rl of 10X buffer, 2 ¡rl dNTPs

(1.25mM), 1 .5 ¡rl ddH2O, 5 ¡rl purified DNA, and 0.5 pl of Taq DNA polymerase (1

unilpl ) were combined in a microfuge tube for each sample. Samples were then heated

in a thermocycler for 15 minutes at72oC, after which time they were placed on ice.

Products were ligated into vectors by combining I pl salt solution (200 mM NaCl, 10

mM MgClz),1 þl TOPO vector, and4 ¡rl of sample DNA, mixing gently, and incubating

at room temperature for 5 minutes, after which the samples were again placed on ice.

Cells were transformed by adding 2 pl of the above mixture for each sample to one tube

of TOPO "One Shot Cells". The mixture rilas gently stirred and placed in ice for 30
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HIV-I sequencing Primers for amplification of 'onon-amplifÏer" samples.

Table 4a: Amplification of Cultured Specimens, First Round PCR

Primer Name
GAGPCRT'N

ENVPCROUTR

Table 4b: Amplifying of Cultured Specimens, Second Round PCR

Olisonucleotide Sequence
AATCTCTAGCAGTGGC
GCCCGAACAG

Primer Name

CTGCCAATCAGGGAAG
TAGCCTTGTGT

Pair #A
GAGPCRINF'

sEQ2692

Pair #B

Olisonucleotide Seouence

ALPFl

Tm l.C)

CGACGCAGGACTCGGC
TTGCT

ALPRl

66.7 "C

GGATTTTCAGGCCCAA
TTTTTG

65.0.C

Pair #C

Orientation

ENVPCRINF
IENVPCRT'1)

Forward

TAGGACCTACACCTGT
CAACATAATTG

ENVPCRINR

Reverse

TCATTGCCACTGTCTTC
TGCTCTTTC

Tm (.C)

Location
624-649

GfuA-A.GAGCAGAAGAC
AGTGGCAATG

65.8 "C

60-86*

TAGCCCTTCCAGTCCC
CCCTTTTCTTTTA

Orientation

56.3 "C

Forward

58.2 "C

Reverse

62.0 "C

Location

Forward

687-707

62.0 "C

Reverse

2692-2713

64.9 "C

Forward

2482-2s03

Reverse

6209-6231

6202-6228

2325-23s3
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Table 4a: Ampliflrcation of Cultured Specimens, First Round PCR. Represented here are

the first round primers (their names and nucleotide sequences) used to amplify the near

full-length HIV-I genomes found in appendix 1. To the right of the sequence of each

primer is the melting temperature (Tm) of the primer, followed by its orientation on the

HIV-1 genome and its location on the HXB2 genome. Locations with a "*" next to them
refer to locations provided by the Primalign program when aligned with HXB2. In the

case of "envpcroutr" the working location for this primer is at the 3' LTR (as opposed to
the 5' LTR).

Table 4b: Amplifying of Cultured Specimens, Second Round PCR. Represented here are

the second round (nested) primers (their names and nucleotide sequences) used to
amplify the near full-lengfh HIV-I genomes found in appendix 1. To the right of the

sequence of each primer is the melting temperature (Tm) of the primer, followed by its
orientation on the HIV-I genome and its location on the HXB2 genome.
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minutes. Cells were placed in a 42 oC water bath for 30 seconds, then placed on ice for 2

minutes after which 250 ¡l of SOC medium (included in kit) was added to each tube.

Tubes were shaken horizontally at 200 rpms and 37 'C for 2-4 hours before being plated

on LB plates. One half hour prior to plating, 40 pl of x-gal was spread on to plates, then

40,60,80 and 90 ¡rl of cells were spread via hockey stick onto 4 different plates. Plates

were incubated upside down in the incubator overnight. The next day a number of white

colonies were selected from each plate and placed into 2 ml of LB broth in plastic vials.

The tubes of broth were incubated at 37 oC for 18-24 hours while being shaken at 300

{pms.

DNA Extraction of TA Clones

Plastic tubes containing TA clones cultured in broth were spun down at 3600 rpm

for 6 minutes. The supernatant was removed and 250 ¡tl of Pl buffer (QIAprep Turbo

Miniprep Kit) was added to each tube, and the tube vortexed to re-suspend the cells. 250

pl of P2 (lysis) buffer was added, the tubes shaken to mix, and allowed to sit at room

temperature for 5 minutes. 350 pl of N3 or neutralization buffer was then added to each

tube, and the tubes shaken to mix the phases. Samples were transferred to a TurboFilter

96 well plate, with a QIAvac plate stationed underneath, itself on top of a QIAvac base.

Vacuum suction was applied to pull lysates into the QIAvac plate. DNA products were

washed twice by adding 900 pl of PE buffer to each well of the QIAprep plate and

vacuum suctioning. DNA was now dried on the filter to remove excess PE buffer by

applying maximum vacuum for l0 minutes to the plate. 150 pl of EB buffer was then
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added to each sample well, allowed to sit for 1 minute, and the plate placed over a deep

well 96 well plate prior to a final 5 minute vacuum administration.

An aliquot of each sample was then digested with EcoRl by combining 4.5 ¡tl

ddHzO, 1 pl 10X buffer, and 0.5 ¡rl EcoRl enzyme with 4 pl of sample in a fresh 96 well

plate. The mixture was incubated at37 "C for t hour, after which time it was ready for

sequencing as described below.

DNA Purification for Sequencing

DNA was purified for sequencing using the Millipore micropore PCR filter unit

(Millipore). After a sample reservoir was inserted into a 1.5 ml sample vial, 400-450 pl

of TE buffer was pipetted into the reservoir taking care not to touch the membrane with

the pipette tip. Fifty to 100 pl of PCR sample (for a total volume of 500 pl) was then

added to the filter, and the tube sealed with the attached cap. Each sample was then

centrifuged at 3300 rpms for 15 minutes, and the filter unit then transferred to a new

sample vial. The filtrate contained in the initial sample vial was then retained until the

sample was analyzed. 20 pl of sterile distilled water was then added to the reservoir and

the reservoir inverted. The vial with inverted reservoir was then centrifuged at 3300

rpms for two minutes to collect the eluent.

Sequencing

DNA for sequencing first underwent an initial PCR amplification before being

precipitated and then reconstituted with formamide (Applied Biosystems) for sequence

analysis on the 3100 Genetic Analyzer.
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First 2 pl of puriflred PCR product, 2pl of "big dye" 1:1 from the Big dye

terminator v3.l cycle sequencing kit (Applied Biosystems), and 2 pl of specific

sequencing primer (3.2 pmoVpl) (Tables 5a-d) were mixed in a 0.2 ml snap cap tube.

The mixture was then placed on the PCR machine (Eppendorf Mastercycler gradient,

model number 5331 10741) and underwent an initial incubation at96'C for 3 minutes

followed by 80 cycles of 96"C for 30 seconds, 55"C (or Tm - 5oC for each primer) for 30

seconds, and 60"C for 4 minutes, before being chilled to 4oC. At this point I pl of

sodium acetate (NaAc) and2l ¡tl of 95% ethanol was added to each sample, and the

sample transferred to a 1.5 ml snap cap tube. Each sample was then allowed to sit at

room temperature for 40 minutes to 24 hours before undergoing centrifugation at the

centrifuge's (IEC Micromax RF) maximum speed, for a period of 30 minutes. At this

time, the supernatant was completely removed from the pellet, and250 ¡tl of 70% ethanol

(Commercial Alcohols Inc.) was added to each sample. Samples were then centrifuged

again at maximum speed for a period of 15 minutes and the supernatant again removed

(taking care this time to remove as much as possible). Samples were then dried with caps

open on a hot block (Baxter, Canlab) at90oC for a period of 90 seconds. Dry

precipiøted DNA was then resuspende d in 20 pl of formamide before being vortexed to

mix. Each sample was then again heated at 90oC for 90 seconds to dissolve the

precipitated DNA, then placed immediately on ice. After a quick spin in the centrifuge to

bring all liquid to the bottom of the tube, samples were transferred to a microamp optical

96-well reaction plate (Applied Biosystems), and covered with a foil seal (MJ Research

Inc.) to prevent loss of contents. The sequencing plate was then quickly centrifuged to
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bring all fluid to the bottom of the plate before being loaded on to the 3100 Genetic

Anaylzer (Fischer Scientific, model number 628-0030).

Analysis of Sequencing Data

Initial Overview:

After a consensus sequence was obtained for each of the 6 women mentioned

above, the sequence was examined protein by protein to look for stop codons, the

presence or absence of major cleavage sites and major deletions or insertions.

Protein by Protein Analysis:

A literature search was carried out to look for amino acid changes (particularly in

the 5'end of the genome) that were known to affect infectivity and fitness of HIV-1

(many of these are discussed in the Introduction). In particular, known active sites, major

and minor cleavage sites, as well as any other amino acids noted to be of importance

were recorded. Initial inspection of the six near-full length sequences revealed alarge

amount of heterogeneity in the gag region of the genome, particularly in the p6sus and

p6pol genes. To further examine this heterogeneity, all available samples from the 181

original women used in the subtyping study underwent sequencing of the p7,pl and p6

genes if possible. Samples with multiple polymorphic sites underwent TA cloning and

sequencing of multiple clones. As previously described, individual sequences were

aligned on Sequencher then transferred into the Mega program where they were aligned

initially with ClustalW, and then adjusted for optimal flrt manually. Aligned sequences of

each of the p7 , pl, p6pol and p6sus proteins were examined in detail for alterations in
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Table 5a: Sequencing Primers, Pair A

Primer Name
GAGPCRINF2

sEQ998R

MMlA

Oligonucleotide Sequence

MMlAINNER

CGACGCAGGACTCGGCT
TGCT

sEQl06sF

TGATYTAAGTTCTTCTGT
TCCTG

sEQ1603

CAGCATTATCAGAAGGA
GCCAC

sEQ1817

GAGCCACCCCACAAGAT
TTA

sEQ2017F

AG AKGT A.IAIrAIr{GACACCA
AGGAAG

sEQ2074

fuqJÂ'ATAGTAAGAATGTA
TAGCCCT

Tm l"C)
65.8 .C

PREPRO

CATGCTGTCATCATTTCT
TCTA

54.8.C

MM2A

Orientation

A AAGGGCTGTTGGfuA.AT
GTGG

Forward

58.0.C

MM2B

CCCT ArauA.rA.id{TTAGCCT
GTCT

Reverse

57.8 .C

sEQ2sTs

GTTGGAJqATGTGGRARG
G

Forward

56.6 "C

Location

sEQ2692

CTCTATTAGATACAGGA
GCAGATG

687-707

Forward

53.4 "C

CATCTGCTCCTGTATCTA
ATAGAG

998-1020

Forward

54.5 "C

CAGTfu\TA*A.TTAJAAGCCA
GGAATG

1307-1327

Forward

58.0 "C

GGATTTTCAGGCCCAAT
TTTTG

1322-1341

Reverse

54.1.C

1 065-1087

Forward

52.7.C

1603-1626

Reverse

56.3.C

1817-1838

Forward

56.3 "C

2019-2039

Forward

57.0.C

2074-2094

Reverse

56.3 .C

2027-2044

Forward

2317-2338

Reverse

2317-2338

257 5-2597

2692-2713
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Table 5a: Sequencing Primers, Pair A. The table contains a list of primers used to

sequence the PCR product of primer "Pair A" (Table 4b). To the right of each primer
name is the oligonucleotide sequence of the primer, its melting temperature (Tm),
orientation and HXB2 location on the HtV-l genome.
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Table 5b: Sequencing Primers, Pair B.

Primer Name
sEQ2692

sEQ28s0

sEQ2998R

Olisonucleotide Seouence

sEQ3198

GGATTTTCAGGCCCAATT
TTTG

sEQ3309

fuô\rA.rArA*A'G fuAJ^\TAJA.ATCAG

TAACAGTA

MM3A

GGTCATCCTTTCCATCCYT
GTG

MM3B

CCAGAC tuqrqrÂtr{ACATCAG
A./A.AG

MM4A

CTAATTTCTGTATATCATT
GAC

MM4B

CATGGGTACCAGCACACA
AAGG

Tm l.C)

sEQ34s3

56.3.C

CCTTTGTGTGCTGGTACCC
ATG

sEQ3630

50.5 .C

TAAGTTCAGAAGTACACA
TCCCA

Orientation

sEQ3789

60.1 .c

Reverse

TGGGATGTGTACTTCTGA
ACTTA

sEQ3869

54.5.C

Forward

GAACTGGCAGAfuA'A.CAG
GGA

sEQ40s9

Reverse

50.8 "C

ATTGTTTTACATCATTAGT
GTG

Location

sEQ43s6

2692-2713

Forward

61.9.C

TGGGAATTTGTCAATACC
CC

sEQ448s

2849-2873

67.9 "C

Reverse

TAGCTGCCCCATCTACAT
AG

sEQ46s3

2998-3019

Forward

54.5.C

GAATCATTCAAGCACAAC
C

sEQ4784

3198-32t9

54.5 "C

Reverse

TGTCAGCTAAAAGGAGAA
G

sEQ4899

3309-3330

57.8 "C

Forward

GTTTCTGCTGGGATAACTT
CTGC

4150-4171

sEQ4899F'

50.8.C

Reverse

CCCTACAATCCCCAJA.A.GT
CA

41s0-4171

POLSEQFl

55.8 .C

Forwa¡d

CCCCAATCCCCCCTTTTCT
TTTA

POLSEQF',2

5192-5213

57.8.C

Reverse

CTGCTGTCCCTGTAATAA
ACCCG

POLSEQF2.l

s192-s213

53.2.C

Forward

CGGGTTTATTACAGGGAC
AGCAG

POLSEOF3

34s3-3472

53.2 "C

Reverse

TATCAGTACAATGTGCTT
CCAC

3630-365 I

60.2 "C

Forward

TACCACTAACWGAAGAA
GCAG

3789-3808

57.8 "C

Forward

GAATTAGAATTGGCAGAG
AACAG

3869-3888

60.2 "C

Reverse

CAGACTCACAATATGCAT

4060-4078

62.0 "C

Forward

43s6-4374

62.0 "C

Reverse

4485-4507

Reverse

56.3 "C

46s3-4675

Forward

56.1 .C

4784-4806

56.6.C

Forward

4899-4921

54.1.C

Forward

93

4899-4921

Forward

2979-3000

Forward

3427-3447

3447-3469

4039-40s9



POLSEQF3.6

POLSEQF4

POLSEQFS

TAG

POLSEQF6

AGTTATCCCAGCAGAJA-A.C
AGGAC

POLSEQRl

CTGCAGTTAAGGCAGCCT
GTTG

POLSEQR1.5

ATGGCAGGTGATGATTGT
GTGGC

POLSEQR2

CAAGCAGGACATAACAAG
GTAG

NPOL4481

TCGCTGTCTCCGCTTCTTC
CTG

POLSEQR6

CTTCAACTCCTGCCCCAA
GTATC

POLSEQR6.S

60.2 "C

ATCCTACCTTGTTATGTCC
TG

POLSEQRT

67.9 "C

CTGCTGTCCCTGTAATAA
ACCCG

62.0 "C

Forward

TCTGTATATCATTGACAGT
CCAG

Forward

58.2 "C

GTGTCTCATTGTTTGTACT
AG

63.8 .C

Forward

GCfuA.ATACTGGAGTATTG
TATG

4490-4s12

60.1 .c

Forward

4600-4621

Reverse

56.1 .C

s0s2-5067

62.0 "C

Reverse

5446-5467

56.6 "C

Reverse

s974-s99s

54.1"C

Reverse

s7l2-s733

54.5 "C

Reverse

s450-5470

Reverse

4899-4921

Reverse

3302-3324

2947-2967

2713-2734
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Table 5b: Sequencing Primers, Pair B. The table contains a list of primers used to
sequence the PCR product of primer "Pair B" (Table 4b). To the right of each primer
name is the oligonucleotide sequence of the primer, its melting temperature (Tm),
orientation, and HXB2 location on the HfV-l genome.
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Table 5c: Sequencing Primers, Pair C

Primer Name
ENVPCRFl

ENVSEQF2

ENVSEQF2.5

Olisonucleotide Sequence

ENVSEQF3

GAJAÁGAGCAGAAGACAGT
GGCAATG

ENVSEQF4

TGGGCTACACATGCCTGTG
TACC

ENVSEQF',S

GAYSAAAGCCTAAAGCCAT
GTG

ENVSEQFS.S

CCAATTCCCATACATTATTG
TGC

ENVSEQF6

GGAGGGGACCTAGAAATTA
CAACACA

ENVSEQF6.l

CAGCAGGAAGCACTATGGG
CG

Tm I'C)

ENVSEQFT

TGCCTTGGAACTCTAGTTG
GAG

62.0 "C

ENVSEQFT.l

GAGTTAGGCAGGGATACTC
ACC

63.7 "C

Orientation

ENVSEQFT.S

ATTCGMTTAGTGAGCGGAT
TC

56.3.C

Forward

ENVSEQFs

ATACCATAGCAATAGCAGT
AGCTG

56.6 "C

Forward

ENVSEQR0

ACTCCTCCACGTACTCCTCC
AG

62.0.C

Forward

Location

ENVSEQR0.l

6203-6227

CTCAGGTACCTTTAAGACC
AATG

63.9.C

Forward

6429-6451

ENVSEQRO.S

GCCCGAGAGCTRCATCCGG
AG

60.1 .C

Forward

6s6r-6s82

ENVSBORl

TCCATGCTGGCTCATAGGG
TA

61.9.C

Forward

ENVSEQRI.s

68s8-6880

GTGTAAYAGRCTGTTGTTC
TCTC

56.1 "C

Forward

ENVSEQR2

7320-734s

TCTGCCAATCAGGGAAGTA
G

58.5 "C

Forward

ENVSEQR2.S

7798-7818

TTTGACCACTTGCCACCCAT

63.8 .C

Forward

ENVSEQR3

ATCGAATGGATCTGTCTCT
G

8047-8068

58.4 "C

Forward

ENVSEQR3.5

GGTGAGTATCCCTGCCTAA
CTC

8344-836s

65.8 .C

Forward

ENVSEQR4

CTTGTTCATTCTTTTCCTGC
TG

8460-8480

60.0.c

Forward

ENVSEQR4.l

CAATAATTGTCTGGCCTGT
ACCGT

8671-8694

56.6 "C

Forward

GTGGGTGCTACTCCTAGTG
GTTC

975-996*

57.8 .C

Reverse

GAGGGGCATACATTGCTTG
TCC

901 1-9033

57.8 .C

Reverse

TCTGCATTGGAGTGTGATA
G

55.8 .C

294-314*

Reverse

61.9.C

207-227*

Reverse

56.3.C

Reverse

187-209*

60.3 "C

Reverse

68-87*

63.7 "C

Reverse

8797-8816
8447-8466

61.9.C

Reverse

8344-8365

55.8 .C

Reverse

96

8178-8199

Reverse

7836-7859

Reverse

7698-7720

7st5-7536

7462-7481



ENVSEQR4.S

ENVSEQRS

ENVSEQRS.S

ENVSEQRS.6

TGTTATTTCTAGATCCCCTC
CTG

ENVSEQR6

TTCCATGTGTACATTGTACT
G
CATTAAGTGGTACTAWATC
AAGTC
CATTACTGGTGGCATTATA
GTC
CGAGTGGGGTTAACTTTAC
ACATG

58.4.C

54.1 "C

55.1 .C

Reverse

56.3 "C

Reverse

60.3 "C

Reverse

7318-7340

Reverse

697s-69s5

Reverse

6783-67s7

6093-61 15

6s77-6600
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Table 5c: Sequencing Primers, Pair C. The table contains a list of primers used to
sequence the PCR product of primer "Pair C" (Table 4b). To the right of each primer
name is the oligonucleotide sequence of the primer, its melting temperature (Tm),
orientation and HXB2 location on the HIV-1 genome. Note: Locations with a "*" next to
them refer to locations provided by the Primalign program when aligned with HXB2; in
the case of these primers, the primers are intended to sit in the 3' end of the viral genome
(in LTR) as opposed to the 5' end as is represented.
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Table 5d: Sequencing Primers forP7, Pl, and P6 Genes

Primer Name
HIVGagseqF'3.5

IIIVGagseqF3.6

HlVGagpcroutr

Olisonucleotide Sequence

HIVGagpcrinr

GRGTKTTRGCYGAGGCAA
TGAG
CMAAYATAATGATGCAG
AGAG
CTCCAATTCCCCCTATCA
TTTTTGGTTTCC
TCTAATACTGTATCATCT
GCTCCTGTATC

Tm ("C)

58.2 "C

52.2',C

Orientation

63.4 0C

Forward

60.6 "C

Forward

Reverse

Location
l87t-1892

Reverse

1910-1930

2377-2404

2325-23s3
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Table 5d: Sequencing Primers for P7 , Pl, and P6 Genes. The table contains primers

used to sequence theP7, P6 and P1 genes from mothers who were part of the original 181

women for whom RFLP analysis was undertaken. To the right of each primer name is
the oligonucleotide sequence of the primer, its melting temperature (Tm), orientation and

HxB2location on the HfV-l genome.
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important sites (as seen in the literature). Identification was also made of the location of

forward primers DP10 and DP16 for protease ampliflrcation for RFLP analysis, and these

sites were also examined. Analysis of p7, pl, p6poland p6sus genes was also carried out

using QUASI, a program designed to look for positively and negatively selected mutants

in a population of quasispecies-type viruses (Stewart, Watts et al. 2001). Results of

QUASI analysis were compared with the manual analysis described above. The RNA

sequence of the P1 slippery site and the hairpin stemloop structure was examined in each

isolate for fidelity and thermodynamic stability. The hairpin stemloop structure was

examined using the mfold (version 3.1) program available at

http://www.bioinfo.rpi.edu/-zukerm/rnal (Matheson, Weedon et al. 1995; Zuker 2003).

Finally, HtV-1 subtype of each of the isolates was determined by doing Bootstrap

analysis on the aligned Mega files in the presence of a variety of HIV-I and chimpanzee

reference strains.

Coculturing of IIIV Positive and Negative Blood for Generation of IIIV-I Stocks

Blood was obtained from HIV-1 negative donors and PBMC's were extracted

using ficoll hypaque gradient as described above. Cells obtained were counted and then

cultured for 48 to 72 hours at a density of 2 to 4 million cells per millilitre in cell culture

medium with 5 ¡rg PHA (Sigma) per ml. Cells were then washed two times with wash

media, counted, and resuspended at a concentration of one million cells per millilitre in

cell culture media. HIV-1 positive PBMC's previously collected and stored in liquid

nitrogen were thawed before being washed once with wash media, counted, and also

resuspende d at a density of 1 million cells per ml. Equal numbers of each set of cells
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were then combined in anF-25 flask, and the cultures were transferred to the level 3

laboratory where they were incubated at37oC and5/o CO2. Uninfected PBMC's left

over from the initial infection were propagated, and an additional 5 million cells were

added to each culture flask on day seven post infection. Further, on days 3,6,10,17,24

and 31 of culture, 0.5 ml of supernatant from each culture flask was obtained, treated

with l0o/o triton-X 100 (Sigma) and removed from the level 3 laboratory for p24 ELISA

to assess culture positivity. Supernatanis of p24 positive cultures were then aliquotted

and frozen at -70oC until needed. Cell pellets were used to obtain viral DNA for PCR

and sequencing.

Production of Negative Control for B-gal Indicator and Growth Kinetics Assays

PBMCs were isolated and cultured as described above in the "coculturing of HIV

positive and negative blood for generation of HIV-1 stocks" protocol, but were not

infected with HIV-1 positive cells or supernatant. Instead they were propogated, with

new media being added every 2 to 3 days, for 10 days. At this point the supernatant was

removed, aliquoted into I ml tubes, and frozen at -130 "C until use as negative controls.

B-gal Indicator Assay for determining infectious titres of virus (Kimpton and

Emerman 1992)

0.4 x 105 HeLa-CD4-LTR-B-gal cells per well were plated into 24 well plates. At

24 hours after plating cells were approximately 30% confluent and serial (1/4) dilutions

of each test virus 'were prepared in culture medium. Culture medium from plated cells

was then removed and 150 pl of virus solution was added to each well in duplicate.
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DEAE Dexhan (Sigma) was added to media at aftnal concentration of 20 pdnú. Virus

was allowed to adsorb for at least two hours in a37"C,5Vo COz incubator with rocking

every 45 minutes to prevent drying of the monolayer, afÍer which I ml of fresh culture

medium was added to each well. The cells were incubated in a37oC,5o/o COz incubator

(Revco Ultima) for approximately 2 days at which point they were sub-confluent. The

supematant of each well was removed to a sterile plate for immediate transfer to new

plates as described below. 1-2 ml of fixing solution was added to each well, and the

plates incubated for exactly 5 minutes at room temperature before the fixing solution was

removed and the cells washed two times with PBS. Staining solution was then added to

each well such that the cells were just covered, and the cells were incubated for 50

minutes at37"C (longer staining results in an increase in background staining). The

plates were washed two more times with PBS followed by counting of the blue-stained

cells (syncytia were counted as one as they result from one initially infected cell).

Infectious viral titres were calculated by multiplying the number of stained cells by the

dilution factor of the sample, and correcting for a volume of I ml.

From here 150 ¡rl of the supernatant of each of the duplicate wells was plated onto

fresh 24 wells plate s at 24 hours of incubation. This was done in duplicate, thereby

giving us four wells per initial dilution of virus. The cells were treated precisely as above

with a two day incubation followed by fixing, staining and counting. Infectious viral

titres were determined by multiplying the number of stained cells by the dilution factor of

the sample, and correcting to 1 ml. Number of infectious particles produced per

infectious virion plated in the first round was estimated for each of the four wells in a

dilution by dividing the infectious viral tihe from the second round by the mean of the
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counts from duplicate wells at two dilutions in the first round. The mean of the four

wells was then calculated to provide a final estimate of number of infectious progeny per

infectious virion.

P24 ELISA

Monoclonal anti-p24 was diluted in coupling buffer to 2 uglrnT, and 100 ul was

added to each well of a 96 well Elisa plate (Costar). The plates were then incubated at

37oC for 3 hours or left overnight at 4oC. The supernatant was removed and the plates

either used or stored at -70"C until needed. When needed, the plates were thawed and

blocked for t hour with blocking buffer, before being washed five times with PBS-T2O.

Samples for analysis were treated withl0o/o triton-x-l00 (to a final concentration of l%)

to inactivate them, before being removed from the level three laboratory. 100 ul of the

appropriate sample was then added to each test well. Each sample was plated in triplicate.

The standard curve was derived from doubling dilutions using 20 ul of Supt-Eth stock (at

5 uglml). The plates were then incubated at3loC for 3 hours before being washed again

five times with PBS-T2O. Rabbit polyclonal antr-p24 antibody is then added (100 ul per

well at a final dilution of 1:40,000 in blocking buffer.) The plate was then incubated for

90 minutes at37oC, and washed with PBS-T2O. Biotin goat anti-rabbit antibody was

then added (100 ul per well, at 1:20,000 in blocking buffer) and the plate incubated for 60

minutes at3ToC,before being washed. 100 ul per well of SAAP (to a final dilution of

1:4000 in blocking buffer) was then added, followed by a 15 minute incubation at room

temperature. The plate was then washed, before the addition of 100 ul per well of
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substrate. The plate was incubated a final time at37oC for 20 minutes or until adequate

development of colour (to detect lower concentrations of p24); and was read at 405 nm.

Growth Kinetics Assay

PBMCs were harvested and cultured from an HIV-I negative donor (Donor

number 43) according to the coculturing of HIV-1 positive and negative blood protocol

described previously. This time, however, 5 million HIV-I negative PBMCs in culture

media were infected with I ml of supernatant (instead of HIV-I infected cells), and the

culture was propagated as above. After 21 days when all cultures were positiveby p24

assay, supernatants were drawn off and ap24 assay was carried out as described

previously, to determine ng of p24 present in each of the viral cultures. Relative amounts

of p24 per volume of supernatant were then determined such that an equal amount of p24

could be added of each sample to each new culture. New PBMCs from donor 43 were

propagated, and infected with the appropriated volumes of each culture supernatant such

that cultures starting with the same amounr. of p24 could be run in parallel with one

another over time. 2.5 ml of negative control (produced as described above) was added

to the HtV-1 negative culture. Cultures were maintained as described previously, and

culture supernatants drawn and stored at -10 oC at days 7, 14, 21, and 28. A final p24

assay was then carried out on all supernatants to determine viral p24 production from

each culture over time.
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Table 6: p24 Concentration in Culture Supernatants, and Amount of Each (ml)
Added to Parallel Cultures.

ML 046
(Positive Control)
Negatvie Control
(PBMC Supernatant)
110940.44

ltlt64.44

Ng p24 by ELISA

106177.30

6.210 nglnl

111533.43

0.0 nglml

104550.62

5.255 nglÍí

Ml Supernatant added to culture

114006.34

0.281n!ñ

0.044 ml (0.273 ne)

1.833 nglrnJ

2.5 m1(0 ne)

0.163 n/rri

0.052 ml (0.273 ng)

0.148 nglrnl

1.0 Íì1 (0.273 ng)

0.184 nglml

0.15 ml (0.273 ng)

1.67 Ín Q.273 ng)

2.5 mL(0.273 ng)

1.5 rì1 (0.273 ng)
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Table 6: p24 Concentration in Culture Supernatants, and Amount of Each (in mls and ng)
Added to Parallel Cultures. The table demonstrates the number of ng/rnl of p24 protein
found in each HIV-1 culture supernatant on day 21 of culture.
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RESULTS:

Overview:

The women and children of the Mother to child HIV-I transmission group found

in Nairobi, Kenya make up a fairly large cohort of individuals available for study. As a

result of this, we have been able to look at host and viral genetic factors of a large group

of women that may affect rates of transmission of HIV-1 from mother to child. We first

set out to examine the role of HIV-1 viral subtype on the rate of transmission of HIV-1

from a mother to her child. In our study we found no correlation between HIV-1 subtype

and rates of mother to child transmission of HIV-I. Then, upon looking at subtype and

mother to child transmission we isolated a nurnber of HIV-I positive women for whom

PCR-based amplification of the protease gene was not possible. Statistical analysis of

epidemiological factors revealed that these women were healthier and less likely to

transmit HIV-I to their children than were those women in whom amplification of the

protease gene was possible. To examine this phenomenon we first compared the HIV-I

viral sequences of these isolates to isolates with amplifiable protease genes, and

examined the sequences for mutations possibly affecting replication. We then looked at

the growth of a few of these isolates in culture, as compared to their amplifier

counterparts.

In addition, due to the large amount of data amassed from the mother to child

HIV-I transmission group over the years, we were able to look at the affect of eventual

long-term non-progressor status on HIV-1 transmission rates from a mother to her child.
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Determination of HIV-I viral subtype in mothers enrolled in the Mother to Child

HIV-I Transmission Study (MCÐ in Nairobi, Kenya.

Up to 1996,there were approximately 989 HfV-1 positive women enrolled in the

MCH study. Subtype determination was carried out on previously prepared DNA

samples of HIV-I positive mothers that were readily available for study. In order for

samples to be used for the purposes of our study, samples must first have been shown to

have adequate DNA present in the sample via HLA DQ-* PCR, and then must have had

at least one reproducibly amplifiable HIV-1 gene using nested HtV-1 specific primers for

nef, or vif, or positive southern blotfor env.

After meeting the above criteria, samples from 181 mothers enrolled in the MCH

cohort were found to be suitable to undergo subtype analysis as described previously (see

Methods, page 7l-73). In all cases, the earliest sample available that met the above

criteria was used to determine infecting subtype of virus, as this would correlate best with

the isolate to which the index child was exposed. Of the 181 mothers that we started with

we were able to amplify the protease and p24 genes for typing of 154 of them. During

the assessment of HIV-I subtype, a number of samples would not digest using the afore-

mentioned enzymes. In many cases, a subtype could still be assigned to the sample using

a combination of results from theP24 and protease gene digestions. However, in some

cases the subtype remained undetermined by this method (we were later able to

determine subtype for 12124 based on subtlping of sequence, for the remainder,

inadequate sample remained for sequence analysis). Thus, we were able to assign a single

subtype to 116 mothers (Table 7), while 14 others were found to have mixed (nine) or

109



recombinant (five) infections by this methodology. Twenty-four mothers possessed

samples that we were unable to subtype with the use of these methods.

The overall rate of mother to child HIV-I transmission in the group studied was

33.8% (18.2% attributable to perinatal transmission, and 15.6% athibutable to postnatal

transmission). Due to the small number of clade B, C, F, mixed and recombinant

infections in the study group, we were unable to draw conclusions about the hansmission

rates of these subtypes. Subtypes A and D were significantly represented, however, and

comparison of mother to child transmission versus no transmission between these

subtypes revealed no significant difference in transmission rates (p=0.235).

Identification of Non-Amplifiers and Significance of the Group

Of the I 81 mothers for whom subtyping of the protease and p24 genes was

attempted, we were initially unable to amplify the protease gene from a total of 44

mothers despite repeated PCR attempts. It was hypothesized at this point that the

inability to amplify these samples was due to sequence variability of the isolates in the

regions where the specific primers normally bound. To test this hypothesis the annealing

temperatures of both the initial and nested PCR reactions were decreased from 55 oC to

45 "C and the PCRs repeated. This adjustment allowed for a further 17 mothers' samples

to be amplified (protease gene); however, samples from27 mothers remained non-

amplifiable using the available protease primers (see Table 2A). To confirm that there

was sufficient DNA in the available samples from the mothers for whom the protease

gene was not amplifiable, all samples were retested for PCR positivity by HLA DQ-*

PCR, and then for the presence of adequate HIV-I genome by nested PCR for vif, and
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Table 7: Distribution of HIV-I Subtypes Among Transmitting Groups of HIV-I
Positive Mothers.

Subtypes

A

B

Total

C

76

D

None

2

F

Mother to Child Transmission

Mixed

52

4

Recornbinant

Perinatal

TOTAL
DETERMINED

1

26

NOT
DETERMINED

l4

2

8

Postnatal

0

t4

9

l0

I

6

5

Any Mother to
Child Transmission

t30lts4

6

1

6

241t54

1

4

I

8sll02

24

6

1

t7ll02

1

1

I

24t28

2

2

4128

12

0

21t24

z

3t24

J

I

4sls2

7152
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TableT Distribution of HIV-1 Subtypes Among Transmitting Groups of HIV-I Positive
Mothers. The table depicts the number of each HIV-I subtype present in the study
population (as determined by RFLP analysis) in the "Total" column. The total number of
each subtype is subsequently divided into subgroups based upon whether or not each

individual mother with an assigned subtype transmitted HIV-I to her index child
(perinatally or postnatally) or not ('î.lone"). The "Any Mother to Child Transmission"
column refers to the sum of the perinatal and postnatal columns.
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nef, andlor env by southern blot analysis (Table 8). If only one of vif, nef, or env was

positive at this point, then PCR or southern blot was repeated for this gene to ensure that

the result was reproducible. Women whose samples would not amplify for the protease

gene, but were reproducibly PCR positive for DQ-*, and at least one of vif, nef or env

were designated as "non-amp1ifiers".

Comparison of the mother to child hansmission rates between those women for

whom we were able to amplify the protease gene ((45152 (total determined) and 7152 (not

determined) for a total of 521154 (33.8%), Table 7), versus those women for whom

amplification of the gene was not possible (under the title "HfV-l status of index (1')

child three positive of 27 women listed (12.4%), Table 8) demonstrated a significant

association (p=0.022). Thus, it appeared that the non-amplifier phenotype was very

protective against acquisition of HIV-1 by a child from its mother.

Assessment of Markers of Disease Progression in Non-Amplifiers versus Amplifiers

Once it was determined that mothers with non-amplifying DNA samples were

less likely to transmit HIV-I infection to their children, we wanted to establish if this

group of women was statistically different in any other way from the ampliflrer group.

Unfortunately, we were unable to determine if viral loads were significantly different

between the amplifier and non-amplifier groups. This was due to the fact that there were

not enough samples available for analysis from the initial study visits when the index

(flrrst) child of each mother would have been at risk of acquiring HIV-I. We thus sought

to examine other factors that have been shown to correlate with decreased rates of mother

to child transmission of HIV-1.
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Table 8: Establishment of Protease Non-AmplifÏer Status Among HIV-I Positive
Women, and Transmission Status of Index Child.

MCH
Number

101357
l02sl4

DQ-*
PCR

102738
102793
104550

viÍ
PCR

+

106490

+

108676

+

109532

NeÍ
PCR

+

110175

+

110639

+

+

110640

+

Env
(Southern

Blot)

110718

+

+

110943

+

tt1t70

+

+

+

111274

+

111483

+

+

HIV-I Status of
Index (1') child

+

111533

+

+

ND

+

lttí49

ND

+

ttt643

+

+

+

111928

+

+

+

+

tt2676

Nesative

+

+

tt377l

Neeative

+

+

ND

+

1t3922

Negative

+

+

113933

Nesative

+

+

HIV-I Subtype

114006

+

Nesative

+

Positive ßerinatal)

+

tt4t60

+

Nesative

+

+

ND

114173

+

+

Nesative

+

+

+

+

+

Nesative

+

+

Nesative

+

+

?

+

ND

Nesative

+

A1

+

+

ND

+

Nesative

A1

+

Neeative

+

+

?

Nesative

D

+

ND

+

Nesative

+

D

ND

DISPARATE (AllD)

Nesat

+

D
AI

Nesat

+

+

ND

Neeative

AI

+

VC

ND

Nesative

Positive (Perinatal)

MIXED (AIICID\

ve

ND

A1

Nesative

+

C

ND

Nesat

MIXED (C/D)

Nesat

AI

Nesative

Positive lPostnatal)

D

VC

Nesative

ve

D

Neeative

C
K
C
,l

A1

RECOMB (AiC)

A1
A1

A1
,l

tt4



Table 8: Establishment of Protease Non-Amplifier Status Among HIV-I Positive
Women, and Transmission Status of Index Child. Non-amplifier women are listed by
MCH study number, with DQ-.. , vif, nef, and env results listed to their right. The "+"
sign indicates a positive result, "-" anegative result, and 'lllD" means that the assay was

not done for that gene. In addition, the HIV-I status of the index (first) child, as well as

the HIV-I subtype as determined by sequence analysis is also listed for each woman.
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We first set out to determine if the non-amplifier women had been infected with

HIV-1 for a shorter time period than women in the amplifier group before enrollment in

the study. As duration of infection is related to disease progression, an important factor

affecting rate of mother to child transmission of HIV-1, this could be important. Our

analysis was limited, however, by the fact that all women in our initial study had been

HIV-I positive on enrollment. Thus, we were only able to estimate the amount of time

that these women had been infected with HIV-I prior to enrollment (see Methods section,

page 62, see also Table 8). Estimated duration of infection prior to enrollment in the

study was similar in women of both the amplifier and non-amplifier groups (2.53 versus

2.83 years, p=0.51, 95o/o Cl= -14.66 to 7.32). Further, estimated duration of infection and

duration of enrollment (until loss to follow up or death) in the MCH study to the end of

2003 (see Methods section, page 62) were not statistically different (p=0.18 and p=0.19

respectively) (Table 9).

It has previously been shown that markers of disease progression such as low

CD4 counts (1992; Tibaldi, Tovo et al.7993), and low CD4 T-cell percentages (Pitt,

Brambilla et al. 1997) are associated with an increased rate of mother to child

transmission of HIV-I. In addition, studies have demonstrated a link between increasing

CD8 counts (Kvale, Aukrust et al. 1999) and percentages (Mocroft, Boflrll et al. 1997)

and HIV-I disease progression. Increased CD8 percentage has also been linked to

increased rate of mother to child hansmission of HIV-I (Pitt, Brambilla et al.1997).The

increase in CD8 counts seen in progressing infection is thought to represent an attempt by

the immune system to compensate for falling levels of CD4+ cells. Eventually, however,

the CD8 counts also fall (Kvale, Aukrust et al. 1999) as the disease progresses to end
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stage infection. This led us to examine the association between protease amplifiers and

non-amplifiers and their CD4 and CD8 counts and percentages. Initial and mean CD4

and CD8 counts and percentages were determined as described in the Methods section

(page 61) and are shown in Tables 10a and 10b. When the calculations for CD4 and CD8

counts were initially done, it was noted that the total WBC, CD4 and CD8 values from

one individual at her initial time point v/ere approximately ten times greater than the

counts seen in all other women (see Figure 3). The counts were, in addition, out of

keeping with the normal counts from this woman at her other time points. CD4 and CD8

percentages for this woman were, however, little changed from her other time points. As

the presence of the one abnormally high CD4 or CD8 value in my dataset was widely

abberrant, this time point was removed from my calculations. Table 10a shows that

initial CD4 counts (p=0.034) and percentages (p=0.005) were significantly higher in the

non-amplifier group as compared with the amplifier group. Further, mean CD4 counts

(p=0.006) and percentages (p=0.0015) were also found to be significantly higher in the

non-amplifier group than the ampliflrer group. Thus, as a group, the non-amplifier

women appeared to have less advanced HIV-I infection as compared to their amplifier

counterparts both initially (when their children were at greatest risk of acquiring HIV-1

infection), and over time (as expressed by the mean CD4 counts and percentages which

took into account all available time points).

Results demonstrated similar initial (p=0.47) and mean (p=0.75) CD8 counts in

both the amplifier and non-amplifier groups (Table 10b). However, the ampliflrer group

possessed significantly higher initial (p=0.00t 1) and mean (p=0.0120) CD8 percentages

as compared with the non-amplifier group. Thus, the non-amplifier women appear to
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have less advanced HIV-I infection from both a CD4 and a CD8 perspective as compared

to their amplifier counterparts.

In addition, we recently noted that there were several long-term non-progressors

and long-term survivors in the non-amplifier group. We thus compared the prevalence of

LTNP and LTS status in the amplifier and non-amplifier groups to determine if non-

amplifier mothers were more likely to become LTNP's than their amplifier counterparts.

In all there were flrve women who met the criteria for LTNP status and five for LTS status

of the 27 inthe non-amplifier group (Table 11) versus three LTNP's and 29 LTS's in the

amplifier group (of 154). There was no statistical difference between the prevalence of

LTS's in either of the groups (p=0.819, 95% CI0.297-3.046), but there was a

significantly greater nurnber of LTNP's in the non-amplifier group as compared to the

ampliflrers (p=0.0021). Thus, rù/omen in the protease non-amplifier group were

significantly more likely to become LTNP's than their protease amplifier counterparts.

Closer inspection of the non-amplfier women (Table 12) revealed that 10 women

(of 27) were lost to follow up in the first year after enrollment, a further two being lost to

follow up within 15 months. Of these, 10 had CD4 counts above 400, while only two had

counts below that. Of the27 women in the group, only five were lost to follow up with

low (three) or unknown (two) CD4 counts and one is known to have died. This

information makes one wonder if, with 100% follow-up, more women in the group would

have eventually met the requirements for LTS or LTNP status.
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Figure 3: MCH 109947 Lymphocyte Levels by Visit Number.
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Fieure 3: MCH 109947 Lymphocyte Levels by Visit Number.
The flrgure depicts the total white blood cell (WBC) count, CD4 and CD8 counts (as

bars), and the CD4 and CD8 percentages (lines) by visit number for MCH 109947. Note
the exceedingly high counts for visit 1 as compared to the other three visits, despite fairly
stable CD4 and CD8 percentages.
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Table 9: Comparison of Duration of Enrollment and Estimated Duration of
Infection Between Protease AmplifTer and Non-Amplifier Groups.

Duration of Enrollment

Estimated Duration of
Infection

Estimated Duration of
Infection Prior to

Enrollment

Non-Amplifiers

5.2 years

7.8 years

Amplifiers

2.53 years

4.1 years

6.8 years

P-Value (Student's t-test)

2.83 years

0. l9

0.51
(9s% q -14.66 to 7.32)

0.r8
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Table 9: Comparison of Duration of Enrollment and Estimated Duration of Infection
Between Protease Amplifier and Non-Amplifier Groups. Presented in the table are mean

duration of enrollment, mean estimated duration of infection and estimated duration of
infection prior to study enrollment of all women in each of the amplifier and non-
amplifier groups, followed by the p-value.
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Table 10a: Initial and Mean CD4 Counts and Percentages of HIV-I Positive
Mothers for Whom the Protease Gene was Amplifiable (Amplifiers) or Not (Non-
Amplifiers).

Initial CD4 Count

Initial CD4 Percentage

Mean CD4 Count

Mean CD4 Percentage

Non-Amplifiers
(N=24)

Table 10b: Initial and Mean CD8 Counts and Percentages of I{[V-L Positive
Mothers for Whom the Protease Gene was Amplifiable (Amplifiers) or Not (Non-
Amplifiers).

69s.58

29%

Amplifiers
(N=127)

676.94

524.72

27%

Initial CDB Count

P-Value (t-test)

23%

Initial CD8 Percentage

sOs.1 3

0.034

Mean CDSCount

21%

Non-Amplifiers
(N=24)

Mean CD8 Percentage

0.005

0.006

1034.80

0.001s

Amplifiers
(N=127)

44.5%

1 130.81

1107.0s

P-Value (t-test)

46%

49.s%

0.47
(95% CI: -

378.91-234.41)

r163.67

52%

0.0011

0.7s

0.0120
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Table 10a: Initial and Mean CD4 Counts and Percentages of HIV-I Positive Mothers for
Whom the Protease Gene was Amplifiable (Ampliflrers) or Not (Non-Ampliflrers). Listed
in the table are the mean values (see Methods section, page 61) of initial and mean CD4
counts and percentages for all women (for whom data was available) in each of the

amplifier and non-amplifier groups. To the right of this data is the calculated P-value (by
student's t-test) for each comparison between amplifier and non-amplifier groups.

Table 10b: Initial and Mean CD8 Counts and Percentages of HIV-I Positive Mothers for
Whom the Protease Gene was Amplifiable (Amplifiers) or Not (Non-Amplifìers). Listed
in the table are the mean values (see Methods section, page 61) of initial and mean CD8
counts and percentages for all women (for whom data was available) in each of the

amplifier and non-amplifier groups. To the right of this data is the calculated P-value (by
student's t-test) for each comparison between amplifier and non-amplifier groups.
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Table 11: Prevalence of Long Term Non-Progressor (LTNP) and Long Term
Survivor (LTS) Status in Non-Amplifier and AmplifTer Subgroups of Primary IIIV-
1 Subtyping Groups.

Non-Amplifiers

Amplifiers

Total

LTNP's

5

J

LTS's

8

5

Other

29

34

t7

t22

Total

139

27

ls4

181
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Table 11: Prevalence of Long TermNon-Progressor (LTNP) and Long Term Survivor
(LTS) Status in Non-Ampliflrer and Amplifier Subgroups of Primary HIV-1 Subtyping
Group. The table represents a breakdown of the 181 women for whom HIV-I subtyping
analysis of the protease andp24 genes was affempted at the beginning of the study. The
'1{on-Amplifiers" group represents those for whom the protease gene was not
amplifiable, while the "Amplifiers" group porhays those with amplifiable protease genes.

The number of individuals in each group attaining LTNP or LTS survivor status as

defined in the text, and those attaining neither ("Others" group) as of the writing of this
thesis are listed in the table.
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Table l2z Characteristics of Protease Non-amplifÏer Women.

MCH Number
110639
110718
111s33
t10943

Duration of Follow
Un (vears)

114006

101357
102514

I 1.30

104550

I r.60

106490

1 l.s0

111483

11.25

Estimated Duration
of Infection (years)

8.s8

109532
110175

9.33

r10640

16.2s

tttt70

14.30

15.92

ttt274

19.10

8.s8

ltt549

1 1.50

8.17

ttt643

lt.2s

112676

8.s8

7.92

lt377l

Most Recent
CD4 Count

1.17

113922

I r.33

0.11

LTNP (CD4 466\

ll4t73

16.2s

1.13

LTNP rcD4730)

17.92

0.75

LTNP ICD4 785)

102738

9.s8

0.50

LTNP (CD4728\

102793

8.17

0.12

LTNP (CD4 891)

108676

0.42

tlt928

0.50

r0.42

113933

LTS ICD4 50)

0.42

1.67

tt4160

LTS (CD4 250)

0.96

8.61

LTS (CD4 2I8)

8.63

LTS ICD4 40)

3.17

1.75

LTS ICD4 904)

3.92

1.50

Lost to FN rcD4719)

2.08

t.62

Lost to F/U (CD4 718)

6.42

0.27

Lost to FN rcD4722)

0.50

1.00

Lost to Fru (CD4 693)

3.92

4.s8

Lost to Fru (CD4 866)

0.96

Lost to F/U (CD4 1041)

Lost to FN (CDA1922\

5.67

Lost to Fru (CD4 578)

7.92

Lost to FN rcD4 440)

4.08

Lost to Fru (CD4 560)

1.27

Lost to FN (CD4760)

1.00

7.08

Lost to Fru (? CD4)
Lost to FIU (? CD4\

Lost to FN (CD4223\
Lost to F/U (CD4 356)
Lost to Fru (CD4 180)

Lost to F/U (died)
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Table 12: Characteristics of Protease Non-amplifier Women. Listed are the duration of
follow up, estimated duration of infection, and most recent CD4 count of women of the

MCH cohort that have been defined as non-amplifiers for the purpose of this study. Each

woman in the MCH study has a unique identifying number known as their MCH number
that is listed in the first column of the table. Duration of follow up was defined as the

date of the latest visit minus the date of enrollment in the study (as an HIV-1 positive
individual), expressed in years. Estimated duration of infection was defined as duration
of follow up plus (one half time from first sex to time of enrollment in the study),
expressed in years. CD4 counts shown are the latest available counts from each woman
in the list and correspond to the timepoint "duration of enrollment".
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HLA class Two Allele Frequency in Amplifier and Non-amplifÏer Women

HLA class II DRB 1503, and DPB 010101 are associated with increased

susceptibility to HIV-1 infection, while DRB 01 has been associated with resistance in

our cohort. Work by others in the Nairobi project has led to the accumulation of a

significant amount of data on both class I and class II alleles in women from the MCH

cohort. 'We thus examined the data for a correlation between concordance, as well as

any of the three alleles, and non-ampliflrer status.

Of the 181 women in the original study group, there was only HLA class II allele

data on 79 (Tl amplifiers and 8 non-amplifiers). The protective allele DRB 01 was

present in two of eight non-amplifiers, and 10 of 71 amplifiers (p=0.35). The

susceptibility allele DRB 1503 was present in2317l amplifiers and2l8 non-amplifters

(p=.507), while DPB 010101 was present in2917l amplifiers and 5/8 non-amplifiers

(p=0.212). We were thus unable to find any association between HLA class II alleles and

amplifier status with the limited number of women on whom we had information.

Sequencing of HIV-I Viral Isolates From Mothers with Amplifiable and Non-

Amplifïable Protease Genes.

We have already described a number of mothers for whom the protease gene is

not amplifiable despite adequate HIV-I DNA in the samples to amplify other genes.

These women were less likely to transmit HIV-1 to their children perinatally or

postnatally than women for whom the protease gene was amplifiable, and have also been

shown to possess higher initial and mean CD4 counts and percentages,lower CD8
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percentages, and a much higher propensity to become a long-term non-progressor than

their ampliflrer counterparts despite similar estimates of infection time, and follow up. As

all of these epidemiological factors correlate with improved survival in the mothers with

this HIV-I viral characteristic, we postulated that HIV-I viral factors must be playing a

role in both our inability to amplify the samples, and the less pathogenic and

hansmissible infection that these women posess. Our hypothesis is further supported by

the fact that we were able to amplify 17 of the initial 44 non-amplifiers' samples when

the annealing temperature for the protease specific PCR was decreased by 10 oC. We

thus set out to PCR amplifiy and then sequence the HIV-I genomes of amplifier and non-

ampliflrer women such that comparison on a genetic basis could be made.

In an attempt to obtain sequence data on infecting virus from women in the non-

amplifier group, several new sets of HIV-1 specific primers were designed and tried.

These primers were designed to amplify relatively small segments of genome located

from the general area of the protease gene where significant changes were hypothesized

to be found. Unfortunately, prolonged experimentation with these primers was

unsuccessful, and the genomes of the non-amplifiables remained elusive. By this time,

DNA from the initial samples used in the study had largely been used up in attempts to

amplify the virus. Thus, new samples from later time points had to be used in an effort to

amplify HIV-1 virus from these women. A new strategy involved the amplification of

large segments of the HfV-1 genome using long PCR techniques and primers described

above (see Tables 4a and 4b). The samples that were eventually amplified and

sequenced in full all initially underwent HIV-I viral culture (see Methods, page 101),

followed by nested PCR amplification of large segments of DNA (Tables 4a and b), and
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sequencing. General characteristics for each of the 6 different women (three amplifters,

and three non-amplifiers), are presented in Table 13, and illustration of phylogenetic

analysis of each isolate is presented in Figure 4.

Analysis of Sequencing Data

Initial Overview

After a consensus sequence was obtained for each of the six women mentioned

above, the sequence v/as examined protein by protein to look for stop codons, the

presence or absence of major cleavage sites and major deletions or insertions. None of

the isolates contained any of these things, and so more detatiled analyses ensued.

Protein bv Protein Analvsis

(particularly in the 5'end of the genome) that were known to affect infectivity and fitness

of HIV-I (many of these are discussed in the Introduction). Sequences were then

hanslated into the amino acids that represent each of the HIV-1 genes and studied for

these important amino acid changes. In total, at least some sequence data was available

from 184 samples on 136 women, including 22 of the27 non-amplifrers.

Pl Protein

Next, a literafure search was carried out to look for amino acid changes

As described in the Inhoduction of this Thesis (page l2), alteration of either of

proline residues seven or 13 of the pl protein results in reduced viral infectivity,

decreased RNA dimer stability and altered protein processing (Hill, Shehu-Xhilaga et al.

2002). We thus examined all sequences obtained from our group of women for alteration

of either proline residue in the pl protein. Figure 5 shows an alignment of the P1 amino
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Table 13: Characteristics of Women for Whom Infecting HIV-I Virus \ilas

Cultured.

ID
Number

104550

Amplfier
Status

111533

114006

NA

Survival
Status

106177

NA

110940

NA

LTS

Length of
Follow up

tltt64

A (4s")

LTNP

A

LTNP

15.9 years

Last
cD4
Count

A

LTS

10.5 years

LTS

8.6 years

218

MTC HIV
Transmission

LTS

14.4 yearc

785

t/3

10.9 years

89r

012

I 1 years

1 89*

HIV-1
subtype

0t2

50

D

%

222

D

rL

NC

012

A

A

A
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Table 13: Characteristics of Women for Whom Infecting HfV-l Virus V/as Cultured.

Table represents characteristics of 6 mothers for whom infecting HIV-1 virus was

cultured. The first column represents the identification number of each mother.

"Amplifier status" is noted in the second column with NA=non-amplifier and

A=amplifier. To the right of this is survival status, (LTNP=long-term non-progressor,

LTS=long term survivor), then duration of follow up in the cohort, latest CD4 count
(*=this patient has had a CD4 count between 40 and 240 for the last 10 years), number of
children infected out of total number enrolled in the cohort, and infecting HIV-1 subtype

as determined by phylogenetic analysis.
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Figure 4: Representation of Near Full Length Sequences by Subtype.
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Figure 4: Representation of Near Full Length Sequences by Subtype. Colour coded

representation of subtype of 6 near fulI length sequences from the MCH cohort (3

amplifiers, and 3 non-amplifiers). Mothers 106171,711164, and 110940 are the three

amplifiers and all possess subtype A viruses, while mothers 111533 and 104550 (non-

amplifiers) are infected with subtype D virus. Mother 114006 (also a non-amplifier) is

infected with an A/C recornbinant virus. The arrows and numbers below mark out the

break points for the recombination.
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acid sequences of all samples with proline substitutions at either of positions seven or 13

of the protein, as well as the consensus amino acid sequences of the P1 protein for each

of the major subtypes of HIV-1 virus. Isolates not containing a praline substitution were

not displayed. As can be seen in the Figure, there were 6/22 non-amplifiers with changes

in one of the two conserved proline residues, while lllll4 amplifiers possessed a change

(p=0.034). Of the non-amplifiers, the change was found in an isolated clone in three (of

three, four, and ten clones). The change in the other three women represents a change in

the only available sequence for that woman. Similarly, with the amplifier women, five

sequences represent an isolated clone, while other sequences are either conserved in all

clones (111486) or represent a single sequence for analysis. Of the non-amplifiers

demonstrating an alteration of the pl proline residues, two women were long-term non-

progressors, one was a long-term survivor with 16 years of follow up, one was lost to

follow up with a high CD4 count, and only two are known to have had low CD4 counts.

Amplifier women with changes to these residues include two long-term

survivors, and two women whose samples would only amplify the protease gene at 45'C.

The other women in the group have been lost to follow up and so knowledge of their

survival is unknown. In no case did the stability of the hairpin stem loop structure appear

to be disrupted with alterations in proline residues. QUASI analysis was done for the pl

protein and signiflrcant changes for the two proline residues assessed. A proline to serine

change at position seven is positively selected for, while a proline to leucine change is

negatively selected. When residue 13 was examined, a change to either serine (S) or

arginine (R) was considered to be negatively selected for, while a change to glutamine

(Q) was considered equivocal.
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The pl protein also contains the important ribosomal slip site which allows for

frame shifting to occur and Prl60cue-Pol polyproteins to be made. Published data

suggests that the thermodynamics of the stemloop structure can vary quite a bit,

especially between different viral subtypes (Chang, Sutthent et al. 1999). However,

widely aberrant thermodynamics caused significant changes in the stability of the stem-

loop structure and can negatively effect the production of mature virus particles. V/e

thus looked at the thermodynamics of folding of the hairpin stemloop structure which

makes up the slip-site using the mfold program (see Methods, page 6l). Analysis of the

RNA folding of the hairpin stemloop structures of amplifier and non-amplifier mothers

for whompl sequence data was available identified that the average thermodynamic

stability (Tm) of the two groups was similar (amplifiers: -19.66 kcal/mmol, non-

amplifiers: -19.42 kcaVmmol , p=0.724,95% CI -l .12 to I .59). Values ranged from -

10.9 kcaVmmolto -24.0 kcaVmmol in the non-amplifier group, and from +1.5 to -29.0

kcaVmmol in the amplifier group. In the non-amplifier group there were two

individuals, one with one clone and one with two clones, who had values at or above

two standard deviations from the mean. There were nine such individuals in the

amplifier group, all but one only having one such clone. The non-amplifiers involved

were 113922 (1 clone) with Tm's of -I3.2 and -14.1(2 structures for the same

sequence), and 102514 (2 clones) with Tm's of -14.9 and -10.9.
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Figure 5: Pl Protein Proline Residue Changes
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Figure 5: P1 Protein Proline Residue Change. This figure shows an alignment of the Pl
amino acid sequences of all samples with proline substitutions at either of positions 7 or
13 of the protein, as well as the consensus amino acid sequences of the Pl protein for
each of the major subtypes of HIV-1 virus as well as the related SIV-Icpz. The samples

are identified by their MCH identification number, followed immediately by the DNA
number and a letter to denote A=amplifier or NA=non-amplifier status. The "(45)" in the

descriptor means that the protease gene for this individual was amplifiable at 45 "C only
as compared to the protocol 55 "C. "t" located at the end of some sequences point out
that only one clone of several for these women had the mutation. All other samples

lacking the "*" had the substitution as a universal finding.
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P6coc and P€otProteins

Preliminary analysis of the six full length sequences demonstrated that there

appeared to be a lot of heterogeneity in the p6 region of the virus compared with other

regions. Such heterogeneity had previously been reported in the literature (Marlowe,

Flys et aL.2004). As primers specific for protease amplification were located here (see

Table 2a) it was hypothesized that something about this heterogeneity, perhaps a

change in an important active site, was related to both the inability to amplify the

protease gene from these women, and the apparent decreased virulence of their

infections. For this reason, all available samples from the initial group of women

studied were amplifred using long template PCR techniques as described above, and

sequenced. Many of the resultant sequences demonstrated variability (that is, multiple

peaks on electropherograms) in this region as well, suggesting the presence of more

than one quasispecies in a number of individuals. A number of isolates were thus

cloned to better elucidate whether quasispecies, or perhaps even more than one subtype

were seen in these individuals. This was done using standard TA cloning techniques.

Once these sequences were available they were aligned as previously described in

Mega and examined for changes.

The p6rolprotein was examined in detail for mutations in the "FFREDLAF",

"KAREFSSEQ" and "LWQRPLVT" domains importiant for regulating the gag-pol

ratio, levels of mature integrase, and release of protease from the precursor

respectively. In addition, protease specific primer binding sites for primers DPl0 and

DP16 were examined for change.

P€otProtein
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Examination of the "FFREDLAF" motif revealed that in our cohort the

dominant amino acid sequence was "FFRENLAF", and that other than this only 32

samples from 30 women had any change from consensus at all. Of these, 11 were

coÍtmon (found often in the HIV-I sequence database) changes seen in differing

subtypes. Nine samples were missing the first (eight), or first two (one) phenylalanine

residues. Five isolates possessed an additional four amino acids ("KTGQ") at the 5'

end of the protein. Three samples had no "FFREDLAF" motif at all, and four

possessed single unusual amino acid changes. There were only four non-amplifiers

with changes in the motif, and three of them were common changes. The fourth was

one of the individuals missing the initial phenylalanine residue. Examination of the

motif with the QUASI program revealed that of the non-common mutations, only two

mutations at amino acid flive of the protein were negatively selected. These were

substitution of the asparagine (N) with isoleucine (I) in two cases and threonine (T) in

one case.

We next looked at the "KAREFSSEQ" motif for mutations that might affect the

fitness of infecting virus. This gene contained a significant amount of variability

depending on subtype which was considered in its assessment. In total there were 23

women with25 samples that possessed uncommon changes (not often or never seen in

the HIV-1 seuquence database) in the amplifier group. Conversely, there were eight

women with as many samples with changes in the non-amplifier group. The most

common change was a Q to P substitution at the last residue of the motif. This

substitution, although not represented in the reference sequences in the HIV sequence

database was seen in three non-amplifiers and 11 amplifier women. In addition,
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QUASI analysis looking at the residue considered it to be positively selected in this

case. Other mutations in the non-amplifier grouping consisted of one truncation (a

normal clone was also present), two frame shift mutations (one with a normal clone), as

well as three other mutations (i.e. residue eight E to A, residue two A to T, and residue

three R to K). Of these three changes, those at residues three and eight were considered

by the QUASI program to be negatively selected, while the change at residue fwo was

equivocal. The amplifier grouping consisted of the common residue nine mutation,

seven frameshift mutations (three individuals also had at least one normal clone), and

seven sporadic (uncommon) changes. The sporadic changes were: residue seven, S to

T (four individuals, positively selected), residue one K to G (negatively selected),

residue one K to Q (negatively selected), and residue two A to R (equivocal). There

was no significant difference between either the rate or type of mutation at this motif.

When the "L'WQRPLVT" motif was examined it was noted that mutation of this

area was actually quite common, and in fact there was some change in at least one

clone from 69 samples (63 women). In the non-amplifier group 14 of the 22 women for

whom there was sequence, had some change to this region. In three cases the changes

consisted only of changes commonly found in the HIV-1 sequence database, and

varying with HIV-I subtype. In two instances, the change was less coÍr.mon, being

"LWKRPLVT" and "PWQRPLVT". QUASI analysis looking at these changes

suggests that the Q to K mutation is negatively selected whereas the P to L mutation is

equivocal. A further four women possessed mutations earlier on the p6potwhich

resulted in frameshifting and elimination of the motif, although only one of the four

women had this exclusively. Three women (four samples) possessed truncations of the
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protein prior to the motif thereby eliminating it, and two of the women possessed the

truncated sequences only. Finally, there were three women who possessed truncation

and frameshift mutations in different clones, but two of these women also possessed at

least one normal clone. In the amplifier group there were 49 women (52 samples) with

mutations, however, 19 of these were conserved and conìmon in nafure. Twenty-three

women possessed frameshift mutations effectively eliminating the motif, but 14 of

them also had at least one intact clone. Four women possessed truncation mutations,

three of which involved only the last three amino acids of the protein

(i.e."LWQRP_"), and one only the threonine (T) from the very end. There were also

two women who possessed both truncation and frameshift mutations in various clones,

although one of these also had at least one normal amino acid sequence. Finally, there

were four samples with uncommon mutations (four mothers, three of which also had

other mutations) which were "LWPHTPCII", "LWQRPLAT", "LWQRPLAI", and

"LWQRPLVI". QUASI analysis suggests that the V to A substitution at the second-

toJast position was positively selected, while the T to I change was negatively selected.

The change of six amino acids in the first motif likely resulted in elimination of the

motif s activity for this woman. Statistical analysis revealed that significantly more

non-amplifiers (12122 or 54.5Yo) than amplifiers (30/114 or 26.3 %) (p=0.01) possessed

potentially significant alteration or elimination of the "LV/QRPLVT" motif (see Figure

6).

143



Figure 6: Percent of Women with Samples Containing Virus with Mutations of

the "LWQRPLVT" Motif
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Figure 6: Percent of Women with Samples Containing Mutations of the

"LWQRPLVT" Motif. The figure illustrates the percent of mothers in each group with
an "intact" (no or only conserved mutations), or'hot intacf"'LWQRPLVT" motif.
Motifs considered "not intact" included those with uncommon mutations, those in
which the motif was shortened or eliminated due to early stop codons, or those

sequences with frame shifts part way through the gene which would also eliminate the

motif. This analysis only includes those women for whom sequence data was

available, i.e.22 non-amplifiers and 114 amplifiers.
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PÉos Protein

"PEPTAPPA", "KELY", "FGFG" AND "LXXLF" motifs involved in facilitating viral

release, env incorporation, andvpr packaging ("FGFG" and "LXXLF") respectively. For

the p6gae protein we were able to examine the sequen ce of 162 samples from 131 women.

Of these 31 samples,2l women were non-amplifiers.

V/e initially examined the "PEPTAPPA" motif and found that in the non-

amplifier group 1ll2l women possessed any change not felt to be commonly represented

in the HIV sequence database as compared to 31/110 women in the amplifier group

(p=0.04). Of the mutations seen, there existed six frameshift or deletion mutations that

effectively eliminated the "PEPTAPPA" motif in non-amplifiers (one also possessed at

least one normal clone), and 19 such mutations in the amplifier group (seven possessed at

least one normal clone) (see Figure 7). In the non-ampliflrer grouping there were four

people with single changes to their motif. Three women had an E to G substitution at

residue two (negatively selected as per QUASD, while one person had a residue four

change from T to A (negatively selected), as well as another clone with a residue three

mutation from P to S (negatively selected). The amplifier women appeared to have a

higher proportion of thier mutations as single residue changes. Four women (five

samples) had residue one changes, three women P to S (negatively selected), and one

woman (two samples) P to M (equivocal). Other changes included a residue two E to G

(negatively selected), residue five A to T (negatively selected),lwo residue six P to S

changes (negatively selected), and residue eight A to K (equivocal). In addition, there

was one individual with a truncation of the motif ('?EPTA---").

The P6s's protein was examined for the presence of mutations in the
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Figure 7: DistributÍon of "PEPTAPPA" Mutations
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Figure 7: Distribution of '?EPTAPPA" Mutations. Illustrated in the figure are the

number of each type of mutation in each of the amplifier and non-amplifier groups.
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Examination of the "KELY" motif demonstrated that although the motif is

reasonably well conserved in B and D subtypes, it exists in multiple other forms that

appear to be subtype specific. Examples of this include the existence of the motif as

"KTIRF" or'KDKE" in subtype C, "DEGLY" with subtype F, and "REQAQ",

"KGQDP", "KDREQ" and "REPYN" for subtype A (to name a few). There also seem to

exist small insertions and deletions that occur quite often in this region and are seen in the

HtV-l database. Thus, the complexity of this region is such that analysis of what is

significantly changed and what is not becomes unclear. For this reason, the changes at

this motif were not analyzed at this time.

We next looked at the "FRFG" motif of th a p$gae gene. There was no statistical

difference between either the total number of changes/deletions to the motif (p=1.0) or of

the number of deletions of the motif alone (p=0.65) between the two groups of mothers.

Briefly, the non-amplifier group had two women with deletions of the gene prior to the

motif (these women also had at least one normal clone as well), and one instance in

which the motif was completely changed. The amplifier group had nine women with

deletion of part of the gene resulting in loss of the motif (three of which also had normal

clones, one of which also had a frameshift in another clone, and one with a single amino

acid change). In addition there were frve women with frameshift mutations effectively

eliminating the motif. There were a number of uncommon amino acid changes found in

both groups of mothers. In the non-amplifier grouping the unusual motifs were: YGTK,

CGTK LWDG, FRFE (two), and CGMG (frve), with changed amino acids displayed in

bold print. In the amplifier group the uncommon changes were CGMG (15), FRFE (11),

FEFG, FUMG, FGSG, FGWG, LGLR, LG\ilG, LWDG, YGTK, YGMG, YGKG, ANd
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\ryGMG (frve). QUASI analysis of the various changes showed thatat residue one, a

change from F to C, L, or Y was negatively selected. At residue two, change from R to

W or E was negatively selected while change to U was equivocal. At residue three, all

changes were considered equivocal. Finally, residue four changes from G to E were

positively selected, while a change from G to K was considered equivocal.

The "LXXLF" motif is a highly conserved motif found at the 3' end of the p6s"s

protein. A search of the HIV sequence database for alterations in the "LXXLF" motif

revealed that any changes to the two leucines (L), or the phenylalanine (F) were

uncommon. Changes to either leucine or the phenylalanine were thus felt to be

significant. In the amplifier grouping, four women possessed p6sus proteins missing the

motif in its entirety. Three of these women had normal clones but all were in different

samples coming from a different time point. The amplifier gtoup had 15 women (16

samples) that were missing the motif in whole. Two women also possessed normal

clones from the same time point while three had normal clones at alater time point.

There were no other mutations in any of the amplifier women; however, seven women

possessed alterations in the motif in the non-amplifier group. Three women had

alteration of residue one, L to P (positively selected as per QUASI analysis), although

they also possessed normal clones. Two had clones with a residue 4 L to P change (also

positively selected), although they too had normal clones as well (and one also had the

residue one change). One woman possessed a deletion of the first three residues of the

motif (all clones), and two women had major alteration of the motif (i.e "QITLW" and

"PQITL"). Overall, there was no signiflrcant difference between the incidence of
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elimination (p=0.75) or change (p=0.78) of this motif in the amplifier and non-amplifier

groups.

P7 Protein

For examination of the p7 protein we have sequence from 15 non-amplifiers (19

samples) and 70 amplifiers (88 samples). V/e sought to look at the integrity of the two

zinc finger motifs (both "CxxCxxxxHxxxxC") located in the gene that are required for

encapsidation of the genome into the developing virion. V/e found that of the 15 non-

amplifier women looked at, five women had some change to the first zinc finger (one had

a missing motif, two had a completely different amino acid sequence in the area, and two

had a change in one of the conserved amino acids). Of the single amino acid changes,

one had a residue four C to Y substitution (negatively selected by QUASI), and one had a

residue 14 C to R change (also negatively selected). The second zinc finger was missing

or changed in entirety for three women, while there was a single amino acid substitution

for one woman. The single substitution was a residue nine H to R change deigned

negatively selected by QUASI analysis.

Changes to the p7 gene were also fairly conìmon in the amplifier group. There

were three women with genes shortened such that the first zinc frnger did not exist at all

(although the second was intact). There were 11 ladies with frameshift mutations that

effectively eliminated the motif, and 11 samples (from 10 women) possessed single

changes to the motif. There were three instances where residue one was changed from a

C to an R, two where residue four had aC to R change, two occasions where residue nine

was changed from H to Y, and four cases of C to R at residue 14. All of these changes
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were considered by QUASI analysis to be negatively selected. Analysis of the second

zinc flrnger showed that 10 samples had frameshift mutations that eliminated the second

zinc finger, while one other individual had a truncated sequence that was also missing the

motif, (six of these women also had at least one norrnal clone as well.) Further, six

samples (one of whom also had several truncated clones) were found to have residue

changes. Three of the individuals had residue nine changes, two H to L substitutions, and

one H to Y substitution. The other three possessed changes at residue 14, two C to R

changes, and one C to Y change. As with the non-amplifier group, all of these changes

were seen to be negatively selected for by QUASI analysis. The number of type of

mutations in the groups was not statistically different.

Comparison of HIV-I SpecifÏc Protease Primers DP10 and DP16 with Sequence

Data from Non-Amplifïer Women

All sequence data available on "non-amplifier" women was examined for

homology to the DP10 and DP16 primers used in protease amplification for RFLP

analysis. Results are shown in tables 14 and 15. As can be seen in the tables, a fair

amount of sequence diversity exists, especially in the DPl0 primer region. In addition,

there were several mothers in the group who were missing all or part of the primer

binding site. Speciflrcally, three women possessed a clone where there was truncation of

the gene prior to the primer binding site, although lwo of these women also had clones

with the site intact as is listed in the table. Mother nurnber 102514, however, possessed

only clones either missing the entire site, or missing approximately one half of the site, a

change which would effectively abolish primer binding. There was one woman with
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multiple clones where the site was missing, and no clones with the site intact. One other

woman had one time point (of three) with deletion of the first four nucleotides of the

primer binding site. The remainder of the women possessed sequence for the entire

primer binding site, however, there existed a significant amount of diversity in the region

which could certainly account for our inability to amplify DNA from these samples. A

cursory look at amplifier samples (data not shown), however, suggested that there also

exists a significant amount of sequence diversity in the DPl0 binding region in some of

those isolates as well.

Conversely, examination of the DP16 binding region (Table 15) reveals that this

primer binding region is highly conserved in the non-amplifiers (and in amplifiers as

well, data not shown). The exception to this, of course, are the samples where the primer

binding sites are missing in entirety. The individuals where the primer binding sites are

absent are the same as those for whom the DPl0 primer binding site was absent (ie. The

sequences were truncated prior to the DP10 site which sits more 5' on the gene).

Phylogenetic Analysis of Sequence Data for Determination of HIV-I Subtype in

MCH Mothers

Bootstrap phylogenetic analysis using the neighbour joining method was carried out on

135 samples for which sequence data of the p7,pl and p6 genes was available (see

Figure 8). Of the 135 samples, 65 were subtype ,A.1, 8 were subtype C,27 subtype D, 2

subtype G and I subt¡4pe K infection was identified. In addition, there were 16 infections

that were deemed to be mixed based on the phylogenetic analysis of a number of clones

from each individual. There were nine A1/D designations, as well as two Al/C, tr¡¡o
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ClD, andthree AI/C/D infections. We also noted that there appeared to be four

recombinant infections (three A1/D and one C/D) based on phylogenetic analysis of the

p7 andp6 genes separately and for multiple clones. Samples were considered "disparate"

if examination of two samples from two time points for an individual revealed the

presence of ¡vo different subtypes. This occurred surprisingly in 12 cases where the

combinations were: Al/D (7), Allmixed(C/D) (l), AllClD (1), AllC (2),andAl/G (1).

Assessment of Growth of HIV-I Isolates in PBMC Cell Culture

PBMC's stored in liquid nitrogen from three amplifier and three non-amplifier

women were thawed and co-cultured in HIV-I negative donor PBMC's as described in

the Methods section (page 101) (in the case of one amplifier (106177) and one non-

amplifier (111533) more than one culture was established). P24 levels were measured by

ELISA in each of the culture supernatants at regular intervals throughout the culture

period. Figure 9 represents the production of p24 innglml in each of the initial culture

supernatants at various time points. Bars representing cultures of amplifier women are

represented in blue, while non-amplifier women are presented in green. P24

measurements represent the mean value of each supernatant measured in triplicate. Mean

p24 values from the three non-amplifier women were compared with mean values of

amplifier females at each time point. There was no significant difference betweenp24

production as a measure of viral growth at either days three or six. At day 10, however,

samples from amplifier women were producing signiflrcantly more p24 protein than the

non-ampliflrer women (p=0.0001). This comparison also resulted in a strong trend to

increased p24 production (and therefore growth) at day 24 as well (p=0.087).
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Table 14: Non-Amplifier Sequences in the p6 Region Corresponding to DP10.
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Table 14: Non-Amplifier Sequences in the p6 Region Corresponding to DP10. Below the

primer sequence (listed from 5' to 3') are the sequences available on all non-amplifier
women for which we now have at least some sequence data available. Some of the

individuals have only had 1 sequence determined for their p6 gene while others have

multiple clones. In the case of multiple clones, all possible sequences at the site are listed
beside the "ID MOM" number. The "DNA #" stands for the DNA number of the

individual from which the sequence was obøined and can be referred back to the visit
number from which it was obtained. Nucleotides which differ in the sequenced data from
the primer sequence are displayed in bold type, and are red in colour. The word
"missing" followed by a nurnber in parentheses reflects that there is a deletion of this area

of the gene for that woman. The number illustrates the number of clones or sequences

with this change. If no other sequence is listed for a woman, it means that all available
sequence contained the deletion.
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Table 15: Non-AmplifTer Sequences in the p6 Region Corresponding to DP16

iIDMOMDNA#iDPl6ProteasePrimer:; j, j ;:i i,I i

i - -i'* '* 
'örörc ir,ca iÀ*r :c;.tc 'ïic,r .rirrc ;cö¿, .

ì-tõZ¡rZ -i- ¿881".'iciõ:õ..l1iciA iÄlÄlr- 'öìÀ:c-,T:e .T 
-iîii i(i 'icilc''e 

,! LVþJL' j rOOI lv'ìv.v

r p¿t:s :- iqiZ- jçlciÇ- ;t,,e 
_Á_ ;årAf ,.-ö"jÃ,c .rie,:f iT j;õ ,9:ç:a_.

i.to"2ll¡. i" a$r- iÇi"Çle"_11;'c'4_;Ã,Ä11. 
'c¡4,c- 

rTrc:l jl:Tì9_1c¡õ4 :i io¿Sgo" r"- ¿s8?"-ie :elö-lr,ciÂ ';irÄif" 
,C1+rC-,ri'ö,1 if :r;c" jclc:Ä 

:

i -- " -ì -6i00 iC;ciö ir:ö:rf iÄ:ÃiÌ iC:Ãic-rfiC,l-'liric-Ìö:Ö,4 i

i-__ "__ i""_". - - 
-jÇ-,çiç--;TrC,r+_,c-,¡iT-,ie-,+,ö 

,1¡Ç;1-,J.1;C ¡C_,c..e ,

1"., - __"." j" .9u.1!. rçjç-:ç ìTjçiA iarA"iI 1-Ç"ì$,Ç ,Tiç..T" lrtl;-G_,Gic,.A- i

;" îôo¿q{" i )aiz iciÇ-ie "iiiöi4 :gie:1-.Cle.Ç_¡t,e,t_. 1;1;l-c';ç1Á_ I

i_:".""::..i--i-:j12.-t_ö,,',{!.,f ic,X_ ¡;i,Àir_,Çi4_.ó_,.t,çir-'lT:iìö-iö;CiÁ
l"-{!-qçj"q _i.__0,4i¿* ie ;c_'e_ .1t ¡c ja- ¡a¡a-:1 lÇ-¡alç 

-ltje 
.1 j"T.i11tì-" 1_d_i.ç tÀ,j

ilot-Sp_2.1- .4u! :.{-9:g ¡1cia ,e¡$rî-,c-,Ä;c ;t_c¡1_:ï¡f ig_ lc-iÇ'4, 
'i-Ïi0i73 i zni,oz lclCfc.ï¡c1Á ic-iÃ:J ,C¡e¡c_ ;r'clî_-,fllil-iç-ie '" .

i _-- __.-.1_qqgo_"]-ciC,c-ìf ,c':Á ;Ä;air icinró' ;r'ö,1lT,Tiö*icíic;Ä ;

i .f f"qqjp"-l_"zosz ic,c;e_"¡t jc_.a,;{,Á.J :õ;Ä'e 
,1,e .t i1r_i_e-,e,er4 .

I i.-...i_l\.r!9slìlcflt, i¡-l-,t"; ": ;.._ t_, i ir, ,i - -t: - . löiö;ö-:1;c'n ,ö:.1:T ,ö jÄid "'r;ciT lrll;c ,c:ciÄ i

r ' '¡ 
aingq :cic,c'llrö:a ;arÄir ,ciÄic 'T;C:T ,lirlö' 1c,õlÀ r

-._i--- .-....--...,._:--.. .....t--.... -. .:.-.i... .ì.-... '.'-...j. .;... - .-

i ¡ 2090 iC'C,C 'TlC:A ;G,AIT ;C AiC ;TiCìT iT:T jG ¡GiC;A
i*iiö7is"'l'*sjid""ìö:ö,ö-"TTic"lR 'aieir C.e'c "îiö'T-i1';1":ci 

iö:C.Ä I

,"lrÌl.i¿î"! "2iil- ,c:ölC ¡rlc,e ,e:ert rö;ÄiC :r'c:r ,T:ilc lc'"C,Ä ;

l-.^ll-u-{19*-"; -'-lJ?9- -:Y.tY-ìY..r l Y-i^ ^ì3ì"1 .-,-'.i^ Y .^-'. iY I l-'-',' i-"- iY:-":1. 
;

110943 | 2151 ;C;ClC ;TlC A ,A:ArT iC;AiC rTrC:T :T;TlG lG:C,A ;

i.-"'" -,. -."1" " -" :,ç:c;Ö ¡r1i-¡Ä ;cia:r ,Ç-,,e i ,r¡c l ir T'G--jç:c,a :i iïri7o r''lsì64" ,ölciC ìr,c,Ã':Äre r'iôlalc iliô,î ;T;rlö"lG,C:Ä :

i - _ " i__ -- 'c- 
ç;Ö"iTtciÄ ;c,ÀiT ,õ;4¡ö ,1,-crr ,rit.;ó-,Ç"iCiA ,',- ii1 a;'À-'i--.aò1-'i¡-;'ö.ò- ti ö': Ä--:a'i-li:.i.",r-r¡|ìö'f :'ó.a '¡';i-t-c' iä;c,À :ÄÌî-rclÃiö rTlcíi'jrìrlc-'icicra i

157



Table 15: Non-Amplifier Sequences in the p6 Region Corresponding to DP16. Below the
primer sequence (listed from 5' to 3') are the sequences available on all non-amplifier
women for which we now have at least some sequence data available. Some of the

individuals have only had 1 sequence done for their p6 gene while others have multiple
clones. In the case of multiple clones, all possible sequences at the site are listed beside
the "ID MOM" number. The "DNA #" stands for the DNA number of the individual
from which the sequence was obtained and can be referred back to the visit number from
which it was obtained. Nucleotides which differ in the sequenced data from the primer
sequence are displayed in bold type, and are red in colour.
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Figure 8: Sequence Derived HIV-I Subtype Distribution in MCH Mothers
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Figure 8: Sequence Derived HIV-I Subtype Distribution in MCH Mothers. The pie
chart illustrates the distribution of HIV-1 viral subtypes as determined by phylogenetic
analysis (of p7 and p6 genes) in MCH cohort mothers involved in the original RFLP
study. Present are l35ll8l original mothers that sequencing has been possible for. The
chart includes the percentages of each subtype represented, as well as the percentage of
infections deemed to be "mixed","recombinant", or "disparate". "Mixed" infections refer
to those for which different clones for the same sample clustered with different subtypes

thus suggesting a mixed infection. "Recombinant" infections refer to those for which two
results were obtained when different gene segments were tested (i.e. different results for
p7 andp6 genes in multiple clones). "Disparate" infections referred to those for which
two different subtype classifications were obtained when samples were sequenced at

different time points.
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Figure 9z P24 Production in Primary PBMC cell Culture.
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Figure 9: P24 Production in Primary PBMC Cell Culture. Colored bars represent mean

p24 production (nglrnl) (measured in triplicate) from initial cell culture of HIV-I positive
PBMC's over time. P-values represent those obtained when the mean value of amplifier
viral growth (blue bars) was compared with the mean value of non-amplfier viral growth
(green bars) at days 10 and24 of viral culture. There was no significant difference in
growth (as measure dby p24 ELISA) on either day three or six of culture.
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Growth Kinetics Assay

Significantly higher p24production was seen from amplifier women in the initial

cultures taken from frozen PBMC's. This information suggests that HIV-1 virus from the

three amplifier mothers tested grew better than that from the three non-amplifier women.

However, this assay did not take into account the likelihood that there existed an

increased number of HIV-1 virions in the initial cellular samples of ampliflrer women as

compared to non-amplifiers. Thus, we sought to clarify whether HIV-1 virus from

women whose samples would amplify indeed did grow better than those whose samples

would not. Figure 10 shows the growth curves (as represented in îg/rrú of p24) of each

viral isolate when grown in donor PBMC's using the same starting amount of p24

(ndrnl) for each sample. Positive and negative controls are included as described in

Methods section (page102). As seen in Figure 10 amplifier samples 110940.44 and

106t11.30

and the positive control, grew well in PBMC cell culture over time despite low levels of

input virus (as determined by p24 ELISA). Samples 114006.34 (NA) and 111164.44 (A)

both demonstrated some minimal growth in cell culture over time during this experiment,

while 111533.43 and 104550 .62 (both NA's) demonstrated similar p24 levels to the HIV-

I negative control.

MAGI-CCRS p-Gal Indicator Assay

Number of infectious progeny per infectious virion was estimated in MAGI-CCR5 cells

for three non-amplifiers (a total of five cultures), and three amplifiers (four cultures)
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Figure l0: P24 Production in Standardtzed PBMC cell Culture Over Time
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Figure 10: P24 Production in Standardized PBMC cell Culture over Time. The figure
represents meanp24 production in each of 6 HIV-I positive women, HfV-l positive, and

negative controls over time against a logarithmic scale. A=amplifier, NA=non-amplifier.
Positive control=Lab strain ML235, while Negative control is as is described in Methods
section (page 102).
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alongside HtV-1 positive and negative controls (see Figure 11). Results of the single

assay revealed that as a group, virus cultured from ampliflrer women produced

significantly more progeny virus per infectious virion than the average number of

progeny produced in cultured samples from non-amplifier women (p=0.024,95%o CI=

6.38 to 61.1). When compared individually,170940.44,106177.57 and106177.30 were

all significantly more prolific than any of the non-amplifiers (114006.34,111533, or

104550.62). Amplifier 111764.44 was equally as productive as2 of the non-amplifiers

(114006 where p=0.76, and 104550 p=0.26), and was only more productive than the

cultures from I11533.27 (p=0.006) and 111533.43NEW (p=0.02). Further, comparison

with positive and negative controls revealed that 111533.43 produced less progeny virus

per infectious particle than the negative control. For this reason, 111533.43 was

considered to be negative and was not included in the above statistics.

Effect of Mother's Survival Status on Child's Transmission Outcome

We have now made the conclusions that non-amplifier mothers are less likely to

transmit HIV-I to their children, and that these individuals are also more likely to

become long-term non-progressors. It thus seemed logical to determine if women in the

MCH cohort as a whole who would one day fit the definition of long-term non-progressor

(LTNP) or long-term survivor (LTS) (see Methods section, page 62) were also less likely

to transmit HIV-I to their children. Using the parameters identified in the methods

section, we identified 19 women in the LTNP grouping who gave birth to atotal of 31

children. Definitive data was available on all of these children, and thus it was

determined that only one child was infected with the HIV-1 virus by their mother (3%),
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Figure 11: Number of Infectious Virions Produced Per Infectious Input Virion in

MAGI-CCRS Cells

80
o
J

Ëzo
-

-960
U,

ãso
+,o

Ëoo
L.

teo
!to
3zoî,
o
Ëro
-2

?0

lPositive Control

@ Negative Control

8r 110e40.44(A)

.106177.57(A)

e 106177.30(A)

@111164.44(A)

81 114006.34(NA)

@ 104550.62(NA)

E 111533.43NEW(NA)

r 111533.43(NA)

E 1 11533.27(NA)

Sample

167



Figure 11: Number of Infectious Virions Produced Per Infectious Input Virion in MAGI-
CCR5 Cells. The figure represents the calculated number (mean of quadruplicate wells)
of infectious virions produced per infectious virion in MAGI-CCR5 cell culture over the

course of 48 hours. Each number was calculated by first determining the number of
infectious particles/ml in the MAGI-CCR5 cells, and then infecting a new set of cells
with a known number of particles. Infected cells (stained blue) were then counted and

infectious progeny virus per infectious particle calculated. Mother numbers are listed in
the legend with (A) indicating amplifier, and (lt{A) indicating non-amplifier beside each

one.
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while the other 30 (97%) remained uninfected. Also using the above parameters we

identiflred 59 women in the LTS grouping giving birth to 134 children. Of these children,

there was no data on one child and six were lost to follow up before HIV-I status could

be confirmed. Thus, HIV-1 status was determined on 127 children of whom 33 were

determined to have been infected with HIV-1 (26%),while 94 were ultimately HIV-1

negative (14%). The third grouping consisted of all other HIV-I positive mothers

enrolled in the cohort during the same time period (January 1986 to December 1995) and

contained 962 mothers giving birth to 1033 children. Of these, no data was available on

176 children, and the HIV-I status was indeterminate in 316 at the time when they were

lost to follow up. Thus, HIV-I status was categorically determined on 541 children, of

whom 4I4were ultimately HtV-l negative andl27 were HIV-I positive (23.5%), (Table

1). Chi-square analysis of the three groups yielded a significant p-value of 0.023.

Further analysis befween individual groups using Fisher's exact test demonstrated that

there was no significant association between the second (LTS) and third (regular) groups

(p=0.564), whereas there were significant associations between the LTNP group and both

the LTS and regular groupings (p=0.00¡+ and 0.0064 respectively). Assuming

equivalence between the LTS and regular groupings, analysis of the LTNP group versus

all other HIV-I positive women enrolled in the cohort between January 1986 and

December 1995 revealed a p-value of 0.004 by Fisher's exact test.

As there is evidence, as described in the Introduction (page42), that higher CD4

counts are associated with decreased maternal-child hansmission of HIV-1, and that long

term non-progressors maintain high CD4 counts where the CD4 counts of others fall, we

felt it was importrant to determine if CD4 counts were different between the LTNP group
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and other women in the cohort. In addition, as there is some evidence that CD4 and CD8

percentages are also important markers in disease progression we felt it was important to

incorporate this data as well. We thus sought to determine whether there existed a

difference in initial CD4 and CD8 counts and percentages between mothers who would

eventually become long-term non-progressors and those that would not. As there was no

statistical difference between the LTS group and the remainder of the cohort in previous

calculations, the two were analyzed together. Examination of the first (initial) CD4

counts from the women in each group revealed that there was no significant difference

between them (p=0.20, 95yo Cl -67 .l to 324.08,see Figure 12a). When the mean CD4

count was taken for each woman as a rough look at CD4 count over time, there was a

trend towards a signiflrcant difference between the groups (p=0.093, 95% Cl -26.40 to

339.79). There were no significant differences between CD8 counts in the groups (initial

count: p=0.36,95% CI -164.97-451.73,mean count: p=0.26,95% Cl -125.11-455.27).

Initial and mean CD4 and CD8 percentages were also calculated, but there were

no significant differences with either of these when the LTNP group was compared to the

remainder of the cohort (see Figure 12b).

t70



Table 16: Effect of Mother's Survival Status on Child's Transmission Outcome

HIV-I Negative

HIV-I Perinatal Positive

HIV-I Postnatal Positive

Total Children

LTNP

30

LTS

1

94

0

All Others

20

31

13

4t4

127

97

30

541
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Table 16: Effect of Mother's Survival Status on Child's Transmission Outcome. This
table depicts the number of children born to mothers classified into each of the groups:

long-term non-progressor, long-term survivor, and others. In addition, it demonstrates

the number of children from each group who were designated as being HtV-l negative,
perinatal positive or postnatal positive after adequate follow up. Fisher's exact test of
LTNP versus (LTS and Others), HIV-1 positive versus HIV-I negative, p=0.004.

172



Figure l2az Comparison of MaternalCDA and CDB Counts
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Figure 12a: Comparison Between CD4 and CDB Counts in Long-term Non-Amplifier
(LTNP) women and All Others in the MCH Cohort. The figure displays the means of
initial and mean CD4 and CD8 counts determined for LTNP and all other women
enrolled in the MCH cohort.

Figure 12b: Comparison Between CD4 and CD8 Percentages in Long-termNon-
Amplifier (LTNP) Women and All Others in the MCH Cohort. The figure displays the

means of initial and mean CD4 and CD8 percentages determined for LTNP and all other
women enrolled in the MCH cohort.
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DISCUSSION:

The transmission of HIV-I from a mother to her child, in addition to severity of

infection, most likely involves a combination and interaction of host and viral factors.

Numerous studies have demonstrated a connection between host factors and rates of

mother to child transmission of HIV-I. These include maternal disease stage, CD4 count,

duration of membrane rupture and HLA allele concordance to name but a few. There are

many fewer studies, however, that show a connection between viral factors and rates of

mother to child transmission. It is known that HIV-1 viral load is an important

determinant for maternal child transmission, but little else is published. There is some

evidence in the literature that suggests that HtV-1 viral subtype affects rates of

heterosexual HIV-1 transmission, and also that individuals with deletions in the nef gene

progress less quickly to disease than those with intact nef genes. It is also known that

individuals with mutations conferring resistance to antiretroviral drugs possess a

dominant strain of virus which is less virulent than wild-type, and that mutation of

imporûant motifs within the virion result in altered viability of progeny. Various viral

factors have thus been shown to affect virulence and possibly transmissibility of HIV-1;

and virulence has been shown to affect disease progression. For the purpose of this thesis

we thus sought to determine if HIV-1 viral genetic factors influence the transmission of

HIV-I from a mother to her child.
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HIV-I Viral Subtype Does not Influence Rate of Mother to Child Transmission of

HIV.1

The first facet of our study involved determining the infecting HIV-I subtype on a

number of women enrolled in the MCH cohort and comparing this with rates of mother to

child transmission of HIV-I. All samples available when the study was cofitmenced were

studied by RFLP analysis to determine HIV-I subtype. The HIV-I status for the first

child born to each of these mothers was determined by looking at results of ELISA and

HW-l speciflrc PCR on samples from these children. The women were divided into

groups based on whether or not they transmitted HIV-I to their first (index) child, and the

percentage of each subtype in each group was examined. The percentage of subtypes

other than A and D was quite small in this cohort, and so conclusions can only be made

regarding these two subtypes. As seen in the results section, there was no significant

difference in HIV-I subtype A or D dishibution between the non-transmitting group and

the perinatal and postnatal transmission groups. The absence of a correlation amoung

HIV-1 subtype and rates of mother to child hansmission of HIV-I suggests that HIV-I

viral subtype is not an important indicator of transmissibility of the virus. It is possible

tl:øtastudy done on alarger population would be capable of detecting a small difference

in transmissibility of the virus, or that differences in transmissibility exist between other

HIV-I viral subtypes not examined in this study. In addition, we were unable to control

for any differences in viral load between these two groups as samples were not available.

However, we were able to conclude that there is no large, and one would argse,

significant, difference in mother-child transmissibility between subtypes A and D in this

cohort.
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Identification of a Population of Women Less Likely to Transmit HIV-I to their

Children

Samples used for RFLP based subtype determination all originated from HIV-1

positive women en¡olled in the MCH cohort based in Nairobi, Kenya. Prior to PCR

amplification of the protease andp24 genes for RFLP analysis these samples had all

proven positive by PCR amplification of HIV-I genes (nef,vif and env). Of the women

with samples available for RFLP analysis of the protease gene, a number of samples

would not amplify using the primers specific for the protease gene. Sample quality was

assured as described previously, and any sample not meeting these standards was

discarded from the analysis. We were left with 44 samples that would not amplify with

the protease primers shown in Table 2a. It was hypothesized that sequence diversity in

the region where the primers bound may be responsible for our inability to amplify these

samples, and so the annealing temperature for the reaction was decreased from 55"C to

45'C. Seventeen of the samples were subsequently amplified and HIV-I subtype

determined. However, we were still left with27 samples (from 27 HIV-I positive

women) with non-ampliflrable protease genes. Under normal circumstances, finding a

group of samples that will not amplify with a given set of primers is not that interesting,

but is an accepted part of trying to amplify sections of such avariable virus. What made

these women interesting is the fact that when HIV-I transmission rates to index (first)

children were compared between the group of mothers with amplifiable protease genes

(amplifiers) versus those with non-amplfiable genes (non-ampliflters), those with non-

amplifiable protease genes were significantly less likely to transmit HIV-1 to their

children (p=0.022). The fact that lowering the annealing temperature of the PCR reaction
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to a much less stringent temperature resulted in the amplification of a number of the

original samples led us to hypothesize that changes in the HIV-I genome where the

protease primers bound Ìvere responsible for our inability to amplify the protease gene in

these women. Discovering that these women were significantly less likely to hansmit

HIV-1 to their children led us to the hypothesis that HIV-I genomic factors were playing

a role in transmission of the virus (or lack of it).

As we were able to amplify other genes located more distally in the HIV-1

genome of these women, but not the protease gene, we further hypothesized that any

significant changes were likely located in the vicinity of the protease gene.

Epidemiologic Comparison of Amplifier and Non-amplifier Women

Rates of HIV-1 hansmission from a mother to her child are affected by such

factors as maternal disease state, viral load, and HLA type and concordance as discussed

in the Inhoduction of this Thesism (page 43). We thus sought to determine if any of

these factors were significantly different between the two groups.

Non-amplifTer Women lfave Less Advanced IIIV-I Infection than Amplifiers

Unfortunately, there were few samples available from visit number zero (date of

birth), or one (first follow up visit). As we would be unable to make any clear

observations from the small sample size that would have been available to us for this

purpose, viral loads were not done on these women.

Fortunately, there was extensive CD4 and CD8 data, as well as data concerning

time of first sexual intercourse, available to us from the cohort. We were thus able to
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calculate estimated duration of infection with HIV-I prior to enrollment, duration of

enrollment, and estimated total duration of infection for each woman. While the

estimations of duration of infection would likely not be accurate for each woman on an

individual basis, we felt that these estimations would be reasonably accurate on a

population basis and would serve as the best marker available for determination of length

of infection in the two groups. We found that there was no statistical difference in

duration of enrollment in the cohort, estimated duration of infection prior to enrollment,

or total estimated duration of infection between the non-amplifier and amplifier groups.

This suggested that the two groups of women had been infected with HIV-I, on average,

for a similar amount of time, and should thus have similar markers of disease progression

such as CD4 counts. However, examination of CD4 and CD8 counts and percentages

revealed that women from the non-amplifier group had signiflrcantly higher initial CD4

counts and percentages, and significantly lower CD8 percentages when compared with

the amplifier group. This data suggested that these women were, in fact at an earlier

stage of disease progression when their first child to be enrolled in the cohort was born,

and would potentially be less likely to transmit HIV-I to their children as a result of their

higher CD4 counts. However, mean counts for both amplifier and non-amplifier groups

were well above the established threshold of 400 cells/mm3 where HtV-l infected

individuals begin to get infections associated with immune suppression and are

considered to be progressing. In addition, examination of mean CD4 and CD8 counts

and percentages revealed that the difference between the groups was even greater than at

the initial timepoint. What this piece of data suggests is that over time, CD4 and CD8

counts change less rapidly in the non-amplifier group. In other words, the non-amplifiers
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may progress less quickly than their amplifier counterparts. This finding led us to

compare, years later, the disease status of the two groups of women.

Non-amplifier Women are more Likely to Become Long-term Non-progressors than

Amplifiers

The previous finding that women belonging to the non-amplifier group appeared

to progress less quickly (as measured by their CD4 counts over time) led us to the

question of whether these women were in fact more likely to become long-term non-

progressors than amplifier women. To our advantage, a number of years had now passed

since the initial study of HIV-I subtypes was done, and all women from the initial study

group had now been enrolled in the cohort for greater than eight years. As the estimated

duration of infection was greater than two years (on average) prior to enrollment in our

study, the period of eight years of active follow up was chosen to define long-term non-

progressors and long-term survivors in the cohort. Long-term non-progressors (LTNP's)

and long-term survivors were classified separately as we felt it was important to treat

those with evidence of disease progression differently than those with no evidence of

progression. We did, however, think it imporüant to identify the group of women who

have survived for an extended period of time with HIV-1 infection despite their having

no access to antiretroviral drugs. The "other" group of women included all those lost to

follow up secondary to death or decision not to attend the clinic. As such, it is likely that

a number of women classified into the "other" group would have met the definition of

LTNP or LTS had they remained in active follow up. Our observations thus likely

underestimate the number of LTNP's and LTS's in the cohort. The RFLP study group of
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181 women was examined for the prevalence of LTNP's and LTS's in both the ampliflrer

and non-amplifier groups. 'We found that of the original 27 non-amplifiers, 5 met the

definition of LTNP's, while 5 more were LTS's (see tables 11 and 12). The other 17

women have been lost to follow up. Twelve of these women were lost to follow up in the

first 15 months post delivery, only 3 of which were known to have less than normal CD4

counts. What early loss to follow up with robust CD4 counts suggests is that many of

those 17 women were likely not lost secondary to death from AIDS, but rather, opted not

to return to the clinic for personal reasons such as relocation. When the nurnber of

LTNP's and LTS's was examined in the amplifier group, only 3 LTNP's were identified,

while there were 29 LTS's. Statistical analysis demonstrated no difference in the

prevalence of LTS's in either group, but there was a significantly higher percentage of

LTNP's (p=0.0021) in the non-amplifiers as compared to the amplifiers. This finding

shows a strong correlation between our inability to amplify the protease gene with our

RFLP primers, and decreased disease progression such that a significant proportion of

these women have now become long-term non-progressors. The truly interesting

questions here are how many of these women would have fit the definition of LTNP had

follow up been 100% over the last 8 to 10 years, and how is this related to decreased

transmission rates and our inability to amplify the protease gene?

IILA Class II type is Not an Obvious Factor in Decreased Transmission Rates Seen

with Non-Amplifier Women

By the time of the writing of this thesis, class I HLA typing had only been carried

out on a minority of women from this study group, making it impossible for us to
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properly examine this variable. HLA class II typing had been done for atotal of 79

women, however, 71 amplifiers, and 8 non-amplifiers. Examination of the HLA class II

alleles for DRB 1503 and DPB 010101 (associated with susceptibility to infection), and

DRB 01 (associated with resistance to infection in the ML and MCH cohorts) was carried

out for those for whom the information was available. There were no signiflrcant

associations with these alleles in the limited number of data points available. Further

analysis of HLA class I and II alleles for both the alleles mentioned above, and other

alleles noted to be of importance in HIV-1 susceptibility, transmission and progression

should be carried out once a greater proportion of the information becomes available.

PlrP7, and P6 Genetic Analysis

Analysis of this section of the HIV-I viral genome was undertaken for several

reasons. First of all, our study is built around a number of women whose samples would

not amplify with protease gene specific primers. The 5' primers for amplification of the

protease gene sit in the p6 region. Our inability to amplify the protease gene was

associated with decreased virulence and hansmissibility of the virus in these women, and

as such, if differences exist which explain these, they likely exist near where the primers

would not bind and thereby explain our diffrculty in amplifying the gene. Finally, from

our initial observation of sequence data from the full lengfh sequences of the six cultured

virus isolates, we noted a great deal of heterogeneity in this region, making us suspicious

that the 5' primers, and not the 3' primers for the protease gene were the problem.
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Mutation of Proline Residues in the Pl gene is Uncommon; and are Associated with

Non-amplifïer Status

Analysis of p1 sequences obtained from 136 of our 181 original women revealed

that there were only 18 samples (from 17 women) with mutation of either proline residue

I or 13. Six of the individuals with such a mutation belonged to the non-amplifier group

of a possible 22 sequenced. There were only 1 l/174 women from the amplifier group,

however, who had a change of one of these residues (p=0.034). As conservation of the

proline residue is required for normal viral infectivity, and is important for maintaining

RNA dimer stability and normal protein processing, alteration of one of these residues

could well explain a decrease in viral fitness of these individuals. Also, there appeared to

be a high prevalence of long-term non-progression or survival in women with these

substitutions, further increasing our expectation that these changes affect viral fitness.

When pl RNA hairpin stem loop stability was examined, there was no significance

difference between the two groups in thermodynamics of the loop. There were, however,

2 non-amplifier women with values of between 10 and 15 kcal/mmol. The paper by

Chang et. al. (7999) described earlier involved clones with Tm's in the neighbourhood of

-6.0 kcaVmmol. A value this abberant, however, resulted in the loss of viral infectivity.

It is possible that values intermediate to the normal value of close to -20 kcal/mmol and

the described value of -6 kcaVmmol could give apicture of decreased fiûress, without

completely eliminating viral infectivity/fitness. Further studies would have to be done to

elicit whether in fact this is true.
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A l{igher Frequency of Mutation in the the P6por "LWQRPLVT" motif but not the

"KAREFSSEQ" or "FFREDLAF' motifs

mutations and deletions as well as insertions or deletions causing frameshifts were

identified in both amplifier and non-amplifier groups suggesting that this degree of

heterogeneity may be normal for this area of the HIV-I genome. The "FFREDLAF"

motif was found to be highly conserved with only a small percentage of mothers (and

only one non-amplifier mother) having potentially significant changes in this area. Vy'e

can therefore conclude that this motif is not responsible for the phenomenon we are

studying. When the "KAREFSSEQ" motif was studied for mutations we noted that

there was quite a bit more variability in this area of the gene. We were not, however,

able to notice any difference in either the frequency or type of mutation when the

amplifier and non-amplifier groups were compared. As mentioned previously, we can

not rule out in this way, the possibility that a change in this region may affect the

viability of one or more of the non-amplifiers but we can say that the motif is not

responsible for the majority of cases by any means. Study of the "LWQRPLVT" motif,

however, revealed that again, mutation of the area was quite common. In fact, when

mutations thought not to affect the integrity of the motif were discounted,54.5%o of

non-amplifiers still had mutations or deletions in the area, and 10112 of these were

deletion or frameshift mutations that effectively eliminated the motif in entirety.

Three motifs were examined in the p$Pol gene. In all of these motifs a variety of

However, when this motif was eliminated as part of the p6pol gene by frameshift

mutation (as with all other motifs studied), this change was often offset by a further

frameshift downstream of the first change. In cases where this was not the case, the
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protease gene down stream was almost always intact, although perhaps in a different

frame from what it would normally be found. In the amplifier group, the rate of

mutation was still high at 26.3% (and consisted of a number of motif-eliminating

changes) but remained significantly below the rate at which the non-amplifiers

experienced mutations (p=0.01). The fact that there is a significant difference here

gives us a clue as to the connection befween being unable to amplify the protease gene

and the virus being less pathogenic. This motif sits at the 3' end of the p6pol gene

directly in front of the protease gene. This is the area where the DPl6 primer binds,

and as such changes here could affect both the ability of the primer to bind and the

pathogenicity of the virus. Our examination of the DP16 binding sites of a number of

sequences from non-ampliflrers show little change from the primer sequence, but the

number of non-amplifier individuals with truncations or frameshifts prior to the motif

far outweigh those with single amino acid changes amidst the motif. It is possible,

then, that elimination of this motif through frameshift or truncation (possibly in the

region of the DPl0 primer) could affect virulence of the viral isolate by interfering with

the release of protease from its precursor. Further studies will need to be carried out to

see if this is indeed the case in at least a subset of the non-amplifier women.

Increased Mutation or Absence of the p$gag re pPpTAPPA' Motif in Non-amplifTer

Women

Four motifs in the p6sos gene were inspected for changes related to non-

amplifier status. There was no significant difference in the rate or type of mutation

seen in either the "FGFG" oT "LXXLF" motifs of the gene. Examination of the
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"KELY" motif was abandoned secondary to the high degree of heterogeneity found

there and the question of what changes were truly significant. When we looked at the

'?EPTAPPA" motif, however, we found that non-amplifiers were significantly more

likely to have any potentially significant change (p=0.04) as compared to amplifiers,

several of which consisted of frameshift or truncation mutations. It should be noted,

mutations that abolish the motif will in all likelihood have a greater impact on function

(facilitating viral release) of the motif than mutations simply altering one or two amino

acids. In the future, if virus from women in the group with "PEPTAPPA"mutations can

be recovered and grown in culture, the effect of the mutations could be observed by

comparing western blots done on cell lysates and supernatants from women with and

without mutation of the motif. We would expect significantly less HIV-I virus (and

therefore less processed HIV-1 protein) in the supernatants of cells with a mutation

eliminating or attenuating "PEPTAPPA" versus those without the mutation. V/e may

also expect to see a higher proportion of HIV-1 proteins and protein precursors in the

cell lysates of women with mutated "PEPTAPPA" motifs versus those free of the

mutation.

The finding of "PEPTAPPA" mutations may offer an explanation as to why at

least some of the non-amplifiers have attenuated infections and a decreased likelihood

of hansmitting HIV-I to their children. Further, the issue of a predominance of

truncations and frameshift mutations raises the question as to whether it was these types

of mutations, and whatever was responsible for their presence, that was ultimately

responsible for the characteristics seen in the group as a whole.
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There is no Significant Difference in Frequency or Type of Mutations of the P7

Gene of Amplfïers and Non-amplifiers

Examination of the p7 gene revealed that there were in fact mutations of one and

or both zinc fingers in clones from an approximately equal number of amplifiers and non-

amplifiers. This does not mean to say that the decreased pathogenesis seen in one or a

few non-amplifier women might not be explained by a mutation here. The statistics

simply say that mutations are just as likely to occur in both groups, and that a single type

of mutation common to all non-amplifiers but different from those in the amplifier group

is not present in the zinc fingers of this gene.

Significant Heterogeneity is found in the DP10 but not the DP16 Protease Primer

Sequence data obtained from non-amplifier women was examined for homology

to DP10 and DP16 primers used in the RFLP analysis described at the beginning of the

thesis. We found that there was one woman who was missing (in all clones) both the

DPl0 and DPl6 primer binding sites along with much of the 3' ends of the p6s s and

p6po1 genes. This would explain quite readily both why this woman's protease gene could

not be amplified and why she might have an attenuated infection. In addition there were

three women with clones missing both of the primer binding sites, although rwo of these

individuals also possessed normal clones. The third woman only possessed other clones

that had a deletion encompassing part of the DP10 primer binding site, perhaps also

explaining why her virus would not amplify and why it might be attenuated. All other

non-amplifier individuals for which we had sequence possessed highly conserved

nucleotide sequences in the region of the DP16 primer, although sequences were much
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more heterogeneous in the region of the DPl0 primer. This heterogeneity was also seen

in some amplifier women, however (data was not shown). In addition, all clones from

non-ampliflrer women possessed a C to A alteration at the second last base pair of the

DP10 primer. Also, all contained a T to A or C alteration at the fifth base pair, while

most contained alteration of base pairs one and six. Any of these changes may help

explain why the DP10 primer might not have bound to its target DNA, however, the

change at the second last base pair of the primer binding site may well explain why these

samples did not amplify. The amplifier group contained samples both with and without

this change. To explain this, it may be that amplifier women possessed either a higher

proportion of 'ïild-type" virus, or that they had higher amounts of HIV-1 viral DNA in

their samples making the DNA easier to detect if it did amplify throughout the two

rounds of PCR.

Limitations of Sequencing Non-amplifïer and Amplifïer Genes

The examination of sequencing data from multiple clones on over 130 women to

find changes that are significantly different in non-amplifier and amplifier groupings was

certainly a daunting task. With such a high degree of variability in the p1lp6regions, and

with the presence of multiple subtypes, it would have been problematic to examine every

amino acid in such a large group of individuals for relevant versus irrelevant changes. As

such, I limited the search to examining our suspect region of the HIV-I genome for

changes already known to affect HtV-1 fitness in laboratory studies. This limitation

means that any significant changes not yet discovered and reported in the literature were

exempt from our search. In addition, our study was also limited in that early samples for
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amplification and sequencing were often not available, and later samples had to be used.

The potential problem here is that the population of virus present in an individual can

change from one point in time to another, and that a mutation that was once found as the

dominant shain may be seldom or never found at alater time point. In addition,

difficulty in amplifying virus from available plasma samples meant that viral populations

in plasma, a more accurate medium for determining circulating virus populations, were

not examined. However, the nature of this study was as a retrospective look at a

population of women from the 1980s and 1990s, and so our limitations are fixed. Vy'e can

make some assumptions about the virions infecting these women. Epidemiological

evidence presented in this thesis suggests several of these women do not have progressive

HIV-1 infection, suggesting that at least among these women whatever changes existed

initially may still be present. In addition, poor growth in viral culture of recent samples

from a few of the non-amplifiers suggests attenuated virus still exists in these women,

and therefore that attenuating mutations should still be there to find.

A Number of Mixed Infections and Inconsistent Viral Subtypes are Found during

Cloning of MCH Samples

HIV-1 subtyping analysis was done on cloned and sequenced samples obtained

from the MCH cohort. Figure 8 represents the subtype distribution of samples where the

p7 and p6 genes were sequenced and then aligned with reference sequences before

undergoing phylogenic analysis of subtype. Analysis showed a similar number of

subtype C and D infections as seen previously, although it appears that there was a

paucity of A subtypes in this analysis. If, however, the number of Al subtypes present in

combination in mixed, recombinant and disparate samples is considered, the number
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appears much more in keeping with the percentage of this subtype normally seen in

Kenya. Subtyping in this fashion did not reveal B or F subtypes but there were two G

subtypes (not typable by the RFLP methodology) and one subtype that appeared to

cluster as a K subtype. Not all samples were easy to type, however, and so cloning of

many samples of mothers was done when initial sequencing data proved too

heterogeneous for some samples. The reason for some of that heterogeneity was found

when bootshap phylogenetic analysis was done on sequences from multiple clones of

these individuals and a nurnber of mixed infections were discovered. We did in fact

identify 16 infections that appeared to be mixed when cloning was done. In addition, we

found four recombinant infections, a number similar to what we saw with RFLP analysis

of samples for subtype determination. Another thing that surprised us was that we found

12 cases in which a mother appeared to have a different subtype of infection at one time

point as compared to another. There are several possibilities as to the reason for these

findings. First, it may actually be the case that a number of mixed and recombinant

infections exist in this population where exposure to HIV-I can be quite high. In

addition, women could potentially be infected with one subtype at one time, become

superinfected with another subtype at alater time, and have the dominant virus change

over time. Looking at it this way, it makes sense that mixed infections would exist as an

intermediate to this. There is a high degree of recombination seen in Africa at this time,

and as such, this may offer an explanation as to this finding. What we must not forget,

however, is that despite careful handling of samples, contamination during the PCR or

cloning process could also play a role in these findings. To be sure that the picture of

mixed, recombinant and disparate infections that we are seeing here was indeed true, we
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need to prospectively look at clones of fresh samples taken from individuals over time,

and see if this finding holds up.

HIV-I Virus From Non-amplifier Women Grows Less Well Than Virus From

Amplifiers ìn vítro

Following our hypothesis that HIV-I viral genetic factors are important in the

mother-child transmission of HIV-1, if there are indeed sequence differences that affect

transmissibility and pathogenesis of the HIV-1 virus from a mother to her child, these

changes should also affect that ability of the affected virus to grow both in an individual

and in the laboratory. That is, these viruses should possess quantifiable differences in

viral fitness and replication capability that we can measure. We thus set out to examine

the viral fiûress and replication capacity of these isolates by cultivating the HIV-1 virus

from non-amplifier and ampliflrer women and comparing their growth.

Ideally, assessment of virus from amplifier and non-amplifier women would come

from the time point at which these women were enrolled in the study, and the sample

with a non-amplifiable protease gene was obtained. This would be ideal as we know the

HIV-I virus in general is subject to rapid mutation and change under pressure from the

immune system. By examing the virus infecting these women years later we are able to

comment on the virus as it exists atthat time but we can never really know if this exactly

equalled the characteristics of the virus at enrollment. However, our assessment was

limited in that essentially no samples were available to us from the time at which these

women were enrolled in the cohort. For this there were several reasons. First, many of

the available samples had been depleted or used up entirely. Second, plasma had been
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kept at -20 oC for much of the time since collection (i.e. 8 to 16 years) and was often not

of sufflrcient quality to retrieve RNA. Third, ideal samples for HIV-I culture, i.e. infected

PBMC's kept in liquid nitrogen, for the most part no longer existed. A few samples,

mostly from 1995 and 1996, and almost exclusively from amplifiers were tried in cell

culture. Unfortunately, of the 8 samples tried only 2 grew. These were amplifier

106177 .30 and non-amplifier I 11533.27 .

Fresh samples were thus collected from amplifier and non-amplifier women still

attending the MCH clinic. Due to the timing of this collection, all amplifiers and non-

amplifiers from whom we were able to obtain fresh samples met the criteria for long-term

survivor or long-term non-progressor status. From the fresh samples obtained we were

quickly able to culture the virus of 3 amplfier women, 106177,111164.44 and

110940.40. With patience we were also able to cultivate virus from non-amplifiers

771533,114006.34, and 104550.62. Despite 2 attempts at culture of 110639.53 (a non-

amplifier) we were never able to obøin a positive culture for this woman's virus. As

was shown in Figure 9 of the results section, virus from non-amplifiers grew significantly

less well in initial culture than virus from amplifier women. The one isolate that did

grow to produce more than minimal progeny as assessed by p24 assay (1ll533.43NEUD

did not do so until the third week in culture. This initial observation suggested to us that

viral isolates from non-amplifier rvomen do indeed have a decreased viral fitness and

replicative capacity as compared to those from amplifiers. However, as viral load, and

therefore infecting dose of virus into cell culture may have been markedly different

between the two groups we could not assume that differences in p24 titres were due to

flrtness.
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'We therefore sought to determine that virus from amplifier mothers grew better

than that from non-amplifier women. To do so we cultured all virus in parallel in cells

from the same HfV-l negative donor. By using the same donor individual, and one who

had been proven to possess PBMC's that were readily infectable, we were able to

attenuate the confounding factor of donor cell susceptibility by doing this. We then

determined p24 values on culture supernatants from each viral culture in triplicate and

used the mean value to assign ap24 value to each culture supernatant after it had become

positive by p24 ELISA. In this way we could standardize the amount of p24 (and

therefore hopefully the amount of input virus) for each individual sample. What we

found is that the positive control and two of the ampliflrer viruses grew very well in

culture compared with virus from non-amplifiers (despite similar input amounts of virus

as determined by adjusting for p24levels). Growth of non-amplifiers and one of the

ampliflrers, however, were for the most part only marginally greater than the negative

control as measuredby p24 assay. Unfortunately the assay was only done once. There

may have been some problem with the cultures with either input amounts not being

adequate to result in growth of these virions, or with something inhibiting the growth of

these cultures. In future, this assay, (or a similar one using an RT assay to determine

actual titres of input virus as a means of standardizing the assay) should be repeated to

ensure its reproducibility. Further studies need to be done in cell culture to better

quantify the difference in PBMC cell culture of amplifier and non-amplifter isolates. In

addition, the measurement of p24 for determination of cell growth will provide only an

estimation of growth, and is not as accurate as viral load for determining progeny
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production. Further studies should thus be done using viral load or RT assays to

accurately quantify progeny virus.

Finallly, HIV-1 viral replicative capacity was examined using a MAGI-CCR5 cell

assay. This was done by first establishing number of infectious input virions in a sample

per fluid volume of supernatant (actual number of infectious particles was counted after

supernatant had been removed and set aside) at several dilutions, and in duplicate for

each. A new set of cells was then infected, this time in quadruplicate, with input from at

least two different dilutions of supernatant from the previous experiment. We felt that in

this way we could quantify the number of infectious particles of HIV-I virus produced

for each infectious particle of virus in each of the amplifiers and non-amplifiers. What

we found is that although not all amplifiers had greater infectious progeny production as

compared to non-amplifiers, the amplifier group produced significantly more progeny per

infectious particle as compared to the non-ampliflrer group. This finding supports our

initial observation that non-amplifier virus does not grow as well or as quickly in cell

culture as compared to ampliflrer virus. Delayed and decreased growth in cell culture of

non-amplifiers as compared to amplifiers supports our hypothesis that viral genetic

factors are causing an attenuation of non-amplifier virus which translates into decreased

hansmissibility and pathogenesis in the human model.

Long-term Non-progressors are Less Likely to Infect Their Children \üith HIV-I

Independent of CD4 Count

I have already discussed the fact that women whose samples had unamplifiable

protease genes had better CD4 counts, were less likely to transmit HIV-I to their
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children, and were also more likely to become LTNP's over the long term as compared to

women with amplifiable protease genes. It now seemed logical to determine if women

who would one day be classified as LTNP's in the cohort were less likely to transmit

HIV-1 to their children as compared to all other women enrolled in the cohort. V/e did

indeed find that women now classified as LTNP's were signiflrcantly less likely to

transmit HIV-I to their children as compared to the remainder of the cohort. Of note, a

number of women enrolled in the cohort whose CD4 counts remained static over time

would likely have been lost to follow up long before being enrolled long enough to fit the

time requirements for LTNP status. The observed rate of LTNP status is thus most

likely artificially low compared to the actual rate in the population.

We next calculated the initial and mean CD4 and CD8 counts and percentages for

the LTNP group of women and the remainder of the cohort. Although there was a trend

(P=0.09) towards a significantly higher mean CD4 count in the LTNP women, no other

comparisons were significant. This data suggests that both women who would be

LTNP's and the remainder of women in the cohort had similar CD4 counts and

percentages, as well as CD8 counts and percentages, at the time of birth of their first child

enrolled in the cohort. As these parameters are indicative of disease state and

progression, we can assume that there was also no significant difference in disease state

or progression when these women and their newborns were first enrolled in the cohort.

As a significant percentage of women enrolled in the cohort have only one child enrolled

(mainly due to loss to follow up), this data tells us that women who will be long-term

non-progressors are less likely to transmit HIV-1 infection to their infants independent of

CD4 or CD8 count or percentage. The fact that there was a trend towards a significantly
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higher CD4 count in the LTNP group compared to the rest of the population is not

surprising. This count was determined by taking the mean CD4 count for each woman

(regardless of the number of visits or duration of follow up). The calculation is used to

provide some idea of changes in counts over time since enrollment. The LTNP's in the

cohort have all been enrolled and in active follow up for 8 or more years, and multiple

counts (all above 400 by definition) have been obtained. In the case of the remainder of

the cohort some women have only one or two counts while others have many. We would

expect the average CD4 count in a woman who is progressing to AIDS to decrease over

time, and thus may intuitively expect a significant difference between the two groups.

However, as many women are lost to follow up early, and often before their CD4 counts

have had a chance to fall, this nurnber is likely artificially high, and not really indicative

of decline in CD4 counts over time in an individual. What the number does provide,

however, is an indication of the CD4 counts of women enrolled in the study while they

were still having children who would be enrolled in the study. This is therefore likely a

reasonable comparison, and the lack of difference in the two groups a further indication

that decreased maternal-child transmission is decreased in the LTNP group independently

of CD4 or CD8 counts or percentages.

Significance and Further Directions

The finding that a group of mothers in the MCH cohort have non-amplifiable

protease genes with primers specific for amplification of that gene, and that this inability

to amplify the gene (despite other genes being amplifiable) is associated with

significantly decreased transmission of HIV-1 from a mother to her child is an interesting
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one. In addition, these women appear to progress less quickly to infection based on

laboratory markers, and indeed, are more likely to become long-term non-progressors as

compared to their amplifier counterparts. Women from this non-amplifier group possess

viral clones that are more likely to have mutations in proline residues of the p I protein,

the '?EPTAPPA" motif of th a p$Eac protein, and the "LWQRPLVT" motif of the p6Pol

protein. Further, in the p6 genes these mutations appear more likely to be secondary to

truncation of the gene or frameshifting that eliminates the motif. Finally we have been

lucky enough to culture the HIV-I viruses of a small subset of these women and have

shown the isolates grow less well in cell culture as compared to their ampliflrer

counterparts. All of these findings support the hypothesis that viral factors do in fact

affect not only the hansmission of HIV-I from a mother to her child, but also the severity

of the infection in the mother as well. The question becomes then, whether the mother is

well because she had transmitted to her a virus that was less replicative competent than

the average strain in circulation. An alternative hypothesis is that perhaps immune

system pressure exerted by these women on an original pathogenic virus strain led to

their viruses being forced into something of a mutational corner where the virions were

forced to exist in less pathogenic forms or not at all.

A great number of questions remain to be answered, certainly more than we

started with. Unfortunately we have not identified one single mutation in the non-

amplifier group of women that explains why they act in the way that they do, but we have

in fact identified a few areas where a large proportion of the group have mutations

significant enough to attenuate the virus in these individuals. Again, these mutations are

not isolated only to the non-amplifier group, but are simply seen to a lesser degree in the
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amplifier women. Perhaps we have simply identified a trend towards the types of

mutations that these women have (frameshifts and truncations). These sorts of mutations

would, after all, have a more radical effect on the virus than single amino acid

substitutions. More work will certainly need to be done on the sequence of the viral

genome in these women, perhaps sequencing the whole genomes such that the integrity

of the 3' primer binding sites, and other genes might be looked at for differences in these

viruses. In addition, studies will need to be done which address the significant sequence

changes we have seen in the non-ampliflrer women and their effect on the viral fitness of

their isolates. It would also be ideal if all individuals in the non-amplifier group, as well

as some from the amplifier group who are still locatable should be asked to give samples

such that viral culture of a greater number of them might be undertaken. In this way the

exact mechanisms of defects in viral replication kinetics we are seeing could be

elucidated.

This phenomenon we have seen in the mother-child cohort may not be isolated to

mother-child transmission only, but may play a role in sexual transmission of the virus as

well. V/e may simply have identified this finding because we have a cohort of exposed

individuals (i.e. the children) with which to compare. The isolation of the exact genetic

factor or factors that inhibits mother-child transmission of HIV-I has yet to be done, but

if we are able to isolate it we may be able to use the information in prognostication, as

well as drug and vaccine development.

HIV-I viral genetic factors that attenuate the virus almost certainly contribute to

the transmissibility and pathogenesis of HIV-1 infection in this cohort. What remains to

be seen is how.
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APPENDIX:

AIDS:
ARV:
Asp:
BBC:
BSA:
CCR2:
CCR5:
CD4:
CDC:
cDNA:
CMI:
CTL:
CXCR4:
DEA:
DEPC:
DNA:
DTT:
ELISA:
EM:
Env:
EtBr:
FCS:
Gøg:
GRE:
HIV.I:
HIV.2:
HLA:
HTLV:
IgA:
IN:
IV:
IVDU:
Kb:
LAV:
LTNP:
LTS :

M:
MA:
MCII:
MgCl2:
ml:
MMWR:
NaOAc:
NES:

Abbreviations

Acquired Immune Deficiency Syndrome
AIDS Related Virus
Aspartic acid
British Broadcasting Company
Bovine serum albumin
Chemokine receptor 2

Chemokine receptor 5

Cluster of differentiation 4

Centre for Disease Control
Complementary DNA
Cell mediated immunity
Cytotoxic T lymphocyte
Chemokine Receptor 4
Diethanolamine
Diethyl pyrocarbonate
Deoxyribonucleic Acid
Dithiotreitol
Enz¡rme-Linked immunoSorbent Assay
Electron Microscopy
Envelope
Ethidium Bromide
Fetal calf serum
Group specific antigen
Glucocorticoid response element
Human immunodeficiency virus type 1

Human immunodeficiency virus type 2
Human leukocyte antigen
Human T cell lymphotropic virus
Immunoglobulin A
Integrase
Intravenous
Intravenous drug use

Kilobase
Lymphadenopathy associated virus
Long term non-progressor
Long term survivor
Molar (1 mole/lihe)
Matrix
Mother/Child
Magnesium chloride
milliliter
Morbidity and Mortality Weekly Report
Sodium oxylacetate
Nuclear export signal
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NIH:
NPC:
NSI:
PBMCs:
PCP:
PBS:
PHA:
PIC:
PMOL:
Pol:
PR:
RFLP:
RNA:
RPMI:
RPMS:
RRE:
RT:
SAAP:
SDF:
SI:
SIVcpz:
SIVsnnr,r:

ssR1\lA:
STI:
TAK:
TÄR:
Tat:
TBE:
TE:
TF:
Tm:
pl:
UNAIDS:
UNICEF:
WHO:

National Institutes of Health
Nuclear pore complex
Non-syncytium inducing
Peripheral blood mononuclear cells
Pneumocystis Carinii Pneumonia
Phosphate buffered saline
Phytohemaglutinin
Preintegration complex
picomoles
polymerase
Protease
restriction fragment length polymorphism
Ribonucleic Acid
Cell culture media, (Roswell Park Memorial Institute)
Rotations per minute
Rev Response Element
Reverse Transcriptase
Streptavidin-Alþho sphatase

Stromal cell derived factor
Syncytium Inducing
Simian immunodeficiency virus (chimp anzee)

Simian immuno deflrciency virus (sooty man gabe y)

Single stranded ribonucleic acid
Sexually transmitted infection
Tat associated kinase
Transactivation response region
Transactivation factor
Tris Borate EDTA
Tris EDTA
Transframe protein
Melting temperature
Microlitre
Joint United Nations Programme on HIV/AIDS
United Nations Children's Fund
World Health Organization
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