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ABSTRACT

It is over 15 years since HIV was identified as the causal agent of AIDS, and
the global epidemic continues to expand at an alarming pace. A cumulative number
of 27.9 million people have been infected with HIV since the beginning of the
pandemic. Of these, 68% have lived in sub-Saharan Africa. Of the 3 million infants
born in the world with HIV, over 90% have been born in Africa. It is in Africa that
there are still many problems about the diagnosis of HIV infection and management of
infants born to seropositive women. In addition, the molecular features of HIV-1 and their
relevance to the transmission from mother-to-child remain poorly understood. The research
described in this thesis deals with these two important issues:

1. Early diagnosis of HIV-1 infection in children born to HIV-1 infected women: The
diagnosis of HIV infection in children born to HIV-1 infected mothers is hampered by
the passive transfer of maternal IgG across the placenta which is detectable up to 12 or
even 15 months of age. In the first months of life, it is not possible to discriminate the
mother’s IgG from the child’s by using commercially available ELISA techniques. This
delays the diagnosis of HIV-1 in children until 18 months of age. Alternatively, several
techniques can achieve the diagnosis of HIV-1 infection during the first few months of
life. These include the Polymerase Chain Reaction (PCR), measurement of in vitro
antibody production and co-cultivation of the lymphocytes with stimulated donor cells.
All these techniques are expensive and technically unsuitable for small laboratories in
Developing Countries. Therefore simple, cheap, sensitive and specific tests, the
Antibody class A specific capture enzyme immuno assay (AAC-EIA) and class M

specific capture enzyme immunoassay (MAC-EIA) were employed for the detection of
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IgA and IgM anti HIV-1 in children born to seropositive mothers. Contrary to the
currently held dogma, it was demonstrated in the present study that IgA and IgM DO

CROSS the placental barrier. The maternally derived IgA and IgM class anti-HIV-1

decline and are undetectable by 3 months of age, but after this time, detection of these
antibodies (IgA and IgM) in infant samples is a strong indicator of HIV infection.

. The genotype, the serotype and the level of antibodies against the vertically-
transmitted virus: The relative role of different subtypes of HIV-1, the nature of the
antibodies and indeed their amounts in mothers who do and do not transmit infection to
their children is largely unknown. All previously described methods on serotyping of
HIV-1 are subject to a high level of cross-reactivity. In this study, a de novo method for
serotyping HIV-1 was developed and applied. It was demonstrated that
immunodominant antibodies to the principal neutralising domain of HIV-1, the V3 loop,
are not subtype specific and correlate poorly with HIV-1 genotype. Significant cross-
reactivity of V3 loop based peptides to react with heterologous peptides may increase the
sensitivity of serological assays. In addition, it was shown that there was a lack of
correlation between the level of antibodies to V3 loop in maternal samples and the
outcome of HIV-1 infection in children. At the molecular level, there was no evidence of
preferential mother-to-child transmission of one subtype of HIV-1 over the others.
However, a remarkable molecular heterogeneity was observed in a small number of
patients examined in this study, with at least 7 subtypes (A, C, D, F, G, H and J) and

another possible new subtype of HIV-1 present in the population examined.
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ABBREVIATION

AACELISA Antibody class-A capture Enzyme linked immunosorbent assay

AIDS Acquired Immunodeficiency Syndrome

ARV AIDS-related virus

AZT 3’-azido-3’ deoxythymidine

BIV Bovine immunodeficiency virus

bp base pair(s)

BPC-ELISA Branched peptidecompetitive enzyme linked immunosorbent assay
BSA Bovine serum albumine

BW Buffered water

°c Degree centigrade

CD4 Cluster determinant 4

CDC Centers for Disease Control and prevention, Atlanta, USA.
cDNA Complementary deoxyribonucleic acid

CIZA (CILU) Cimenterie du Zaire (change recently to CILU, Lukala)
CO (CUT)  Cutoff

(55 L ¥ Cytotoxic T lymphocyte

CMV Cytomegalovirus

DRC Democratic Republic of Congo

dATP Deoxyadenosine-5’-triphosphate

dCTP Deoxycytidine-5’-triphosphate

ddATP 2’°, 3’-dideoxyadenosine-5’-triphosphate
ddCTP 2’, 3’-dideoxycytidine-5’-triphosphate
ddGTP 2’, 3’-dideoxyguanosine-5’-triphosphate
ddNTP 2’, 3’-dideoxynucleoside-5’-triphosphate
ddTTP 2’, 3’-dideoxythymidine-5’-triphosphate
dGTP Deoxyguanosine-5’-triphosphate

DEPC Diethylpyrocarbonate

DMF Dimethylformamide

DMSO Diethylsulphoxide
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DNA
DNase
DNAML
dNTP
DTT
EBV
ECSP
EDTA
EIA
ELISA
EIV

gag
GACELISA
GDE

&P

HIV
HBV
HTLV-I
HTLV-II
HTLV-III
HSV
HIVIG
HPLC
HMA
IDAV
ICTV
IgA

[gM

IgG

IME
IVAP

Deoxyribonucleic acid

Deoxyribonuclease

Maximum likelihood
Deoxynucleoside-5’-triphosphate

Dithiothreitol

Epstein-Barr Virus

Early Childhood Screening profile
Ethylenediaminetetraacetic acid

Enzyme immuno assay

Enzyme linked immunosorbent assay

Feline immunodeficiency virus

Group antigen

G antibody capture enzyme immuno sorbent assay
Genetic Data Environment

Glycoprotein

Human immunodeficiency virus

Hepatitis B virus

Human T-cell leukaemia virus type I

Human T-cell leukaemia virus type II

Human T-cell leukaemia virus type III

Herpes simplex virus

Human immunodeficiency virus immunoglobulin
High-performance liquid chromatography
Heteroduplex mobility assay

Immunodeficiency associated virus

The International Committee on the Taxonomy of Viruses
Immunoglobulin A

Immunoglobulin M

Immunoglobulin G

Institut Médical Evangélique

In vitro antibody production



KS

kb

kd
K-ABC
LTR
LAV
LIP

LP

uCi

ul

Hg
MCT
MA
MIP
MEGA
MACELISA
MPEIA
MPP
MPN
MPI
MNN
Min

NaCl
NaOH
NAD
NADP

NC
NSI

Kaposi’s sarcoma

Kilobase

Kilodalton

Kaufman Assessment Battery for Children
Long Terminal Repeat

Lymphadenopathy associated virus
Lymphoid interstitial pneumonitis

Liquid phase

microCurie

microlitre

microgramme

Mother-to-child Transmission

Matrix

Macrophage inflammatory protein
Molecular Evolutionary Genetics
Immunoglobulin M class-specific capture ELISA
Monomeric peptide enzyme immuno assay
Mother positive with positive child
Mother Positive with negative child

Mother Positive with indeterminate child

Mother negative with negative child
Minimum

Maximum

Sodium chloride

Sodium hydroxide

Nicotinamide adenine dinucleotide
Nicotinamide adenine dinucleotide phosphate
Nanometre

Negative children of negative mothers (control)

Negative control

Non-syncytium inducing
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OH-
OPD
OD
OD/CO
%

32p
PBMC
PCR
PGL
PND
pol

PB
PHYLIP
PBS
PP

PN

PI

PC
RNA
RT
RRE
RPM
35g
STD
SIV
SP

SI
TAR
TMB
TEMED
TE

Hydroxyl group
(Ortho)1-2-phenylenediamine dichloride
Optical density

Optical density divided by the cut off
Percentage

Phosphorous emitting 3 isotope
Peripheral blood mononuclear cell
Polymerase chain reaction

Persistent and generalised lymphadenopathy
Principal neutralising determinant
Polymerase

Primer binding site

Phylogenetic Inference Package
Phosphate-buffered saline

Positive children of positive mothers

Negative children of Positive mothers

Indeterminate children born to HIV positive mothers

Positive control

Ribonucleic acid

Reverse transcriptase

Rev responsive element
revolution per minute

Sulphur B emitting isotope
Sexually transmitted diseases
Simian immunodeficiency virus
Solid phase

Syncytium inducing
Trans-activation response element
3,3°,5,5 -tetra methylbenzidine
N,N,N’N’-Tetramethylethylenediamine
Tris-EDTA buffer
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TFA

U3

U5
UNAIDS
USA

UK

V1-5
W/V
WHO

Trifluoroacetic acid

Unique region at 3’ end of the genome
Unique region at 5’ end of the genome
United Nations Programme on HIV / AIDS
United States of America

United Kingdom

Ultraviolet

variable region 1 through 5

weight per volume

World Health Organisation
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CHAPTER 1

INTRODUCTION: THE HUMAN IMMUNODEFICIENCY

VIRUS TYPE 1 (HIV-1)



1.1. CLINICAL ASPECTS OF HIV-1 INFECTION

1.1.1. HISTORIC OVERVIEW: THE DISCOVERY OF HIV-1

The first few cases of a novel disease, which soon was called the ‘acquired
immunodeficiency syndrome’ (AIDS), were reported in June, 1981 by the Centers for
Disease Control (CDC) (Gottlieb et al., 1981.a; Gottlieb ef al., 1981.b). The patients
concerned in the early reports were mainly homosexual men presenting with
Preumocystis carinii pneumonia and mucosal candidiasis (Gottlieb et al., 1981a;
Gottlieb ef al., 1981b; Colon et al., 1996), hence AIDS was known for some time as
a homosexual or ‘gay’ disease. Coincident with the epidemic in the homosexual
community were reports of cases of AIDS among Haitians immigrants to the United
States of America (USA), with no history of homosexuality (Vieira ef al., 1983). In
1982, the first cases of AIDS in very young children (Centers for Disease Control,
1982; Rubinstein ef al., 1983) provided the first clues as to the possibility of an
infectious agent being the cause of AIDS. Other cases were also reported among
haemophiliacs, transfusion recipients and the sexual partners of high-risk individuals
(intravenous drug users and homosexuals). At that time, viruses such as
cytomegalovirus (CMV), hepatitis B virus (HBV) and human T-cell lymphotrophic
virus type 1 (HTLV-1) were thought to be possible causative agents of AIDS since
enlarged lymph nodes were common features among AIDS patients (Gottlieb et al.,
1981.b). However, it seemed unlikely that HTLV-1 (or HTLV-2) could be the cause
of AIDS as it is unable to kill lymphocytes, but tends to immortalise them (Miyoshi

et al, 1981). Conversely, the depletion of CD4 lymphocytes is a characteristic of



advanced HIV-1 infection (Barré Sinoussi ef al., 1983; Dalgleish et al., 1984;
Rubinstein et al., 1983).

In early 1983, a team led by Montagnier of the Institut Pasteur in Paris
isolated a virus from a patient with persistent generalised lymphadenopathy (PGL)
and this new virus was given the name of Lymphadenopathy Associated Virus (LAV)
(Barré Sinoussi ef al., 1983). Subsequently, the same virus was isolated by a
different group led by Gallo in the United States of America (USA) (Gallo ef al.,
1984). They called this ‘novel’ agent the Human T-cell Lymphotropic Virus type III
(HTLV-III) (Gallo ef al., 1984). In addition, other names, including AIDS related
virus (ARV), immunodeficiency associated virus (IDAV) were also used by other
research groups.

The International Committee on the Taxonomy of Viruses (ICTV) agreed on
one name, the Human Immunodeficiency Virus (HIV). In 1986, another human
retrovirus distinct from HIV, yet with similar biological and morphological
properties, was isolated from West African patients and subsequently in Europe and
North America (Clavel et al., 1986a; Clavel ef al., 1986b; Guyader et al., 1987). The
original virus was specified as HIV-1 and the newly identified one as HIV-2.

HIV-2 is transmitted through the same routes and causes a similar spectrum
of disease as HIV-1. Whereas HIV-1 is more prevalent and widely distributed
throughout the globe, HIV-2 strains have been more limited to patients in several
parts of West Africa. There are small numbers of HIV-2 cases in Europe, United
States and South America often in individuals with a West African connection (Levy,
1994). Furthermore, HIV-2 appears to be less pathogenic and less transmissible than

HIV-1 (Travers et al., 1995; Marlink et al., 1994). The average incubation period
3



from infection with HIV-2 to the development of AIDS appears to be longer than is
is the case for HIV-1. However, data about HIV-1 and HIV-2 infected individuals

followed up from infection to the development of AIDS are scarce.

1.1.2. EPIDEMIOLOGY OF HIV-1 INFECTION

1.1.2.1. PREVALENCE AND TRENDS OF HIV/AIDS

Enormous progress has been made in the elucidation of the epidemiology of
HIV-1. It is now over 15 years since HIV was identified as the causal agent of AIDS.
Although the risk factors for the transmission of HIV-1 are known, the global
epidemic continues (o expand at an alarming pace. As of July 1996, nearly 1.4
million AIDS cases - in adults and children - had been reported to the World Health
Organization (WHO) (UNAIDS, 1997). This represents approximately a 19%
increase from the 1,169,811 cases reported by June 1995. Allowing for under-
diagnosis, incomplete reporting, and reporting delay, the United Nations Programme
on HIV / AIDS (UNAIDS) estimated that over 7.7 million AIDS cases have occurred
worldwide since the pandemic began. Due to the average 10 year incubation period,
the overall number of AIDS case may merely reflect the trend of HIV infection of a
decade ago (UNAIDS, 1997). The UNAIDS estimates the global trends for HIV
infection to be 3.1 million new cases during 1996. This figure suggests that there
were over 8,500 new infections occurring daily - 7,500 adults and 1,000 children
(UNAIDS, 1997). As of November 1997, UNAIDS estimated that about 21 million
adults, and more than 800 thousand children were living with HIV / AIDS . Of adult
cases, 90% were living in developing countries. Among children, HIV / AIDS

prevalence was estimated to be 35 times greater in the developing world than
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industrialized nations (UNAIDS, 1997). In addition, over 9 million children under
age 15 have lost their mothers to AIDS, and one in three children orphaned by HIV /
AIDS is younger than 5 years old. However, in some areas in the developing

countries, the epidemic has shown signs of stability (Green e al., 1994) and even a

decrease (Nelson et al., 1996).

1.1.2.2. TRANSMISSION ROUTES OF HIV-1

The routes of transmission of AIDS were known well before the identification
of the aetiology. It is generally admitted that HIV is transmitted (i) through sexual

contact, (ii) by parenteral routes and (iii) from an infected mother to her offspring.

1.1.2.2.1. SEXUAL AND PARENTERAL ROUTES OF HIV-1

TRANSMISSION

The transmission through anal intercourse was suggested in early 1981
following an unusual outbreak of Pneumocystis carinii among homosexual men as a
result of an unknown infectious agent responsible for inducing immunodeficiency
(Gottlieb et al., 1981.b; Masur et al., 1981). Anal intercourse between men has been
the common mode of transmission of HIV in the United States, whereas heterosexual
transmission is the predominant mode of transmission in Africa, in Asia and in
Central and South America. Heterosexual transmission of HIV has direct
consequences in that women at child-bearing age also become infected with the virus
may also transmit the virus to their offspring (see section 1.1.2.2.2.). Social and
economic changes currently observed in many African countries may have adverse
effects on the HIV epidemic. Mulder ef al. (1994) measured the excess death

attributable to the HIV epidemic in rural Uganda. In this study the mortality rate among
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seronegative adults was 7.7 per 1000 compared with mortality rate as high as 115.9 per
1000 seropositive adults of the same population. Also, 50-80% of all deaths in this
population were associated with HIV-1 infection. Similar findings by Ryder et al.
(1994a) showed higher rates (5-10 fold) among seropositive women, their partners and
children than among HIV-1 seronegative control women. These high mortality rates
have direct effects upon economic growth, demographic and social stability in many
countries. For example, Ryder ef al. (1994b) in another study assessing the
socioeconomic consequences of HIV, note that children born to seropositive mothers
are at greater risk of becoming orphans than children born to seronegative mothers.
Once again the burden lies within developing nations, with 90% of maternal orphans
living in sub-Saharan Africa (UNAIDS, 1997).

Parenteral transmission through the transfusion of contaminated blood or
blood products is another important route of transmission. The importance of this
route in the United States and Western industrialised countries was substantially
reduced when HIV-1 antibody testing was introduced (Selik ef al., 1993). However,
in developing countries, many transfusions are still being carried out without prior
screening for HIV-1 antibodies in donated blood units. In addition, transmission by
the parenteral route can occur through the use of contaminated and shared needles
among drug users (review in Kaplan, 1989; Hoelscher ef al., 1994). The risk of
needle-stick injuries with infected blood among health care workers appears to be
low. In one study, only 0.36% of cases (n=1103) seroconverted following accidental
injury with HIV contaminated needles (Tokars et al., 1993). However, people who

accidently prick themselves with contaminated needles need better standards of care.



1.1.2.2.2. MOTHER-TO-CHILD TRANSMISSION OF HIV-1

Another important route of transmission of HIV-1 is from an infected mother
to her child: mother-to-child transmission (MCT). Of the estimated cumulative
number of 3 million infants born in the world with HIV since the beginning of the
epidemic, over 90% have been born in Africa (World Health Organisation, 1996;
UNAIDS, 1997). Among children, MCT represents the main source of infection
though transmission attributable to parenteral routes is also possible.

It is difficult to determine the time when MCT of HIV occurs. Transmission can
occur in utero, and/or at the time of delivery, and/or intrapartum, and/or postnatally
through breast-feeding. However, the relative contribution of these periods is not
precisely known. Generally, the timing of HIV transmission from mothers to their
children is very variable and at present no method can determine with accuracy the time
and mechanism of transmission. In most cases occurring in the developing countries a
large proportion of all vertical transmission of HIV occurs before delivery. Krivine et
al. (1992) using highly sensitive tests were unable to detect HIV-1 infection at birth in
almost 70% of babies who subsequently were found to be infected. These findings
suggested an active replication of HIV during the first weeks of life and support the
hypothesis that transmission of HIV-1 takes place either at the end of pregnancy or at
delivery. A number of in utero infections occur at an early gestational period. This
was confirmed by the detection of virus antigens by immunohistochemistry and in situ
hybridization in abortus material as early as 8 weeks (Lewis et al.,, 1990) and from a 15
week old fetus (Schafer ef al., 1986). However, these findings still need to be

confirmed by independent investigators. Nevertheless, studies in Africa have shown



that early transmission of HIV may adversely affect pregnancy outcome: fetal wastage,
prematurity, stillbirth and neonatal death (Braddick ef al., 1990; Temmerman et al.,
1990; Ryder and Temmerman, 1991). Other studies (Gloeb et al., 1988; Selwyn et al.,
1989), however, failed to show any of these outcomes to be attributable to HIV in
pregnant women.

In studying a cohort of children born to HIV-1-infected mothers in Kinshasa,
former Zaire, Bertolli et al., (1996) estimated 23% of infected children might have had
intrauterine and 65% intrapartum/early postpartum transmission. In this study, labour
and delivery played a significant role in MCT of HIV-1. Some gynecological
conditions like placenta previa', when a large amount of blood may enter the fetal
circulation, may be a major source of infection with HIV at the end of pregnancy.
During labour, uterine contraction may drive maternal blood into the fetal circulation,
particularly if the labour is intense, difficult or prolonged. Tissue damage may occur as
the result of labour or obstetric intervention, e.g. forceps delivery which increases the
risk of blood-to-blood contact between the mother and the fetus. It is likely that
children are susceptible to HIV infection when they pass through the birth canal, where
they may ingest viral particles present in maternal blood and other fluids.

In addition to MCT of HIV-1 in utero or during delivery, there is an additional
risk of postnatal infection through breast-feeding. HIV-1 was detected by culture in
breast milk of 3 asymptomatic women (Thiry et al., 1985) and raised the concern about
postnatal transmission through breast feeding. Confirming this theory, Ziegler ef al,
(1985) reported a case of HIV infection in a breast-fed child whose mother had

' a placenta which develops in the lower uterine segment, in the zone of dilatation
accompanied with painless haemorrhage in the last trimester, particularly during the eighth
month.
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acquired the virus by blood transfusion after caesarian section. Others (Behets et al.,
1991) found no significant role of breast-feeding but have shown that breast milk
confers protection against gastrointestinal and upper respiratory illness in children born
to infected mothers. Another study by Van de Perre ef al. (1993) showed that detection
of integrated viral DNA in the mother's cells (in breast milk) is a risk factor for
infectivity but the presence of anti-HIV-1 specific IgA and IgM conferred protection
against postnatal transmission of HIV-1. Because 1 in 7 breast-fed children of HIV
positive mothers acquire post-natal HIV, this protective effect is often insufficient.
Computer models have been developed to assess the impact of breast-feeding, HIV
infection and socioeconomic factors on under-five mortality and to assist in evaluating
implications of breast-feeding policy. In the model proposed by Del Fante et al.
(1993), analysing data from a hypothetical West African country, it was shown that in
urban areas, under-5 mortality would increase by 27% and 108% among children born
to seropositive and children born to seronegative mothers, respectively, if breast-
feeding ceased. In general, not breast-feeding would increase the mortality rate in that
hypothetical setting by 82%. Dunn ef al. (1992) estimated the total risk of infection
through breast-feeding by seropositive mothers: when mothers have been infected
prenatally, the additional risk of postnatal transmission of HIV-1 through breast-
feeding, above transmission in utero and intrapartum is estimated at 14%. When
mothers become infected postnatally, the risk of transmission is 29% (Dunn et al.,
1992). A possible explanation of the increased risk of transmission through breast milk
when maternal infection has occurred post-natally, may be the viraemia associated with
the primary infection period.

The protective properties of breast milk in the presence of HIV-1 infection have
been previously documented (Victoria et al., 1987; Howie et al., 1990). In general, the
protection provided by breast-feeding against a variety of illnesses is independent of
associated personal and social factors (Cunningham (1979). In addition to psychosocial
and child-spacing benefits, breast milk contains protective elements including

immunological components (IgA, IgM, IgG, cells) and biochemical factors (lysozyme,



lactoferrin, lactoperoxidase, bile salt stimulated lipase). It also contains factors like
complement, Lactobacillus bifidus growth factor and nutrients that make breast milk
the best food for the new born especially in developing countries (Cunningham, 1979).

The rate of vertical transmission of HIV varies widely from study to study
(Dabis et al., 1993). It is higher in developing countries than in the industrialised
World. In Africa for example, the rates of vertical transmission of HIV may range
between 25% and 48% whereas in Europe and North America figures between 13%
and 32% have been reported (Dabis ef al., 1993). No direct comparison could be made
between these studies because the methods of calculation of mother-to-child
transmission rates were different. Therefore a standardized method has been proposed
by the Ghent Working Group of Mother-to-Child Transmission of HIV to allow all

studies to report rates of transmission in a comparable fashion (Dabis ef al., 1993).

1.1.2.2.3. MATERNAL FACTORS INFLUENCING MCT OF HIV-1

Not all children born to HIV-seropositive women are infected. About 60-80%
of such children remain uninfected and it is difficult to predict accurately the outcome
of children born to HIV-infected mothers. Maternal factors have been suggested to
play an important role in MCT of HIV. These include p24 antigenemia (StLouis et al,
1993), high viral RNA load (Dickover et al., 1996), impaired immune system
determined by low CD4 count (<700/mm?>), or CD4-to-CD8 ratio (<0.6) or the stage of
clinical AIDS (Newell et al., 1992; Ryder et al., 1989; StLouis et al.,, 1993). However,
asymptomatic seropositive pregnant women, with no indicators that maternal infection
is advanced, may also transmit HIV to their offspring. This has been shown in a study

carried out in Congo (then Zaire) that HIV-1 infected women with normal CD4 counts
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but higher CD8 counts (>1800) were at increased risk of transmitting HIV, although
some of them were at the early stage of infection (StLouis ef al., 1993). Becoming
pregnant during the year of seroconversion is another risk factor for MCT of HIV
(Hague et al., 1993). This may be explained by the fact that this particular period is
characterised by intense replication of HIV as indicated by p24 antigenemia (Newell et
al., 1992; Krivine et al., 1992).

The structure of the placental barrier if damaged by chorioamnionitis may
facilitate infection of the fetus. This inflammation of the placental membrane may be
due to intercurrent infections including sexually transmitted diseases (STD) during
pregnancy. In our own study (Green ef al., 1991) as in others (St Louis ef al., 1993),
placental membrane inflammation was associated with perinatal transmission. In
addition, the synergistic effect of pregnancy and HIV may cause reactivation of several
infectious agents including herpes simplex virus (HSV) and cytomegalovirus (CMV).
HSV and other STDs such as syphilis (7reponema pallidum) and chancroid
(Hemophilus ducreyi) cause cervicitis and genital ulcers and these agents may enhance
the risk of both intrauterine and infrapartum transmission of HIV. In a population of
high prevalence of HIV-1, unprotected sexual intercourse with multiple partners before
and during pregnancy was shown to increase the likelihood of MCT of HIV-1 (Bulterys
etal, 1993).

Several studies have been conducted to determine the role of maternal
antibodies in the reduction of MCT of HIV. Results on this topic remain conflicting.
Whereas some studies (Scarlatti e al., 1993a; Scarlatti ef al., 1993d; Rossi et al., 1989;
Devash ef al., 1990) reported that maternal antibodies to the principal neutralising

domain (PND) of the envelope glycoprotein gp120 and gp41, protect the fetus from
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infection, others (Parekh et al., 1991; Halsey et al., 1992; Robertson et al., 1992) failed
to confirm the findings. This discrepancy may be due to lack of sufficient information
about the neutralising activity of the antibodies or the choice of strains or peptides to
make up assays. In the present thesis, the role of maternal antibodies to PND using a
cocktail of peptides from different subtypes of HIV-1 was also investigated (for more

information see chapter 6).

1.1.2.2.4. PREVENTION AND INTERVENTION TO REDUCE MCT OF HIV-1

The development of strategies to prevent vertical transmission of HIV is an
important objective to reduce and even eliminate the possibility of MCT of HIV. The
first priority in preventing MCT of HIV is to prevent women in childbearing age
becoming infected with HIV. This can be achieved by education programmes for
AIDS awareness in juvenile populations before they become sexually active. Routine
antenatal screening of pregnant women and early diagnosis of HIV infection in the
newborn are important for appropriate counselling. Named (rather than unnamed and
unlinked) testing of pregnant women as shown in a study from Sweden (Lindgren et al.,
1993) can provide valuable data on the importance of spread of the epidemic and
opportunities for counselling to reduce vertical transmission of HIV in later
pregnancies.

A number of studies of intervention strategies to reduce vertical transmission of
HIV are currently underway. An option for preventing perinatal transmission of HIV,
consists of the treatment of pregnant women at the end of pregnancy or intrapartum
with antiretroviral drugs. The AIDS Clinical Trial Group using the protocol 076

(ACTGO076) have shown some benefit in the use of zidovudine (AZT) in order to
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reduce the rate of mother-to-child transmission of HIV-1. A reduction (by 60%) of
MCT was observed as a result of of intervention using AZT (Wiznia et al., 1996;
Connor ef al., 1994). Long term harmful effects of AZT on the fetus or on the
pregnancy remain unclear. A particular concern is AZT’s teratogenicity'. Ina study by
Toltzis et al. (1994) a direct effect on developing mouse embryos was reported, when
AZT was administered in early pregnancy.

With the existing evidence that HIV immune plasma can neutralise circulating
infectious HIV-1 (Karpas ef al., 1990 and 1994), passive immunisation of pregnant
women was suggested as another option for prevention of MCT of HIV-1. This
involves administration of anti-HIV immunoglobulins (HIVIG) to HIV-1 positive
pregnant women. However, there are conflicting reports about the value of maternal
immunoglobulins in the prevention of MCT of HIV.

Active immunisation of pregnant women during pregnancy is another type of
intervention. In a previous study by Vanrompay et al. (1996), active immunisation of
pregnant rhesus macaques successfully prevented infection with simian
immunodeficiency virus (SIV). It was suggested that strategies such as active
immunization of HIV-infected pregnant women may decrease the rate of perinatal
HIV infection. However, the lack of understanding of the immune responses
necessary to prevent and contain HIV-1 constitutes the most basic problem in the
development of an HIV vaccine (Ada, 1992). It is not clear whether or not there is a
protective immune response to HIV due to intracellular transmission. A number of

candidate vaccines have been developed and their clinical trials have been initiated

! Fetal hematologic toxicity
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(table 1.1). It will take several years before the value of these vaccines is established
and they become readily available for use worldwide.

There is increasing evidence that most MCT of HIV occurs close to delivery or
when the baby passes through the birth canal (Newell et al., 1992; Goedert et al., 1991;
Krivine et al., 1992). Elective caesarean section has been suggested as a possible
intervention procedure to reduce MCT rate of HIV-1 (Newell ef al., 1992; Newell et
al., 1994). The European Collaborative Study found that the likelihood of MCT of
HIV-1 was higher in vaginal delivery than when babies were delivered by elective
caesarean section. In this study, there was no statistical difference between the two
modes of delivery, possibly due to confounding factors (Newell et al., 1992). In
another study, when confounding factors such as maternal clinical stage were taken into
account, it was clear that caesarean section could halve the rate of MCT of HIV-1

(Newell et al., 1994).
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Table 1.1. HIV vaccines relevant to MCT ¥

Trial Vaccine HIV-1 strain Target population
AVEG 102 rgpl160 LAI HIV infected pregnant women
AVEG 104 rgpl120 MN HIV infected pregnant women
ACTG 185 Hyper HIV IgG  Pooled HIV+ plasma HIV infected pregnant women
AVEG 007B rgpl20 SF-2 HIV uninfected individuals
AVEG 003 rgpl60 LAI HIV uninfected individuals
AVEG 009 rgpl20 MN HIV uninfected individuals
Army rgpl60 LAI HIV uninfected individuals
AVEG 103 rgpl20 SF-2 HIV infected individuals

¥ modified from McElrath and Corey, 1994.
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Other preventive measures such as cleansing of the birth canal before
membrane rupture have been suggested as a way to reduce the risk of transmission for
infants born to HIV-1 infected women (Goedert et al., 1991). The efficacy of such a
procedure in reducing perinatal transmission was examined by Biggar et al. (1996) in
Malawi. In that study, the intervention had no significant impact on HIV transmission
rates, except when membranes were ruptured more than 4 hours before delivery
(transmission 25% in the intervention group vs. 39% in the control group).

The only effective way to prevent postnatal transmission of HIV-1 occurring
through breast-feeding is by providing alternative methods of feeding to new born
babies. However, this recommendation is not universal. It depends on circumstances,
and varies with the environmental and domestic circumstances of the mother (World

Health Organisation, 1992).

1.1.3. NATURAL HISTORY OF HIV-1 INFECTION

Without intervention, infection with HIV-1 is a slow, progressive and
irreversible process, from the initial infection to what has been designated as “full-
blown AIDS’. The clinical manifestations of HIV-1 infection have been grouped by
the Centers for Disease Control and Prevention (CDC) into four clinical stages: group I,
II, IIT and IV (Table 1.2; Centers for Disease Control, 1987). This classification was
modified in 1992, to include CD4+ cell count and other immunological and clinical
conditions (Centers for Disease Control, 1992). However, at present few laboratories
in the developing countries can afford the cost for CD4 estimation which makes it

difficult to compare data from different studies.
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The early phase of HIV-1 infection (group I) starts from the time the
individual comes in contact with the virus until the production of antibodies or
illness. This period may vary between 1 to 4 weeks for the ‘flu-like’ illness and up to
6 weeks after which some neurological conditions can be observed (Ho ef al., 1985).
A wide variety of symptoms and signs can be observed during the early stage of HIV-
1 infection, the commonest of which are fever, malaise, diarrhoea, myalgia, sore
throat, headaches and maculo-papular rash (Ho et al., 1985; Kinlochdeloes ef al.,
1995). During this phase, the plasma HIV-1 titre (as measured by p24 Ag, plasma
RNA) can show a substantial increase (Clark ef al., 1991; Daar et al., 1991). The
fact that the observed plasma viremia is only transient suggests that the immune
system, and more precisely, the cellular cytotoxic T lymphocytes (CTL) may play an
important role in containing the replication of HIV-1 (Autran ef al., 1996).
Occasionally, the CD4 counts in some patients can show a decrease (Fahey ef al.,
1990; Bofill et al., 1996). The appearance of CTL activity coincides with a decrease

in viral load as monitored by plasma viremia (D’Souza and Mathieson, 1996).
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TABLE 1.2: Centers for Disease Control case classification of HIV infection

CDC Stage Clinical manifestation
Group I Acute infection: flu-like illness
Group II Asymptomatic infection
Group III Persistent generalised lymphadenopathy (PGL)
Group IV
Subgroup A Constitutional disease: weight loss (>10% of the normal body
weight), fever (>38°C), diarrhoea (>2weeks).
Subgroup B Neurological disease: HIV encephalopathy, myelopathy, peripheral
neuropathy.
Subgroup C  Secondary infectious diseases:
C1: AIDS defining secondary infectious disease (Pneumocystis
carinii pneumonia, cerebral toxoplasmosis, cytomegalovirus
retinitis)
C2: Other specified secondary infectious diseases (oral candidiasis,
pulmonary tuberculosis, multidermatomal varicella zoster).
Subgroup D Secondary cancers: Kaposi’s sarcoma, non-Hodgkin’s lymphoma.
Subgroup E Other conditions (lymphoid interstial pneumonitis).

(Centers for Disease Control, 1987)
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Early high virus load with sustained viremia is often accompanied, in both adults and
infants, by the inability to mount an effective immune response, resulting in rapid
disease progression (D’Souza and Mathieson, 1996). Seroconversion with the
production of detectable antibodies, takes place approximately 4 weeks after infection.
Antibodies to the envelope glycoprotein gp120 are the first to be detected followed by
antibodies to p24 (gag), pS3 and p64 (pol) proteins. The role of these antibodies in the
neutralisation of the virus has been reported by several investigators (Poignard ef al.,
1996; McElrath et al., 1996; Sattentau, 1996; Mascola ef al., 1996; Halsey et al., 1992).
However, the time at which neutralising antibody appears is variable and unpredictable
(D’Souza and Mathieson, 1996). It appears that the main target for the neutralising
antibodies is the gp120 glycoprotein, particularly the principal neutralising determinant
(PND), the V3 loop, situated at the tip of the envelope hypervariable region (Kuiken et
al.,, 1993; Zwart et al., 1991; Wolfs et al., 1991, Javaherian ef al., 1990). Another
hypervariable region, V2 (Warrier et al., 1994; Gorny et al., 1994; Moore et al., 1993),
and the glycoprotein gp41 (Purtscher ef al., 1994; Muster et al., 1994; Back et al,
1993) have also been reported to elicit the production of neutralising antibodies.

However, the mechanism of neutralisation still remains unclear.

Patients in group II present no clinical symptoms or signs (hence asymptomatic
HIV infection). From a virological point of view, this period is characterised by a high
viral turnover of infected cells (Wei et al., 1995; Ho et al., 1989). The asymptomatic
period can last from a few months to several years until the development of painless
systemic, enlarged lymph nodes- a state called persistent generalised lymphadenopathy

(PGL). PGL is the main characteristic of the CDC stage IIl. Occasionally, night sweats

19



and weight loss can be observed in addition to the markedly asymmetrical and enlarged

lymph nodes.

During the CDC IV stage, a wide range of clinical illnesses can be noted, and
have been subdivided into subgroups A to E (Table 1.2). Individuals classified within
the CDC group IV-A present with one or more of the following symptoms: fever (>1
month), diarrhoea (>1 month) and/or involuntary weight loss (>10% of the individual
normal weight) as a direct consequence of HIV infection. The subgroup B includes
individuals presenting with neurological conditions including dementia, myelopathy
and peripheral neuropathy, which are a direct consequence of HIV-1 invading the
cerebro-spinal system. The group C includes patients presenting with secondary
infectious diseases and this subgroup is divided into two categories: C1 and C2.
Patients classified in the C1 category present one or more AIDS defining secondary
infectious diseases (Prneumocystis carinii pneumonia, cerebral toxoplasmosis,
cytomegalovirus retinitis). C2 includes individuals with other specified secondary
infectious diseases such as oral candidiasis, pulmonary tuberculosis and/or varicella
zoster. Subgroups D and E are associated with the secondary cancers (Kaposi’s
sarcoma, non-Hodgkin’s lymphoma) and other clinical conditions (such as lymphoid

interstitial pneumonitis) (Table 1.2).
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The natural history of HIV infection in children born to seropositive mothers
requires additional consideration and needs to be interpreted from a paediatric point of
view (table 1.3). In general, HIV-infected children appear well for the first few months
although some immune abnormality can be noticed. Some infected children can
remain well for more than 5 years. The CDC classification for children born to
seropositive mothers is summarised in Figure 1.1 (details see appendix 2). The clinical
features in children are classified by categories or classes: class P-0, class P-1, and class
P-2. The class P-0 includes children (<15 months old), in whom the HIV status cannot
be established, by lack of definitive evidence of HIV infection or AIDS. The P-0 is
followed by the asymptomatic infection stage (class P-1), including children with
normal immune function (P-1, subclass A) or those with apparent immune disfunction
(P-1, subclass B) including hypergammaglobulinemia, CD4 lymphopenia, decreased
CD4-to-CDS ratio or absolute lymphopenia. The asymptomatic P-1 class is followed
by the class P-2, symptomatic infection phase and is subdivided into 6 (A-F)

subclasses.

21



FIGURE 1.1. Classification for HIV infection in children (CDC, 1992; Appendix 3 ).

P0: HIV infection
|

P1: Asymptomatic infection

P2: Symptomatic
| P2-A: Nonspecific findings
. P2-B: Progressive neurologic disease

| P2-C: Lymphoid interstitial pneumonitis

—— P2-D: Secondary infectious diseases

— P2-D1: Opportunistic infections

— P2-D2: Unexplained, recurrent, bacterial infections

— P2-D3: Other infectious diseases
—— P2-E: Secondary cancers

| P2-E1 Kaposi's sarcoma, B cell non-Hodgkin's lymphoma,
or primary lymphoma of brain

| P2-E2: Other malignancies possibly associated with HIV

| P2-F: Other conditions possibly caused by HIV:
including hepatitis, cardiopathy, nephropathy,
hematologic disorders, dermatologic diseases.
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1.1.4. LABORATORY DIAGNOSIS OF HIV INFECTION

The wide variability of the time when MCT occurs makes the diagnosis of HIV
infection, the management of children and counselling of mothers very complicated.
Most proposed clinical criteria for paediatric classification of HIV infection, including
those proposed by the CDC classification have low sensitivity, specificity and positive
predictive value especially in very young children, in developing country settings. The
diagnosis of HIV infection in children born to seropositive mothers is more accurate if
based on laboratory findings. In adults, serological diagnosis of HIV is based on the
detection of IgG antibodies in plasma or serum or other body fluids of infected
individuals. Unfortunately, the early diagnosis of HIV infection in children is
hampered by the passive transfer of maternal antibodies into childrens’ circulation.
These maternal antibodies persist in the child’s circulation for a mean time of 10
months (Mok ef al., 1987) and in some cases they can be detected at up to 2 years
(Newell and Peckham, 1993). Generally, 15 months is the cut-off time after which, if a
baby is found to have HIV specific IgG, he or she may be considered as infected.

To overcome the difficulty associated with this delay, alternative serological
methods for early diagnosis have been sought. These are based on 2 principles: a)
detection of antibodies that have a short half-life and b) detection of antibodies that 'do
not cross placenta’. Based on the hypothesis that maternal IgA and IgM do not cross
the placenta, their detection has been used to establish a diagnosis of HIV-1 infection of
children (reviewed in Sison and Campos, 1992). Evaluation of the sensitivity and
specificity of this method is hampered by various factors including the variation of time

of infection of the baby and the level of B cell impairment that might result in
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hypogammaglobulinemia. Early diagnosis of HIV by detection of IgA and IgM in the
baby was studied in this thesis and the results are presented in chapter 4.

Detection of p24 antigen with or without preliminary acid dissociation
treatment is another possible means of diagnosis of HIV in children (Quinn et al.,
1993). However, it is essential that p24 is dissociated from the antibody so that it can
be identified and is not masked in the complex. By prior treatment of the sample with
acid (acid dissociation), the sensitivity of the test can be increased from 18 % to 90%
(Quinn et al., 1993).

The ir vitro antibody production (IVAP) technique is another research tool for
HIV antibody detection in the new-born (De Rossi ef al., 1988; Sison and Campos,
1992). It relies on the principle that during HIV infection, B cell lymphocytes are
activated to produce antibodies. In vitro, peripheral blood lymphocytes from a patient
suspected of HIV infection are isolated and cultured. Antibody production from
sensitised cells is activated by mitogen such as pokeweed or a virus such as Epstein-
Barr virus (EBV) which induces polyclonal B cell activation. The presence of HIV-1 is
confirmed by testing the culture supernate for the presence of HIV-1 antibodies. IVAP
has been used by DeRossi et al (1988) for the diagnosis of HIV infection in children.
They identified 92.5% of 27 infected children but there is not much information on the
evaluation of this technique on a larger sample and its use may be limited to
well-equipped laboratories.

Viral culture can also be used for the diagnosis of vertically acquired HIV
infection in infants. The sensitivity and specificity of the HIV culture by 6 months has
approached 100%, but varied with reports of 38-50% at birth and increasing thereafter

(Hutto er al., 1991; Rogers et al., 1991; Sison and Compos, 1992). This variation may
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be related to the time of infection and the amount of virus in the baby at the time of
culture. Culture can be of limited value in small laboratories in developing countries as
it needs to be performed in well equipped laboratories with adequate safety measures.
However, HIV culture is not a rapid diagnostic test, as it can take up to 28 days to
complete (Sison and Compos, 1992).

The most successful method for early diagnosis of vertically acquired HIV in
children is probably the polymerase chain reaction (PCR) (Paul et al., 1996, Newell et
al., 1995; Roques et al., 1995; Newell et al.,, 1996; Bertolli ef al., 1996; Sison and
Campos, 1992; Krivine et al., 1992). The PCR technique allows the amplification of
the viral nucleic acid by a million - to a billion fold. The method is dealt with at length
in the present study (see Materials and Methods) and the results are presented in

chapter 5.
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1.2. VIROLOGICAL ASPECTS OF HIV-1

1.2.1 OVERVIEW OF THE RETROVIRIDAE

A unique feature of the retroviruses is that they contain an enzyme called
reverse transcriptase (RT), which enables them to replicate “backwards” (hence

retro), from RNA to DNA. The cryptogram code of the retroviruses is:

[R/1: 7-10/2: Se/* : VIC, 1, O, R].

This code summarises the general features of the members the retrovirus family: virus
contains a single strand of RNA of 7-10 million molecular weight (about 2% of the
infective particle). The virus particle is essentially of spherical symmetry and is
enveloped. The systematic classification of Retroviridae is shown in Table 1.3.
Based on the viral structure, the utilisation of particular cell receptors, the presence or
absence of oncogenes and other pathogenetic properties, the ICTV subdivides
retroviruses into 3 subfamilies. These are the oncoviruses, the spumaviruses and the
lentiviruses.

The oncoviruses include a variety of viruses (types A-D) associated with
the activation of certain cell genes leading to tumour development. They cause
disease in both animals and humans. The spumaviruses are readily isolated from
humans and animals (particularly primates) but have not been associated with any
specific disease. The lentivirus genus includes viruses responsible for a range of
slow progressive (hence /enti- which means slow) neurological and immunological
diseases; the viruses are not directly implicated in malignancy. The prototype
member of the Lentivirinae is the visna virus of sheep which can cause slow but

progressive pathological conditions in the brains of infected animals. Other members

26



of the subfamily of lentiviruses include the equine infectious anaemia virus, the
caprine arthritis-encephalitis virus, the feline and bovine immunodeficiency viruses
(FIV and BIV) and the human and simian immunodeficiency viruses (HIV and SIV)

(Clements et al., 1988; Levy, 1994).
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TABLE 1.3. The family of Retroviridae

Subfamily

Example

Oncoviruses: associated with immortalisation of host cells

Type A
Type B
Type C

Type D

Mouse intracisternal type A

Mouse mammary tumour virus

Murine leukaemia virus

Human T cell lymphotropic virus type I and II
Feline leukaemia virus

Bovine leukaemia virus

Mason-Pfizer virus

Spumavirus: Isolated in primates and human. Not associated with any specific disease

Simian foamy virus

Human foamy virus

Lentivirus: Produce slow and progressive destruction of the immune system

Feline immunodeficiency virus

Equine infectious anaemia virus

Bovine immunodeficiency virus

Simian immunodeficiency virus

Human immunodeficiency virus

e HIV-1

Group M: subtype A, B, C, D, E*, F, G, H, I**, J**,
Group O

HIV-2: subtype A, B, C, D and E.

(Table modified from Fields Virology, 1996. * isolates classified as subtype E have
been classified as such based on the analysis of the env gene of HIV-1 and were
shown to be subtype A when the gag genes were analysised. **Subtypes I and J are
still provisional as more sequences are needed to confirm their classification as

distinct cluster).
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1.2.2. VIRION STRUCTURE

A schematic diagram of the structure of the HIV-1 virion is represented in
figure 1.2. HIV-1 has several characteristics in common with HTLVs and other
retroviruses. These include morphological and structural features, biochemical and
biological properties (Gallo ef al., 1984). The viral particle is about 110nm in
diameter. When viewed by electron microscopy, it shows a cone-shaped core which
is the viral capsid (or nucleoid) composed of the viral p24 gag protein (CA)
(Gelderblom et al., 1989; Gelderblom et al., 1987). On its surface, the virus is
studded with 70-80 protrusions that project radially. These knobs derive from a
structural protein (gp160) consisting of two protein sub-units (gp41 and gp120)
encoded by the envelope (env) gene (McCune et al., 1988). Each knob has a
diameter of about 15nm, a height of 9nm and plays an important role in viral
infectivity (Gelderblom et al., 1989; Gelderblom et al., 1987). In addition, the
envelope contains other proteins which derive from the host (such as human
leukocyte antigens, HLA) which the virus may have acquired when budding through
the cell membrane (Cantin e al., 1996, Desantis ef al., 1996). These host

components may affect virus-host immune system interaction.

The nucleocapsid, or core, is roughly spherical to conical shape measuring
about 100nm in length. The viral matrix protein, gag p17 (MA), is attached to the
inner surface of the lipid bilayer. The conical capsid protein surrounds two other
nucleocapsid proteins (p7 and p9), enzymes (integrase, p11; reverse transcriptase,
p66 and pS1; and protease, pl5) and the two identical copies of the HIV RNA

genome (Gelderblom et al., 1987).
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FIGURE 1.2: Structure of the HIV-1 virion shown in cross section

(modified from Levy, 1994)

p66, p51 (RT)

pll (PR)

p32 (IN)
p18 (Vpr)

Cellular protein

e.g. HLA

l

110nm

|\

N
/l

gpl120 (SU)

gp41 (TM)
V3 loop
pl7 (MA)

p24 (CA)

Core

Lipid bilayer

In brackets are abbreviations of viral proteins: NC, nucleocapsid; PR, protease;
RT, reverse transcriptase; IN, integrase; Vpr, regulatory of mature virus
particle; SU, surface glycoprotein; TM, transmembrane glycoprotein; MA,
matrix; CA, capsid.




1.2.3. GENOME STRUCTURE AND ORGANISATION

Figure 1.3 shows the schematic representation of the structure of the
genome and proteins encoded by various HIV-1 genes. The genome is relatively
small, about 9.2 kilobases (kb) long, yet its function is very complex. The genes
encode for three major structural proteins (gag, pol and env) and at least 6 additional
proteins involved in the regulation of the viral gene expression. There are also two
non-coding regions, known as long terminal repeats (LTRs), at each end of the
genome which have identical nucleotide sequences (Wain Hobson ef al., 1985;

Ratner et al., 1985).

1.2.3.1. THE NON-CODING REGIONS: LONG TERMINAL REPEAT

REGIONS (LTR)

The non-coding LTR regions are located in terminal regions (figure 1.3),
which contain important recognition signals for the synthesis of DNA or RNA. The
LTR has a redundant (R) section, which is the same in both the 3’ and 5” ends of the
genome. The R sequence plays an important role during reverse transcription by
transferring the nascent DNA from one end of RNA to the other. The unique
information region (U5) is the first to be translated into DNA and becomes U3 at the
3’ end of LTR. There is a simple variable untranslated region separating the env and
the beginning of the U3, which may play the role of the rev gene (Bray et al., 1994).
It is thought that some U5 sequences are essential for initiation of RT. Other regions
of the LTR include the primer binding site (PB) and the leader site (L) (Rosen et al.,

1985; Sodroski ef al., 1985a; Sodroski ef al., 1985b).
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1.2.3.2. HIV STRUCTURAL, ENZYMATIC AND REGULATORY GENES

The structural and regulatory genes of HIV-1, their approximate size and

the function they play in the viral life cycle are summarised in table 1.4.

A. STRUCTURAL AND ENZYMATIC GENES

The envelope (env) gene encodes a protein (p85), which is glycosylated to
form the envelope precursor protein gpl160. It is a monospliced message from the
viral mRNA. The cleavage of this gp160 yields the surface envelope gp120 and the
transmembrane gp41 glycoproteins (Stein and Engleman, 1990). The attachment of
the virus to the cellular receptor (CD4) is mediated by the gp120. In addition,
gp41contains amino acids which play an important role in syncytium formation
(Wang et al., 1996, Hart et al., 1996). Other spliced mRNA genes of the env region
encode regulatory and accessory proteins, which play, at various levels, a role during
the viral replication (Figure 1.3; Table 1.4.).

The pol gene encodes a precursor protein, which is cleaved into the reverse
transcriptase (RT), integrase and protease. The RT also has an RNase H activity
which degrades the RNA template during the synthesis of DNA (Varmus, 1988a;
Varmus, 1988b).

The group specific antigen, gag, encodes a 55kd protein precursor that is
cleaved by the viral protease into three proteins, the myristoylated matrix protein
(p17), the phosphorylated capsid protein (p24) and the nucleocapsid binding protein
(p6/7 and p9) (Veronese et al., 1988). The p7 interacts with the viral RNA through

its ‘zinc finger’ (Veronese ef al., 1988), and supports the structure of the membrane
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(Veronese et al., 1988; Green and Chen, 1990). The p17 region has been the focus of

the molecular analysis of HIV-1 isolates described in this thesis.
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TABLE 1.4. Structural and regulatory genes of HIV-1

(Modified from Fields Virology, 1996)

Name Size Function
Genes encoding
structural proteins
Env (envelope) gpl60 Precursor of gp120/41
gpl20 Outer env glycoprotein
gp4l Transmembrane glycoprotein
Gag (core) pS5 Precursor of gag proteins
p24 Capsid structural protein
pl7 Matrix structural protein
pl5,p9,p7  Other gag proteins
Pol (polymerase) p66 Reverse transcriptase
pS1 Reverse transcriptase
p31 Integrase (endonuclease).
pl0 Protease
Genes encoding
regulatory proteins
Tat pl4 Transactivator of RNA synthesis
Rev p19/20 Regulation of viral mRNA expression
Nef p27 Negative factor (pleiotropic)
Vif p23 Infectivity factor
Vpu pl6 Virus release
Vpr pl8 Virus replication
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B. REGULATORY GENES

The genome of HIV contains at least 6 additional genes that encode genetic
information for the synthesis of regulatory proteins. These proteins are synthesised
via translation from multiply spliced genes, which play an important role in virus
gene expression (Table 1.2). For example, the transactivator protein, fat, is a major
protein involved in up-regulation of HIV replication. It interacts with the loop formed
at the 3’ LTR of RNA called the taf responsive element (TAR) (Herrmann and Rice,
1993). Another gene involved in the regulation of viral protein expression, rev,
interacts with the cis-acting RNA loop structure called rev responsive element (RRE)
(Malim et al., 1989). This interaction helps the viral mRNA to migrate from the cell
nucleus to enter the cytoplasm where synthesis of viral protein takes place (Sodroski
et al., 1986a). The nef gene or ‘negative factor’ gene is so-called for its negative
influence on viral expression (Ahmad and Venkatesan, 1988; Niederman ef al.,
1989). This was shown experimentally by Luciw ef al. (1987) by deleting the nef’
gene from a wild virus SF2 which resulted in a variant that replicated to higher titre
and produced a more pronounced cytopathic effect than the original SF2 isolate.

However, these findings need to be confirmed.

In addition HIV-1 has a 23kd vif protein which has been found to be essential
for the spread of HIV-1 in peripheral blood lymphocytes and in primary cultures of
macrophages, as well as in some established T-cell lines. It is required at the stage of
viral particle formation, for cell-to-cell as well as for cell-free transmission of HIV-1

(Vonschwedler et al., 1993). The role of the accessory gene product of vpr during
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HIV-1 infection remains unclear. As for vif, the product encoded by the vpr gene
possibly plays a role during the late phase of the production of infectious viruses. The
vpr protein is incorporated into the virion at the C- terminal end of the gag protein
precursor Pr55 (gag) (Li et al., 1996). Sato ef al. (1996) demonstrated a direct
association between vpr and the C-terminal region of matrix protein pl17 within the
mature virion. The interaction plays a direct role in the nuclear transport of the viral
pre-integration complex in non-dividing cells such as macrophages. Far from being
merely called ‘non-essential’ or ‘accessory genes’, Balliet et al. (1994) showed that
vpr, vpu (and nef) may be related to each other in facilitating productive infection in
macrophages. In fact, the loss of vpr or vpu genes reduced viral antigen production
in macrophages by up to 1000- fold, while replication in lymphocytes was only
marginally affected. However, the loss of nef had little or no effect on infection of

lymphocytes, but decreased the viral replication in macrophages to a small extent.

1.2.4. VIRAL REPLICATION CYCLE

The life cycle of HIV-1 is illustrated in figure 1.4. Like all viruses, the
replication of HIV-1 is critically dependent on a host cell, which provides essential

conditions for the virus to reproduce itself.
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FIGURE 1.4. Life cycle of HIV-1 (modified from Peterlin, 1988)

During the life cycle, HIV attaches to cells by specific interactions between gp120
and CD4 (a). After penetration and uncoating (b), virion associated reverse
transcriptase (c) converts genomic viral RNA into double-stranded linear DNA,
which is translocated (d) from the cytoplasm to the nucleus and (e) converted to
supercoiled molecules containing one or two copies of the long terminal repeat
(LTR). Efficient retroviral growth requires integration (f) of a DNA copy of the viral
RNA genome into a chromosome of the host. It is not known whether in some
circumstances HIV replicates without integration of the viral genome into a host
chromosome. In the nucleus, HIV gene expression (g) involves synthesis of viral
transcripts by host-RNA polymerase II and other cellular and viral factors. Primary
transcripts are differentially spliced (h) and transported to the cytoplasm. Full-length
transcripts are messenger RNAs for gag and gag-pol precursors and genomes for
assembly of virion. Spliced transcripts are translated into viral proteins (i).
Morphogenesis involves formation of two molecules of HIV genomic RNA
complexed with gag and pol gene products. This core buds through the cellular

membrane and acquires a coat containing env glycoproteins.
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FIGURE 1.4. Life cycle of HIV-1 (modified from Peterlin, 1988)
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