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Summary
One of the major routes of transmission of human immunodeficiency virus (HIV) in the
developing world is vertical transmission from mother to infant — pre-, intra-, or post-partum.
In the Western Cape, HIV-1 subtype C is the predominant subtype in the heterosexual
population, and this trend was expected to be seen amongst cases of mother-to-child
transmission of HIV. The aim of this study was to perform genetic characterisation and
phylogenetic analysis of the HIV-1 genome in positive serum/plasma samples obtained from
children (age 0 to 18 months) from 2000-2002, and temporally related specimens from their
mothers. We obtained 27 suitable pairs of samples taken within 6 months of delivery. From
this pool, we obtained 21 infant DNA sequences and 17 maternal sequences, resulting in 16
mother-infant pairs. All patient sequences were identified as HIV-1 subtype C, and, as
expected, mother and infant viral sequences clustered together. In some cases where a mother
was suspected to have two dominant quasispecies based on the electropherogram, only one
sequence was detectable in the infant. Single or multiple amino acid deletions were
consistent between mothers and infants, and some pairs showed the same amino acid
deletions seen in other pairs.
Opsomming

Een van die belangrikste roetes van verpreiding van menslike immuuniteitsgebreksvirus
(MIV) in die ontwikkelende weéreld is verspreiding van moeder na kind — voor, tydens, of na
geboorte. In die Wes-Kaap is MIV-1 subtipe C die algemeenste subtipe onder die
heteroseksuele bevolking en hierdie tendens is ook verwag by die verspreiding van MIV van
moeder na kind. Die doel van hierdie projek is die genetiese karakterisering en filogenetiese
analise van die MIV-1 genoom in positiewe serum/plasma monsters van kinders (ouderdom 0
— 18 maande) en hulle moeders. Die monsters is geduurende 2000-2002 versamel en
monsters van die moeders is gedurende dieselfde periode geneem. Ons het 27 geskikte pare
monsters binne 6 maande van geboorte gekry. Van dié groep, het ons 21 DNS volgordes van
babas en 17 volgordes van moeders gekry, wat vir ons 16 moeder/baba pare gegee het. Alle
pasiént volgordes is as MIV-1 subtipe C geidentifiseer, en moeder en baba virale volgordes
het, soos verwag, bymekaar gegroepeer. In sommige gevalle waar die moeder se
elektroferogram dalk twee dominante quasispesies getoon het, is net een volgorde by die baba
gevind. Enkele of veelvuldige aminosuur delesies het altyd in beide die moeder en baba van
'n paar voorgekom. Sommige pare het dieselfde delesies bevat wat ook in ander pare

voorgekom het.
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Chapter 1 - Literature review

1.1 Introduction

One of the major routes of spread of the human immunodeficiency virus (HIV) in the
developing world is vertical transmission from mother to infant in utero, intrapartum, or post-
partum. This means of spread has been studied from different angles, such as mechanism of
spread, and factors that can be introduced to decrease this transmission. In regard to
decreasing transmission, the role of breastfeeding and replacement feeding, minimising the
infant’s exposure to maternal secretions, and the use of prophylactic antiretroviral drugs have
been the most well-described (Domachowske, 1996; Lyall et al., 1998; McGowan, 2000).

At Tygerberg Hospital, many of the women seen at the antenatal clinic are HIV positive. In
South Africa, prevalence studies are largely based on women attending antenatal clinics, and
indicate that 29.5% of women at these clinics are infected with HIV (15.4% in the Western
Cape) (Department of Health, South Africa, 2005). We have one of the largest epidemics
worldwide - 2005 World Health Organisation reports show between 4.3 million and 6 million
infected people in South Africa (WHO, 2005b).

Antiretroviral (ARV) drug usage in developed countries is now common, while South Africa
is one of the few remaining places in which ARVs were not administered for prevention of
mother-to-child transmission (MTCT) prior to 2002. Also making South Africa ideal for a
molecular study of the genome of the virus transmitted from mother to child is a high

prevalence of HIV, particularly MTCT.

This gave us an opportunity to study the molecular epidemiology of HIV-1 in MTCT in ARV
naive and ARV treated subjects, neither of which has been widely studied in South Africa.
Few studies have been found dealing with this aspect of HIV — similar studies of significant
size have taken place in Argentina (23 infants) (Carrillo et al., 2002), the Congo (15 infants)
(Mokili et al., 2002), the USA (141 infants) (Krogstad et al., 2002), Canada (103 mothers)
(Akouamba et al., 2005) and elsewhere (Nicoll et al., 1998; Ho et al., 2001; Verhofstede et
al., 2003), with a study in Russia dealing with nosocomial transmission in the late 1980’s (22
infants) (Bobkov et al., 1994).



1.2 HIV worldwide

The human immunodeficiency virus, HIV, is believed to have been introduced into the human
race in several transmission events from primates harbouring a related virus, Simian
Immunodeficiency Virus (SIV). There are two types — HIV-1 and HIV-2, the latter being less
pathogenic, and the major impact of HIV-2 is geographically limited to West Africa (Lemey
et al., 2003). HIV-1, however, has caused a worldwide pandemic, first noticed in the late
1970s, with the virus itself being identified in 1983 and 1984 by two teams in the USA and
France (Karpas, 2004).

The World Health Organisation estimates that there were about 40.3 million people living
with HIV in 2005. Of these, 25.8 million live in sub-Saharan Africa, of which 3.2 million
were newly infected individuals. An estimated 2.4 million people died of AIDS during the
same year (WHO, 2005a).

1.3 HIV in South Africa

HIV in South Africa was first noticed in 1983 in white homosexual males, infected with
subtypes B and D (Ras et al., 1983; Loxton et al., 2005). From 1989, a second and separate
epidemic was noticed in black heterosexual people. The virus in this population was
identified as being subtype C (van Harmelen et al., 1997). Today, subtypes A, D and G, and
the circulating recombinant form CRF02_AG, are also seen in our population (Bredell et al.,
2002).

Although there is some disagreement as to the actual prevalence of HIV in South Africa, it is
clear from the surveys of both antenatal clinics and households that the prevalence is

significant.

The Department of Health’s National HIV and Syphilis Seroprevalence Survey in 2004 shows
that 29.5% of the pregnant women sampled were infected with HIV, compared to less than
1% in 1990. Based on certain assumptions, they have extrapolated the data to the whole
population, indicating between 5.7 and 6.7 million individuals infected with HIV in South
Africa. Of those, between 2.6 and 3.1 million are male, and between 3.1 and 3.6 million are
female. The highest prevalence amongst pregnant women was seen in KwaZulu-Natal, with
40.7% infected, while the lowest prevalence is in the Western Cape, with 15.4% infected
(Department of Health, South Africa, 2005).



The Human Sciences Research Council (HSRC) conducted a survey of households in 2002,
which indicated a prevalence of 11.4% in the population older than 2 years, with 9.5% of
males and 12.8% of females infected. This is similar to the 11.2% estimated through
statistical modeling by the Department of Health in 2002. This means that about 55% of
HIV-infected adults in Africa are women of childbearing age, compared to 10% in Australia
and New Zealand, where intravenous drug use and homosexual spread are the major routes of
transmission (Gayle and Hill, 2001; Dabis and Ekpini, 2002; Department of Health, South
Africa, 2005). The HIV prevalence in women who reported being pregnant in the previous 12
months was 24%, similar to the 24.8% estimated by the 2001 antenatal clinic data. A
discrepancy arose in the Western Cape data between these two studies — the 2002 HSRC
study showed a prevalence of 18.5% in women aged 15-49 years, while the antenatal survey
of the same year showed a prevalence of 12.4%. The Western Cape was the only province to
have a higher estimated prevalence for this group in the HSRC survey than in the antenatal
survey (Human Sciences Research Council, 2002; Department of Health, South Africa, 2005).

A number of factors influence transmission in South Africa — poverty, lack of education about
HIV, condom use, the status of women in some areas of society, a large migrant workforce,
traditions relating to male circumcision, as well as the number and age of sexual partners. In
a number of African countries, women have been seen to have partners significantly older
than they are, whereas the same does not apply to men (Human Sciences Research Council,
2002).

1.4 HIV in children

In sub-Saharan Africa, according to WHO statistics, there were approximately 1.9 million
children under the age of 15 years living with HIV, with 2.2 million worldwide, at the end of
2004. In the same year, approximately 450 000 of the 510 000 AIDS-related deaths
worldwide occurred in sub-Saharan Africa. Of the 640 000 new infections in this age group
(almost 2000 per day), 560 000 were in sub-Saharan Africa. Clearly, this area has the greatest
burden of HIV disease (Laurent and Delaporte, 2001; Gayle and Hill, 2001; WHO, 2005a;
WHO, 2005b).

According to the ASSA (Actuarial Society of South Africa) model, 69 000 South African
infants were estimated to have been infected with HIV at birth in 2002, with a further 20 000
infected due to breastfeeding during that year. The WHO statistics for 2005 provide similar
figures — 61 000 — 89 000 infants infected (Dorrington et al., 2002; WHO, 2005b).



The risk of transmission of HIV to infants from their infected mothers is shown in Table 1.1.

Table 1.1. Risk of HIV transmission to infants. Adapted from De Cock et al., 2000.

Timing Transmission
During pregnancy 5-10%
During labour and delivery 10-20%
During breastfeeding 5-20%
Overall without breastfeeding 15-30%
Overall with breastfeeding till 6 months 25-35%
Overall with breastfeeding till 18-24 months | 30-45%

By giving zidovudine (AZT) to mothers and infants, the overall risk decreases to 4-8%, while
nevirapine reduces transmission by about 47% (to 10-15%). With the use of three
antiretroviral drugs, this can be decreased to 1-2% (Nielsen and Bryson, 2000; Mclntyre and
Gray, 2002; Moodley et al., 2003; Pancharoen and Thisyakorn, 2003; Coovadia, 2004;
Lallemant et al., 2004).

HIV infection of infants can be divided into three groups based on the timing of transmission
(Peckham and Gibb, 1995) - in utero, intrapartum, and post-partum (mostly due to

breastfeeding).

Evidence suggests that most in utero infections occur during the third trimester, although HIV
can be detected in foetal tissue as early as 10 weeks of gestation (Courgnaud et al., 1991;
Ehrnst et al., 1991; Katz et al., 1997). In one study, viruses were detected in only 2% of mid-
trimester foetal thymuses (Nielsen and Bryson, 2000). It is also believed that early in utero
infection causes more foetal losses. Infants infected in utero tend to have a quicker disease
progression when compared to infants infected intrapartum (Diaz et al., 1998; Dickover et al.,
1998).

Two patterns of disease progression are seen with infected infants — about 20% become ill
soon after birth, and most of these children die by age 4. It is believed that in utero infection
may play a significant role in this group. The other 80% tend to show progression in a similar
way to adults, taking 5-15 years before reaching AIDS (Auger et al., 1988; Scott et al., 1989;
Blanche et al., 1990; Domachowske, 1996; Hermione Lyall, 2002).

Several factors have been associated with a faster progression to severe disease, namely a

maternal CD4" count below 400 cells/ul, a maternal viral load above 10° copies/mL, low birth



weight, poor weight gain, a high infant viral load, and a low infant CD4" count. The infant
factors are possibly due to earlier infection, while the maternal factors are thought to
potentiate earlier infection. Low birth weight is more controversial, and thought to be more
likely due to maternal illness than foetal illness. (Italian Multicentre Study, 1988; European
Collaborative Study, 1992; Gabiano et al., 1992; Domachowske, 1996; Bailey et al., 1999;
Bongertz, 2001).

When tested for virus at birth, only 20-50% of infants infected in utero and intrapartum are
identified (Dunn et al., 1995; Kuhn et al., 1996; CDC, 1998; Molina et al., 2004). Several
studies found a sensitivity of 22-38% for DNA PCR testing during the first 48 hours of life,
73-93% by 14 days, and 96% by 4 weeks (Dunn et al., 1995; Kuhn et al., 1996). Those
detected early are likely to be those infected in utero, whereas those infected intrapartum will

probably only have detectable replicating virus at a later stage.

The survival tends to be higher in countries with a generally higher socioeconomic status, and

this is reflected in Table 1.2, which shows the mortality rate found in a number of studies.

Table 1.2. Infant mortality rate in several countries.

Country Mortality rate as % | Reference
over the years studied
Europe (6 years) 26% Blanche et al., 1997
USA (5 years) 25-35% Barnhart et al., 1996; Langston et al., 2001
Thailand (5 years) | 49% Chearskul et al., 2002
Uganda (2 years) 54% Berhane et al., 1997
Rwanda (5 years) 62% Spira et al., 1999

The clinical presentation of HIV-related conditions differs in certain aspects from the
presentation in adults — mainly relating to specific infant factors such as growth, and the

incidence of opportunistic infections.

Infant growth and development may be affected by HIV infection — many infected infants are
underweight for age, and do not grow as rapidly as HIV-negative children (Bailey et al.,
1999; European Collaborative Study, 2003). Milestones are also often reached at a later
stage, and may later manifest as poor performance at school. Similar to HIV-infected adults,
amongst whom increased osteoporosis and osteopenia are seen, up to 50% of HIV-infected

children have a lower skeletal age than chronological age, with poorer bone quality, than their




HIV-negative counterparts (Rosso et al., 2005). While these effects have been seen to occur
on antiretroviral therapy, especially those regimens containing protease inhibitors, this
influence appears to be less significant in infected infants than the natural course of HIV

infection itself.

Pneumocystis pneumonia (PCP) is the leading cause of death in children with AIDS.
Cytomegalovirus is also a significant contributor to the burden of disease. In infants, these
are usually primary infections, whereas in adults, the illness is usually due to reactivation of
latent infection. Oral candidiasis is common in infants, but more frequent in HIV-infected

infants, and more often unresponsive to treatment.

Serious bacterial infections (such as pneumonia, meningitis, cellulitis, septicaemia) are more
common in infants than in adults, while toxoplasmosis and cryptococcal infections tend to
occur less frequently in infants. Lymphocytic interstitial pneumonitis (LIP) is rarely seen in
adults, but is common in HIV-infected children. Mycobacterial infection is problematic in
older infants, although it is now being more readily acknowledged in younger infants. The
live attenuated vaccine strain Bacillus Calmette-Guerin also poses a real threat to

immunocompromised infants (Domachowske, 1996; Saloojee and Violari, 2001).

1.5 Risk factors for spread from mother to child

A large number of clinical factors have been implicated in the transmission from an infected
mother to her infant. These include maternal factors, such as viral load and immunological
status, late stage disease as well as new infections, and the presence of symptoms, as well as
illicit drug use and nutritional status; intrapartum factors such as prematurity, type of delivery,
complications, pre-labour rupture of membranes, invasive procedures, concomitant sexually
transmitted infections; and post-partum factors, namely breastfeeding, with duration and sole
breastfeeding versus mixed feeding being important (Domachowske, 1996; European
Collaborative Study, 1999; Fawzi et al., 2001).

Other factors associated with transmission are infant and viral genotypes, the presence of

maternal neutralising antibodies, and infant immune response.

Breastfeeding — The risk of transmission of HIV during breastfeeding in the first 6-24
months of life is 5-20%, considerably lower than that for simian immunodeficiency virus,
suggested by limited data (Amedee et al., 2004; Jayaraman et al., 2004) available in
macaques. HIV transmission can be successfully reduced by elimination of breastfeeding

(Coutsoudis et al.,, 2001b; MciIntyre and Gray, 2002). However, this is a controversial



subject, especially in developing countries, where breastfeeding is of great importance for the
protection of the infant, via humoral and cellular factors in the breast milk, until the infant has
developed his/her own protective immune responses. Denying breastfeeding during this
period to lower the risk of HIV infection may put the infant at a greater risk of disease
preventable by breastfeeding (Phadke et al., 2003). Where formula feeding is available, as
well as access to adequate medical care, this strategy may be of great value. However, in
certain populations, exclusive breastfeeding may pose a lesser risk to the infant when the risk
of HIV is weighed up against the risk of other childhood diseases such as rotavirus, which has
a significant mortality and morbidity in the developing world (Abdool Karim et al., 2002;
Coutsoudis et al., 2003; Ehrnst and Zetterstrom, 2003; Kourtis et al., 2003;). Mixed feeding,
i.e. combining breastfeeding with formula feeding, is generally accepted to be detrimental due
to irritation of the intestinal mucosa by artificial feeds, enhancing susceptibility to HIV
infection (Magoni and Giuliano, 2005). It has also been noted that different components of
breast milk may carry a different viral load (Hoffman et al., 2003). The effect of
breastfeeding on maternal health is controversial, with one study showing a negative effect,
and several others showing no effect (Coutsoudis et al.,, 2001a; Nduati et al., 2001,
Breastfeeding and HIV International Transmission Study Group, 2005; Kuhn et al., 2005).
The impact of highly active antiretroviral therapy, or HAART, (with suppressed viral
replication) on the risk of transmission by breastfeeding has yet to be formally assessed, and
ethical considerations would make assessment of the control arm of such studies difficult.
Heat-inactivation (Pretoria Pasteurisation) of breast milk has been suggested as a method for
prevention of transmission (Jeffery and Mercer, 2000). Other factors that may limit
transmission from breast milk include the Lewis X sugar epitope, which binds to dendritic
cell-associated ICAM-grabbing non-integrin (DC-SIGN) and interferes with HIV-1 transfer to
CD4" T-lymphocytes (Naarding et al., 2005); and the anti-HIV CD8" T-lymphocyte
component of breast milk (Sabbaj et al., 2002).

Maternal factors — Early and late stage infections are usually associated with high viral
loads, which increase the chance of transmission to the infant during all three time periods —
in utero, intrapartum, and post partum. Similarly, a weaker immune system, as indicated by
the CD4" count, has similar effects. Illicit drug use and lack of nutrients may result in
weakening of the immune system, as well as effects on epithelial integrity, and since the
foetus derives its nutrition from the mother, these effects would carry over into the infant

(Domachowske, 1996). It has also been seen that certain nutrients are lacking in many HIV-



infected populations, and that low serum vitamin A levels may be associated with increased
transmission to infants, although further studies showed that supplementation did not reduce
transmission, and it is likely that the low vitamin A levels are a symptom of late stage disease,
the actual factor in the higher transmission rates seen (Coutsoudis et al., 1999; Fawzi et al.,
2002). The effect of micronutrient supplementation on vertical transmission during

breastfeeding is still unknown (Dreyfuss and Fawzi, 2002).

Intrapartum factors — Exposure to maternal body fluids containing virus increases the risk
of infection for the uninfected infant. This has resulted in attempts to limit exposure to
maternal blood by avoidance of invasive procedures such as probes for foetal monitoring,
artificial rupture of membranes, and unnecessary assisted delivery. Caesarean section, while
invasive, has been shown to have a limited effect on preventing transmission by limiting
exposure of the infant to maternal blood and vaginal secretions during the physical trauma to
the mother during vaginal delivery (Italian Multicentre Study, 1988; European Collaborative
Study, 1992; Gabiano et al., 1992; Landesman et al., 1996; International Perinatal HIV
Group, 1999). Exposure to maternal blood due to abruptio placentae, placenta praevia, and
transplacental micro-transfusions during vaginal delivery also increases the risk of
transmission (Kwiek et al., 2006). Chorioamnionitis increases the risk of transmission of HIV
to the infant. Sexually transmitted infections may increase the risk of infection for the infant
— ulcerative conditions expose the infant to detrimental maternal secretions, and Treponema
pallidum may cause placentitis during active syphilis infection (Domachowske, 1996).
Malaria, on the other hand, while known to increase HIV viral loads, and with placental
malaria significantly associated with HIV infection, and resulting in an increased presence of
HIV-1 presenting cells, as well as more placental tissue damage, does not seem to be
associated with a higher risk of HIV transmission to the infant, according to one study (Inion
et al., 2003), while another implicates it as a factor in transmission (Brahmbhatt et al., 2003).
The placenta itself has been implicated in transmission of HIV — the placenta expresses DC-
SIGN and DC-SIGN-related molecule (DC-SIGNR), both mediating infection of other cells
by HIV. Furthermore, maternal cells associated with the placenta express DC-SIGN (Soilleux
and Coleman, 2003).

Viral genotype — HIV-1 and HIV-2 — related viruses, but significantly different genetically —
have different rates of transmission from mother to infant. Furthermore, individual
quasispecies may have a greater or lesser replication and infectivity efficiency, and therefore
it was considered that within the HIV-1 type, different subtypes may also show a difference in



transmission risk. Early studies of the relative risk for transmission of the various HIV-1
group M subtypes indicated that there was no significant difference between transmission of
the different subtypes. Subsequently, it was suggested that the subtype of the long terminal
repeat (LTR) was associated with degree of transmission to the infant; however, the study did
not have access to viral load data, and the LTR subtype could have influenced the viral load,
which in turn influenced transmission, rather than the LTR influencing transmission directly
(Blackard et al., 2000; Blackard et al., 2001). Other subsequent studies have produced
conflicting results (Murray et al., 2001; Renjifo et al., 2001; Tapia et al., 2003). The
possibility that mothers infected with certain HIV-1 subtypes may require more aggressive

preventative measures requires further study.

Human genetic factors: — Different HLA types are associated with either better or poorer
responses, depending on HIV subtype, and it has been shown that concordant maternal and
infant class 1 HLA types increases the risk of HIV transmission to the infant. The reason for
this is that cytotoxic T-lymphocyte (CTL) escape mutants that are not detected by the mother,
are unlikely to be detected by the infant if they share the same HLA type (Pillay and Phillips,
2005). The HIV co-receptor CCR5 has a variety of polymorphisms associated with HIV
progression and infection (Doms and Moore, 1997; Cullen, 2001; Koning et al., 2002). The
most well known is a 32 nucleotide deletion, known as CCR5-A32. In adults as well as
infants, homozygosity for the mutant protects against infection, and both CCR5-A32/A32
homozygosity and CCR5-A32/wild type heterozygosity result in a slower progression of
disease in those infected. Several single nucleotide polymorphisms (SNPs) in the CCR5
gene’s regulatory region, as well as in the CCR2 gene (CCR2 is a minor co-receptor for HIV)
and the SDF1 gene (SDF1 is the natural ligand for the HIV co-receptor CXCR4) have also
been associated with the rate of disease progression, although much controversy exists
(Brumme et al., 2001; Sei et al., 2001; loannidis et al., 2003; Mulherin et al., 2003; Singh et
al., 2003). Knowledge of these differences has, in the case of CCR5, led to the development
of antiretroviral drugs currently in clinical trials (Barber, 2004; Dorr et al., 2005; Reeves and
Piefer, 2005).

Infant immune response — HIV-specific cytotoxic T-cell responses have been observed in
uninfected, but not infected, HIV-exposed infants, suggesting that unknown factors may
enable certain infants to form an immune response capable of preventing infection by HIV
(Wasik et al., 1999).



Maternal neutralising antibodies — Neutralising antibodies are one of the factors that
influence the evolution of HIV quasispecies within an individual, and some antibodies have,
inconsistently, been associated with an altered risk for transmission (Parekh et al., 1991;
Scarlatti et al., 1993).

1.6 Molecular epidemiology of HIV

HIV is a diploid single-stranded RNA virus that incorporates a reverse transcriptase enzyme
into its virion, which reverse transcribes the RNA, making DNA that gets incorporated into
the host genome by the viral enzyme integrase (Thompson et al., 2002). This reverse
transcriptase is one of the major causes of the genetic diversity of HIV today, due to it lacking
3’-exonuclease proof reading ability, and a high mismatch error rate, which averages 1 error
per 1700 detectable nucleotide incorporation, but which can be as high as 1 per 70 nucleotides
in certain areas of the genome (Roberts et al., 1988). Other factors that contribute to the
virus’ genetic diversity include the rapid turnover of viruses in vivo, selective pressure from
immune responses and therapeutic interventions, and the diploid genome, which enables

easier recombination events (Thompson et al., 2002; Kandathil et al., 2005).

HIV-2, of less importance than HIV-1, is divided into 8 groups — A-H — and likely originated
from SIVsm, a form of simian immunodeficiency virus found in sooty mangabeys, in 8
separate cross-species transmission events. Groups A and B are the predominant groups, with
groups C-H represented by only a few sequences (Laurent and Delaporte, 2001; Lemey et al.,
2003).

HIV-1 likely originated from SIVcpz, the chimpanzee strain of SIV, in the early 1900°s. It is
divided into 3 groups — M, N, and O — based on phylogenetic analysis. Each group is
believed, based on absence of common branching in phylogenetic trees of HIV-1 and SIVcpz,
to be the result of a separate transmission event from chimpanzees to humans. Group M is the
main (or major) group, group O the outliers, and group N the Non-M, Non-O, or new, group.
Group M is responsible for the majority (99.6%) of HIV infections worldwide, and different
subtypes have been found in different areas and population groups, and represent distinct
phylogenetic lineages. Currently subtypes A, B, C, D, F, G, H, J, and K are recognised, with
subtype A divided into subsubtypes Al, A2 and A3, and subtype F divided into subsubtypes
F1 and F2. At least 19 known circulating recombinant forms (CRFs) have been identified,
such as CRFO1_AE, and CRF02_AG, and many further unique recombinant forms (URFs).
HIV is believed to have originated in Africa — most of the identified CRFs were originally

10



described in Africa, while only 5 are believed to have originated elsewhere (Laurent and
Delaporte, 2001; Los Alamos National Laboratory HIV Sequence Database, 2002; Casado et
al., 2005; Kandathil et al., 2005; Los Alamos National Laboratory HIV Sequence Database,
2005; Meloni et al., 2004;).

All 3 groups of HIV-1 are found in Africa, but groups N and O are, with few exceptional
cases, limited to Central Africa. Group M is found across the whole continent, and, indeed,
the whole planet. Subtypes A and D are common in East Africa, with subtype C in the horn
of Africa, and subtype A in West Africa, while the predominant form in West and Central
Africa is CRFO2_AG. In Southern Africa, the most common subtype amongst heterosexuals
(and therefore the most commonly seen in vertical transmission) is subtype C, while subtype
B predominates in the homosexual community, and is also the predominant form in Western
and Central Europe, Australia, South East Asia (with CRF01_AE) and the Americas, although
evolutionary analysis suggests that subtype C is starting to out-compete with subtype B in
Brazil, after having been present for only a few years. Subtype C is the most common
subtype in India, and accounts for 47.2% of all HIV infections worldwide (Laurent and
Delaporte, 2001; Puren, 2002; Thompson et al., 2002; Weiss, 2003; Kandathil et al., 2005).

A variety of methods are employed to examine viral genotype, ranging from relatively simple
assays such as serotyping to infer genotype, to more complex ones, such as heteroduplex
mobility assays, to the gold standard — sequencing, with subsequent phylogenetic analysis
(Thompson et al., 2002; Kandathil et al., 2005).

Serotyping is based on antibody binding to peptides from the V3 loop, part of the gp120
protein of the viral envelope, of different subtypes. In areas where there are multiple
genotypes present, this method is not as accurate, and in particular is not reliable in
differentiating between subtypes A and C (Arens, 1999; Engelbrecht et al., 1999; Thompson
et al., 2002).

The heteroduplex mobility assay (HMA) utilises the difference in electrophoretic mobility of
a duplex formed between an amplified PCR product and a reference strain. The gag gene and
the gp120 region of the env gene are the preferred regions, and the env gp41 region is useful
for monitoring subtypes where divergent strains of HIV-1 exist. Multiple regions need to be
used if there are multiple subtypes circulating, in order to exclude recombination (Bachman et
al., 1994; Thompson et al., 2002).
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The gold standard is sequencing of the genome, either partially or fully, with subsequent
phylogenetic analysis involving complex mathematical calculations that can take significant
amounts of time, even on modern computers. Not only can genotypes be identified, and
phylogenetic trees drawn to indicate relationships, but evolutionary rates predicted from the
observed diversity in a database of viral sequences, which make modeling of epidemics from
a genetic perspective possible. The sequence itself can be utilised for a variety of purposes,
ranging from prediction of resistance to antiretroviral drugs, to identification of variants that
need to be taken into account in diagnostic assays (Thompson et al., 2002; Kandathil et al.,
2005).

1.7 Implications of HIV molecular epidemiology

Knowledge of the genotypes of HIV strains in the region, and in the world, is required in
order to understand the epidemic, and to eventually come to a solution for its management.
This knowledge is not limited to the subtype itself, within regions, and even within
individuals, specific populations may arise that differ from those outside the region, or
individual. This understanding impacts on a number of important areas in HIV research,
including understanding the biological properties of the virus, such as transmission and
pathogenesis, design of sensitive diagnostic assays, predicting influence of genotype on drug

resistance patters, and eventual vaccine design.

Transmission — It has been postulated that different HIV subtypes may have different
transmission potential, and while phylogenetic analyses may indicate a different epidemic
potential, such as seen in Brazil where HIV-1 subtype C is spreading twice as fast as subtype
B in Brazil or subtype C in South Africa, no definitive answer has been found regarding
genetic influence on transmissibility of virus subtypes (Salemi et al., 2005). There is
considerable evidence, however, that viruses containing the subtype C long terminal repeat
(LTR) is more likely to transmit than those containing other LTRs. This has also been
observed in the infant population. However, other factors may influence transmission, such
as a higher viral load, which is also influenced by subtype C LTRs. In an individual,
however, different quasispecies exist, some of which may be in some way defective, and less
likely to be transmitted. This has been seen in infants and adults where specific quasispecies,
often minor quasispecies, have been seen to transmit. Also of significance is the transmission
potential of viruses using different co-receptors. Viruses using the CCR5 co-receptor tend to

be non-syncytium inducing (NSI) strains, whereas those using the CXCR4 co-receptor tend to
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be syncytium inducing (SI) strains (Fenyo et al., 1997). The former are usually seen in earlier
infections, while the latter tend to appear as the patient progresses towards AIDS. Subtype D
does not appear to have dual-tropic viruses that utilise both co-receptors, while subtype C
tends to have a lower frequency of progression to the SI phenotype (Tscherning et al., 1998;
Thompson et al., 2002). There has been speculation that, at least for the Indian population
infected with subtype C, this is due to a replication advantage caused by a higher natural level
of CCR5 expression (Ramalingam et al., 2002). Studies of viral co-receptor usage in
combination with human genetic data, as seen in the discussion on risk factors for the

transmission from mother to child, have been enlightening.

Pathogenesis — Different subtypes may be associated with different disease progression
patterns. As with HIV-2 having a slower progression than HIV-1, different HIV-1 subtypes
may cause more rapid or slower progression than others. For instance, subtype A has been
linked to slower progression than subtypes C and D (Kanki et al., 1999). Other studies,
however, have found no correlation between subtype and disease progression (Alaeus et al.,
1999; Amornkul et al., 1999).

Diagnostics — For both serological and molecular diagnostic assays, as well as monitoring
assays such as viral loads, it is important to maintain sensitivity, and be able to detect the
prevalent HIV subtypes, if not all types and subtypes as in the case of serology, adequately
(Nielsen and Bryson, 2000). Different HIV subtypes may be associated with different
seroconversion profiles, as seen in subtype B vs. CRFO1_AE, where the latter had a mean
window period for a sensitive/less sensitive assay, designed to detect recent HIV infection, of
270 days verses the mean window period of subtype B, which was 155 days (Parekh et al.,
2001). (The window period here means the time between seroconversion on only one assay

to seroconversion on both).

Drug resistance — Since HIV-1 group O and HIV-2 are inherently resistant to non-nucleoside
reverse transcriptase inhibitors (NNRTIS), it was suggested that HIV-1 group M subtypes may
display differences in inherent sensitivity to antiretroviral drugs (Kandathil et al., 2005).
However, most studies have shown similar responses of all group M subtypes to these drugs,
with the possible exception of some subtype G strains, which may be less sensitive to protease
inhibitors (PIs) (Descamps et al., 1998). Naturally occurring secondary Pl resistance
mutations have been found to be more prevalent in subtype C than in subtype B, but the
clinical significance of this is not yet known (Pieniazek et al., 2000). Until now, studies have

indicated that, on a molecular level, subtype B and non-B subtypes studied have no significant
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differences in primary mutations, and, on a clinical level, outcome of treatment does not differ
(Cane et al., 2001; Perez-Alvarez et al., 2001). More research is needed to ascertain the
significance of the different prevalences amongst different subtypes seen for secondary
resistance mutations and other polymorphisms seen in the pol gene (Kandathil et al., 2005).

Vaccine design — Serotypes defined by neutralising antibody do not appear to correlate with
HIV-1genetic subtypes, but subtype-specific neutralising antibodies have been reported, and it
has been seen that sensitivity to neutralising antibody is more frequent within a subtype than
between subtypes. Broadly neutralising antibodies have only been seen in long-term non-
progressors. Correlation of neutralising antibody response with viral sequences, as well as
with human genetic factors, remains unclear. Cytotoxic T-lymphocyte (CTL) responses,
similarly to neutralising antibody responses, appear to be stronger and more frequent within a
subtype than between subtypes. Phylogenetic data has been used to identify sequences that
are perhaps more likely to produce a cross-subtype, or even pan-subtype, immune response,
as well as investigate ancestral sequences as a possibility for use in a vaccine against multiple
subtypes (Wagner et al., 1999; Gordon et al., 2003).

1.8 Molecular epidemiology of HIV in children

One of the aspects of HIV that remains poorly understood, despite more than 2 decades since
the discovery of the virus, is the dynamics of mother-to-child transmission. We know little
about the effects of pregnancy on the interaction between the virus and the maternal immune
system, and the complex interrelationships between the immune system of the infant, the
immune system of the mother, the placenta, and the virus itself. Although the cytotoxic T-
lymphocyte (CTL) response in pregnant women does not differ from that of non-pregnant
women, the CTL response in the placenta has not been well described (Wasik et al., 1999;
Pillay and Phillips, 2005). There is still much speculation regarding the transmission
potential of different subtypes, the degree to which external factors, such as nutrients, affect
transmission, and the factors that cause some infants to become infected, and others not. To
some extent, the combined research on different subtypes, the degree of divergence within an
individual at various time points after infection, the nature of the transmitted virus, and the
variety of immune responses to the virus, has formed a framework for future research on

mother-to-child transmission of HIV.

Transmission has been seen to take place in a variety of different forms. Obviously, a

replication-competent virus is required in order to infect the infant. However, not all viruses
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transmitted are equally efficient (Ahmad et al., 1995; Yedavalli et al., 1998a; Yedavalli et al.,
1998b; Blackard et al., 2000; Blackard et al., 2001; Ramakrishnan et al., 2005).

Hypermutation, meaning that there is an excess of purine transitions taking place during viral
replication, has been seen shortly after birth in HIV transmitted to infants. G to A transitions
in the context of GA or GG dinucleotides are the most common form of hypermutation in
lentiviruses, and result in an increased number of stop codons throughout the viral genome.
This has been associated with decreased reverse transcription and integration efficiency. The
implication is that the virus would be less pathogenic, and this has been supported by
associations with slower progression in patients with such viruses. The cause is uncertain, but

may reflect a cellular mechanism to protect against viral infections (Koulinska et al., 2003).

In general, however, it appears that the main maternal quasispecies to be transmitted is
replication competent. There is considerable data to show that viruses that transmit do not
always represent the main quasispecies in circulation in the mother (Ahmad et al., 1995;
Yedavalli et al., 1998a; Yedavalli et al., 1998b; Ramakrishnan et al., 2005). While cases of
transmitted CXCR4-using viruses have been observed, cases where CCR5-using viruses were
transmitted from mothers whose predominant virus utilised CXCR4 as a co-receptor — later,
as the infants progressed to AIDS, virus strains using CXCR4 evolved from the original
CCR5-using strain (Clevestig et al., 2005). Cases of single quasispecies transmission and
multiple quasispecies transmission, with both major and minor maternal variants can occur
both in utero and intrapartum, although single quasispecies transmission is more likely
(Ahmad et al., 1995; Dickover et al., 2001). Transmission can also occur by free virus in the
plasma, or by cell-associated proviral DNA (Dickover et al., 2001). There does not seem to
be a relationship to either subtype or viral load with regard to the risk of single or multiple
quasispecies being transmitted, and data suggests that transmission is likely to be a single
transmission event, rather than multiple events. However, transmission of multiple subtypes
to infants has been observed, making it likely that, at times, multiple transmission events can
and do occur (Renjifo et al., 2003).

Whether the infant is infected with single or multiple quasispecies, their population of virus
appears to be less diverse than the mother’s virus. Selection of quasispecies transmitted does
therefore seem to occur — however, the factors influencing selection are not well understood,
nor is the significance of different selection pressures on the nature of the transmitted virus
transmitted in utero, intrapartum, or postpartum. The interpretation of phylogenetic

information is further confounded by an uncertainty about when the transmission event
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occurred — multiple quasispecies in a newborn may indicate recent transmission of multiple
quasispecies, or it may indicate a single quasispecies transmitted in utero, with enough time
for divergence within the infant (Ahmad et al., 1995; Yedavalli et al., 1998a; Yedavalli et al.,
1998b; Ahmad, 2005; Ramakrishnan et al., 2005).

Although there is conflicting data, it appears that the greater the diversity of viral quasispecies
in the mother, the greater the chance of transmission to her infant. In contrast to adults,
therefore, where the primary infection is usually due to one quasispecies, and usually in virion
form, infants can be infected with multiple quasispecies, in either virion or proviral form
(Ahmad, 2005).

Another under-studied aspect of the virus transmitted is the influence of maternal and infant
neutralising antibody and CTL response. While maternal antibody and CTL escape mutants
have been detected in infants, and phylogenetic data indicate that they were transmitted to the
infant from the mother, the influence of the infant’s own immune response in selecting for
certain quasispecies is not known. However, the fact that mothers and infants share a similar
genetic background to their immune systems, immune selection in the mother is likely to be
detrimental to the infant in ways not expected in sexual transmission, and perhaps accounts
for the more severe disease and more rapid disease progression often seen in infants (Wasik et
al., 1999; Pillay and Phillips, 2005).

Few studies related to the comparison between mother and infant virus have been done, and
most contain only a few mother-infant pairs (Ahmad et al., 1995; Yedavalli et al., 1998a;
Yedavalli et al., 1998b; Biggar et al., 2001; Koulinska et al., 2003; Ramakrishnan et al.,
2005).  Studies identifying hypermutation and the types and numbers of quasispecies
transmitted have contributed significantly to our limited knowledge of vertical HIV
transmission.  Several large studies on the diversity of vertically transmitted HIV have
provided a significant amount of information. Twin studies are extremely interesting, as the
infants share a common intrauterine environment, common exposure to maternal factors, and
a significant degree of genetic similarity (Hutto et al., 1996; Biggar et al., 2002; Biggar et al.,
2003). There has even been a study on an alleged event of child-to-mother transmission,
where the study suggests that the infants were infected nosocomially, and then one

transmitted HIV to the mother, possibly via breastfeeding (Bobkov et al., 1994).
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1.9 This study’s aim
The purpose of this study was to contribute to the knowledge of vertical HIV transmission.

The primary aim was to perform genetic characterisation and phylogenetic analysis of the
HIV-1 viral genome in positive serum/plasma samples obtained from infants and their
mothers during the years 2000, 2001, and 2002.

This was achieved by:
= Genotyping and characterisation of the env gene of maternal and infant HIV-1

= Comparison between the genotype and genomic sequence of the mother’s virus on the
one hand, and the infant’s virus on the other

= Comparison of this study’s findings with other molecular epidemiology studies and
known data in paediatric patients, along with clinical analysis of patient file data (from
mothers and infants), in order to assist in the judgment of any findings. Although
numbers were too low to be statistically significant, trends were be observable, and a

clinical description of the patient sample was be obtained.
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Chapter 2: Materials and Methods

2.1 Ethical approval

The study protocol was submitted to the Committee for Human Research of the Faculty of
Health Sciences, University of Stellenbosch. The letter approving the study is attached as

Appendix A.

2.2 Patient samples

The infant samples forming the preliminary group for further investigation were those for
which the HIV PCR was requested during 2000, 2001, or 2002, and the PCR result was
positive; the sample had been taken within 6 months of birth, in order to allow minimal
divergence from the infecting virus; and sufficient plasma and/or RNA for further

investigating remained in storage.

The maternal serum samples were included if the mother was also HIV positive, the sample
was taken within 6 months of the infant’s specimen’s date, in order to allow minimal
divergence from the time of transmission to the infant, and sufficient serum for use remained

in storage.

All diagnostic HIV PCR results for the period 2000-2002 were obtained from Disa*Lab
204.16.00 (LabSystec, Johannesburg, South Africa), the NHLS database used to store all
diagnostic results. The plasma and RNA extracted from the original samples for diagnostic
purposes were obtained from storage at —80 °C. Clinical files of these infants were obtained
from Tygerberg Hospital, and case notes and laboratory results examined. Mothers were
identified by their name and/or hospital number being listed in the clinical file or Disa*Lab’s
clinical details. For those mothers who had been tested at the department of Medical
Virology, their serum specimens’ reference numbers were identified using Disa*Lab, and
located in the laboratory. Infants and mothers were then assigned numbers in pairs, B01-B27
and M01-M27 respectively, for further identification in the laboratory.

2.3 Clinical information

Clinical information was obtained from the hospital files and from Disa*Lab. The following
conditions were specifically noted — parental details; antenatal records; information on the
delivery — type of delivery, duration of labour, rupture of membranes, APGAR scores,

complications, and the use of antiretroviral drugs for attempted prevention of HIV
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transmission; clinical diagnoses and symptoms during hospitalisation or outpatient visits;
clinical and laboratory indicators of immune status; treatment given, including antiretroviral

drugs; and date of death, if deceased.

2.4 RNA extraction

The QlAamp Viral RNA Mini Kit (QIAGEN, Hilden, Germany) was used for RNA

extraction from plasma samples, according the manufacturer’s protocol.

All infant plasma specimens had previously undergone RNA extraction by Ms Brenda
Robson, one of the NHLS technologists employed in the molecular diagnostic section.
However, not all had RNA remaining, and in those cases, RNA was extracted again from

remaining plasma. All maternal serum specimens required RNA extraction.

2.5 Primers

Initially the degenerate env immunodominant region primers JH38 and JH41 were used for
the prenested reverse-transcription polymerase chain reaction (RT-PCR), followed by env
27F and Menv 19R for a nested polymerase chain reaction (PCR) (Swanson et al., 2003).

However, these proved to be problematic, and a smaller region around the V3 loop was
chosen, and a well-established PCR used regularly in the department was used. To screen
samples for RNA quality, the established in-house diagnostic HIV gag RT-PCR use in the
department was used with primers GAG A and GAG B for the prenested PCR, and GAG C
and GAG D for the nested PCR (Kemp et al., 1989; Engelbrecht and van Rensburg, 1995).
For the env fragment chosen for analysis, the primers used were ES7x and ES8x for the
prenested PCR, and ES7x and ES125 for the heminested PCR (Bachman et al., 1994;
Sanders-Buell et al., 1995; Moodley et al., 1998). Table 2.1 shows the primers, their

direction on the genome, and their sequences.
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Table 2.1. Primers used in this study, their direction, and sequence.

Primer name Direction Sequence

JH38 Forward GGTGARTATCCCTKCCTAAC
JH41 Reverse CAGCAGGWAGCACKATGGG
env 27F Forward CTGGYATAGTGCARCARCA
Menv 19R Reverse AARCCTCCTACTATCATTATRA
GAG A Forward AGAGAACCAAGGGGAAGTGA
GAG B Reverse TCTCTAAAGGGTTCCTTTGG
GAGC Forward CATAGCAGGAACTACTAGTA
GAGD Reverse TCCTTGTCTTATGTCCAGAA
ES7x Forward CTGTTAAATGGCAGTCTAGC
ES8x Reverse CACTTCTCCAATTGTCCCTCA
ES125 Reverse CAATTTCTGGGTCCCCTCCTGAG

2.6 PCR kits and protocols

The one-step RT-PCRs were performed using the Promega Access RT-PCR System
(Promega, Madison, WI, USA), according to the manufacturer’s protocol and the protocol

used for the established in-house diagnostic PCRs.

Nested and heminested PCRs were performed using Promega Tag DNA Polymerase in Buffer
A (Promega, Madison, WI, USA), according to the protocol used for the established in-house

diagnostic PCRs.

The initial PCR methods used with primers JH38, JH41, env 27F and Menv 19R consisted of
a 50 ul one-step RT-PCR followed by a 50 ul nested PCR.

The 50 ul prenested PCR reaction mixture consisted of 5 ul of extracted RNA added to a
mastermix consisting of 10 ul 5X buffer, ANTPs at a concentration of 200 uM for each dNTP,
a concentration of 1000 nM for each primer, 1.0 mM MgSO,, and 1 pl each of Avian
myeloblastosis virus reverse transcriptase (RT) and Thermus flavius DNA polymerase, with

nuclease-free water to bring the final mastermix volume to 45 pl.

Cycling temperatures for the RT-PCR were as follows: 45 minutes at 48 °C for reverse
transcription, and 2 minutes at 94 °C for RT inactivation and DNA denaturation, was
followed by 40 cycles of 30 seconds at 94 °C for DNA denaturation, 30 seconds at 45 °C for
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primer annealing, and 60 seconds at 72 °C for primer extension. A final 10 minutes at 72 °C

allowed final extension, and products were stored at 4 °C until collected.

The 50 ul nested PCR reaction mixture consisted of 2 ul of prenested PCR product added to a
mastermix consisting of 10 ul 10X buffer, dNTPs at a concentration of 400 uM for each
dNTP, a concentration of 800 nM for each primer, 3.0 mM MgSOy, and 0.3 ul of Thermus
aquaticus DNA polymerase, with nuclease-free water to bring the final mastermix volume to
48 ul.

Cycling temperatures for the RT-PCR were as follows: 2 minutes at 94 °C for DNA
denaturation was followed by 40 cycles of 30 seconds at 94 °C for DNA denaturation, 30
seconds at 50 °C for primer annealing, and 60 seconds at 72 °C for primer extension. A final

10 minutes at 72 °C allowed final extension, and products were stored at 4 °C until collected.

The subsequent PCR methods using primers GAG A, GAG B, GAG C, and GAG D for the
gag PCR, and primers ES7X, ES8X, and ES125 for the env PCR, consisted of a 50 ul one-
step prenested RT-PCR followed by a 100 ul nested PCR.

The 50 ul prenested PCR reaction mixture consisted of 5 ul of extracted RNA added to a
mastermix consisting of 10 ul 5X buffer, ANTPs at a concentration of 200 uM for each dNTP,
a concentration of 800 nM for each primer, 1.0 mM MgSO,, and 1 pl each of Avian
myeloblastosis virus reverse transcriptase (RT) and Thermus flavius DNA polymerase, with

nuclease-free water to bring the final mastermix volume to 45 pl.

Cycling temperatures for the RT-PCR were as follows: 45 minutes at 48 °C for reverse
transcription, and 2 minutes at 94 °C for RT inactivation and DNA denaturation, was
followed by 40 cycles of 60 seconds at 94 °C for DNA denaturation, 60 seconds at 40 °C (for
gag PCR) or 45 °C (for env PCR) for primer annealing, and 90 seconds at 68 °C for primer
extension. A final 7 minutes at 68 °C allowed final extension, and products were stored at 4

°C until collected.

The 100 ul nested PCR reaction mixture consisted of 2 ul of prenested PCR product added to
a mastermix consisting of 10 ul 10X buffer, dNTPs at a concentration of 800 uM for each
dNTP, a concentration of 400 nM for each primer, 1.5 mM MgSOy, and 0.3 ul of Thermus
aquaticus DNA polymerase, with nuclease-free water to bring the final mastermix volume to
98 ul.
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Cycling temperatures for the RT-PCR were as follows: 60 seconds at 94 °C for DNA
denaturation was followed by 40 cycles of 60 seconds at 94 °C for DNA denaturation, 60
seconds at 40 °C (for gag PCR) or 45 °C (for env PCR) for primer annealing, and 90 seconds
at 72 °C for primer extension. A final 7 minutes at 72 °C allowed final extension, and

products were stored at 4 °C until collected.

Products were identified by agarose gel electrophoresis on a 1% agarose gel containing
ethydium bromide, visualised under ultraviolet light. 10 ul of nested PCR product was added
to 2 ul loading buffer (0.25% bromophenol blue, 0.25% xylene cyanol FF, 15% Ficoll) and
loaded into a slot on the agarose gel submerged in TAE buffer (0.04 M Tris acetate, 0.001 M
EDTA), and electrophoresed at a constant current of 5 mA/cm of gel width, resulting in a
voltage of approximately 4-5 VV/cm. The Promega 1 kb DNA ladder (Promega, Madison, WI,
USA) was used as a size marker.

The expected band sizes, based on the reference strain B.FR.83.HXB2 (Korber et al., 1998)
were 160 base pairs for the gag PCR and 337 base pairs for the env PCR.

2.7 Sequencing

Sequencing was performed by Mrs. Annette Laten, a scientist employed in the department of
Medical Virology.

Both gag and env products were sequenced using their respective nested PCR primers, and

both strands were sequenced for comparison, to minimise ambiguities.

PCR products were prepared using the PCR Product Pre-sequencing Kit (USB Corporation,
Cleveland, USA, according to manufacturer’s protocol), which utilises two enzymes, namely
exonuclease 1, which removes single stranded DNA (primers and single stranded PCR
products), and shrimp alkaline phosphatase, which removes remaining dNTPs from the PCR
mixture. Both enzymes are heat inactivated prior to further processing.

The ABI Prism BigDye Terminator Cycle Sequencing Ready Reaction Kit v3.1 (Applied
Biosystems, Foster City, USA) was used for sequencing reaction, based on the chain
terminator principle, using the manufacturer’s protocol, and an annealing temperature of 50
°C.

Purification to remove unincorporated dye terminators was done using the DyeEx 2.0 Spin
Kit (QIAGEN, Hilden, Germany) according to the manufacturer’s protocol. The products

were reconstituted in 25 ul Template Suppression Reagent (Applied Biosystems, Foster City,
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USA) and the ABI 310 Genetic Analyzer (Applied Biosystems, Foster City, USA) was used
to determine the sequence based on fluorescence of different sized DNA strands moving at

different rates in the POP-6 polymer used for electrophoresis.

The data was analysed and converted to electropherograms using the DNA Sequencing

Analysis software, version 3.3 (Applied Biosystems, Foster City, USA).

2.8 Reference sequences

Reference HIV sequences were obtained from the Los Alamos National Laboratory HIV
Sequence Database, using the HIV reference strain HXB2CG coordinates to obtain the
sections of the gag and env genes required (Korber et al., 1998). The web page at
http://www.hiv.lanl.gov/content/hiv-db/SUBTYPE _REF/align.html was accessed, and the

2001 reference set was requested. All reference sequences were obtained, but the following
were used in the analyses that followed: All HIV group M reference sequences, in order to
show our sequences relative to the rest of group M, and one HIV group O sequence for
comparison. The reference sequences used, with their Genbank accession numbers can be

seen in Appendix B.

2.9 Sequence analysis

Sequence analyses were performed on the sequences obtained using the software listed in
Table 2.2.
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Table 2.2. Software used to perform sequence analysis, with source/reference, and purpose.

Software Source / reference Used for Reason for use

FinchTV 1.3.1 Geospiza, Seattle, WA, USA Editing of electropherograms Identification of readable
www.finchtv.com obtained from the ABI 310 sequences. Reverse and forward

Genetic Analyzer. sequences were compared to solve
ambiguities.

PrimAlign Los Alamos National Laboratory, CA, USA | Alignment of primers. To find their coordinate values in
http://www.hiv.lanl.gov/content/hiv- the reference HIV sequence
db/PRIMALIGN/PRIME.html HXB2CG.

DNAMan 4.0 Lynnon Biosoft, Quebec, Canada Alignment of primers and initial | To obtain the primer alignments in

sequence alignments. a visual form, and to experiment
with simple alignments.

CLUSTAL X 1.81 Thompson et al., 1997 Creating initial sequence Alignments needed for further

alignments. Later used to
convert FASTA format files to
NEXUS files for use in PAUP*.

phylogenetic analysis. NEXUS files
required for phylogenetic analysis
in PAUP~*.



http://www.finchtv.com/
http://www.hiv.lanl.gov/content/hiv-db/PRIMALIGN/PRIME.html
http://www.hiv.lanl.gov/content/hiv-db/PRIMALIGN/PRIME.html

HIV BLAST Search

Los Alamos National Laboratory, CA, USA
http://www.hiv.lanl.gov/content/hiv-
db/BASIC BLAST/basic blast.html

Performing BLAST searches on
the sequences obtained.

To identify the sequences as HIV
sequences, and see related

sequences for the amplified region.

BioEdit 7.0.4.1

Hall, 1999

Performing manual codon
alignments on the alignments
produced by CLUSTAL X; to

create amino acid sequences.

Codon alignments would represent
a more natural comparison, and

improve phylogenetic analysis.

TREECON 1.3b

Van de Peer and Wachter, 1993; Van de
Peer and Wachter, 1994

Performing phylogenetic
analyses using the Kimura 2-
parameter model for distance
calculation, and construction of
bootstrapped neighbour joining

trees.

Initial phylogenetic analysis.

FindModel

Los Alamos National Laboratory, CA, USA,
http://www.hiv.lanl.gov/content/hiv-
db/findmodel/findmodel.html, based on
ModelTest (Posada and Crandall, 1998;
Posada and Buckley, 2004)

Obtaining information on which
model of phylogenetic analysis
to use in constructing more

detailed phylogenetic trees.

To improve phylogenetic analysis.



http://www.hiv.lanl.gov/content/hiv-db/BASIC_BLAST/basic_blast.html
http://www.hiv.lanl.gov/content/hiv-db/BASIC_BLAST/basic_blast.html
http://www.hiv.lanl.gov/content/hiv-db/findmodel/findmodel.html
http://www.hiv.lanl.gov/content/hiv-db/findmodel/findmodel.html

PAUP* 4.0b10 Swofford, 1993; Swofford, 2003 Performing phylogenetic Obtaining optimised phylogenetic
analysis using the maximum analysis.
likelihood method. The PAUP* script used for
obtaining PAUP*’s suggested
parameters is listed in Appendix D.
The PAUP* script used for
obtaining FindModel’s suggested
parameters is listed in Appendix E.
PHYLIP 3.6 Fenselstein, 2005 To plot the phylogenetic trees
(PHYLogeny produced by PAUP*,

Inference Package) -
Rooted tree plotting
program version
3.63




Chapter 3: Results

3.1 Patient samples

A total of 397 diagnostic RT-PCRs were performed during the period 2000-2002. Of these,
184 were positive on either gag or env (or both) PCRs. Of those, only 83 fulfilled the criteria
of having been taken within 6 months of birth, and having sufficient specimen remaining for

either use of stored RNA or RNA extraction from stored plasma.

Clinical files were requested from Tygerberg Hospital for these 83 specimens; however, only
47 files could be found. Twenty seven infants had sufficient information to identify the
mother and locate her stored serum specimens in the department. Other infants with
identifiable mothers did not have specimen available in the laboratory. The selected infants
were assigned numbers from B01 to B27 (for baby), and their mothers were assigned numbers
from MO1 to M27 (for mother), with BO1 being the infant of M01, B02 the infant of M02, and

so forth.

3.2 Clinical information

The clinical data obtained from the hospital files was of a limited nature. Information was
often not available — for example, information on the delivery of the infant was not always
recorded. The only alternative source available for cross-referencing was the laboratory
database. Therefore rates and ratios could not be calculated, and only a qualitative description

could be obtained.

Furthermore, there were a number of obvious errors in the clinical notes, and the accuracy of

the notes is therefore questioned. The three most notable examples are:

a) notes record one infant, at age 3.5 months, as being hypoxic since birth (likely to mean

that the infant suffered from hypoxia at birth), and

b) notes for another infant stating that both parents of the infant had died 2 years
previously. This infant was 4 months of age at the time of these notes, which means
the death of the parents did not fit in with the infant’s age and a normal gestation

period of 9 months.

c) One infant’s file has two women, both designated as the infant’s mother, with

different first names and surnames signing consent forms for a variety of procedures,

27



both with different handwriting. Insufficient data was available to determine if one

was the grandmother, and which was the biological mother.

Only 26 of the 47 files read contained a detailed obstetric history, with some mention of risk
factors for HIV transmission. It is unclear whether such a history was unavailable or simply

not taken in the other cases. In total, there were 26 girls, and 21 boys.

Fourteen instances of normal vaginal delivery were recorded, and 2 of breech delivery. Five
files mentioned a Caesarean section, none of which was elective, but rather due to
complications such as foetal distress (4 infants), halting of progression in labour, and pre-
eclampsia. Five infants were born before 34 weeks gestation, one of which was complicated
by pre-eclampsia and prelabour rupture of membranes. In total, 3 deliveries were complicated
by prelabour rupture of membranes. Only 5 files recorded mothers receiving nevirapine in
labour as prophylaxis for HIV transmission, but the prevention of mother-to-child
transmission programme in the Western Cape was only introduced in 2002.

The files record that at least 7 infants were eventually placed on antiretroviral therapy — 6 of
these survive today on HAART, and 1 received AZT monotherapy in the time before
antiretroviral drugs were easily available to those who could not afford them. This infant
unfortunately died. Eleven infants were recorded as having been breastfed, and 4 as having
been given mixed breast and formula feeding. One of the infants on sole breastfeeding was

breastfed while the mother was suffering from mastitis.

Eighteen of the 47 infants were recorded as having died below the age of 6 months. No other
deaths were recorded. However, in the Disa*Lab database, some can be observed to have
CD4" counts that drop, and infections that increase, until they no longer get further laboratory

investigations. Some of these infants probably died.

The files record 6 cases of developmental abnormalities. Three cases were of known etiology
— two with intrapartum hypoxia, and one with foetal alcohol syndrome. One of these infants
was delivered by Caesarean section for foetal distress, and the mother suffered from pre-
eclampsia. This was the infant that was recorded, at age 3.5 months, as being hypoxic since
birth. This infant (included in the study as B24) was the first of two twins, and the twin was
healthy, and HIV negative.

Although only 47 files were obtained, the total number of recorded clinical conditions

indicative of a compromised immune system, as well as the total number of admissions,
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exceeds this. Several infants had several diagnoses of infectious conditions during a single

admission.

A number of HIV-related conditions were frequently recorded. Files record that 28 of the
infants were classified as marasmic on admission, 21 of whom had gastroenteritis. Several
infants had been underfed. Respiratory conditions were common. There were 39 recorded
cases of acute bacterial pneumonia, 13 cases of Pneumocystis carinii (now Pneumocystis
jirovecii) pneumonia, 13 cases of pulmonary tuberculosis, and 1 case of BCGosis,
disseminated infection caused by Bacillis Calmette-Guerin used in the tuberculosis vaccine.
Only one case of otitis media was mentioned — it was a chronic infection. In the cases of
pulmonary tuberculosis, most patients needed 5 or more specimens to obtain a positive culture
or Zeihl-Neelson stain. Eight cases of meningitis were recorded, one of which was caused by
Mycobacterium tuberculosis. There were 10 recorded cases of documented septicaemia, and
6 cases where multiple bacteria of clinical significance were isolated. Anaemia was recorded

for twenty-nine infants, with haemoglobin levels between 7-9 g/dl.

3.3 PCR results

Table 3.1 shows a summary of the results of the gag and env PCRs, readable sequences, as
well as which sequences were eventually acceptable for inclusion for phylogenetic analysis

(discussed in section 3.4).

Using the initial set of primers (Swanson et al., 2003), JH38 and JH41 for the prenested one-
step RT-PCR, and env 27F and Menv 19R for the nested PCR, few of the samples could be
amplified. Figure 3.1 shows an example of the agarose gel electrophoresis results obtained.
The nested products of two PCRs were run together on one gel, with the first PCR on the left
of the black bar, and the second on the right. As can be seen, only samples M23, M25, and
B10 showed amplification in the first of the two PCRs. Figure 3.2 shows an example of one
the checkerboard optimisation attempts for these primers. Different primer and MgSO,
concentrations were used. The most successful appeared to be a MgSO,4 concentration of 2.0
mM with a primer concentration of 600 nM, and a MgSO, concentration of 3.5 mM with a

primer concentration of either 200 nM or 400 nM.
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Table 3.1 — PCR results, readable sequences, and sequence inclusion for analysis. “POS”
in capital letters indicates a positive result, “pos” in small letters indicates a positive
result, but with a weak band on agarose gel electrophoresis, and “NEG” indicates a
negative result. Asterisks next to “NO” indicate sequences that were not read due to
multiple peaks possibly indicative of quasispecies.

Infants (B01- | Mothers (MO01- Readable sequence Included in sequence
B27) M27) analysis
Pair | gag env gag env Infant Mother Infant Mother
01 | POS pos POS NEG YES NO YES NO
02 | POS | POS POS pos YES YES NO YES
03 | POS | POS POS POS YES YES YES NO
04 | POS | POS POS POS NO* YES NO YES
05 | POS | POS POS NEG YES NO YES NO
06 | POS | POS POS NEG NO* NO NO NO
07 | POS | POS POS POS YES YES YES YES
08 | POS | POS POS POS YES YES YES YES
09 | POS | POS POS NEG NO* NO NO NO
10 | POS | POS POS POS YES YES YES YES
11 | POS | POS POS POS YES YES YES YES
12 | POS | NEG POS NEG NO NO NO NO
13 | POS | POS POS POS YES YES YES NO
14 | POS | POS POS POS YES YES YES NO
15 | POS pos POS NEG YES NO YES NO
16 | POS | POS POS POS YES YES YES NO
17 | POS pos POS NEG NO* NO NO NO
18 | POS | POS POS POS YES YES YES YES
19 | POS | POS POS POS YES YES YES YES
20 | POS | POS POS POS YES YES YES YES
21 | POS | POS POS POS YES YES YES YES
22 | POS | NEG POS NEG NO NO NO NO
23 | POS | POS POS POS YES YES YES NO
24 | POS | POS | NEG POS YES YES YES NO
25 | POS | POS POS POS YES YES YES NO
26 | POS | POS POS POS YES NO* YES NO
27 | POS | POS POS pos YES NO YES NO
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Figure 3.1. 1% agarose gel using nested PCR products. Nested PCR was performed on
the prenested products of 2 RT-PCRs. Primers: env 27F and Menv 19R. From left to
right: 1kb DNA marker; M18, M23, M12, M14, M25, M24, M13, M15, M26, M16, B10,
Pos control 1, Pos control 2, Neg control, prenested PCR’s reagent blank; M20a, M20b,
M21la, M21b, M19, M22, M27, M17, Pos control 1, nested PCR’s reagent blank, 1kb
DNA marker.

Figure 3.2. Checkerboard optimisation - 1% agarose gel using nested PCR products.
Primers: env 27F and Menv 19R. After the 1kb DNA marker, magnesium
concentrations are shown in groups of 3, and primer concentrations shown as A, B, and
C. A =200 nM of each primer; B =400 nM; C =600 nM. DNA input was uniform as it
was added to the mastermix. DNA used was a prenested PCR product (JH38/JH41)
from a previous successful nested PCR (B10).
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When repeated attempts failed to amplify many of the study samples, it was decided that for
this project we would use two PCRs that had already been optimised and proven in the
molecular diagnostic section. The env PCR amplified a smaller region around the V3 loop of
the gp120 protein, and used primers ES7x and ES8x for the prenested one-step RT-PCR, and
primers ES7x and ES125 for the heminested PCR (Bachman et al., 1994; Sanders-Buell et al.,
1995; Moodley et al., 1998). The gag PCR used primers GAG A and GAG B for the
prenested one-step RT-PCR, and primers GAG C and GAG D for the nested PCR (Kemp et
al., 1989; Engelbrecht and van Rensburg, 1995). Figure 3.3 shows an example of the agarose
gel electrophoresis results obtained. All patient samples and the positive control showed
amplification.

Ed == T3

Nested env ES7x/ES125 PCR - 2005-01-18

R

Figure 3.3. 1% agarose gel using nested PCR products. Primers: ES7x and ES125.
From left to right: 1kb DNA marker; B6, B2, B7, B3, B4, B5, B1, B9, B8, B10, Pos

control, Neg control, reagent blank, reagent blank (repeated due to possible
contamination during loading).

The diagnostic env PCR was known to be less sensitive than the gag PCR; in two pairs, both
mother and infant were negative on the env PCR. See Table 3.1 for details on the PCR

results.

3.4 Sequence alignment

FinchTV 1.3.1 was used to interpret the electropherograms produced by the ABI 310 Genetic
Analyzer. Figures 3.4 and 3.5 show the electropherograms of M08 and B08, showing two
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areas in M08’s sequence that could not be resolved. Letters M and R (see arrows) were used
in the mother’s sequence to indicate ambiguity. Using the IUPAC Nucleotide Ambiguity
Codes, M indicates either A or C, while R indicates either A or G. Arrows on the infant’s
sequence indicate the corresponding position.

T A & Cm T T & G T &AC A& &8 C T C & &8T G G & &4C r C A

el

Figure 3.4. Partial electropherograms of M08’s sequence sequenced with primer ES7x.

Tooa oA Coa T T A GOT A CoA A& C T CoA AT &G A A CoAC A

Figure 3.5. Partial electropherograms of B08’s sequence sequenced with primer ES7x.

CLUSTAL X was used to create an alignment with minimised gaps using the IlUB DNA
Weight Matrix and a gap creation penalty of 10, and a gap extension penalty of 0.2.

Appendix E shows the alignment created.

Some PCR products did not produce a usable sequence, and were therefore not included in
further analysis. See Table 3.1 for the sequences included in further analysis.
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BioEdit 7.0.4.1 was used for performing manual codon alignments (Appendix F) on the

alignments produced by CLUSTAL X, and to create amino acid sequences (Appendix G).

For the purposes of phylogenetic analysis, short sequences were removed from the data set,
and the ends trimmed to leave as few sequences as possible with excessive gaps at either end.

Appendix H shows the codon alignment of the final set of sequences, and Appendix I shows

the amino acid alignment of these sequences.

3.5 Phylogenetic analysis

TREECON 1.3b (Van de Peer 1994) was used for performing phylogenetic analyses using the
Kimura 2-parameter 1980 model for distance calculation, and construction of bootstrapped

neighbour joining trees.

Figure 3.6 shows the neighbour joining tree produced on TREECON. All monophyletic
clusters representing HIV subtypes and subsubtypes other than subtype C have been marked
as triangles. Names of subtype C reference sequences have been marked in green, mother-
infant pairs have been marked in different colours, and other mother or infant sequences are in
black. M20a and M20b refer to two sequences obtained from one mother. All paired
sequences from mothers and infants cluster together, and all study sequences cluster with the

subtype C reference sequences.
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Figure 3.6. Neighbour-joining drawn using the Kimura 2-parameter 1980 model.
Bootstraps (1000 bootstraps performed) above 75% are shown. Reference sequences
are in green, mother/infant pairs are in colour, and unpaired mother/infant sequences
are in black.
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resource at
ModelTest

(Posada and Crandall, 1998; Posada and Buckley, 2004) was used to provide information on

The FindModel (Los CA, USA)
http://www.hiv.lanl.gov/content/hiv-db/findmodel/findmodel.html,

Alamos National Laboratory,

based on

which model of phylogenetic analysis to use in constructing more detailed phylogenetic trees.

FindModel recommended the General Time Reversible plus Gamma model. The parameters
it recommended were base frequencies of 0.2262, 0.1605, 0.4254, and 0.1878 for T, C, A, and
G respectively; a transition/transversion ratio of 1.9048, and a shape parameter alpha of
0.65026. The rate matrix Q can be seen in Table 2.2.

Table 3.2. Rate matrix Q recommended by FindModel

A C G T
A | -0.872477 | 0.506487 0.233530 0.132460
C 0.713890 | -1.270528 | 0.449971 0.106662
G 0.124173 0.169747 | -0.795270 | 0.501350
T 0.159516 0.091130 1.135467 | -1.386112

PAUP* is only able to accept 5 positive values, with the A->C rate equal to the C>A rate,
the A->G rate equal to the G> A rate, and so forth. It assumes the T>G / G>T rate is equal
to 1. Several methods to adapt this were tried, but no input was accepted that allowed these

values to be used. The modified rate matrix used can be seen in Table 2.3.

Table 3.3. Rate matrix Q used in analysis

A C G T
A - 0.713890 0.124173 0.159516
C | 0.713890 - 0.169747 0.091130
G | 0.124173 0.169747 - 1.000000
T 0.159516 0.091130 1.000000 -

After 108 hours, the calculation was only on the 2" bootstrap, and it was decided not to
obtain bootstrap values. The zero branch length test was used instead, with p being the
probability of obtaining a likelihood ratio as large or larger than the observed ratio under the

null hypothesis that a branch has zero length (PAUP* 4b10 package, 2001).

Figures 3.7a and 3.7b show the maximum likelihood tree produced using these parameters.
All monophyletic clusters representing HIV subtypes and subsubtypes other than subtype C
have been marked as bars. All paired sequences from mothers and infants cluster together,

and all study sequences cluster with the subtype C reference sequences.
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Figure 3.7a. Maximum likelihood tree calculated by PAUP* using FindModel’s
parameters. PHYLIP was used to draw the tree.
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Figure 3.7b. Maximum likelihood tree calculated by PAUP* using FindModel’s
parameters. The tree has been stretched horizontally, and the long branch of
O.BE.87.ANT70 cut off. PHYLIP was used to draw the tree. Asterisks on branches
indicate statistical support for the branch (p<0.001, zero branch length test).
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PAUP* was allowed to determine its own values for these parameters as well. Those
obtained were base frequencies of 0.18843, 0.18539, 0.43483, and 0.19135 for T, C, A, and G
respectively; a transition/transversion ratio of 1.694153, and a shape parameter alpha of
0.702772. The rate matrix Q can be seen in Table 2.4.

Table 3.4. Rate matrix Q suggested by PAUP*

A C G T
A - 1.400891 3.327623 0.746876
C 1.400891 - 0.695150 3.480019
G | 8.327623 0.695150 - 1.000000
T 0.746876 3.480019 1.000000 -

Again, bootstrap values were not calculated, and the statistical support provided by the zero

branch length test was used instead.

Figures 3.8a and 3.8b show the maximum likelihood tree produced using these parameters.
All monophyletic clusters representing HIV subtypes and subsubtypes other than subtype C
have been marked as bars. All paired sequences from mothers and infants cluster together,
and all study sequences cluster with the subtype C reference sequences. The inserted text box
on the right of the tree in Figure 3.8b indicates the two samples that reflect the least
(M08/B08) and greatest (M11/B11) distances between sequences, and the corresponding

cumulative time between samples.

When selecting the mother’s sample, an error was made, and the dates used were not dates 6
months from the birth, but rather dates 6 months from the date of the infant’s specimen. If the
dates 6 months from the date of birth were used, there would be a maximum cumulative time
of 12 months separating the maternal and infant specimens. Due to the date chosen, a
maximum cumulative time of 18 months was possible. (Due to the fact that HIV is constantly
evolving, and maternal and infant viruses would continue to diversify between infection and
the taking of paired specimens at, for example, 6 months after birth, the virus in the mother’s
specimen would be separated from the virus infecting the infant by 6 months of evolution, and
similarly, the virus in the infant’s specimen would be separated from the virus infecting the
infant by 6 months of evolution. The cumulative time here would therefore be 12 months).
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Figure 3.8a. Maximum likelihood tree calculated by PAUP* using PAUP*s calculated
parameters. PHYLIP was used to draw the tree.
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Figure 3.8b. Maximum likelihood tree calculated by PAUP* using PAUP*’s calculated
The tree has been stretched horizontally, and the long branch of
O.BE.87.ANT70 cut off. PHYLIP was used to draw the tree. Asterisks on branches
indicate statistical support for the branch (p<0.001, zero branch length test).
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Chapter 4: Discussion

4.1 Patient samples
Due to the retrospective nature of this study, it was subject to several limitations.

Stored patient samples that had been collected for diagnostic purposes were used for the
study, and therefore paired maternal and infant samples were not available. Ideally, such
paired samples should be obtained at specified time points relative to parturition, and stored
with the aim of the research in mind. The opportunity to estimate timing of infection was
therefore lost, and the ability to assess the significance of findings, such as quasispecies
diversity, restricted.

4.2 Clinical information

Another disadvantage of a retrospective study is that the clinical notes were often incomplete,
and didn’t contain all the information relevant to the study. The aim of such clinical notes is
to keep record of the management of the patient, for future clinical reference, and so that other
clinicians that become involved in the acute management of the patient can be made aware of
the situation at that time. Using such data for purposes it was not primarily intended for does
result in many uncertainties and potential inaccuracies. However, such retrospective data is

valuable in identifying areas for future research.

Errors in clinical notes could be avoided, but after a 24-hour shift, it is understandable that
sometimes notes can be ambiguous. Obvious errors are easily detectable, but there may be
errors that are not as easily noticed, and the reliability of the data contained in the notes can
therefore be questioned.

A large number of risk factors were observed based on the clinical notes, and it became clear
that there were many practical problems involved in prevention of vertical HIV transmission.
A low level of education and difficult social circumstances in the community, as well as
inadequate training and resources for many public health care workers, understandably makes
the recommendations for prevention of mother-to-child transmission of HIV difficult to

follow completely.

It was therefore not unexpected to find mothers with inadequate knowledge regarding the
high risk of mixed feeds with both formula feeds and breast milk, as well as the increased risk
of transmission due to mastitis (Semba et al., 1999; Geijtenbeek et al., 2001). Mothers often

present at the labour ward for the first time when they realise they are in labour, without
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having attended antenatal clinics. The result of this is that caesarean sections are often
emergency procedures and not elective ones, and avoidance of breech deliveries and foetal

distress is not optimal.

Twin studies are exceptionally valuable in HIV research, and discordant pairs are especially
interesting.  Studies of twins can lead to a greater understanding of the underlying
mechanisms that may protect one infant but allow or cause infection of another. In our
patient database, we have one pair of discordant twins, indicated in the clinical notes as being

identical twins. Further study of the samples from this infant and mother are warranted.

4.3 PCR results

Initially we experienced a problem with the two sets of primers chosen for env PCR. The
primers are degenerate primers designed to detect most of group M sequences. Certain
samples could be amplified using these primers, while most could not. This finding was
therefore unexpected, but it is possible that the long duration of storage of samples, with
repeated thawing and re-freezing, may have influenced the quality of the viral RNA. RNA is
known to fragment when exposed to such stresses. The problems caused by fragmentation
can be minimised by amplifying a short section of the genome, as there is a greater possibility
that the short region will be intact in a higher percentage of genomes present in the sample.
Another possible cause for the failed amplification is that the development of the primers,
which were meant to amplify most HIV-1 type M sequences (Swanson et al., 2003), did not
use many subtype C sequences into the analysis, and therefore may not be ideal for
amplification of subtype C genomes. It was therefore decided to use a PCR well-established
in the department’s diagnostic section, which amplifies a shorter fragment (Engelbrecht and
van Rensburg, 1995; Moodley et al., 1998).

This PCR, a combination of two RT-PCRs and two nested PCRs, one each for gag and env,
produced some discordant results. The gag PCR was the most sensitive, as had been seen
previously in its use in diagnostics. Only one sample was negative on the gag PCR, and that
sample was positive on the env PCR. A number of samples were negative on the env PCR.
The infant specimens negative on this PCR were also negative previously when this PCR was
used for diagnosis. Of the eight maternal specimens negative on the env PCR, two correlated
with a negative env PCR on the infant’s sample, while three were associated with a weak
band for the infant’s specimen. Further research may be warranted to investigate diversity in

the env primer binding regions.
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4.4 Sequences

In areas of some of the sequences, there were ambiguities that could not be resolved. Fig 3.4
and 3.5 in chapter 3 showed a partial electropherogram from a mother’s sequence and one
from her infant’s sequence. In the mother’s sequence, two peaks seemed to coincide in two
places, whereas there seemed to be only one peak in the infant’s sequence. This could be due
to a sequencing problem, but it could represent two different sequences in the mother.
Further studies, with the creation of at least 20 clones from each sample that showed this

phenomenon, may clarify this issue by identifying multiple quasispecies amongst the clones.

Codon aligned sequences represent a state that is more likely to be the true alignment of the
sequences used. A single nucleotide deletion or insertion (indel) will usually cause a
nonsense mutation, shifting the reading frame by one nucleotide, which would result in a
nonfunctional protein. A virus with such a protein is unlikely to replicate efficiently. The
more natural types of indels are sets of 3 nucleotides, representing a single amino acid.
Similarly, it is unlikely that a conserved motif will be deleted in one position, and an identical
one inserted in another position. Therefore, where such motifs, such as glycosylation sites,

exist, an alignment that aligns these motifs is more likely to represent the true alignment.

Observed amino acid deletions were conserved in all sequences from mother and infant
sequence pairs. Sequences from infant BO5 and pair B14/M14 showed a two amino acid
deletion in the same location. Three single amino acid insertions relative to the subtype C
reference sequence were observed, one in infant B0O3’s sequence, one in infant B26’s

sequence, and another in the sequence from infant B27.

Further analysis on these sequences in the future, including a more optimised alignment using

glycosylation sites and other conserved motifs, may provide more information.

4.5 Phylogenetic analysis

The neighbour joining method was used initially, to obtain a phylogenetic tree with bootstrap
values. Maximum likelihood is a better method for this sort of sequence, but is extremely
computationally expensive. Each heuristic search for the best maximum likelihood tree took
8-12 hours. When a bootstrapped tree was attempted, the software was still processing the 2™
bootstrap after approximately 108 hours, and it was decided not to continue. Another
statistical approach was used — the zero branch length test. This test provides a statistical

assessment for the existence of a particular branch.
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On all threes drawn, all the study sequences clustered with subtype C, indicating that for the
env sequence analysed, these viruses were subtype C viruses. Multiple regions were not

analysed, and therefore the presence of recombinant viruses cannot be excluded.

As was expected, all infant and maternal sequences clustered as pairs, indicating that there
was not a sample or infant mix-up, and corresponding to known studies regarding diversity of

mother/infant sequences.

Some studies have noted that viral sequence divergence, and the formation of a significant
number of the infant’s own quasispecies, tends, on average, to become prominent at about 7
months after infection. For this reason, we chose to use only infant samples taken within 6
months of birth. However, when selecting the mother’s sample, an error was made, and the
dates used were not dates 6 months from the birth, but rather dates 6 months from the date of
the infant’s specimen. If the dates 6 months from the date of birth were used, there would be
a maximum cumulative time of 12 months separating the maternal and infant specimens. Due
to the date chosen, a maximum cumulative time of 18 months was possible. (Due to the fact
that HIV is constantly evolving, and maternal and infant viruses would continue to diversify
between infection and the taking of paired specimens at, for example, 6 months after birth, the
virus in the mother’s specimen would be separated from the virus infecting the infant by 6
months of evolution, and similarly, the virus in the infant’s specimen would be separated from
the virus infecting the infant by 6 months of evolution. The cumulative time here would

therefore be 12 months).

This error was, however, serendipitous, as it permitted us to have extra sequences for a bigger
analysis, as well as have one more mother-infant pair included in the final phylogenetic
analysis. The potential disadvantage of having an extra 6 months of evolution between
mother and infant virus did not realise — although the maximum cumulative time could have
been 18 months, in the mother/infant pairs used, the longest time between the specimens was

12 months and 15 days.

The advantage of having the extra pair of sequences was that we could see that the branch
distances between the mother and infant sequences tended to correspond to the cumulative
time between them — the shortest distance between the pair closest to each other in time (61
days, M08/B08), and the longest distance between the pair furthest from each other (370 days,
M11/B11). This finding is in keeping with other studies on viral diversity after infection.
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4.6 Conclusions

As these infants were recently infected by their mothers, and some of the mothers have had
subsequent children, these sequences represent currently circulating viruses in the population
of women in the Western Cape, and, by extension, in the heterosexual community of the
Western Cape. Studies on viruses currently circulating are important in observing trends in

subtype evolution, and discerning clinical factors that may arise from these trends.

The study supports previous data showing that subtype C is predominant amongst the

pregnant women of the Western Cape, and, by extension, their sexual partners.

The study has also identified areas where further research can be directed, both on the

samples in the current database, as well as vertically transmitted HIV in the Western Cape.

Since vertically transmitted HIV is an ideal transmitter-recipient model for HIV infection, due
to it being common in South Africa, and the timing of infection more easily determined than
in adults, it is an important aspect of HIV on which to focus research.
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Letter from the Committee for Human Research of the Faculty of Health Sciences, University

of Stellenbosch approving this study.
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Appendix B

Reference sequence

Genbank accession number

AL.KE.94.Q23 17 AF004885
A1.SE.94.SE7253 AF069670
A1.UG.85.U455 M62320
A1.UG.92.92UG037  |U51190
A2.CD.97.97CDKS10  |AF286241
A2.CD.97.97CDKTB48 |AF286238
A2.CY.94.94CY017 41 |AF286237
B.FR.83.HXB2 K03455
B.US.83.RF M17451
B.US.86.JRFL U63632
B.US.90.WEAU160  |U21135
C.BR.92.92BR025 U52953
C.BW.96.96BW0502  |AF110967
C.ET.86.ETH2220 U46016
C.IN.95.95IN21068  |AF067155
D.CD.83.ELI K03454
D.CD.83.NDK M27323
D.CD.84.84ZR085 U88822
D.UG.94.94UG114 U88824
F1.BE.93.VI850 AF077336
F1.BR.93.93BR020_1  |AF005494
F1.F1.93.FIN9363 AF075703
F1.FR.96.MP411 AJ249238
F2.CM.95.MP255 AJ249236
F2.CM.95.MP257 AJ249237
G.BE.96.DRCBL AF084936
G.FI.93.HH8793 12 1 |AF061641
G.NG.92.92NG083 U88826
G.SE.93.SE6165 AF061642
H.BE.93.V1991 AF190127
H.BE.93.V1997 AF190128
H.CF.90.056 AF005496
J.SE.93.SE7887 AF082394
J.SE.94.SE7022 AF082395
K.CD.97.EQTB11C  |AJ249235
K.CM.96.MP535 AJ249239
0.BE.87.ANT70 L20587
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Appendix C
The final PAUP* script used for obtaining PAUP*’s suggested values was:

begin paup;

outgroup O.BE.87.ANT70;

set autoclose=yes;

hsearch addseq=random rseed=5 multrees=no;

set criterion=distance;

dset distance=f84;

nj;

Iset nst=6;

Iset rmatrix=estimate basefreq=estimate;

Iset shape=estimate showgmatrix=yes rates=gamma;
Iscore;

Iset shape=previous rmatrix=previous basefreq=previous;
set criterion=distance;

dset distance=gtr;

Iset nst=2 tratio=estimate;

Iscore;

Iset tratio=previous nst=6;

nj;

bootstrap search=nj nreps=1000 brlens=yes;

describe /brlens=yes;

set criterion=likelihood;

hsearch start=nj;

showtrees;

describe /brlens=yes;

Iset zerolentest=full;

showtrees;

describe /brlens=yes;

savetree brlens=yes savebootp=both file=7msn.txt format=altnexus;
savetree brlens=yes savebootp=both file=7msp.txt format=phylip;

end;



Appendix D
The final PAUP* script for using the suggested values from FindModel was:

begin paup;

outgroup O.BE.87.ANT70;

set autoclose=yes;

hsearch addseg=random rseed=5 multrees=no;

set criterion=likelihood;

dset distance=gtr;

nj;

Iset tratio=1.9048;

Iset rmatrix=(0.71389 0.124173 0.159516 0.169747 0.091130);
Iset basefreq=(0.4254 0.2262 0.1878);

Iset shape=0.65026;

Iset showgmatrix=yes rates=gamma;

Iset nst=6;

nj;

set criterion=distance;

bootstrap search=nj nreps=1000 brlens=yes;

describe /brlens=yes;

set criterion=likelihood;

hsearch start=nj;

showtrees;

describe /brlens=yes;

Iset zerolentest=full,

showtrees;

describe /brlens=yes;

savetree brlens=yes savebootp=both file=4finlanIn.txt format=altnexus;
savetree brlens=yes savebootp=both file=4finlanlp.txt format=phylip;
end;



Appendix E

Nucleotide alignment — original alignment created by CLUSTALX.
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CLUSTAL X (1.81) MULTIPLE SEQUENCE ALIGNMENT
File: Nucleotide alignment in CLUSTAL X

Pagelof 5

Al.KE.94.023 17
Al.SE.94.SE7253
Al.UG.85.U455
Al.UG.92.92UG037
A2.CD.97.97CDKS10
A2.CD.97.97CDKTB48
A2.CY.94.94CY017_41
B.FR.83.HXB2
B.US.83.RF
B.US.86.JRFL
B.US.90.WEAU160
BO1

BO2

BO3

BO5

BO7

B0O8

B10

B1l1l

B13

Bl4

B15

Bl6

B18

B19

B20

B21

B23

B24

B25

B26

B27
C.BR.92.BR025
C.BW.96.96BW0502
C.ET.86.ETH2220
C.IN.95.95IN21068
D.CD.83.ELI
D.CD.83.NDK
D.CD.84.84ZR085
D.UG.94.94UG114
F1.BE.93.VI850
F1.BR.93.93BR020 1
F1.FI.93.FIN9363
F1.FR.96.MP411
F2.CM.95.MP255
F2.CM.95.MP257
G.BE. 96 .DRCBL
G.FI.93.HH8793 12 1
G.NG.92.92NG083
G.SE.93.SE6165
H.BE.93.VI991
H.BE.93.VI997
H.CF.90.056
J.SE.93.SE7887
J.SE.94.SE7022
K.CD.97.EQTB11C
K.CM.96 .MP535
MO02

MO03

M04

MO07

MO8

M10

M11

M13

M14

M1l6

M18

M19

M20a

M20b

M21

M23

M24

M25
O.BE.87.ANT70




CLUSTAL X (1.81) MULTIPLE SEQUENCE ALIGNMENT

File: Nucleotide alignment in CLUSTAL X
Page2of 5

Al.KE.94.023_17 148
Al.SE.94.SE7253 GAG] 148
Al.UG.85.U455 G 154
Al1.UG.92.92UG037 G 148
A2.CD.97.97CDKS10 G 148
A2.CD.97.97CDKTB48 148
A2.CY.94.94CY017_41 G 151
B.FR.83.HXB2 154
B.US.83.RF 149
B.US.86.JRFL 149
B.US.90.WEAU160 149
BO1 149
B02 149
BO3 149
BO5 149
BO7 149
BO8 149
B10 138
Bl1l 148
B13 149
Bl4 149
B15 149
B16 149
B18 149
B19 149
B20 149
B21 149
B23 138
B24 138
B25 138
B26 138
B27 138
C.BR.92.BR025 149
C.BW.96.96BW0502 149
C.ET.86.ETH2220 149
C.IN.95.95IN21068 149
D.CD.83.ELI 149
D.CD.83.NDK 149
D.CD.84.84ZR085 149
D.UG.94.94UGl14 149
F1.BE.93.VI850 149
F1.BR.93.93BR020_1 149
F1.FI.93.FIN9363 149
F1.FR.96.MP411 149
F2.CM.95.MP255 149
F2.CM.95.MP257 149
G.BE.96 .DRCBL 149
G.FI.93.HH8793_12 1 149
G.NG.92.92NG083 149
G.SE.93.SE6165 154
H.BE.93.VI991 151
H.BE.93.VI997 148
H.CF.90.056 148
J.SE.93.SE7887 149
J.SE.94.SE7022 149
K.CD.97.EQTB11C 149
K.CM.96 .MP535 149
M02 G 149
MO03 G 149
MO04 G 149
MO07 G 149
M08 G 149
M10 149
M1l G 149
M13 149

M14
M16 146
M18 149
M19 149
M20a 149
M20b 149
M21 149
M23 149
M24 - 71
M25 141
0.BE.87.ANT70 146




CLUSTAL X (1.81) MULTIPLE SEQUENCE ALIGNMENT

File: Nucleotide alignment in CLUSTAL X
Page3of 5

Al.KE.94.023 17 G 217
Al.SE.94.SE7253 G 217
A1.UG.85.U455 G 223
A1.UG.92.92UG037 G 217
A2.CD.97.97CDKS10 214
A2.CD.97.97CDKTB48 217
A2.CY.94.94CY017 41 217
B.FR.83.HXB2 220
B.US.83.RF 217
B.US.86.JRFL 217
B.US.90.WEAU160 217
BO1 217

BO2 217

BO3 217

BO5S 217

BO7 217

BOS 217

B10 206

B11 213

B13 217

B14 217

B15 214

B16 217

B18 217

B19 217

B20 217

B21 217

B23 206

B24 206

B25 203

B26 206

B27 206
C.BR.92.BR025 217
C.BW.96.96BW0502 217
C.ET.86.ETH2220 217
C.IN.95.95IN21068 217
D.CD.83.ELI 214
D.CD.83.NDK 226
D.CD.84.84ZR085 217
D.UG.94.94UG114 214
F1.BE.93.VI850 G 217
F1.BR.93.93BR020 1 G 217
F1.FI.93.FIN9363 G 217
F1.FR.96.MP411 G 217
F2.CM.95.MP255 G 217
F2.CM.95.MP257 G 217
G.BE. 96 .DRCBL G G 217
G.FI.93.HH8793 12 1 G G 217
G.NG.92.92NG083 G 217
G.SE.93.SE6165 G 223
H.BE.93.VI991 220
H.BE.93.VI997 G 217
H.CF.90.056 217
J.SE.93.SE7887 217
J.SE.94.SE7022 217
K.CD.97.EQTB11C 217
K.CM.96.MP535 217
MO2 217

MO3 209

MO4 217

MO7 217

MO8 217

M10 217

M1l 214

M13 217

M14 61

M16 214

M18 217

M19 217

M20a 217

M20b 217

M21 217

M23 217

M24 139

M25 206
0.BE.87.ANT70 220

ruler




CLUSTAL X (1.81) MULTIPLE SEQUENCE ALIGNMENT

File: Nucleotide alignment in CLUSTAL X
Page4 of 5

Al.KE.94.023 17 291
Al.SE.94.SE7253 288
A1.UG.85.U455 297
A1.UG.92.92UG037 291
A2.CD.97.97CDKS10 288
A2.CD.97.97CDKTB48 291
A2.CY.94.94CY017 41 291
B.FR.83.HXB2 294
B.US.83.RF 288
B.US.86.JRFL 288
B.US.90.WEAU160 294
BO1 291

BO2 264

BO3 291

BO5S 285

BO7 291

BOS 291

B10 280

B11 287

B13 291

B14 285

B15 285

B16 291

B18 291

B19 285

B20 291

B21 291

B23 280

B24 277

B25 277

B26 280

B27 280
C.BR.92.BR025 291
C.BW.96.96BW0502 291
C.ET.86.ETH2220 291
C.IN.95.95IN21068 291
D.CD.83.ELI 285
D.CD.83.NDK 297
D.CD.84.84ZR085 288
D.UG.94.94UG114 285
F1.BE.93.VI850 291
F1.BR.93.93BR020 1 288
F1.FI.93.FIN9363 285
F1.FR.96.MP411 285
F2.CM.95.MP255 288
F2.CM.95.MP257 288
G.BE. 96 .DRCBL 291
G.FI.93.HH8793 12 1 289
G.NG.92.92NG083 291
G.SE.93.SE6165 297
H.BE.93.VI991 294
H.BE.93.VI997 291
H.CF.90.056 291
J.SE.93.SE7887 289
J.SE.94.SE7022 289
K.CD.97.EQTB11C 285
K.CM.96.MP535 288
MO2 291

MO3 209

MO4 291

MO7 291

MO8 291

M10 291

M1l 288

M13 285

M14 129

M16 284

M18 291

M19 285

M20a 291

M20b 291

M21 291

M23 270

M24 210

M25 264
0.BE.87.ANT70 300

ruler




CLUSTAL X (1.81) MULTIPLE SEQUENCE ALIGNMENT

File: Nucleotide alignment in CLUSTAL X
Page5of 5

Al.KE.94.Q23 17
Al.SE.94.SE7253
A1.UG.85.U455
Al.UG.92.92UG037
A2.CD.97.97CDKS10
A2.CD.97.97CDKTB48
A2.CY.94.94CY017 41
B.FR.83.HXB2
B.US.83.RF
B.US.86.JRFL
B.US.90.WEAU160
BO1

B02

BO3

BO5S

BO7

BO8

B10

B11l

B13

B14

B15

B16

B18

B19

B20

B21

B23

B24

B25

B26

B27

C.BR.92.BR025
C.BW.96.96BW0502
C.ET.86.ETH2220
C.IN.95.95IN21068
D.CD.83.ELI
D.CD.83.NDK
D.CD.84.84ZR085
D.UG.94.94UG114
F1.BE.93.VI850
F1.BR.93.93BR020 1
F1.FI.93.FIN9363
F1.FR.96.MP411
F2.CM.95.MP255
F2.CM.95.MP257
G.BE. 96 .DRCBL
G.FI.93.HH8793 12 1
G.NG.92.92NG083
G.SE.93.SE6165
H.BE.93.VI991
H.BE.93.VI997
H.CF.90.056
J.SE.93.SE7887
J.SE.94.SE7022
K.CD.97.EQTB11C
K.CM.96.MP535

TR QQ

0.BE.87.ANT70 [HHJ---ETGEEATTRARTEA - - BACHACE - GeTGCEGATHTACACCTER

ruler ....... 330....... 340....... 350....... 360.........

331
328
337
331
328
331
331
337
331
331
337
330
264
321
319
331
331
308
327
320
314
325
317
320
314
320
319
309
306
306
312
312
331
331
331
331
328
340
331
328
334
331
328
328
328
328
331
328
331
343
334
331
331
328
328
328
334
331
209
331
320
331
331
328
285
130
284
320
325
331
331
331
270
239
264
343



Appendix F

Nucleotide alignment — codon alignment of all sequences obtained.
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CLUSTAL X (1.81) MULTIPLE SEQUENCE ALIGNMENT
File: Codon alignment - all sequences

Pagelof 5

Al.KE.94.023 17
Al.SE.94.SE7253
Al.UG.85.U455
Al.UG.92.92UG037
A2.CD.97.97CDKS10
A2.CD.97.97CDKTB48
A2.CY.94.94CY017_41
B.FR.83.HXB2
B.US.83.RF
B.US.86.JRFL
B.US.90.WEAU160
BO1

BO2

BO3

BO5

BO7

B0O8

B10

B1l1l

B13

Bl4

B15

Bl6

B18

B19

B20

B21

B23

B24

B25

B26

B27
C.BR.92.BR025
C.BW.96.96BW0502
C.ET.86.ETH2220
C.IN.95.95IN21068
D.CD.83.ELI
D.CD.83.NDK
D.CD.84.84ZR085
D.UG.94.94UG114
F1.BE.93.VI850
F1.BR.93.93BR020 1
F1.FI.93.FIN9363
F1.FR.96.MP411
F2.CM.95.MP255
F2.CM.95.MP257
G.BE. 96 .DRCBL
G.FI.93.HH8793 12 1
G.NG.92.92NG083
G.SE.93.SE6165
H.BE.93.VI991
H.BE.93.VI997
H.CF.90.056
J.SE.93.SE7887
J.SE.94.SE7022
K.CD.97.EQTB11C
K.CM.96 .MP535
MO02

MO03

M04

MO07

MO8

M10

M11

M13

M14

M1l6

M18

M19

M20a

M20b

M21

M23

M24

M25
O.BE.87.ANT70




CLUSTAL X (1.81) MULTIPLE SEQUENCE ALIGNMENT

File: Codon alignment - all sequences
Page2of 5

Al.KE.94.023_17 148
Al.SE.94.SE7253 GAG] 148
Al.UG.85.U455 GETTG 154
Al1.UG.92.92UG037 G 148
A2.CD.97.97CDKS10 G 148
A2.CD.97.97CDKTB48 148
A2.CY.94.94CY017_41 G 151
B.FR.83.HXB2 154
B.US.83.RF 148
B.US.86.JRFL 148
B.US.90.WEAU160 148
BO1 148
B02 148
BO3 148
BO5 148
BO7 148
BO8 148
B10 137
Bl1l 147
B13 148
Bl4 148
B15 148
B16 148
B18 148
B19 148
B20 148
B21 148
B23 137
B24 137
B25 137
B26 137
B27 137
C.BR.92.BR025 148
C.BW.96.96BW0502 148
C.ET.86.ETH2220 148
C.IN.95.95IN21068 148
D.CD.83.ELI 148
D.CD.83.NDK 148
D.CD.84.84ZR085 148
D.UG.94.94UGl14 148
F1.BE.93.VI850 148
F1.BR.93.93BR020_1 148
F1.FI.93.FIN9363 148
F1.FR.96.MP411 148
F2.CM.95.MP255 148
F2.CM.95.MP257 148
G.BE.96 .DRCBL 148
G.FI.93.HH8793_12 1 148
G.NG.92.92NG083 148
G.SE.93.SE6165 154
H.BE.93.VI991 151
H.BE.93.VI997 148
H.CF.90.056 148
J.SE.93.SE7887 148
J.SE.94.SE7022 148
K.CD.97.EQTB11C 148
K.CM.96 .MP535 148
M02 148
M03 148
MO04 148
M07 148
M08 148
M10 148
M11 148
M13 148

M14
M16 145
M18 148
M19 148
M20a 148
M20b 148
M21 148
M23 148
M24 - 70
M25 140
0.BE.87.ANT70 145




CLUSTAL X (1.81) MULTIPLE SEQUENCE ALIGNMENT

File: Codon alignment - all sequences

Page3of 5

Al.KE.94.Q23 17
Al.SE.94.SE7253
Al1.UG.85.U455
Al.UG.92.92UG037
A2.CD.97.97CDKS10
A2.CD.97.97CDKTB48
A2.CY.94.94CY017_41
B.FR.83.HXB2
B.US.83.RF
B.US.86.JRFL
B.US.90.WEAU160
BO1

BO2

BO3

BO5

BO7

BO8

B10

Bl1l

B13

B14

B15

Bl6

B18

B19

B20

B21

B23

B24

B25

B26

B27
C.BR.92.BR025
C.BW.96.96BW0502
C.ET.86.ETH2220
C.IN.95.95IN21068
D.CD.83.ELI
D.CD.83.NDK
D.CD.84.84ZR085
D.UG.94.94UG114
F1.BE.93.VI850
F1.BR.93.93BR020 1
F1.FI.93.FIN9363
F1.FR.96.MP411
F2.CM.95.MP255
F2.CM.95.MP257
G.BE. 96 .DRCBL
G.FI.93.HH8793 12 1
G.NG.92.92NG083
G.SE.93.SE6165
H.BE.93.VI991
H.BE.93.VI997
H.CF.90.056
J.SE.93.SE7887
J.SE.94.SE7022
K.CD.97.EQTB11C
K.CM.96 .MP535
MO02

MO03

M04

MO07

M08

M10

M11

M13

M14

M16

M18

M19

M20a

M20b

M21

M23

M24

M25
O.BE.87.ANT70
ruler

G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G

[ PR B

QRN RRAAAAAQRAQQQQRQ G

QRQQE6QQQQ A

216
216
222
216
213
216
216
219
216
216
216
216
216
216
216
216
216
205
212
216
216
213
216
216
216
216
216
205
205
202
205
205
216
216
216
216
213
225
216
213
216
216
216
216
216
216
216
216
216
222
219
216
216
216
216
216
216
216
209
216
216
216
216
213
216

60
213
216
216
216
216
216
216
138
205
219



CLUSTAL X (1.81) MULTIPLE SEQUENCE ALIGNMENT

File: Codon alignment - all sequences
Page4 of 5

290

Al1.KE.94.Q23 17 299

Al.SE.94.SE7253 287

Al.UG.85.U455 296

Al.UG.92.92UG037 239

A2.CD.97.97CDKS10 287

A2.CD.97.97CDKTB48 290

A2.CY.94.94CY017_41 299

B.FR.83.HXB2 293

B.US.83.RF 287

B.US.86.JRFL 287

B.US.90.WEAU160 293

2oz 264

203 290

Bos 284

207 290

Bo8 290

BO8 290

B10 278

B1ll 'GRAAGG; 286

B13 250

Bl4 284

B15 E & 284

216 e 290

B18 G, 299

B19 ? 284

B20 &E 250

B21 R E 290

B23 R 27°

g 276

Bt E 279

B26 E 27

o8 290

C.BR.92.BR025 GTAG E 290

C.BW.96.96BW0502 299

C.ET.86.ETH2220 E 290

C.IN.95.95IN21068 G 290

D.CD.83.ELI 284

D.CD.83.NDK G, 29¢

D.CD.84.84ZR085 287

D.UG.94.94UGl14 GG 284

F1.BE.93.VI850 299

F1.BR.93.93BR020 1 287

F1.FI.93.FIN9363 G, 285

F1.FR.96.MP411 285

F2.CM.95.MP255 287

F2.CM.95.MP257 G| 281

G.BE. 96 .DRCBL 290

G.FI.93.HH8793 12 1 G 288

G.NG.92.92NG083 290

G.SE.93.SE6165 G 256

H.BE.93.VI991 ? 293

H.BE.93.VI997 GAG 250

H.CF.90.056 G, 290

J.SE.93.SE7887 GEAAG 288

J.SE.94.SE7022 288

K.CD.97.EQTB1l1C F G 281

K.CM.96 .MP535 287

Mo 209

1od 290

M04 290

108 290

M0 290

i1 287

13 285

Mia 128

M1l4 128

M1 290

M 284

M19 284

M20a 2%

M20b 290

M21 290

Moq 209

105 264

M25 264
O.BE.87.ANT70

ruler




CLUSTAL X (1.81) MULTIPLE SEQUENCE ALIGNMENT

File: Codon alignment - all sequences
Page5of 5

Al.KE.94.Q23 17
Al.SE.94.SE7253
A1.UG.85.U455
Al.UG.92.92UG037
A2.CD.97.97CDKS10
A2.CD.97.97CDKTB48
A2.CY.94.94CY017 41
B.FR.83.HXB2
B.US.83.RF
B.US.86.JRFL
B.US.90.WEAU160
BO1

B02

BO3

BO5S

BO7

BO8

B10

B11l

B13

B14

B15

B16

B18

B19

B20

B21

B23

B24

B25

B26

B27

C.BR.92.BR025
C.BW.96.96BW0502
C.ET.86.ETH2220
C.IN.95.95IN21068
D.CD.83.ELI
D.CD.83.NDK
D.CD.84.84ZR085
D.UG.94.94UG114
F1.BE.93.VI850
F1.BR.93.93BR020 1
F1.FI.93.FIN9363
F1.FR.96.MP411
F2.CM.95.MP255
F2.CM.95.MP257
G.BE.96.DRCBL
G.FI.93.HH8793 12 1
G.NG.92.92NG083
G.SE.93.SE6165
H.BE.93.VI991
H.BE.93.VI997
H.CF.90.056
J.SE.93.SE7887
J.SE.94.SE7022
K.CD.97.EQTB11C
K.CM.96 .MP535

0.BE.87.ANT70 THAQ- - - BTCARATTRAATRARACY - - - HCECCTCCACATHTA

ruler ....... 330....... 340....... 350....... 360.......
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337
331
328
331
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337
331
331
337
330
264
321
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331
308
327
320
314
325
317
320
314
320
319
309
306
306
312
312
331
331
331
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331
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331
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328
328
328
331
328
331
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334
331
331
328
328
328
334
331
209
331
320
331
331
328
285
130
284
320
325
331
331
331
270
239
264
343



Appendix G

Amino acid alignment — all sequences obtained.
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CLUSTAL X (1.81) MULTIPLE SEQUENCE ALIGNMENT
File: Amino acid alignment - all sequences

Page 1 of 2

Al.KE.94.Q23 17
Al.SE.94.SE7253
Al1.UG.85.U455
Al.UG.92.92UG037
A2.CD.97.97CDKS10
A2.CD.97.97CDKTB48
A2.CY.94.94CY017_41
B.FR.83.HXB2
B.US.83.RF
B.US.86.JRFL
B.US.90.WEAU160
BO1

BO2

BO3

BO5

BO7

BO8

B10

Bl1l

B13

B14

B15

Bl6

B18

B19

B20

B21

B23

B24

B25

B26

B27
C.BR.92.BR025
C.BW.96.96BW0502
C.ET.86.ETH2220
C.IN.95.95IN21068
D.CD.83.ELI
D.CD.83.NDK
D.CD.84.84ZR085
D.UG.94.94UG114
F1.BE.93.VI850
F1.BR.93.93BR020 1
F1.FI.93.FIN9363
F1.FR.96.MP411
F2.CM.95.MP255
F2.CM.95.MP257
G.BE. 96 .DRCBL
G.FI.93.HH8793 12 1
G.NG.92.92NG083
G.SE.93.SE6165
H.BE.93.VI991
H.BE.93.VI997
H.CF.90.056
J.SE.93.SE7887
J.SE.94.SE7022
K.CD.97.EQTB11C
K.CM.96 .MP535
MO02

MO03

M04

MO07

M08

M10

M11

M13

M14

M16

M18

M19

M20a

M20b

M21

M23

M24

M25
O.BE.87.ANT70
ruler
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NGS
NGS
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NGS
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NGS
NGS
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NGS
NGS
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NGS
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NGS
NGS
NGS
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CLUSTAL X (1.81) MULTIPLE SEQUENCE ALIGNMENT

File: Amino acid alignment - all sequences
Page 2 of 2

Al.KE.94.Q23_17 110
Al.SE.94.SE7253 109
A1.UG.85.U455 112
Al.UG.92.92UG037 110
A2.CD.97.97CDKS10 109
A2.CD.97.97CDKTB48 110
A2.CY.94.94CY017_41 110
B.FR.83.HXB2 112
B.US.83.RF 110
B.US.86.JRFL 110
B.US.90.WEAU160 112
BO1 110

B02 88

BO3 107

BO5 107

BO7 110

BO8 110

B10 104

B1l 109

B13 107

B14 105

B15 108

B16 106

B18 107

B19 105

B20 107

B21 107

B23 104

B24 103

B25 103

B26 105

B27 105
C.BR.92.BR025 110
C.BW.96.96BW0502 110
C.ET.86.ETH2220 110
C.IN.95.95IN21068 110
D.CD.83.ELI 109
D.CD.83.NDK 113
D.CD.84.84ZR085 110
D.UG.94.94UGl14 109
F1.BE.93.VI850 111
F1.BR.93.93BR020_1 110
F1.FI.93.FIN9363 109
F1.FR.96.MP411 109
F2.CM.95.MP255 109
F2.CM.95.MP257 109
G.BE.96 .DRCBL 110
G.FI.93.HH8793_ 12 1 109
G.NG.92.92NG083 110
G.SE.93.SE6165 114
H.BE.93.VI991 111
H.BE.93.VI997 110
H.CF.90.056 110
J.SE.93.SE7887 109
J.SE.94.SE7022 109
K.CD.97.EQTB11C 109
K.CM.96 .MP535 111
M02 110

M03 70

M04 INK ATH-SGGDPEE 110

MO07 2 PS-SGEGX--- 107

M08 EPP - SGGDPE 110

M10 EPS - SGGDPE 110

M1l APA-SGGDPEN 109

M13 95

M14 44

M16 : 95

M18 APA-SGGX--- 107

M19 GPS - SGGDPE 108

M20a NE EPA-SGGDPE 110

M20Db EPA-XGGDPE 110

M21 ] ] TSP -SGGDPE 110

M23 90

M24 80

M25 89
0.BE.87.ANT70 114

ruler




Appendix H

Nucleotide alignment — codon alignment of sequences used for analysis.
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CLUSTAL X (1.81) MULTIPLE SEQUENCE ALIGNMENT

File: Nucleotide sequences - codon aligned - sequences selected for phylogenetic analysis
Pagelof 5

* * * * % * % * * * * % *k kkkk *
Al.KE.94.Q23_17 77
Al.SE.94.SE7253 77
A1.UG.85.U455 77
A1.UG.92.92UG037 77
A2.CD.97.97CDKTB48 77
A2.CD.97.97CDKS10 77
A2.CY.94.94CY017_41 80
B.FR.83.HXB2 77
B.US.83.RF 77
B.US.86.JRFL 77
B.US.90.WEAU160 77
BO1 77
BO3 77
BO5 77
BO7 77
BO8 77
B10 77
B11 77
B13 77
B14 77
B15 77
B16 77
B18 77
B19 77
B20 77
B21 77
B23 77
B24 77
B25 77
B26 77
B27 77
C.BR.92.BR025 77
C.BW.96.96BW0502 77
C.ET.86.ETH2220 77
C.IN.95.95IN21068 77
D.CD.83.ELI 77
D.CD.83.NDK 77
D.CD.84.84ZR085 77
D.UG.94.94UG114 77
F1.BE.93.VI850 77
F1.BR.93.93BR020_1 77
F1.FI.93.FIN9363 77
F1.FR.96.MP411 77
F2.CM.95.MP255 77
F2.CM.95.MP257 77
G.BE.96.DRCBL 77
G.FI.93.HH8793 12 1 77
G.NG.92.92NG083 77
G.SE.93.SE6165 77
H.BE.93.VI991 80
H.BE.93.VI997 77
H.CF.90.056 77
J.SE.93.SE7887 77
J.SE.94.SE7022 77
K.CD.97.EQTB11C 77
K.CM. 96 .MP535 77
MO02 77
M04 77
MO07 77
M08 77
M10 77
M11 77
M18 77
M19 77
M20a 77
M20b 77
M21 77
0.BE.87.ANT70 77

ruler 1....... 10........ 20........ 30........ 40........ 50........ 60........ 70...0cu... 80




CLUSTAL X (1.81) MULTIPLE SEQUENCE ALIGNMENT

File: Nucleotide sequences - codon aligned - sequences selected for phylogenetic analysis
Page2of 5

ALl.KE.94.Q23 17 145
Al.SE.94.SE7253 145
Al.UG.85.U455 151
A1.UG.92.92UG037 145
A2.CD.97.97CDKTB48 145
A2.CD.97.97CDKS10 145
A2.CY.94.94CY017 41 148
B.FR.83.HXB2 151
B.US.83.RF 145
B.US.86 .JRFL 145
B.US.90.WEAU160 145
BO1 145

BO3 145

BO5 145

BO7 145

BOS 145

B10 145

B11 145

B13 145

B1l4 145

B15 145

B16 145

B18 145

B19 145

B20 145

B21 145

B23 145

B24 145

B25 145

B26 145

B27 145

C.BR.92.BR025 145
C.BW.96.96BW0502 145
C.ET.86.ETH2220 145
C.IN.95.95IN21068 145
D.CD.83.ELI 145
D.CD.83.NDK 145
D.CD.84.84ZR085 145
D.UG.94.94UG114 145
F1.BE.93.VI850 145
F1.BR.93.93BR020 1 145
F1.FI.93.FIN9363 145
F1.FR.96.MP411 145
F2.CM.95.MP255 145
F2.CM.95.MP257 145
G.BE. 96 .DRCBL 145
G.FI.93.HH8793 12 1 145
G.NG.92.92NG083 145
G.SE.93.SE6165 151
H.BE.93.VI991 148
H.BE.93.VI997 145
H.CF.90.056 145
J.SE.93.SE7887 145
J.SE.94.SE7022 145
K.CD.97.EQTB11C 145
K.CM.96.MP535 145

MO2 145

MO4 145

MO7 145

MO8 145

M10 145

M1l 145

M18 145

M19 145

M20a 145

M20b 145

M21 145

0.BE.87.ANT70 145

ruler




CLUSTAL X (1.81) MULTIPLE SEQUENCE ALIGNMENT

File: Nucleotide sequences - codon aligned - sequences selected for phylogenetic analysis
Page3of 5

Al.KE.94.Q23 17 G G 216
Al.SE.94.SE7253 @G e] 216
Al.UG.85.U455 G e] 222
Al.UG.92.92UG037 G G 216
A2.CD.97.97CDKTB48 G 216
A2.CD.97.97CDKS10 G 213
A2.CY.94.94CY017_41 G 216
B.FR.83.HXB2 219
B.US.83.RF 216
B.US.86.JRFL 216
B.US.90.WEAU160 216
BO1l 216

BO3 216

BO5 211

BO7 216

BO8 216

B10 216

Bll 213

B13 216

Bl4 211

B15 213

B1l6 216

B18 216

B19 213

B20 216

B21 216

B23 216

B24 216

B25 213

B26 216

B27 216

C.BR.92.BR025
C.BW.96.96BW0502
C.ET.86.ETH2220
C.IN.95.95IN21068
D.CD.83.ELI
D.CD.83.NDK
D.CD.84.84ZR085

216
216
216
213

g EFEE [

216

D.UG.94.94UG114 213
F1.BE.93.VI850 G G 216
F1.BR.93.93BR020 1 G G 216
F1.FI.93.FIN9363 G G 216
F1.FR.96.MP411 G G 216
F2.CM.95.MP255 G G 216
F2.CM.95.MP257 G G 216
G.BE.96.DRCBL e G 216
G.FI.93.HH8793 12 1 G G 216
G.NG.92.92NG083 G 216
G.SE.93.SE6165 G 222
H.BE.93.VI991 G 219
H.BE.93.VI997 G 216
H.CF.90.056 e 216
J.SE.93.SE7887 G 216
J.SE.94.SE7022 G 216
K.CD.97.EQTB11C G 216
K.CM.96.MP535 G 216

MO2 G 216

MO4 G 216

MO7 216

MO8 216

M10 216

M1l 213

M18 216

M19 213

M20a 216

M20b 216

M21 216

0.BE.87.ANT70 219

ruler




CLUSTAL X (1.81) MULTIPLE SEQUENCE ALIGNMENT

File: Nucleotide sequences - codon aligned - sequences selected for phylogenetic analysis
Page4 of 5

ALl.KE.94.Q23 17 284
Al.SE.94.SE7253 281
Al.UG.85.U455 290
A1.UG.92.92UG037 284
A2.CD.97.97CDKTB48 284
A2.CD.97.97CDKS10 281
A2.CY.94.94CY017 41 284
B.FR.83.HXB2 290
B.US.83.RF 284
B.US.86 .JRFL 284
B.US.90.WEAU160 290
BO1 284

BO3 287

BO5 278

BO7 284

BOS 284

B10 284

B11 281

B13 284

B1l4 278

B15 278

B16 281

B18 284

B19 278

B20 284

B21 284

B23 284

B24 281

B25 281

B26 287

B27 284

C.BR.92.BR025 284
C.BW.96.96BW0502 284
C.ET.86.ETH2220 284
C.IN.95.95IN21068 284
D.CD.83.ELI 281
D.CD.83.NDK 293
D.CD.84.84ZR085 284
D.UG.94.94UG114 281
F1.BE.93.VI850 287
F1.BR.93.93BR020 1 284
F1.FI.93.FIN9363 281
F1.FR.96.MP411 281
F2.CM.95.MP255 281
F2.CM.95.MP257 281
G.BE. 96 .DRCBL 284
G.FI.93.HH8793 12 1 281
G.NG.92.92NG083 284
G.SE.93.SE6165 296
H.BE.93.VI991 287
H.BE.93.VI997 284
H.CF.90.056 284
J.SE.93.SE7887 281
J.SE.94.SE7022 281
K.CD.97.EQTB11C 281
K.CM.96.MP535 284

MO2 284

MO4 284

MO7 284

MO8 284

M10 284

M1l 281

M18 284

M19 278

M20a 284

M20b 284

M21 284

0.BE.87.ANT70 296

ruler




CLUSTAL X (1.81) MULTIPLE SEQUENCE ALIGNMENT

File: Nucleotide sequences - codon aligned - sequences selected for phylogenetic analysis
Page5of 5

Al.KE.94.023 17 309
Al.SE.94.SE7253 306
Al.UG.85.U455 315
Al.UG.92.92UG037 309
A2.CD.97.97CDKTB48 309
A2.CD.97.97CDKS10 306
A2.CY.94.94CY017 41 309
B.FR.83.HXB2 315
B.US.83.RF 309
B.US.86.JRFL 309
B.US.90.WEAU160 315
BO1 309

B03 310

BO5 303

BO7 309

BO8 309

B10 308

B11 306

B13 309

B14 303

B15 303

B16 306

B18 309

B19 303

B20 309

B21 308

B23 309

B24 306

B25 306

B26 312

B27 312

C.BR.92.BR025 309
C.BW.96.96BW0502 309
C.ET.86.ETH2220 309
C.IN.95.95IN21068 309
D.CD.83.ELI 306
D.CD.83.NDK 318
D.CD.84.84ZR085 309
D.UG.94.94UG114 306
F1.BE.93.VI850 312
F1.BR.93.93BR020 1 309
F1.FI.93.FIN9363 306
F1.FR.96.MP411 306
F2.CM.95.MP255 306
F2.CM.95.MP257 306
G.BE. 96 .DRCBL 309
G.FI.93.HH8793 12 1 306
G.NG.92.92NG083 309
G.SE.93.SE6165 321
H.BE.93.VI991 312
H.BE.93.VI997 309
H.CF.90.056 309
J.SE.93.SE7887 306
J.SE.94.SE7022 306
K.CD.97.EQTB11C 306
K.CM.96.MP535 312

MO2 309

MO4 309

MO7 309

MO8 309

M10 309

M1l 306

M18 309

M19 303

M20a 309

M20b 309

M21 309

0.BE.87.ANT70 321

ruler




Appendix |

Amino acid alignment — sequences used for analysis.
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CLUSTAL X (1.81) MULTIPLE SEQUENCE ALIGNMENT
File: Amino acid sequences - sequences selected for phylogenetic analysis

Page 1 of 2

Al.KE.94.Q23 17
Al.SE.94.SE7253
Al.UG.85.U455
Al.UG.92.92UG037
A2.CD.97.97CDKTB48
A2.CD.97.97CDKS10
A2.CY.94.94CY017_41
B.FR.83.HXB2
B.US.83.RF
B.US.86.JRFL
B.US.90.WEAU160
BO1l

B27
C.BR.92.BR025
C.BW.96.96BW0502
C.ET.86.ETH2220
C.IN.95.95IN21068
D.CD.83.ELI
D.CD.83.NDK
D.CD.84.84ZR085
D.UG.94.94UG114
F1.BE.93.VI850
F1.BR.93.93BR020_1
F1.FI.93.FIN9363
F1.FR.96.MP411
F2.CM.95.MP255
F2.CM.95.MP257
G.BE. 96 .DRCBL
G.FI.93.HH8793 12 1
G.NG.92.92NG083
G.SE.93.SE6165
H.BE.93.VI991
H.BE.93.VI997
H.CF.90.056
J.SE.93.SE7887
J.SE.94.SE7022
K.CD.97.EQTB11C
K.CM.96 .MP535
MO02

MO04

MO07

MO8

M10

M1l

M18

M19

M20a

M20b

M21
O.BE.87.ANT70

TNNA
SDNA
TNNA

i

TDNA
TNNA
TNNA

TD;

*k
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CLUSTAL X (1.81) MULTIPLE SEQUENCE ALIGNMENT

File: Amino acid sequences - sequences selected for phylogenetic analysis
Page 2 of 2

A1.KE.94.023 17 § 103
Al.SE.94.SE7253 102
A1.UG.85.U455 105
A1.UG.92.92UG037 103
A2.CD.97.97CDKTB48 103
A2.CD.97.97CDKS10 102
A2.CY.94.94CY017 41 103
B.FR.83.HXB2 105
B.US.83.RF 103
B.US.86.JRFL 103
B.US.90.WEAU160 105
BO1 103

BO3 104

BOS 101

BO7 103

BOS 103

B10 103

B1l 102

B13 103

Bl4 101

B15 101

B16 102

B18 103

B19 p 101

B20 p 103

B21 p 103

B23 p 103

B24 - 102

B25 p 102

B26 p 104

B27 p 104

C.BR.92.BR025 p 103
C.BW.96.96BW0502 S 103
C.ET.86.ETH2220 p 103
C.IN.95.95IN21068 p 103
D.CD.83.ELI 3 y 102
D.CD.83.NDK : A NK-TT-ITBRPS-SGG 106
D.CD.84.84ZR085 A NQ-TH - 103
D.UG.94.94UG114 A 102
F1.BE.93.VI850 104
F1.BR.93.93BR020 1 103
F1.FI.93.FIN9363 102
F1.FR.96.MP411 102
F2.CM.95.MP255 102
F2.CM.95.MP257 102
G.BE. 96 .DRCBL 103
G.FI.93.HH8793 12 1 102
G.NG.92.92NG083 103
G.SE.93.SE6165 107
H.BE.93.VI991 104
H.BE.93.VI997 103
H.CF.90.056 103
J.SE.93.SE7887 102
J.SE.94.SE7022 102
K.CD.97.EQTB11C N 102
K.CM. 96 .MP535 s 104

M02 0 103

M04 0 103

MO7 0 103

M08 X 103

M10 0l 103

M11 E 102

M18 E 103

M19 ol 101

M20a E 103

M20b E 103

M21 103

0.BE.87.ANT70 107
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