The Epidémiology of Dual HIV infection in the KwaZulu-
Natal Anti-Retroviral Roll-out Programme

by

Anneta Frances Naidoo

Submitted in fulfillment of the requirements of the degree of
Master in Medical Science
in the

Department of Virology
Faculty of Health Sciences
University of KwaZulu-Natal
Durban

August 2007



Declaration

This study presents original work by the author and has not been submitted to this or any
other university. The research described in this thesis was carried out in the Department of
Virology, Faculty of Health Sciences, University of KwaZulu-Natal under the supervision of
Dr. R. Parboosing. Where use is made of the work of others, it has been duly acknowledged in

the text.

TR oo

Anneta Naidoo

i



TABLE OF CONTENTS
Declaration ii
Acknowledgements vi
ABBREVIATIONS vii
LIST OF TABLES X
LIST OF FIGURES xi
ETHICS xiii
ABSTRACT xiv
CHAPTER ONE - Introduction and Background 1
1.1 Introduction............... erevreseenns voen 1
1.2 Discovery ofHIV 1 and HIV 2 ereetestessserbertaeetbosbe s beb b e heeraa bt s e eaobbobtarantane B
1.2.1 Strategies for HIV genetic dlversny feereeseser st esseennteser et eaese st sssabesbsere bt sassnores D
1.2.1.1  Proofreading meChaniSmM.......cccvevvirreeeririirisreacisisessssesssesarsrersssersresssssssassene 3
1.2.1.2  Template SWItCHING ........covvvuererrceentinenentcenesenesseoressaesnasesssssesensasssesensaessoss 4

1.2.1.2.1 Reverse transcription....
1.2.1.2.2 Recombination .. -
1.3 Origin of HIV-1 and HIV-2 Stralns
1.3.1 Classification of HIV .,
1.3.1.1 GroupMsubtypes...

1.3.1.2  Groups O and N SUDLYPES ....cccceeeeeererirnnenroereerriaseeesssrossesens .

-9
1.3.1.3 Recombinant HIV virSes.........cccceciiiriiemreriiieriinieeereirnessnessersnesessessnesssnesne 10
1.3.1.4 Unique Recombinant forms (URFs) ..... rrerrrassresannessesrrraseessrarsnsesanrs 13
1.3.1.5 DUl iNfECHON. ....coereiriceeeirccieeeire et stec st sesssessssssresssssssrossssssssosasons 14
1.4  Geographical distribution of HIV genetic variants.........ccervenns .15
1.4.1 Subtype distribution in South Africa.........cccvieveervernnionioneemenenseninemoion 18
14.2 Prevalence of HIV in South Affica ... 19
1.5 Methods used to identify HIV genetic subtypes ....ccovvvvvarvenns .19
1.5.1 Serological techniques ...... ettt st re st nb e easn s ssesssernsnsaesernonssssersnens 1 D
1.5.2 PCR-based teChNIGUES......covvvvrerraeerersreeriiirnneseesiinessnasssesssessrerstsssaesnrassnessessssn 20
1.5.2.1  SEQUENCING ..oviiivirrvrerrererrerreessrrsrssnsssrossossossessssssesstssssssesssssssssasssnsssssssssssinasse 20
1.5.2.2 Heteroduplex Mobility Assay (HMA) ...c.cocviviivienniiimmniniicsniniesniine 21
1.5.2.3 Restriction Fragment Length Polymorphism (RFLP).......ccccvvvvvvivcvrninivennans 21
1.5.2.4 Single Stranded Conformation Polymorphism (SSCP) .....cccvvvvreninniviisennn 22
1.5.2.5 Techmques used to identify dual infections......ccvvvevininririnniriinsniiienn 22
1.6 Impact of HIV Genetic Diversity............. . .23
1.6.1 Laboratory diagnosis... w23
1.6.1.1  Serological dagnosis .....cccocvevieeereerionissvesssssiensmrsnessossosssssrossossassssssssssssansss 24
1.6.1.2  Molecular AnalYsis ........ccceineriereernrencereeserneeseessessesensreseesessnsssssessreseosesserses 29
1.6.2 The ARV Rollout Programme ... ... 26
1.6.2.1 Treatment monitoring.... e .. 27
1.6.3 The impact of HIV vanablllly on vaccine development cosvessesssresaesacsnes 28
1.6.4 Impact of genetic diversity on antiretroviral drug sensmvny and drug
TESISTANICE ... c.eoveenreeeeanicrteee e et eeentestesassessesenoseseestassensassassessscreosesessesereersanseses 29
1.6.4.1 Mechanisms of Arug resiStance .. ......ceevirereererrsreserseeerrresiesssssessseesessesssesee 31

iii



1.7 DAl I 00N oo ieceririrreeinccrrerrtessese e seaesans st osaasosrassbasssasssbbasss s rassbn st aesbssenes 35
1.8 Aims and objectives.........cccvrerevnnee reeeaeerieeteeeat e teatsaaa s g eeresese s aeenas e saesae e saesas tasaees 38

Chapter two: Materials and Methods ' 39
OVEIVIEW ...oeevreererrerreeseestsstresssstaessesasessesstostestssssossostsssssssesssssstsssesssstiossassassssssssnnsosesssisssssenss 39
2.1 Sample Size Calonlation ........ccocevveernnererncnsienereeenreseesensesesesessessersissacsssssseesesers 40
2.2 Sample Collection ......... vttt ceaesee e aesesansremeens ceisrssassstecesssisresassisrssrsssssornsnssss 41
2.3 Subtyping using env and gag heteroduplex mobility assays..........ccoevviveeniniisennnn 42

23.1 Background on HMA . ..ot nncccesesnrsnsesesrnsnsosesnas 42
2,3.2 Methods................. re erterteeeeaateesae s et e eesen st e sa b h b brae s e e enasenres resmessisrssnssssessrenes 44
2.3.2.1  Sample preparation.........ccveveimienerasssessssssmsessinns reresreeesanensesseesnraaeaenrasanen 44
2322  Extraction 0f DNA ..o tiannntissssssnssssnsisissnssssssesssssesssses 44
233 Polymerase chain reaction.........covveereerenrsenseeesissiesssossonnssssssssssssssssssssrossossssses 49
2331 Principle Of PCR ....cccoiiiiimiiiiiiiiiire s 45
2.3.3.1.1 Master MiX preparation............c..ecucee... rrteesrestaesnsessneessssassanossossosssasses 40
2.3.3.1.2  Amplification CONAItIONS......c.ceevirreereerrnrerrrnreeesnniisisssessnesssessresssssssersas 47
2.3.3.1.3 Detection using agarose gel electrophoresis .........oovvvivviviineiiiinnnnns e 47
2.3.3.1.4 Considerations taken to avoid contamination .................. coresesessssenenerens 48
234 Polyacrylamide gels................. reettee st nemre e sssassraesatestesssasasaessssensisssressaesees HO
2.3.4.1  BacKgIOUNd .......cocoouivevivvieoreierienrenistiasseerrrssssssesstssessesssssssssessrssinssssssssssesevas 49
2342 MethOUS..cciiiiiiiececinniesenneeeesasseeesessesiessonentassassesersssseseonssscsesersneses 49
2.3.4.3  Electrophoretic CONItionS ........cocecisviiniirsvnsinsinonomresmesimsesiisses veennes 31

2.4  Confirmation of dual HIV infection using cloning and direct sequencing............... 51
24.1 PCR Clean-Up for sequencing and cloning ..........ciininiiiinccnnincnnninen 51
242 CIONING ..covevrrireeriiieecinciierreeresreeeseesersnnesenes retee ey e bt sessasraseaaesasarestessssrns DD
2421 PHNCIPIE oot rnceveeeesrneceseesnteeseersbessesresesesaesmsseesassuossssaessossesaer D2
2422 MethOd ...ooeiiiecreccrncceneneereassesssrseee st e eent e sseserasstt s nsentssnsaensnasanees DD
243 DHIECt SEQUENCINE . vvveeveerrirvee s seeesseenrssscsssstostssssossassesssassassanssssssasssossosnes DO
24.3.1 Introduction................. e e eSO St e e R ea N e g e i e R bt res rrerreree 35
2.4.3.2 Pre-sequencing sample preparation..........ceceriiiieesnenrosiessssessssassoen. 30
2.4.3.3 Master mix preparation for sequencing reaction. ... veiiseensienieninii. 36
2434 Clean-up of SeqUencing reaction .........cccevirreererrrerererrresseressersresessersasseosesees 56
2435 Post-Sequencing REACHION.......ccciveiiiiiiiemerincrcrenaioranressessossasessvesassesssessasssss D7
2.5 Phylogenetic Analysis............ Creereneeebeeea b et e aa e b se e st eee b e et bt e nnn s et s seeansesanne vreeens 37

Chapter three — Results 58
3.1 Sample collection................ eeeereeatutet et ae s e a e b h et e st een st aenetesssstenssteaseesrasesacarsassrese T O
3.2 Polymerase Chain Reaction ... eesesissesennes 01

3.2.1 2ag ProdUCTS ...oovveeiiereecer e eae e eee e rttees vrrner e bnneesnaas rbeen e 61
322 EHY PIOGUCTS ..ot crccee e aeeae s ae e s s e rsn e s n e s ssassrvassessnnssnsasnesnseessrrsneen 62
3.3  Heteroduplex Mobility Assay Results - Polyacrylamide gels ..........ccuvivnivnnrvirneenn. 63
3.3.1 gag Heteroduplex mobility ASSaY........cocorivirivrinniiciniecieeseneresnsseessssensssesas 63
332 env Heteroduplex Mobility ASSaY........ccccevevrvrveirrerronisrresaesrresessnersssesssessss 67
3321  Single HIV INfeCtionS....cccoivviveeiinninironssnriesccesericsssassosssssessosssssessossossssossosss &7
3.3.2.2 Indeterminate Result ........cccviiiiicoenenininnniniisiniienennineeesisiesssssseneosenees 68

34  Cloning Results....ccccvveeeccnnnne. tttreeenerar e eesesanarnrees feeebeeerirbee et r e re e e e e bee it a bt beasas 69

iv



3.5 SeqUENCINE TESUMS. c.vvivvirrvriiiniiiieniiriisieerrrmeses i irssssssiossesssesssesssossossessnossasssssseranssss 10
3.6 Phylogenetic ANALYSIS...cc.ouiccevereriniceisiiiinceernreeanscsesnecosessracsvesesesssessnsacsrsanses 11

Chapter Four — Discussion ' ' 75
Conclusion 83
Appendix I 84
Appendix II 98
Appendix III 103
References 105




ACKNOWLEDGEMENTS
Medical Research Council South Africa, National Research Foundation (NRF) and the
National Health Laboratory Services (NHLS) for funding this project

My supervisor, Dr Raveen Parboosing for his undivided support, commitment and constant
guidance throughout this time

Michelle Gordon, a ‘godsend.’

Every staff member at the Department of Virology, IALCH their assistance, time and
encouragement is invaluable (Special thanks to Pinky, Sharmayla, Logan, Koshla and Dr.
Pravi Moodley)

Sunny, from Chemical Pathology and Karen Bishop for assistance with HMA

Desa and Kumari, from the Department of Neuroscience for the use of facilities in their
department

Studentsl and staff at the Molecular biology unit, DDMI.{.I.for the use of their lab for cloning
Africa Centre for the use of sequencing facilities.

South African Sugar Research Association for performing sequencing,

Friends and family especially my Mum, Dad and Elishia for love and support.

Yash, for his love

vi



ABBREVIATIONS

&ll

C
3

3TC
A

5]

A98S
ABI
AIDS
APS
ARV
ATP
AZT
bDNA
Bid WS
bp

C
CCRS5
CD4
CDA45-FITC
CD4-PE
cDNA
cm
CMV
CRF
CTK
D30N
d4t
ddC
ddl
dNTP
ddNTP
DHHS
DNA
DOH
dsDNA
E.coli.
EDTA

- EIA

ELISA .
env
G
g
gag

microliters

degrees celcius

three prime

lamivudine

adenine

five prime

adenine at position 98 in the HIV genome changes to serine
Applied Biosystems Incorporated
Acquired Immune Deficiency Syndrome
Ammonium Persulphate

Anti-Retroviral

Adenosine Triphosphate

Zidovudine

branched Deoxyribonucleic acid

Blood Wash

base pairs

Cytosine

CC-chemokine receptor 5

cluster of differentiation antigen 4

cluster of differentiation antigen 45 fluorescein isothyocyanate
cluster of differentiation antigen 4 Phycoerythrin
complimentary Deoxyribonucleic acid
centimetres

cytomegalovirus .

circulating recombinant forms

Christ the King

aspartic acid at position 30 changes to asparagine
stavudine

dideoxycytidine

didanosine

deoxynucleotide triphosphate
dideoxynucleotide triphosphate
Department of Health and Human Services
Deoxyribose Nucleic acid

Department of Health

double stranded Deoxyribose Nucleic acid
Escherichia coli
ethylenediaminetetraacetic acid

€nzyme immunoassay

Enzyme-Linked ImmunoSorbent Assay
envelope

guanine

grams

Group Specific Antigen

vii



GBV hepatitis G virus

gpl20 glycoprotein 120
gp4l glycoprotein 41
Group M ' Main
Group N - Non-M
Group O ' outlier -
HAART o highly active antiretroviral therapy
HCV hepatitis C virus
HIV _ human immunodeficiency virus
Hiv-1 . human immunodeficiency virus -1
HIV-2 ' human immunodeficiency virus - 2
HMA heteroduplex mobility assay
HTLVII Human T-cell Lymphotrophic Virus III
[bNg 3 Ibadan Nigeria
IC50 Inhibitory concentration at 50%
IC90 Inhibitory concentration at 90%
IFA Immuno-fluorescence assay
VDU : intravenous drug users
kph ' kilometers per hour
KEH King Edward Hospital
KZN _ KwaZulu-Natal
L litres
Lo0M leucine at position 90 changes to methionine
lacZ _ structural gene of Lac operon encoding fS-galactosidase
LAV _ lymphadenopathy-associated virus
LB ' _ Luria Bertani
LTRs _ long terminal repeats
M molar
MgCl, magnesium chloride
MGMH ' Mahatma Ghandi Memorial Hospital
MHA ' multi-region hybridization assay
ml millilitres
N o Normal
- NaCl sodium chloride .
NASBA _ Nucleic Acid Sequence Based Amplification
NF-xB - Nuclear Factor Kappa Beta
NNRTI ' non-nucleoside reverse transcriptase inhibitors
NRTI nucleoside reverse transcriptase inhibitors
NVP g nevirapine
p24 protein 24
PB ' primer binding
PBS primer binding site
PCR ' polymerase chain reaction
PEIA ' peptide enzyme immunoassay
PENTA 5 Paediatric European Network for Treatment of AIDS

pH potential of Hydrogen

viii



PI

PLG CD4
PMTCT
pol

PPT

PR

Psi

Rev
RFLP
RNA
RNAse H
pm

RT
RT-PCR
SA

SIvV
chpz
SV,
SSCP
ssDNA
T

Taq

Tat
TBE
T-cell
TEMED
TIBO
{RNALYS
U3

Us

UK
URFs
uv
Vi106M
V3 loop
V3-V5
Vpr
Vpu
WBC
WHO
Y181C
Y18II

protease inhibitors

PanLeucogated cluster of differentiation antigen 4
prevention of mother to child transmission
polymerase

polypurine tract

protease

Pounds per square inch

Responsive element

restriction fragment length polymorphisms
ribonucleic acid

Ribonuclease H

rotations per minute

reverse transcriptase

reverse transcriptase — polymerase chain reaction
South Aftrica

simian immunodefieciency virus

Simian Immunedeficiency Virus found in chimpanzees
Simian Immunodeficiency Virus found in sooty mangabeys
single stranded conformational polymorphisms
single stranded deoxyribonucleic acid

thymine

Thermus aquaticus

Trans-Activator of Transcription

Tris Borate ethylenediaminetetraacetic acid
thymus-derived cell
tetramethylethylenediamine
tetrahydroimidazobenzodiazepine

transfer ribonucleic acid lysine 3

unique three

unique three

United Kingdom

unique recombinant forms

ultraviolet

valine at position 106 changes to methionine
variable three loop

variable three to variable five loop region
Viral Protein R

Viral Protein U

white blood cells

World Health Organisation

tyrosine at position 181 changes to cysteine
tyrosine at position 181 changes to isoleucine

ix



LIST OF TABLES

Table 1: Reverse transcription of the HIV génome ............................................. 5
Table 2: Full genome sequences 0f CRES.......ocovviviiiiiiiiiiiii 11
Table 3: Recommended ARV regimens. . ...couivuiirenereiiiiniaiansiereeruesioronorsoensin 27

Table 4: FDA approved Antiretrovirals used in the treatment of HIV Infection............31
Table 5: Primers used in nested gag PCR.....oooniiiiiii e 46
Table 6: Primers used in nested env PCR
Table 7: Amplification conditions for sequencing reaction...............coceecrecrneee. .56
Table 8: Patient details..........o.ooviiiiiiiiiiiiiiiiiiiiiiii i i 58

Table 9: Sequencing Master MiX......occooviiiiiiiiiiiiiiii i 93



LIST OF FIGURES

Figure 1

Figure 2

Figure 3

Figure 4

Figure 5

Figure 6
Figure 7

Figure 8
Figure 9

Figure 10
Figure 11
Figure 12
Figure 13
Figure 14

 Figure 15

Geographical representation of HIV subtypes

throughout the world.........cooooiiiiiiii 16

Distribution of HIV-1 subtypes

TR0 111 U= § o (o PO 18

Dual infection of the same cell with two drug resistant

variants forming a recombinant Virus..........o.ccevuieiiieiiineninien i, 37
Schematic representation of the study design.................c.on 40
Flow diagram of Uni-lateral flow for amplification assays.................. 48

Diagram of QLAquick Spin Purification Procedure

(WWW.QIAZEILCOMY) .o viintiriiianirtisriereenersoersaraermorssoenssrsiosrorenes 52

Diagram of vector pCR®4-TOPO®Map Invitrogen

Life technolOgies ...vvvvviiiirniniirniiiiiiisisiiiessionersiiserssersnrernine 54
Detection of a 460 bp gag PCR product on a 2% agarose gel............... 61
Detection of a 700 bp env PCR product on a 2% agarose gel............... 62

A 5% polyacrylamide gel with 20% urea showing subtype C

as the resulting subtype. ... ... el 63

A 5% polyacrylamide gel with 20% urea showing subtype A

as the resulting SUBLYPE. ..o 64
Representation of an indeterminate sample.....................c.cocin el .65
Representation of a 5% polyacrylamide gel with 30% urea................ 66
.env HMA resulting in a single subtype infection............oocoeeeivniiinnn 67
Representation of an indeterminate infection usjng env HMA............ 68

xi


http://www.qiagen.com

Figure 16
Figure 17

Figure 18
Figure 19
Figure 20
Figure 21.
Figure 22
Figure 23
Figure 24

Figure 25

Agarose gel detection of gag PCR products

amplified from clones...........coooviviviiiiiiii 69
Agarose gel detection of env PCR products

amplified from Clones. ..ottt e 69
HIV-1 subtype phylogenetic tree..........ccooveiiiiiiiiiiiiiiiiiiiicnenen 71
Subtype C phylogenetic tree....... e s 73
envnested PCR master mix ..........ooiiiiiiiiiiiiiiiiiniiiiiiiiennnn 86
gag nested PCR Master MiX......oovveveriiivaniiiionirraninersiiicinnisian. 87
Assembly of glass plates on caster..... e %0
Positioning of upper chamber to gel sandwich........ovevviviiiiniininnnn 91
Final assembly of gel sandwich in gel tank... .. ................................ 92
Representation of grid on agarplate.........oooivvieiiiiiiieiiniiiiiieennenn. 96

xii



ETHICS
This study was given full ethics approval by University of KwaZulu-Natal, Biomedical

Research Ethics Committee, Ref.: H026/05.

Xiil



ABSTRACT

KwaZulu-Natal has the highest prevatence of HIV in South Africa. The prevalence of dual
infection in a normal-risk population in this region is unknown. Dual HIV infection has
important implications for diagnosis, treatment response and vaccine development. This
cross-sectional study aimed to establish and optimize methods for subtyping and detection of
dual infection in KZN. Samples were from chronically-infected patients on ARV treatment
within the ARV Rollout Programme, from sites throughout KZN. Subtyping of the samples
was performed using HMA. Four samples had indeterminate results by HMA and were then
cloned and sequenced. Phylogenetic analysis showed that one of the four samples was a dual
infection. This study showed 1/46(2%) samples to be dually infected which suggests that the
prevalence of dual infection is low in the sample population. The low prevalence of dual
infection reported could be due to tﬁe low-risk profile of the sample population. It was
concluded that the low prevalencg of dual infection 1s unlikely to have a considerable impact

on HIV management.
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CHAPTER ONE - Introduction and Background

1.1 Introduction

More than 38.6 million people worldwide are infected with HIV, of which 24.5 million live in
Sub-Saharan Africa {(UNAIDS, 2006). South Africa has one of the fastest growing HIV-1
epidemics, with an estimated 5.5 million people infected (UNAIDS, 2006). The prevalence of
HIV-1 varies from region to region, with the highest prevalence of 39.1% found in KwaZulu-
Natal (DOH, 2004). The Anti-Retroviral Rollout Programme in South Africa is a response to
this pandemic. Highly Active Anti-Retroviral treatment (HAART) in the form of triple

therapy 1s the basis of the ARV programme.

HIV has extraordinary genetic variability. The récombinogenic activity (Pulsine]ii and Temin,
1994) and the lack of a proof-reading mechanism by the viral enzyme, reverse transcriptase
(Battula and Loeb, 1976) introduce mutations into the HIV genome. Dual infection i.e.
infection by two subtypes of HIV-1, may lead to recombinogenic events between subtypes,
and the emergence of Circulating Recombinant Forms (CRFs). This contributes to the

generation of HIV diversity.

Gottlieb et al (2004) found 5 cases of dual infection in a cohort of 64 patients. A study using
South Afirican patients reported 6 cases of dual infection in a cohort of 31 patients (Grobler et
al, 2004). However, there are no published data on the prevalence of dual infection in the

cohort of patients being targeted for the ARV rollout programme.



The aim of this study is to establish and optimize subtyping methods and to determine the
molecular epidemiology of HIV and the prevalence of dual infection in the KwaZulu-Natal

ARY Rollout programme.

1.2 Discovery of HIV-1 and HIV-2

HIV-1 and HIV-2 are members of the genus Lentivirinae of the family Retroviridae (Cavallo,
1986). Retroviruses are well known as causative agents of cancers such as leukaemias and
lymphomas (Bierwolf, 1983). HIV-1, initially known as LAV or HTLV III, was isolated by
Robert Gallo and Luc Montagnier, respectively, in1983 (Gallo ef al, 1983; Barre-Sinoussi et
al, 1983). In 1984, HIV-1 was identified as the causative agent of Acquired Immune
Deficiency Syndrome (AIDS). Two years later, another AIDS-causing virus, HIV-2 was

discovered (Clavel et al, 1986).

1.2.1 Strategies for HIV genetic diversity

HIV is one of the fastest evolving organisms due to its rapid replication rate, high mutation
rate, frequent recombination and natural selection (Rambaut ef al, 2004), HIV has a viral
generation time of 2.5 days with a production of ~ 10'° - 10" new virions each day (Perelson
et al, 1996). The high mutation rate is due to the unique properties of the RT enzyme which is
largely responsible for the sequence diversity of the retrovirus family of viruses (Roberts ef al,
1988). The characteristic features of this enzyme are its template switching ability during
reverse transcription (Pulsinelli and Temin, 1994) and the lack of an exonucleolytic proof-

reading mechanism (Battula and Loeb, 1976).



1.2.1.1 Proofreading mechanism

Eukaryotic cells contain the highly efficient enzyme, DNA polymerase. One of its functions is
to ensure correct base pairing during DNA synthesis. Due to tautomerisation, bases may be
incorrectly paired i.e. a pyrimidine and pyrimidine, purine and purine, or unmatched
pyrimidine with purine. The Kienow fragment of DNA polymerase has the ability to undo this
mismatching via its 3°-5” exonuclease activity. Removal of the mismatched nucleotide occurs
via the hydrolysis of the phosphodiester linkage between non-base paired regions of the

deoxyribonucleosides (Kornberg and Baker, 1992).

Unlike DNA polymerase, RT does not have a proofreading mechanism and is able to
polymenise at mispaired termini {Roberts et al, 1988; Preston ef al, 1988). Sequence analysis
of mutations generated by RT showed that base substitutions, insertions and deletions are
produced (Roberts ef al, 1988; Preston et al, 1998). This lack of a proofreading mechanism
allows the enzyme to produce mutations of 3x10”° per cycle of replication (Mansky and

Temin, 1995). This implies that each new genome differs from its parent by one mutation.

RT is not responsible for all the genetic errors in the HIV génome {Preston and Dougherty,
1996; Zhang, 2004). RNA polymerase 1I, a cellular enzyme required for the process of
transcription during HIV replication contributes to the mis-incorporation of nucleotides into
the genome since it also lacks a proofreading mechanism (Zhang, 2004). The lack of a proof-
reading mechanism by cellular and viral enzymes is the basis for HIV diversity but the

template switching ability of reverse transcriptase introduces further variability.



1.2.1.2 Template switching

The HIV genome is known as diploid because it consists of two homologous copies of single
stranded positive sense RNA. However, only one strand of RNA is converted into dsDNA and
therefore the genome is sometimes referred to as pseudodiploid (Temin, 1993). Strand
switching (template switching) occurs during reverse transcription of the RNA genome and
results in a singular dsDNA per virion (Jetzt er al, 2000). Template switching occurs when
| reverse transcriptase switches between alternative genomic strands (Freed and Martin, 2001)
and is largely responsible for the production of recombinant genetic forms (Hu and Temin,

1990).

1.2.1.2.1 Reverse transcription

¢DNA synthesis is initiated with the binding of the cellular primer tRNA™ to the primer
binding site (PBS) at the 5° end of the single stranded RNA molecule. This is followed by two
obligatory template jumps that result in the production of long terminal repeats {LTRs) at both

ends of the genome (Table 1). LTRs have a number of functions essential for HIV replication:

1) they form an intermolecular bridge of DNA-RNA hybrid linking the newly synthesised
minus strand DNA with the 3’ end of the same or a different genomic RNA template;

2) during integration, a step after reverse transcription of the replicative cycle, the LTR
elements located at extreme ends of the linear viral DNA molecules mediate the insertion of
the HIV genome into the chromosomal DNA of the host cells;

3) LTRs contribute to the packaging of progeny HIV-1 RNA genomes

(Freed and Martin, 2001).



Table 1: Reverse transcription of the HIV genome (Wagner and Hewlett, 2004)

1. tRNA™ binds to PBS on the
positive RNA strand

2. Synthesis of LTR occurs from 5’
to 3’ direction to copy the U5 and
R region. This is the minus strand
strong stop.

3. RNAse H activity is mediated by
RT on the RNA template, US and R
regions.

AAA T

=i AMML T
i &
5!
3 5

4. First strand switch: the minus
strand strong stop plus the primer
jumps to the 3’ end of the RNA
template

5. DNA synthesis of the negative
sense ¢cDNA strand is completed.
RNase H activity then removes the
RNA  template, except the
Polypurine tract (PPT).

5
3

6. Positive sense strand synthesis:
PPT serves as the primer and the
newly formed negative sense
cDNA is the template. This
proceeds to the PB site.

i 5

7. Second strand switch: the partial
cDNA then anneals to its own tail
to complete positive strand
synthesis. Binding occurs
specifically at the DNA PB site.

AbA T
5!
3:
Sl

&
3

3’
S:

5
3 _

Reverse transcription of the viral RNA genome is a highly complex process with an efficient

evolutionary strategy. It ensures the “survival of the species” by accelerating the spread of




beneficial mutations among viral quasispecies (Temin, 1991), increasing the genetic variation

of HIV and mediating the repair of defective retroviral genomes (Boulerice ef a/, 1991).

1.2.1.2.2 Recombination

Packaging of RNA from different HIV-1 subtypes, intrasubtypes or intergroups into the same
viral particle, in conjunction with the strand-switching ability of reverse transcriptase
produces recombinant HIV in co-infected individuals (Hu and Temin, 1990; Goodrich and
Duesberg, 1990; Stuhlmann and Berg, 1992). During HIV proviral DNA synthesis two
necessary template ‘jumps’ occur for the production of LTRs at both ends of the genome

(Temin, 1993).

The first jump, involves the n*aﬁslocation of the minus strong-stop DNA from the 5’end to the
3” end of the genome. The jump i1s made possible by the presence of repeat sequences at both
~ ends of the genome. This can occur within the same strand (intramolecular) or between two
different strands within the genome (intermolecular). The second jump occurs to ensure the
transfer of the plus-strand ssDNA, initiated at the 3 polypurine tract, from the 3’ to the 5 end
of the genome. This jump is almost always intramolecular, The intermolecular jumps are

responsible for recombination. (Goft, 2001)

Besides the obligatory jumps, strand switches may occur along internal genome sequences
(Hu and Temin, 1990). Two models have been proposed for this activity that contnibutes to the

development of recombinants; forced copy-choice (Coffin, 1979) and strand displacement-



assimilation (Junghans er @/, 1982). Forced copy-choice occurs during minus-strand synthesis
when RT encounters a break in the template RNA. The RT jumps to the alternative co-
packaged RNA and resumes DNA synthesis (Coffin, 1979). However, this model has been
refined with the suggestion that jumps during minus-strand synthesis can occur in the absence
of strand breaks. This is suggestive, since the low processivity of RT would result in pauses
along RNA-dependant DNA polymerisation, which would promote template switching

without the need for breaks (Buiser er al, 1993).

The strand di#plécement-assimilalion moc.iel. su.g.ge.sts. that the recombination process is
initiated by the displacement of one fragment of intemally initiated plus-strand DNA by
another plus-strand transcript. The displaced fragment then binds to the minus-strand DNA
derived from reverse transcription, which eventually produces a reconl?binant double-stranded

DNA copy of the viral genome. (Goft, 2001)

These mechanisms of generating HIV diversity result in tremendous intra-patient variability of
the virus, which is known as quasispecies. In addition, HIV at the population level is
classified into various strains, groups, subtypes and CRFs, due to the nature of its origins and

subsequent evolution.



1.3 Origin of HIV-1 and HIV-2 strains

HIV-1 and HIV-2 are related to the SIVs, the chimpanzee subspecies (Pan troglodytes
troglodytes) and sooty mangabey monkeys (Cercocebus atys) respectively (Gao et al, 1999,
Gao et al, 1994). The close phylogenetic relationship and geographic co-incidence of HIV-2
and SIVgy, support the hypothesis that HIV-2 originated from cross-species transmission of
SIVy, from sooty mangabeys into humans (Gao et al, 1994). By analogy to HIV-1 group M,
HIV-2 i1solates have been classified into subtypes, designated A-H. HIV-2 subtypes in terms
of genetic distance are closer to the Groups of HIV-1 than to the subtypes of HIV-1 (Peeters et
al, 2003). The innate genetic diversity of HIV-1 is displayed by three separate introductions of
the virus from chimpanzees to humans. This has resulted in the three separate groups of HIV-

1: M, N and O.

1.3.1 Classification of HIV

- Since 1992, sequence analyses of the .env. and gag regions of the HIV genome have been used
to classify various types of viral sequences in the AIDS pandemic (Peeters and Sharp, 2000).
HIV has been divided into species (HIV-1 and HIV-2), groups, subtypés (clades), sub-
subtypes (sub-clades), circulating recombinant forms (CRFs) and unique recombinant forms
(URFs). Three HIV-1 groups (M, N and O) exist. Between Groups M and O the env protein
may differ as much as 30-50% with Group N being phylogenetically equidistant from the two.
The inter-subtype difference of the env protein is 20-30%, while intraclade variations of this
protein are between 10-15% (Wainberg, 2004). The variation between the different HIV

genetic forms arises as a result of the replication strategies of the virus.



1.3.1.1 Group M subtypes

By definition, viruses belonging to a subtype should resemble each other more closely than
other subtypes across the entire genome (Peeters and Sharp, 2000). There are nine subtypes of
HIV-1 Group M: A, B, C, D, F, G, H, } and K (Myers ef al, 1992). Subtypes E and 1 were
initially described as subtypes but were later determined to be recombinants (Gao et al, 1996;
Gao et al, 1998). The average nucleotide percentage distance between subtypes A-D, F-H, J
and K is 27% (range, 21-31%) (Moore et al, 1996). Certain subtypes can be subdivided into
sub-subtypes as is the case for subtypes A and F. Within the Subtypes A and F, sub-clades are
designated Al and A2 and F1 and F2 respectively (Lal et al, 2005). The extent of divergence
between Fi and F2 is similar to that seen between subtypes B and D. For this reason subtypes
B and D should be considered as sub-clades of a single subtype (Peeters and Sharp, 2000).

Due to historical reasons these designations cannot be altered.

1.3.1.2  Groups O and N subtypes

Group O i1solates are highly divergent from Group M, demonstrating only about 50% amino
acid sequence similarity to the env region of Group M (Vanden Haesevelde et ai, 1994).
| Initially, analysis of data suggested that Group O sequences did not form clusters the same
way as the Group M subtypes (Leitner, 1996). However, distinctive clades within Group O
were distinguished in 1999 (Korber et @/, 2001) but phylogenetic differentiation was not clear

(Kandathil ef af, 2005). Hence, subtypes within Group O are not yet defined.



Group N represents a small number of strains genetically distinct from Groups M and O.
Infections are confined to Cameroon (Los Alamos, 2006) Not many strains have been
sequenced therefore subtypes have not been determined. Phylogenetic analysis suggests that
Group N is the result of a recombination event between a SIV - like virus and an HIV-1-like

virus (Gao ef al, 1999).

1.3.1.3  Recombinant HIV viruses

The recombinogenic rate of HIV is one of the highest of all organisms, with an estimated three
. recombinogenic events occurring per genome per replication cycle (Jetzt ef al, 2000). This
exceeds the mutation rate of ~0.2 errors per genome per replication cycle (Preston et al,
1988). These strategies strengthen the genetic diversity of HIV by contributing to the pool of
~ genetic variants. The genetic forms arising after HIV replication must conform to the
following definition to be considered a CRF: they should resemble each other over the entire
genome, with similar breakpoints reflecting common anéestry from the same recombination
event(s) (Robertson ef al, 2000). The criteria for this definition are: three epidemiologically
unlinked viruses with co-incidental mosaic structures and consistent phylogenetic clusters

must be characterised in near full-length sequences (> 8 kb) (Robertson ef af, 2000).

There at least 16 different CRFs identified thus far (http://www.hiv.lanl.cov/content/hiv-

db/CRFs/ CRFs.html) (Table 2). Most of these CRFs have specific geographical locations

where the relevant subtypes co-circulate {Leitner, 2005, Thomson et al, 2002¢).

10


http://www.hiv.lanl.gov/content/hiv-

Table 2: Full genome sequences of CRFs

KEY:

A B C D E F G A2 B H K J CRF01_AE
CRF Subtypes STRUCTURE GEOGRAPHI
CAL ORIGIN
CRF 0l1AE | AE vpr  envy LTR Mekong
“E Cm region and the
. h Matey
* Peninsula,
Central Africa,
Tat vpu Tat nef USA
CRF 02AG | AG eny West and
- S LTR Central Africa
D = i’“" ! ,
Tat vpu Tat nef
CRF 03AB | A,B Russia and
- L1s - "ﬁ o LTR Ukraine
- _M *“"" 'e"! .
Tat vpu Tat nef
CRF 04 A,GH, | LTR Cyprus and
Cpx K, upr any Greece
unclassifie l:T
d _:II:_:-EZ irl!w
Tat wvpu Y& mel
CRF O5DF | D,F Belgium, DR
4 LTR e ; vgj eny LTR Gongo
—— pol
B ===
Tat nef
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CRF | Subtypes | Structure Geographical
Region
CRF06_ | A,G,] LTR Burkina Faso,
cpx and K o vpr eny Mali
_d *[eu- ! J]
ra Tat nef
CRFO7_| B,C China
BC
T
Tatvpu Tat nef
CRF08_ | B,C eny 1TR Southern
BC -y gag = China
l:' hﬂ *“’“ “"‘" ,:l
Tat vpu Tt net
CRF10_ | C,D LTR vpr Tanzania
> ™
LI -
Tat vpu Tat nef
CRF11_ | A, LTR Cameroon,
cpx CRF01_A vpr Gabon, DR
E, G,J sag pol Congo, Central
_d rev African
republic
Tat  wpu Tat nef
CRFI12 | B,F Argentina,
- vpr LTR
BF gag - - Uruguay
-
Tat vpu & et
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CRF Subtypes Structure Geographica
1 Region
CRF13 cpx | A, LTR Cameroon
CRFO01_AE
= vpr eny LTI
G, J, ' gag . vif o
unciasmtied el
dr
rev
Tat wvpu
CRF14 BG | B,G vpr LTR Western
gag aif, = Europe
="~ Tl
Tat vpu Tat nef
CRF15 01B | CRF01_AE, B TR e Thailand
gag
pol -
irev rev
Tatvpu
CRF16 A2, | A2,D Kenya
iig ’ LTR ]
D gag i Vg s South Korea
pol Eirev re\r' J] ?d .
rgentina
Tat vpu Tet:

CRF09- has not been published yet. Adapted and modified from HIV Sequence Database.

1.3.14

Unique Recombinant forms (URFs)

Recombinant forms of HIV found in a single individual or in a single epidemiologically-

linked cluster are known as URFs. These mosaic viruses like CRFs have discrete breakpoints

between their genomes with differing phylogenetic affinities (Peeters and Sharp, 2000). URFs

are thought to arise due to secondary recombination of a CRF (Thomson et al, 2002). URFs

have been reported throughout the world (Vidal et al, 2000; Thomson et al, 2002a, Thomson

et al, 2002¢). High prevalences of URFs have been found in Kenya, Argentina, China and
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Nigeria (Dowling er al, 2002, Carr ef al, 2001, Yang et al, 2002, (McCutchan ef al, 1999). The

frequent finding of URFs reflects the occurrence of dual infections.

1.3.1.5  Dual infection

Dual HIV infection is the presence of more than one HIV genetic sequence i.e. Groups,
subtypes, intra-subtypes and/or strain within an individual. It occurs either as a co-infection
when two viral variants cause infection at or near the same time before seroconversion, or a
superinfection in which primary infection is followed by infection with another viral variant

after seroconversion.

Dual infections have been found in areés where multiple HIV variants circulate. For instance,
co-infections of viruses belonging to distinct HIV-1 subtypes have been found in Tanzania,
Kenya and Brazil (Herbinger et al, 2006; Steain et al, 2005, Ramos et al, 1999). Intra-subtype
dual infections are also of major concemn since subtype B intra-subtypes and subtype C intra-
subtypes infections have been reported (Gottlieb et a/, 2004). A patient was reported to have a
multiple infection, where the original infection was with subtype B followed by superinfection

with CRFO1_AE and subsequently a second subtype B infection (van der Kuyl ef af, 2005).

The possibility of dual infection is of growing concern since it is a pre-requisite for genetic
recombination and the development of CRFs. Of greater importance is the possibility that dual
infections could result in strains of HIV strains that are more virulent, have single or multiple

drug resistant mutations or have altered tropism.
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1.4 Geographical distribution of HIV genetic variants

HIV-1 subtypes are unevenly distﬁbuted throughout the world (Korber et al, 1997) (Figure 1).
Subtype B is synonymous with North America and Europe. Although Group M subtypes and
Group O viruses have been reported in the United States, less than 1 per cent of infections are
due to these subtypes (McCutchan, 2000; Brodine et al, 1995; Rayfield ef al, 1996). In South
America, Subtypes F and C are found but subtype B predominates. B/F recombinant variants

have been reported in Brazil and Argentina (Marquina ef al, 1996; Janini ef al, 1998).

Subtype B is most frequent in Europe but other subtypes are increasingly documented. For
example, subtypes A, C, D, F, G, H, CRF01_ AE and Group O infections have all been
reported (McCutchan, 2000). The epidemic in Asia consists of all types of HIV-1. In India,
subtype C predominates but subtypes A and B co-circulate with A/C recombinants frequently
being reported (Jameel ef af, 1995; Lole ef al, 1999). In Thailand, CRF01_AE is transmitted
heterosexually and established an explosive epidemic in the 90s (McCutchan ef al, 1995;
Weniger et al, 1994; Weniger and Brown, 1996a). HIV transmission in Thailand and certain
areas of Bangkok is via intravenous drug use (IVDU) (Chen ef @/, 1998). Initially this resulted
in the spread of subtype B viruses but data suggests that CRFO1_AE is increasing in frequency

through IVDU (Peeters and Sharp, 2000)
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The greatest genetic diversity of HIV-1 has been found in Africa, which is consistent with it
being at the epicentre of the epidemic. HIV-2, which does not show any global geographical

distribution, is restricted to West Africa (Kandathil ez al, 2005).
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Figure 1: Geographical representation of HIV-1 subtype distribution throughout the world.

Data downloaded from HIV Sequence Database, Los Alamos, NM

Group M subtypes A and C cause the most frequent infections followed by A/G recombinant
variants (Wainberg, 2004). Subtype C predominates in South and East Africa (Peeters et al,

2003). Globally, subtype C is the greatest contributor to the epidemic, causing 50 per cent of



infections (Hemelaar et a/, 2006). Subtype A and A/G recombinant variants are localized in
West and Central Africa (Piot and Bartos, 2002). CRF02_ AG, a complex mosaic of subtypes
A and G was first identified in Ibadan, Nigeria and is alternately known as [bNg (Howard and
Rasheed, 1996; Carr er al, 1998). Five to forty per cent of infections in East and Central
Africa are caused by subtype D (Peeters et al, 1998, Rayfield ef al, 1998). Subtype B and
other recombinant strains are rare (McCutchan, 2000) while other subtypes like H are
exclusive to central Africa (Quinones-Mateu and Arts, 1999; Bikandou et al, 2000; Triques ef
al, 1999). The diversity of HIV is striking in Africa as new subtypes continue to be
discovered. Subtype K, the most recent HIV-1 subtype to be discovered was identified in the

Democratic Republic of Congo and Cameroon (Triques et al, 2000).

Group O is most common in West Central Africa with Group N only being reported in this

region as well (Tatt et al, 2001; Simon ef al, 1998, Salminen ef al, 1997).

HIV-2 consists of groups A-H. Groups A and B are most prevalent (Kandathil e al, 2005).
Group A infections specifically in West Africa have been reported more than Group B. Clade
B infections have been limited to France, Ivory Coast, Portugal and Abidjan (Damond et al,
2001; Soriano e a/, 2000; Brennan et af, 1997, Pieniazek ef al, 1999). Groups C and D were
~ identified in Liberia and Groups E and F were reported in Sierra Leone (Gao et al, 1994; Chen
et al, 1997). Group G is represented by a strain found in the Ivory Coast (Yamaguchi ef al,

2000} where Group H was also recently discovered (Damond et al, 2004).
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1.4.1 Subtype distribution in South Africa

Two separate HIV epidemics caused the circulation of subtypes in South Africa. In the early

1980s the homosexual population presented with infections by subtypes B and D. This was

followed by subtype C infections in the late 1980s in the heterosexual black population

(Williamson et al, 1995). Continued surveillance reveals that subtype C has dominated the

epidemic in South Africa (Los Alamos, 2006). This may be due to biological or

socioeconomic factors. Subtypes B and D are still prevalent in the population but cause a very

low percentage of infections (Treurnicht et al, 2002). Subtype A and a few recombinants have

also been discovered (van Harmelen et al, 1999). (Figure 2)

Subtype Distribution of HIV-1 in South Africa

1.9%

2%

96.1 %

Sy Number of
sequences
C 2772
B B 54
B Other 57

Figure 2: Distribution of subtypes in South Africa. Data downloaded from HIV Sequence

Database, Los Alamos, NM
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1.4.2 Prevalence of HIV in South Africa

It is estimated that approximately 5.2-6.7 million people are HIV positive in South Africa
(UNAIDS, 2006). Nearly 6.4 pef cent {or 6 million persons) adults are HIV-infected while
infant infections account for approximately 0.3 per cent of the population. According to the
National HIV and Syphilis Antenatal Seroprevalence Survey in South Africa, HIV/AIDS
prevalence is on the increase. In 2005, the survey demonstrated an estimated HIV prevalence
rate of 29.5% in comparison to the 2003 estimate of 27.9%. Even though the prevalence of
HIV/AIDS in KZN for 2005 has declined, KZN still remains the province with the highest

prevalence nationally.

1.5 Methods used to identify HIV genetic subtypes

HIV genomic variation requires extensive analysis because of its effect on disease
progression, viral pathogenesis, vaccine development and drug resistance. Many subtyping
techniques have been developed (de Oliveira et al, 2005; Hoelscher e al, 2002; Plantier et al,
2002} to examine these relationships. There are three main methods of subtyping: serotyping
(the antibody response of the host using synthetic peptide corresponding to the V3 loop of

gp120), heteroduplex mobility assay and sequencing,.

1.5.1 Serological techniques

Serological subtyping is successful only in geographical locations where few subtypes are
circulating (Chanbancherd et al, 1999, Kaleebu et al, 2000). In geographic locations where

many different subtypes circulate e.g. West Africa, the results are unreliable due to cross-
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reactivity between subtypes (Lal er af, 2005). This is because antigens cwrently used are
based on a short region of the V3 crown domain of glycoprotein gp120 and differ by only a
few amino acids amongst subtypes. For these reasons, serological assays are not the preferred

method for subtyping HIV.

1.5.2 PCR-based techhiques

PCR, which was invented in the 1980s, allows the characterisation and comparison of viruses
at the genomic level (Kwok er @/, 1987). It has broadened the scope of molecular virology by
allowing the detection of viruses that were once difficult to detect (CMV) and amplified
required regions of the genome as opposed to the entire genome (Arens, 1999). For this

reason, subtyping techniques are primarily based on PCR.

1.5.2.1  Sequencing

Genomic analysis using sequencing followed by phylogenetic analysis is the most informative
method of subtyping and is considered the ‘gold standard.” Since 1985, when the complete
genomic sequence of HIV was published, sequencing has been used to demonstrate the
genetic variability of the virus (Ratner ef al, 1985). Subtyping using sequencing has been
streamlined to just the gag and env regions of the HIV genome. Recently Eshleman and
colleagues (2004) used the pol region (RT and PR) of the HIV genome for subtype analysis.
The entire genome is sequenced only in cases where highly divergent and recombinant

variants exist (Gao et al, 1996). Although sequencing is considered tedious and expensive, it
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is often used for comparative and confirmatory purposes with more recent subtyping

techniques (Gottlieb ef al, 2004; Saunders ef al, 2005).

1.5.2.2 | Heteroduplex Mobility.As.s.f.ay (HMA)

HMA is based on nested PCR products co-amplifying with divergent templates that randomly
reanneal to form heteroduplexes that migrate with reduced mobility on a neutral
polyacrylamide gel. Delwart et al (1993) described HMA as a simple and rapid guantitative
assay for the detection and estimation of genetic divergence between HIV strains. The HIV-1
env region V3-V5 is a commonly vsed target for subtype determination using HMA (Delwart
et al, 1994). A gag HMA was developed due to the gag gene containing less inter-subtype
sequence variation than env (Tatt ef a/, 2000). It has been useful as an alternative to, and in
conjunction with, env HMA in detecting recombinant strains (Bredell et al, 2000). However,
using the env region of the genome in HMA is still a major cause of concern. Certain
geographic locations demonstrate unamplifiable C2V3 regions, which has led to the
development of an assay that targets the highly conserved gp41 region (Agwale et al, 2001).

All variations of HMA have proven useful and successful for subtype determination.

1.5.2.3  Restriction Fragment Length Polymorphism (RFLP)

The sequence of bases in DNA can be cleaved at specific sites by restriction endonucleases.
Restriction endonucleases are bacterial enzymes that cut a DNA sequence at palindromic sites.
The resulting fragments are separated on an agarose gel and displayed as a banding pattern.

The presence of mutations in the restriction sites results in different banding patterms of
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fragments. This is the basis of using RFLP for subtyping HIV. If subtype B has more
restriction sites for a specific restriction endonuclease than subtype A, then the resulting
number of bands will be greater for subtype B than subtype A. Many studies have used RFLP
as a subtyping method, either as a screening tool or as a confirmatory test. It has also been

modified to identify specific intra-subtypes within a region (Gadelha et al, 2003).

1.5.24 Single Stranded Conformation Polymorphism (SSCP)

Conformational changes in double or single stranded DNA are used to detect mutations.
These changes can be detected as alterations in the electrophoretic mobility of the nucleic acid
in non-denaturing polyacrylamide gels. The separation in an electrical field is not only
dependent on the shape of the molecules but also on the temperature, concentration and
composition of the medium in which the molecules are moving. In SSCP the technique
depends on the altered mobility of single stranded DNA molecules (Orita et al, 1989). Unlike
double stranded DNA, single stranded DNA is flexible and will adopt a conformation
determined by intramolecular interactions and base stacking that is uniquely dependent on
sequence composition {Orita et al, 1989). SSCP is able to determine the genetic makeup of
several hundred base pairs of DNA, whereas RFLP analysis can determine only a few bases

(the restriction site).

1.5.2.5  Techniques used to identify dual infections
Several techniques are used to determine infection with more than one variant of HIV.
Cloning followed by sequencing is the most reliable method (Steain et al, 2005; Brenner ef af,

2004). However, this method is tedious and expensive so other methods, such as HMA and
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RFLP, are used as screening techniques. Indeterminate HMA results occur when there are
distinct slow migrating heteroduplexes or smears (Gottlieb ef a/, 2004; Grobler et al, 2004) or
when two hetroduplexes migrate to the furthest equivalent position on a polyacrylamide gel.
In these cases, HMA is confirmed by cloning and sequencing. Potential dual infections caused
by distinct HIV-1 subtypes are identified by RFLP on the basis of the simultaneous presence
of more than one endonuclease digestion pattern (Masciotra ef al, 2000). A multi-region
hybridisation assay (MHA) is a more recent technique which is based on the hybridisation of
various primers to different regions of the HIV-1 genome (Herbinger er al, 2006; Hoelscher ef

al, 2002).

1.6 Impact of HIV Genetic Diversity

The genetic diversity of HIV has an impact on serological and molecular detection, treatment
response and vaccine efficacy since all of these are dependent on the sequence of the target

protein or HIV RNA/DNA.

1.6.1 Laboratory diagnosis

HIV diagnosis depends on the detection of one or more of the components of a viral particle
or the immune response of the host to the virus {(Gurtler, 1996). Constituents of a viral particle
that make for easy detection include: Proteins p24 and RT, RNA or DNA. Detection of HIV-
specific antibodies is the main diagnostic tool in adults. In infants, detection of p24 antigen

and HIV RNA or DNA is required to confirm infection.
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1.6.1.1 Serological diagnosis

Serological diagnosis is based on detection of HIV antibodies and/or antigens. The detection
of antibodies to HIV depends on their highly specific binding to antigens which may either be
viral lysate, recombinant proteins or synthetic peptides. Methods of detecting antibodies
include the enzyme immunoassay (ElA, also commonly referred to as the enzyme-linked
immunosorbent z;ssay or ELISA), Western blot (or immunoblot), the immunofluorescence
assay (IFA), immunochromatographic or agglutination rapid tests and the detuned assay
(Iweala, 2004). First generation tests are based on purified viral lysate or viral antigen
preparations from cultured T cells infected with HIV (culture supernatant or infected cells)
(Cooper ef al, 1987; Tegtmeier, 1988). These tests produce a substantial rate of false-positive
results due to the presence of residual cellular antigens which are incorporated into the viral
particle during maturation (Cooper et al, 1987; Tegtmeier, 1988). Second and third generation
. assays are based on recombinant viral antigens or synthetic peptides of selected
immunédominant Iantigenic epitopes {(Gurtler, 1996). For example structural and non-
structural proteins like gp41 transmembrane envelope protein and gpl20 and p24 of HIV are
.used. Fourth generation assays simultaneously detects anti-HIV antibodies and the HIV. p24

antigen (Ly ef al, 2001; Thomson ef al, 2002c¢).

HIV diversity has an enormous impact on diagnostics. HIV antigens used in serological tests
should bind antibodies against all HIV subtypes. Initially diagnostic tests were developed for
subtype B viruses and were used in developing countries where majority of infections are
caused by non-B type viruses (Kandathil er af, 2005). Although most serological tests were

able to diagnose chronic HIV-1 Group M infections, difficulties arose when recent infections
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with non-B subtypes had to be diagnosed. This occurred because antigens used in the assay
were based on subtype B virus only (Koblavi-Deme ef al, 2001). Studies also showed that
persons infected with highly divergent HIV-1 group O failed to be diagnosed (Hackett et al,
1997). This problem was resolved by addition of a Group O lysate/peptide in the standard
antigen mixture. Current assays are able to detect Group M and O as well as HIV-2 (Oelrichs,
2004). Due to the constant diversification of HIV, continued surveillance of commercial

assays are necessary to ensure that newly emerging variants do not go undetected.

1.6.1.2 Molecular analysis

Nucleic acid testing for HIV uses specific regions in the HIV genome as its target. HIV is a
complex retrovirus i.e. its genome contains accessory genes e€g. vpu, vpr etc along with the
nec.essary gag, pol and env regions. Target selection of the genome depends on the purpose of
testing. Nucleic acid testing in the form of DNA PCR is used for diagnosis in infants whose
mothers are HIV positive. Quantification of nucleic acids, expressed as viral load, is used in

~ 1nitiation and monitoring of ARVs.

For purposes of nucleic acid testing, the most conserved region within the genome is often
chosen (Kwok and Sninsky, 1993). A conserved region is a sequence of nucleotides that
remains essentially unchanged during the evolution of the viral genome. This 1s particularly
important in nucleic acid testing because HIV is known to demonstrate heterogeneity.

Furthermore, the conserved region that is used must be common in all variants of the virus.
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The nucleotide sequence of primers used in nucleic acid testing of HIV has been optimized to
yield equivalent amplification of Group M subtypes and not of HIV-2 or other groups of

HIV-1. Furthermore, the appearance of new variants may not be identified by these primers.

1.6.2 The ARV Rollout Programme

The national ARV Rollout Programme, initiated in 2004, is essential and challenging,
particularly in KZN where the prevalence of HIV is the highest in the country. Accredited
ARV sites are situated throughout KwaZulu-Natal. Attendees of these clinics have their blood
samples taken which is sent to a reference laboratory for CD4 T-cell testing. CD4 T-cell
counts are measured using flow cytometry. Patients with CD4 counts <200 cells/ul, or WHO
stage VI irrespective of CD4 count receive intensive adherence counseling in preparation for
HAART. Once the patient is ready for therapy, a baseline HIV viral load is performed using

PCR or NASBA based technology

Patients are then initiated on one of tvsgo ARV regimens (table 3). CD4 T-cell counts and viral
loads are performed 6-monthly in order to monitor therapy. Patients who fail Regimen 1a or
1b are assessed and investigated further. If treatment failure is confirmed, the patient is
switched to Regimen 2 (Table 3). Patients who fail both regimens are referred to ARV
specialists for individual evaluation which may include drug resistance testing (DOH, ARV

2005).
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Table 3: Recommended ARV regimens

Regimen Drugs
la d4T/ 3TC/ efavirenz
1b d4T/ 3TC/ Nevirapine
2 Zidovudine/ ddI/ Lopinavir/ Ritonavir
(Kaletra™)

" Nevirapine is substituted for efavirenz when female patients camnot guarantee reliable
contraception,

1.6.2.1 Treatment monitoring

Measurement of HIV RNA levels in plasma is crucial to the management of HIV infection.
Current guidelines for HIV management recommend the use of HIV RNA quantification or
viral load testing for the initiation and monitoring of Highly Active Anti-Retroviral Treatment
(DHHS guidelines, 2004; DOH ARV guidelines, 2004). The four most utilised commercial
viral load assays are the Amplicor HIV-1 Monitor v1-5 (Roche Molecular Diagnostics),
nucleic-acid-sequence-based amplification (NASBA, Organon Teknika), HIV-1 Quantiplex
branched DNA (bDNA, Chiron Diagnostics), and the LCx HIV-RNA quantitative assay (LCx,
Abbott) (Lal et al, 2005). Regular evaluations are conducted to test the performance

characteristics of these assays (Swanson ef o, 2005).

Genetic variability of HIV can result in the under-quantification or lack of sensitivity of
nucleic acid quantification assays. This is a result of the mismatching of primer and probe
sites that reduces the efficiency of hybridization. All nucleic acid amplification assays and/or
signal amplification rely on HIV-1 sequence specific primers and/or probes. Natural
polymorphisms occurring in these target regions can result in reduced or abolished

hybridization of these primers which causes under-quantification or inability to detect viral
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RNA. The influence of genetic heterogeneity on performance is evident and constant

surveillance of this relationship is required.

1.6.3 The impact of HIV variability on vaccine development

HIV vaccine development is one of the greatest challenges in HIV research. Despite intensive
research, there is as yet no effective vaccine against HIV. The genetic diversity of HIV is a
major obstacle to the development of a successful vaccine. Envelope glycoproteins, in
particular, may not necessarily be immunologically cross-reactive due to the variability of the
~ genetic sequences of HIV-1 and HIV-2. Subtypes may therefore have dramatic differences at
the antigenic level. Since subtypes are clustered epidemiologically in distinct geographical
locations, it has been suggested that different geographical regions of the world may require
different vaccines. Vaccines were initially produced against subtype B virus, which is
responsible for infections in North and South America, Europe and Australia but accounts for
only 12% of infections worldwide (Peeters and Sharp, 2000). More attention has now been
given to developing a subtype C vaccine due to the predominance of this subtype globally

(Nkolola and Essex, 2006; Xin ef al, 2007),

HIV variants in the form of CRFs and URFs continue to emerge, and create an ongoing
challenge to vaccine development. An HIV vaccine should ideally produce a broadly cross-
reactive immune response that protects against multiple HIV subtypes, CRFs, URFs and
quasispecies. It may be possible to limit the effects of HIV diversity on vaccine efficacy by
developing vaccines based on the conserved regions of the genome, where cross-clade

reactivity has been confirmed.
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Genetic diversity is continuously generated during the course of infection within an infected
individual. Infected persons harbour a swarm of closely related but unique viruses (also
known as quasispecies) which can differ by as much as 10% after 10 years of infection, and
can be 30% different between individuals (Korber et al, 2001). Quasispecies of the virus exist
that are a genetically heterogeneous population of virions produced as a result of the
inaccuracy of viral replication. This also complicates vaccine development because it
demonstrates that an antibody that targets one isolate in an individual may fail to neutralise

another from the same individual.

Dual infections, particularly superinfection, demonstrate that the immune system cannot
reliably prevent reinfection even after responding to an initial infection. It shows that infection
with one variant cannot protect an individual against further infection (immunisation).
Researchers first thought that dual infections occur only as co-infections. However,
superinfections were soon discovered (Jost ef al, 2002} which clearly showed that an
‘immunisation effect’ was not conferred by initial infections. For vaccine researchers the task
is made more difficult by the finding that the immune system cannot reliably prevent

reinfection even when responding vigorously to the initial infection (Allen and Atfield, 2003).

1.6.4 Impact of genetic diversity on antiretroviral drug sensitivity and

drug resistance

The management of HIV disease with highly active antiretroviral therapy (HAART) using
nucleoside and non- nucleoside reverse transcriptase inhibitors (NRTI and NNRTI), protease

inhibitors (PI} and more recently fusion inhibitors (Table 4) makes HIV a more manageable
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disecase (Re et al, 2005). HAART decreases the viral load to undetectable levels thereby
allowing immune reconstitution (DHHS Guidelines, 2004; DoH South Africa, 2004).
Furthermore, it can decrease HIV transmission, and reduce morbidity and mortality but also
creates the long-term spectre of drug resistance. Variations within the pol region of the
genome are of particular relevance to drug susceptibility and the development of resistance
since antiretroviral therapy has been carefully targeted at the conserved pol gene products,

reverse transcriptase and protease.
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Table 4: FDA approved Antiretrovirals used in the treatment of HIV Infection

CLASS DRUGS MECHANISM OF ACTION
Zidovudine, lamivudine, NRTIs in the triphosphorylated
Nucleoside abacavir, zalcitabine, form closely resemble normal
Reverse emtricitabine, nucleotides. They compete with
Transcriptase dideoxycytidine (ddC), the normal substrates
Inhibitors didanosine, tenofovir {nucleotides) for binding to RT
(NRTIs) disoproxil fumarate, which then incorporates them

stavudine (d4t)

into the growing DNA. Once
added NRTIs prevent additional
nucleotides from being added.
This results in DNA chain
termination, NRTIs are
competitive inhibitors.

Non-nucleoside Reverse
Transcriptase Inhibitors
(NNRTIs)

Delavirdine, efavirenz,
nevirapine

Non-competitive inhibitors that
bind to a region of the RT
enzyme outside the active site.
They prevent RT activity by
allosterically distorting the
orientation of the main catalytic
aspartic acid residues in the
active site of the enzyme.

Amprenavir, tipranavir,

Prevent the gag-pol polyproteins

Protease indinavir, saquinavir, from successfully entering the

Inhibitors saquinavir mesylate, active site of the protease

(Pls) lopinavir, ritonavir, enzyme and being cleaved. This
Fosamprenavir Calcium, in turn prevents the assembly of
atazanavir sulfate, new, fully functional HIV
nelfinavir mesylate virions.

1.64.1  Mechanisms of drug resistance

Drug resistance is defined as the measurable loss of drug sensitivity due to a genetic change
that alters the target of an antiviral agent. Within an HIV infected individual a diverse
population of viruses exist that are constantly shaped by selective pressure like viral and host

factors. Antiviral therapy is an additional source of selective pressure on the virus which
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selects out those variants which are best able to survive drug pressure {‘natural selection’).
Very simply, the antiviral agent causes suppression of replication on most of the quasispecies,
but some variants will possess mutations that enable replication to occur despite the presence
of the drug. These mutations change enzyme structure and/or function in ways that reduce the

effectiveness of the drugs.

NRTI resistance occurs by two mechanisms:

1) mutations arise that enable the RT enzyme to discriminate against NRTIs during
polymerisation. This prevents the addition of NRTIs to the growing DNA chain relative to the
natural ANTP substrates (Larder, 1999; Huang ef af, 1998).

2) pyrophosphorolysis, nucleotide excision or nucleotide-dependent primer unblocking
(Meyer et al, 1999). This mechanism is mediated by mutations that cause the hydrolytic
removal of the chain terminating NRTIs from the growing chain. This mechanism requires a

pyrophosphate donor such as ATP.

NNRTIs bind to the hydrophobic pocket in the RT. This pocket is adjacent to, but not
contiguous with, the active site of the enzyme. High-level resistance to NNRTIs may arise
from evén a single amino acid change in the NNRTI-binding pocket. Some of the NNRTI
resistance mutations may also compromise viral replication capacity due to changes in the
conformation of the dNTP binding pocket (Kleim ef al, 1994) or changes in RNaseH activity

{Gerondelis et al, 1999; Archer et al, 2000).
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Protease inhibitor resistance mutations prevent the inhibitor binding to the PR enzymes. This
occurs by structural alteration of the substrate cleft of the enzymes where only natural
substrates are allowed to bind. Mutations that alter the substrate cleft directly confer resistance
to one or more protéase inhibitor. Mutations in the flap region contribute to reduced inhibitor

binding but alone do not provide considerable resistance.

The impact of the genetic diversity of HIV on drug resistance has been studied. Many studies
have compared the response of therapy in B-type and non-B type infections. Even though
antiretroviral agents were developed based on subtype B infections, ARVs are now used in
non-B type infections. Nucleotide divergence within the pol region has emerged between HIV

subtypes and intra-subtypes.

The Y181C and Y1811 mutations, respectively, causes resistance of group O and all strains of
- HIV-2 to all drugs within the NNRTT class (Quinones-Mateﬁ et al, 1998; Descamps et al,
1995). On a smaller scale subtype F shows resistance to a non-commercialised NNRTI
'com.l..aound, TIBO cc;mpound while remaining sensitive to other NNRTIs, as well as NRTIs
and PIs {(Apetrei et al, 1998). Mutations at NNRTI resistance associated positions such as
V106M and A98S are substantially more common in subtype C infected patients than those
with subtype B infections (Grossman ef al, 2004a). A single dose Nevirapine PMTCT study in
Uganda found resistance to NVP to occur more frequently in subtype D infected mothers than
those infected with subtype A viruses (Eshleman et @/, 2001). In Brazil, protease sequence

analysis showed that the majority of mutations to be greater in B than non-B subtypes (Barreto
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et al, 2006). Results from the PENTA 5 paediatric study have also shown rates of resistance to

be greater in non-B than B subtypes (Pillay et al, 2002).

ARVs were designed for use against subtype B viruses, the predominating subtype in North
America and Western Europe. The vast majority of data on the genetic mechanisms of HIV-1
drug resistance has also been generated by observations on subtype B virus. However, subtype
B accounts for only about 12% of the global HIV pandemic (Hemelaar e¢ a/, 2006). Therapy
has been introduced to developing countries which implies that the number of persons with
non-B virus on therapy have increased dramatically. Studies suggest that currently available
protease and RT inhibitors are as active against non-B subtype viruses as they are against B-
subtype viruses {Easterbrook ef al, 2003; Bocket ef al, 2005; Frater ef al, 2002). However,
some studies suggest that their may be differences in the mechanisms of resistance in non-B

viruses (Barreto ef al, 2006; Zarandia et al, 2006, Brenner ef a/, 2003; Loemba ef al, 2002).

Preliminary data indicates that drug resistance mutations that have been described for subtype
B virus have been observed in at least one non-B subtype virus as well (Kantor et al, 2005).
However, it is not known whether drug resistance mutations arising in non-B subtypes will go
unrecognized in B viruses. Mutational patterns of the virus may sometimes differ in patients
who are failing therapy depending on whether they are infected by non-B or B subtype virus.
For instance, reports suggest that the NNRTI resistance mutation V106M occurs more
commonly in subtype C than subtype B viruses (Grossman ef al, 2004a). Protease inhibitor

mutations D30N and L90M arising during nelfinavir treatment are subtype dependent.
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Mutation D30N occurs more commonly in subtype B viruses, whereas L9OM is selected more

frequently in subtypes C, G, and CRFO1_AE (Grossman et al, 2004b).

The evidence of the impact of genetic diversity on drug resistance is inconclusive. Some
studies point in the direction of drug resistance mutations being more common in non-B
subtypes, other studies contradict this statement. Further studies are required to establish a

definite conclusion on the impact of HIV diversity on treatment response.

1.7 Dual infection

Dual infection or the infection with more than one variant of the virus affects disecase

progression and complicates the management of HIV infection.

Progression to AIDS is faster in thése duall.y. infeéted .t.lllan fhose with only one strain of HIV-1
(Gottlieb et ai, 2004; Grobler et al, 2004). These individuals may have higher viral loads and
lower CD4 counts, which causes more rapid disease progression (Jost et al, 2002; Gottlieb et
al, 2005; Grobler et al, 2004). It is not known if dual infection or infection with multiple
divergent strains of HIV enables rapid adaptation and immune escape or if people who are
genetically predisposed to experience rapid disease progression are unable to control viral

diversity, enabling the establishment of dual infections (Grobler ef ai, 2004).

Dual infection also affects treatment response (Smith ef al, 2005). An individual initially

mfected with a drug sensitive variant and superinfected with a drug resistant strain of HIV
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(resistant to NRTIs and protease inhibitors) failed therapy (Smith e al, 2005). Superinfection
with multi-drug resistant virus has also been reported (Brenner ef af, 2004). Five other subtype
B superinfections have been described, as well as three intersubtype A/E and B
superinfections {Allen and Altfield, 2003; Altfield et al, 2002; Brenner et al, 2004; Jost et al,
2002; Koelsch et al, 2003; Ramos et al, 2002). In all these reports drug resistance is acquired
by superinfection/reinfection with a drug resistant variant. It 1s still not clear how dual
infection with wild-type viruses from different variants would affect the selection of drug

resistant viruses.

The greatest fear in terms of dual infection and drug resistance is the possibility of generating
a new infectious recombinant virus resistant to more than one antiretroviral agent (Figure 3).
This could be made possible by the strand-switching ability of HIV (See 1.3.1.2.) If this
recombinant infects a large percentage of the population, treating HIV with antiretrovirals
may be very difficult. Even if drug-sensitive viruses are responsible for dual infection, the
resulting recombinant may have a greater chance of developing drug resistance than the two
viruses on their own. This could be due to the selection of mutations between the two viruses

that enables the optimal viral fitness.
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Figure 3: Dual infection of the same cell with two drug resistant variants forming a

recombinant virus (Blackard et af, 2002)

Regular surveillance of dual infections is essential especially in areas where multiple subtypes
circulate and in populations with a high percentage of individuals who are resistant to ARVs.
Monitoring the frequency of dual infections is important since it is an indicator of the
appearance of new recombinant viruses (CRFs and URFs). Within the last ten years dual and

multiple infections have been reported in most parts of the world.
The incidence of dual infection in South Africa has not been reported at the population level,

Studies have focused on high-risk HIV cohorts that have a large percentage of dual infections

(Grobler et al, 2004). The present study aims to determine the prevalence of dual infection in
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the ARV Roll-out programme in KZN which is a more general sample population than

previous studies.

Although reports of dual infection have been published, undertaking this project is relevant to
the pandemic since:
» The prevalence of dual infection has not been determined in KwaZulu-Natal

» Continuous surveillance of the genetic diversity of HIV is required

This knowledge could improve the management of HIV infected individuals.

1.8 Aims and objectives

Aims:

To document the subtype distribution of HIV in the KwaZulu-Natal ARV Rollout Programme
To determine the prevalence of dual HIV infection in the KwaZulu-Natal ARV Rollout

Programme

Objective:

To establish and optimize methods for subtyping and detection of dual infection
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Chapter two: Materials and Methods

Overview

Ethics approval was obtained from the University of KwaZulu-Natal Biomedical Ethics
Committee. The protocol was approved for the degree of Master of Medical Science by the

Post-graduate Education Committee of the Nelson R. Mandela School of Medicine.

Samples .submitted for routine CD4 testing from the K\;raZulu-Natal ARYV Rollout programme
were identified for use in this study. Routine testing was performed and residual whole blood,
which would otherwise have been discarded, was used anonymously for this study. A
minimum of 500ul whole blood was required for the study. Samples with less than the
minimum volume were excluded from the study. The following information was obtained
from the laboratory database: viral load and CD4 results, the patient’s age and gender and the
name of the ARV site attended. The data was recorded anonymously and no patient identifiers

were used,

The Heteroduplex Mobility assay was performed on these samples to determine the HIV
subtype and to screen for possible dual infection. Samples were screened for inter-subtype and
sub-subtype dual infection using gag and env HMA respectively. Samples that were
indeterminate by HMA were cloned and sequenced. Phylogenetic analysis was performed to

determine whether the patient had possible dual infection.

The flow diagram (Figure 4} summarizes the study procedure.
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Figure 4: Schematic representation of the study design

2.1 Sample Size Calculation

This study utilized samples from a larger ongoing “treatment outcome” study investigating the
impact of HIV sequence diversity and dual infection on the success of antiretroviral therapy in
the KwaZulu-Natal ARV Rollout Programme. The rate of dual infection and the proportion of
patients failing therapy were required to perform sample size calculations in the larger

“treatment outcome™ study.
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Dual infection at the population level is unknown, Gottlieb et al (2004) established that dual
HIV-1 infection is associated with rapid disease progression using 3 different cohorts, the
combined size of which was 64, of which 5 individuals were dually infected (7.8%).
Unpublished data from our laboratory was used to establish a crude estimate of the proportion
of patients failing antiretroviral therapy (12%). CD-4 and viral load results of patients on ARV
were used to establish patient success or failure, according to criteria defined by the

Department of Health (DOH, ARV 2005). Data from 450 patients were analysed.

The minimum sample size required for the “treatment outcome study” was 83. This was
calculated by a professional statistician using STATAT™ 9 (StétaCorp, College Station, Texas,
USA). The prevalence of dual infection and the molecular epidemiology of HIV were
described in these 83 patients for purposes of this dissertation. The patients were randomly
selected using random numbers provided by the statistician, and included 53 patients who
were freat:ment “fatlures” and 30 who were treatment “successes” as defined by Department of

Health criteria (DOH, ARV 2005).

2.2 Sample Collection

Whole blood was routinely collected in heparin-free 1EDTA tubes (to prevent agglutination).
These samples were sent from various ARV sites in KwaZulu-Natal to the Department of
Virology, Inkosi Albert Luthuli Central Hospital, Durban for routine 6 monthly CD4 testing,
The residual whole blood was used after routine testing was completed. White blood cells
were extracted and stored at —70°C within 48 hours. PCR was performed and the products

were subsequently used for HMA, cloning and sequencing.
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2.3 Subtyping using env and gag heteroduplex mobility assays

All samples in this study were first subtyped using geg HMA utilizing reference strains A,
AE, AG, B, C, D, F, G, H and J. Determination of the sub-subtype was performed on env
HMA using the reference strains of the subtype identified in the gag HMA . Those samples
that were indeterminate by HMA were analysed further by clonal-sequencing to determine

whether the patient had possible dual infection.

HMA kits were obtained from National Institutes of Health (Bethesda, USA). The HMA
methods used in this study were adapted from the accompanying package inserts, and are

described in the following sections.

231 Béckground on HMA

Base-pairing between double stranded DNA can be exactly complementary, with only A-T to
G-C base interactions. The degree of base pairing influences the migration of dsDNA on a
non-denaturing polyacrylamide gel. A completely complementary dsDNA will migrate faster
than an identically sized PCR product (amplicon) with mismatches. According to Barlow ef al
(2000), mismatches cause ‘bubbles’ in the ‘rod-like’ amplicon that hinders its movement
through the polymerised gel. Furthermore, an insertion or deletion of a nucleotide in one of
the amplicon strands forms a ‘bulge’ that causes an even greater impediment in the

electrophoretic mobility of DNA.

Heteroduplexes are formed when two non-identical but closely related single-stranded DNA

fragments anneal. These molecules will have mismatches and unpaired bases resulting in the

42



structural distortions of ‘bubbles’ and ‘bulges’. The retarded movement of a heteroduplex in
comparison to a homoduplex on én acrylamide gel has shown to be proportional to the degree
of divergence between the two sequences. Delwart ef al (1993) were the first to realise the
relevance of heteroduplex formation to viral genome diversity. Their observations showed that
a PCR amplicon of the variable env region of HIV-1 migrated as a single band on a low
resolving agarose gel, but was separated into several bands on a high-resolution neutral
polyacrylamide gel (Delwart er af, 1993). This gave rise to the use of the Heteroduplex

Mobility Assay in virology which was initially used to subtype HIV-1 (Delwart et al, 1994).

The principle of HMA is the mixing of an i.mtyped samlﬁle with equal amounts of reference
strains which are heated to 94-96°C for two minutes to denature the dsDNA into single
strands. These strands are immediately cooled on ice for annealing to occur. This generates
the original homoduplexes and heteroduplexes composed of complementary single strands
from the two different starting amplicons. The heteroduplex formed between the unknown

sample and the most closely related reference strain will exhibit the fastest migration.

HMA has been successful in subtyping the following viruses: HCV, GBV, Norwalk-like
viruses, influenza, measles, poliovirus and HIV-1. Different genes may be selected for HIV
subtype determination using HMA. Delwart, Mullins and colleagues showed that
heteroduplex formation using nested PCR on the env region could assign a subtype. Other
more conserved regions of the genome like gag and tat have also been used for heteroduplex

formation.
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2.3.2 Methods

2.3.2.1 Sample preparation

White blood cells were isolated from whole blood using the HIV Amplicor test version 1.5
Wash buffer (Roche, Basel Switzerland) (Appendix 1). Sodium phosphate, an integral
component in the wash solution, isolates the white blood cells (leucocytes) from whole blood.

White blood cells were stored at -70°C until ready for testing,

2.3.2.2  Extraction of DNA

DNA was extracted using the NucliSens Magnetic extraction procedure (BioMerieux, Marcy
I’Etoile, France) (Appendix I). This method is based on Boom chemistry using magnetic silica
particles (Boom ef al, 1989). Under high salt conditions provided by buffers, nucleic acid
binds to the silica particles. Non-nucleic acid components are removed by several washing
steps performed in the NucliSens miniMag (BioMerieux, Marcy I’Etoile, France). Finally,

nucleic acids are eluted from the silica particles and were used in the PCR.



2.3.3 Polymerase chain reaction

PCR using gag primers was performed on all 83 samples. PCR using env primers was

performed on all samples positive by gag PCR.

2.3.3.1 Principle of PCR

The polymerase chain reaction is the most-utilised technique for replicating DNA sequences
in vitro. Two oligonucleotide primers, 15-30 base pairs in length, that are complementary to
the target nucleic acid sequence, flank the DNA to be amplified. Primers are included in a
reaction mixture that consists of the target nucleic acid, deoxynucleotides triphosphates
(dNTPs), heat-stable DNA polymerase and a defined solution of salts (buffer, water, etc).

(Kwok et al, 1987)

The mixture 'is exposed to repeated cycles of defined temperature changes. These thermal
changes causes the denaturation (94 1097°C) of the template DNA into single strands, the
annealing (55-72°C) of the primers to the target DNA, and the extension (72°C) of the primers
so that the target DNA is replicated. Subsequent heating cycles utilises the original and newly
synthesised DNA strands as templates for another round of replication. Therefore, the number
of target DNA strands doubles with each thermal c¢ycle. The number of thermal cycles for
infectious agents usually consists of 20 to 40 cycles. This results in a 10°-10° fold increase in

target nucleic acid concentrations within 3 to 4 hours.

For the purposes of this study nested PCR was performed on both gag and env genes of the

HIV-1 genome. The 460bp product yielded by the nested gag PCR with outer primers (P202

45



and G1777) and inner primers (g17 and 1584) was used in the gag HMA. The 700bp product
produced by nested env PCR with outer primers (ED5 and ED12) and inner primers (ES7 and
ES8) was used in the env HMA. Reference plasmids consisting of clones from the different
subtypes of HIV-1 for both the gag and env genes were also amplified. However, plasmids

required amplification using only the second round PCR reaction.

2.3.3.1.1 Master Mix preparation

Specific concentrations of 10 X PCR buffer (without MgCl), MgCl,, PCR grade water
(distilled, autoclaved and filtered), deoxynucleotides (dNTPs), primers, and the enzyme, Taq
Polymerase (Roche, Basel Switzerland) were optimised for a nested HIV DNA PCR. Env and
gag HMAs required separate master mix reactions {Appendix I). The primers for each

reaction were different since different regions of the genome were targeted (Table 5 and 6).

Table 5: Primers used in nested gag PCR

Primer Sequence (5°-3%) Position in genome

HI1G777 (sense) TCACCTAGAACTTTGAATGCATGGG | 777-801

H1P202 (antisense) CTAATACTGTATCATCTGCTCCTGT | 1874-1898

H1Gagl1584 (sense) | AAAGATGGATAATCCTGGG 1123-1141

gl 7 (antisense) TCCACATTTCCAACAGCCCTTTTT 1566-1589

! Position relative to genome of HIV-1 group M strain ELI (Genbank accession number

K03454)
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Table 6: Primers used in nested env PCR

Primer Sequence (5°-37) Position in
genome2
EDS5 (sense) ATGGGATCAAAGCCTAAAGCCATGTG 65566581

ED12(antisense) AGTGCTTCCTGCTGCTCCCAAGAACCCAAG 7822-7792

ES7 (sense) tgtaaaacgacggecagtCTGTTAAATGGCAGTATAGC | 7001-7020

ES8 (antisense) caggaaacagetatgaccCCACTTCTCCAATTGTCCCTCA | 7667-7647

*Position relative to HIV-1HXB2 genome (Genbank accession number K03455)

2.3.3.1.2 Amplification conditions

Amplification was conducted in a Biometra thermocycler (Whatman Biometra, Goettingen).

Amplification conditions differed for env and gag HMA (Appendix I).

2:3.3.1.3 Detection using agarose gel electrophoresis

Agarose gel electrophoresis was conducted to detect the presence of the target HIV DNA
sequence. The PCR product was visualized under ultraviolet transillumination (Whatman
Biometra, Goettingen) on a two percent agarose gel stained with ethidium bromide (Sigma,
Steinheim Germany ), an intercalating agent of DNA (Appendix I). It was important to view a
single band on the agarose gel because multiple bands interfere with distance measurements

due to the formation of heteroduplexes between DNA strands of substantially different size.
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2.3.3.1.4 Considerations taken to avoid contamination

Good laboratory practice guidelines were followed. Each aspect of PCR i.e. extraction, master
mix preparation, amplification and detection were each allocated specific rooms or areas
within the laboratory. A unidirectional flow was conducted {Figure 5) to prevent amplicon

contamination (ie. pre-amplification to post-amplification).

EXTRACTION
ROOM

l

MARTER MIX ROOM

l

AMPLIFICATION
ROOM

l

DETECTION ROOM

Figure 5: Flow diagram of Uni-lateral flow for amplification assays
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2.3.4 Polyacrylamide gels
2.3.41 Background

The preparation of a polyacrylamide gel requires a monomer, acylamide and a bis-acrylamide
crosslinker. A free radical inittator, tetramethylelhylenédiamine, and Ammonium Persulphate
are added to a solution of monomer and cross-linker. Ammonium Persulphate reacts with
tetramethylethylenediamine to form a tetramethylethylenediamine derivative and a free
radical. The tetramethylethylenediamine radical reacts with an acrylamide molecule forming a
tétramethylethylenediamine-acrylamide radical. Polymer chains are formed by repetitive
addition of acrylamide monomers with a free radical terminus. Chain branching occurs when a

bis-acrylamide molecule is added to the end of the chain.

2.3.4.2 Methods

A five percent polyacrylamide gel was prepared with acrylamide (Biorad, California USA),
buffer and water. Tetramethylethylenediamine (Promega, Madison, WI) and Amm(;nium
Persulphate (Molecular Sigma Biology, St. Louis USA) were added for polymerisation. For
gag HMA, urea (Merck Chemicals, Gauteng SA) was added to allow better distinction of
heteroduplexes (Appendix I). Extreme caution was used with the preparation of the

polyacrylamide gel since it 1s a neurotoxin (Appendix HI).
The mixture was loaded between assembled Hoefer gel plates (Hoefer, San Francisco USA)

(Appendix 1) and left to set for approximately 45 to 60 minutes. The gel containing urea

required a pre-run of 15 minutes before loading of samples.
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A heteroduplex annealing buffer was prepared (Appendix II) and added to the PCR product
and reference strain. Each sample reaction was prepared in a 0.2mi PCR tube with 1.1 pl

annealing buffer, 5 pl reference strain and 5 pl sample.

The tubes were heated at 94°C for two minutes and immediately cooled on ice: rapid cooling
facilitates the formation of stable heteroduplexes between divergent strains. The heteroduplex
reaction was mixed with 3ul loading dye and carefully loaded onto the 5% non-denaturing
polyacrylamide gel while the sandwich was on the caster. A molecular weight marker (Roche,

Basel, Switzerland) was loaded simultaneously to serve as a reference marker.

The gel plates were carefully loaded onto the electrophoresis apparatus, placed in the gel tank
and covered with 1 X Tris Borate EDTA (Appendix II). The gel was electrophoresed at a
constant voltage of 250V for 3 hours for the env products and 250V for 2.5 hours for the gag
products. The gel tank was placed in a water bath with ice packs to avoid the tank from

heating and thus melting the gel.
The gel was removed from the apparatus, placed in an ethidium bromide (Merck, Germany)

solution for 10 minutes and destained with distilled water. It was then viewed under ultraviolet

light using the Biometra GelDocAnalyse version 1.0 (Whatman Biometra, Goettingen).
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2.3.4.3  Electrophoretic conditions

The electrophoretic conditions are extremely important for heteroduplex stability. Therefore
optimisation of the gel units, plates, acrylamide concentration, buffer and standard

voltage/current conditions were carefully adjusted for this experiment.

2.4 Confirmation of dual HIV infection using cloning and direct
sequencing

Cloning followed by sequencing of the clones is the most reliable method to confirm
indeterminate infections (Brenner et al, 2004; Gottlieb ef al, 2004). Therefore all samples
analysed by HMA which showed more than one heteroduplex migrating to the furthest
position on the gel, or had distinct slow migrating heteroduplexes or smears were cloned and
then sequenced. Tag polymerase-amplified PCR products were used with a TOPO TA
Cloning® Kit (Invitrogen, Carlsbad, California) to produce clones that were ready for

sequencing.

241 PCR Clean-Up for seqtlj-eﬁ.c.:ing and cloning
PCR products wefe purified using the QIAquick® PCR Purification Kit (Qiagen, Hilden). This
procedure is based on spin-column technology and the selective binding properties of a
uniquely designed silica-gel membrane. In effect three steps are involved ie. binding, washing
and eluting of the DNA (Figure 6). DNA binds to the silica membrane in the presence of high
.sa.lt concentrations while contaminants, unwanted primers and impurities such as enzymes,

unincorporated nucleotides etc are washed out through the column. Binding buffers provided

51



in the kit maintain the high salt concentration and suitable pH (< 7.5) for DNA adsorption
onto the silica membrane. Elution of the DNA occurs in the presence of low salt

concentrations which are provided by the elution buffer or water.

PCR reoctien

£

F
g
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Figure 6: Diagram of QIAquick Spin Purification Procedure (www.qiagen.com)

2.4.2 Cloning

24.2.1  Principle

Several steps are performed to generate clones. Firstly the region of interest or the fragment of
DNA containing the gene to be cloned is inserted into a circularized DNA molecule called a
vector. The vector and the gene together form a recombinant DNA molecule. The vector acts

as a vehicle that transports the gene into a host cell, where the recombinant DNA molecule
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multiplies. The host cell also divides, and copies of the recombinant DNA molecule are
passed to the progeny and further replication of the vector and gene takes place. Numerous
cell divisions occur after which a colony, or clone of identical host cells are produced. Each
cell in the colony contains one or more copies of the recombinant DNA molecule, the gene of

interest carried by the vector is now said to be cloned.

The central component to a cloning experiment is the vector. Vectors must be capable of
entering a host cell and once inside must replicate to produce multiple copies of itself. Two
naturally occurring vectors are used: plasmids and virus chromosomes. For the purposes of
this study a TOPO TA Cloning® Kit for Sequencing (Invitrogen, Carlsbad California) was
used which contained a plasmid vector, pCR®4-TOPO® (Figure 7). The enzyme,
topoisomerase was bound to the vector which changes the conformation of the plasmid by

introducing or removing supercoils,
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LacZa initiation codon
M13 Reverse priming site | T3 priming site
[ | | |
201 CACACAGGAA ACAGCTATGA CCATGATTAC GCCAAGCTCA GRATTAACCC TCACTAAAGG
GTGTGTCCTT TGTCGATACT GGTACTAATG CGGTTCGAGT CTTAATTGGG AGTGATTTCC
Spe | Pst | Pmel EcoRI EcoR | Not |

| | ] | |
261 GACTAGTCCT GCAGGTTTAA ACGAATTCGC CCTT AGGGC GARATTCGCGG
CTGATCAGGA CGTCCAAATT TGCTTAAGCG GGARE
T7 priming site M13 Forward (-20) priming site
| |

311 | CCGCTARATT CAATTCd:CC TATAGTGAGT CGTATTACRA TTCACTGGCC GTCGTTTTAd
GGCGATTTAA GTTAAGCGGG ATATCACTCA GCATAATGTT AAGTGACCGG CAGCAARATG

Figure 7: Diagram of vector pCR®4-TOPO®Map Invitrogen Life technologies

The PCR product to be sequenced is inserted into the cloning site situated between bases 294
and 295. This cloning site is contained within the N-terminal fragment of the lacZ gene of E.
coli. This allows for blue/white screening to confirm that the insert has been included in the

vector. A white colony represents the clone with the insert.

54



2.4.22  Method

A ligation reaction between the vector and the PCR product was performed in the presence of
a salt solution. This resulted in the formation of a recombinant DNA molecule. In order to
form multiple copies of this moleéulé, a transformation step was performed. This involved
.mixing the ligation reaction with DH5 a competent cells, and culturing the cells on LB agar
plates. Clones were analysed by PCR for either the env or gag region of the HIV genome.

PCR positive clones were sequenced (Appendix I).

2.4.3 Direct Sequencing

2.43.1  Introduction

Sequencing determines the order of the nucleotides of a gene or PCR fragment. In this study,
sequencing was performed using ABI Prism BigDye Terminator v3.1 ready reaction Cycle
Sequencing Kit and an ABI cycle sequencer 3100 (ABI, United Kingdom). A sequencing
reaction i.e. denaturation, annealing and extension occurs that is similar to PCR but only one
primer is used per reaction. Deoxynucleotides tri-phosphates (AN'TPs) and dideoxynucleotides
tri-phosphates (ddNTPs} are added which bind to complementary target sequences. When a
ddNTP is incorporated, the extension reaction is terminated because a ddNTP contains an H-
atom on the 3rd carbon atom whereas dNTP's contain an OH-atom on that position. The
ddNTP's are fluorescently labeled. Therefore, it 1s possible to detect the color of the last base
of this fragment on an automated sequencer. The sequencer separates sequencing ladders by
using capillary arrays, which are automatically filled with polymer solution. In this study

sequencing was performed to confirm dual infections determined by HMA.
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2.4.3.2 Pre-sequencing sample preparation

PCR products were purified using the QIAquick® PCR Purification Kit (See 3.4.1) (Qiagen,
Hilden). The concentrations of the PCR products were determined by comparison of the PCR

products to a mass ladder (Invitrogen, Carlsbad, California).

243.3 Master mix preparation for seq uencing' reacﬁon

A separate master mix was prepared for each primer (Appendix I). Only the second round
primers were used ie ES7/ES8 and 1584/g17 for the env region and gag region respectively.
15p] of master mix was aliquoted into the appropriate wells and 5pl of diluted product into the
appropriate well. The product and the master mix were mixed by pipetting and then placed in
the thermocycler where the sequencing reaction took place under the conditions indicated in

Table 7:

Table 7: Amplification conditions for sequencing reaction

Temperature CC) Duration (seconds)

96 10

50 5 } 25 cycles
60 240

4 indefinitely

2434 Clean-up of Sequencing reaction

An in-house clean-up method was used. This was based on the use of isopropanol (Merck,
Germany) and ethanol (Merck, Germany) in conjunction with centrifugation (Appendix I,

Samples were sequenced immediately or stored at -20°C for no longer than two weeks.
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2.4.3.5 Post-Sequencing Reaction

After the sequencing reaction and clean-up were performed the samples were reconstituted in
Hi-Di™ Formamide {ABI, United Kingdom) and denatured at 95°C for 3 minutes. Samples
were sequenced on an ABI 310 cycle sequencer (ABI, United Kingdom) at the South African

Sugar Research Institute.

2.5 Phylogenetic Analysfs

Sequences. <:;f the 460bp gag regions of the HIV genofne obtained from the ABI Sequencing
system were edited using SeqMan (DNA Star) and BioEdit. Sequences were aligned using
Clustal X. Phylogenetic Trees were constructed using PAUP Version 4. Phylogenetic trees
were visualised in TreeView. Recombination and diversity on sequences was determined by
Simplot® and MEGA®, respectively. Procedures described in the Los Alamos website were

used to rule out contamination.
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Chapter three — Results

3.1 Sample collection

Eighty three samples were analysed. All the patients were on ARV therapy. The age, gender,
ARV site, CD4, viral load and subtyping results are summarized in table 8.

Table 8: Patient details

STUDY | HIV-1 |CD4 AGE | GENDER | *Subtyping | *Subtyping by | ARV SITE
NUMBER | VIRAL | COUNT by gag env HMA
LOAD HMA
21 2200 28 36 F ¢ unamplifiable | Addington
54 2150 152 35 M c C KEH
56 410 507 6 4 C unamplifiable | Stanger
61 60100 | 685 31 M C C M.G.M.H.
76 590000 | 148 34 - (2 € M.G.M.H.
77 21000 |14 29 F C C M.G.M.H.
84 290000 | 138 44 F C unamplifiable | M.G.M.H.
85 4400 318 31 F C unamplifiable | M.G.M.H.
86 170000 | 155 20 F C € M.G.M.H.
89 <400 |272 33 F C C C.TX.
90 <400 137 33 M 2 C CTXK:
91 130000 | 120 F C C C.T.K.
92 <400 | 253 31 F % Indeterminate | C.T.K.
by env HMA
94 54 250 45 F C C C.T.K.
95 <25 81 45 F € unamplifiable | C.T.K.
96 <400 | 393 26 F Cc unamplifiable | C.T.K.
97 <25 323 44 F C unamplifiable | C.T.K.
98 <400 253 35 F C unamplifiable | K.E.H.
113 3200 325 32 M Untypeable | Untypeable by | Stanger
by HMA | HMA
114 303000 | 112 29 M c C -
125 450 257 37 M Untypeable | Untypeable by | Stanger
by HMA HMA
127 735 22 34 M C C C.TK,
128 1900 256 35 F 51 C Stanger
130 6400 91 30 M & C Stanger
137 1800 52 38 M C unamplifiable | Addington
144 140000 | 123 32 F C C Stanger
148 169000 | 122 39 F C € K.E.H.
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STUDY |HIV-1 | CD4 AGE | GENDER | *Subtyping | *Subtyping by | ARV SITE
NUMBER | VIRAL | COUNT by gag env HMA
LOAD HMA
160 2670 441 6 F Untypeable | Untypeable by | K.E.H.
by HMA HMA
164 4700 135 22 F Untypeable | Untypeable by | M.G.M.H.
by HMA HMA
182 210000 | 252 33 F 2 C K.E.H.
201 18000 | 161 11 M C unamplifiable | P.M.M.H.
203 2500 316 26 F C unamplifiable | R.K.K.
205 44000 |21 35 F C Indeterminate | M.G.M.H.
by env HMA
207 14000 | 350 29 F C unamplifiable | K.E.H.
210 69000 | 154 36 M Untypeable | Untypeable by | Stanger
by HMA HMA
213 610 368 47 F C unamplifiable | RK.K.
215 24600 | 81 37 F Untypeable | Untypeable by | R.K.K
by HMA HMA
224 87000 | 167 39 F C C G.J.C
233 5600 171 33 F C c R.K.K.
256 <25 450 29 F C unamplifiable | K.E.H.
258 <25 323 30 F & C M.G.M.H.
261 <25 135 24 F C unamplifiable | M.G.M.H.
262 <25 190 36 F A unamplifiable | M.G.M.H.
263 2100 147 36 M C Indeterminate | M.G.M.H.
by env HMA
266 16000 | 132 28 F G C K.E.H.
268 3000 184 29 F C C K.E.H,
276 <400 | 290 31 F C unamplifiable | St.
Apollinaris
277 <25 117 40 M C C K.E.H.
280 412 303 49 F C unamplifiable | Stanger
303 2600 | 265 10 F C unamplifiable | K.E.H.
339 <400 210 35 F € unamplifiable | Stanger
340 <400 146 32 F C & Stanger
341 <400 127 34 F L % R.K.K.
344 <400 | 254 40 F C C Stanger
345 <25 482 7 F € unamplifiable | K.E.H.
346 <25 273 7 M C & C.TK.
347 1000 239 31 F C, Dual Indeterminate | C.T.K.
infection by env HMA.
confirmed
by clonal-
sequencing
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STUDY HIV-1 | CD4 AGE | GENDER | *Subtyping | *Subtyping by | ARV SITE
NUMBER | VIRAL | COUNT by gag env HMA
LOAD HMA
350 <25 216 35 F |3 unamplifiable | M.G.M.H.
351 <25 255 29 M 9 C K.E.H.
354 <25 168 31 F C C G1C.
355 200000 | 284 26 F C . St.
Apollonaris
357 <25 328 26 F C 2 R.K.K.
358 4500 218 36 M C C R.K.K.
359 <25 210 36 M C unamplifiable | M.G.M.H.
362 65000 | 110 28 - C C GJ.C.
378 14000 | 232 31 F Untypeable | Untypeable by | K.E.H.
by HMA HMA
385 660 204 33 M C C R.K.K.
400 14000 |98 53 P Untypeable | Untypeable by | Stanger
by HMA HMA
428 33000 | 218 42 M Untypeable | Untypeable by | Stanger
by HMA HMA
429 470000 | 507 7 F Untypeable | Untypeable by | Stanger
by HMA HMA
436 22000 | 365 28 F C 2, K.E.H.
439 120000 | 148 9 F G unamplifiable | Stanger
441 52000 | 360 56 M € & R.K.K.
442 2200 185 33 F C & K.E.H.
443 3500 241 29 F 5 unamplifiable | K.E.H.
445 590 1257 T M C unamplifiable | K.E.H.
450 1100 347 - F C C K.E.H.
453 12000 | 421 56 F C unamplifiable | K.E.H.
454 <25 258 - F C C R.K.K.
456 <25 149 36 F C unamplifiable | RK.K.
457 <25 428 23 F C unamplifiable | RK.K.
459 <25 79 42 M C (&) R.K.K.
460 <25 327 32 F C unamplifiable | R.K.K.

* The subtyping results are discussed further in Section 3.3, page 66.

Note: CTK: Christ the King, GJC: G.J. Crookes KEH: King Edward Hospital, MGMH:
Mahatma Ghandi Memorial Hospital, PMMH: Prince Mshiyeni Memorial Hospital, RKK: R.

K. Khan
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3.2 Polymerase Chain Reaction

3.2.1 gag products

MW6 S

«—— 460bp

Figure 8: Detection of a 460 bp gag PCR product on a 2% agarose gel (boxed
area, indicated by arrow). Molecular weight marker 6 is used as a reference for
the PCR product.

Subtyping using HMA requires the identically sized segment of the equivalent position of the
genome to be amplified in all samples and reference strains. The gag primers generate a 460
bp gag gene fragment (Figure 8) corresponding to the region coding for amino acid 132 of
p24 up to amino acid 40 of p7 in the genome. The gag PCR was positive in 87.9% (73/83) of
samples. The median viral load and CD4 count of unamplifiable samples was 19300 copies/ml
and 225 cells/pl, respectively. However, those samples that were successfully amplified by
gag PCR had a median viral load of 6000 copies/ml and a median CD4 count of 215.25

cells/ul.
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3.2.2 env products of 700bp

MW8

( ;
Ev_ Tl L 3
? b, o i
1 =

«——700 bp

Figure 9: Detection of an env PCR product on a 2% agarose gel. The product is
700bp using molecular weight 8 as a reference (shown by arrow).
The env region is the most variable region of the HIV genome and is useful in subtype
determination and determining sequence diversity. HMA is dependent on the mismatches
between the sample and reference strains; therefore both the samples and the reference strains
had to be amplified to the same sizes ie 700bp for env HMA. It was extremely important that
the PCR product was a single band of the correct sized fragment. Figure 9 is a general

representation of the env PCR product.

Env PCR was performed on the 73 samples positive by gag PCR. Of these 73 samples, 47
(64%) were env PCR positive. The remaining 26 samples were unamplifiable by env primers
ES7 and ES8. The median viral load of the unamplifiable samples was 3950 copies/ml and the
median CD4 count was 277.5 cells/ul. The amplifiable samples had a median viral load and

CD4 count of 11200 copies/ml and 184 cells/ul, respectively.
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3.3 Heteroduplex Mobility Assay Results - Polyacrylamide gels

3.3.1 gag Heteroduplex mobility Assay

S JT H G F D C B AG AE A MW6

igure 10: A 5% polyacrylamide gel with 20% urea sowing subtype C as the
resulting subtype (indicated by arrow). Reference strains of HIV-1 A, AE, AG,

B, C, D, F, G, H and J of the gag region are used in subtyping. S represents the
sample migrating without a reference strain.
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S JH G F D C B AG AE A MW6

Figure 11: A 5% polyacrylamide gel with 20% urea showing subtype A as the
resulting subtype (indicated by arrow). Reference strains of HIV-1 A, AE, AG,

B, C, D, F, G, H and J of the gag region are used in subtyping. S represents the
sample control i.e. the sample migrating without a reference strain.

All reference HIV-1 strains (A, AE, AG, B, C, D, F, G, H and J) from the gag HMA kit were
mixed with each sample to form heteroduplexes. The resulting subtype was determined by the
heteroduplex that migrated to the furthest point on the polyacrylamide gel. In Figure 10, the

sample is a subtype C while in Figure 11 the sample is a subtype A.
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S J H G F D MWé6 C B AG AE A

Figure 12: Representation of an indeterminate sample with subtypes AG and C detected on a
5% polyacrylmide gel using 20% urea (indicated by boxed area). A, AE, AG, B, C, D, F, G, H
and J are HIV-1 subtypes used to from heteroduplexes with the sample.

In some instances, a 20% urea gel resulted in more than one subtype migrating to the furthest
position on the gel (Figure 12). It was suggested that in cases where the gel presents multiple
bands at equivalent positions, a 30% urea gel should be used to confirm this result

(Heyndrickx et al, 2000). A 30% urea gel allowed for more separation between subtypes with

better resolution of heteroduplexes. As Figure 13 shows, this sample is a subtype C.
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S C B AG MWo6
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Figure 13: Representation of a 5% polyacrylamide gel with 30% urea. This gel was used to
confirm heteroduplexes migrating to the equivalent furthest position on the 20% urea gel. AG,
B and C are HIV-1 subtypes used to form heteroduplexes with the sample. S is the sample
with water used as a control for diversity within the sample. The arrow points to the resulting
subtype for this sample which is subtype C.

All samples analysed by gag HMA were distinctly of a single subtype. None of the samples
were indeterminate. Subtype C accounted for 98.6% of infections (n=73) while 1 sample was

a subtype A infection (Table 8).
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3.3.2 env Heteroduplex Mobility Assay

3.3.2.1 Single HIV infections

MW6 C1 C2 C3 B S

Figure 14: A 5% polyacrylamide gel used to detect sub-subtype dual infections using env
reference strains C1, C2, C3 and B. The arrow points to the resulting sub-subtype which is C3.
Lane S is the control lane of the sample and water.

Env HMA was used to determine sub-subtypes. The sub-subtypes C1, C2 and C3 were used to
form heteroduplexes with the amplified PCR product. Like gag HMA, the heteroduplex
migrating to the furthest point on the gel is the resulting subtype or intra-subtype for that

sample. A representation of this is shown in Figure 14.
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3.3.2.2 Indeterminate Result

Figure 15: Representation of indeterminate env HMA on a 5%
Polyacrylamide gel. Sub-subtypes C1, C2 and C3 are used

with the sample. S represents the sample electrophoresed without
reference strains.

Subtypes are determined on HMA by the heteroduplex that migrates to the furthest position in
the gel. Samples in which a single subtype cannot be unequivocally determined require clonal
sequencing to determine the subtype or the presence of dual infection or recombination. Such
indeterminate results occur when there are distinct slow migrating heteroduplexes or smears
(Gottlieb et al, 2004; Grobler et al, 2004) or when two hetroduplexes migrate to the furthest
equivalent position on a polyacrylamide gel. In this study, 4/47 (8.5%) of the samples showed
bands on HMA which could not be subtyped as a single infection and therefore required

clonal sequencing as confirmation. An example of such a gel is shown in Figure 15.
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3.4 Cloning Results

Figure 16: Agarose gel detection of gag PCR products amplified from clones

Figure 17: Agarose gel detection of env PCR products amplified from clones

Selected clones analysed by PCR that contain the inserts of interest i.e. gag (460 bp) and env

(700bp) are shown (Figures 16 and 17, respectively).

69



3.5 Sequencing results

The clones of the 4 indeterminate samples on HMA were sequenced. The phylogenetic
analysis of these clones are shown below. The electropherogram from clone 1 of sample 92 is
shown in Appendix II. The results of the other clones were similar and have therefore not been

shown.
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3.6 Phylogenetic Analysis
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Figure 18: Phylogenetic tree showing HIV-1 subtypes. HIV-1 subtypes using
gag sequences (460 bp) were used to construct this tree with the neighbour-
shown with in red dots. Reference sequences are from the Los Alamos database
(available at: http:/www. hiv.lanl. gov). Bootstrap values (500 replicates) >75%

jomning method. Subtype C gag clones of samples 92, 205, 263 and 347 are
are shown.
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The results of the phylogenetic analysis of the 4 clones using the gag region (460bp) of HIV-1
subtypes A, B, C, D, F, G, H, J and K are shown in Figure 18. These show the monophyletic
clustering of the clones of samples 92, 205, 263 and 347. Dual infection is defined as the
presence of two infecting viruses within an individual that are no more closely related to one
another than to at least one unlinked strain in the HIV database (Gottlieb ef a/, 2004), Based

on this definition, these samples cannot be classified as inter-subtype dual infection.
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Figure 19: Phylogenetic tree of gag Subtype C sequences. HIV.1 gag sequences (460bp) were
used to construct this neighbour-joining method. Subtype C clones of samples 92, 205, 263
and 347 are shown with symbols Reference sequences are from the Los Alamos database
(available at: hitp:fwww hiv lanl gov). Five hundred bootstrap replicates were analysed and
those >75% are shown
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The results of the phylogenetic analysis of the clones using the gag region (460bp) of HIV-1
subtype C are shown in Figure 19. This shows dual infection of sample 347 which grouped
separately on the phylogenetic tree. Clones of samples 92, 205 and 263 cluster monophyleticly
and therefore cannot be classified as inter-subtype dual infection. Simplot was used to exclude

recombination. Further details of these samples appear in Table 8.
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4. Chapter Four — Discussion

HIV, the causative agent of AIDS, has extraordinary genetic variability, This diversity is due
to the lack of a proof-reading mechanism by the enzyme reverse transcriptase (Battula and
Loeb, 1976) and its template switching ability during reverse transcription (Pulsinelli and

Temin, 1994).

The genetic diversity of HIV has an impact on the management of the disease. A major
concern is that all variants of HIV must be recognizable by diagnostic tests and be equally
susceptible to ARVs, In addition, an HIV vaccine must be able to prime the immune system
for infection with any form of the virus. The appearance of new HIV variants due to the
recombinogenic activity of the virus will have an impact on diagnosis, treatment and

prevention.

The diversity of HIV in the form of species, groups, subtypes, sub-subtypes, URFs and CRFs
creates the possibility of a patient being infected with more than one variant i.e. dual infection.
This occurs either as a co-infection when two viral variants cause infection at or near the same
time before seroconvérsion, or as superinfection (reinfection) in which primary infection is

followed by infection by another viral variant after seroconversion.
Dual HIV infection is a pre-requiste for recombination, which results in CRFs and URFs,

Dual infection causes rapid disease progression (Gottlieb ef al, 2004) and may also affect

treatment response (Smith er a/, 2005). HIV superinfection implies that the immune system
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cannot prevent a second infection after responding vigorously to an initial infection. This has

important consequences for vaccine development.

Continued surveillance for the emergence of dual infection is therefore necessary due to its
impact on HIV management and prevention. The objective of this study was to establish and
optimize methods for subtyping and detection of dual infection. The first aim was to
determine the prevalence of dual infection in the target population and the second, to

document the subtype distribution of HIV in KwaZulu-Natal.

Samples submitted for routine CD4 testing from the KwaZulu Natal ARV Rollout iarogramme
were identified for use in this study. Routine testing was performed and residual whole blood,
which would otherwise have been discarded, was used anonymously for this study. The
Heteroduplex Mobility assay was performed on these samples to determine the HIV subtype
and to screen for possible dual infection. Samples were screened for inter-subtype and sub-
subtype dual infection using gag and env HMA respectively. Samples that were indeterminate
by HMA were cloned and sequenced. Phylogenetic analysis was performed to determine
whether the patient had possible dual infection. Dual infection by clonal-sequencing and
.phylogenetic analysis was defined as the presence of two infecting viruses within an
individual that are no more closely related to one another than to at least one unlinked strain in
the HIV database. (Gottlieb ef al, 2004). Recombination and diversity were determined by

Simplot® and MEGA®.
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Dual infection was found in 1/47 (2%) of the study population. The prevalence of dual
infection in KwaZulu-Natal has not been previously reported for a normal-risk population.
The prevalence of dual infections in other population-based studies was higher than in the
present study. In Tanzania, the prevalence of dual infection was 28% (Herbinger et al, 2006).
In a sex-worker cohort study the percentage of dual infection was 19.6% (Grobler et al, 2004).
However, the risk groups analysed were different to the present study. The Tanzanian study
used normal-risk and high-risk populations (Herbinger et al, 2006). Grobler et al (2004} also
used a high-risk population in which subjects had multiple exposures {up to 437 exposures per
year). The samples from the ARV Rollout programme were from a diverse group of

individuals who most likely had a lower number of exposures per year.

Furthermore, Grobler’s study was. lbﬁgitudinal in which a cohort of female sex workers were
followed-up over a course of 24 months. The risk of dual infection was highest at the time of
initial infection an.d most likely represented co-infection. The present study is cross-sectional
and consists of patients on ARVs with CD4 counts below 200 cells/pl. Most of the patients in
this study are therefore likely to have had chronic infection and the study sample would not

have been taken during the time of inittal infection.

The low prevalence of dual infection in the present study could also be attributed to several
technical factors. HMA may not detect dual infections if the second virus is present in low
amplifiable copy numbers (Grobler ef @/, 2004). In addition, four clones were sequenced for
each sample suspected to have dual infection. Studies that have detected dual infections have

used between 20-134 clones per sample to confirm dual infections (Grobler et af, 2004;
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Gottlieb ez al, 2004). Selecting more clones increases the chances of detecting dual infections.
In future studies, more clones need to be selected in order to increase the sensitivity of the

technique in identifying dual infections.

The HIV-1 subtype distribution in South Africa consists mainly of subtype C infections. CRFs
and subtypes A, B and D also contribute to the epidemic but account for only 5.3% of
infections in South Africa (Los Alamos, 2006). The limited circulation of HIV subtypes in
South Africa could explain the low percentage of dual infections (2%) reported in this study.
In areas that have multiple subtypes circulating, dual infection between subtypes is more

frequent (Herbinger ef al, 2006).

The present study reported an intra-éubtype C dual infection. This reflects the predominance
of subtype C in KwaZulu-Natal. Intra-subtype dual infections have also been documented in
other studies; The South African sex-worker cohort reported intra-subtype C dual infections
{Grobler er al, 2004). Gottlieb ef al (2004) reported four intra-subtype B infections and one
intra-subtype C dual infection. Other reports of dual infections between subtypes also reflect
the main circulating strains in the area. For instance, HIV-1 and HIV-2 dual infections have
been reported in Senegal (Curlin ef af, 2004). Co-infections with subtype A and subtype D has

~ been reported in Kenya (Steain ez a/, 2005).
The second aim of this study was to determine the molecular epidemiology of HIV in

KwaZulu-Natal. Infections were all subtype C, except one which was subtype A (1/47). These

results are in accordance with previous data which demonstrate that subtype C has dominated
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fhe pandemic in South Africa (Los Alamos, 2007). However, non-C types have been reported.
Subtype B and subtype D are responsible for a few infections (Treurnicht ez al, 2002).
Subtype A and a few recombinants are also present in the population (van Harmelen ef al,
1999) and may have been introduced to South Africa by immigrants from neighbouring
countries like Mozambique, Zimbabwe, Botswana and Namibia or other parts of Africa (Los

Alamos, 2007).

The finding of an intra-subtype C dual infection in this study reflects the predominance of one
subtype in KwaZulu-Natal. Other dual infection studies using South African cohorts have also
reported intra-subtype C dual infections (Gottlieb et al, 2004; Grobler ef af, 2004). In
addition, 98.6% (n=73) of the samples were subtype C infections. Globally, subtype C is the
greatest contributor to the epidemic, causing 50 per cent of infections (Hemelaar et al, 2006).
The circulation of subtypes in South Africa is due to two separate epidemics. Initially the
homosexual population presented with infections by subtypes B and D which was followed by
a subtype C epidemic in the heterosexual black population (Williamson et al, 1995). Other
subtypes have also been identified in South Africa and the present study identified a subtype

A infection.

Subtype C infections have spread rapidly throughout the world. Its prevalence of 50 per cent
currently dominates the pandemic (Hemelaar et al, 2006). Strains were first introduced in
Ethopia in the early eighties (Salminen et @/, 1996). Countries within Southern African have
the highest prevalence of Subtype C infections. China, India and Brazil are areas highly

affected by subtype C infections as well (Los Alamos, 2007).
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Viral, host and socioeconomic factors may be related to the increase in C-type infections.
Viral differences have been noted in HIV-1 Group M subtypes. Subtype C is the only variant
to have an extra NF-xB binding site. Studies have shown that the triple (NF)-xB motif confers
a higher promoter activity. The response to the proinflammatory cytokine tumor necrosis
factor-a is increased with the triple (NF)-xB configuration. This suggests that subtype C may
have a replication advantage in individuals with chronic immune activation. Other differences
between subtype C and the other HIV Group M subtypes have been identified. For instance,
the protease genés may have increased catalytic activity relative to other subtypes (Oliveira et
al, 2003). The regulatory proteins, Tat and Rev are prematurely truncated and the vpu reading
frame has a 15-bp insertion at the 5 end (Huang et al, 2003) in HIV subtype C. The rapid
spread of subtype C may be due to the use of the co-receptor CCR-5 (Ball et @l, 2003). Further

studies are required to validate these queries.

The findings of this study need to be confirmed in large-scale epidemiological and long-term
longitudinal investigations. However, there are limitations to the methods used for subtyping
and detection of dual infection. Sequencing is the gold standard for subtyping but is expensive
and labour-intensive. Furthermore clonal-sequencing requires a large number of clones to be
selected. This procedure is expensive and labour-intensive and therefore impractical in the

clinical setting,
The HMA subtyping method is also problematic. Many samples were non-amplifiable by both

gag and env primers from the HMA kit used in this study. Eighty-three samples were selected

for PCR. The gag PCR was positive on 73 samples. The remaining 10 samples were
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unamplifiable by gag PCR. The median viral load of the unamplifiable samples (19300
copies/ml) was greater than the median viral load of the amplifiable samples (6000 copies/ml).
This implies that a lower copy number, as measured by plasma viral load, is not a reason for
non-amplification by gag PCR. 46 out of 73 samples were positive by env PCR. Unlike gag
PCR, env PCR was more likely to be positive if the patient had a high viral load and a low

CD4" cell count.

Rigorous optimization tests were conducted to improve the number of PCR positive samples.
Primer and MgCl, concentrations were altered individually to improve primer annealing,
Template volumes were also changed. DNA concentrations were determined by
spectrophotometry to ensure that DNA extraction was optimal. However, the samples

remained non-amplifiable even with optimal PCR conditions.

The inability to amplify samples by PCR could be due to primer-target mismatches. This
could arise as a result of the genetic diversity of the target sequences. This has implications for
subtyping HIV since primers used for subtype determination must amplify all HIV variants.
The primers used for gag and env PCR should be designed to anneal to all types of HIV
variants. Furthermore, HMA kits should have different PCR primers and reference strains for
different geographic regions. For instance, an HMA kit for South Africa should consist of
reference subtype strains from South Africa and primers designed on the basis of the subtype
circulation in South Africa. Another limitation of the HMA kit is the lack of a positive control
for dual infection. In addition, HMA is only a screening method for dual infection, which

requires confirmation by further clonal sequencing and phylogenetic analysis.
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Despite technical and methodological limitations, this study has highlighted important aspects

of the molecular epidemiology of HIV in this region.

This study confirms the predominance of subtype C in this study population and therefore
highlights the importance of developing a subtype C vaccine for this region. On the other
hand, the finding of a single subtype A infection within this region emphasizes the importance
of designing a vaccine with broad cross-clade efficacy. A more unusual finding in this study,
which may be of interest to vaccine research, is the finding of a dual sub-subtype C infection.
This implies that infection with one particular subtype of HIV is insufficient to prevent
infection by viruses belonging to the very same subtype. This raises the possibility that should
a subtype specific vaccine be used in this region, that not all infections by the same subtype
would be prevented, However, a limitation of this study is that it did not determine how dual
infection occurred i.e. whether it occurred as a co-infection or a superinfection. Further
prospective studies are required to document the occurrence of superinfection, the associated

immune responses and the potential impact this would have on subtype C vaccines.

The occurrence of dual infection has implications for other preventative measures. Safe-sex
needs to be practiced by HIV-infected persons since they may not be immune to infection by
other variants of HIV. HIV positive patients need to be counseled that dual infection causes
rapid disease progression (Gottlieb ef al, 2004) and may also affect treatment response (Smith
et al, 2005). The magnitude of these effects needs to be investigated within the ARV Rollout

programme in this region.
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The present study is the first performed in Sbuth Africa using samples from a normal-risk
population to determine dual infection. This study confirmed 1/47(2%) samples to be dually
infected. The low prevalence of dual infection suggests that this phenomenon is unlikely to
have a significant impact on diagnosis, treatment and vaccine development at this point in
time. However, due to the dynamic nature of the epidemiology of HIV, continued surveillance

is necessary to monitor the trends in the prevalence of dual infection.

Conclusion

The present study aimed to determine the prevalence of dual HIV infection in KZN. One case
of intra-subtype C dual infection was identified. The rest of the sample population was single
HIV-infections consisting of subtype C infections and one subtype A infection. The incidence
of dual infection in KZN is low. At present, dual infection is unlikely to have an impact on
diagnosis, treatment and prevention. However continued surveillance of dual infection and the

molecular epidemiology of HIV is necessary due to the dynamic nature of the HIV pandemic.
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Appendix I

Isolation of white blood cells (Package Insert: AMPLICOR® HIV-1 DNA Test, version

1.5)

HIV-1 DNA was extracted within a designated Extraction room. Whole blood was manually
inverted 10-15 times to ensure thorough mixing of blood. 1ml of Blood Wash was addf:d o
each 2ml| screw-cap tube. Removal of caps from each tube of whole bléod wasperformed
with the use of a gauze pad to avoid aerosol contamination. 500 ul of whole. blood was
pipetted into each tube contaming Bld WS usmg .ﬁ iﬁicropipette with an aerosol .:b.ar.rier tip.
The tubes were capped and then mixed by inverting tubes 10 to 15 times. The tubes were then
incubated for 5 minutes at fodm femperature after which the mbes were inverted 10 to 15
times again. The tubes were incubated for an additional 5 minutes at room temperature. Using
a microcentrifuge .(Jouan, France) the tubes were centrifuged at full speed (14000 rpm) to

pellet the white blood cells.

The resulting supernatent was aspirated with a fine—tip transfer pipette without disturbing the
WBC pellet. 1ml of Bld WS was added to each tube, which was then vortexed to resuspend
the pellet. The tubes were microcentrifuged at maximum speed for 3 minutes. This step was

performed for at least 3 times or until the pellet was free of red blood cells.

The final aspiration of supernatent was carefully performed to remove all traces of Bld WS.

The dry pellet could be extracted immediately or stored at ~70°C until extraction.
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PCR: Master Mix preparation
The env subtyping master mix was prepared according to concentrations from Heteroduplex
mobility assay, HIV-1 env subtyping kit, protocol version 5 (National Institutes of Health,

Bethesda, USA). This is shown in Figure 20,

First round (50 ul reaction)

10 X PCR reaction buffer (without MgCl,) 5.0 ul
MgCl, (25mM) : 2.5ul
Water : 250l
dNTPs (10mM) o : 1.0 ul
EDS5 (5pmoles/ul) - 2.0ul
ED12 (5pmoles/ul) o 2.0ul
Tag (1U/ul) ' - _ 2.5ul
Template ' 10.0 ul
Second round (50 ul reaction) '
10 X PCR reaction buffer (without MgClg) ' 5.00 ul
MgCl, (25mM) o _ 2.50ul
Water o 34.20 ul
dNTPs(10mM) 1.00 ul
ES7 (5pmoles/ul) _ _ 2.00 ul
ES8 (5pmoles/ul) 2.00 ul
Taq (1UA) : 1.25 ul
Template ' 20 ul

Figure 20: env nested PCR master mix
The master mix for gag gene subtyping was prepared according to the protocol HIV-1 group

M gag HMA Subtyping Kit (Protocol Version 5, February 2002) (National Institutes of

Health, Bethesda, USA). This is shown in Figure 21.
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First round (50 ul reaction)

10 X PCR reaction buffer {without MgCl,) 5.0ul
MgCl (25mM) 3.0ul
Water 36.0ul
dNTPs (10mM) 0.5ul
H1G777 (10pmoles/ul) 1.0ul
H1P202 (10pmoles/ul) 1.0 ul
Tag (1UMal) 2.5ul
Template 1.0ul
Second round {50 ul reaction}

10 X PCR reaction buffer (without MgCl,) 10 ul
MgCl; (25mM) 10 ul
Water 64 ul
dNTPs(10mM) 1ul
g17 (10pmoles/ul) 4l
H1Gagl1584 (10pmoles/ul) 4 ul
Tag (1U/ul) S5l
Template 2l

Figure 21: gag nested PCR master mix

PCR: Amplification conditions

Env nested PCR amplification conditions {HIV-1 env subtyping Kkit, protocol version 5

(National Institutes of Health, Bethesda, USA)}

The amplification conditions used for both rounds of PCR were the following:

3 cycles of 94°C for 1 minute, 55°C for 1 minute and 72°C for 1 minute,

32 cycles of 94°C for 15 seconds, 55°C for 45 seconds, 72°C for 1 minute,

Final extension at 72°C for 5 minutes
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Gag nested PCR Amplification conditions {gag HMA Subtyping Kit (Protocol Version 5,

February 2002) (National Institutes of Health, Bethesda, USA)}

First round;
¢ 1 cycle of 94°C for 2 minutes
o 35 cycles of 94°C for 30 seconds, 50°C for 30 seconds, 72°C for 90 seconds,

+ Final extension at 72°C for 7 minutes

Second round:
e | cycle of 94°C for 2 minutes
e 35 cycles of 94°C for 30 seconds, 50°C for 45 seconds, 72°C for 1 minute,

¢ Final extension at 72°C for 7 minutes

PCR: Agarose gel detection of PCR products

1.4 grams of agarose powder (Whitehead Scientific, Brackenfell, SA) was added to 70 mls of

0.5 X Tris Borate EDTA (TBE) buffer. The solution was microwaved for 2 minutes after

which it was cooled to 50-60°C. 3pl of ethidium bromide was pipetted into the agarose

solution. Extreme caution was used when ethidium bromide was used. The solution was then

poured into a casting tray arranged with combs and left to set in a dark area until ready for

use.
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An electfophoresis tank of volume 2.5 L was filled with 500 mL of 0.5 X TBE. The agarose
gel was placed in the tank with the top of the gel (the end with the wells) at the anode. 10 pl of
a marker with the molecular weight of 700 kb was loaded onto the gel. For each sample, 10 pl
of sample mixed with 2 pl of loading dye was pipetted into a well on the gel. The
electrophoresis tank was then connected to the Biorad Powerpack (Biorad, California) and ran

at 100 V for 2hrs.

Agarose gels were viewed under ultraviolet illumination and the presence of DNA was
observed by an orange band. This was due to ethiduim bromide intercalating between DNA.

Images of agarose gels were captured by the Biometra, BioDoc Analyse 1.0,

Preparation of a 5% polyacrlamide gel {env HMA Subtyping Kit, Protocol Version 5,

National Institutes of Health, Bethesda, USA)}
A 50 ml mixture was prepared with 8.3 ml acrylamide stock, 5 ml 10X TBE and 36.7 ml

water. Polymerization was initiated by mixing in 50 mg of ammonium persulphate and 33 pl

of tetramethylethylenediamine. For gag HMA 14g urea was added to the mixture.
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Assembly of Hoefer Apparatus

Constructing the gel sandwich and insert into caster (Figure 22)

glass plate

/ spacer

gasket clamp
(foam side A4 (the rwiimber regiiied
down) depends on the plate

lenth)

[&-

casting cradles

leveling feet

cam
(install ridge end up)

Figure 22: assembly of glass plates on caster (Hoefer SE 600/SE 660, SE600-IM/Rev. A0/06-
04)

Place the spirit level into the center of the caster and adjust the leveling feet. Position gasket
into grooves of the caster (make sure the foam side is down). Construct a gel sandwich as

follows:
e Lay one glass plate flat on a surface.
o Place the spacers vertically opposite each other.

e Lay the other glass plate on top of the spacers.
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Secure the sandwich by clamping the sides of the plates with spacers. Tighten screws when
sandwich is aligned. Place assembled sandwich onto casting cradle. Insert a cam into the hole
on either side of the casting tray. Seal the glass sandwich against the casting gasket by turning
both cams as far as needed, usually 90°C, 150°C up to 180°C. The cam action presses the
plates down into the gasket which seals the bottom of the sandwich. The seal is complete once
the glass edge appears darker and nearly transparent against the gasket. Do not turn the cam

past this point.

Final assembly

Figure 23: Positioning of upper chamber to gel sandwich (Hoefer SE 600/SE 660, SE600-
IM/Rev. A0/06-04)
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Turn the upper buffer chamber upside down and place gaskets into grooves provided (Figure
23). Place upper chamber on the top of the gel sandwich situated on the caster. Remove cams
from caster and place in the holes on the upper buffer chamber. Turn the cams into place until
the sandwich is firmly aligned with the upper buffer chamber. Pour 100ml of buffer into the

chamber. Check that no buffer is leaking around the gasket.

Connect heat exchanger to cold water supply using tubing. Position heat exchanger into lower
buffer chamber. The heat exchanger must always be in place for all runs since the lower

electrode is integrated into the heat exchanger.

upper

' and lower
chamber
buffer
levels are

equal

o0 Q0 O
O 0 0 O

Figure 24: Final assembly of gel sandwich in gel tank (Hoefer SE 600/SE 660, SE600-
IM/Rev. A0/06-04)

Fit the upper buffer chamber into the lower buffer chamber (Figure 24). Do this very carefully
to avoid disturbing samples in the wells. Add 4.5-5 L of buffer to the lower chamber. The

upper chamber requires 450 — 600mls of buffer — just enough to cover the upper chamber ribs
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but should not contact the banana plug. Place the safely lid on the unit. Plug the leads into the

jacks of a power supply.

Determining concentration of PCR products using a mass ladder

A 1.2% agarose (Whitehead Scientific, Brackenfell SA) gel was prepared to run the clean
PCR product. Five microliters of each sample was mixed with 1pl loading dye and compared
to a mass ladder (Invitrogen, Carlsbad USA) to determine the concentration. The
concentrations per Sul of product were calculated e.g. 100ng/5ul. For uniformity, all products

were diluted to the same concentrations.

The Sequencing master mix per sample was prepared as listed in Table 9.

Table 9: Sequencing: Master Mix

Water 8.5ul
Ready reaction mix 4.0ul
5 X sequencing buffer 2.0ul
*primer (5 pmol/ul) 0.5ul
total volume 15ul

*primers were those used in the second PCR reaction for the env and gag regions ie ES7/ES8
and 1584/g17 respectively.

Clean-up of sequencing reaction

Tube clean up

Eighty microliters of 75% isopropanol was added to each PCR tube. After vortexing and
incubating for 15 minutes, tubes were spun at full speed (14000Xg) for 20 minutes. The
supernatant was aspirated. Two hundred microliters of freshly prepared ethanol (70%) was
added to each tube (wash step). The tubes were vortexed, then centrifuged at full speed for 5

minutes. The supernatant was aspirated and the wash step was repeated. A quick spin was
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performed and droplets of ethanol were aspirated. The sequencing products were dried at 50°C
for 5 minutes. Samples could be sequenced immediately or stored at -20°C for no longer than

two weeks,

Plate clean up

Prepare a mix of 3M sodium acetate and absolute ethanol in a reagent trough using the
following volumes per reaction: 2l sodium acetate and 50ul absolute ethanol. Prepare 10
reactions extra when using a multi-channel pipette. Pipette 55ul of mix into each well. Cover
plate with a sticky plate cover. Vortex for 5 seconds. Centrifuge for 20 minutes at 3000 x g.

Prepare a 70% ethanol solution: 150ul 70% ethanol is used per reaction. Prepare 10 extra
reactions and prepare directly into the reagent trough and keep in freezer until ready for use.

Fold 2 pieces of tissue into rectangles approximately the same size as the plates. Aﬁer.
centrifugation, turn plate onto the rectangular piece of tissue paper. Place the other piece onto
the base of the centrifuge bucket. Spin for 5 minutes at 150 x g. Immediately add 150pul of
70% ethanol to each well (do not let the plate dry as this will cause the presence of dye-blobs
in the sequence). Cover plate with the sticky plate cover. Centrifuge for 5 minutes at 3000 x g.
Fold tissue into rectangular pieces approximately the size of the plate. Turn plate onto the
prepared tissue paper. Place the other piece onto the base of the centrifuge bucket. Spin for 1

minute at 150 x g. Air dry plate in the dark for approximately 5 minutes. Samples can be

stored at -20°C.
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Cloning (Package Insert: TOPO TA Cloning® Kit for Sequencing, Version N, July 2004)

Ligation step — the cloning reaction
The following were used to prepare a cloning reaction (per sample):
a. Mix the following reagents together with the respective volumes:

Fresh PCR product  2pl

Salt solution 1pl
Sterile water 2ul
- TOPO® vector Ipl

b. mix reaction gently (do not pipette up and down) by swirling pipette in reaction
¢. incubate for 5 minutes at room temperature (22 to 23°0)

d. place the reaction on ice or store overnight at -20°C

Transformation using DHSa - T1 Chemically Competeﬁt Cells

a. Add 2 pul of the TOPO Cloning reaction from the Ligation step into a vial of
DHS5a Chemically competent E.coli and mix gently. Do not mix by pipetting up and
down.

b. Incubate on ice for 5 minutes

¢. Check temperature of water bath using a thermometer — ensure that it is at 42°C.
Heat-shock the cells for 30 seconds at 42°C without shaking.

d. Immediately transfer the tubes to ice.

e. Add 250 pl S.0.C. medium (room temperature) to tubes containing cells

f. Cap the tube tightly and shake the tube horizontally at 37°C for 1 hour.
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g. Spread 10 to 50 pl from each transformation on a prewarmed selective plate and

incubate overnight at 37°C. Recommendation: two volumes should be plated ie. 25
and 50 pl to ensure well-spaced colonies. Use Aseptic technique when spreading

the culture.

a. draw a grid on the back of an LB agar plate and number each block from

FEgR O

1 to16. This is shown in Figure 25. Work in the region of the flame.

/__N‘\\

/ 2 3
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A
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\\&___/

Figure 25: representation of grid on agar plate
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o
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select white colonies — especially those in the region of blue colonies and those
without satalites.

pick out a colony at a time using a picker and touch the designated position on the
LB agar master plate eg. The first colony picked will touch the centre of block 1.
place the end of the picker in a PCR tube with 50 ul water. Eg. The first colony
picker will be placed in a PCR tube labelled 1. Discard picker.

Once plating with colonies is completed leave plate in incubator set at 37°C.
Vortex PCR tubes with water and plasmids.

Boil for 10 minutes at 95°C. (use thermocycler)

Centrifuge at maximum speed for 2 minutes.

Add 10 pl sample into master mix.
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j.  Amplify using programme gag PCR on Perkin Elmer 3100.

k. Detect products using agarose gel (1%). A 460bp product should be viewed.

1. Once cultures have grown on master plates store plates in fridge.

Preparation of LB (Luria-Bertani) Medium and plates

Materials

1.0% Tryptone or Casein peptone (Merck, Germany)
0.5% Yeast Extract

1.0% NaCl (Merck, Germany)

Deionised water

Agar

Methods

1. to make up 1L, dissolve 10g tryptone , Sg yeast extract, and 10g NaCl in 950 ml
deionised water.

2. stir using magnetic stirrer and flee

3. adjust the pH of the solution to 7.0 with NaOH and bring volume up to 1L.

4. Autoclave on hquid cycle for 20 minutes at 15 psi or 121 kph. Allow solution to cool

to 55°C and add antibiotic {(Ampicillin, Kanamycin etc).
5. Store at room temperature or at 4°c.

Preparation of LB agar plates
1. prepare LB medium as above, but add 15g/L agar before autoclaving
2. autoclave on liquid cycle for 20 minutes at 15 psi.

3. after autoclaving, cool to 55°C, add antibiotic (50-100pg/ml of ampicillin or 50 pg/ml

kanamycin), and pour into 10 cm plates.
4. leave at room temperature to harden.
5. Optional: Spread Xgal (100 pg/ml) over hardened LB plate.
6. store at 4°C in the dark.
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Appendix 11
The following were taken from: HIV-1 env subtyping kit, protocol version 5

(National Institutes of Health, Bethesda, USA)

EDTA concentrations

Stock EDTA = 500¢g with molecular weight of 373.7
0.5M EDTA

Dissolve 186.1g of EDTA in 1 L distilled water.

10 X heteroduplex annealing buffer

For a total volume of 100 mls add:

20 mls of a SM NaCl solution,
1.575g of Tris HC1 (500g) (Sigma, Steinheim Germany),
4 ml of 0.5M EDTA (Merck, germany)

Fill up to 100mls with deionised H,O.

10 X Tris Borate EDTA buffer

For 1 L 10 X stock dissolve in deionised water:
106.5 g of Tris base
55g of Boric acid (Merck chemicals, Gauteng)

40 ml of 0.5 M EDTA (20mM EDTA)
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10mM dNTP solution

a. For a total volume of 50ul, add 5 pl of each nucleotide (100mM) (Amersham, UK) into an

eppendort.

b. Add 30 pl of PCR grade water to the solution.

5 X Tris Borate EDTA buffer

Weigh out the following for a 1L solution:

Trizma Base - 60.7g
Boric Acid - 25.66g
EDTA - 1.86g

Make up to 1L volume with distilled water.

0.5 X Tris Borate EDTA buffer

Dilute 100mls of 5 X TBE with 900mls of dH,O.
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Electropherogram
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Appendix 111

Laboratory safety

Ethidium bromide

Ethidium bromide is a highly mutagenic ageﬁt and must be handled as carefully as possible. It
can be absorbed through the skin so direct contact must be avoided by the use of chemically
resistant gloves in conjunction with a laboratory coat, and closed toe-shoes. Ethidium bromide
is an irritant to the skin, eyes, mouth and upper respiratory tract, It must be stored away from
oxidising agents in a cool, dry place. Traces of this mutagen are found in agarose and

polyacylamide gels, TBE buffers, laboratory gloves, equipment and debris.

Acrylamide

Acrylamide is a toxic substance and probable mutagen. Its most common routes of exposure
include: the skin, inhalation and ingestion. Acrylamide used in the laboratory can be in two
forms, a powder or liquid. The powder form is extremely dangerous as the acrylamide dust
can become airborne and enter the respiratory tract. Pre-mix acrylamide or ready-made gels
are much safer for use. When using the acrylamide powder work in a fume hood, and wear
gloves, a laboratory coat, goggles and a face shield. Even when working with the polymerised
form of acrylamide and electrophoresis equipment exposed to acrylamide protective
laboratory gear must be worn. Acrylamide must be stored in tightly closed containers to
prevent acrylamide entering the atmosphere. It does not form stable acrosols. Acrylamide
should also be stored in a cool place away from oxidising agents, reducing materials, bases,

metals, UV light and other contaminants,
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Waste bins

Polyacylamide and agarose gels are discarded in medical waste boxes for incineration.,

Charcoal filtration
TBE exposed to ethidium bromide is mixed with activated charcoal eg 1g activated charcoal
per 1L TBE and left to stand for 24 hours. The solution is then filtered with a Whatman and

then poured into a medical waste drum for incineration.

Gloves, equipment and debris

Gloves and paper towel exposed to ethidium bromide are placed in medical waste boxes for
incineration. Casting trays, combs etc. are washed with bleach, rinsed with water and dried

with 70% ethanol for reuse.
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