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ABSTRACT

The work described in this thesis comprises an evaluation of the performance of the 
Amplicor HIV-1 DNA PCR test, an investigation of the reasons for amplification 
failures, and phylogenetic analyses of the sequence which includes the gag p24 
genomic region amplified in the assay. Of particular concern for the use of the 
Amplicor test in a diagnostic context was that 21 of 377 specimens from patients aged 
under two, and 22 of 611 specimens from older patients were falsely negative 
(sensitivities of 75% and 95%; overall sensitivity of 91%). This study sought to 
discover the cause of these false negative reactions. To achieve this, an in-house 
nested PCR capable of detecting HIV-1 group M viruses was designed. This in-house 
PCR spanned the Amplicor primer and probe target regions, and the amplicons were 
sequenced to reveal the extent of diversity in these sites. As well as primer and/or 
probe template mismatches, other possible causes of the false negative PCR results 
were investigated, including inhibitors and low proviral DNA loads. Although no 
single causal factor was identified in the majority of instances, sequence divergence 
and low proviral DNA load most likely explained specific cases of failure. 
Interestingly, heterozygosity for a mutation (A32) in the CCR5 coreceptor gene was 
strongly associated with PCR false negative results in the in-house assay. 
Phylogenetic analysis of the sequences obtained allowed assignation of viral clade, 
and representatives of subtypes A, B, C, D, A/E and G were seen. One dual infection 
with subtype B and A/ E viruses was observed. The subtypes and sequences found 
were related to epidemiological data, including the country where the infection was 
thought to originate and whether the infections were related.
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CHAPTER 1

INTRODUCTION to HIV-1 and AIDS

1. Discovery

In the early 1980's a new syndrome in North America was recognised by 
an increased incidence of unusual opportunistic infections following severe 

immune dysfunction (198,331). These opportunistic infections included 

Pneumocystis carinii (PCP), which is fairly ubiquitous but usually harmless, and 
rare lymphomas, most notably Kaposi's Sarcoma (KS). This new syndrome, GRID 
(gay-related immune deficiency), named after the population most affected was 
later renamed AIDS (acquired immune deficiency syndrome). Several causes for 
this new syndrome were proposed, including those of viral origin such as 
parvovirus, herpes virus and retrovirus.

In 1983, Barre-Sinoussi of the Pasteur Institute in Paris identified a novel 
retrovirus in a patient with persistent lymphadenopathy syndrome (LAS), and 

named it lymphadenopathy-associated virus or LAV (33). In the same year, Gallo 

and colleagues in the USA also proposed an association between a retrovirus and 

AIDS (human T-cell leukemia virus type III; HTLV-III) (179,401). In time it 

became clear that this American virus was in fact a contamination with the same 
retrovirus identified by the French group. This AIDS-associated virus is now 
known as human immunodeficiency virus type 1, or HIV-1.

Following infection with HIV-1 there is a period of primary disease, often 
with acute influenza-type symptoms, which may occur within days or weeks of 
exposure. Infected individuals can then remain without symptoms for many years 
(latent) prior to the onset of AIDS. During primary infection the virus replicates 
freely until the immune response of the host produces HIV-specific antibodies 
approximately three to six weeks later (seroconversion) (111, 178, 223). From this 

time, although the infected patient may remain symptomless, there is a slow but 
constant decline in the number of CD4+ T-cells as a consequence of the continued 
reproduction of the virus. In general terms this decline can be thought to explain 
the failure of the immune system to combat the opportunistic infections 

characteristic of AIDS (72).
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Chapter 1: Introduction to HIV and AIDS

2. Origins of HIV

After the characterisation of HIV-1 it became clear that other primates 

harbour related lentiviruses, the simian immunodeficiency viruses (SIVs) (177, 

211, 254, 292,313, 357). Briefly, it now appears that the African primate species of 

chimpanzees, sooty mangabeys, red-capped mangabeys, African green monkeys 
(AGMs), Sykes' monkey, mandrills and drills are all infected with distinct SIVs: 

SIVcpz, SlVsm, SIVrcm, SIVagm, SIVsyk, SIVmnd and SlVdrl (103, 192, 218, 219, 

229, 373, 486). Further, the SIVagm viruses can be differentiated into two groups: 

those infecting the Vervet (SIVagmVER), Grivet (SIVagmGRI) and Tantalus 
(SIVagmTAN) sub-species of AGMs, and that infecting the Sabaeus sub-species 

(SIVagmSAB) (220, 244).

The SIV from sooty mangabeys, SIVsm, has infected macaques of Asian 
origin when these two species have been transported and held in captivity 
together. This virus, SlVmac, subsequently isolated from macaques, is the one 
that is most commonly used in laboratory and vaccine experiments. SIVsm is also 
accepted as the origin of HIV-2, presumably by transmission to humans when 

sooty mangabeys were kept as pets and butchered for food (184, 221). In a similar 

manner, the current consensus view is that SIVcpz was the origin of HIV-1, 

although there have been several other explanations for its origin (142, 153, 242, 
345, 447).

In addition to monkey to human transmission of the SIVs, monkey to 
monkey transmission has also occurred: SlVagm has been isolated from baboons 

(245), and SIVagmSAB, SIVrcm and possibly SlVdrl have mosaic or recombinant 

genomes (103, 192, 244). Serological evidence suggests that, in addition to the 

species listed above, other monkeys are infected with SIVs (208, 313), lending 

credence to the view that these lentiviruses are natural infections of many African 
primates, and have spread from them to other monkeys in captivity, and to 
humans. The first human infections for which there is definite evidence occurred 

in the late 1950s/early 1960s (176, 225,246). However, there are still many 

uncertainties, controversies and unresolved questions concerning the origins of 
the HIVs.
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Chapter 1: Introduction to HIV and AIDS

3. Classification

Human immunodeficiency virus (HIV) is a member of the family 
Retroviridae. The retroviruses are able to transcribe their RNA genome into DNA 
using the enzyme reverse transcriptase (RT). This DNA (the provirus) can be 
integrated into the host cell chromosomal DNA where it can remain dormant for 
long periods of time (latency). The Retroviridae can be divided into seven genera 

(358):

(i) the mammalian type B retroviruses of which there is a single member, 
mouse mammary tumor virus (MMTV);

(ii) the mammalian type C retroviruses which are widely distributed in 
many mammals, associated with a range of diseases, and include oncogene- 
containing members;

(iii) the avian type C retroviruses of chickens and some other birds, 
associated with malignancy and which also include some oncogene-containing 
members;

(iv) the type D retroviruses which infect primates and sheep and cause 
immunodeficiencies and cancer;

(v) the bovine leukemia virus-human T-cell lymphotropic viruses (BLV- 
HTLV) of cattle, primates and humans which cause leukaemias, lymphomas and 
neurological disease;

(vi) the spumaviruses which are not known to be disease associated, but 
infect cattle, cats, and primates;

(vii) the lentiviruses, of which there are five serogroups (primate, feline, 
bovine, ovine/caprine and equine) and which cause a persistent, lifelong infection 
affecting the immune and nervous systems, including the human 
immunodeficiency virus (HIV).

4. Structure of HIV

HIV shares many features with other members of the lentiviruses. Mature, 
extracellular HIV particles are icosahedral in shape (190). The particles are 
composed of an outer membrane envelope with 72 exposed spikes of glycoprotein 
trimers (gp41 and gpl20) (87, 499) enclosing a cone-shaped nucleocapsid core 
containing two identical strands of RNA (Figure 1).
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Chapter 1: Introduction to HIV and AIDS

I I Lipid bilayer
0  g p l20 (SU)

1  9P41 (TM)
c------, Host proteins

•  p17 (MA)
O  p24 (CA)

o P6
n Cyclophilin (host protein)

0  Reverse transcriptase (RT
Single stranded RNA

Figure 1: Schematic diagram of a mature HIV-1 virion

The RNA genome is closely associated with nucleic acid binding proteins 
(p7 and p9) and the reverse transcriptase (RT, an RNA-dependent DNA 
polymerase, also called Pol). Surrounding this is the core or capsid (CA) 
composed of the core protein p24, then a layer of myristilated matrix (MA) 

protein pl7 which lines the envelope and is crucial for virion integrity (190, 191). 

The envelope cell membranes of HIV-1, HIV-2 and SIV are host cell-derived lipid 
bilayers and possess host proteins, such as major histocompatibility antigens of 

class I and II, and (32 microglobulin (19). Of the virally incorporated host proteins, 

HLA-DR is the most common on HIV-1; the precise amount is dependent on the 

strain of virus and producer cell in vitro (80). Since such proteins can retain their
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Chapter 1: Introduction to HIV and AIDS

function whilst incorporated in the virus, they may be important in cell tropism 
and infectivity. Projecting through the cell membrane is the transmembrane (TM) 
glycoprotein, gp41. Noncovalently attached to the external 'spiky' part of gp41 is 
the knob-like gpl20 surface glycoprotein (SU) which bears the specific domains 
which interact with receptor proteins on those of the host's cells that are 
susceptible to infection.

5. Genomic organisation

The genomic organisation of HIV-1 is shown in Figure 2. The genome is 
approximately 9.8 kilobases (kb) of positive sense, single-stranded RNA. There 
are three major structural genes: envelope env, group antigen gag, and polymerase 
pol (reverse transcriptase, protease and integrase). In addition the genome codes 
for several accessory and regulatory genes {tat, rev, nef, vif, vpr, and vpu).

£ÜDEml gag vif env

vpr g
pro pol

tat
nef

vpu []
rev

Figure 2: Genomic organisation of HIV-1

5.1. env

The env gene encodes a 160 kDa, glycosylated precursor polypeptide that is 
cleaved intracellularly by a cellular protease. Glycosylation of gpl60 is a complex 
process whereby sugar precursors are attached while it is in the endoplasmic 
reticulum (ER) and which are enzymatically trimmed during transport through 
the Golgi complex. The precursor is cleaved proteolytically into gpl20 and gp41, 
which remain associated via noncovalent interactions, and the oligosaccharides 
are further modified. The reasons for this complex carbohydrate processing are 
unclear, but it is required for syncytium formation at least, and almost half the 
molecular weight of gp!60 and gp!20 is due to this glycosylation. The precursor
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Chapter 1: Introduction to HIV and AIDS

can be transported by several routes within the cell, which may help to explain 
why up to 90% of it is lost, without ever being cleaved, either by intracellular 

degradation, or secretion as soluble gpl60 (505). Although synthesised as a 

monomer, gpl60 forms stable homodimers and dimer-of-dimer tetramers (150), 
and this multimerisation appears to be important for intracellular transport.

The structure of the transmembrane (TM: gp41) and the surface (SU: 

gpl20) proteins has been extensively investigated (217, 277, 328, 339, 347, 350, 411, 

510). The TM protein is thought to be composed of an intracellular carboxy 

terminus attached to a transmembrane helix, and then to an extracellular helix 
(the distal helix). This links to a loop containing the immunodominant region and 
to a leucine zipper that is essential for formation and maintenance of the 
oligomeric structures of gpl60 and gp41; the distal helix is also believed to 
contribute to this function. The primary region involved in fusion of viral and cell 
membranes, the fusion domain, is located at the amino-terminus, but this is not 
the only region required for fusion.

The gpl20 nucleotide sequence revealed five regions of variable sequence 
(known as VI to V5) interspersed with four more conserved regions (Cl to C4) 

(347). The conformation of gpl20 predicted from this placed the variable regions 

in exposed loops (291). The structure of gpl20 poses a continuing challenge to 

decipher, due to its large size, complex glycosylation and conformational 
flexibility. Some of these problems were overcome recently when a truncated 
version of gpl20 bound to a partial CD4 and an antibody fragment, 17b, 
(mimicking the binding site of the coreceptor CCR5 with gpl20) produced 

crystals suitable for X-ray crystallography (277, 510). The gpl20 core is composed 

of two domains, an inner domain facing gp41, and an outer domain, connected by 
a (1-sheet known as the 'bridging sheet7. The binding site for the CD4 receptor is 

recessed and spans part of the outer domain and the bridging sheet. The contact 
between CD4 and gpl20 is incomplete and forms two cavities: a shallower one 
contains water molecules, and may represent an environment where mutation of 
the gpl20 surface which projects into it is facilitated; and a deeper one, which 
may be important in causing a conformational change which enables binding to 
the coreceptor. Binding of the coreceptor CCR5 has been mapped to a recessed 
site near or within the bridging sheet on the highly conserved VI/V2 stem, and 

close to the base of the V3 loop (421). Flanking this binding site are regions of 

considerable glycosylation, which act as a shield against antibodies to the binding
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site. Knowledge of the structure of the gpl20 molecule should enable the 
development of superior antiviral drugs and more effective vaccines.

5-2. gag

The gag gene encodes the polypeptide precursor Pr55 Gag which is 
ultimately cleaved by the viral protease into the mature Gag proteins: in order of 
cleavage these are the matrix protein (MA) p i7, capsid protein (CA) p24, p2, p7, 

the nucleocapsid protein (NC), pi and p6 (210). The CA domain of the Gag 

precursor Pr55 has been shown to interact with a host protein normally associated 
with protein folding, cyclophilin A (CyPA) (171,479). CyPA is specifically 

packaged into HIV-1 virions in culture and if its binding ability is blocked with a 
non-immunosuppressive drug such as cyclosporine or one of its analogs, the viral 

particles produced are non-infectious (471). CyPA appears to be involved in the 

translocation of the preintegration complex to the nucleus, and possibly in viral 
uncoating.

The MA domain of Pr55 is involved in targeting Gag to the cell membrane; 
myristilation of the N-terminal glycine residue during posttranslational 
modification is essential for this. Several mutational analysis studies noted that 

mutations of single, highly conserved basic residues have pleiotropic effects (82). 

Solving the crystallographic structure of the MA (217) revealed two structurally 

and functionally distinct regions: a globular N-terminal domain probably 
involved in membrane binding, protein assembly and envelope incorporation, 
and a protruding C-terminal region proposed to be important in viral entry. The 
mutant amino acids previously identified were clustered on an exposed, N- 
terminal 6-sheet, a finding in keeping with the three-dimensional structure. The 
structure also suggested that the MA exists as a trimer, but the precise 
implications of this are unknown.

During cleavage of Gag by the protease, at least four forms of NC are seen: 
the whole Gag; pl5-NC (composed of pl-p6, and a 39 kDa MA-CA-p2 
intermediate); NC-pl; and finally the 55 amino acid mature NC. NC has several 

essential roles including RNA dimerisation and primer tRNA positioning (448).

5.3. gag-pol

A second translation from the same genome length messenger RNA 
(mRNA) as that coding for Pr55-Gag gives Prl80-Gag-Pol in a ratio of
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approximately 20:1 by means of a ribosomal frameshift (236). Prl80-Gag-Pol also 

contains the gene products for the viral enzymes protease, polymerase and 
integrase (section 5.6).

5.4. LTR

The HIV genome contains two positive sense strands of RNA (492). Each of 

these RNA molecules has a 5' cap and polyadenylated 3' terminus, internal to 
which are regions of direct repeats (R), then sequences unique to each end, the so- 
called U5 and U3 regions. Internal to the U5 region is the primer binding site 
(PBS), and to U3 is a polypurine tract (PPT). Thus the RNA organisation is: 5' cap- 
R-U5-PBS... (coding sequences)... PPT-U3-R-polyA 3'. Upon transcription into 
linear DNA, the U3, R and U5 regions are duplicated to form the non-coding long 
terminal repeat (LTR) regions. Thus the viral DNA organisation is: 5' U3-R-U5...( 
coding sequences)...U3-R-U5 3'. These duplications are necessary to enable 
integration of the proviral DNA and to regenerate the essential regulatory 
sequences (including the promoter and polyadenylation sites) which are lost 
when provirus is transcribed into genomic RNA. The 5' LTR of the integrated 
provirus promotes transcription, and the 3' LTR is required for correct 
polyadenylation of the transcripts.

5.5. Auxiliary and regulatory proteins

As well as the principal genes gag, pol and env, and in common with other 
lentiviruses, HP/ has at least six other gene products, the so-called auxiliary 
proteins, without some of which the virus could not function. These auxiliary 
proteins have led to the lentiviruses being referred to as complex retroviruses. In 
HIV-1 these are Tat, Rev, Nef, Vif, Vpr and Vpu; HIV-2 lacks Vpr but has an 
analogous protein, Vpx. There have many publications in this field, which are 

reviewed by Garcia et al, Cullen, and Gaynor (118, 185,187).
In HIV-1 there are many processed mRNA species (at least 20), and these 

can be divided into three categories based on size:
(i) unspliced, genomic RNA of approximately 9 kb which is also the mRNA 

for Gag and Pol;
(ii) singly spliced mRNA of approximately 4 kb encoding Env, Vif, Vpr and

Vpu;
(iii) doubly spliced mRNA of approximately 2 kb encoding the early 

proteins Tat, Rev and Nef.
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5.5.1. Tat

Soon after infection, genome-length proviral transcripts are fully 
spliced, so that only the early proteins, Tat, Rev and Nef are produced. Tat is a 

small protein of 86 amino acids encoded by spliced mRNA derived from two 
exons within the env gene and found associated with the perinucleolar region of 
the nucleus. Tat is essential for replication — it is a potent activator of HIV gene 
expression and increases LTR-directed transcription many fold. The binding site 
of Tat is on a small bulge at nucleotides +22 to +24 of a stable stem-loop structure 
within the 5' LTR of nascent viral RNA, known as the trans-activation response 
(TAR) element. Tat-TAR binding causes a conformational change within TAR.

Cellular proteins, including several that are important in regulation of 
HIV-1 gene expression, also bind to both TAR RNA and Tat. Proteins bound to 
TAR may be required for Tat trans-activation, possibly by stabilising the RNA 
secondary structure and aiding the binding and function of Tat. The cellular 
proteins binding to Tat appear to enhance LTR trans-activation.

The precise mechanism by which Tat activates HIV gene expression is not 
yet known but there are two theories. Firstly, that Tat increases the initiation of 
HIV RNA transcription; this supported by the fact that an intact sequence of the 
TATA box is required for Tat trans-activation. Secondly, Tat may act by enhancing 
elongation of RNA molecules containing TAR, probably in combination with a 
cellular factor.

Recently, a potential cofactor for Tat, Tat-SFl was described which appears 

to be required for Tat transactivation (521). It was proposed that Tat promotes 

transcriptional elongation by recruiting a complex of a cellular kinase and Tat-SFl 
(its substrate). A second potential cofactor is a 60 kDa protein named Tip60 (Tat 
interactive protein), which binds to the N-terminal 31 amino acids and increases 

Tat transactivation fourfold in expression assays (251).

5.5.2. Rev

The activity of Tat also increases the amount of a second early 
protein, Rev. When present in high enough concentrations in the nucleus Rev 
induces nucleocy toplasmic transport of incompletely spliced, or unspliced, 
mRNA molecules which would otherwise be further spliced, or degraded. Rev is 
a 116 amino acid protein which binds directly to a 13-nucleotide bulge in a 
structure of at least 234 bp of RNA sequence located in the env gene, the Rev 
Responsive Element (RRE); additional Rev monomers are seen to multimerise on
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the RRE. Although Rev multimerisation has been shown to be essential for 
functionality, high level expression is achieved when low levels of Rev are 
present, the reason for which is unclear.

It has been suggested that mRNA requiring partial or no splicing (i.e. those 
containing gag or env sequences) are defective, because they contain elements 
which down-regulate their expression, the so-called inhibitory / instability 
elements (INS, also referred to as CRS or IR). These elements may act by 
promoting nuclear retention or destabilising the mRNA, or both, and are present 
in multiple copies in HIV-1; the interaction of Rev and the RRE may overcome the 
action of the INS. The role of Rev, therefore, is believed to be one of a chaperone, 
enabling transport of mRNA from the nucleus into the cytoplasm for expression. 
Rev has at least two functional domains: an amino terminal region which 
functions in nuclear localisation and RNA binding, and controls oligomerisation; 
and a much smaller C-terminal region, known as the effector or activation 
domain, and which may be the binding site for as yet unidentified cellular 
cofactors.

5.5.3. Nef

Unlike the two other early proteins Tat and Rev, Nef is not essential 
in vitro and its function has been disputed; early studies showed Nef 
downregulated gene expression, probably by inhibiting LTR-directed 
transcription. This was not supported by some later studies, and kinetic studies 
using Nef mutants even advocated a positive effect. Nef is found associated with 

HIV-1 particles, and a fraction of it is cleaved by the protease (68). Although Nef 

sequences are highly polymorphic, the ORF is frequently retained in the HIV-1 
genome implying a necessary function for the protein. One defined function of 
Nef is the down-regulation of cell surface CD4 (a function shared with Vpu) 
which suggests a role in assembly and release of virus. Cell-surface down- 
regulation of CD4 may occur to prevent superinfection, or to minimise Env-CD4 
interactions. Vpu down-regulates CD4 production; in contrast, Nef mediates the 
endocytosis and lysosomal degradation of the cell surface CD4. Although both 
Vpu and Nef seem to be required for CD4 downregulation, no interaction 
between them has been observed and the precise mechanism of Nef action has not 
been determined. Individuals infected with viruses defective in nef have been 
associated with long-term non-progression, which supports the theory that,
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although not essential for infection, Nef is required to establish high viral loads 

and enable progression to AIDS (122, 259).

5.5.4. Vif

Initial studies showed that the absence of the 23 kDa protein Vif 
(viral infectivity factor) led to virions as much as 1000 times less efficient in 
establishing infection. Vif is found mostly in the cytoplasmic fraction, with some 
tightly bound to cellular membranes on the cytoplasmic side. Intact carboxy
terminal basic regions of Vif are crucial, as mutation of these results in a Vif- 
negative phenotype with low viral titres. The role of Vif in permissive T cell lines 
is ambiguous, but Vif is essential for production of infectious progeny virions in 
non-permissive peripheral blood leukocytes. Vif is incorporated into viral 
particles, although the amount incorporated is in question: Camaur et al estimated 

7-20 molecules per virion (equivalent to 1 per 75-220 p24 molecules) (77), whereas 

other groups give a much higher estimate of 60-100 molecules per virion (1 per 

20-30 p24 (298)).

It has been suggested that Vif is required for virus assembly and/or 
maturation; in its absence, nucleoprotein complexes prematurely dismantle and 

are prone to nucleolytic destruction (457). Further insight into the action of Vif has 

been provided by recent work suggesting that Vif, and the N-terminal region in 
particular, inhibits the viral protease activity and thus represents the only known 

HIV trans-acting viral protein to protein (265). This inhibition would prevent 

premature protease activation, ordering the cleavage of Gag and Gag-Pol 
polyproteins correctly and ultimately leading to efficient production of infectious 
particles.

5.5.5. Vpr

The Vpr (viral protein R) is a 14 kDa, 96 amino acid late protein 
produced from a single ORF between and slightly overlapping Vif at the 5' and 
Tat at the 3' end. The presence of Vpr has little effect on viral production in T 
cells, but leads to increased growth rates in most other cell types in vitro, and is 
essential for viral replication in primary monocytes/ macrophages. Unlike the 
other accessory proteins, Vpr is assembled in the virion, probably by an 
interaction with the Gag precursor polypeptide Pr55; the p6 region at the distal 

end of Pr55 is required for incorporation of Vpr (93). The concentration of Vpr in
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virions is approximately the same as the Gag protein p24, which suggests a role in 
early replication, probably augmenting reverse transcription and possibly 
stabilising RNA-DNA or DNA-DNA structures, aiding migration of the proviral 
DNA complex, or integration. This early role is supported by the requirement of 
Vpr (and the MA protein pl7) for efficient nuclear transport of preintegration 
complexes in non-dividing cells such as macrophages, and there is experimental 
evidence that Vpr (which is localised mainly in the nucleus) has moderate 
transactivating activity from HIV-1 LTR and heterologous promotors in vitro. The 
structure of Vpr as predicted by amino acid comparison is highly alpha-helical 
and highly charged, with a basic amino end important for virion targeting, and an 
acidic carboxyl end for mediating C2 arrest. Vpr is also found extracellularly in 
CSF and serum in similar amounts to p24 and inhibits proliferation and possibly 
differentiation of many PBMC cell types; as such it is believed to be a regulator of 
cellular permissiveness to HIV replication and could be a factor in the switch 
from latency to productive infection.

5.5.6. Vpx

Viral protein X (Vpx) is found in HIV-2 and SIV, but not HIV-1. It is 
a protein of 12-16 kDa produced from a singly spliced mRNA from a region 
located between v if and vpr, with strong homology and a similar phenotype 
(rapid growth) to Vpr, and might be derived from a duplication of this protein. As 
for Vpr, Vpx is packaged into the virion, and is associated with external region of 
the pi 7 matrix protein -  it is thought to require expression of other viral 
components in order to localise. The Vpx protein also interacts with ssRNA, 
suggesting a role in transcription. However, although very similar, it is unlikely 
Vpr and Vpx have identical properties and functions, since both are retained in 
HIV-2 and SIV.

5.5.7. Vpu

Vpu, a small integral protein of approximately 80 amino acids that 
forms an oligomeric complex, is present in HIV-1 and SIVcpz, but not other 
retroviruses. Vpu has two major functions: it triggers the degradation of CD4 in 
the endoplasmic reticulum (unlike Nef, which downregulates cell-surface 
associated CD4); and promotes the release of virus particles. These two activities 
appear to be regulated by the phosphorylation state of the Vpu: phosphorylation 
is required for CD4 degradation, but is less important for promoting virion
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release. Both of these functions are essential, increasing the efficiency of transport 
of Env through the ER, and the release of virions. Further, Vpu has also been 
shown to downregulate the surface expression of major histocompatability class I 
molecules in HIV-1 infected cells, hence decreasing the potency of the immune 
response (256).

5.6. Enzymes

5.6.1. Reverse transcriptase

The reverse transcriptase (RT) has two important functions: it is an 
RNA-dependent DNA polymerase, activated early in infection to transcribe the 
viral RNA into the double-stranded cDNA which will become the provirus, and a 
second domain has the ribonuclease (RNase) H activity needed to degrade the 

RNA template following transcription of the RNA into cDNA (492). The potential 

for disrupting these vital roles has made the RT a target for antiviral therapy.

5.6.2. Integrase

The viral protein integrase, one of the three enzymes produced from 
the Gag-Pol product is essential for integration of linear, proviral DNA into the 

host genome (162). Integrase has several functions: cleavage of the proviral DNA 

and removal of two nucleotides from the 3' end (terminal cleavage); non-specific 
cleavage of the target host DNA; and joining the two with a characteristic gap of 5 
bp (for HIV-1) between the two strands (strand transfer). In vitro studies have 
shown that Mg2+ is a cofactor for the strand transfer, which is also stimulated by 

the presence of nucleocapsid protein p7 (81). The gapped intermediate is 
processed to give the provirus, probably by cellular enzymes.

5.6.3. Protease

Protease (PR) is essential for viral infectivity, acting late in assembly 
at the time of budding or shortly afterwards to cleave the Gag and Gag-Pol 
precursors and thereby produce infectious virions. Crystallographic analysis of 
the structure of PR suggests it exists as a homodimer, with each subunit 

containing half of the cellular enzyme (40,363). The active site is located in a 

groove, and PR undergoes significant structural changes when binding to the 
substrate; the optimal recognition site for cleavage is seven peptides long. The 
mechanism by which the PR self-excises from the precursor has not been
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established as yet. The PRs essential role in proteolytic processing has made it an 

important target for antiviral drug therapy (520).

6. The life-cycle

The life-cycle of HIV can be divided into several stages: contact of the virus 
with the host cell; entry and uncoating; migration of the viral core to the nucleus; 
production of viral enzymes and hence proviral DNA; integration into the host 
chromosomal DNA; production of viral RNA and proteins and accumulation at 
the cell membrane; budding and maturation of new virus particles; and release 
from the cell. These processes are discussed in the context the action of genes and 
their products (section 5) and in the context of entry of the virus into the cell 
(section 7).

7. Chemokines and coreceptors

Chemokines are soluble chemical messengers which recruit leukocytes to 
areas of inflammation, and although the first one was identified in 1987 
(interleukin-8: IL-8; (512)) it was not until some years later that the name 
'chemokine' was proposed for cytokines with chemoattractant properties. 
Chemokines can be divided into two groups based on the arrangement of their 
first two cysteine residues:

(i) a-chemokines or C-X-C chemokines in which the cysteine residues are 
separated by one amino acid; they are encoded by a gene on human chromosome 
4 and are mainly chemotactic for neutrophils;

(ii) p-chemokines or C-C chemokines which lack the intermediate amino 
acid, are encoded by a gene on human chromosome 17 and are mainly 
chemotactic for lymphocytes, monocytes, eosinophils and basophils.

It has been known since the mid 1980s that CD8+ cells have two types of 
antiviral effects: HLA-restricted cytolysis of infected cells; and suppression of HIV 
replication without cell killing, mediated by soluble factors. Long-term survival 
(twelve to fifteen years seropositivity without progression to AIDS) was found to 
correlate with high levels of CD8 suppressor activity, but it took until 1995 for the 

identification of these soluble factors (104). Three soluble suppressing factors 

were identified: RANTES (regulated-upon-activation, normal T expressed and 
secreted); macrophage inflammatory protein-1 alpha (MIP-la); and MIP-1 beta 

(MIP-lp). These three chemokines, acting in concert, but not individually, 

inhibited HIV-1 replication of primary HIV-1 isolates (i.e. macrophage-tropic
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strains), but not the laboratory adapted viral strain HTV-l-IIIB (T-cell tropic). 
Paxton et al found that CD4+ T-cells from exposed-uninfected individuals 
produced higher levels of RANTES, MIP-la and MIP-ip than those from 
susceptible people, as predicted if these chemokines have suppressor activity 

(387). These discoveries led to a focusing of attention on chemokines in the belief 

that chemokine receptor occupancy could explain 'resistance' to HIV, and hence 
might lead to the identification of the elusive coreceptor acting with CD4.

It has been known since 1984 that CD4 is the primary receptor for HIV-1 

entry into both macrophages and T-cells, but not the only factor (120, 260). 

Genetically engineered murine T cells expressing human CD4 were found to bind 

the virus, but did not allow viral entry (323); fusing these cells with human CD4+ 

T cells overcame this (278). The obvious explanation was that a second receptor 

must be involved, and the hunt to identify it began.
In 1993, a candidate for this role was identified in the CD26 receptor which 

rendered murine cells expressing the human CD4 and CD26 susceptible to 

infection by HIV-1 and HIV-2 (76). This work was not supported by other 

investigators and its role as cofactor was soon dismissed (5, 61, 78, 282, 386).

In 1996, a seven-transmembrane domain glycoprotein was identified by 
Berger and colleagues as the cofactor responsible for the entry of T cell-adapted 

virus (166). The group named the protein 'fusin' after its function (previously it 

was named LESTR for leukocyte-expressed seven-transmembrane domain 
receptor), but it has since been renamed CXC-chemokine receptor 4 (CXCR-4).
The natural ligand for CXCR-4 is the chemokine stromal cell-derived cofactor 

(SDF-1) (44, 372), a strong chemoattractant for T-lymphocytes and important in B- 

cell development (450).

Only a month after the discovery of CXCR-4, the second receptor for M- 
tropic HIV-1 viruses, which are commonly found early in HIV-1 infection, was 
identified. This chemokine receptor was named CCR5 and was initially described 
by Samson and colleagues (436), and soon afterwards several groups identified it 

as the second receptor (6, 133, 143, 146).

Other second receptors for a subset of M-tropic virus isolates have also 

been described, namely CCR-3 and CCR-2b (143), and there have subsequently 

been several more coreceptors identified. The in vivo contribution of these 
receptors to HIV-1 infection and pathogenesis is not yet clear, but they would 

appear to be of less significance than CCR5 and CXCR4 (518,519).
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7.1. Mechanism of coreceptor usage

It had been noted that the V3 loop of gpl20 was important in the 

interaction of M-tropic isolates with the receptors CCR-3 and CCR5 (466), and 

quite how the CD4, coreceptor and gpl20 interact became a focus of investigation. 
It was proposed that the gpl20 in binding to the CD4 receptor causes a 
conformational change, which exposes the V3 loop and enables interaction with 
the second receptor CCR5 or CXCR-4 (105). This interaction allows fusion of the 

virus with the host cell, and viral entry. This model is supported by the 
observation that binding of gpl20 to CCR5 is greatly enhanced in the presence of 
CD4 (485, 509).

7.2. Viral entry

The co-crystallisation of two regions of ectoplasmic domain of gp41 led 
two separate groups to propose essentially the same mechanism of HIV-cell 

fusion (277,510). This mechanism has similarities to cell fusion involving the HA2 

glycoprotein of the influenza virus, and is believed to involve a similar, 
'mousetrap' mode of action. Briefly, gpl20 binding to the CD4 receptor on the 
host cell surface and interaction with the coreceptor (CCR5 or CXCR4) causes 
conformational changes which trigger the 'mousetrap' mechanism to force the 
fusion peptide to penetrate the target cell, thus aiding fusion.

Once the virus is inside the cell, it is partially uncoated and the viral RT 
converts the two RNA strands into DNA. Linear dsDNA enters the nucleus and, 
mediated by the viral integrase, integrates into the host chromosomal DNA to 
become the provirus. Viral mRNA and viral genomic RNA for new progeny virus 
are transcribed from the integrated proviral genes by the host-cell RNA 
polymerase II. Viral proteins are subsequently translated from the mRNA; some 
of their mechanisms of action are described above (section 5).

The newly synthesised viral proteins are assembled in the cytoplasm: two 
identical strands of viral RNA are surrounded by gag and pol gene products to 
form the core structure. This buds from the host cell membrane and hence is 
encapsidated by the cellular lipid bilayer and the envelope glycoproteins gp41 
and gpl20. The extracellular virus can infect other cells prior to release by 
syncytium formation between infected and uninfected cells.
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8. Genetic diversity

Retroviruses have been estimated to have roughly 7xl0"6 to 1.4x104 base 

pair substitutions per nucleotide, per replication cycle (144, 285, 385).

The major cause of these substitutions in HIV-1 is the error-prone reverse 
transcriptase (RT) with an estimated misincorporation rate of approximately 104 

per base per cycle of replication (406, 418, 422). In particular, the rate of G to A 

transitions (termed hypermutation) is high, so that the genome is AT rich (385, 

493). Expressed another way, for a genome the size of HIV-1 this error rate 

equates to one nucleotide substitution per genome per replication cycle. 
Essentially, this arises because the RT lacks an associated 3' to 5' exonuclease to 
provide proof-reading ability, so that any misincorporations will not be corrected 

(422). The infidelity of the RT combines with recombination between individual 

genome strands (98, 468) to generate the extensive genetic variation of HIV: 

besides base changes this manifests as insertions, deletions and frameshifts (144, 

384, 385)

Retroviral recombination has been estimated to occur at approximately 2% 

per kilobase per replication cycle (226). Although the ability of HIV-1 to 

recombine has been recognised for many years (98, 468), it is only with 

methodological advances that the true extent of recombination has been 

appreciated (69,378). Recombination is believed to occur following infection as 

the RT producing DNA switches between the two 5'-linked RNA molecules 
within a virion. If two RNA molecules of different genetic composition are co
packaged, mosaic RNA genomes in a variety of forms can be produced from a 

single coinfection (469). Recombination can occur between different genomes in a 

population (quasispecies) originating from a single infection; from different 
viruses of the same, or of different subtypes; or even between HIV-1 and HIV-2 

(74, 135, 214, 393, 397, 511, 523)
In 1995, it was realised that HIV-1 replication occurs at a high rate 

throughout infection, and that latency is not equal to viral inactivity (106, 222, 

498). This was contrary to previous assumptions and revealed HIV-1 infection to 

be a very dynamic process. The average half-life of a virus or infected cell was 
estimated to be 2 days. This rapid turnover coupled with the extreme genetic 
diversity leads to the generation of a population of genetically heterogeneous 

viruses within a single infection, known as a quasispecies (197). Recently, the
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validity of this way of thinking about a diverse population of sequences has been 

challenged, but it seems to be established terminology (461).

Sequencing analyses revealed that the level of diversity within HIV-1 is not 
constant throughout the genome, reflecting varying selection pressures or 
mutation rates. The amount of variation seen in the pol (coding for the RT) and 
gag (coding for the structural proteins) genes is lower than that of the env gene: 
env sequencing revealed regions which are more variable (named VI to V5) 

interspersed with regions of greater conservation (Cl to C5) (470). One of these 
regions, V3, is associated with the host immune response.

Recently, Sanchez et al reported the accumulation of defective viral 

genomes in the PBMCs of infected individuals (437). By long-distance PCR, they 

detected deletions in the HIV-1 genome, the majority of which were distributed 
around the centre of the genome, suggesting they arose by a single polymerase 
jump during reverse transcription. Upon activation of the PBMCs in vitro, the 
number of deleted genomes decreased, which suggests that caution must be used 
in interpreting data from cultured or other in vitro manipulated viruses.

8.1. Subtypes

Prior to 1992, HIV strains were classified by their geographic origin and 
formed two subgroups, North American and African strains. Subsequently a third 
subgroup of strains from Thailand was described (335). As sequence data 
accumulated, particularly from the env gene, more such subgroups were 
identified and divided into five subtypes named A, B, C, D and E, which differed 
from each other by approximately 30% in env coding sequences and 14% in gag 
(360). With increased phylogenetic data, a further five subtypes, F to J have been 
described, although the latter two have only a few members as yet (243, 262, 288, 
360, 362). These subtypes comprise the M (major) group of HIV-1.

The extent of intersubtype variation within the M group is approximately 
30% for the env gene (360), and 14% for the more conserved gag gene (312). One of 

the subtypes defined by env sequencing (subtype E) does not have an equivalent, 
separate subtype based on gag sequencing, instead it clusters with subtype A and 
is assumed to represent a past recombination event.

In 1994, viruses were characterised which were more divergent than those 
previously known, sharing only approximately 50% homology with the group M 
viruses in the env gene, and as different from each other as they are from the 
group M isolates. These are known as the group O (outlier or outgroup) viruses
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(92, 203,491). Group O viruses originate mainly from West Africa, and Cameroon 

in particular (388). Further, whilst studying the considerable diversity of HIV-1 

infections in Cameroon, Simon and colleagues identified an isolate proposed to be 
a member of a new group of viruses, designated N (for 'new' or 'non M-non O') 

which appear to cluster phylogenetically between group O and SIV ab (456). 

Phylogenetic analysis of HIV-2 has also revealed evidence of at least five subtypes 
(183).

8.1.1. Methods of Subtyping

The best method of subtyping is undoubtedly complete genome 
sequencing, but this is both expensive and labour intensive, so several alternative 
methods have been developed. The Heteroduplex Mobility Assay (HMA) is a gel- 
based technique which distinguishes env gene polymerase chain reaction (PCR) 
products from unknown subtypes on the basis of their similarity (or dissimilarity) 

to PCR products from reference subtype strains ( 132). This technique has been 

widely applied (22, 34, 36, 48, 55, 121, 127-132, 135, 200, 215, 250, 262, 281, 308, 309, 

311,351, 370, 455, 488, 496, 502). Alternative methods for subtyping HIV include 

selective PCR (18, 390, 451); restriction fragment length polymorphism (RFLP) 

analysis (240); and oligonucleotide probe hybridisation (316), but these have 

shown themselves to be of most use when there are only a few subtypes to be 
differentiated. Serotyping, where a small subtype-specific peptide is used to 
determine the subtype is very rapid, cheap and simple to perform, but again is of 

most use where a few subtypes of limited diversity are present (29, 161, 188, 263, 

280, 349, 455). To investigate infections of HIV belonging to group O, serologic 

methods are most often utilised, but PCR-based methodologies or restriction 

enzyme digestion of a poi gene fragment have also been successfully used (51,206, 

216, 241, 248, 305, 307, 388, 415, 454).

8.2. Recombination

Initially, intersubtype recombination was thought to be rare because it was 
believed that coinfection with different subtypes only occurred infrequently (432). 
As published sequence data accumulated, and computer software was developed 
to identify potential crossover points (434, 452), the number of mosaic genomes 
identified suggested recombination was in fact not uncommon—almost 10% of 
viruses with sufficient sequence data could be shown to be recombinants (423).
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Further, dual (or multiple) infection with different strains of FflV has now been 
fully documented (18, 35, 74,135,139,143,151,186, 214, 240,393,397, 497, 511, 
523).

Recombination presumably reflects present or past co-circulating subtypes, 
leading to an increased probability of different subtypes infecting a single 
individual. This is obviously more likely when F1IV prevalence is high, and 
would explain the higher frequency of recombinants seen in infections originating 
from Africa (252, 477).

Intersubtype recombination of co-existing subtypes include B and F in 

Brazil (432), A and C in Rwanda and Tanzania (252,416) and several other 

combinations in viruses of African origin (for example A/D, A/G); many of these 

recombinants were transmissible (252, 289,432). Some pairs of subtypes appear to 

exist exclusively (subtype E/ A (181); G/A), or more frequently (A; C) as 

recombinants; whereas other subtypes have shown more limited recombination 

(B; D) (112,334). The reasons for this are as yet unclear, but it might be expected 

that recombinant viruses have some evolutionary advantage. McCutchan and 
colleagues noted that some regions of recombinant genomes were subtype-biased; 
for instance in recombinants of subtype A with E, G, or D, the cytoplasmic 
domain of gp41, which is implicated in cell tropism, was almost exclusively of 

subtype A origin (334). There is also evidence for intrasubtype recombination, 

such as in an individual dually transfused with two subtype B strains (135), but 

detection of such infections is less straightforward.

9. Global epidemiology and distribution of HIV-1 subtypes

There is a vast literature on the distribution and prevalence of the different 
subtypes across the world, and the following discussion attempts to summarise 
some of the key findings. The worldwide distribution of HIV is presented in the 
Appendix to Chapter 1, which includes references to the literature not cited in the 
summaries below. By the end of 1997, the Joint United Nations Programme on 
HIV/ AIDS (UNAIDS) and the World Health Organisation (WHO) estimated 30.6 
million people living with HIV infection globally. The area with the highest 
prevalence of HIV is sub-Saharan Africa, with an estimated 20 million infections 

(72). The areas predicted to have the most rapid increases in new cases of HIV are 

in Asia, particularly India and Thailand. The implications of subtype diversity on
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the expanding HIV pandemic are the subject of discussion by WHO advisory 
groups (22, 161, 502).

9.1. Africa

The number of people infected with HIV in Africa is huge—more than 13 
million adults, who have mainly acquired it by heterosexual intercourse. The 
prevalence of HIV infections in Africa varies between geographical regions, in 
general it is lower in Western Africa than in Eastern and Southern regions. All of 
the known subtypes are found in Africa, but there is regional variation in the 
distribution of these subtypes. For instance, group M subtypes A and D 
predominate in the countries covering a broad area East to West across sub- 
Saharan Africa, while subtype C is most prevalent along the Eastern coastal 
countries. West Africa, especially Cameroon, has the largest numbers of group O 
viruses, the largest concentration of HIV-2 viruses and is also the origin of the 

newly described group N viruses (456). Other subtypes (B, E, F, G, and H), 

although present in many areas, are not the prevalent subtype in any one country.

9.2. The Americas

Following its introduction in the late 1970s/early 1980s, HIV-1 spread 
rapidly through the Americas, mainly via homosexual intercourse and injecting 
drug use, with relatively little via heterosexual transmission. Since then, 
heterosexual transmission has increased slowly and steadily. By 1996, it was 
estimated that 780,000 people were infected with HIV-1 in North America, and 
more than 15 million in Central and Latin America. By far the most common 
subtype in North America is subtype B, but elsewhere more diverse subtypes are 
more prevalent. For instance, Brazil has multiple subtypes including B, B' (also 
known as Thai B), F, C and recombinants between B and F.

9.3. Asia and the Pacific

From its introduction in the late 1980s, HIV-1 has spread very rapidly in 
Asia and the Pacific and there are estimated to be over three million cases. The 
distribution of these infections is not equal, however. Countries such as the 
Democratic Peoples Republic of Korea and Mongolia have a low prevalence of 
HIV, while others such as Thailand and Cambodia have a high prevalence.

The rapid spread of HIV in Thailand has been well documented, initially 
from an epidemic among IDUs of a subtype B strain similar to the North
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American strains; later a new strain with a unique V3 loop sequence (GPGQ; the 
most common N. American/European subtype B motif being GPGR) emerged, 
known as subtype B' or Thai B. Soon afterwards, there was a rapid heterosexual 
spread of HIV among commercial sex workers (CSW); this epidemic was caused 
mainly by viruses of subtype E. It has been proposed that subtype E viruses are 

more transmissible via heterosexual contact (465), which could account for this 

pattern, but this remains a controversial issue (discussed further in section 12). 
The current subtype distribution in Thailand is less clearly divided between risk 

categories, as subtype E infections also found in the IDU population (296).

China and India are both experiencing rapid increases in HIV-1 infection. 
In India, the epidemic via heterosexual contact is exacerbated by low condom use 
and high prevalence of STDs, and HIV-1 infections are also spreading in IDUs. 
Viruses are mainly of subtype C, genetically similar to those of South African 
origin, but other subtypes are also present, including A, B and D, as well as HIV-
2. In China, HIV-1 of the Thai B subtype has been spreading in IDUs in Yunnan 
province, probably due to drug trafficking from Thailand, while in Southern 
regions there is a heterosexually acquired epidemic with viruses of subtype E. 
Vietnam is also an area with a rapidly increasing HIV-1 prevalence: an estimated 
32% of IDUs are HIV-1 positive and a heterosexual epidemic is also spreading in 
the south of the country. The main subtype in both exposure categories in 
Vietnam is subtype E.

9.4. Europe

Overall, more than 500, 000 individuals are believed to be infected with 
HIV-1 in West and East Europe. In Western Europe, the HIV-1 epidemic began in 
the early 1980s, in homosexual men, reaching its peak in the mid 1980s since 
when it has remained more or less constant, although the relative contribution of 
heterosexual transmission has increased and accounts for a higher proportion of 
infections than in N. America. In South West Europe (Spain and Italy) the picture 
is slightly different; here the major route of transmission is via injecting drug use. 
In Western Europe overall, viruses of subtype B are predominant, but appreciable 
numbers of other subtypes have been documented, especially in Belgium, 
Sweden, the U.K. and France. In these countries, non-B subtypes, including group 
O and HIV-2 isolates have been reported, although the majority of these are 
thought to have been acquired in Africa.
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In Eastern Europe, the epidemic of HIV began relatively late; by the early 
1990s there were outbreaks in homosexual men and nosocomial transmissions 
among hospitalised or institutionalised people, especially children, in Romania 
and Russia. Since then more cases have been seen especially in IDUs in Poland, 
the Federal Republic of Yugoslavia, Ukraine and Russia. Nearly all the subtypes 
have been seen in Eastern Europe, including those with a low prevalence in other 
European countries such as F, G, H and I, and their distribution suggests there 
have been multiple introductions into these countries.

9.5. HIV and AIDS in the United Kingdom (U.K.)

By the end of 1996, almost 28, 500 people in the U.K. infected with HIV had 

been reported to the Communicable Disease Surveillance Centre (CDSC) (8). 

Although infections have been reported from most areas of the country, the 
majority are concentrated around the South East of England, with 70% of reports 
from the North Thames area. Some categories of patients, such as mothers 
transmitting to their babies are almost exclusively seen in this region. Among 
HIV-1 infected mothers in London (1988 to 1996), nearly 60% were believed to 

have been heterosexually infected abroad (8, 366).

9.5.1. Routes of infection

The majority of HIV infections (60%) and AIDS case reports (over 
70%) in 1996 were attributed to homosexual activity (including bisexual men and 

commercial sex workers) (321). Although reports were received from all regions 

of the U.K., the majority were from the North Thames regions of South East 
England which accounted for 59% of AIDS cases in 1996. Almost all of these 

infections were in white men (94% of reported AIDS cases) (321).

The second largest exposure category was heterosexual activity, which 
accounted for 15% of AIDS cases (19% of HIV infections) in the U.K. in 1996. This 
group can be divided into four subcategories: a high risk partner (for example a 
recipient of HIV-infected blood, bisexual man or injecting drug user); exposure 
abroad; exposure in the U.K.; and those with no known risk. The vast majority of 
cases (79%) were as a result of exposure abroad (8).

The third most common risk category, comprising 6% of AIDS cases to 
1996, was injecting drug use (IDU). Unlike the former categories, infections as a 
result of injecting drug use are geographically concentrated in Scotland (mainly 
Edinburgh). The proportion of infections due to injecting drug use is, however,
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decreasing. In 1987 it accounted for 17% of HIV reports from the UK and 63% 
from Scotland; by 1996 this had decreased to 6% and 17% respectively (8).

Other risk categories were relatively rare: contact with infected blood or 
blood products comprised 5% of AIDS cases (352) and vertical transmission just 
2% (8). Putting these figures into context with data from previous years, the 
relative proportion of infections attributable to homosexual activity has gradually 
fallen, while those attributable to heterosexual contact have increased quite 
substantially. In 1986, heterosexual exposure accounted for only 4% of HIV 
reports, by 1996 this had increased to 27%. The ethnic origins of these groups 
were predominantly white, with the exceptions of heterosexual exposure where 
over half were black Africans, and vertical transmissions which were also biased 
towards this ethnicity (8).

10. Significance and implications of subtypes

The most renowned association between subtype and biology of HIV-1 
was the increased susceptibility of Langerhans cells to infection by viruses of 
subtype E or C compared to subtype B proposed by Soto-Ramirez and colleagues 

(157, 158, 465). The implications of this are that enhanced transmission may be 

expected of these subtypes by the sexual route. The observed association of 
subtype E with heterosexual transmission and subtype B with injecting drug use 
in Thailand seemed to support this (270). However, these findings have not been 

substantiated by further studies (35, 141, 399, 400).

Segregation of subtype with exposure category as seen in Thailand was 
also found in South Africa, where subtype B was mainly associated with 

homosexual transmission and subtype C with heterosexual transmission (330,

488, 506). This observation is more likely to be due to population effects than 

differences in transmissibility. It is assumed that individuals within a risk 
category are most likely to become infected by other individuals within that risk 
category, and hence the initial introduction of a particular subtype will spread to 
others sharing a risk behaviour; this is called the founder effect. Of course, the 
situation is more complex than this, for example engaging in prostitution to 
support an injecting drug habit. In Thailand, for example, although subtype E has 
predominated in the heterosexual population, the predominant subtype in IDUs 

has changed over time (296). The subtype distribution also varies in different
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regions of Thailand, and this highlights the difficulties of drawing general 
conclusions from limited studies.

In addition to subtype/risk behaviour associations, there is some evidence 
for biological distinctions between different subtypes, summarised in a recent 

workshop report (20). These include:

(i) increased frequency of syncytium-inducing variants among subtype D 
viruses;

(ii) subtype-associated patterns of second receptor usage;
(iii) levels of variability in the envelope V3 loop—greatest among subtype 

D and some subtype E viruses, and lowest among subtype C and some subtype A 
viruses;

(iv) configuration of regulatory regions in the LTR—subtype E has one NF- 
k (3 binding site, subtype C three or more, while other subtypes (A, B, D, F, G) 
have two;

(v) subtype A/E has a distinctive form of RNA secondary structure in the 
TAR domain which may influence the rate of disease progression via Tat- 
mediated transactivation effects;

(vi) in a preliminary study in Uganda, the rate of T-cell decline was more 
rapid in subtype D than subtype A-infected individuals.

The relationship between subtype and resistance to antiviral drugs has also 
been investigated recently. Descamps and colleagues noted a lower susceptibility 

to protease inhibitors in subtype G isolates compared to other subtypes ( 134), and 

viruses of subtype F show evidence of reduced susceptibility to a non-nucleoside 

RT inhibitor (9). Differences such as these are of obvious importance in selection 

of appropriate drug treatment regimes, and monitoring of drug performance.
The performance of diagnostic assays can also be influenced by the 

subtype of the virus tested; this is discussed in more detail in Chapter 2: 6.

11. Phenotypic variability

In addition to the genotypic variation seen in HIV isolates there is also 

considerable phenotypic variability (167, 293). This includes differences in target 

cell tropism (lymphocytes, monocytes/macrophages and established cell lines), 
growth kinetics (slow/low versus rapid/high), cytopathic effects (syncytium 
inducing, SI or non-syncytium inducing, NSI) and antigenicity.

By cell tropism, HIV-1 isolates can be divided into three categories: T cell 
line (T-) tropic; macrophage (M-) tropic; and dual tropic. T-tropic viruses replicate

25



Chapter 1: Introduction to HIV and AIDS

in immortalised T cell lines but do not infect primary macrophages, and are 
syncytium inducing (SI) in infected cells. Syncytia are large multinucleate cell 
masses formed by fusion of both HIV-infected and uninfected cells. The 
coreceptor used by viral isolates varies with their tropism: T-tropic viruses utilise 
the coreceptor CXCR4. Conversely, M-tropic viruses do not replicate in T cell lines 
but do infect primary macrophages and are non-syncytium inducing (NSI), and 

principally use the coreceptor CCR5 for viral entry (518,519). Finally, dual tropic 

viruses have features of T- and M-tropism, infecting both cell categories and being 
SI. The growth dynamics of strains in cell lines can be divided into two categories: 
rapid/high (replicate rapidly in cell culture to high titres) and slow/low (slow 
replication and low titres). In general, rapid /high viruses are also highly 
eytopathic (SI) and have a broader cell tropism than slow/low viruses, which are 
usually NSI and M-tropic.

At seroconversion and during the asymptomatic stage of infection, M- 
tropic, NSI strains predominate which use the coreceptor CCR5 for cell entry 

(489). Later in infection, T-tropic, SI strains with increased replicative ability 

predominate (94, 109,478). This change from one to the other is associated with 

disease progression (94,478); dual tropic strains may represent an intermediate 

stage. Recombinants between cloned T-tropic and M-tropic viruses have 

demonstrated that the env gene is the major determinant of cell tropism (449). The 

V3 loop of gpl20 is a key component of this, and single point mutations in this 

region can change tropism (232). For example, a decrease in the overall charge of 

the V3 loop is associated with an SI phenotype. Such changes can also affect 
replication efficiency and syncytium formation ability. The V3 is not the only 
region influencing biological phenotype, however, and several other domains 
have also been implicated such as VI/V2, C4 and gp41.

12. Transmission

There are three main risk factors for the transmission of HIV-1: direct 
sexual contact (either heterosexual or homosexual); contact with infected blood or 
blood products, which includes sharing of contaminated needles by injecting 
drug users; or perinatal transmission from an HIV-positive mother to her child. 
Whether an exposed person becomes infected is subject to several factors, 
including genetic ones. For instance, a 32 bp deletion in the CCR5 coreceptor is
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associated with resistance to infection in individuals homozygous for the deletion 
(section 13.5.1).

12.1. Sexual contact

In the United States (U.S.) and Western Europe, the largest proportion of 
HIV infections are as a result of homosexual contact. In other countries, including 
Africa, heterosexual contact is the dominant route of infection. During 
intercourse, HIV can be transmitted both from males to females (seminal fluid of 
infected men contains both free virus and virus-infected mononuclear cells) and 
from females to males (virus is present in vaginal fluid and has been seen in 
vaginal smears from HIV infected women). In the U.S. and Europe, the per- 
partner probability of male to female transmission has been estimated at ten to 

thirty percent (reviewed by Mastro et al (329)). The probability of infection during 

receptive anal intercourse is expected to be higher because the rectal mucosa is 
thin relative to the vaginal mucosa and lacks the vaginal secretions which may be 
protective against infection. The risk per partner of heterosexual transmission is 
greater for male to female than female to male penile-vaginal contact; penile-anal 

contact increases both of these risks (329). HIV transmission following oral sex has 

also been reported, but is associated with a substantially lower risk of 

transmission (54, 329,426).

Several factors have been shown to influence the probability of sexual 

transmission (reviewed in Royce et al and Mastro et al (329, 428)). There is a strong 

association between a high viral load in the HIV-infected partner and an 
increased risk of transmission; high viral loads are often seen during acute 

primary infection, and in late stage HIV infection (168, 294). The increased 

probability of transmission early in HIV infection has been proposed as an 
important factor in the rapid spread of infections in the epidemic in homosexual 
men in the U.S. and possibly also from commercial sex workers in Thailand to 
their clients.

An increased risk of transmission has also been linked to genital tract 
infections (e.g. genital ulcers, gonorrhoea, Chlamydia) probably due to disruption 
of mucosal integrity. One study estimated the probability of HIV-l transmission 
from an infected man to his partner per sexual act increased by 50 to 300 times 

when a genital ulcer was present (209). For women, menstruation holds an 

increased risk of transmission both from an infected female to an uninfected male
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partner, and from an infected male partner to an uninfected female, and an 
increased shedding of HIV in genital secretions has been seen in pregnancy. 
Factors associated with a decreased risk of transmission include use of condoms 
during sexual activity, and male circumcism. The impact of other contraceptives 
such as intra-uterine devices and hormonal contraception is less clear cut.

12.2. Contact with infected blood or blood products

Before HIV was recognised as the etiologic agent of AIDS, and the 
potential for transmission via blood or blood products was realised, there were 
many infections acquired this way. The largest group affected were 
haemophiliacs, whose clotting factor (factor VIII) treatment was produced from 
large pools of plasma; hence a donation from a single HIV infected person could 
infect large numbers of people. With the introduction of screening of the blood 
supply, and detailed information given to donors about risk behaviours and self
exclusion, the number of new infections acquired via infected blood and blood 

products became very low in this country, but it still occurs (326, 352) (Chapter 6: 
5).

12.3. Perinatal transmission

Perinatal transmission is discussed in section 5.1. in Chapter 2.

12.4. Mechanisms of transmission

The precise mechanisms of transmission are not understood. 
Infection can be established via the introduction of free virus or infected cells into 
the host. It is likely that the cells initially infected are antigen-presenting, 
particularly macrophages and related cells of the dendritic lineage. Lining the 
mucosal surfaces are the CD4 and coreceptor-presenting Langerhans cells; it was 

proposed that these cells are more infectible by HIV-1 of subtype E (465) but this 

has not been supported by further studies (141,399, 400). During infection via the 

blood, the cells initially infected by the HIV are likely to be dendritic. Once cells 
have become infected with the virus, they are transported to the lymphoid tissue, 

and released virus can then infect susceptible CD4+ T-cells (164).

13. Course of infection and pathogenesis

HIV infects a wide range of cells including in vitro dendritic cells, B cells, 
natural killer cells, eosinophils, precursor CD4+ bone marrow cells, immature
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thymic precursor cells, CD8+ T cells, Langerhans cells, astrocytes, cervical cells, 

rectal and bowel mucosal cells (reviewed by (293,425)). In vivo only two types of 

cells are consistently found to be infected with HIV-1: these are CD4+ T 
lymphocytes, and macrophage-lineage cells. CD4 is the natural ligand for major 
histocompatibility complex type II (MHCII) molecules, which are crucial for the 
generation of immune responses, and binding of gpl20 to the CD4 may be an 
important component of pathogenesis. However, the gpl20-CD4 binding is not 
enough to establish infection, as secondary surface receptors are required (section 

7).

There are several important differences in in vitro infection of the two 
major cell types targeted by HIV-1. HIV-1 infection of CD4+ T cells in vitro leads 
to extensive cell death, whereas infection of monocytes or macrophages gives rise 
to a more limited cytopathogenicity; different HIV-1 isolates differ in their ability 
to replicate in these cell types (they are tropic; section 11). Further, optimal 
replication of FHV-1 requires that the CD4+ T cells are activated; little or no 
replication is seen in resting cells, which make up the majority of lymphocytes in 
PBMC, and hence there is a limited fraction of cells that are suitable targets for 
HIV-1 infection. Resting cells also express a lower level of CCR5 coreceptor which 
is required for infection by M-tropic viruses. Cellular activation both increases the 
size of the nucleotide pool available for viral DNA synthesis, and the level of 
transcription factors such as NF-kB. Although the peripheral blood contains 
relatively few HIV-infected monocytes, infected macrophages are found in many 
tissues, including the brain and lung.

primary infection opportunistic

Time after infection

Figure 3: Schematic showing the typical course of HIV-1 infection
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13.1. Primary infection

A schematic showing the typical course of HIV-1 infection in shown in 
Figure 3. Approximately three to six weeks post-exposure to HIV-1, most infected 
individuals exhibit symptoms of an acute mononucleosis-like clinical syndrome. 
Although the severity and persistence of symptoms can vary considerably 
between individuals, they generally last for one to two weeks. This acute clinical 

syndrome is associated with a burst of viral replication (97, 119, 482). A decrease 

in the number of CD4+ T lymphocytes in the peripheral blood can be detected 
two to eight weeks post infection; after this time, the level may increase again but 
rarely to its initial amount. By three weeks post infection, both the virus and viral 
proteins such as p24 can readily be detected in cell free plasma and cerebrospinal 
fluids. The levels of virions in plasma can be as high as 106 to 107 per millilitre, but 
only a small proportion of these are thought to be infectious. Approximately three 
to six weeks post infection a specific antiviral immune response can be detected, 
comprising both humoral and cellular immune responses (seroconversion). This is 
associated with a rapid decline in the plasma viraemia and antigenemia, 
resolution of the clinical syndrome and a temporary stabilisation of the number of 
CD4+ T cells.

More than one factor contributes to the decline of plasma viraemia: these 
include both cellular and humoral immune responses, secretion of virus
suppressing cytokines and possibly the exhaustion of suitable CD4+ target cells 

(394). The initial viraemic decline is thought to be due to the appearance of HIV- 

specific CD8+ cytolytic T cells, and the first neutralising antibodies do not appear 

until several weeks later (266). By three months post-infection, the vast majority of 

individuals have a detectable antibody response. Antiviral therapy during 
primary infection has been shown to improve clinical symptoms and increase the 

CD4+ T cell count (258), but whether there are longer term benefits to this has yet 
to be established.

13.2 Clinical latency -  the HIV steady state

Following the initial immune response, there are usually few if any clinical 
symptoms for a relatively long period of time. The average time between infection 
and development of acquired immune deficiency (AIDS) in adults has been 

estimated at between eight and twelve years (290, 353), but this can vary 

considerably between individuals. This time to AIDS appears to have increased 
since AIDS was first recognised: this could be due to improved detection, the
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effects of antiviral therapy, or effective prophylaxis for the serious opportunistic 
infections associated with AIDS. Children bom to HIV-infected mothers who 

become infected generally have a more rapid progression to AIDS (21, 247), 

possibly due to an underdeveloped immune system. The definition of AIDS has 
changed as knowledge has increased. The most recent defines AIDS as a CD4 

count of 200 per microlitre (p\) or less, even if there are no symptoms (86).

Although the long term asymptomatic phase can be seen as clinical latency, 
it is not due to viral inactivity. Indeed, there has been much evidence to suggest 
that viral replication is continuous and rapid throughout this time. This evidence 
includes detectable viral RNA in HIV-positive cells in the lymph nodes and in 
cell-free plasma, and proviral DNA in peripheral blood cells throughout infection. 
Quantitative viral RNA assays show relatively little day to day fluctuations in the 
levels of viral RNA, with only a gradual increase over time; this suggests both a 

constant rate of newly infected cells and death of infected cells (106).

Mathematical modelling predicts the half-life of the vims to be less than six hours 
in the blood, and the lifetime of an infected cell to be approximately one and a 

half days (392). Continual viral replication is also supported by sequence analysis 

of viruses, which reveals changes over time (approximately one percent per year 

in the env gene) (26,70), and a sustained and strong antibody response such as 

would be expected under continued immune stimulation.

13.3. Response to antiviral therapy

Following monotherapy with antiviral drugs, there is often a dramatic 
decrease in viral load in the plasma, and associated increase in CD4+ T cells. Over 
time, however, mutant viruses resistant to the antiviral drug appear or become 
prevalent, usually within weeks or months, and the effects of the drug can be 
reduced to undetectable levels. More recent therapy regimes involving multiple 
antiviral drugs in combination (most often two RT inhibitors and a protease 
inhibitor) have decreased the problems of resistance significantly, and led to 
sustained suppression of the viral load, presumably by suppressing viral 
replication sufficiently to decrease the probability of generation or replication of 
viruses resistant to the treatment.

The decline in viral load appears to be in two phases: an initial rapid 
decline is followed by a slower phase, where the half-life of the decline is 

approximately ten times the half-life of the first (391). This suggests a second

31



Chapter 1: Introduction to HIV and AIDS

population of latently or chronically HIV-infected cells with a half life of 
approximately two weeks comprising approximately ten percent of the total 
infected cell population of an individual, contributing only one to five percent of 
virus in the blood at any time. Although probably not important to pathogenesis, 

these cells may provide a long-lived reservoir of infected cells (391).

There are two theories as to how the balance between production and 
clearance of infected cells and virus is maintained for such a long time. Firstly, the 
host immune response is sufficient to control, but not overcome the infection; or 
secondly, there is a limit to the amount of viral replication mediated by the 
number of available target cells, particularly activated CD4+ T cells. Although the 
first is thought to be more likely, a cyclical rise and fall in antibody and virus 
levels would be expected, and this is not seen.

13.4. Progression to disease

Over time, the number of CD4+ T cells falls from the normal range of 600 
to 1200, to below 500 cells per jul, and the first manifestations of disease become 
apparent. When the CD4+ T cells reach under 200 cells/pi, the opportunistic 
infections associated with the onset of AIDS begin to take hold. These are 
protozoan, bacterial, fungal, and viral in nature, plus there are malignancies, 
neoplasms (e.g. Kaposi's sarcoma) and neurological diseases. HIV-1 isolates taken 
from patients with AIDS are more likely to be T-tropic with SI phenotype than 
those taken early in infection (94,478), but whatever the viral phenotype 
individuals with a higher viral load have a shorter time between infection and 
AIDS (341).

As mentioned above, the time period between infection and the 
development of AIDS varies considerably between individuals, ranging from 
months to years. A small subset of individuals are infected for 10 to 15 years, but 
remain free from symptomatic infection, and with reasonable CD4+ T-cell levels. 
These individuals are known as long-term non-progressors (LTNP) and have 
been extensively studied in an attempt to understand HIV pathogenesis and 
produce treatments and a vaccine.

13.5. Long-term non-progressors

There have been several proposed explanations for LTNP. One possible 
cause is infection with a defective virus, for example viruses with mutation in the 

nef gene (122, 259). Another possibility is a difference in host susceptibility. There
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has been much interest recently in a protective effect associated with defects in the 
coreceptors, most notably a 32 bp deletion in the allele coding for CCR5.

13.5.1. Coreceptor polymorphism and association with protection 

from infection

Patients who are exposed, but remain uninfected despite several 
high-risk exposures, are the basis of many studies that try to understand 
resistance. Paxton et al studied a group of 25 such sexually exposed people and 
noticed, firstly, an increased CD8+ T-cell anti-HIV-1 activity, and secondly, that 
isolated CD4+ T-cells were less susceptible to infection by M-tropic strains than 
uninfected controls. This was due to the activity of the chemokines RANTES, MIP 

1-cc and MIP-lp (387).

Soon after this work a 32 base pair (bp) deletion in the gene encoding 
CCR5 (CCR5 A32) was discovered. This mutation causes a frameshift mutation 

resulting in a truncated protein which is not expressed on the cell surface and 

cannot function as a coreceptor for HIV entry (60, 299,436). Individuals 

homozygous for A32 were found to be protected from both parenteral and sexual 

transmission of HIV-1 (123, 299,436, 504), although a few infected A32/A32 

individuals have now been described (27, 43, 371, 480). In heterozygous A32 

individuals a protective effect has also been reported (436), but the majority of 

studies have failed to support this (123, 228). However, heterozygous individuals 

have a slower progression to AIDS and lower viraemia (123, 228,412,474). Garred 

et al suggested that although progression to AIDS was slower in heterozygous 
individuals, the duration of the AIDS period was shorter (186), but this was not 

apparent in other studies (344,462). The effect of A32 on vertical transmission has 

recently been investigated by Misrahi and colleagues (346). There was no 

difference in the rates of transmission to heterozygous or wild type children born 
to HIV-1 positive mothers but, as with adults, heterozygosity was linked to a 
substantially decreased rate of disease progression. This delayed progression was 

not found by another group, however, and further studies will be required (156). 

The prevalence of A32 in the population is different among different peoples: in 
European Caucasians the allele frequency is around fifteen to twenty percent, but 
in African Americans and Indians it is considerably lower, and is virtually absent 

in other groups such as the Japanese, Chinese, Thai and African peoples (123, 228, 

230,231,299,436).
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The A32 is not the only coreceptor mutation which has been identified: in 

CCR5 a variant of the ORF known as m303, which exists at an allele frequency of 
less than one percent, also leads to a deficient receptor and, when present in the 

heterozygous form with A32, is protective from infection (408). This effect is also 

seen at a polymorphic base in the CCR5 promoter (336). Other CCR5 ORF 

variants have also been described, but their influence is as yet unclear.
Allelic variants have also been described for another of the coreceptors, 

CCR2b. The CCR2 641 allele is present at an allele frequency of around ten 
percent, and similarly to CCR5 A32 it has been associated with a delayed 

progression to AIDS, when in the heterozygous form (264,463), although other 

studies failed to support this association (343). It is not just the chemokine 
receptor alleles which exhibit variation: the ligand for CXCR4, SDF-1 has also 

been associated with delayed progression to AIDS (507).
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APPENDIX to CHAPTER 1

Global distribution of HIV-1 subtypes

A rea Major subtype(s) Minor subtype(s) References*

Northern Africa C A (20)

Djibouti B, C A (281)

Ethiopia C (435, 464)

M orocco B A, F (152)

East Africa A, D C, G (20)

Kenya A C, D (3 6 ,4 0 3 )

Rwanda A C, A/C (252)

Tanzania A, D C, C/A, C/D, A/D (416)

Uganda A, D C, G, A/D (57, 249, 414)

West Africa A B, C, D, G (20)

Benin A G, O (215, 234)

Côte d'Ivoire A B, D (234)

Ghana A D, G (53, 234)

Mali A C, D, G (389)

Nigeria G A (234)

Central Africa A B, C, D, E, F , G, H, J, O (20)

Cameroon A F, B, E, H, O plus many 

recombinants
(369, 477)

Southern Africa Heterosexuals: C A, B, D,E (20, 55, 488, 506)

Homosexuals: B C, D

Latin America B, F
Brazil B F, B/F (3 1 1 ,3 5 1 ,4 3 1 , 432)

Uruguay B (452)

Papua New Guinea B (149)

Asia B, C, E
Burma, Cambodia, Laos E (84, 2 8 1 ,3 0 3 ,4 5 5 )

China B C, E (8 4 ,3 1 7 , 514)

India C A, B, E <2, 84, 200, 379)

Indonesia B E (84, 402)

Japan B E, A (361)

Korea B A, D (121, 253)

Malaysia E A (255)

Philippines B E, F, C (438)
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A rea Major subtype(s)
i-vsi ■ A r  ¡ i f l l p t s

Minor subtype(s) References*

Taiwan B A, E, C, F, G, A/G (88-90, 283)

Thailand E, B (181, 296)

Middle East (Israel) B c (189)

Eastern Europe
Belarus A (IDU) (315)

Czech Republic, B (homosexuals) (332)
Estonia, Latvia, B, A, A/C (heterosexuals)

Lithuania

Romania F A , B, C, D, E (11, 2 8 ,1 4 7 )

Russia Homosexuals mainly B; parenteral 

transmissions G; ID Us A; 

heterosexuals all subtypes

A , C, D, E, F, H, D/G, A/B (46-49, 295)

Slovakia, Ukraine B (homosexuals)

A, B, D, F (heterosexuals)

(332)

United States B A, D, E, O (6 2 ,1 8 2 , 415)

Canada B (159)

Scandinavia B A, C, D, G, H, J, A/D (3 ,1 5 5 , 289)

(Sw eden, Norway)

Europe B A, C, D, E, F, G H, I, O

Austria B C, E, A (407)

Belgium B A, D, C, F, H, G (172)

Cyprus I (262)

France B A, C, D, E, F, (281, 455)

Germany B E, A, C (140)

Greece B A, D, C, I (362)

Holland B A, C, E, F, G (374)

United Kingdom B A, C, D, E, F, G (1 4 ,1 5 , 286)

* A  few representative recent references have been cited rather than a comprehensive list.
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CHAPTER 2

DIAGNOSIS of HIV-1 INFECTION

1. Summary of current diagnostic tests for HIV

HIV is usually diagnosed by detection of antibody against viral proteins, or 
by detection of the viral proteins (antigens) themselves. The assays detecting such 
antibodies include enzyme immunoassays (EIA), Western Blots (WB), 
immunofluorescence assays (IFA), radioimmunoprécipitation assays (RIPA), 
agglutination assays, other rapid assays, and isotype-specific assays. Assays to 
detect viral antigens include p24 assays and viral culture. These assays are 
reviewed briefly below.

The polymerase chain reaction (PCR) can be considered as a 'surrogate 
antigen assay' as it can detect viral RNA or DNA. PCR is a useful adjunct to 
serological assays and, in a few cases, may provide a diagnosis where serology 
cannot. In addition, as PCR can be quantitative as well as qualitative, it is used to 
monitor the viral load during antiretroviral therapy. PCR as a diagnostic assay is 
discussed in section 4 after a brief introduction to the available HIV antibody and 
antigen detection assays.

2. HIV antibody detection assays

2.1. Enzyme immunoassays (EIA)

Enzyme immunoassays (EIA) were the first significant antibody detection 
tests developed once growth of HIV on cultured T-cells became possible; there are 
currently many EIA (enzyme-linked immunosorbent assay) tests available and 
they are the most widely utilised method for the diagnosis of HIV infection. In the 
first generation of tests, viral lysates from strain MB or LAV (of subtype B) were 
bound to a solid phase and anti-HIV antibodies present in the added sample 
bound to these viral antigens, and were detected by addition of an anti-human 
immunoglobulin linked to an enzyme which produced a colour change with 
suitable reagents. However, such viral lysates created problems of false positivity 
due to non-specific binding; their replacement with purified recombinant viral 
proteins, which are simple to produce and can be mixed allowed the 
simultaneous detection of both HIV-1 and HIV-2, vastly improved these tests.
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Another format of EIAs is the competitive assay, where the patient's anti- 
HIV antibody competes for binding to the antigen with an anti-HIV antibody 
conjugated to an enzyme. For this type of assay, it is important to select 
appropriate viral proteins; in early versions of the test only subtype B antigens 
were used, but subtype-specific differences may result in the failure to detect 
some infections (section 6). The discovery of group O viruses in particular 

highlighted this problem (204, 305, 307, 441) and most commercial kits have now 

been modified to include detection of this group. Results obtained from EIA tests 
are therefore not definitive, and confirmatory tests are necessary.

2.2. Western blots (WBs)

Western blots (WBs) are most frequently used for confirming reactive EIA 
results, by detecting antibodies specific to particular viral proteins. Partially 
purified viral lysates are subjected to electrophoresis on polyacrylamide gels to 
separate the proteins by molecular weight, and are then transferred onto 
nitrocellulose or nylon membranes. Incubation of patient serum or plasma with a 
strip of this membrane causes the HIV-specific antibodies, if present, to bind to 
the antigens; these are detected by addition of an anti-human IgG conjugated to 
an enzyme to enable a colour detection reaction similar to that of an EIA. 
However, interpretation of WB results is not always straightforward: a sample is 
negative if no bands are seen and positive if up to nine bands can be detected, a 
complex pattern of bands being the most common result from a seropositive 
sample. For HIV-1 the bands are the envelope glycoproteins (gpl60, gpl20 and 
gp41), the core proteins (p55, p24 and pl7), and the polymerase proteins (p66, p51 
and p31). Sometimes only a subset of these proteins are seen due to non-specific 
antibody-antigen cross-reactivity and a limited host immune response. For 
example, anti-p24 reactivity is present in some uninfected individuals, as are anti- 
pi? and anti-p55 non-specific reactivities; and samples from patients in late-stage 
HIV-1 disease may lack p24 or p31 positivity. A specimen is therefore usually 
considered positive if two of three bands from p24, gp41 and gpl20/160 are 

present, but this may, on occasion, lead to false positive results (261). HIV-2 
positive samples are not reliably detected on HIV-1 WBs, therefore separate HIV- 
2 WBs have been developed. The genomic (subtype) variability of HIV-1 can also 
decrease the sensitivity of WB results as the antigens used commercially are 
commonly derived from a subtype B strain. HIV-1 group O infections are rarely 
detected with by WBs. The occurrence of such indeterminate results, coupled
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with the time required and the cost of VVBs, means it is not always the most 
suitable confirmatory test, hence many laboratories opt for other strategies to 

confirm an initial EIAELISA result (195, 395).

2.3. Immunofluorescence assays (IFA)

An alternative to the detection of antibodies to antigens by Western 
blotting is their detection by immunofluorescence after binding to cell-associated 
viral antigens present in infected cells. Briefly, HIV-infected T-cell lines are mixed 
with matched, non-infected cells as controls and are fixed on microscope slides. If 
present, HIV specific antibodies bind to the HIV antigens and are detected by 
reaction with anti-human antibodies or antisera conjugated to a fluorescein dye 
(FITC). The dye fluoresces when exposed to ultraviolet light, and this fluorescence 
is detected with a suitable microscope. A drawback of IFA is that it is prone to 
non-specific staining of uninfected cells, and the technique also requires 
experience to be able to correctly interpret the results. This lack of standardisation 
means IFA is not commonly used in clinical labs in preference to WBs.

2.4. Radioimmunoprécipitation assays (RIPA)

Radioimmunoassays (RIAs) are also used for serological detection of HIV 
infection through the specific precipitation (RIPA) of a radioactive antigen and 

antibody (30). Serum under test is mixed with radiolabelled HIV proteins, which 

bind to any HIV-specific antibodies that are present. These antigen-antibody 
complexes are immunoprecipitated with the aid of S. aureus protein A or G and 
are detected either by direct counting of radioactivity (RIA), or visualised by 
polyacrylamide gel electrophoresis and autoradiography (RIPA). Although these 
techniques can often detect the envelope proteins (gpl20 and gpl60), which may 
be missed by WB, the added precautions required for use of radioactivity, and the 
very laborious procedure involved, mean RIPA is mainly used for research 
purposes or by reference facilities, rather than in routine diagnosis.

2.5. Agglutination assays

Agglutination assays, such as the particle agglutination assay, SERODIA- 
HIV (Fujirebio, Japan), are widely used for screening because they are simpler 
than the standard EIA and require very little equipment. Diluted serum is mixed 
with gelatin particles coated with purified HIV antigen. If HIV-specific antibody 
is present, particle agglutination occurs. The overall sensitivity and specificity are
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slightly lower than for the EIA, but because both IgM and IgG are detected 
particle agglutination assays may be more sensitive for early seroconverters. 
Agglutination assays also appear less prone to false positivity caused by sample- 
specific factors such as heat-treatment or the presence of HLA antibodies. 
Agglutination assays based on latex beads, although very rapid and simple to 
perform, have proved harder to read correctly and are more expensive than the 
gelatin particle versions. In developing countries, particle agglutination assays are 
a popular alternative to WBs, which are relatively expensive and technically 
complex in comparison (235).

2.6. Other rapid assays

Rapid, simple tests (RST) are defined as those that take 10 to 15 minutes to 
give results, and which do not require extensive laboratory facilities. Several of 
these have been developed and their results appear to be comparable to those 

obtained from El As (444). They require little equipment and are tolerant of high 

temperatures and humidity. Often, HIV antigens (viral lysate, recombinant or 
synthetic) are bound to a membrane and form immune complexes when exposed 
to HIV-positive patient sera, plasma or even whole blood. These complexes are 
trapped on filters and detected by reaction with anti-human IgG enzyme 
conjugates through substrate precipitation and a colour change. For example, an 
assay similar to the principles of the home pregnancy test has recently been 
developed: a test strip bearing synthetic gp41 is dropped into a very dilute serum 

sample, and positivity is seen as the appearance of a band (377). Several other 
RSTs have been developed, including passive haemagglutination, dot-blot 
immunoassay and dipstick formats. The ease of use of these assays would appear 

to make them a very useful tool for less developed countries (7,327, 473, 503). 

However, the performance of RSTs with a range of subtypes of HIV-1 must be 

established as sequence diversity can decrease the sensitivity of detection (110). 
The assays must also be able to reliably detect HIV-2 infections, and dual 
infections with HIV-1 and HIV-2.

2.7. Isotype-specific assays: IgA and IgM

The majority of EIAs rely on detection of IgG alone, which is the most 
abundant immunoglobulin present in serum. It is, however, of little use to detect 
infection in children born to HIV-positive mothers, since maternal IgG readily 
crosses the placental barrier during the third trimester of pregnancy (unlike IgM
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and IgA) and may persist for up to IB months. Testing for IgM and IgA isotypes 
individually is hindered by the presence of such high IgG levels, which must be 
removed, either by absorption with Protein G prior to detection of specific anti- 
HIV IgM or IgA, or by immunoblotting using a class-specific antibody in the 
enzyme conjugate. IgM has not proven to be a very useful early diagnostic marker 
for HIV-infected children due to the low sensitivity of detection; IgA has been 
shown to be better, though it may take some months for this response to be 

detectable (337, 409). McIntosh et al found the sensitivity of testing infants at birth 

by these methods to be very low, with only 33% or 44% of neonatal infections 
detectable when tested in two different laboratories; by six months these figures 

had risen to 63% and 69% (337). Other estimates of the detection rate of neonatal 

infections have been higher than this, approaching 100% by six months (409). In 

addition to a low sensitivity, the specificity of detection in specimens taken at 
birth has also been observed to be very low; a phenomenon which is suggested to 

be due to placental leakage of IgA (337). By one month or older, however, the 

specificity of detection had increased to over 80%. Despite their relatively low 
sensitivity, the positive predictive value of these types of test is high in older 
infants and they are therefore useful in this context.

2.8. Problems with immunological diagnosis

EIA tests can result in false negative reactions early in infection (the 
window period) before a detectable antibody response can be found; this usually 

lasts three to six weeks (111, 178, 223). False negative EIA reactions are 

exacerbated by the majority of EIA and WB kits being directed to the most 
abundant immunoglobulin, IgG, as the switch from the initial isotype produced, 
IgM, to IgG can take up to 41 weeks. At the opposite end of the spectrum, patients 
in the terminal phase of HIV illness may lose their anti-HIV antibodies as the 
immune system becomes compromised, and hence may appear to be negative by 
serological testing. As discussed briefly above (section 2.2 on WBs), the difficulties 
in interpreting incomplete band profiles in WB assays can also lead to a 
misleading diagnosis. For example, a recent study estimated that almost five 
percent of WB-positive blood donors in the United States were in fact uninfected 

(261). False positive reactions may also occur, and have been seen when using 

heat-treated, lipemic (containing a fine, fatty emulsion) or haemolysed sera.
Falsely positive HIV EIA reactions have also been seen in patients with
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autoimmune disease; elevated levels of Rheumatoid factor; a history of multiple 
transfusions; alcoholic hepatitis; acute DNA virus infections, such as 

cytomegalovirus (63); following vaccination, notably against influenza or hepatitis 

B (284, 322); and associated with the presence of particular HLA antibodies 

(principally HLA-DR4) (269). Participants in HIV vaccine trials may also be 

reactive in some immunological assays. There have also been several occasions 
where unexpected serological results have been obtained without a simple 
explanation: these are discussed further in section 5.3. There are several 
situations, therefore, where direct detection of virion components rather than 
antibodies is very useful. The virion component detected can be either one of the 
proteins (antigens) or the genome, either in the form of virion RNA or cellular 
proviral DNA.

3. HIV antigen detection

There are several groups of patients for whom detection of HIV antigen, 
genomic RNA or proviral DNA is particularly appropriate. These include recent 
infections, which may be in the window period prior to seroconversion and 
babies born to HIV-infected mothers. Furthermore, quantitative PCR is widely 
used in monitoring the stage of disease of patients and their responses to antiviral 
therapy. The problems posed by diagnoses in these different patient groups, and 
the benefits of the use of PCR on their specimens, will be discussed in more detail 
(section 5) following a brief review of the available antigen detection assays, the 
most common of which is detection of the core antigen, p24.

3.1. p24

For detection of the core antigen, p24, an EIA-based method is commonly 
used. The antigen in an HIV-1 positive serum sample will bind to anti-p24 
antibodies immobilised on a solid phase, and can be detected by the addition of 
an enzyme-labelled anti-human immunoglobulin which converts an added 
substrate to give a colour change measurable as optical density. Quantification of 
the antigen can be achieved by comparison with controls of known titre. The 
problem with this 'simple' form of p24 antigen detection is that only free antigen 
is detected, and this is usually present only during the window period and late in 
infection, when the antibody response is poor. After seroconversion, and until late 
in disease, p24 is bound to antibodies forming complexes, and hence is 

undetectable by this method (368). To overcome this problem, the complexes can
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be disrupted by acid treatment, a procedure known as an immune complex- 
dissociated (ICD) p24 antigen assay. A 'neutralising assay' may be used to 
confirm positive serum p24 results. In this assay, a sample pre-treated with an 
anti-p24 antibody, the neutralising antibody, is tested in parallel with a control 
sample pre-treated with a non HIV-reacting serum. If the reduction in absorbance 
by neutralisation is at least 50%, this is taken to indicate a true positive p24 
reaction.

3.2. HIV culture

The growth of HIV in cell culture is a specialised method of antigen 
detection. Patient PBMCs separated from whole blood are co-cultured with non- 
infected donor PBMCs that have been pre-treated to stimulate and activate T- 
cells. The supernatant of the cultures is collected periodically and tested for viral 
activity by measuring p24 antigen or RT enzyme activity. Cell culture is not ideal 
for routine testing because of the specialised training necessary, the facilities 
required to handle live virus, the time delay in obtaining results, and the cost.

4. Polymerase chain reaction (PCR)

4.1. Background

The polymerase chain reaction (PCR) was first described in 1985 for the 

diagnosis of inherited genetic disease (433). PCR utilises a pair of synthetic 

oligonucleotide primers, complementary to each strand of a double stranded (ds) 
DNA template, and a thermostable DNA polymerase (usually Taq derived from 
Thermits aquaticus) to synthesise a specific fragment of DNA, often referred to as 
an 'amplicon'. The distance between the primers determines how large the 
amplicon will be. In the presence of precursor dNTPs, primers and Taq in a 
suitable magnesium ion containing buffer, the template is subjected thermal 
cycling. There are three stages to this cycling: a dénaturation step, usually at 94 to 
95°C, to melt the dsDNA; an annealing step, usually between 40 to 60°C, 
dependent on the primer characteristics, during which the primers hybridise to 
the template; and finally an extension step, usually at 72°C, when the Taq 

polymerase extends from the 3' end of the annealed primers, to create 
complementary copies of the strands of the template. By repeated cycling between 
these temperatures even a very low amount of template can be amplified to 

detectable levels (137). The value of such a technique for diagnosis of viral
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infections, particularly HIV-1, was quickly recognised, as evidenced by several 

papers published in the late 1980s (1, 100, 101, 180,324). The first report of PCR 

for detection of HIV appeared in 1987, when Kwok and colleagues amplified HIV- 
1 DNA from established cell lines, cultured cells and semen mononuclear cells 

(275). By 1988, PCR had been used to amplify HIV proviral DNA from PBMCs 

obtained from HIV-1 seropositive, but not seronegative individuals (375), and its 

potential to diagnose infection in difficult patients such as children born to HIV- 
infected mothers and high-risk exposed but seronegative individuals had been 

recognised (424). When sequence data became available from HIV-2, primers 

were also designed which could distinguish between infections with this virus 

and HIV-1 (413). A logical progression from PCR detection of HIV-1 proviral 
DNA was to link in a reverse transcription (RT) cDNA synthesis step to allow the 

detection of HIV-1 RNA from free virus in the blood (17, 75, 207, 213,356).

The PCR was found to have many advantages over other available 

techniques, such as culture, for direct virus detection (101). These advantages 

included the small specimen volumes required; the rapidity of diagnosis; the non- 
inf ectious nature of the amplified product; and the high sensitivity which can 
approach single copy detection. Unfortunately, this high sensitivity also proved to 
be the techniques main drawback. Because of the nature of the test, large amounts 
of PCR products accumulated in laboratories and the potential for cross
contamination, the carry-over of the final amplicon into the initial specimen, was 

considerable (273). Early tests were particularly prone to these false positive 

reactions (301). With increased experience, precautions to prevent false positive 

reactions were introduced and their incidence declined, but contamination can 

still be a problem (261, 430,445), and may be more widespread than is 

appreciated. An example of this is a study which investigated the apparent 

clearance of HIV-1 infection by exposed individuals (175). The majority of these 

proposed clearances were subsequently shown to be due to contamination (175). 
Considerable variation in the performance of PCR between laboratories has also 
been documented, but such comparisons are complicated by the variety of 

different PCR assays used in these different laboratories (50, 237,446,490). Since 

1992, the use of commercial DNA PCR assays and external quality assurance 
panels have allowed the performance of different laboratories to be assessed and 
indicates those which may be operating suboptimally.
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4.2. Anti-contamination precautions

Many precautions are used by diagnostic laboratories to control the 

occurrence of PCR carryover contamination (101, 273). These include a physical 

separation of areas for: (i) reagent preparation the 'clean room'; (ii) handling and 
extraction of DNA and RNA from clinical specimens; (iii) first and second round 
amplification and set-up of nested amplification reactions in laminar flow type 
cabinets; and (iv) the post-amplification detection of products. Equipment should 
be dedicated to each of these functions, and positive-displacement pipettes or 
plugged tips should be used routinely. Ultraviolet radiation is sometimes used to 

eliminate contamination by destroying DNA (170). Aerosols are reduced by 

briefly microfuging tubes before opening, and screw-capped tubes rather then 
those with flip-tops are often used. Personnel movement from one area to another 
is controlled as far as possible to maintain a unidirectional flow from clean to 
'dirty'. Negative controls are interspersed between the specimens to indicate any 
contamination. Positive controls are also included to validate the PCR results. The 
Amplicor assay incorporates uracil and uracil N-glycosylase to eliminate carry

over contamination from PCR amplicons to new reactions (137,302,495) (section 
4.4).

4.3. HIV viral RNA detection

The amount of HIV-1 RNA (viral load) present in an individual is strongly 
correlated with the clinical outcome. A high viral load is usually associated with a 

low CD4 count and increased progression to AIDS (340,341). With the advent of 

effective antiviral drug therapy regimes, the viral load assay is a useful 
measurement of their efficacies— on appropriate therapy, the viral load 
decreases, sometimes to below detectable levels. With the development of 
resistance to one or more of the drugs, the viral load is seen to rise and the drug 
regime can be modified in an attempt to counteract this.

There are three commercially available kits for determining viral load: the 
Amplicor HIV Monitor test (Roche Diagnostics); the NASBA (Nucleic Acid 
Sequence-based Amplification, by Organon Teknika); and the Quantiplex HIV 
branched DNA (bDNA) assay (Chiron). The Amplicor Monitor assay is an 
quantitative reverse transcriptase (RT)-PCR based kit, which employs primers 
located in the gag gene, and detects the amplified target with a probe and 
colorimetric reaction similar to that used for the proviral DNA version of the 
Amplicor kit. The NASBA assay is an isothermal RNA transcription assay, which
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also amplifies the same region in the gag gene, and detects it using a probe and 
chemiluminescence. The Quantiplex HTV assay employs an enhanced DNA 
hybridisation methodology. Viral RNA is captured with multiple probes (45 in 
total) complementary to the pol gene, and these in turn are hybridised with 
branched DNA molecules and enzyme-labelled probes.

The results of these assays must be considered in relation to other markers, 
such as CD4 cell counts and clinical symptoms, as false-negative or reduced viral 

load readings have been reported (115, 124, 460). Appropriate collection and 

handling of specimens for viral load assays are more critical than for DNA PCR 

amplifications (136). Also, amplification-based methods may be particularly 

prone to reduced viral load readings due to the genetic diversity of the assay 
primer or probe target regions (section 6).

With successful antiviral therapy, the viral load can fall to below the 
detectable levels of these assays. This does not indicate a cure, merely that the 
HIV replication is greatly reduced; it has been shown that HIV is not eliminated 

and remains in sanctuary sites (443). In a recent study by Bruisten et al, the HIV 

RNA viral load from plasma specimens and proviral DNA load from white blood 
cells were measured in patients undergoing antiviral therapy. While effective 
therapy caused a significant fall in RNA viral loads, the proviral DNA load 

showed little change over time periods up to 80 weeks (65). Another study has 

shown that proviral DNA remains detectable in seminal cells in men undergoing 
antiretroviral therapy that had suppressed viral replication as measured by viral 

RNA in plasma (517). Thus, proviral DNA detection assays such as the Roche 

Amplicor HIV-1 DNA PCR have a role in the measurement of the efficacy of 
antiretroviral drugs as they are able to confirm continued infection where RNA 
RT-PCR cannot.

4.4. Commercially available HIV-1 PCR tests: the Roche Amplicor

The early experiences of many laboratories with PCR testing for HIV made 
clear the advantages of having a more standardised PCR which included quality- 
controlled reagents and positive and negative controls, which required minimal 
hands-on operation and had defined cut-off values for positivity. Prototype 
diagnostic kits for HIV-1 became available in the early 1990's from Roche 

Molecular Systems (73). These used primers with targets in the gag gene designed

46



Chapter 2: Diagnosis ofH IV -l infection

from the sequence data available at that time, which was mainly derived from 
viruses of the B subtype.

The Roche Amplicor qualitative HIV-1 DNA PCR is a simple, user-friendly 
version of standard in-house PCR assays, making it suitable for use in diagnostic 

and reference laboratories (73). The kit is in three parts: the first is for sample 

preparation; the second for amplification; and the third for detection of the 
specific products. The first part of the kit produces lymphocyte cell pellets from 
whole blood collected in EDTA or add-citrate-dextrose (ACD) tubes. These pellets 
can be stored frozen prior to lysis with detergent and proteinase K in a simple, 
two step procedure. The second part of the kit is the amplification reaction itself, 
whereby the lysed cell pellet is added to a master mix containing everything 
required to amplify a 142 base pair region in the gag gene. The primers in the 
master mix are biotinylated, and uradl is used in addition to thymidine. The 
presence of uradl-N-glycosylase in the master mix comprises an enzymatic anti
contamination system which will destroy any uracil-containing amplicons 

previously produced (302). Following amplification, the products are detected 

using the third part of the kit, in which specific PCR amplicons hybridise to a 
specific probe bound to a microtitre plate, and are detected by an avidin- 
peroxidase colorimetric assay.

4.5. Performance of Amplicor

There have been several studies addressing the performance of the Roche 
Amplicor test, however when assessing and comparing the findings of these 
studies differences between the patients, spedmens and laboratory protocols 
must be taken into account. Firstly, the risk category and age of the patients tested 
may influence the apparent sensitivity and spedficity. The sensitivity of detection 
of proviral DNA in specimens from infants born to anti-HIV seropositive 
mothers, or in specimens from any patient following very recent exposure to the 
virus, may be expected to be lower than in confirmed anti-HIV-1 seropositive 
adult individuals (section 5). The sensitivity of PCR detection of HIV-1 infection 
in children bom to HIV-positive mothers also increases with the age of the child: 
in a review on the use of PCR for detection in this group, Dunn et al reported 
sensitivities of only 38% in neonates on the day of birth or the day after, rising to 

93% by 14 days of age (148).

A second factor is the nature of the specimen analysed, for example some 
anticoagulants such as heparin have been shown to have an inhibitory effect on
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PCR amplification (224). Many studies have used lymphocytes prepared from 

blood by methods other than that of the Amplicor test, most often by a Ficoll- 

Hypaque gradient method (37, 173, 194, 257, 267). Although this method allows 

the number of lymphocytes added to the amplification mixture to be estimated 

and therefore kit performance can be compared in a more defined way (446), it is 

not a realistic measure of the performance of the kit in everyday use. It has been 
shown that the Amplicor specimen preparation method is more suitable than a 
Ficoll-Isopaque method for blood from adults (319).

The Amplicor test has also been used for testing dried blood spot (DBS) 

specimens (41,42,83). Cassol et al reported a sensitivity of 100% in DBS specimens 

taken from patients aged over 15 days (83). HIV-1 DNA has also been detected in 

cells derived from cervicovaginal secretions using the Amplicor kit (308).

4.6, Causes of false negative PCR results

Although false positive results are usually considered the main problem 
with the use of PCR as a diagnostic test, false negative results may also occur and 

be caused by several different means (137). For instance, if individual primers, or 

pairs of primers, contain regions of complementarity they may self-anneal, 
forming so-called primer-dimers. Formation of primer-dimers decreases the 

amount of specific product and hence may result in false negative reactions (64). 

Further, if the primers are complementary to sequences present in the specimen 
other than the target mispriming can occur, leading to the synthesis of non
specific amplicons. Even if the primers do not self-anneal or misprime, there are 
other potential causes of falsely negative results in PCR: these include the 
presence of inhibitors of Taq, a low pro viral DNA copy number in the specimen, 

or the genetic diversity of the target sequence (137).

4.6.1. Inhibition

Inhibition of the PCR may occur if the specimen or DNA has not been 

processed to a sufficiently pure state (125). For instance, haem contamination 
from lysed red blood cells can potently inhibit PCR, as can residual heparin or 
sodium polyantholesulphonate (SPS), if these are used as anticoagulants for 

specimen collection (39, 201,224,429). Ionic detergents (for example sodium 

dodecyl sulphate or Sarkosyl) used for the extraction of DNA from specimens are 
also highly inhibitory to PCR even at very low concentrations; this can be
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overcome by using non-ionic detergents (for example Tween 20 or Triton X-100) 

which are tolerated in much higher concentrations (500). Ultraviolet radiation, 
which is sometimes used to eliminate contamination by destroying PCR DNA 

(439) can trigger the release of inhibitors from some laboratory equipment (297). 

Powder from gloves is also known to inhibit PCR.
Inhibitors of Taq polymerase have been shown to cause discrepant HIV-1 

PCR results (117). Methods for identifying the presence of inhibitors include the 

inability to amplify a control housekeeping gene such as p-globin from a 

specimen (433). Also, PCR positivity following either specimen dilution or boiling 

and filtering is indicative of the presence of inhibitors in the original specimen 

(117, 125). Spiking a strongly positive specimen with material from a suspected 

inhibitory specimen can indicate the presence of inhibitors by a reduction in 

amplification (117). Inhibitors may also cause differential inhibition, for example 

Fransen et al noted that although a housekeeping gene was PCR amplified from a 
patient specimen the Amplicor failed to amplify; an additional extraction step 

enabled amplification from this specimen (173).

The initial version of the Amplicor kit required fifty microlitres of lysed 
cells to be added to the amplification mix. It has been shown that using a dilution 
of the specimen can sometimes resolve false negative reactions, presumably by 

decreasing the amount of possible inhibitors (257). In a recent modification of the 

Amplicor protocol, the volume of extracted specimen added to the amplification 
mix was halved, and the annealing temperature during the thermal cycling was 
reduced from 55°C to 50°C. This increased the sensitivity of the Amplicor from 
below 70% to over 85% for some specimens belonging to more diverse HIV-1 

subtypes (417).

4.6.2. Low proviral copy number

The theoretical detection limit of PCR is a single copy of target DNA. In 
practice this is seldom achieved, possibly due to the complex nature of patient 
specimens when compared to the plasmid templates which are often used for 
estimating the sensitivity of PCR under ideal conditions. Also, the kinetics of PCR 
are more complex than those of a simple exponential reaction as first envisaged 

(355).

A low copy number of proviral DNA can result in false negative PCR 

reactions (194,442, 516). This situation may be anticipated in some patients either
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very early in infection, or when the immune system is compromised, such as in 

late-stage AIDS (391,392,453). Overall, in-house assays tend to be more sensitive 

than the Amplicor test, in part at least because they often employ a 'nested' 
amplification technique, whereas the Amplicor PCR uses only one pair of primers 

in a single round of amplification (37, 50, 199, 446). The location of primers in 

more conserved regions of the HIV genome will also influence the sensitivity of 

detection (79, 490).

4.6.3. Mismatches between the primers, the probe and the

template

When selecting primers for PCR, it is essential to locate them in regions of 
conserved sequence on the target to decrease the probability of mismatches and 

maximise the chance of successful amplification (138). It is impractical to include 
every available HIV sequence in the multiple alignment used to select the 
primers, and hence the selection will be the best estimate given the data available. 
Primers designed shortly after the discovery of HIV-1, when only a few isolates 

had been sequenced, may fail to amplify all isolates (14,79,490). With an 

increased sequence database from many different isolates, the choice of primers 
was altered to target more conserved regions (e.g. pol) and a much wider range of 
HIV-1 viruses became detectable.

The number and position of mismatches between a primer and its target 

region are important, and their effect has been investigated by several groups (96, 

227, 274). For example, mismatched nucleotides at the 3' end of a primer have a 

much greater effect on amplification efficiency than those in other regions. The 
nature of the mismatch may also be of relevance; some mismatches being more 

permissive than others (227). For instance, a terminal T mismatch is more often 

amplified than other combinations, and hence may be useful in the amplification 
of targets prone to genetic variation. An A:A mismatch led to a slight decrease in 
amplification efficiency, but an A:G, G:A or C:C decreased efficiency by 100 times. 
Internal single or small numbers of mismatches more than eight bases from the 3' 
end of a primer had little effect (274). Targer numbers of mismatches may have a 

greater impact. For example, six mismatches in a primer of 26 nucleotides led to a 

decrease in the amplification efficiency of a proviral DNA PCR (79), and five or 

more mismatches in primers of 27 or 29 nucleotides decreased the efficiency of an 

RT-PCR by between 13 and 100 fold (96). In addition to the position, number, and
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nature of the nucleotide mismatched, several other factors may increase 
amplification efficiency. These include the use of primers of 25 nucleotides or 
more, an increased concentration of deoxynucleotide triphosphates (dNTPs), and 
the choice of appropriate thermal cycling conditions (for example, a lower 
annealing temperature may have higher tolerance of mismatches, though 

potentially a corresponding increase in non-specific amplification) (96, 137).

Novel nucleoside analogues, such as Inosine, which can act as 'universal' bases, 
may also be useful in overcoming the decreased amplification caused by primer- 

template mismatches (96, 137, 367).

If a specific probe is used for detection of PCR amplified products, 
mismatches between this probe and its target region can result in a decreased 
efficiency of detection, or even a failure to detect. In one study two or three probe- 

target mismatches in a probe of 20 nucleotides resulted in such a failure (79); this 

is in contrast to a recent study by Christopherson and colleagues who reported up 
to five mismatches without a discernible decrease in detection. Of course, the 
effect of mismatches will be influenced by several factors including the length of 

the probe and the stringency of the hybridisation reaction (96, 137).

5. Situations where HIV antigen detection, particularly PCR, is of most benefit

5.1. HIV infection in children born to HIV positive mothers

Not all babies born to HIV-1 infected mothers become infected (148), hence 

it is crucial to be able to accurately diagnose infection in babies of HIV infected 
women, both for therapeutic and prognostic reasons.

The rates of vertical transmission of HIV range between 13 and 30% in 
Europe, and 35-40% in Africa. Several factors are believed to affect the chance of 

transmission of virus from mother to baby (66). An increased risk of transmission 

is associated with primary infection, a maternal high viral load, a decreased CD4+ 
count, a lack of HIV neutralising antibody, and prolonged membrane rupture. 
Further, there is a higher risk of perinatal transmission for the first born of twins 

(66), and MacDonald et al reported an increased risk when the mother and infant 

had concordant class IHLA types, possibly because of increased tolerance by the 

infant of maternal cells (320). Somewhat surprisingly, superficial damage to the 

placenta has been seen in a number of HIV-infected mothers without association 

with transmission (71). The recent discovery that the HIV coreceptor mutation,
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CCR5 A32, when present as a homozygous allele, has a protective influence on 

HIV transmission led Misrahi et al to see if this extends to vertical transmission. 
They concluded that infant heterozygosity for the CCR5 A32 allele did not protect 
the child from infection, but was associated with a slower rate of progression to 
disease; however, there were insufficient children homozygous for the deletion to 

assess any beneficial effects associated with this genotype (346).

The risk of perinatal transmission can be decreased substantially by 
appropriately-timed treatment of the mother during pregnancy and labour, and 
of the new-born infant for the first six weeks with AZT (5 azidothymidine, a 

reverse transcriptase inhibitor) (108,467). This reduced the risk of transmission by 

66%, with the transmission rate falling from 22.6% in a placebo group to 7.6% in 
those receiving AZT (108). A similar reduction was seen in a recent study of 

pregnant women in London; antiviral therapy decreased the transmission rate 

from 22% to 8% (318). Exactly which part of this treatment regime was 

contributing to the results seen (prenatal or intrapartum treatment of the mother, 
or neonatal therapy of the infant) has not yet been established, although a shorter 
and less intensive course of treatment in Thailand has resulted in a similar 

decrease in vertical transmission (85).

PCR has long been considered a useful tool in detecting infection in 
children born to HIV positive mothers, in whom maternal antibody can persist for 
up to 18 months after birth. The stage at which vertical transmission occurs affects 
the chance of detecting HIV infection. A number of groups have used PCR to 
detect HIV-1 infection in children bom to HIV-positive mothers in non
breastfeeding populations, and have used their data to predict at what stage 

vertical transmission occurs (95, 126, 148, 268). The PCR sensitivity for specimens 

taken on the day of birth or the following day was around 25%, with Dunn et al 
reporting the highest sensitivity of 38%. By two weeks, between 73 and 93% of 
HIV-infected children had a positive PCR result, rising to between 89 to 94% by 
three to four weeks. This could be interpreted as one quarter to one third of 

vertical transmissions being intrauterine in non-breastfeeding populations (365). 

However, this figure is likely to be an underestimate, as infections occurring close 
to delivery may result in insufficient proviral DNA load for detection in neonate 
specimens.

The polymerase chain reaction has also been used to study vertical 
transmission in breastfeeding populations. For example, in a study of patients
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from Zaire, the time of vertical transmission was predicted by time of positivity in 

a PCR assay and/or culture (38): from an overall vertical transmission rate of 26%, 

about a quarter of infections were intrauterine (as determined by a positive PCR 
result within 2 days of birth), 65% were believed to be intrapartum or early 

postpartum, and 12% late postpartum i.e. probably due to breastfeeding (38). 

Similar results were obtained from a study in Rwanda (459). These studies are in 

agreement with others that most infection occurs during labour and delivery, but 

there is still a considerable risk from breastfeeding (151): it was estimated to 

increase the risk of vertical transmission by up to 50% in some countries (365). 

Although not recommended in more developed countries, breastfeeding must be 
considered in the context of its benefits in less developed countries and a 

threshold of 6 months has been suggested for cessation of breastfeeding (151). 

However, a recent study questioned the proposed beneficial effects associated 
with breastfeeding, finding no difference in either susceptibility to childhood 
disease or failure to thrive between exclusively breastfed and formula-fed infants 
(45).

In real terms, therefore, PCR can be very useful for the diagnosis of vertical 
HIV infections, but an early negative PCR result does not necessarily preclude 
infection. A second useful tool in the diagnosis of infection in children born to 
HIV-1 positive mothers is the detection of immune complex dissociated (ICD) p24 

antigen (419). However, despite a high positive predictive value, the sensitivity is 

lower than PCR soon after birth (27% in infants under 1 month of age) rising to 

between 70 and 80% by between one and six months of age (419). Other useful 

tests for maternally acquired HIV infection include HIV culture (338, 472), 

qualitative or quantitative RNA assays (126, 458), and, in slightly older infants, 

HIV-specific IgA (300) (section 2.7).

5.2. Seroconverters

In the time immediately following infection there is rapid viral replication 
resulting in a high viral titre and clinical viraemia, this continues until the 
immune system is sufficiently stimulated to begin viral clearance and the viral 
titre decreases (Chapter 1). During this period prior to the first detection of 
antibodies to HIV (seroconversion), the risk of transmission, which is 
proportional to the viral load, may be increased compared to later in infection 

(294). For this reason, and given the potential benefits associated with the use of
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drug combination therapy, it is advantageous to diagnose new infections as soon 
as possible. Because the virus is present prior to the antibody response, PCR can 
detect these early infections before serological tests. The importance of this was 
highlighted by two recent cases where patients were shown to have been infected 
with HIV-1 by receiving infected blood or blood products from donors whose 

serological results were negative (279); (this laboratory, unpublished data). These 
seroconverters or suspected seroconverters can be detected by PCR. One case of 
this type is discussed in this thesis.

5.3. Unexplained serology

Another group of patients who may benefit from PCR diagnosis are those 
whose serology does not follow a typical pattern, for instance with an absent, 
weak, or decreasing antibody response which persists in subsequent specimens, 
or whose specimens give a positive reaction in one commercial serological assay, 

but not in others (163, 233, 304, 348,476). For example, Montagnier et al recently 

described a woman from the Ivory Coast who had negative serology, but was 
found to have a high plasma viral load. They ascribed this phenomenon to a rapid 

T-cell depletion due to accelerated disease (348). Less easily explained was a 

patient with transient seroreversion described by Zaaijer et al: HIV antigen testing 

was used to confirm the patients infected status (515). Possible reasons for such 

aberrant serological results include nonspecific antibody-antigen interaction 
(section 2.8), and those rare individuals who are exposed to the virus, but remain 

uninfected. This phenomenon has been observed in both homosexual (410) and 

heterosexual (333) partners of HIV-infected individuals, including prostitutes; 

(169,427), health care workers exposed by needlestick injuries, and babies bom to 

HIV-positive mothers (23, 67, 91). Possible reasons for remaining uninfected 

following exposure include infection with a defective virus; host-specific factors 
such as coreceptor polymorphism analogous to CCR5A32 (Chapter 1:13.5.1); or 
exposure to very low levels of infection, such that the immune response can 
prevent infection (clearance). A recent investigation into proposed clearance 
events by babies born to HIV-1 positive mothers found there was no evidence to 
support this latter phenomenon, and it was concluded that the majority of 

published reports were likely to be due to PCR contamination (175).
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5.4. Antiviral therapy

The advent of successful treatment of HIV-1 infection with reverse 
transcriptase and protease inhibitors has led to a widespread use of quantitative 

tests to monitor reduction in viral load (391). However, while virion RNA in 

plasma can decrease to undetectable levels, proviral DNA may still be detected 

(65, 517). Thus, both RNA and DNA PCR tests will continue to be used as part of 

patient management. However the genetic variability of HIV-1, particularly 
subtype A, has been shown to compromise the accuracy both of PCR and NASBA 

quantitative RNA tests (4, 114, 124, 196). These amplification assays will need to 

be further refined, both by manufacturers and in non-commercial laboratories, 
and their performance assessed by methods similar to those used in the present 
work.

6. Impact of genetic diversity on detection of infection

Initial tests for the detection of HIV-1 infection were designed using the 

sequences then available, which belonged to subtype B (275). The discovery of the 

diverse subtype O viruses (92, 203, 491) led to considerable concern over the 

inability of the available serological diagnostic kits to detect these infections (107, 

204, 305, 307, 441,454). The recently described group N viruses present similar 

problems for detection (456). Further, enzyme immunoassays may not detect 

viruses of different subtypes within group M with equal efficiency, as shown by 

Apetrei et al in their study of seroconverters (10).

The importance of evaluating commercial assays with a wide range of 
specimens, not only from different stages of infection but also from different 
subtypes, is clear. In general, a lower specificity is seen when specimens of 

African origin (presumably non-B subtypes) are tested (481). Engelbrecht and 

colleagues evaluated several commercially available diagnostic tests, including 
enzyme immunoassays, Western blots and so-called rapid/simple test devices 
(RTDs; mainly dot-immunoassays) with serum of patients infected with HIV of 

subtypes B, C, and D (154). The majority of the assays performed well, but 

subtype D infections were not detected by some of the RTDs (154). A later study 

using RTDs on HIV-1 subtypes A, B, C, E and F, subtype O, and HIV-2 reported 
no problems detecting the M group, but reduced sensitivity for the HIV-2 and 

subtype O specimens (110).
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As well as being problematic to detect by serological assays, subtypes other 
than B may present problems for detection by HIV antigen assays, including p24 
assays and PCR. Subtype-specific differences in the sensitivity of p24 detection 
have been described by Corrigan et al, with decreased efficiency for subtype O 

and a subtype B specimen from Thailand (113).

Of the subtype M or major group HTV-1 viruses, subtype A is the most 
genetically diverse. This subtype is common in infections of African origin and 

concerns have been raised about its detection by the Roche Amplicor kit (306,

417). This concern also extends to subtype E viruses, which are phylogenetically 

indistinguishable from subtype A in the gag gene, which is the location of the 
Amplicor primers and probe. Although several groups have reported a reduced 
sensitivity of Roche Amplicor for gag subtype A viruses, work presented in this 
thesis does not confirm this conclusion.

The use of viral load assays for specimens of different subtypes reveals 
differences in their performance: because the Monitor and NASBA are based on 
target amplification, they are constrained by the match between the primers and 
templates. Both of these tests failed to quantify viral load in an HIV-1 subtype G 
infected patient whose bDNA test suggested a high viral load, and this was 
attributed to mismatches between primers in the assays and the target of this 

diverse genome (124). In a comparison of amplification from culture supernatants 

representative of subtypes A to H of group M, the Amplicor Monitor test showed 
a reduced recovery of sequence for subtype A, F and G genomes, and NASBA for 

subtype G genomes (4, 115). Although the bDNA assay is less susceptible to 

sequence diversity in the target due to its large number of different probes, it 
requires a larger volume of plasma than the other two assays to obtain a 
comparative efficiency of detection. Preliminary data also indicates that for some 
specimens, including members of subtypes B and D, lower viral loads have been 
quantified using this test than obtained with Amplicor Monitor or NASBA assays 
(115). In practice it may be appropriate to use one of the amplification assays in 

combination with the bDNA assay and selecting the highest viral load result: 
however, financial considerations may render this untenable.

56



CHAPTER 3

MATERIALS AND METHODS

1. Specimens and patients

Whole EDTA anticoagulated blood specimens were sent to CPHL from 
other laboratories for diagnosis or confirmation of HIV infection. Specimens were 
from infants born to HIV-infected mothers and from older patients with the 
following risk behaviours: men who had had sex with men; patients thought to be 
exposed as a result of living in or visiting Africa; patients in whom no risk other 
than heterosexual intercourse was reported; and patients who had injected drugs. 
The codenames used for patients and their specimens are given in section 14.

2. Serological methods

Plasma or serum specimens were tested with two EIAs: Innotest HIV1/2 
(Innogenetics) and Biotest HIV1/2, and with GACPAT HIV1 and GACPAT HIV2 

(381). For children of HIV-infected mothers and patients in whom HIV- 

seroconversion was suspected, GACELISA HIVI+2 (IgG), MACELISA HIV 1+2 

(IgM) and AACELISA HIV1+2 (IgA) were also used (395). If the serostatus was 

uncertain, HIV-1 Western blot analysis (Diagnostic Biotechnology HIV Blot 2.2, 
Genelabs) was performed. When serological results suggested HIV-2 infection, 
HIV-2 Western blot was performed (Cambridge Biotech). Follow-up specimens 
were requested if the serological findings were ambiguous or recent infection was 
suspected. When sufficient volume was available, specimens from infants and 
selected adults were also examined by a p24 antigen assay (Coulter) employing 

an immune complex dissociation protocol (364). HIV p24 antigen reactivity was 

confirmed by a neutralisation test. Serological testing was performed by staff of 
the retroviral diagnostic laboratory and the results used to select specimens for 
genetic analysis.

3. Specimen processing for PCR and sequencing

Whole blood specimens were processed using the Roche Amplicor 
specimen preparation protocol described below. Up to 100 ;ri of plasma was 
removed for serological testing. If there was less than the recommended 0.5 ml of

57



Chapter 3: Materials and Methods

blood required for each cell pellet, the volume available was noted. The blood was 
processed as described in the assay protocol, which is based on an NH4C1 
extraction method used in haematological laboratories. The composition of the 
Amplicor kit reagents are shown in the Appendix to Chapter 3.

3.1. Blood preparation

Blood preparation was performed in a Class 1 safety cabinet. Blood 
collected in EDTA tubes was mixed several times by gentle inversion. Half ml 
aliquots were dispensed into 1.5 ml Sarstedt tubes. In a modification of the 
supplier's recommended protocol, the blood was spun in a microcentrifuge at 
10,000 g for 3 minutes and up to 100 pi of plasma carefully removed for 
serological testing. The remaining blood was remixed gently and 1 ml of 
'Specimen Wash Solution' added to each tube and mixed by inversion 5-10 times. 
If there was between 0.2 and 0.5 ml of blood, the specimen was still processed as if 
it was 0.5 ml, but the volume was noted on the tube. The tubes were left for 5 min 
at room temperature, mixed 3-5 times by inversion and incubated for a further 5 
min. The tubes were centrifuged at maximum speed (10,000 g) for 3 min and the 
supernatant removed using a disposable pipette. A further 1 ml of 'Specimen 
Wash Solution' was added to the tube which was vortexed to resuspend the 
pellet, and then spun for 3 min. This washing step was repeated, the supernatant 
aspirated leaving a minimal volume of solution and the pellet stored at - 50°C or - 
70°C prior to extraction, which was normally within 1 week. In some instances, in 
particular when the sample was not of a high quality, there was some haem 
contamination of the cell pellet. This was noted and taken into account in the later 
interpretation of results.

3.2. Extraction

The Roche Amplicor 'Extraction Reagent' was stored at room temperature 
and was mixed thoroughly by shaking prior to use. Two hundred jul were added 
to each cell pellet. A positive and negative extraction control were included each 
time extraction was performed: 200 jul of 'Extraction Reagent' was added to two 
sterile Sarstedt tubes, 50 jul of the Amplicor 'Negative Control' was added to one 
tube and tightly closed, and 50 jul of the Amplicor 'Positive Control' was added to 
the other. If a smaller volume of blood was processed initially, the volume of 
'Extraction Reagent7 was scaled down appropriately. All tubes were vortexed to 
lift the pellet from the side of the tube, and incubated in a dry heat temperature
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block at 60°C (±2°C) for 30 min. The tubes were removed from the heating block 
while the temperature was raised to 100°C (±2°C), then replaced for a further 30 
min. This lysed cellular pellet was used for the Amplicor PCR and also, when 
appropriate, for the other investigations that formed part of this work. These 
included the in-house PCR, PCR and sequencing (gag and env), house-keeping 
gene PCR, and CCR5 gene PCR (see below).

3.3. Amplification

Fifty gl per reaction of the Roche Amplicor 'Master Mix' to which 

AmpErase (uracil-N-glycosidase) (302) had been added was aliquoted into 0.2 ml 

thin-walled amplification tubes. These tubes did not require mineral oil to prevent 
evaporation because their 'bubble'-style lid allowed heating from above in the 
thermocycler. The 'Master Mix' included the biotinylated forward primer SK462, 
reverse primer SK431 (Figure 4) and dUTP in place of TTP; (note: the 
concentrations of the components in the 'Master Mix' and other reagents in the 
Amplicor test are not provided by Roche). Three negative and one positive 
control reactions were included in each amplification run. Fifty gl of extracted 
'Negative Control' was added to the three negative tubes, followed by 50 jul of 
each sample (equivalent to approximately 2 x 105 cells) to their tubes, and then the 
'Positive Control' to its tube. Specimens from infants or patients thought to have 
been recently infected were usually tested in duplicate. The tubes were then put 
into a Gene Amp PCR System 9600 thermal cycler (Perkin Elmer) using the 
following program:
Cycle 1 : 2 min 50°C
Cycles 2-6 : 10 sec 95°C, 10 sec 55°C, 10 sec 72°C
Cycles 3-36 : 10 sec 90°C, 10 sec 60°C, 10 sec 72°C
Indefinite hold : 72°C

After at least 10 min at 72°C and not more than two hours later, the tubes 
were removed from the thermal cycler, and 100 jul of Amplicor 'Denaturation 
Solution' was added to each PCR tube. Detection was usually performed at this 
time; very occasionally the samples were stored overnight at 4°C prior to 
detection.
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3.4. Detection

One hundred pi of Roche Amplicor 'Hybridisation Buffer' was added to an 
appropriate number of 8-well microwell plate strips at room temperature, 
positioned in a plate frame. Using a multichannel pipette, the amplification 
mixture was mixed by gentle pipetting up and down and 25 jul added to each 
well. The plate was covered with a plastic film plate sealer, mixed by gentle 
tapping until the blue solution turned yellow and incubated in a water bath at 
37°C for 60 min. The plate was washed 5-6 times with Roche Amplicor 'Working 
Wash Solution' using an automated washer, 100 1̂ of 'Avidin-HRP Conjugate' 
were added, the plate covered and incubated at 37°C for 15 min. Meanwhile, a 
'Working Substrate' was prepared by mixing 2.0 ml of Roche Amplicor 'Substrate 
A' and 0.5 ml of 'Substrate B' for each 2 strips (16 wells). This was prepared 
within 3 hour of use and stored in the dark. The plate was washed as before, 100 
pi of 'Working Substrate' added to each well and the plate incubated at room 
temperature for 10 min in the dark. One hundred jul of 'Stop Reagent' was added 
to each well in the same order as the 'Working Substrate', and the absorbance at 
A450 nm read within 1 hour.

3.5. Interpretation

There were two main control requirements that had to be satisfied to 
validate each run: i) the three negative control samples had both to be less then
0.25 A450 units, and within 30% of their mean value, and ii) the positive control 
had to be greater than 3.0 A450 units. A specimen was deemed negative if the A450 
was less than 0.35 units and positive if greater than this value. In practice, 
'ambiguous' specimens of between 0.2 and 0.8 units or those suspected of being 
falsely negative were usually repeated by extracting and testing another of the 
stored cell pellets, when available, in a subsequent run.

4. Analysis of Amplicor kit PCR products on agarose gels

For initial samples investigated, the Roche kit amplified products were 
recovered and analysed to establish whether amplification had occurred. 
Following removal of 25 jul for the colour detection, the remaining 175 pi (or 150 
pi if the sample had been tested for colorimetric development in duplicate) of 
Roche amplification mixture was transferred to a 1.5 ml Eppendorf tube and 
neutralised with an equal volume of 1.5 M NaCl, 0.5 M Tris, pH 7.5. Ten pi of 20 
mg/ml glycogen was added to enhance DNA precipitation, the tube was filled
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with ethanol and stored at -20°C. After at least 1 hour, the tube was spun in a 
microcentrifuge (10,000 g) for 15 min, the supernatant discarded and the pellet 
dried. This was resuspended in 200 jul of 1 x TE (10 mM Tris, pH 7.4; 1 mM EDTA) 
and subjected to a further precipitation with 0.5 volume 7.5 M ammonium acetate 
and 2.5 volumes of ethanol. The recovered pellet was washed with 80% ethanol, 
dried, resuspended in 15 p\ 1 x TE, heated at 55-56°C for 30 min and allowed to 
cool slowly to room temperature. Five of loading buffer (0.25% Orange G; 10% 
Ficoll in TE) was added and 15 gl of the sample was run on a 4% agarose gel (3:1 
NuSieve, FMC BioProducts) in 1 x TBE buffer (89 mM Tris; 89 mM boric acid; 2 
mM EDTA, pH 8.4). The bands were visualised using ethidium bromide staining 
and photographed under UV light with a Polaroid camera.

5. In-house PCR

An in-house PCR was designed to provide a confirmatory test for the 
Amplicor PCR, to validate the results from it, and to allow investigation of results 
believed to be falsely negative on the basis of serological testing and/or clinical 
information about the patient and their risk behaviour (if any).

5.1. Primer selection

DNA sequences from the gag p24 region of representative sequences of 
HIV-1 available from the Los Alamos database in 1993 were aligned with the 
MegAlign module of Lasergene (DNAStar), and primers were chosen by eye from 
conserved regions flanking the primers in the Roche kit (SK462 and SK431). The 
criteria used to select the primers were firstly that they did not mismatch with any 
of the then known sequences and secondly, that they were of 'average' sequence 
properties. Essentially, this meant that they were not biased to any one or two 
bases or able to form self or cross complementary structure (primer dimers). The 
selected primers are shown in Figure 4.
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R B I
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Figure 4a: Location of Amplicor kit primers (SK462 and SK431) and probe (SK102), and primers 
designed to amplify across their target region (RBI-8)

Primer name Orientation Sequence (5' to 3') Position+

RBI sense TAA AAC ATA TAG TAT GGG CAA GCA GG 427-452
RB2 sense CAT CAG GCC ATA TCA CCT AGA AC 765-787
RB3 sense ATA CCC ATG TIT TCA GCA TTA 840-860
RB4 sense CAG CAT TAT CAG AAG GAG CC 853-872

RB5 anti-sense TTC CAA CAG CCC TIT TTC CTA 1579-1557
RB6 anti-sense CAT GCT ATC ATT TCT TCT A 1084-1062
RB7 anti-sense CTA TAC ATT CTT ACT ATT TTA ITT AAT CCC 1168-1137
RB8 anti-sense CCA TCT TTT ATA AAT TTC TCC 1130-1108

Figure 4b: Primer sequences
t  Nucleotide position with respect to isolate ARV-1 (GenBank accession number K02007)

,5.2. Template preparation and amplification

To investigate suspected Amplicor falsely negative results, an aliquot of 
the cell lysate was used in the in-house PCR, or DNA was extracted and 
concentrated from the cell pellets. For this latter procedure, the DNA was purified 
and concentrated (2-6 times) by extraction with phenol-water-chloroform 
(68:18:14) and chloroform-isoamyl alcohol (24:1). Equal volumes of Roche- 
extracted lysate and phenol-water-chloroform (68:18:14) were mixed by vortexing, 
spun in a microcentrifuge at 10,000 g for 2-5 min and the supernatant removed to 
a fresh tube. A "back extraction" was performed by adding an equivalent volume 
of tissue culture-grade water (Sigma) to the phenol-water-chloroform and 
repeating as above. To the combined supernatants, an equal volume of 
chloroform-isoamyl alcohol (24:1) was added, vortexed and spun as before. The 
supernatant was again transferred to a fresh tube and the DNA precipitated by 
the addition of 3 volumes of ethanol and 0.1 volume of 3M sodium acetate
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(NaAc). After at least 1 hr at -20°C, the tubes were spun at 10,000 g to pellet the 
DNA, the supernatant discarded and the dried pellet resuspended in water. This 
purified DNA was stored at -20°C.

Five jul of extracted DNA (either Roche kit-extracted or further purified as 
above) was added to 95 jul of PCR reaction mix (5 pmol each primer, 1.5 mM 
MgCl2, 10 mM dNTPs and Taq polymerase from Boehringer Mannheim or Gibco 
Life Technologies Ltd) for the first round of a nested PCR. The primers used (RBI 
and RB5) were cited in conserved regions of the gag gene (Figure 4) and amplified 
approximately 500 bases either side of the Amplicor target region. Cycling 
conditions were:

94°C for 40 sec 
47°C for 35 sec 
72°C for 4 min

for 30 cycles. One ptl of the first round reaction was added to 50 1̂ of reaction mix 
for the second round PCR reactions containing internal primers RB2 and RB6 and 
usually further primer combinations of RB2, RB3 and RB4 with RB6, RB7 and RB8. 
This allowed prediction of suitable primers for sequencing.
Cycling conditions for the second round amplification were:

94°C for 1 min 
55°C for 1 min 
72°C for 3 min

for 30 cycles. Amplicons were visualised by electrophoresis in a 1% SeaKem (FMC 
BioProducts) agarose gel and ethidium bromide staining.

6. Sequencing of proviral DNA

When amplicons of the expected size appeared as sharp bands on the 
agarose gels, with no background products, they were purified directly from the 
amplification reaction mixture by ultrafiltration (Centricon-100, Amicon). If the 
product was less 'clean', and showed evidence of 'satellite' material, the target 
band was purified from the gel using QIAquick (Qiagen) or Geneclean II (BiolOl) 
kits. The purified PCR products were cycle sequenced with Taq or Taq FS 
DyeDeoxy Terminator chemistry, according to the manufacturer's instructions 
(Applied Biosystems). Between two and four sequencing primers were used 
(sense primers RB2, RB3 and RB4; antisense primers RB6, RB7 and RB8, Figure 4) 
in various combinations to give reliable sequence data in both directions; the 
primers that usually gave good data were RB2, RB6 and RB7. Sequencing
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reactions were run on an Applied Biosystems 373A DNA sequencer and the data 

analysed (sections 10-12) using the programs SeqEd (Applied Biosystems) (16) 

and Meg Align (102). If no amplification was possible using primers in the gag 

region, primers located in the pol and env genes (15, 132) were used, as well as 

primers designed to detect HIV-1 subtype O sequences.

7. Limit dilution

On occasion, sequence data was obtained from single molecules rather 

than, or in addition to the consensus sequence (453). Five ¡ul of extracted DNA 

(either Roche kit-extracted or further purified as above) was added to 95 pi of 
primary PCR reaction mix (a 1 in 20 dilution). Following gentle mixing by 
pipetting up and down, 20 jul of this was added to a further 80 p\ of primary PCR 
reaction mix. This was repeated to give a total of five dilutions, which were 
divided into 20 pi aliquots and amplified as above (section 5.2). Second round 
reactions were amplified with a primer pair appropriate for the template, usually 
RB2/RB6, run on a 1% SeaKem (FMC BioProducts) agarose gel and visualised by 
ethidium bromide staining. This initial dilution series was used to predict an 
appropriate dilution for a further amplification. A dilution between that with only 
a single positive, and no positives from the four tubes was selected, an 
appropriate volume of extracted DNA was incorporated into 960 pi of primary 
reaction and divided into 48 reactions. If less than 10 of these were positive in the 
secondary reaction, these were assumed to represent single molecules.

8. Actin housekeeping gene

On occasion, actin gene primers were used to check that DNA could be 
amplified from the lysed cell pellets. For this, 3-5 pi of Roche-extracted lysate 
were added to a 25 jul PCR reaction containing 2.5 pmol each of primers Actin 1 
(5'- CGA GCA CAG AGC CTC GCC TIT GC-3') and Actin 2 (5'- CAT AGG AAT 
CCT TCT GAC CCA TG-3') (484). Cycling conditions were:

95°C for 90 sec 
60°C for 1 min 
72°C for 1 min 

for 1 cycle followed by:
95°C for 1 min 
60°C for 1 min 
72°C for 1 min
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for 25 cycles. Ten p\ aliquots of the amplicons were visualised by electrophoresis 
in a 3% NuSieve (FMC BioProducts) agarose gel and ethidium bromide staining.

9. Precautions against PCR contamination

The commonly used precautions to prevent PCR contamination were 

followed (101, 273). These included physical separation of the four stages of 

amplification (rooms dedicated to: preparation of reactions; extraction and 
storage of samples; amplification; and analysis) with unidirectional movement 
between them; dedicated equipment and clothing in each room; and plugged 
pipette tips to prevent carryover. No two specimens from patients with unrelated 
infections gave identical sequences during this work, indicating that laboratory 
contamination had not occurred.

10. Sequence data analysis

Output files from the automated sequencer (chromatograms) were edited 
using the 'call bases' option of the Applied Biosystems program 'Analysis' to 
remove any unreliable data from the beginning and ends. The resulting files were 
imported into SeqEd (Applied Biosystems) for alignment. Examination of several 
chromatograms at once in this program enabled sequence data obtained from 
both strands to be checked at every position. If the chromatograms from both 
strands indicated two different bases at a single position, provided the data were 
'reliable' (of a reasonable strength and with low background), such ambiguities 
were assigned an I.U.B. code. If the data was not of sufficient quality, ambiguities 
were assigned an 'N' and the sequencing repeated using further primers, if 
appropriate. Several characteristic patterns due to the steric effects of the dye 
attachment in the ddNTP inherent to dye terminator chemistry were taken into 
consideration in interpreting the data; these were the empirical sequence 

interpretation 'rules' used in this laboratory (16).

11. Sequence analysis: primers and probe regions

The reasons for amplification failure in the Roche test were investigated 
with the program PrimerSelect (Lasergene, DNAStar) which allows comparison 
of a fixed sequence primer with a variable sequence template. PrimerSelect 
implements the algorithms of Freier and Breslauer and calculates the stability and 

temperature behaviour of DNA duplexes from their base sequences (58, 174). It 

was, however, impossible to analyse several of the sequences due to limitations in
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the program code on mismatches positioned within 5 bases of the 3' end. This 
excluded a few false negative specimens and controls from the analysis.

The relative stability (indicated by free energy, AGo) and melting 
temperature (Tm) of the actual primer/ template duplex structures were 
calculated for each primer for the falsely negative and control sequences. These 
parameters were also calculated for primer sequences changed to complement 
exactly the template (the ideal sequence duplex structure). In addition, the 
relative stability (indicated by the lowest free energy) of both primer duplex 
structures was calculated for a subtype B sequence (SF2) modified such that there 
was a perfect match with the primers in the kit. The optimal annealing 
temperatures (Ta), the Tm, the difference between the product and primer Tm 
and the GC content of the products were calculated for the actual 
primer/template duplex structures, the ideal duplex structures (the primer 
sequence changed to complement that of the template) and the perfect duplex 
structure (the modified SF2 sequence).

12. Sequence analysis: phylogenetics

Following analysis in SeqEd, a unanimity sequence was created and 
exported as text. In EditSeq (Lasergene, DNAStar) the sequence was trimmed to 
233 bp, the largest region available from all specimens spanning the Amplicor 
target region. Sequences were aligned using the Clustal method in MegAlign 
(Lasergene, DNAStar) to give a rapid phylogenetic analysis based on the 
neighbour-joining methodology. This was useful to exclude contamination events 
and to assign subtypes. More extensive phylogenetic analysis was also performed. 
An in-frame alignment in MegAlign, edited by eye if required to give the most 
feasible result, was exported in GCG format. Further editing was required to 

remove non-standard characters and Readseq (193) was used to translate this into 

a format suitable for use in the Phylip suite of programs (165). Initially, PUZZLE 

3.0 (475) was used to give an estimation of the transition to transversion ratio for 

each dataset (Ts/Tv); this value was then used in further analysis where 
appropriate. The programs in Phylip were used to: calculate DNA distance 
matrices using the maximum likelihood (ML) method in DNAdist; bootstrap 
datasets (random sampling with replacement) 1000 times using Seqboot; and 
determine the relationships between sequences (phylogenetic reconstruction) 
using the thorough, but time consuming ML (DNAml) method and the more 
rapid neighbour-joining method (Neighbor). When multiple trees were generated
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from bootstrapped data, Consense was used to combine these trees and generate 
the most common branching order, with values to indicate how often the 
branching pattern occurred giving an indication of its reliability.

13. Determination of CCR5 receptor A32 mutations

The genotype of the CCR5 gene was determined according to the method 

of Huang et al (228). One and a half pi of Roche-extracted lysate was added to a 25 
pi PCR reaction containing 20 pmol of each primer CCR5c and CCR5d (Appendix 
to Chapter 3).
Cycling conditions were:

94°C for 1 min 
55°C for 1 min 
72°C for 1.5 min 

for 5 cycles, followed by :
94°C for 30 sec 
60°C for 30 sec 
72°C for 45 sec

for 35 cycles in a PEC 480 thermal cycler. Ten pi of this reaction was mixed with 1 
p\ of blue loading dye (0.25% bromophenol blue; 0.25% xylene cyanol; 30% 
glycerol) and run on a 4% MetaPhor (FMC BioProducts) gel at 75 V for 
approximately 3 hours. The wild type CCR5 allele gave a band of 189 bp when 
visualised by ethidium bromide staining and the mutant 32 bp deletion allele a 
band of 157 bp.

14. Codenames of specimens

Specimens from patients aged two years or older ('adult') were given the 
prefix 'AD-'; those from patients under this age are referred to as 'BA-' ('baby'). 
This prefix is followed by a letter indicating the Amplicor result obtained from the 
patient: '-N' for negative, '-P' for positive and '-E' to indicate 'equivocal' when at 
least one positive and one negative specimen were obtained from a single patient. 
Numbers following these letters indicate discrete patients (for example two 
patients ADP 1 and ADP 2). Any further letters indicate multiple specimens from 
the same patient with the same Amplicor result (for example ADP 41a and ADP 
41b), or further information as follows: vt for vertical transmission when 
specimens from HIV-1 seropositive mother and her baby were available; s to 
indicate the specimen analysed was cDNA from serum or p for plasma; sm
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indicates a single molecule; and cons for the consensus sequence obtained from 
this specimen. For the 'equivocal' patients ('-E'), there is a letter to indicate the 
Amplicor result ('n' for negative, 'p' for positive and V  for equivocal) and then a 
number to indicate the chronological order in which the specimens were taken. 
For example, the equivocal baby BAE 1 had four specimens: BAE ln l, BAE ln2, 
BAE lp3 and BAE lp4.
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APPENDIX to CHAPTER 3

AMPLICOR HIV-1 TEST REAGENTS
Descriptions are taken from the manufacturers kit package insert.

Amplicor Whole Blood Specimen Preparation kit

Specimen Wash Solution
A sodium phosphate solution containing less than 0.4% detergent and 0.05% sodium azide.

Extraction Reagent
A Tris-HCl solution containing 1% detergent, less than 0.01% Proteinase K and 0.05% sodium 
azide.

Amplicor HIV-1 Amplification kit

Master Mix
A Tris-HCl solution containing 20% glycerol, <0.001% dATP, dCTP, dGTP, dUTP, biotinylated 
primers, <0.01% AmpliTaq (Taq polymerase) and 0.05% sodium azide.

AmpErase
A Tris-HCl solution containing <0.01% Uracil-N-Glycosylase and 0.05% sodium azide.

Positive Control
HIV-l-specific non-infectious DNA in a Tris-HCl solution containing 0.05% sodium azide.

Negative Control
Non-specific non-infectious DNA in a buffered solution containing 0.05% sodium azide.

Amplicor HIV-1 Detection kit

Dénaturation Solution
Solution of 1.6% sodium hydroxide.

HIV-1 Hybridization Buffer
A sodium phosphate solution containing < 25% chaotrope.

Avidin-HRP Conjugate
Avidin-horseradish peroxidase conjugate in a Tris-HCl solution containing 0.1% Proclin 150 (as 
preservative) and 0.1% phenol.

Substrate A
A citrate solution containing 0.001% H20 2 and 0.1% Proclin 150 (as preservative).

Substrate B
Contains 0.01% 3, 3', 5, 5' - tetramethylbenzidine (TMB) in 40% dimethylformamide.

Stop Reagent
Contains < 5% sulphuric acid.

1 OX-Wash Concentrate
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A sodium phosphate and sodium salt solution. Buffered solution containing < 2.0% detergent and 
0.5% Proclin 300 (as preservative).

HIV-1 MWP
HIV-l-specific DNA coated plate 96 Well.

BUFFERS AND SOLUTIONS

Neutralising solution for Amplicor product recovery
1.5 M NaCl 
0.5 M Tris, pH 7.5

lxTE
10 mM Tris, pH 7.4 
1 mM EDTA

Orange G loading buffer
0.25% Orange G 
10% Ficoll inTE

lxTBE
89 mM Tris 
89 mM boric acid 
2 mM EDTA, pH 8.4
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PRIMER SEQUENCES

Amplicor

SK462: 5' - ACT TGG AGG ACA TCA AGC AGC CAT GCA AAT - 3'
SK431: 5' - TGC TAT GTC AGT TCC CCT TGG TTC TCT - 3'
SKI02: 5' - GAG ACC ATC AAT GAG GAA GCT GCA GAA TGG GAT - 3'

In-house PCR

See Figure 4

Actin (484)

Actinl: 5 '- CGA GCA CAG AGC CTC GCC TIT GC - 3'
Actin 2: 5 '- CAT AGG AAT CCT TCT G AC CCA TG -3'

CCR-5 receptor (228)
CCR5c: 5 '- CAA AAA GAA GGT CTT CAT TAC ACC -3'
CCR5d: 5' - CCT GTG CCT CTT CTT CTC ATT TCG - 3'
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PERFORMANCE of the AMPLICOR ASSAY

1. Patient population

The aim of this study was to determine whether the Roche Amplicor HIV-1 
DNA PCR assay was suitable for routine use in diagnostic and reference 
laboratories. This assay was therefore used to test specimens submitted to this 
laboratory. These included specimens from infants bom to HIV-infected mothers, 
and from older patients with a range of risk behaviours. The relative proportions 
of these are represented in Figure 5. The age stratification of the patients is shown 
in Figure 6; specimens were received from patients aged at birth through to 84

Figure 5: Risk groups of specimens received for Amplicor testing
* = includes blood donors (1.9%); transfusion recipients (1.3%); and prostitutes, haemophiliacs and patients 
who have lived in or visited the Americas (combined <0.8%).

□  Infected parent

□  H om o/bisexual

□  Lived/visited Africa

□  Known anti-H IV

□  H eterosexual contact 

■  IVDU

□  Other*

years.

72



Chapter 4: Performance o f the Amplicor assay

AGE

Figure 6: Age distribution of specimens received for Amplicor HIV-1 PCR
nk = not known

2. Amplicor PCR assay

The results of the Amplicor HIV-1 PCR are divided into two categories: 
those from patients aged two years or older, in whom the serological response is 
likely to reflect the true HIV-1 infection status of the patient; and those from 
patients under two years, whose serology may be confounded by the presence of 
maternal antibodies.

2.1. Amplicor results: specimens from adults and older children

Of the 611 specimens from 589 patients of two years or older, 366 were 
positive both in the serological tests and the Amplicor PCR (Table 1) and 222 
negative by both approaches. Two specimens from patients suspected to be 
seroconverting were positive by Amplicor but negative by serology, and are 
therefore assumed to be serological false negatives. A further 21 Amplicor 
negative specimens were from 20 seropositive patients believed to be infected. 
Thus, these 21 specimens were considered Amplicor false negatives.

73



Chapter 4: Performance o f the Amplicor assay

Amplicor result

Serology result:

Positive Negative Total

Positive 366 2 368
Negative 21 222 243

Total 387 224 611

Table 1: Amplicor PCR on HIV-l-seropositive and -seronegative specimens from patients of 
two years or older

Further details of the 21 falsely negative specimens are given in Table 2. 
The youngest Amplicor falsely negative patients (ADE 1 and ADN 1) were two 
and five years of age respectively. The remaining patients ranged from 24 to 59 
years of age, and their risk categories included homo- or bisexual activity (eight 
patients), heterosexual activity (one male patient), injecting drug use (one 
patient), and time spent in areas where HIV-1 is of high prevalence (Africa and 
Thailand). Only two of the patients were female (ADN 7 and ADN 10); one was 
from Uganda and the second was of unknown risk category.
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C odenam e a A ge
(years)

R elevant inform ation A m plicor O D B S u b ty p e c

A D E I n i 2 0.021, 0.024 C

ADE lp 2 2 P ,P C

A D N  1 5 p24 negative 0.058, 0.066 D

A D N  2 24 M ale; seroconverter 0.207, 0 .168 (0.167) B

A D N  3 24 M ale; w orked on HIV w ard in prison 0.090 (P) B

A D N  4 n l 24 H eterosexual m ale blood donor; lived 
in Benin/France/G erm any

0 .057(0 .051 , 0.114) na

A D N  4n2 25 0.058 A

A D N  5 25 H om o/bisexual m an, exposu re >5 
years ago

0.176, 0.195 B

A D N  6 27 H om o/bisexual m an; partner died of 
A ID S

0.016 na

A D N  7 28 U gandan w om an (lived or visited 
A frica)

0.033, 0.033 (0.032) na

A D N  8 29 H om o/bisexual m an 0.106 B

A D N  9 30 H om o/bisexual m an 0.029, 0.018 B

A D N  10 30 W om an, risk  category not know n 0.066 (P) C

A D N  11 31 H om o/bisexual m an 0.040 (0.036) na

A D N  12 31 M ale blood donor 0.090 (1.104, 1.011) B

A D N  13 34 Som alian m an (lived or visited 
A frica)

0.075, 0.084 A

A D N  14 35 H om o/bisexual m an 0.072 na

A D N  15 36 M ale, suspected  seroconverter 0.125, 0.084 (0.360, 0.240) B

A D N  16 36 M ale, sym ptom atic 0.089 B

A D N  17 39 M ale, transsexu al p artners in 
T hailand , 1 y ear ago. Falsely negative 
in one serological assay d

0.256 (0.083, 0.322) A /E

ADN  18 40 M ale ID U e 0.042 B

ADN  19 41 M ale; partner H IV -1 positive 0.043 na

A D N  20 59 M an w ho lived in C am eroon 0.175 A

Table 2: Details of Amplicor false negative patients of two years or older

a: codenames as explained in Chapter 3:14
b: OD, optical density at 450 nm. Amplicor cut-off is 0.35; P indicates values > 2.0; values in parentheses are 
results of testing a second lymphocyte pellet from the same specimen
c: na, no amplification in in-house PCR; subtype E infections identified by sequence analysis o t g a g  (A) and 
e n v  (E) genes
d; IMx HIV 1/2 3rd Generation Plus (Abbott Laboratories) 
e: injection drug user

75



Chapter 4 : Performance o f the Amplicor assay

To investigate the false negative reactions, an in-house nested PCR was 
designed to amplify a region of p24 spanning the Amplicor assay target regions. 
This had three objectives. Firstly, it assisted in the confirmation of patient HIV 
status. As an independent, nested PCR it would be expected to have increased 
sensitivity compared to Amplicor. Secondly, the amplified HIV p24 region could 
be sequenced, and an estimate of the Amplicor primers and probe performance 
predicted. Thirdly, the sequence data could be used to provide epidemiological 
information.

2.2. Use of the in-house PCR assay for specimens from adults and older

children

The 21 Amplicor falsely negative specimens were investigated by in-house 
nested gag PCR and sequencing (Chapter 3; 5, 6); by these methods, HIV-1 DNA 
could be amplified from 16 of the 21 (Table 2). A series of control, positive 
specimens matched by risk category and age were chosen to complement the 
Amplicor falsely negative specimens, amplified by in-house methods and 
characterised. Amplicor positive specimens investigated for other reasons (such 
as clarification of aberrant serological profiles or epidemiological investigations) 
were also included in the analysis. Details of all these controls are given in the 
Appendix to Chapter 4. None of the Amplicor positive specimens failed to 
amplify in the in-house nested PCR

2.3. Children bom to HIV-1 infected mothers: Amplicor results

There were 377 specimens from 217 infants and children less than two 
years old (Table 3). The number of specimens tested from each patient ranged 
from one to seven (on average 1.7 specimens per patient). Of the 377 specimens, 
67 were Amplicor positive and 310 negative. Twenty two of these 310 Amplicor 
negatives from 16 infants were assumed to be Amplicor falsely negative because 
of: clinical data; serological evidence (e.g. neutralisable p24 Ag reactivity or anti- 
HIV persisting beyond 18 months of age); and / or because other specimens from 
the same patient were PCR positive. Further details of these patients are given in 
Table 4.
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Amplicor result
Positive Negative Total

Number of 
specimens

67 310 
(22)+

377

Table 3: Amplicor HIV-1 PCR results on specimens from patients aged less than two years

t: Suspected falsely negative

One of the specimens from an infant of 13 months was negative both by 
Amplicor and serology (BAE 9n2 in Table 4), and was identified because a 
previous specimen had been Amplicor positive (BAE 9pl).
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C od en am e A g e " R elev an t in fo rm atio n A m p lico r O D b Su b ty p e M ark ers o f in fectionLC

p24 IgA IgM IgG

B A E  I n i 4  d P aren ts an ti-H IV -1 sero p o sitiv e 0.028, 0 .019 na _ + + +
B A B  ln 2 2 0.046, 0 .057 A - - - +
B A E  lp 3 7 1 .6 8 4 ,1 .0 5 6 A - + + +
B A E  l p 4 16 P ,P A * + (+ ) +

BA E 2 n l 5  d M o th er an ti-H IV -1 serop ositiv e 0.112, 0 .094 na - + + +
B A E  2n 2 2 0.073, 0 .06 D - - (+) +
BA E 2p3 6 P ,P D - + + +
BA E 2n 4 9 0.038, 0.021 D (+) + + +
B A E  2p 5 16 P ,P nd nd + - +

B A E  3 n l 9  d M o th er an ti-H IV -1 sero p o sitiv e 0.065, 0 .065 na - + (+) +

B A E  3p2 2 o n  A ZT 1 .0 4 8 ,0 .7 6 4 B + - - 4-

B A E  3n 3 2.5 0.052, 0 .057 B 4- - - +

B A E  3p4 5 0.867, 0 .612 B + - - 4-

B A E  4 n l 1 3 d M o th er an ti-H I V -l  serop ositiv e 0.019, 0 .022 n a - - - 4-

B A E  4p 2 2 P ,P G - - - 4-

BA E 4p 3 4 P ,P G 4- - - 4-

B A E  4p 4 11 P ,P nd 4- + - 4-

B A E  5 n l 17  d M o th er an ti-H IV -1  serop ositiv e 0.028, 0.06 A n d + + +

B A E  5p 2 4 P ,P A + ( + ) - 4-

B A E  6 e l 1 .5 M o th er a n ti-H IV -l sero p o sitiv e 1 .1 1 7 ,0 .0 1 7
(0.02)

C nd - - 4-

B A E  6p 2 4 P, 0 .364 C - - - 4-

B A E  6p 3 5 P , 0 .018 c na na na na
B A E  6n 4 10 0.222, 0.111 c - ( + ) - 4-

B A E  7 n l 2 M o th er liv ed  in  o r  v isited  A frica? 0 .0 6 ,0 .0 6 3 c + - - 4-

B A E  7p2 3.5 P ,P c + - - 4-

B A E  8 n l 4 0 .1 2 9 ,0 .1 2 1  
(1 .4 4 2 ,1 .5 8 3 )

c + - - 4-

B A E  8p2 6 P ,P c + + - 4-

B A E  9 p l 8 1 .2 6 6 ,0 .7 6 5 n d + - - 4-

B A E  9n2 13 0.226, 0 .125 D n d - - -

B A E  9p 3 14 P ,P D 4- - * 4-

B A N  1 3 M o th er fro m  U g an d a 0.081, 0 .215 A (+ ) - - 4-

B A N  2 5 M o th er fro m  Iv o ry  C o ast 0.012, 0 0 1 8 A + - - 4-

B A N  3 7.5 0 .0 6 ,0 .0 6 5 D + 4- (+> 4-

B A N  4v t 1 0 M o th er an ti-H IV -1 sero p o sitiv e 0 .095 C 4- + + 4-

B A  4vt 10 nd c
A D P  26vt 3 1  y r Lived  in  o r  v isited  A frica p c

B A N  5a 10 P aren ts from  U g an d a 0 .038 A 4- + + 4-
B A N  5b 13 0.017, 0 .017 A - + + 4-

B A N  5c 17 S e n t by  St. T h o m a s ' H osp ital n a (n egative) A na na na na

B A N  6 13 D ecreasin g  C D 4 cell coun t 0.158, 0 .13 C 4- 4- ( + ) 4-

BA N  7 20 M o th er an ti-H IV -1 sero p o sitiv e 0.015, 0 .026 c 4- 4- 4- 4-

B A N U C L v t 3 S e n t by U C L M S; P n eu m ocystis  caritiii 
p n eu m on ia

n a (n eg ative) G na n a na n a

A D P  U CLvt nk M other  o f  B A N  U CLvt na (positive) G

Table 4: Details of Amplicor falsely negative, and control positive specimens from patients of 
less than two years of age

S p e c im e n s  fro m  th e  m o th e rs  o f  tw o  o f  th e  b a b ie s  w e re  a v a ila b le ; d e ta ils  o f  th e s e  p a tie n ts  a re  in d ic a te d  in  

ita lics.
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a: Age in months; exceptions are'd' for days, and 'yr' for years.
b: Amplicor optical density reading at 450 nm, assay cut-off is 0.35 and P equals values greater than 2.0; 
parentheses indicate result of extracting and testing a second lymphocyte pellet from the same specimen, nd 
= not done; na = no amplification, 
c: bracketed symbols indicate weak or equivocal results.

Several Amplicor positive specimens were also investigated, and details of 
these are given in Table 5.

C od en am e A ge R elev an t in fo rm atio n A m p lico r O D Su b ty p e

M ark ers o f  in fectio n  

p 24  Ig A  Ig M  IgG

B A P  l a 5 M o th er an ti-H IV -1 sero p o sitiv e p ,p A + + + +
B A P  lb 6 0 .5 1 ,0 .3 4 9 A + + + +

B A P  2a 6 M o th er an ti-H IV -1 serop ositive P ,P D - - - +
B A P  2b 13 0.717, 0 .524 D - + - +
BA P  2c 15 P ,P D - + - +
B A P  2d 17 P ,P D - (+) - +

B A P  3 9 M o th er a n ti-H IV -l serop ositive P A nd + + +

B A P  4 9.5 P ,P c + (+) (+) +

Table 5: Details of Amplicor positive specimens from patients of under two years

Legend as Table 4

The relationship between age and sensitivity of detection by Amplicor for 
patients under two years of age is given in Table 6.

Age

Positive

Amplicor result

Negative (falsely negative)

Total Sensitivity (%)

0-4 weeks 3 68(5) 71 37.5

1-2 months 7 54 (5) 61 58.3

3-6 months 29 74(3) 103 90.6

7 to 24 months 28 114(9) 142 75.7

Total 67 310 (22) 377 75.3

Table 6: Association between patient age and sensitivity of the Amplicor assay for patients 
under two years of age
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2.4. In-house PCR investigation of children bom to HIV-1 positive mothers

The in-house PCR amplified HIV-1 DNA from 18 of the 22 specimens 
suspected to be falsely negative in Amplicor (Table 4). A further two falsely 
negative infant specimens referred from other laboratories were also amplified; 
these were BAN 5c tested using the Amplicor assay at St Thomas' Hospital, 
London, and BAN UCLvt tested at University College London Medical School, 
London.

In total, over five years use of the Amplicor HIV-1 PCR, 43 specimens were 
found, or assumed to be, falsely negative: 21 from 20 patients aged two years or 
older, and 22 from 16 patients aged less than 2 years.

80



Chapter 4: Performance o f  the Amplicor assay (Appendix)

APPENDIX to CHAPTER 4

Details of Amplicor positive, and other patients investigated by in-house PCR
Codename Age

(years)
S e x Relevant information“

• ' ' _
A m p iie o r S u b ty p e ”

ADP 01 3 nk p24 positive p , p D
ADP 02 18 M Haemophiliac p B
ADP 03 18 F Heterosexual; patient and contact lived in or visited 

Africa
2.319, 2.532 D

ADP 04 20 M Homo/bisexual, AIDS P B
ADP 05 21 F Heterosexual exposure in Trinidad, 1995 P B

ADP 06 21 nk Falsely negative in a serological assay P , 2.747 A
ADP 07 21 F Waitress in Thailand P A/E, B
ADP 08 22 F nk P B
ADP 09 22 M Prison inmate P B

ADP 10 24 F Probably infected in Zaire P A

ADP 11s 24 M Homosexual; blood donor P B

ADP 12 2 5 nk Blood donor 2.943 B

ADP 13 26 F Lived in or visited Africa, partner Ugandan P,P D

ADP 14 2 7 M Homosexual, contact of ADP33 P B

ADP 15 28 M IDU; multiple heterosexual partners in Thailand & 
Hong Kong 1988-1991

2.501 B

ADP 16 28 M Seroconverter, p24 positive P,P B

ADP 17 28 M Slow seroconverter? P B

ADP 18 29 F Africa, Zaire? P.P A

ADP 19 29 M Infection acquired from African national, low viral 
load and low CD4 count

P B

ADP 20 30 M Homosexual with serological response remaining 
low over five months

P B

ADP 21 30 M Heterosexual exposure from Ugandan partner 1993- 
1994

0.401, 0.355 D

ADP 22 30 M Heterosexual exposure in Cambodia, 1995 0.44 A/E

ADP 23 30 F Lived in or visited Africa P A

ADP 24 31 M Seroconverter P,P B

ADP 25 31 M nk P B

ADP 26vt 31 F Lived in or visited Africa, Mother of BAN4vt P C

ADP 27 32 M Anti-HIV-1 seronegative, p24 positive suggesting 
specimen taken in 'window phase'

2.308 B

ADP 28 32 M Symptomatic P B
ADP 29 32 M nk P B

ADP 30 32 M Lived in or visited Africa P B

ADP 31 32 nk Infection originating in Kenya P A

ADP 32 34 F nk P B

ADP 33 34 M Homosexual, contact of ADP 14 P B

ADP 34 34 M IDU 0.728, 0.849 A/E

ADP 35 35 M Homosexual 2.654,2.602 B

ADP 36 36 M nk P B

ADP 37 37 M Homo - or bisexual P B
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Codename Age Sex Relevant information“* Amplicor Subtypeb
(years) OD450 raT1

ADP 38 37 M Heterosexual 2 .2 9 0 ,1 .9 1 6 B

ADP 39 38 M Seroconverter 2 .6 0 1 , 2 .6 9 5 C

ADP 40 3 8 M Seroconverter P B

ADP 41a 39 M Homosexual with HIV-1 seropositive partners; 
seroconverter

P ,P B

ADP 41b 39 M Seroconverter P B

ADP 42 3 9 F Lived or visited Africa (Zambia) P C

ADP 43 39 F Member of a 'sex ring' P,P B

ADP 44 41 M Homosexual 0 .6 9 B

ADP 45sm 41 M Heterosexual transmission investigation, contact of 
ADP 48

P D

ADP 46 41 M Homosexual, probably infected in the Middle East 
(Muscat)

P B

ADP 47 42 F Received injection whilst in Zimbabwe; low level anti- 
HIV-1 seropositive

1 .9 8 9 C

ADP 48sm 43 F Heterosexual transmission investigation, contact of 
ADP 45

P D

ADP 49 44 M nk P B

ADP 50 47 F Received several blood transfusions P,P B

ADP 51 48 M Seroconverter P B

ADP 52 49 F nk P G

ADP 53 49 M nk P B

ADP 54 50 M nk P B

ADP 55 50 nk IDU, Seroconverter, Thailand P A/E

ADP 56 51 M Needlestick exposure; lived or visited Africa P B

ADP 57 52 M nk P B

ADP 58 58 M Homo- or bisexual 1 .8 5 5 B

ADP 59 60 F nk P A

ADP 60 60 M nk 2 .8 7 2 , P B

ADP 61 72 nk Transfusion recipient of infected plasma P B

ADP 62 nk F Member of a 'sex ring' P B

ADP UCLvt nk F Mum of Amplicor falsely negative baby, BAN UCLvt n o t a v a ila b le G

BA 1 i White cell pellets left out of freezer for unknown time in v a lid A

ADI nk F Transmission study. Patient in same 'sex ring' as AD n o t te s te d B

AD 2 nk M
o
Transmission study. Homosexual health care worker n o t te s te d B

AD 3 nk F Transmission study. Patient of AD 2 n o t te s te d B

AD 4s nk nk Confirmation of subtype n o t te s te d A

AD 5 17 F From a Nigerian heterosexual; white cell pellets left 
out of freezer for unknown time

in v a lid A

AD 6 29 M Homo- or bisexual man lacking antibody response 
despite confinned infection

n o t te s te d B

AD 7 31 F Ugandan patient with AIDS, poor quality blood 
specimen

in v a lid na

AD 8 42 M HIV-positive health care worker n o t te s te d c

AD 9s 43 M Potential ly exposed by a transfusion in South East n o t te s te d B
Asia; from serum

a: nk =not known; IDU = injecting drug user; b: A/E = subtype E specimens, identified by sequence analysis 
of the gag (A) and e n v  (E) genes; na = not amplified in in-house PCR
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CHAPTER 5

INVESTIGATION of AMPLICOR FALSELY NEGATIVE REACTIONS

1. Investigation into possible causes of falsely negative Amplicor results

1.1. Recovery of Amplicor HIV-1 PCR products

To determine if false negative reactions were due to the kits failure to 
amplify the specific product, or due to a failure at the detection stage, the 
Amplicor products from several specimens were recovered and analysed on 
agarose gels. No specific product was seen from the specimens falsely negative by 
Amplicor (Figure 7).

Kit controls Specimens

M C+ C- C+ C- P N P P N N N

142 bp

Figure 7. Agarose gel electrophoresis of amplicons recovered from the Amplicor assay
M: 1 kb ladder (Life Technologies). Recovered products are from the Amplicor kit positive (C+) and negative 
(C-) controls, plus positive (P) and falsely negative (N) specimens

The in-house PCR amplified HIV-1 DNA from 34 of the 43 Amplicor false 
negative specimens. One microlitre of the amplicon produced in the first round of 
the in-house PCR was added to the Amplicor kit extraction buffer and processed 
in the same way as a lymphocyte specimen. Specific products were recovered 
from these specimens (Figure 8).
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154 bp 
134 bp

FN POS FN

M C+ C- 1 2 3 4 5* 6

Figure 8: Agarose gel electrophoresis of recovered amplicons generated by the addition of 
primary, in-house PCR products to the Amplicor kit

M: 1 kb ladder (Life Technologies); Amplicor kit positive (C+) and negative (C-) controls
1-6: Recovered amplicons from different specimens: positive (POS) and falsely negative (FN), amplified from
RBI/ RB5 primary PCR reactions with the exception of *, which was from RB1/RB6.

1.2. In-house PCR amplification: typical agarose gel

In total, 34 out of 43 specimens falsely negative in Amplicor could be 
amplified using the in-house nested PCR. A typical agarose gel of products 
following the second round of amplification is shown in Figure 9.

Adult Baby

1/5 1/6 1/5 1/6
/ [ \ .

/|\
/  \

/ K
/ K

r--
co

CO

3"

r~-
—w
C\l

CO
—w
CO

r--

■3-

c o  r~- oo  

S  m  +

r-w oo 

o 3
r--

PRIMARY REACTION 

SECONDARY REACTION

Figure 9: Agarose gel electrophoresis of amplicons from two specimens (one baby, one adult) 
amplified using the in-house PCR assay
All primers have the prefix RB, excluded for clarity; M = 1 kilobase ladder (Life Technologies)
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1.3. Amplification of a housekeeping gene

For the nine specimens which were falsely negative in Amplicor and also 
failed to amplify in the in-house PCR, and several controls, amplification of actin 
as a housekeeping gene confirmed that DNA could be amplified from the 
extracted cell pellet (484).

1.4. Sequencing of in-house gag  PCR amplicons

To investigate whether the Amplicor falsely negative reactions were 
associated with divergent strains of HIV-1, the amplicon produced by the in- 
house PCR was purified and sequenced using Taq DyeDeoxy terminator 
chemistry (Chapter 3: 5, 6). This enabled us to evaluate the match between the 
Amplicor kit primers (SK462 and SK431) or probe (SK102) and their target 
sequence in virus amplified from the specimen. The sequence data also enabled 
the gag subtype of the virus to be determined (section 6). An example of a typical 
chromatogram obtained is shown in Figure 10.

Figure 10: Ideal sequence data profile

Chromatograms from some specimens showed evidence of mixed bases; 
these are discussed below.

2. Consensus sequencing: interpreting data

When sequencing PCR products amplified from patient specimens without 
limit dilution or cloning to ensure single molecules, the sequence obtained may 
reflect the population of viruses within an individual. For several specimens, the 
chromatogram obtained from consensus sequencing had bases which were not 
straightforward to interpret. Sequence data from both strands of the PCR product 
determined with at least two primers (Chapter 3: 6) was compared, and in some
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specimens the data indicated two different nucleotides in a single position 
(heterozygous bases); these bases were assigned an I.U.B. code (Table 7).

Ambiguous bases I.U.B. code Number of 

examples seen

Codenames of patients

TorC Y 18 ADP 01, -12(x2), -18(x2), -23, -24, -32, -36, -43, -59, 
-62; AD 8
BAE lp4, -5p2; BAN 2, -3; BAP 4

A or C M 2 ADP 35, -52
A or T W 4 BAE 8nl, -8p2; BAP 4 

ADN 10
A or G R 5 ADP 12, -52, -62 

BAN 2, -7
GorT K 0 None
C or G S 0 None

Many Many 1 ADP 07

Table 7: Heterozygous bases observed in 233 bp sequence data, and specimens with these bases

The 'Analysis' software attempts to assign a base wherever possible. 
Examples of the sequence data obtained are shown in Figure 11, and illustrate the 
importance of visually checking the chromatograms obtained. Positions were 
considered to be heterogeneous when at least one of the sequences was of 
sufficient signal strength and with minimal background (for example primer RB7 
in Figure 11c), and the same sequence from the opposite strand also showed 
evidence of heterogeneity (for example RB 3 and 7 in Figure 11c). In instances 
where data from both strands was not convincingly ambiguous (for example if 
the heterogeneity took the form of a minor peak beneath an obvious major one), 
the position was assumed to be the dominant base. If no one or two bases were 
clearly discernible, the base was labelled as an 'N\

Figure l ie  shows sequence obtained from a mixed infection. There are 
many heterozygous positions in the sequence data which is otherwise of good 
quality. Usually such data would cause suspicion of a contamination event, but in 
this patient (ADP 07) more extensive analysis was performed and a genuine dual 
infection was the most likely explanation. This is discussed in further detail in 
Chapter 6.
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RB8

RB7

RB2

a : A or T: weak
l‘W ’) from BAE 8p2

RB7

RB2

RB3

RB4

RB6

RB7

RB2

RB3

RB6

ICAGTCCAT GCAGGGCCTA TTGCAC 
ATÀGATT*CÀ TCCAGTCCAT GCAGGGCCTA TTCCAC

SEQED 17069
220
...L

Sample 15 17069/7
A G A T T A C A T  C

Sample 13 17069/2
A G  A T T G  C A T C

Sample 16 17069/3
A G  A T T G  C A T C

Sample 14 17069/6
A G A T  T A  C A T C

c: A or G : Purine (‘R’) from 
ADP 12

b: A or C: Amino
f ‘ W n from ADP 38

GACCCAAGGG

RB7

RB2

RB3

RB6

A G T G A T  A T  A G

SEQED 17069
2 7 0

.YAT CAGGAACT ACTAGT

Sample 15 17069/7

Sample 13 17069/2
A G T G A N A T A G

Sample 16 17069/3
A G T G A C A T  A G

Sample 14 17069/6
A G T G A T A T A  G

d : C or T : Pyrimidine (‘Y ’) from a d p  1

Figure 11: More than one nucleotide apparent in a single position of sequence data: assignation 
of I.U.B codes

The name and orientation of primer used to generate the data is on the left
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e: C or T: Pyrimidine(‘Y’), and C or G: 
Strong (‘S ’)
from ADP07sl

Figure 11 (contd.): More than one nucleotide apparent in a single position of sequence data: 
assignation of I.U.B codes

The name and orientation of primer used to generate the data is on the left

3. Sequence analysis of Amplicor primer and probe regions

From the sequence data obtained, the regions equivalent to the Amplicor 
primer and probe sequences were analysed to determine the number of 
mismatches in these areas and hence whether sequence divergence could explain 
false negative Amplicor results.

Patients with a single Amplicor test result, or consistent results on multiple 
specimens were straightforward to classify into positive or negative when relating 
the target sequence obtained to the Amplicor result. However, patients from 
whom differing Amplicor results were obtained with different specimens 
('equivocal' patients) were less easy to assign. These were analysed in two ways: 
firstly considered as a separate group; and secondly included with the Amplicor 
falsely negative patients because at least one of the specimens from the patients 
had been falsely negative. Multiple specimens from the same patient with 
identical sequences were considered as single datapoints.

In the majority of cases, multiple specimens from single patients had an 
identical number and distribution of mismatches in the target regions of the 
Amplicor primers and probes. The results are therefore presented in terms of 
'patients' rather than 'specimens'; exceptions to this are noted as they occur.
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3.1. Primer SK462

3.1.1. Number of mismatches between sequenced target regions 

and SK462

There were between one and six mismatches between primer SK462 and its 
target region among 100 patient samples (Table 8; Figure 12). The average number 
of mismatches for the Amplicor positive patients was 2.9, compared to 3.3 for the 
negative patients and 2.8 for those with mixed results (3.1 if these two groups are 
considered together).

Using a x2 for trend test on the data grouped into one and two, three and 
four, and five and six mismatches to generate sufficient numbers, there was no 
significant difference between Amplicor positive and negative patients (p=0.09) or 
between positive and negative plus mixed result patients (p=0.12).

No. of 
mismatches

No. of patients t
Negative Mixed Positive

1 1 1 1
2 6 4 37
3 8 1 11
4 5 1 11
5 3 2 6
6 1 0 2

Total 24 9 68

Table 8: Relationship between result in Amplicor and number of mismatches in the SK462 
target region

t  Multiple samples from single patients had identical numbers of mismatches except for BAE 9, who had 2 
mismatches in an Amplicor negative sample and 3 in a positive sample taken on a separate occasion and was 
therefore analysed as 2 patients. An 'N' was not regarded as a mismatch.
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■  Positive □  Negative

■  Positive ■  Mixed

No. of mismatches

■  Positive □  At least one negative specimen

No. of mism atches

Figure 12: Proportion of patients Amplicor positive, negative, and with both positive and 
negative (mixed) specimens, in relation to number of mismatches in the target region of the 
primer, SK462
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3.1.2. Distribution of mismatches in the target region of primer 

SK462

In addition to the number, the distribution of mismatches between the 
determined sequence and the primer target region was also considered. There 
were 26 different patterns of mismatches spanning the 30 bases of SK462 target 
region (Table 9).
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S K 4 6 2  No. of No. of patients b(percentage)
Pattern a 5 ’ A G T T G G A G G A C A T C A A G C A G C C A T G C A A A T 3 ’ mismatches Negative Positive Mixed result

1 . G . . G . XX 6 (25.0) 37 (54.4) 4 (44.4)
3 . G . . G . . . T . . . X XX 3  (12.5) 2 (2.9) 0
12 . G . . G . . C . . G . . . . . T . . . xxxxx 2 (8.3) 1 (1.5) 2 (22.2)
5 . G . . G . G . . . T . . . xxxx 1 (4.2) 2 (2.9) 1 (11.1)
13 . G . X 1 (4.2) 1 (1.5) 1 (11.1)
14 G . G . . G . XXX 1 (4.2) 2 (2.9) 1 (11.1)
2 . G . . G . . . G . . X XX 1 (4.2) 2 (2.9) 0
4 . G . . G . . G . . . . . T . . . xxxx 1 (4.2) 5 (7.4) 0
6 . G . . G . . C . . . T . . . xxxx 1 (4.2) 0 0
19 . G . . G . . G . . . . . A . . . xxxx 1 (4.2) 0 0
20 . G . . G . . G . . . . . A . . . . . G . . xxxxx 1 (4.2) 0 0
15 . G . . G . . C . . G . . . . . A . . . . . G . . xxxxxx 1 (4.2) 0 0
25 C . G . . T . . . G . . xxxx 1 (4.2) 0 0
26 . G . . G . . N . . . . . T . . . xxx(x) 1 (4.2) 0 0
8 . G . . G . . G . . . X XX 1 (4.2) 1 (1.5) 0

18 . G . . R . . G . . . X XX 1 (4.2) 1 (1.5) 0
9 . G . . G . . C . . G . . . . . A . . . xxxxx 0 4 (5.9) 0
7 . G . . G . . . T . . . . . G . . xxxx 0 1 (1.5) 0

10 G . G . . G . . . T . . . xxxx 0 1 (1-5) 0
11 . C . . G . . . . . T . . . X XX 0 1 (1-5) 0
16 . G . . G . . . A . . . X XX 0 1 (1-5) 0
17 A . A . . G . . C . . G . . . . . T . . . xxxxxx 0 1 (1.5) 0
21 . A . . G . . C . . G . . . . . T . . . xxxxx 0 1 (1.5) 0
22 . G . . G . . G . . . . . Y . . . xxxx 0 1 (1.5) 0
23 . G . . C . . G . . . . . Y . . . xxxx 0 1 (1 5 ) 0
24 . G . . G . A . C . . G . . . . . T . . . xxxxxx 0 1 (1-5) 0
27

Total

. G . . G . . C . X XX 0

2 4 (1 0 0 )

1 (1-5) 

6 8  (100)

0

9  (100)

Table 9: SK462 mismatch patterns of Amplicor falsely negative, and control positive specimens from patients of under two years of age
a: The most frequent Amplicor false negative patterns are listed first
b: For ADP 7 (mixed infection) only the consensus sequence is represented (pattern 9); BAE 9 has discrepant results: BAE 9n2 is pattern 1, and BAE9p3 is pattern 14 
and these have therefore been recorded as separate negative and positive patients
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Following phylogenetic analysis of the sequence data (Chapter 6), the 
specimens were assigned to a subtype, and the association between mismatch 
patterns and subtypes was investigated (Table 10).

SK462 (5’ to 3 ’) Proport:ion o f subtype:
1 5 10 15 20 25 30 A B C D G

Pattern 1 AGTT£GAGG£CATCAAGCA£CCAT£CAAAI (n=21) (n=51) (n=13) (n=12) (n=4)

12/21/9 . . ,R . ,G ._____ C . .G . . . . . W . . 49%
24 . . .G. .G. A.  . .C . . G.  . . . . T . , 5% _ _ . _

17 . A. A. .G. ...........C . . G . . . . . T . , 5% _ _ _ _

11 ...........c . . G.  . . . . T . . 5% _ . . .

23 . . . G. _____ c . . G.  . . . . Y . . 5%
20 . . ,G. .G. . . G . . . . .A. ____ G . . 5% _ _ _ _

15 . . . G. .G. ...........c . . G.  . . . . A . .____G. . 5%
19/4 . .  .G . .G . . .G . . . . . W . . 19% 6% . .

8/18 . . .G . .R . . .G . . 4% 17%
22/26 . . .G . .G . . .G . . . . . Y . . . 4% . . .

3/16 . . .G . .G . . . . W . . _ 12% _ _ _

5 . . .G. .G. . G.  . . . . . T . , _ _ _ _ 100%

27 . . .G . .G ._____ c 2%
6 . . .G . .G ._____ c . . . T . , 5% _ . . .

13 . . . G. , 4% 8% . .

1 . . .G. .G. . 65% 54% 58% .

14 G. . G. .G. 23% 8%
10 G. .G. .G. . . . T . . - 2% - - -
7 . . .G. .G. . . . T . ,____G. . _ _ _ 8% _

2 . . .G. .G. ____G. . 2% 8% 8% _

25 C. . G. . T. . . . . G . . - - 8% - -

Table 10: Association between pattern, subtype, and Amplicor false negativity for primer 
SK462

a: patterns with similar mismatches in identical positions are grouped and the I.U.B. code for the possible 
bases used. For ADP 07 (a mixed infection) only the consensus sequence is considered (pattern 9).
For patient BAE 9 (subtype D) there were discrepant results: BAE 9n2 is pattern 1, and BAE 9p3 is pattern 14 
and these have therefore been recorded as two separate results.

There were 21 patient specimens with virus of subtype A as determined by 
phylogenetic analysis (Chapter 3; 12). These had between three and six 
mismatches in the target region of SK462. The majority of these (10 patients, 
including four falsely negative) had five mismatches in pattern 12/21/9. A 
further four patients had four mismatches in a similar pattern but lacking the 
mismatch at position 13 (pattern 19/4). There were a further six patterns of three 
to six mismatches, each with a single representative. Of all the patterns in subtype 
A, only pattern 19/4 was shared with any other subtype (subtype B); the rest 
were unique to subtype A.
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Fifty one patients had viruses of subtype B. The majority of these (33 
patients) had two mismatches at positions four and seven (pattern 1) and 
included three Amplicor falsely negative patients. The remaining 18 patients had 
between one and four mismatches in eight patterns.

Of 13 patients with subtype C viruses, seven had pattern 1 (2 mismatches) 
including three false negatives. Other subtype C patients had between one and 
four mismatches in four patterns (13,14, 2 and 25).

There were 12 patients with virus of subtype D, each with between two 
and four mismatches with primer SK462. The majority of these had pattern 1 
(seven patients including three false negatives) with two mismatches. Two 
patients had three mismatches in pattern 8/18, and the remaining three patients 
had patterns 14 (three mismatches clustered at the 3' end), 2 (three mismatches) 
and 7 (four mismatches).

Four patients clustered with subtype G, and these shared a unique pattern 
of four mismatches (pattern 5).

To conclude, there was no significant difference in the number of primer- 
template mismatches between SK462 and target sequences derived from 
Amplicor positive or Amplicor negative patients. These mismatches fall into 26 
different patterns, but there was no obvious association between a mismatch at 
any position, and Amplicor false negativity.
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3.2. Primer SK431

3.2.1. Number of mismatches between sequenced target regions 

and primer SK341

The number of mismatches in the target region of SK431 ranged from one 
to six in Amplicor negative patients and one to four in Amplicor positives and 
those with mixed results (Table 11; Figure 13). The mean number of mismatches 
was 1.5 for the Amplicor positive patients and those with mixed results, and 1.8 
for the negatives (1.7 if the mixed and negatives are considered together).

No. of No. of patients
mismatches Negative Mixed Positive

1 13 6 42
2 5 3 18
3 4 1 6
4 0 0 1
5 0 0 0
6 1 0 0

Total 23 10 67

Table 11: Relationship between result in Amplicor and number of mismatches in the SK431 
target region

Using a x2i for trend test on data grouped to generate sufficient numbers 
(one and two, or more than two mismatches), there was no significant difference 
between Amplicor positive patients and those who had at least one falsely 
negative specimen (i.e. negatives plus mixed results; p=0.44).

3.2.2. Distribution of mismatches in the target region of SK431

The relative positions of the mismatches are shown in Table 12, comprising 
16 different patterns.
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■ Positive □  N egative

No. o f m ism atches

■  Positive ■  Mixed

No. of m ism atches

No. of m ism atches

Figure 13: Proportion of patients Amplicor positive, negative, and with both positive and 
negative (mixed) specimens, in relation to number of mismatches in the target region of the 
primer, SK431
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S K 4 3 1  No. of N o . o f  p a tie n ts  (p ercen ta g e)

P a ttern 3 ’ A G A G A A C C A A G G G G A A C T G A C A T A G C A 5 ’ mismatches N e g a tiv e P o sitiv e M ix e d  re su lt

1 ...................... G . x 13 (56.5) 42 (62.7) 6 (60.0)
2 . . G ...................... G . XX 2(8 .7 ) 7 (10.4) 0
10 A . . . . G . . . T ............................ X XX 1 (4.3) 1 (1.5) 0
6 ...................... G . . . T ............................ X X 2(8 .7) 7 (10.4) 2 (20.0)
9 A . C . . . C T . . . . G . . . T ............................ xxxxxx 1 (4.3) 0 0
16 M ...................... G . . . T ............................ XXX 1 (4.3) 0 0
7 . . . . G ...................... G . XX 1 (4.3) 0 0

11 . T . . C ...................... G . X XX 1 (4.3) 0 0
12 . . G . . . G . G . X XX 1 (4.3) 0 0
13 ...................... G . .......................................G XX 0 2 (3.0) 1 (10.0)
3 . G . . . ...................... G . . . T ............................ X XX 0 2 (3.0) 1 (10.0)
8 . G . . . ...................... G . XX 0 2 (3.0) 0
4 . C . . . ...................... G . . . Y ............................ X XX 0 1 (1.5) 0
14 . C . . . ...................... G . . . T ............................ XXX 0 1 (1.5) 0
5 . . . M . G . . . T ............................ XXX 0 1 (1.5) 0
15 . . G . . . . G ...................... G . . . T ............................ X XX  X 0 1 (1.5) 0

T o ta l 23 (100) 67 (100) 10 (100)

Table 12: Mismatches with primer SK431 for specimens from Amplicor negative, positive and equivocal patients

T h e  re v e rse  co m p le m e n t o f th e  p r im e r  is  sh o w n

C
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The association between pattern and subtype is shown in Table 13.

Pattern

SK431 (3’ to 5 ’)

1 5 10 15 20 25 
AGAGAACCAâGGGGâACTGâCATAÛCA

Proportion of subtype:

A
(n=21)

B
(n=52)

C
(n=13)

D
(n= 11)

G
(n=4)

13 . . . G . ....................G 4% 8%
1 . . . G . . 33% 85% 83% - -

7 . G ____ . . . G . . 5% ~ - - -

11 ........... T. , C . . . . . . . G . . 5% - - - -
2 . . G . . . . . . . G . . 33% 4% - - -

12 . . G ____ . G . G . . 5% - - - -

15 . . G ____ . G . . . . . . . G . .. . T .............. 5% - - - -

5 . M . G . .. . T .............. - - - - 2 5 %

16 . . M . . . . . . G . .. . T ............ - - 8% - -

6 . . . G . .. , T ............ 10% 2% - 64% 2 5 %

10 . . . . A . . . . G . . , . T ............ - - - 9% 2 5 %

8 ........... G. . . , G . . - 4% - - ~

3/4/148 ..........S . . . . G . .. . Y ............ 5% 2% - 27% -

9 . . . A . C . . . . C T . . . . G . .. . T ............ - ~ " 25%

Table 13: Association between pattern, subtype and Amplicor false negativity
a: Patterns with m ismatches in the same positions (I.U.B. code for the possible bases in each position are given)

One third of the 21 subtype A patients (including four patients who had a 
false negative Amplicor result on at least one occasion) had a single mismatched 
G residue with the primer's C at position at position 17 (pattern 1). A further 
seven patients (including two false negatives) had an additional mismatch in the 
third position from the 3' end (pattern 2). Mismatches at this position in 
combination with a further one (pattern 12) or two (pattern 15) mismatches were 
also observed in two other patients clustering with subtype A, but not in 
sequences clustering with any other subtype.

Most of the 52 subtype B viruses sequenced (44; equivalent to 85% of the 
subtype B sequences) had a single mismatched G residue with the primer's C at 
position at position 17. This included 10 sequences from patients who had a false 
negative Amplicor result on at least one occasion, representing almost a third of 
these sequences. None of the other patterns obtained from sequences clustering 
within subtype B were falsely negative in Amplicor, and included those with two 
mismatches (patterns 13, 2, 6 and 8) or three mismatches (pattern 3/4/14).

Of thirteen sequences clustering with subtype C, again the majority had 
pattern 1 (10 patients, equivalent to 83% of the subtype C sequences), and five of 
these patients had a false negative Amplicor result on at least one occasion. This 
was equivalent to 15% of the false negatives. A single false negative isolate had
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two mismatches in pattern 13, and another had three mismatches in the unique 
pattern 16.

There were 11 patients with subtype D infections, and unlike subtypes B 
and C, the majority of these (64% or seven patients including two false negatives) 
had pattern 6 with two mismatches located at positions 17 and 21. A further three 
patients (including one false negative) had an additional mismatch at position 6 

(pattern 3/4/14), and one false negative had a third mismatch at position 12 
(pattern 10). Altogether, 12.1% of false negatives clustered within subtype D.

Four patients were infected with viruses clustering with subtype G, and 
each had a different pattern (patterns 16, 6,10 and 9). Two of the four were falsely 
negative in Amplicor: one had three mismatches (pattern 6), and the other had six 
mismatches (pattern 9).

In conclusion, there was no significant difference in the number of 
primer/ template mismatches between SK431 and target regions sequenced from 
Amplicor positive or falsely negative patients. All sequences except one had 
between one and four mismatches; a single specimen falsely negative in the 
Amplicor assay had six mismatches. This is likely to have caused the falsely 
negative result. Phylogenetic analysis of this specimen indicated it was of subtype 
G: sequences from three other subtype G infections did not have this same 
number of mismatches.

3.3. Probe SK102

3.3.1. Number of mismatches between sequenced target regions 

and probe SK102

There were between zero and four mismatches in viruses sequenced from 
patients with negative or mixed Amplicor results, and between zero and three in 
positive patients (Table 14). The mean number of mismatches was 1.9 for the 
negatives, 1.8 for the mixed and 1.0 for the positives.
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No. of 
mismatches

No. of patients t
Negative Mixed Positive

0 2 3 27
1 7 0 26
2 9 3 6
3 4 2 10
4 2 1 0

Total 24 9 69

Table 14: Relationship between result in Amplicor and number of mismatches in the SK102 
target region

t  Multiple samples from single patients had identical numbers of mismatches except for :BAP la (0 
mismatches) and BAP lb (2 mismatches); and ADE ln l (2 mismatches) and ADE lp2 (1 mismatch). These 
were classed as separate patients. An 'N' was not regarded as a mismatch.

From the graphical representation of this data (Figure 14), there appear to 
be more mismatches in the SK102 target region sequenced from Amplicor 
negatives or patients with mixed results than from Amplicor positives; this is 
supported by the statistical analysis. Using a yf2 for trend test on the datasets 
grouped into zero, one or two, and three or four mismatches, there is a significant 
difference between Amplicor positives and negatives (p=0.02), and between 
positives and negatives plus mixed (p=0.04). Analysing this trend further, there is 
no difference between the 'one or two' and 'three or four' datasets (positives 
versus negatives, p=0.76). This suggests that any mismatches within the SKI02 
target region lead to an increased probability of Amplicor false negativity.
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■  Positive □  N egative

No. of m ism atches

■  Positive ■  M ixed

No. of m ism atches

■  Positive □  At least one negative specim en

0 1 2  3 4

No. of m ism atches

Figure 14: Proportion of patients Amplicor positive, negative, and with both positive and 
negative (mixed) specimens, in relation to number of mismatches in the target region of SK102
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3.3.2. Distribution of mismatches in SK102 target region

There were 39 different sequence patterns observed for the SK102 target 
region, as shown in Table 15. The relationship between these patterns and 
subtypes is shown in Table 16.
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SK102 No. of ___________ No. of patients (percentage)
Pattern______ 5 ’ G A G A C C A T C A A T G A G G A A G C T G C A G A A T G G G A T 3 ’ m ismatches Negative Positive Mixed result

9 . . T . . . C XX 5 (20.0) 2 (2.9) 1 (12.5)
1 2 (8.0) 26 (37.1) 3 (37.5)
13 . . A . X 2 (8.0) 14 (20.0) 0
26 . . T . X 2 (8.0) 2 (2.9) 0
12 . . T . . G . XX 2 (8.0) 1 (1.4) 2 (25.0)
14 . . T . . T . . . f XXX 1 (4.0) 0 0
18 . . T . . A . . . . . G . . . . . f xxxx 1 (4.0) 0 0
17 . . T . . T . . . . . f X XX 1 (4.0) 0 0
28 . . A . . T . . . XX 1 (4.0) 0 0
3 . . T . . . A . . G . XXX 1 (4.0) 2 (2.9) 0
4 . . A . . T . . G . . . . . T . . . X X X X 1 (4.0) 0 0
23 . . A . . T . . . A . X XX 1 (4.0) 0 0
20 . . T . . G . . . R X XX 1 (4.0) 0 0
34 . . f  . . G . XX 1 (4.0) 0 0
27 . G . X 1 (4.0) 1 (1.4) 0
39 ........................R . X 1 (4.0) 0 0
36 . T . . . X 1 (4.0) 0 0
16 . . T . . . . .  C . . r X XX 0 2(2.9) 0
7 . T . X 0 2 (2.9) 0

35 . A . . . X 0 2 (2.9) 0
29 . . A . X 0 1 (1-4) 0
10 . A . . . A . . G . X XX 0 1 (1.4) 0
2 . T . . . A . X X 0 1 (1.4) 0
11 . A . . . A . . . T X XX 0 1 (1.4) 0
6 . . r X 0 1(1.4) 0
33 . . T . . . T . . . r X XX 0 1 (1.4) 0
30 . . f  . . . f XX 0 1 (1.4) 0
19 . . T . . A . . . r X XX 0 1(1.4) 0
8 . . T . . T . . . . .  R . .  . XXX 0 1 (1.4) 0
15 . . A . . . G X X 0 1 (1.4) 0
5 . . Y . X 0 1 (1-4) 0
21 . . T . . G . . Y . XXX 0 1 (1-4) 0
25 . A . X 0 1 (1-4) 0
24 . G ........................ X 0 1 (1-4) 0
32 N ................... (X ) 0 1 (1.4) 0
38 . . T . . Y . . . . . c X XX 0 1 (1-4) 0
22 . . T . . T . . . . . G . . . . . c xxxx 0 0 1 (12.5)
31 . . T . . G . . f ........................ X XX 0 0 1 (125)

Total 25 (100) 70 (100) 8 (100)

Table 15: Mismatches with probe SK102
BAP la  and BAP lb  had different patterns so were classed as separate positive samples. For patients with mixed results, ADE l n l  had pattern 12, while ADE lp 2  had 26, and BAE 5n l 
had 17 while BAE 5p2 had 38; These are therefore treated as separate patients. For ADP 7 (from a mixed infections of A and B) the consensus sequence was used.
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Patternb

S K 1 0 2  (5 ’ to 3 ’ )
1 5 1 0  15  2 0  2 5  3 0  
GAGAÇCAT CAAT GA(jGAAG£TGCA£AAT G£GAT

Proportion of subtype;

A
(n=23)

B

(n=52)
C

(n= 14)
D

(n=10)
G

(n=4)

22/18 . .T . .W. . .G ........... C 4% 50%

19/14 . . T . .W. ................ C 4 % - - - 25%

16 . .T . ,C ........... C 9% - - - -
9 . .T . ................ C 35% - - - -

33 . .T . , . . T . ................ C 4 % - - -

17/38 . .T . ,T .  . . ................ C 8% - - - -

30 . .C . ................ c 4 % - - - -
6 ................ c 4 % - - - -
13 . .A . 9 % 27% - - -
15 . .A . . .G. 4 % - - - -

5/26 . .Y . 4 % 14% 10% _

39 4% - - - -
1 4 % 46% - 60% -

25 . .  . . A . . - 2 % - - -

24 G . , - 2 % - - -

36/35 .W. . . - 6 % - - _

28 . . A . . T . . . 4% - - - -

20 . . T . . G.  . . R. - - 7% - -

21 . . T . . G . . Y . . - - 7% - -

12/34 . .Y . . G .......... - 43% - -

31 . . T . . G .........., C . , - - 7% - -

3 . . T . , . . A . . G .......... - - 21% - -

27 . G .......... - 2 % - 10% -

2 • T . . .  . A . - 2 % - - -

23 . . A . .T . . . . A . 2 % " -

11 .A . . . . A . ..........T. - - - 10% -

10 .A . , . . A . . G .......... - - - 10% -

29 . . . A . - 2 % - - -

7 .T . - 4 % - - -

8 . .T . .T . . R ............ - ~ - - 25%

4 . . A . .T . . G ......... , T ............ - 2 % - - -

32 . . N. 4% ~ ~ ~ "

Table 16: Association between pattern, subtype and Amplicor false negativity for SK102

BAP la  and BAP lb  (subtype A) had different patterns so were classed as separate positive patients. For patients with 
mixed results, ADE l n l  had pattern 12, w hile ADE lp 2  had 26 (subtype C), and BAE 5 n l had 17 while BAE 5p2 had 38 
(subtype A); These are therefore analysed as separate patients
ADP 7 (from a mixed infections of A and B) was included as the consensus sequence, subtype A. 
a: Proportion of Am plicor false negative patients plus those with mixed results;
b: patterns w ith similar m ismatches in identical positions are grouped and the I.U.B. code for the possible bases used

The majority of patients infected with virus of subtype A had two 
mismatches, at positions 2 and 33, including six false negatives. The remainder 
had between zero and four mismatches in 12 patterns.

Of the 52 patients with subtype B infections, almost half (24 patients; 
including three false negatives) had a perfect match with probe SKI 02. Thirteen
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patients (27 % of the subtype B patients) had a single mismatch at position 3 
(pattern 13), and the remainder had up to four mismatches in 10 patterns.

The largest proportion of subtype C patients, corresponding to four 
Amplicor false negatives and two positives had two mismatches in positions three 
and 18 (pattern 12/34). A further three patients had an additional mismatch at 
position 15, and the remainder had one to three mismatches in four patterns.

Subtype D patients showed less variability than the previous subtypes, 
with zero to three mismatches in five different patterns. In common with subtype 
B, the majority of these patients (six) had a perfect match with SK102 (pattern 1); a 
single patient had one mismatch and two had three mismatches in patterns 10 
and 11.

Two patients whose sequences clustered with subtype G had four 
mismatches in pattern 22/18 and one had three mismatches in pattern 19/14. 
These patterns were also observed in single patients clustering with subtype A. 
The final subtype G patient had a unique pattern of three mismatches (pattern 8).

To conclude, there was a statistically significant difference in the number of 
probe/ template mismatches between specimens from Amplicor positive and 
falsely negative patients. Further, failure in the Amplicor assay was associated 
with one or more mismatches.

4. Predicting primer performance

The PrimerSelect program (Lasergene, DNAStar) was used to predict the 
relative stability (AG°) and melting temperature (Tm) of each of the Amplicor kit 
primers; the Tm, annealing temperature (Ta) and GC content of the products; and 
the difference between the product and primer Tm, using sequence data derived 
from both falsely negative and positive specimens. In addition to the actual 
primer-template interactions, the performance of the primers altered to match 
each template exactly (the 'ideal' primer-template interaction) was also 
considered. Finally, the performance of the Amplicor primers with a template for 
which they are a perfect match, achieved through modification of the database 
sequence from isolate HIV SF2, was evaluated.

4.1. Primer SK462

The results for primer SK462 are given in Table 17 and can be summarised 
as follows: an exactly complementary interaction between the templates 
sequenced and SK462 (when the primer sequence is modified) had a predicted
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Tm of around 72°C for both false negative and control specimens. When the 
actual interaction was considered, the Tm was only 56.5°C, a difference of 
approximately 15.5°C. With the SF2 template altered to match SK462 exactly, the 
Tm was 68.4°C, still 11.9°C higher than the actual values. As for the predicted Tm 
values, the difference in relative stability was very similar between control and 
falsely negative sequences; the actual interactions had a predicted stability of 
approximately -47 to -48 Kcal/ mol, whereas the ideal interactions had a greater 
stability (approximately -62 Kcal/ mol).

SK462 Actual a Ideal b Perfectc
C FN C FN

n=74 n=31 n=74 n=31

AG° (Kcal/mol) -47.9 ± 4.8 -47.0 ± 5.0 -61.8 ±1.1 -61.7 ±1.3 -58.0
Tm (°C) 56.5 56.5 72.0 ±1.4 71.8 ±1.5 68.4

Table 17: PrimerSelect-derived data for primer SK462
Mean value ± standard deviation given
a: Actual = derived sequences; C = control sequences from Amplicor positive specimens; FN = sequences 
from Amplicor falsely negative specimens
b: Ideal = primer sequence modified to match sequenced template exactly 
c: Perfect = modified SF2 sequence to give perfect match with primer

4.2. Primer SK431

The results of PrimerSelect analysis of primer SK431 are given in Table 18. 
The Tm of the 'ideal' primer/template interaction was very similar for both false 
negatives and controls at around 61 °C. This is also very close to the 'perfect' value 
(when the template matches the primer sequences perfectly) at 61.3°C. The actual 
value, however, was calculated to be around 6°C lower than this, at 54.6°C. 
Comparing the relative stability of the primer / template interactions for all three 
categories (actual, ideal and perfect) there was little variation, all being between - 
45 and -49Kcal/ mol, and no evidence of any difference between false negative 
and control values.
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SK431 Actual a Ideal Perfectc
C F N C F N

n=69

C
OIIG n=69 n=31

AG° (Kcal/mol) -4 5 .3  ±  2 .4 -4 5 .1  ±  2 .5 -4 9 .5  ±  0 .8 -4 9 .4  ±  0 .9 -4 9 .5

Tm (°C ) 5 4 .6 5 4 .6 6 0 .9  +  1 .3 6 0 .7  +  1.5 6 1 .3

Table 18: PrimerSelect-derived data for primer SK431
Key as Table 17.

The difference in Tm between SK462 and SK431 was 1.9°C. When the ideal 
primer-template conditions were considered, this difference was 10.8 ± 1.9°C for 
Amplicor positive specimens, and 11.0 ± 2.6°C for the falsely negative specimens.

4.3. The SK462/SK431 amplicon

Primer Select analysis of the SK462-SK431 product is given in Table 19.

PRO D U C T Actual Ideal Perfect
C

n=65
FN

n=29
C

n=62
FN

n=28

Tm  (°C) 75.4 ± 2.4 75.5 ± 0.4 74.8

Ta (°C) 54.4 ± 0.4 54.3 ± 0.3 56.3 ± 0.5 56.2 ± 0.5 55.8

Product - primer Tm  (°C) 21.0 ± 0 .5 20.9 ±  0.5 14.6 ± 1.3 14.8 ± 1 .7 13.5

GC content (%) 50 ±1. 1 49.8 ± 1.1 47.9

Table 19: Primer Select derived data for the product of SK462 and SK431
Key as Table 17

The melting temperature of the 142 base pair product amplified by SK462 
and SK431 was 75°C for both false negatives (75.5°C ± 0.4) and controls (75.4 ± 
2.4), and the G:C content was approximately 50%.

5. CCR5A32 and PCR false negative results

CCR5 is the major coreceptor for M-tropic HIV-1 strains, which are 
frequently implicated in primary HIV-1 infection (Chapter 1; 7). Some individuals 
possess a 32 bp deletion in one or both of the alleles coding for the CCR5 
coreceptor (CCR5A32) leading to the expression of defective CCR5. The frequency 
of this mutant allele in patients investigated for this thesis was determined by 
PCR amplifying across the deleted region (Chapter 3; 13). The results of this
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investigation are shown in Table 20. This data was used to investigate the 
possibility of a relationship between defective CCR5 receptors and false 
negativity by DNA PCR, possibly mediated by a decreased number of cells 
infected by HIV-1 and hence a lower proviral load.

CCR5 status Patient
Heterozygous BAE 3,4,6
(CCR5/CCR5A32) AD* 2 to 8

ADN 06,14,18
ADP 08, 09,16, 24, 29, 31,43, 51, 56

Wild Type BA* 1
(CCR5/CCR5) BAN 1 to 7

BAE 1, 2, 5, 7, 8, 9
BAP 1 to 4
ADN 02 to 05, 07 to 13,15 to 17,19 to 20
ADE 1
ADP 01 to 07,10 to 15,17 to 23, 25 to 28, 32 to 42, 44 to 50, 

52 to 55, 57 to 62

Table 20: Patients CCR5 status

* Details of these patients are in Appendix to Chapter 4

5.1. CCR5A32 and results in the Amplicor assay

The relationship between amplification by Amplicor PCR and the presence 
of the CCR5A32 allele in HIV-1 positive patients is shown in Table 21.

GENOTYPE RESULT3
+ - (+ / - ) Total

Wild type (CCR5/CCR5) 56 31 (7) 87

Heterozygous (CCR5A32/CCR5) 9 6(3) 15

Total 65 37 (10) 102

Table 21: Correlation between the presence of CCR5A32 allele in HIV-1 positive patients and 
the failure to amplify in Amplicor PCR assay
a: + = PCR positive; -  = at least one PCR negative. The number of these due to patients with at least one PCR 
positive and one falsely negative specimen ('equivocal' patients) is in brackets.

Of 102 patients tested by the Amplicor assay, none were homozygous for 
the A32 mutation. Fifteen patients (14.7%) had a heterozygous genotype 

(CCR5A32/CCR5) and 6 (40%) of these had at least one falsely negative Amplicor 
specimen. The remaining 87 patients had the wild type genotype (CCR5/ CCR5), 
and 31 (35.6%) had at least one falsely negative Amplicor result.
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Considered another way, there was no significant difference between the 
proportion of heterozygous or wild type patients with falsely negative Amplicor 
specimens (16.2% and 16.1% respectively, x2i=0.11; p>0.05).

5.2. CCR5A32 and results in the in-house PCR assay

Table 22 shows the relationship between amplification in the in-house PCR 
assay and patient genotype. Of 107 patients tested using the in-house assay, none 
were homozygous for CCR5A32. Fifteen patients were heterozygous for CCR5A32 

(14.0%), and 4 (26.7%) of these had at least one falsely negative PCR result. The 
remaining 92 patients were of the wild type genotype, but only 5 (5.4%) were 
falsely negative.

GENOTYPE RESULTa
+ - (+ / - ) Total

Wild type (CCR5/CCR5) 87 5(2) 92

Heterozygous (CCR5A32/CCR5) 11 4(2 ) 15

Total 98 9(4) 107

Table 22: Correlation between the presence of CCR5A32 allele in HIV-1 positive patients and 
in-house PCR amplification
a: + = PCR positive; -  = at least one PCR negative. The number of these due to patients with at least one PCR 
positive and one falsely negative specimen ('equivocal' patients) is in brackets.

Expressed another way, of 9 patients who had at least one specimen which 
failed to amplify in the in-house assay, 4 (44.4%) of them were heterozygous; this 
is in comparison to the proportion of heterozygotes amongst the in-house PCR 
positive individuals, which was only 11.2%, a significant difference (Fishers Exact 
test, p=0.02).

Thus, specimens from both wild type and heterozygous patients are more 
likely to fail to amplify in Amplicor than in the in-house assay, and the proportion 
of these Amplicor false negatives attributable to each of the two genotypes is 
approximately equal (16%). In contrast, although relatively few patients had 
falsely negative specimens in the in-house PCR assay, a much higher proportion 
of them were heterozygous for CCR5A32 (44.4%).

Using the figures above, the overall estimate of CCR5A32 frequency is 
around 14 to 15%. However, the distribution of A32 is not equal among people of 
different race: in Black-Africans, for example, the A32 allele is absent (Chapter 1:
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3). The potential for a relatively high number of such individuals among the 
patients investigated for the Amplicor study, which included many infected with 
non-B subtypes which are endemic in Africa, will lead to a decreased estimation 
of the overall frequency of A32 in this country.

5.3. Estimation of patient race, relationship with CCR5 status, and PCR

false negativity

Data on the ethnicity of patients sending specimens for HIV testing is 
frequently not available, so an attempt to estimate ethnicity was made. Several 
criteria were used: patients were classified as Black-African if one or more of the 
following was true:

• having visited or lived in Africa was cited as a risk category;
• infection was with a non-B subtype (which are common in Africa and 

relatively rare in Europe);
• the patient name suggested they may be of African descent.
Patients who did not meet the above criteria were classed as Caucasian for

this analysis.
The relationship between PCR results (Amplicor and in-house) and CCR5 

genotype for patients grouped as above are given in Table 23.
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Amplicor assay
Genotype PCR

result
Black-African3 (H IV -l +) Caucasianb Total

Africa Name Subtype Total H IV -l + H IV -l -

Wild type + 7 4 1 0 2 1 35 56
- 1 0 5 6 2 1 1 0 31 62

ndc 2 0 1 3 2 5

Heterozygous + 0 0 0 0 9 9
- 0 0 2 2 4 6 1 2

TOTAL 19 9 19 47 60 37 144

In-house PCR assay
Genotype PCR

result
Black-African3 Caucasianb Total

Africa Name Subtype Total

Wild type + 18 7 17 42 45 87
- 1 2 0 3 2 5

Heterozygous + 0 0 1 1 10 11
- 0 0 1 1 3 4

TOTAL 19 9 19 47 60 107

Table 23: Result in Amplicor PCR assay and CCR5 status in patients of differing ethnicity
a: Africa = risk category of living in or visiting Africa; Name = name suggestive of African origin; subtype = 
any patient infected with a non-B subtype not included in the previous categories, b: several patients are 
known to be Caucasian despite meeting the classification of 'Black-African' and are grouped accordingly. 
These are: ADP 45 and ADP 48 (infected with subtype D viruses), ADP 31 (subtype A), and ADP 19 (risk 
category of Africa), c: not done.

Applying the assumptions listed above, there were 60 Caucasian and 47 
Black-African HIV-1 positive patients. In addition, the CCR5 status for 37 patients 
who were HIV-1 uninfected and negative in Amplicor was determined. These 
patients had no known link to Africa or Asia, and Anglo-Saxon names and hence 
were classed as Caucasian for this analysis.

Of the 47 Black-African patients, 19 were defined on the basis of Africa as a 
risk category, nine due to an African-sounding name, and a further 19 were 
infected with a non-subtype B virus. Of those 19 with an African risk category, 18 
were infected with a non-B subtype (10 subtype A; 4 C; 4 D), and HIV from one 
Ugandan patient was not amplified by the in-house PCR (ADN 07). Of the nine 
patients classified as Black-African on the basis of their name, all were found to be 
infected with non-subtype B viruses (three subtype A; three B; and three D).

Only two patients (4.2%) who fitted the criteria for Black-African ethnicity 
were heterozygous for the CCR5 A32 mutation. Both of these patients were babies
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born to HIV-1 positive mothers (BAE 4 and BAE 6), and were included in the 
Black-African category solely due to infection with a non-B subtype (G and A 
respectively). Specimens from both of these patients were negative in the 
Amplicor assay. The low frequency of the A32 mutation in this group of patients 
is broadly supportive of the suppositions made in their ethnic classification.

Of the 97 Caucasian patients, 19 (19.6%) had the heterozygous genotype. 
The proportion of heterozygous patients was slightly higher among HIV-1 
positive than HIV-1 negative patients, but this was not statistically significant 
(21.6% and 16.2% respectively; x2i=0.43; p=0.51).

To summarise, in the relationship between CCR5 genotype and assay false 
negatives for the HIV-1 positive Caucasian patients, there was no significant 
difference in the proportion of heterozygotes which were falsely negative in either 
assay (4/13 in Amplicor and 3/13 in in-house assay; Fishers exact test p=1.0). 
However, the proportion of wild type individuals with falsely negative results 
was significantly higher in the Amplicor than the in-house assay (10/45 and 2/47 
respectively; x2i=5.05, p=0.03).
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CHAPTER 6

PHYLOGENETIC ANALYSES

1. Phylogenetic analysis of every sequence generated

Figure 15 represents the phylogenetic tree obtained by MegAlign analysis 
of all the specimens sequenced. It is useful to compare each sequence obtained 
with all previous data to exclude contamination events, but this represents a 
considerable amount of data that is difficult to manipulate in more extensive 
phylogenetic analysis programs. The data was therefore divided into subsets with 
common features to answer specific questions such as:

• could HIV infections from different patients could be distinguished from one 
another?

• how much variation was there in sequential sequences obtained from the same 
patient or viruses sequenced from related infections?

• could the region sequenced be used to distinguish between different subtypes?

Initially, results obtained from different methods of phylogenetic analysis 
were compared. These included neighbour-joining methods (using the program 
Neighbor) with and without bootstrapping the dataset, and maximum likelihood 
using the programs DNAml and a modified version of this program designed to 
run more efficiently and hence faster (FastDNAml). Because maximum likelihood 
methods are very expensive in terms of the size and computer memory required, 
evaluation of bootstrapped data (sampled with replacement) is unpractical. As an 
alternative to this, the 'jumble' option was explored, whereby there is a local 
rearrangement of trees during the tree search algorithm to help ensure the tree 
best fitting the data is found.
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Figure 15: Phylogenetic tree of HIV-1 sequences of 233 bp from every patient in the study, 
generated using the Clustal and neighbour-joining algorithms in the program MegAlign

Different subtypes are identified by colour. The subgroup within subtype A which includes e n v  subtype E sequences is 
labelled. A n indication of the degree of dissimilarity is shown on the horizontal axis; the outgroup is a Group O sequence 
(ANT 70)
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2. Multiple specimens from the same patient

Multiple specimens taken at different time points were available from a 
number of patients (ADE 1, ADP 41, BAE 1 to 9, BAN 4 and -5, BAP 1 and -2). 
Figures 16 to 19 illustrate the phylogenetic trees obtained by using the different 
analysis programs mentioned above (MegAlign, Neighbor, DNAml and 
FastDNAml).

With the exception of FastDNAml, the branching order is essentially the 
same in the phylogenetic trees generated by the different programs. The database 
sequences representative of the different subtypes (A to D, F to H and O) form 
distinguishable clusters, which suggests that the region analysed, although small 
at only 233 bp, is capable of assigning unknown sequences to a subtype. Because 
the phylogenetic trees generated by the different programs (with the exception of 
FastDNAml) are essentially the same, only the result obtained by Neighbor 
(bootstrapped 1000 times) and DNAml (jumbled five times) will be shown in 
further analyses.

For multiple specimens sequenced from the same patient, the average 
nucleotide sequence distances (calculated using MegAlign) ranged from 0 % (BAE 
-2, -3, -4, -6, -7, -8, BAN 4, BAP -1 and -2) to 1.7 % (BAE 9). Compared to the 
average intrasubtype distance for non-related specimens (5.8 %; section 5 below) 
this indicates that all the specimens from the same patient were closely related, as 
would be expected.

The timespan between collection of different specimens from the same 
patients ranged from weeks to 14 months. Figure 20 shows the age at which 
specimens were collected in relation to their phylogeny: although in some 
instances there appeared to have been some sequence change over time (e.g. BAE 
1 in Figure 20), in others little or no change was observed (e.g. BAE 6).
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Figure 16: Patients for whom more than one specimen was sequenced: phylogenetic tree from 
233 bp generated using the neighbour-joining based algorithm in the program MegAlign
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Figure 17: Patients for whom more than one specimen was sequenced: phylogenetic tree from 
233 bp generated using Neighbor on data bootstrapped 1000 times

Bootstrap values are presented as percentages, only those of 60% or greater are indicated. Representatives of the different
subtypes from the Los Alamos HIV database are shown in colour. An indication of the degree of dissimilarity in nucleotide
substitutions per site is shown on the horizontal axis; the outgroup is a Group O sequence (ANT 70)
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Figure 18: Patients for whom more than one specimen was sequenced: phylogenetic tree from 
233 bp subjected to the 'jumble' option 5 times and generated using the maximum likelihood 
algorithm in the program DNAml

Representatives of the different subtypes from the Los Alamos HIV database are shown in colour. An indication of the
degree of dissimilarity in nucleotide substitutions per site is shown on the horizontal axis; the outgroup is a Group O
sequence (ANT 70)
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Figure 19: Patients for whom more than one specimen was sequenced: phylogenetic tree from 
233 bp generated using the program FastDNAml

Representatives of the different subtypes from the Los Alamos HIV database are shown in colour. An indication of the
degree of dissimilarity in nucleotide substitutions per site is shown on the horizontal axis. For comparison, the
phylogenetic tree obtained from DNAml is also shown; the outgroup is a Group O sequence (ANT 70)
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3. Comparison of 233 and 383 bp of sequence data: multiple specimens from the 

same patients

For several of the HIV-1 gag regions sequenced, in particular those 
sequenced later in the study with the improved sequencing kit (containing the 
AmpliTaq FS enzyme), the amount of sequence data available was greater than 
233 bp. To evaluate the impact of an extra 150 bases of sequence on the 
phylogenetic analysis (a total of 383 bp) and determine if additional sequencing 
would be beneficial, the subset of sequences representing sequential specimens 
over time from the same patient was analysed. A few of the specimens had less 
than the 383 bp, with missing data from the beginning of the sequence read. These 
were BA(N) 4vt (308 bp); BAE ln2 (338 bp); BAE lp3 (344 bp); BAE lp4 (338 bp); 
BAE 2p3 (344 bp); BAN 5a (344 bp); BAN 5b (338 bp); and BAP la (329 bp). The 
number and distribution of informative sites (positions of nucleotide 
heterogeneity) in the 233 bp region and the extended, 383 bp region are shown in 
Figure 21. This confirms that the distribution of informative sites is fairly uniform 
in this region of p24, without the variable and conserved regions seen in env.

Phylogenetic trees obtained using the longer sequence data are presented 
in Figure 22 (maximum likelihood) and Figure 23 (neighbour-joining).

Bootstrapping the data used to generate phylogenetic trees gives an 
indication of how robust the analysis is; a comparison of the bootstrap values 
obtained from the 233 bp and 383 bp datasets is given in Figure 24. Longer 
sequences generate a slightly higher level of confidence, and hence more of the 
branches have bootstrap values above the threshold of 60% presented here.

In conclusion, the overall clustering of the different subtypes is very similar 
whether 233 bp or 383 bp are considered by either of the phylogenetic methods 
(maximum likelihood or neighbour-joining), and the bootstrap values do not 
appear strikingly improved for the longer sequences. It was therefore decided 
that the additional information obtained by the longer sequences was insufficient 
to merit the investment of further resources, and the 233 bp region was adopted 
for all further analysis.
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Figure 21: Number of informative sites for 233 and 383 bp regions evaluated using the dataset 
for which multiple specimens from the same patient were available

The figure was generated using MegAlign: colours and size of bar reflect the amount of sequence disagreement but 
without specific correlation to number or type of nucleotide m ismatch (dark blue is least, orange is greatest)
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Figure 22: Patients for whom more than one specimen was sequenced: phylogenetic tree from 
383 bp subjected to the 'jumble' option 5 times and generated using DNAml

Representatives of the different subtypes from  the Los Alamos HIV database are shown in colour. A n indication of the 
degree of dissimilarity in nucleotide substitutions per site is shown on the horizontal axis; the outgroup is a Group O 
sequence (ANT 70). The equivalent tree obtained using 233 bp is also shown for comparison
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Figure 23: Patients for whom more than one specimen was sequenced: phylogenetic tree from 
383 bp generated using Neighbor on data bootstrapped 1000 times

Bootstrap values are presented as percentages, with only those of 60% or greater indicated. Representatives of the different 
subtypes from  the Los Alam os H IV  database are shown in colour. A n indication of the degree of dissimilarity in nucleotide 
substitutions per site is show n on the horizontal axis; the outgroup is a Group O sequence (AN T 70). The equivalent tree 
obtained using 233 bp is also shown for comparison
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383 bp  233 bp

Figure 24: Patients for whom more than one specimen was sequenced: phylogenetic trees from 
233 bp and 383 bp generated using Neighbor on data bootstrapped 1000 times

Bootstrap values are presented as percentages, w ith only those of 60% or greater indicated; these branches are emphasised 
with thicker branch lines. An indication of the degree of dissimilarity is shown on the horizontal axis in nucleotide 
substitutions per site; the Group O sequence used as an outgroup, ANT70, is not proportional for ease of presentation
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4. Single molecules and consensus sequences

For some of the specimens, single molecules produced by limiting dilution 
as described in Chapter 3: 7 were sequenced instead of, or in addition to 'bulk' or 
consensus sequencing (ADI to -3; ADN08; ADP07, -11, -21, -34, -35; BAE9; and 
BAP2). This gave an indication of the diversity of viruses within an individual; it 
is expected to be relatively low in the p24 region reflected by the low frequency of 
'ambiguous' bases seen by consensus sequencing (Chapter 5: 2; Chapter 6: 7). On 
occasion, sequences were also generated from serum or plasma viral RNA 
(designated 's') in place of, or in addition to proviral DNA from lymphocytes ('c'). 
Phylogenetic trees of these sequences are presented in Figures 25 and 26.

For the HIV-1 positive blood donor ADP 11 (discussed in section 5.1), 
consensus sequences from viral RNA and proviral DNA specimens collected 
within a short time of one another were generated. The nucleotide sequence 
distance between these two was low (0.4 %).

The divergence between sequences obtained from single molecules, or 
single molecules and consensus sequences, was very low (between 0 % and 2.5 %) 
in almost every instance. The obvious exception to this was ADP 07, a patient 
from Thailand, whose intra-patient nucleotide sequence distance was notably 
higher (6.0 %), and the phylogenetic analysis indicated viruses clustering with 
more than one subtype (E and B). This is discussed in more detail below.
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Figure 25: Sequences from single molecules and serum or plasma: phylogenetic tree from 233 
bp subjected to the "jumble' option 5 times and generated using DNAml

Representatives of the different subtypes from  the Los Alam os HIV database are shown in colour. A n indication of the 
degree of dissimilarity (in nucleotide substitutions per site) is shown on the horizontal axis; the outgroup is a Group O 
sequence (ANT 70)
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Figure 26: Sequences from single molecules and serum or plasma: phylogenetic tree from 233 
bp generated using Neighbor on data bootstrapped 1000 times
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subtypes from  the Los Alam os HIV database are shown in colour. A n indication of the degree of dissimilarity is shown on 
the horizontal axis (nucleotide substitutions per site); the outgroup is a Group O sequence (ANT 70)
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4.1. Investigation of a possible dual infection

Patient ADP 07, who is known to have spent time in Thailand had a 
complex set of conflicting genotype results (B and A/E) established by more than 
one method; these are summarised in Table 24.

GENOTYPE

Specimen Type Serotype a Sequencing

HMA b e n v  b g o g c

cons sm3 sm21 sm23 sm30 si sn

ADP 07s Serum E B/E d B/E B B

ADP 07p EDTA blood E B , E e B, E A A B A A

Table 24: Conflicting subtype results for ADP 07
ADP 07c was collected two days after ADP 07s. a: work by Retrovirus Reference Unit; b: work performed by 
F. J. Belda (35); c: cons = sequence from bulk amplification; sm = single molecules generated by limiting 
dilution; si and sll = amplified from cDNA. d: using cDNA from two separate extracts from the same 
specimen, e: two amplifications from lymphocytes

By a peptide-based serotyping assay both a serum specimen (ADP 07s) and 
a plasma specimen (ADP 07p) collected two days later were subtype E. Elowever, 
genotyping using the heteroduplex mobility assay, and sequencing to subtype 
both the gag gene as described in this work, and the env gene (35) revealed 
conflicting results. Sequences from the gag gene were obtained from four single 
molecules and a consensus sequence from lymphocytes from ADP 07p, and from 
cDNA of two extractions from specimen ADP 07s. Figure 27 shows the 
phylogenetic analysis of these sequences.
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Figure 27. Specimens from a dual infection, including a probable recombinant sequence (ADP 
07sII)

Phylogenetic trees generated using D N Am l (jumbled 5 times), and N eighbor on 233 bp, including bootstrap values as 
before. Representatives of relevant subtypes from  the Los Alamos HIV database are shown in colour. A n indication of the 
degree of dissimilarity in nucleotide substitutions per site is shown on the horizontal axis; the outgroup is a Group O 
sequence (ANT 70)
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Sequences from three of the four single molecules and the consensus 
sequence amplified from the lymphocyte specimen ADP 07p clustered within gag 
subtype A. In the phylogenetic analysis of all sequences generated for this thesis 
(Figure 15), these subtype A sequences clustered with infections likely to have 
originated from Thailand (ADP 55 and ADN 17) or Cambodia (ADP 22), and 
identified by env sequencing as subtype E (35). Sequence analysis of the fourth 
single molecule (ADP 07psm21), however, identified it as a subtype B virus.

The data derived from consensus sequencing of cDNA from the first RNA 
extraction (ADP 07sl) was consistent with a mixed population of viruses, with 
many indications of more than one nucleotide in a single position (Figure 11) This 
'mixed' sequence was only apparent at the beginning of the 233 bp region, 
however; by around base 100, the sequence appeared to resemble ADP 07psm21. 
Further, by phylogenetic analysis it can be seen that the other sequence from viral 
RNA, ADP 07sII, does not cluster distinctly into either subtype A or subtype B 
(Figure 27). Upon inspection of the sequences, ADP 07sII appeared to be more 
similar to subtype A in the first 100 bases, and more similar to subtype B towards 
the end; this suggested that it may be a recombinant between the two subtypes. 
To evaluate this possibility, the program RIP (Recombination Inference Program) 
(452) was used to identify possible recombination crossover points. The sequence 
of ADP 07sII was compared to sequences from one of the viruses clustering 
within gag subtype A (ADP 07psm30) and one from subtype B (ADP 07psm21), 
and RIP confirmed that ADP 07sII was likely to be a recombinant with 90% 
confidence (Figure 28).

In addition to multiple sequences from the same specimen, and multiple 
specimens from the same patient, there were also a subset of infections which 
were suspected or known to have been epidemiologically related.
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5. Specimens from related infections

Several of the specimens sequenced are known, or suspected to have been 
from epidemiologically related infections. The modes of transmission include 
vertical, heterosexual, homosexual and via HIV-1 infected blood products. Details 
of these patients are summarised in Table 25. Also in Table 25 are the nucleotide 
sequence distances of the 233 bp regions of the gag gene from this study, and 
where available, distances from the env gene (13, 35).

Patient Details Approximate 
time of 

transmission

Distance(%) Subtype

gag(env) 2 aga other
p24 regions?b

ADP 26vt Vertical transmission <1 year

0

C nd

BAN 4vt/ BA 4 c nd

ADP UCLvt Vertical transmission <1 year

4.0

G gp !20

BAN UCLvt G gp !20

ADP 43 Fem ales with common male 
partner

2 to 3 years

1.8 (7.9)

B p6; g p l20

ADP 62 B p6; g p l20

ADP 14 Homosexual partners nk

0

B nd

ADP 33 B nd

AD 2 Homosexual HCW 6 to 7 years A D 2-3S.1 (13.8) B p6; g p l20

A D I-2: 5.8
AD 3 Fem ale patient of above

AD3-1:4.0 ( 11.0)
B p6; g p l20

AD 1 Female in sex ring with 
AD3

B p6; g p l20

ADP 45 Heterosexual partners ?8 years

4.5 (8.8)

D p6; gp120

ADP 48 D p6; g p l20

AD P 11 Blood donor 
and

<1 year ADP 11 to B partial g p l20

ADP 50 transfusion recipients ADP50/61: 0.4
B partial g p l20

(ADP50-61: 0%)

ADP 61 B partial gp !20

Table 25: Details of patients with suspected related infections
a: 233 bp region of gag p24; b: other regions of the genome sequenced by C. Arnold or F. J. Belda (13, 35); nd = not done.

In all cases of suspected transmission, the proposed donor (if available) 
and recipient(s) were infected with viruses of the same subtype, determined by 
phylogenetic analysis of the 233 bp region in p24 (Figures 29 and 30). Further,
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with the exception of AD 1, AD 2 and AD 3 sequences derived from proposed 
related infections clustered closely together within that same subtype.

In several cases, additional regions of the HIV genome were sequenced, 
(namely gpl20 of the env gene, and the gag gene p6; C. Arnold, F. J. Belda, 
personal communication and (13, 35)). The subtypes obtained from these studies 
were in concordance with those determined using the 233 bp region in p24 in this 
study, and sequence distances, where available, supported the conclusions drawn 
from this study (Table 25 above).

Nucleotide sequence distances for the potentially related HIV infections 
were calculated for within a patient (if more than one specimen from the same 
patient was available), between the proposed related infections, and between 
these and unrelated sequences representing the different subtypes (listed in Table 
26).

Reference database sequence Sequences derived in this study

A U 4 5 5 , V I3 1 0 A D 5 , A D P 1 8 , B A N 1

B H X B 2 , S F 2 , T B 1 3 2 A D P 2 0 , A D P 3 0 , A D P 4 6

C U G 2 6 8 , V I3 1 3 , Z A M 2 0 A D S , A D P 4 2 , A D P 4 7

D G 1 0 9 , K 3 1 , U G 2 7 0 A D P 0 3 , A D P 1 3 , B A E 9 n 2 c o n s

E a T N 2 4 3 A D N 1 7 , A D P 0 7 c o n s , A D P 2 2

F B Z 1 6 2 , V I1 7 4 , V I3 2 5 n o n e

G L B V 2 1 7 , V I1 9 1 A D P 5 2 , B A E 4 p 2

H V I5 2 5 , V I5 5 7 n o n e

O A N T 7 0 n o n e

Table 26: Representative sequences of the subtypes of HIV-1 A to H and O, including those 
from the Los Alamos database and from this study

a: sequences of subtype E. All of these sequences were derived from infections probably acquired in Thailand 
(database sequence TN243; ADP 07, ADN 17) or Cambodia (ADP22) and classified as subtype E by e n v  
sequencing (35)
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Figure 29: Specimens from proposed related infections: phylogenetic tree from 233 bp subjected 
to the 'jumble' option 5 times and generated using DNAml

Representatives of the different subtypes from  the Los Alam os HIV database are shown in colour. A n indication of the 
degree of dissimilarity in nucleotide substitutions per site is shown on the horizontal axis; the outgroup is a Group O 
sequence (ANT 70)
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Figure 30: Specimens from proposed related infections: phylogenetic tree from 233 bp 
generated using Neighbor on data bootstrapped 1000 times

Bootstrap values are presented as percentages, with only those of 60% or greater indicated. Representatives of the different 
subtypes from  the Los Alam os HIV database are shown in colour. A n indication of the degree of dissimilarity in nucleotide 
substitutions per site is shown on the horizontal axis; the outgroup is a Group O sequence (ANT 70)
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These results are presented graphically in Figure 31. It can be seen that the 
distance between related infections is generally low, and is lower than the 
distances to other members of the same, or other, subtypes. This result is least 
clear for the heterosexually related subtype D couple (ADP 45 and ADP 48); 
ideally further sequences would be analysed from these patients.

Table 27 below shows the nucleotide sequence distances obtained using the 
sequences listed in Table 26 to determine intra- and inter-subtype distances. The 
most divergent of the subtypes (7.17 %) was subtype A, and the least divergent 
were the proposed subtype E (with few members; 2.58 %) and subtype B (3.14 %). 
Between the different subtypes, subtype A was most similar to subtype E as 
expected, and subtype B was most closely related to subtype D.

Subtype
A B C D E F G H O

A 7.17
B 12.11 3.14
C 13.29 8.35 6.04
D 13.03 6.79 9.90 5.61
E 7.69 10.39 11.97 11.40 2.58
F 12.61 10.64 10.80 11.60 12.78 6.43
G 14.15 12.82 14.53 12.96 14.87 12.20 4.8
H 12.16 9.64 9.49 8.09 10.13 11.12 11.73 4.9
O 32.34 32.72 33.51 34.89 31.63 30.6 27.43 34.4 -

Table 27: Inter- and intra-subtype distances derived using MegAlign

The usefulness of p24 gag gene sequencing to indicate where transmissions 
may have occurred was highlighted in a recent investigation where a patient 
without obvious risk behaviour had acquired an HIV-1 infection, and 
transmission from an HIV-1 seroconverting blood donor was suspected. Further 
recipients of blood products from this blood donor were subsequently identified, 
and a second individual was found to be anti-HIV-1 positive. This work is 
discussed in more detail below.
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■  ADP62

■  ADP43

□  Intrasubtype

a: Heterosexual transmission from common male source: ADP43 and ADP62

■  ADP45

■  ADP48

□  Intrasubtype

Subtype

b: Heterosexual transmission: ADP45 and ADP48

■  ADP26vt

□  BAN4vt

□  Intrasubtype

Subtype

c: Vertical transmission: ADP26vt and BAN4vt

■  ADPUCLvt

■  BANUCLvt 

□  Intrasubtype

Subtype

d: Vertical transmission: ADPUCLvt and BANUCLvt

■  ADP14

■  ADP33

□  Intrasubtype

e: Homosexual transmission: ADP14 and ADP33

Figure 31: Nucleotide sequence distances for specimens from related infections

(Continued overleaf)
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■  ADP11c,s

■  ADP50/61 

□  Intrasubtype

f: Transmission from blood donor (ADP 11) to two recipients (ADP 50 and ADP 61)

Subtype

■  Average ADI

□  Average AD2 

B A D 3sm 1/7 /20

□  Intrasubtype

■  ADI to  AD2

■  AD2 to  AD3

□  ADI to  AD3

g: Transmission from homosexual health care worker (AD 2) to patient (AD 3), and between 
AD 3 and a member of the same sex ring (AD 1)

Figure 31 (contd): Nucleotide sequence distances for specimens from related infections

Nucleotide sequence distances between related infections are given, plus distances to 
particular subtypes. Intra-subtype distances generated from representative sequences are 
in yellow. The average values of ADPllc and ADPlls, and ADP50 and ADP61 were used as the 
sequences were very similar.
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5.1. Investigation of a potential transmission from blood donor to three

patients

Specimens from a 47 year old patient with acute myeloblastic leukaemia 
(ADP 50) were sent to CPHL for confirmation of HIV-1 infection following 
positivity in two of three anti-HIV 1/2 assays. These specimens were confirmed 
as anti-HIV-1 seropositive, neutralisable p24 antigen-positive, and Amplicor 
positive. A specimen from ADP 50 was investigated using the in-house PCR to 
confirm the Amplicor result, and determine the subtype of the virus. ADP 50 had 
not engaged in any behaviour associated with an increased risk of HIV-1 
transmission, and a long-term sexual partner was anti-HIV negative. However, as 
a result of the leukaemia, ADP 50 had received several blood transfusions. 
Subsequently, HIV RNA PCR was performed on specimens from many of the 
donors involved, and an anti-HIV negative blood donor (ADP 11) was found to 
be PCR positive. This donor was presumably in the 'window period' of infection. 
ADP 50 received a platelet concentrate from this donation; a second patient who 
received red cells from this donation had died before the situation was 
recognised, and a third patient, who received fresh frozen plasma (ADP 61) was 
subsequently identified. Sequences obtained from the blood donor (ADP 11) and 
the two recipients (ADP 50 and ADP 61) are presented in Figure 32.
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Figure 32:233 bp sequences from an HIV-positive blood donor and two recipients of infected blood 
products

a: Phylogenetic tree generated using MegAlign. Representative subtype database sequences are in colour; the outgroup is a Group 
O sequence (AN T 70).
b: A lignm ent report generated from  M egAlign showing the sequence differences. The coloured bars indicate positions where there 
is a lack of sequence concordance.
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6. Phylogenetic analysis of specimens investigated for determination of CCR5 

status

The presence of the CCR5 A32 mutation was determined for many of the 

patients investigated with respect to the Amplicor study. In addition Amplicor 
positive and seronegative specimens received for confirmatory testing were also 
investigated (for details, see Appendix to Chapter 4). Phylogenetic analysis of 
sequences from these specimens are presented in Figure 33.
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Figure 33: Phylogenetic analysis of specimens for whom CCR5 status was determined

Specimens from  patients heterozygous for the CCR5 delta 32 m utation are in italic. Phylogenetic tree generated using 
MegAlign. A n indication of the degree of dissimilarity is show n on the horizontal axis; A N T 70 is a Group O database 
sequence used as the outlier. Branch colour indicates the subtype
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7. Sequence data
Figure 34a: Nucleotide alignment
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M a jo rity_________ ACCATGCTAAACACAGT GGGGGGACAT CAAGCAGCCAT GCAAAT GTTAAAAGAGACCAT CAAT GAGGAAGCT GCAGAAT GGGATAGATTA
0 90

ADP26vt ...........T___ T ...................................................................................T ..................... A . .G..........................................
ADP27 ....................................................................................................................... A.......................................................... G
ADP28 .................................................................................................................................................................................A. G
ADP29  G
ADP30 .....................T .............................................................................................................................................................G
ADP31 .TG.........G___ T....................... C..G......... T ......................................................................................................GA..
ADP32  G
ADP33 ...........................................................................................................A........................................................................G
ADP34sml2 .TG.. .T . . .  .T .T ........................ C. .G.........A................................. A.................................................................. GG..
ADP34sm25 .TG. . .T ___ T .T ........................C. .G.........A................................. A.................................................................. GG..
ADP34sm29 .TG.. .T ___ T .T ........................C. .G.........A................................. A . . .G.......................................................... GG..
ADP35  G
ADP36 ...........T .............G........................................ T ..............................................................................................................
ADP37 ..........................................................................................................................................G..........................................
ADP38 ...........................................................................................................A........................................................................G
ADP39 ...........T . . . . T .......................................................... G......................T ......................A ..G ..........................................
ADP40 ...........................................................................................................A........................................................................G
ADP41a ...................................................................................................................................................... G............................ G
ADP41b ...................................................................................................................................................... G............................ G
ADP42 ...........T___ T...................................................................................T ............................G..................................G ...
ADP43 .................................................................................................................................................................................G. G
ADP44 . .T .................................................................................................................................................................................
ADP45sml ...................................................................... T .........G ...C ....................A............... A........... T ......................... G..G
ADP46 ..................................................................................................................................................................................... G
ADP47 ...........T___ T ..G .............................................................................T .........................................................................
ADP48sml6 .................................................................................. G ...C ....................A............... A ..G ..........................................
ADP49 ..................................................................................................................................................................................... G
ADP50 .....................T .................................. G........ T ..................................A........................................................................G
ADP51 ........................................................................................................... A........................................................................G
ADP52 ..............................................G......................T ................. C . . . .G ..T . .T ........................................ R............... GA..
ADP53 ........................................................................................................... A........................................................................G
ADP54 ...................................................................... A............................................................................................................G
ADP55cons .TG................T .T .........................C..G......... A................................ A.................................................................. GG..
ADP55sml3 .TG................T .T .........................C..G......... A................................ A.................................................................. GG..
ADP55sm20 .TG................T .T .........................C..G........ AN............................... A.................................................................. GG..
ADP56 ...................................................................... T ..................................A.......................................................................G
ADP57 ........................................................................................................... A.........................................................................
ADP58 ........................................................................................................... A........................................................................G
ADP59 . .G . . .T ........................................... G......... T ..................................T......................T ..................................C..GG..
ADP60 ................................................................................................................. T ............... A..............................................G
ADP61 .....................T ..................................G.........T ..................................A........................................................................G
ADP62 .....................Y.............................................................................................................................................................G
ADPUCLvt ............................................. G......................T ................. C____G ..T ..A .................................................... C..GA..
BAI .TG..........G___ T........................ C. .G........ T ................................. T ....................................................A...C..GC.G
BAEln2 .TG..........G___ T........................ C..G........ T ................................. T ............................................................C ..G ...
BAElp3 .TG..........G___ T........................ C..G........ T ................................. T ............................................................C ..G ...
BAElp4 .TG.........G___ T....................... C. .G......... T ................. C..............T .......................................................... C. .G .. .
BAE2n2  GC..
BAE2p3  GC..
BAE2n4 ...............................................................................................................................................................................GC..
BAE3p2  G
BAE3n3  G
BAE3p4  G
BAE4p2 ............................................. G..................... T .................. C.............T ..T .........................................G......... C..GA..
BAE4p3 ............................................. G..................... T .................. C.............T. .T .........................................G......... C..GA..
BAE5nl .TG..........G___T.........................C. .G........ T ..................................T ......... T ...............................................C. .GC. .
BAE5p2 .TG..........G___T.........................C. .G........ T ..................................T .........Y............................................... C. .GC. .
BAE6el ...........T___ T ..G .............................................................................T ............................. G..................................GG..
BAE6p2 ...........T___ T ..G .............................................................................T ............................. G..................................GG..
BAE6p3 ...........T___ T ..G .............................................................................T ............................. G..................................GG..
BAE6n4 ...........T___ T ..G .............................................................................T ............................. G..................................GG..
BAE7nl ...........T___ T................................................................................... T ............................. G..................................G ...
BAE7p2 ...........T . . . . T ...................................................................................T ............................ G..................................G ...
BAE8nl ...........T___ T............... A.................................................................T .............................G......... C.......................W.G
BAE8p2 ...........T___ T............... A.................................................................T .............................G......... C.......................W.G
BAE9n2cons  GC..
BAE9n2sml5 ..........................................................N...............................................................N................................................ GC..
BAE9n2sml7 ...............................................................................................................................................................................GC..
BAE9p3 ...........................G.................................................................................................................................................GC..
BAN1 .TG..........G___ T........................ C..G........ T ................................. T ............................................................C ..G ...
BAN 2 .TG....................T ....................... C..G......... A.........G......................T .......................................................... C..GA..
BAN 3 ........................................................................................................... T.................................................................GC..
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M a jo rity  ACCATGCTAAACACAGTGGGGGGACATCAAGCAGCCATGCAAATGTTAAAAGAGACCATCAATGAGGAAGCTGCAGAATGGGATAGATTA
0 90

BAN4vt ...........T___ T...................................................................Y ............. T ..................... A . .G..........................................
BA4vt ...........T ___T...................................................................................T ...................... A . .G..........................................
BAN 5a .TG..........G___T........................ C..G........ T ..................................T ........................................................... C..G..G
BAN5b .TG..........G___T........................ C..G........ T ..................................T ........................................................... C..G..G
BAN5c .TG...................T ....................... C..G......... T ..................................T .......................................................... C..G..G
BAN6 ...........T___T ..G .............................................................................T ............................ G..........................................
BAN7 ...........T . . . . T ...................................................................................T ........................... G ...R ..........................G ...
BANUCLvt ............................................. G......................T ................. C___ G. .T ..A ........................................G......... C. .G. ..
BAPla .TG..........G___T............... A .. .C. .G.........T ..................................T ........................................................... C. .G. . .
BAPlb .TG..........G___T............... A. . .C. .G.........T ..................................T ........................................................... C. .G ...
BAP2acons  GC..
BAP2asm8  GC..
BAP2asml7  GC..
BAP2asm22  GC..
BAP2asm27  GC..
BAP2b  GC..
BAP2c  GC..
BAP2d  GC..
BAP3 .TG.................GT..............................G......... T ..................... G.......................................................................C ..G ...
BAP4 ...........T___ T.................................................................AC............. T ........................... G. . Y ............................GA..
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Majority CATCCAGTGCATGCAGGGCCTATTGCACCAGGCCAGATGAGAGAACCAAGGGGAAGTGACATAGCAGGAACTACTAGTACCCTTCAGGAA

ADlsml8
91 180

ADlsm21
ADlsm26
AD2sm4 . .C ..,

. . .A...
,. .G........................

.........................AAA......................................................................

..................................................................A.................................
AD2sml0 . .C .... . .A... .. .G........................ ................................................c........................
AD2smll .. .G........................
AD3sml  A..............................................................................................................
AD3sm7  A..............................................................................................................
AD3sm20  A..............................................................................................................
AD4s ...............A . .G....................... C......................C............................................................................................C . . .A . . .
AD5 ...............A............................. C................................G....................................................................... C................A ...
AD6 .......................................................................................................................................................................................
AD8 ...........CCA..G................. C..........................A......... G ..Y ............................................................................................
AD9s ......................................... G...........................................................................................................................................
ADElnl .............CA..G................. G..........................A. .A ........................................................................................................
ADElp2 .............CA..G................. G..........................A. .A ........................................................................................................
ADN01 ...........N............................G..........................A............................A............... T ......................................A................. G
ADN02 ...........A.A.....................................................................................................................................................................
ADN03 .......................................................................................................................................................................................
ADN04n2 ...............A............................. C................................G......................G............................GGT......................C . . .A . . .
ADN05 .......................................................................................................................................................................................
ADN08sm3  A.....................................................................................................................................................................
ADN08sml5 ...............A.............................................................. A...................................................................................................
ADN08sm26  A.....................................................................................................................................................................
ADN08sm29  A.....................................................................................................................................................................
ADN09 .....................G..................CA.C..............................................................................................................A...................
ADN10 ...............A...............................................................................W................... T ............................................................
ADN12 .....................A.................................................... A.................................................................................A...................
ADN13 ...............A............................. C............................................ G.................................................... C..............................
ADN15 ..........................................................................................................................................G..........................................
ADN16 ......................................... G...........................................................................................................................................
ADN17 ..C .........A............... A........... C....................A.........G........................................................................... A...........A ...
ADN18 ................................................................................................................................................ A....................................
ADN20 ...........A.A............... R ...G ..C ............................................................................................. A............................A . . .
ADP01 ...............A..........................C........................A.............................................. T ......................................A...................
ADP02 ...............A........................G....................G............................................................................. A............................A . . .
ADP03 ........................................... A. C................... A............... G............................T ......................................A..................R
ADP04 .................................................................................. G..................................................................................................
ADP05 .....................G.....................................................A.................................................................................A....................
ADP06 ...............A..............................C.................................................................................................................. A C ...A ...
ADP07pcons ..C ......... A............................. C.T............................G.......................................................................... AT..........A . . .
ADP07psm3 ..C .........A............................. C.T............................G...........................................................................AT..........A . . .
ADP07psm23 ..C .........A............................. C.T............................G.......................................................................... AT..........A . . .
ADP07psm30 ..C ......... A............................. C.T............................ G...........................................................................AT..........A . . .
ADP07psm21 ................................. A............................A..................................................................................................................G
ADP07sI . .Y .........R............... A............................A.......................................................................R........................................ G
ADP07SII A.C.........A............... A............................A. .A ............................................................................................................G
ADP08 ...............A.....................................................................................................................................................................
ADP09  G...........................................................................................................................................
ADP10 ...............A..............................C.....................................................................T ..................................C................A . . .
ADPllc  G...........................................................................................................................................
ADPlls ......................................... GY.........................................................................................................................................
ADP12 .........................................................................................C............................Y.............................................................
ADP13 ......................................... GC........................A.............................................. T .............................................................
ADP14 .....................G..................G................................A........................................................................................................
ADP15 .......................................................................................................................................................................................
ADP16 ...............A.....................................................................................................................................................................
ADP17 .....................G..................CC..........................C............................................ T .................................................... A ...
ADP18 ...............A . .G................. T ..C ..........................A............................................................................................... A . . .
ADP19 .......................................................................................................................................................................................
ADP20  CG...........................................................................................................................................
ADP21cons ......................................... G..........................A............... G............. A........... T ............................C___ A...................
ADP21sm7 ......................................... G..........................A............... G ...N ...................T .............................C___A....................
ADP21sml4 ......................................... G..........................A............... G...........................T .............................C___A....................
ADP22 ..C .........A............................. C................................G..........................................................................................A ...
ADP23 .....................G........................C___ G................A.................................................................................ATG___ A ...
ADP24 ...............A.....................................................................................................................................................................
ADP25 ...................................................................... A..............................................................................................................
ADP26vt ...............A....................................................A..............................................................................................................
ADP27 .......................................................................................................................................................................................
ADP28 .................................................................................. G..................................................................................................
ADP29 ...................................................................... A.......................................................................C....................................
ADP30 ...............A.....................................................................................................................................................................
ADP31 .............C ...G ..................G..........................A............... C............................T .............................................................
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M a j o r i t y CAT CCAGTGCATGCAGGGCCTATTGCACCAGGCCAGAT GAGAGAACCAAGGGGAAGT GACATAGCAGGAACT ACTAGTACCCTT CAGGAA
91 180

BANUCLvt .......... CAA. .A........ ........C ..C .. . . . . A ........ ■ A. . . A.C. . . .C T . . . . . . . . T .......... ............ G...........
BAPla .............. A. • G........ ...............c . . .A. .G___ .G............. ___T........... ........ AC.. .A . ..
BAPlb .............. A. • G........ ...............c . . .A. • G___ • G............ ___T........... ........ AC.. .A . ..
BAP2acons ...........A___ .............. A. ___T...........
BAP2asm8 ..........A___ .............. A. ___T ...........
BAP2asml7 ...........A___ .............. A. ___T ...........
BAP2asm22 ..........A___ .............. A. ___T ...........
BAP2asm27 ...........A___ .............. A. ___T ...........
BAP2b ..........A___ .............. A. ___T...........
BAP2c ...........A___ .............. A. ___T...........
BAP2d ........ A___ .............. A. ___T ...........
BAP3 .............. A. .............. c . . .G___ .......... C .. .A . . .
BAP4 ..C ........ A. .C........ ........c c . . . . . .C ........ A. ........ w____
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M a jo rity  CAAATAGGATGGATGACAAGTAATCCACCTATCCCAGTAGGAGAAATCTATA
Ï8 Ï  232~

ADP32 ..................................... A....................................G..........................
ADP33 .............C....................CA....................G___ G................................
ADP34sml2  C..................................G...........C............
ADP34sm25  AC..................................G...........C............
ADP34sm29  AC..................................G...........C............
ADP35 ................................... MA.................................................................
ADP36 ..................................... A....................................G................Y___
ADP37 ..................................... A...................................................... T___
ADP38 ................................... CA................................................ G.............
ADP39 .............C..............................C........... G..............G......... C.............
ADP40  C.....................A.................................................................
ADP41a  C.....................A...................................................... T____
ADP41b  C.....................A...................................................... T____
ADP42 .............C..............................C ...G ___ T......... G......... C.............
ADP43  AC.....................A ...C .............................................. T____
ADP44  A.................................................................
ADP45sml .......... AC........................C ..C........... G ...A ..................................
ADP46  AC.....................A.................................................................
ADP47 .............C........... A ...G ......................G.T......... G.........C.............
ADP48sml6 .............C........................C ..C ........... G .. .A .. .G .........................
ADP49 ...............G..................CA. . .  C.........................................................
ADP50  A.................................................................
ADP51  C.....................A.................................................................
ADP52 ...........A................... C ..C ..C ............................G................T . . . .
ADP53  A................................................................
ADP54  A.................................................................
ADP55cons ..................................... AC..................................G......... C.............
ADP55sml3 ..................................... AC..................................G......... C.............
ADP55sm20 ...................A............... AC..................................G......... C ..A ------
ADP56  CA................................................................
ADP57 ..........................................................C......................G..G..............
ADP58 ...............G................CCAC...............................................................
ADP59 ...............G................C ..C ..C ............................G............... A___
ADP60  A................................................................
ADP61  A................................................................
ADP62  AC.....................A ...C .........................................................
ADPUCLvt ...........A....................C------CC............................G......... C. .T ------
BAI  AC........................ C ..C ......................................... C............
BAEln2  G...................AC...................................G..........C.............
BAElp3  G...................AC...................................G..........C.............
BAElp4  G...................AC.C...............................G..........C.............
BAE2n2 ....................................... C...................... T .....................................
BAE2p3 ....................................... C...................... T .....................................
BAE2n4 ....................................... C...................... T .....................................
BAE3p2 ..................................... A........................ T .....................................
BAE3n3 ..................................... A........................ T .....................................
BAE3p4 ..................................... A........................T .....................................
BAE4p2 ...........AC..................CG. C......... T ..................... G................T___
BAE4p3 ...........AC................. CG. C......... T ..................... G................T ------
BAE5nl ................................... G .C ..C ..G ......................G......... C..............
BAE5p2 ...............G......................C ..C ............................G......... C..............
BAE6el  C.................................................T ......................C.............
BAE6p2  C.................................................T ......................C.............
BAE6p3  C.................................................T ......................C.............
BAE6n4  C.................................................T ......................C.............
BAE7nl  C.............................. C......................................... C............
BAE7p2  C.............................. C......................................... C............
BAE8nl ...........AC..............................C................T .........G..........................
BAE8p2 ...........AC..............................C............... T .........G..........................
BAE9n2cons  C........................C...........G.......................................A . . . .
BAE9n2sml5  C........................C...........G.......................................A ------
BAE9n2sml7  C........................C...........G.......................................A . . . .
BAE9p3  C........................C...........G.......................................A------
BAN1 .............C......................AC. .C........................... G......... C..............
BAN 2 ....................................... C..................................G..........................
BAN3 ................................... G.C........... G................................................
BAN4vt  C..................... A ...C ........... G.T........G........... C............
BA4vt  C..................... A ...C ........... G.T........G...........C............
BAN 5a  G.C....................C ..C.......................... G...........C............
BAN 5 b  G.C........................ C ..C........................... G A ....C .............
BAN 5c  G.C....................C ..C.......................... G...........C............
BAN6 . .G . . . .C ..............................C............... T ........G...........C............
BAN 7 .............CC............................C............... T .........G ..G ..C ..............
BANUCLvt  A...............C..C.CC.......................... G.......... C. .T ------
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M ajo rity

BAPla
BAPlb
BAP2acons
BAP2asm8
BAP2asml7
BAP2asm22
BAP2asm27
BAP2b
BAP2c
BAP2d
BAP3
BAP4

CAAAT AGGAT GGAT GACAAGTAATCCACCTATCCCAGTAGGAGAAAT CTAT A 
181 2B2
.............C........................C..................................G..........................
.............C........................C..................................G..........................
........................................C..............................................................
........................................C..............................................................
........................................C..............................................................
........................................C..............................................................
........................................C..............................................................
........................................C..............................................................
........................................C..............................................................
........................................C..............................................................
. . .G ...............................C ..C............................G......... C..............
.............C..............................C........... G.T......... G......... C . .T . . . .

Regions indicated in red and blue are the Amplicor primer and probe binding sites in the following order: 
forward primer SK462, probe SK102, and reverse primer SK431
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Figure 34b: Amino acid alignment

0 * * * 78
Majority TMLNTVGGHQAAMQMLKETINEEAAEWDRLHPVHAGPIAPGQMREPRGSDIAGTTSTLQEQIGWMTSNPPIPVGEIYN

ADlsml8 .............................................. M...........................................................N..................
ADlsm21 .............................................. M...........................................................N..................
ADlsm26 ........ E....................................M....... R................KR.............................N.................
AD2sm4  V................N................
AD2sml0 ............................................................V.............................................. N................
AD2smll ............................................................V.............................................. N................
AD3sml ......................I . . . A .............................................................................. N................
AD3sm7 ......................1 . . .A ..............................................................................N................
AD3sm20 ......................1 . . .A ..............................................................................N................
AD4s M . . . I .................. D...........D...........Q___ P . . . L ...................... P................................
AD5 M . . . I .................. D...........D. . .V............ P...................................................V...........
A 06  H.................
AD8 ...........................D................. M..PQ...L.........D........................... A...........V..........
AD9s .............................................. V...........V............................................. N.................
ADElnl ...........................D......................AQ...V___ I .............................. T ...........
ADElp2 ...........................D......................AQ . . .V . . . . I ...............................T ...........
ADN01 ........................................................................................... N..................................
ADN02 ......................1........................... 1......................................................N...........D...
ADN03  N.................
ADN04n2 M.. .V.................. D................. V............ P ...................... V . . . P ................................
ADN05  N.................
ADN08sm3 ......................1................D.....................................................................................
ADN08sml5 ......................1................D........................... K.......................................................
ADN08sm26 ......................1................D.....................................................................................
ADN08sm29 ......................1................D.....................................................................................
ADN09 ..................................................... Q...HP........................... N........A. . .H.................
ADN 10 ...........................D................. M.................................................... A........................
ADN 12 ..................................................... Q............ I .....................N....... A. . .N .................
ADN 13 ...........................D................. V............ P ................................................................
ADN15 ..................................................................................................... A. . .N ...........D...
ADN16 ...........................D...............................V............................................. N.................
ADN17 M . . . I ...................................... V............ P ........................... N........................... D...
ADN18 ................................................................................................................................
ADN20 M.. .1 .................. D................. T. .1. .. .VP............................................G.. .V. . .DL. .
ADP01 ............................................................T .............................N..................................
ADP02 ............................................................V.................................................. A............
ADP03 ............................................................NP........................... N....... A . . .G.................
ADP04 ...............................................M.................................................. V..........................
ADP05 ..................................................... Q............ I .....................N....... A. . .N .................
ADP06 M . . . I .................. D................................ P............................. T___ Q................. D...
ADP07pcons M . . . I ...................................... V............ P...........................N..................................
ADP07psm3 M . . . I ...................................... V............ P...........................N..................................
ADP07psm23 M . . . I ...................................... V............ P...........................N..................................
ADP07psm30 M . . . I ...................................... V............ P ........................... N..................................
ADP07psm21 .............................................. V....................................................A. . .N ..................
ADP07sI .............................................. V....................................................A. . .N ..................
ADP07sII M . . . I ...................................... VN.................................................. A. . .N .................
ADP08 ............................................................................................................H...........D...
ADP09  V................N................
ADP10 M.. .VI.................D...........D. . .A............ P....................................V..........................
ADPllc  V................N................
ADPlls  A................N................
ADP12 ....................................................................... D..................................N.................
ADP13 ............................................................A..................................... V.........................
ADP14 ..................................................... Q . . . V . . . . I ...............................A . . .H . . .V...........
ADP15 ...........................D...............................................................................H.................
ADP16 ............................................................................................................N.................
ADP17 ..................................................... Q . . . P . . . . L ...............................A . . .H ...........D...
ADP18 M . . . I .................. D...........D . . .T . . .Q . . . FP . . . I ..................................... R.................
ADP19 ............................................................................................................N.................
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0 * * * 78
Majority TMLNTVGGHQAAMQMLKETINEEAAEWDRLHPVHAGPIAPGQMREPRGSDIAGTTSTLQEQIGWMTSNPPIPVGEIYN

ADP20 ............................................................V............................................. N.................
ADP21cons ............................................................V.............. E............ N..........................E___
ADP21sm7 N.......................................................... V.............................N................................ X
ADP21sml4 ............................................................V.............................N..................................
ADP22 M . . . I .......................................V ............ P............................................ N...........D...
ADP23 M...V.................. D........................ Q___ P . . . I .....................NV...V___ G.................
ADP24  N.................
ADP25  N.................
ADP26vt ...........................D........................................................................ A . . .N . . .V . . .D .. .
ADP27  N.................
ADP28 .............................................. M.................................................. V..........................
ADP29  N.................
ADP30  N.................
ADP31 M . . . I ...................................... I . .AQ.. .V......... D.........................................V ...........
ADP32  N.................
ADP33 ..................................................... Q . . . V . . . . I ...............................A . . .H . . .V...........
ADP34sml2 M . . . I ...................................... V............ P......................................................... D...
ADP34sm25 M . . . I .......................................V ............ P............................................ N...........D...
ADP34sm29 M . . . I ......................V..............V............ P............................................N...........D...
ADP35  N.................
ADP36  N.................
ADP37  N.................
ADP38  H.................
ADP39 ...........................D........................Q.. .V.......................................A...........V. . .D.. .
ADP40 ........................................................................................... N....... A . . .N .................
ADP41a .................................................................... I ...............................A. . .N.................
ADP41b .................................................................... I .....................N....... A . . .N .................
ADP42 ...........................D........................................................................ A.........A. . . .D. . .
ADP43 ...............................................V. . .Q............ I ...............................T . . .N .................
ADP44 ............................................................V..............................................N.................
ADP45sml ...................................... S.............P..............................................T ...........VQ.........
ADP46 ................................................... PQ............ I ...............................T . . .N .................
ADP47 ...........................D...............................V.......................................A. I .G.. .V. . .D.. .
ADP48sml6 ..................................................... Q..............................................A...........VQ.........
ADP49  H.................
ADP50 ............................................................V............................................. N.................
ADP51 ........................................................................................... N....... A . . .N .................
ADP52 ...........................D................. I . .PQ___ P . . . I ...............................R........................
ADP53  N.................
ADP54  N.................
ADP55cons M . . . I .......................................V............ P............................................. N..........D...
ADP55sml3 M . . . I .......................................V ............ P............................................. N..........D...
ADP55sm20 M . . . I .......................................V ............ P . . . .K ..................................... N..........D. . .
ADP56 ..................................................... Q. ..V ..............................................H.................
ADP57 ..................................................... Q.. .V.................................................................
ADP58 ..................................................... Q . . .V . . . . L ..................................... H.................
ADP59 ...........................D...D...........V............ P . . . I .........................................................
ADP60  N.................
ADP61 ............................................................V............................................. N.................
ADP62 ................................................... AQ............ I ...............................T . . .N .................
ADPUCLvt ...........................D................. I. .QQ.. .LP . . . L ...............................R___ T.........D. . .
BAI M . . . I .................. D...................... A Q . . . . P . . . I ...................... P . . . . T ................. D...
BAEln2 M . . . I ...................D................................ P............................. P .............N...........D...
BAElp3 M . . . I ...................D................................ P ............................. P .............N...........D...
BAElp4 M . . . I ...................D................................ P............................. P............ NT.......... D...
BAE2n2 ..................................................... Q................................... S ..................................
BAE2p3 ..................................................... Q................................... S..................................
BAE2n4 ..................................................... Q................................... S..................................
BAE3p2  N.................
BAE3n3  N.................
BAE3p4  N.................
BAE4p2 ...........................D................. I..PQ. . . . P . . . I ...............................T . . .G.................
BAE4p3 ...........................D................. I . . P Q . . . . P . . . I ...............................T . . .G.................
BAE5nl M . . . I ...................D................................ P ............................. P .............G...........D...
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0 * * * 78
Majority TMLNTVGGHQAAMQMLKETINEEAAEWDRLHPVHAGPIAPGQMREPRGSDIAGTTSTLQEQIGWMTSNPPIPVGEIYN

BAE5p2 M . . . I .................. D................................ P............................. P..........................D. ..
BAE6el  D.................V.................................................... A................. 0. ..
BAE6p2  D.................V.................................................... A................. D...
BAE6p3  D.................V.................................................... A................. D...
BAE6n4  D.................V.................................................... A................. D...
BAE7nl  D........................................................................A................. D...
BAE7p2  D........................................................................A................. D...
BAE8nl ...........................D.................M..PQ...V___ I .....................N....... T ........................
BAE8p2 ...........................D.................M..PQ. . .V___ I .....................N....... T ........................
BAE9n2cons ............................................................V.......................................A........................
BAE9n2sml5 ............................................................V.......................................A........................
BAE9n2sml7 ............................................................V.......................................A........................
BAE9p3 ................................................... A___ V.......................................A........................
BAN1 M . . . I .................. D........................Q___ P . . . I .D................... P . .. .A. . .N...........D...
BAN2 M . . . I .................. D................. I ............ P................................................................
BAN3 ...........................D...............................A............................................. G..A............
BAN4vt  D........................................................................A . . .N . . .V . . .D.. .
BA4vt  D........................................................................A . . .N . . .V . . .D.. .
BAN5a M . . . I ...................D................................................................ P...MA................. D...
BAN5b M . . . I .................. D................................................................P...MA................RD...
BAN5c M . . . I ...................D................................................................ P... MA................. D. ..
BAN6 ...........................D...............................NP..................................... A................. D...
BAN7 ...........................D......... T ...................V.......................................A................. D...
BANUCLvt ...........................D...................... QQ.. .LP.D.I.N.T........................ R . .. .T......... D...
BAPla M . . . I . .E ..............D........................Q... . P . . .1.......................T . .. .A........................
BAPlb M...I . .E..............D........................Q... . P . . .1.......................T . .. .A........................
BAP2acons ............................................................N.................................................................
BAP2asm8 ............................................................N.................................................................
BAP2asml7 ............................................................N.................................................................
BAP2asm22 ............................................................N.................................................................
BAP2asm27 ............................................................N.................................................................
BAP2b  N.................................................................
BAP2c  N.................................................................
BAP2d  N.................................................................
BAP3 M...V..................................................... P ............................. P . . .V ................... D...
BAP4 ......................1..D................. I ...........P ....................................... A...........V. ..D.. .

This region of sequence data encompasses the latter half of antigenic site HU Epitope 1, and the binding site for 
Cyclophilin A, a protein essential for viral infectivity: the position of these sites are indicated by turquoise and 
violet respectively. Three proline residues essential for CyPA activity are indicated with asterisks (359).
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CHAPTER 7

DISCUSSION

Background

Many PCRs have been described for the amplification of HIV-1 proviral 
DNA, but with today's emphasis on laboratory accreditation, the use of 
commercially available diagnostic kits has the potential to enable standardised 
procedures and reagents, and hence greater consistency between laboratories. For 
the detection of proviral DNA, the only commercially available kit is the 
Amplicor HIV-1 DNA PCR assay, produced by Roche. This kit provides quality 
controlled reagents, positive and negative controls, and a simple protocol; a result 
can be generated within a day of receipt of the specimen. The development of 
such commercial kits often utilises well described specimens, including cloned 
material to enable quantitation and hence limits of detection in terms of viral 

copies; the Amplicor assay, for example, claims single copy sensitivity (73). The 

performance of these diagnostic kits using patient specimens in routine diagnostic 
laboratories, however, may not be so predictable, and it is vital to assess this 
before such kits can be universally adopted. Part of the work of this thesis aimed 
to address this question, by assessing the reliability of the Amplicor assay for 
routine specimens sent to the Virus Reference Division at the Central Public 
Health Laboratory (CPHL), London between 1992 and 1997. Although several 
other groups have evaluated the Amplicor assay, none have attempted such a 
comprehensive study as the work described herein.

Of the many groups who have assessed the performance of the Amplicor 
assay, a wide range of patient ages, risk categories, different specimen types and 
volumes have been used. For example, the Amplicor assay has been used on 
plasmid DNA-spiked lymphocytes in quality control evaluations such as those of 

Schweiger et al and Bootman et al (50,446), dried blood spots (41,42, 83), and even 

on DNA extracted from cervicovaginal specimens (308), as well as from 

lymphocyte preparations from whole blood as recommended in the kit insert. 
Further, even when the specimens examined were from anticoagulated whole 
blood as described in the Amplicor protocol, the lymphocytes were frequently 
prepared using in-house methods such as Ficoll-Hypaque separation rather than
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with the Roche-provided extraction reagents, which makes interpretation of the 
kit performance less clear-cut: the reason for using these alternative methods was 
presumably to enable the addition of a defined number of cells to the 
amplification reactions, of particular relevance when the Amplicor assay was 

being compared to an in-house PCR assay (e.g. (257, 267)). It is known that the 

method of preparation of lymphocytes can influence amplification by PCR; in one 
study the Amplicor sample preparation method was been shown to be better than 
an in-house method (319).

Another factor influencing the performance of PCR assays is the patient 
population tested: for example, early specimens from children born to HIV-1 
positive mothers or individuals recently exposed to HIV-1 (prior to 
seroconversion), particularly if undergoing antiretroviral therapy, may have 

insufficient proviral load for detection (12). For example, in one study the 

sensitivity of Amplicor was only 29% in babies born to HIV-1 positive mothers up 
to 1 week in age, increasing to over 90% by 1 month of age (56). It has also been 

suggested that patients with advanced disease (AIDS) may have depleted 
lymphocytes and hence a lower probability of detection by proviral DNA PCR 

(453). Three groups evaluated the performance of Amplicor with patients whose 

CD4 counts were under 200 cells per microlitre: two reported 100% sensitivity in 

such patients (325, 501), but in the third by Jackson et al on 125 such patients, the 

sensitivity was only 93.6% and they concluded that Western Blot is more sensitive 

than Amplicor for these patients (238). As discussed in Chapter 2: 2, however, the 

interpretation of complex WB profiles, which can be produced from patients such 
as these, is not always straightforward and can result in falsely-positive diagnoses 
(261).

Initially, patient populations were mainly of North American or European 
descent, but as the variety of HIV-1 group M in patients from different countries 
became appreciated, patients with infections originating in Africa and Asia were 
included in evaluations of PCR (14,79,490).

Amplicor at CPHL

The work presented in this thesis reports on the performance of the 
Amplicor assay on specimens from a whole range of patients, including babies 
born to HIV-1 positive mothers, and adults with different risk behaviours 
including homo- or bi-sexual activity, heterosexual activity, and injecting drug
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use. The patients studied also included those known, or suspected, to be infected 
with HIV strains originating in countries outside of Europe and North America, 
including Africa and Asia. Patient specimens sent to CPHL were usually for 
confirmation of HIV-1 status following reactivity in at least one EIA screening 
assay performed in the referring laboratory. This confirmation was achieved by a 
combination of screening tests, including two EIA assays, and an IgG antibody 
capture assay (GACPAT). If these were not conclusive, further assays including 
Western blot, anti-HIV IgA and IgM, and p24 antigen detection were performed. 
Because the specimens were sent for confirmatory testing here, rather than being 
collected on site, the time interval between collection of the blood samples, and 
processing upon receipt to generate the white cell pellets for testing in the 
Amplicor assay which could then be stored at -70°C was variable. The vast 
majority of these specimens were processed within four days as specified in the 
Amplicor protocol.

The Amplicor assay protocol suggests testing a single PCR reaction for 
each specimen. The strategy adopted at CPHL was duplicate testing (i.e. 
amplifying two aliquots from the same extracted lysate specimen) for specimens 
from babies bom to HIV-1 positive mothers, and also possible seroconverters. 
This was intended to help overcome problems of a low proviral copy number. On 
several occasions, the results obtained from the two specimens were not 
concordant, for example specimen BAE 6el had one positive and one negative 
reaction. When results such as this were obtained, a second lymphocyte pellet 
(when available) was extracted and tested in duplicate to confirm the diagnosis.
In a study by Bremer et al, discordant results such as this occurred at a frequency 
of four percent among specimens from babies born to HIV-1 positive mothers: 
they recommended repeating the microwell detection stage, then extracting a 
second lymphocyte pellet if this failed to give a definitive result (56). The majority 
of discordant results had values close to the cut-off for positivity, and were 
subsequently confirmed to be HIV-1 negative (56, 37).

The sensitivity of HIV-1 detection by the Amplicor kit over five years at 
CPHL was 94.6% in specimens from HIV-1 infected adults or older children: 
twenty one specimens from twenty patients were Amplicor falsely negative. 
Among babies bom to HIV positive mothers, the sensitivity of detection was 
75.3%, with twenty two specimens from sixteen patients failing to amplify in the 
Amplicor kit. Several possible causes for false negative results in the Amplicor 
assay were considered.
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What caused the Amplicor falsely negative results?

To discover if the Amplicor false negative reactions observed from some 
specimens were due to a failure to amplify, or a failure to detect the specific 
product, a method of recovering the 142 base pair product from the residual 
Amplicor amplification mix was developed (Chapter 3: 4). This revealed that for 
Amplicor falsely negative specimens, no specific product was visible. It is not 
inconceivable that low levels of amplification may have occurred in these 
reactions, but there was insufficient product to be visualised by the agarose gel 
electrophoresis and ethidium bromide staining methods. The sensitivity of this 
method could be increased by Southern blotting of the gels obtained, and probing 
with 32P or a nonisotopically labelled probe targeting within the 142 base pair 
amplicon. When sufficient target sequences in the form of primary PCR 
amplicons generated using the in-house PCR were extracted and tested in the 
Amplicor assay, positive OD450 results, and recoverable specific products, were 
observed (Chapter 5:1). This would suggest that a low pro viral load was involved 
in the failure of at least some specimens in the Amplicor assay.

Several other possible causes of the falsely negative Amplicor results 
obtained were considered, including inhibition of the PCR, a low viral load, or 
sequence divergence such that the Amplicor primers and or probe were unable to 
amplify or detect the virus present in the specimen. Experiments were then 
designed to distinguish between these various hypotheses.

Did inhibitors of PCR cause Amplicor false negativity?

Several agents have been shown to inhibit PCR, including residual haem 
from lysed blood cells which may remain if processing of the blood specimen is 

not optimal (39, 125, 201, 224, 297, 429, 500). The collection of blood specimens, in 

particular from neonates, can be difficult, and residual haem was observed in a 
minority of the Amplicor pellets produced in my work. The possibility that this 
haem contamination adversely affected the Amplicor result was considered, and 
none of these specimens were included in the analysis of Amplicor performance.

Other possible inhibitors of PCR include heparin and sodium 
polyantholesulphonate (SPS) which are sometimes used as anticoagulants for 

specimen collection (39, 201, 224, 429). On occasion, specimens collected in 

heparin were tested using the Amplicor test, including some that were found to 
be HIV-1 DNA positive. Presumably either the Amplicor whole blood processing
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step was efficient enough to remove any residual heparin, or there was sufficient 
HIV-1 target present to mask any inhibitory influence. However, the Amplicor kit 
protocol requires that only EDTA or ACD be used as the anticoagulants for 
collection of blood specimens, and hence only specimens fulfilling this criterion 
were considered in my analysis of the kits performance.

Nearly one thousand specimens were tested with the Amplicor assay for 
this study. Forty three specimens from HIV-1 positive patients were falsely 
negative in the Amplicor test, and thirty four of these were HIV-1 positive in the 
in-house assay. The Amplicor falsely negative specimens tested at the start of this 
work underwent a further phenol-chloroform extraction step prior to in-house 
amplification which would remove any inhibitors. The vast majority of 
specimens, however, only underwent this additional extraction step if they failed 
to amplify in both the Amplicor and the in-house assays; this was because no 
appreciable increase in in-house sensitivity was observed following the additional 
extraction. Even with this additional extraction step, nine specimens from HIV-1 
positive patients remained PCR negative in both assays.

One approach adopted to determine if inhibition was a cause of the 
Amplicor falsely negative PCRs was to amplify a 'house keeping' gene, in this 

case actin, a target which would definitely be present within the specimen (137, 

484). For the nine specimens which failed to amplify both in the Amplicor and in- 

house assays, and for several control Amplicor positive specimens, the actin PCR 
generated the expected product, indicating that non-specific PCR inhibitors were 
unlikely to be the cause of their failure to amplify.

However, this cannot be conclusively established as differential inhibition 

of PCR amplifications may occur (117, 173). Fransen et al, for example, described 

specimens from one patient showing differential inhibition, where amplification 
of a housekeeping gene was successful, but the specimen was Amplicor negative 
until a further extraction step was performed. It is unclear whether the 
lymphocytes from this specimen had been extracted using the Amplicor kit or an 

alternative method such as Ficoll-Hypaque separation (173).

Amplification of a house-keeping gene such as actin involves setting up a 

separate PCR (137,484). An alternative method for assessing whether a falsely 

negative PCR is due to inhibitors or a problem with the PCR reaction mix (for 
instance omission of a component) would be to co-amplify the house-keeping 

gene or an internal control template (24, 116). These techniques require careful
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optimisation to ensure that there is no loss in sensitivity for the specific target, 
and that more than one amplicon can be detected simultaneously. Also, falsely 
negative PCR reactions may still occur if the viral genetic diversity results in 

primer/template mismatches (79, 96, 124, 227, 274). The existing Amplicor format 

is an EIA-based detection system, a useful feature for the use of this assay in 
routine laboratories with expertise in, and facilities for, serological detection, but 
not necessarily set up for molecular techniques such as PCR; this detection system 

does not easily allow the detection of multiple targets (24, 137).

A further consideration in whether inhibitors caused the failure of the 
Amplicor assay to detect HIV-1 in positive specimens is the volume of extracted 
lymphocyte added to the PCR reaction mixture. For the Amplicor assay, 50 
microlitres of extracted lysate were added to the PCR amplification mix to give a 
final volume of 100 microlitres. The in-house assay, however, was performed 
using just five microlitres of extracted lysate in an equivalent volume, and hence 
any inhibitors would be ten times as dilute. Indeed, in a recent modification of the 
Amplicor protocol by Roche, it was recommended that the volume of extracted 
specimen added be halved and a lower annealing temperature (50°C) used in the 
thermal cycling conditions. Respess et al evaluated the performance of the 
Amplicor assay for the detection of infections with diverse subtypes (A to G), and 
found that the sensitivity with the modified protocol was considerably higher 

than with the standard protocol (417). However, the relative improvements 

attributable to the specimen dilution (by decreasing inhibitor concentrations) and 
the lowered annealing temperature (by increasing the tolerance to primer- 
template mismatches known to occur with these subtypes) was not investigated 

(417). However, in an evaluation of the Amplicor assay on specimens from 

Uganda, Jackson and colleagues compared the existing recommended annealing 
temperatures (55°C and 60°C) with the lower annealing temperature (50°C) for 
the same volume of extracted lysate (fifty microlitres), and found little difference 
in the sensitivity of detection (74% versus 71%) (239). By implication, adding a 

reduced volume of extracted lysate to the Amplicor amplification mix did lead to 

a significant increase in sensitivity in the study by Respess et al (417).

In conclusion, therefore, it seems unlikely that non-specific inhibitors of 
PCR were the major cause of the Amplicor false negatives, and other explanations 
were investigated.
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Low proviral copy number: a cause for Amplicor false negatives?

The proviral copy number within an HIV-1 infected patient is not constant. 
There are some situations where a lower proviral DNA load would be expected: 
these include very early in infection before the virus becomes established, and 
also in late-stage AIDS or other instances where the immune response may be 

compromised (238,391,392,453). This low copy number of proviral DNA can 

result in falsely negative PCR results: for instance, in a recent study by Jackson et 
al the sensitivity of Amplicor in over one hundred patients with CD4 counts of 

under 200 cells and with clinical AIDS was only 93.6% (194, 238,325,442, 516).

It is possible that the increasing efficiency of antiretroviral therapy may 
lead to a reduced proviral load in patients receiving such therapy. In a recent 
study by Bruisten and colleagues, a slight reduction in proviral DNA load was 
observed among patients undergoing such therapy, particularly combination 

therapy, although at no time did this decrease to below detectable levels (65).

Adding more initial specimen to increase the number of potential targets is 
one option, but this will also increase the concentration of any potential inhibitors 
as discussed above. A nested PCR would be expected to increase the probability 
of detecting target sequences present in low numbers, and as such, in-house 
techniques using this procedure may be expected to be more sensitive than single 

round PCR assays such as the Amplicor test (137). However, in a recent 

multicentre assessment, the Amplicor assay was reported to be as sensitive as in- 
house assays, some of which were nested PCRs for a spiked panel of specimens 

(446). In addition, the Amplicor assay was reported to be slightly more specific 

than in-house assay, although some falsely positive reactions still occurred (446).

A low proviral load in adults and older children

Of the specimens tested at CPHL, there were twenty one from patients of 
two years or older which were falsely negative by Amplicor. Two of these 
patients had serological results consistent with seroconversion and hence may be 
expected to have a low proviral load. The OD450nm values obtained from these 
patients were close to the cut-off value (i.e. high negatives), and re-testing a 
second white cell pellet in duplicate from one of the patients (ADN 15) gave an 
OD450nmjust over the threshold for positivity (0.36; cut off for positivity is 0.35). 
Although the Amplicor assay is not quantitative, it is assumed that the OD values 
can in some instances give an indication of the proviral load. The in-house, nested
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PCR was able to amplify HIV-1 from both of these patients. Phylogenetic analysis 
identified them as subtype B infections, and mismatches between the Amplicor 
primers and probe and their target regions were unlikely to have caused a 
significant decrease in amplification (Chapter 6:7). It appears likely, therefore, that 
a proviral DNA load too low to be detected by Amplicor but sufficient for the 
more sensitive in-house assay explains these results.

Despite the failure of the Amplicor assay in these two patients, those 
suspected of seroconversion are still one of the target populations which can 
benefit most from DNA PCR testing. A detectable anti-HIV-1 serological response 

can take approximately three to six weeks post-exposure to develop (111, 178,

223); the proviral copy number will reach levels detectable by DNA PCR before 

this time (233,375). Indeed, the importance of using proviral DNA PCR for 

suspected seroconverters was highlighted by two patients identified during the 
course of this study, whose specimens were serologically anti-HIV negative, but 
had positive reactions in the Amplicor assay. These patients were subsequently 
confirmed as HIV-1 infected.

A potential factor in the diagnosis of infection in suspected seroconverters 
is whether they have undergone antiretroviral therapy. Early therapy prior to, or 
during, primary infection increases the CD4+ T-cell count and improves the 

clinical condition! 12, 258). This can delay seroconversion and, presumably, the 

development of detectable proviral DNA. Such antiviral therapy is recommended 

practice for occupationally exposed health care workers, for example (487).

Excluding the two patients who may have had a low proviral load due to 
seroconversion, there were nineteen Amplicor falsely negative specimens from 
eighteen patients over two years of age. None of these patients had serological 
evidence of seroconversion, and although it cannot be established, it seems 
unlikely that these were from patients with late-stage AIDS: as a general rule, 
unless specifically requested, only patients with inconclusive serological results or 
suspected seroconversion were tested in the Amplicor assay. The possibility, 
therefore, that a low proviral DNA load caused the failure of Amplicor to detect 
HIV-1 in these eighteen adult patients cannot be excluded, but appears unlikely.

A low proviral load in babies bom to HIV-1 positive mothers

A second category of patients who may be expected to have a low proviral 
load are babies bom to HIV-1 positive mothers. Serological diagnosis is 
complicated by the presence of maternal antibodies, which can persist for up to
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eighteen months, and hence antigen detection is a major tool for diagnosis in 
these patients (Chapter 2: 5.1). Although detectable p24 antigen in babies has a 

high positive predictive value, the sensitivity of detection is lower than PCR (419). 

Over half of the specimens received for Amplicor testing at CPHL for which a risk 
category was supplied were from babies born to HIV-1 positive mothers, and 
sixty seven (17.8%) of these were HIV-1 DNA PCR positive. Twenty two of the 
Amplicor negative specimens were identified as falsely negative by other markers 
of infection, including detectable and neutralisable p24 antigen, persisting anti- 
HIV antibody levels, or PCR positivity (in-house or Amplicor) either for the 
falsely negative specimen itself (in-house PCR), or for other specimens from the 
same patient (Amplicor and/or in-house PCR): some of the Amplicor false 
negatives were therefore not recognised until a follow-up specimen was tested. 
Specimens from babies born to HTV-1 positive mothers may be predicted to have 
low proviral DNA burdens, as the time of transmission is usually late in 
pregnancy or, more commonly, during labour and delivery (reviewed by Newell, 

1998 (365)), and hence specimens, particularly those taken within the first few 

weeks after birth, may have proviral DNA loads below detectable levels by PCR.
Previous studies have estimated that the sensitivity of PCR detection to be 

around 25% on the day of birth or day after, rising to over 70% by two weeks and 

over 90% by one month of age (56, 95, 148, 268, 365).

The sensitivity of detection by the Amplicor assay described in this thesis 
was lower than these estimates: the overall sensitivity for specimens from patients 
aged under two years was found to be 75%. When this was broken down by age, 
the sensitivity was only 38% in specimens from patients up to one month of age, 
rising to 58% by between one and two months, and 91% by three to six months. 
For infants aged between seven and twenty four months, however, the sensitivity 
was again reduced, at only 76%. The reason for this drop in sensitivity in older 
infants is not clear, but it may be that this group represents infants whose 
diagnosis is more problematical for some reason. Overall, the progression to AIDS 

is more rapid in children than adults (21,212, 247) and some infants may have a 

depleted immune response associated with advanced disease, and hence a low 
proviral load. It seems more likely, however, that some other factor, such as 
genetic diversity causing mismatches between the Amplicor primer and probe 
and their target regions (see below) is involved.

In this study, the four specimens collected earliest after birth were all 
falsely negative in Amplicor (collected at four, five, nine, and thirteen days; BAE 1
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to 4). All of these specimens were also negative for p24 antigen, but subsequent 
specimens had markers of infection (p24, persisting antibodies) and/or positive 
PCR results by Amplicor or in-house assays, and were therefore definitely 
infected with HIV-1. These four very early specimens negative in the Amplicor 
assay were also PCR negative in the more sensitive in-house assay. Given that the 
vast majority of vertical transmission occurs prenatally or at birth, a low proviral 
DNA load would be the most likely explanation for these results. Of course, the 
possibility that these patients were infected postnatally, perhaps by breastfeeding 

which incorporates a substantial risk of transmission (151,365), cannot be 

excluded. If these four very early specimens are omitted from the estimation of 
Amplicor sensitivity, specimens from patients aged less than two years are 
detected with a sensitivity of 78.8% (an increase of 3.5%). The Amplicor sensitivity 
in specimens from birth to four weeks increases from 38% to 87.5%, but this figure 
is generated from just eight specimens.

Although proviral DNA was not amplified from these four very early 
specimens, in-house PCR of subsequent specimens enabled assignation of a 
subtype. Three were infected with subtypes other than B, which may also 
decrease the sensitivity of Amplicor via mismatches between the target sequence 
and the kit primer and/ or probe regions; this is discussed in more detail below. 
The fourth neonate was infected with HIV of subtype B. However, the mother of 
this child (baby BAE 2) underwent treatment with the reverse transcriptase 
inhibitor AZT, which has been shown to substantially decrease the rate of vertical 

transmission from around twenty percent to under eight percent (108,318,467). It 

is likely that the neonate was also treated with AZT, and is expected to result in 
reduced viral replication and an increased time to develop a detectable proviral 

DNA load (202, 380,443). In total there were four specimens from this patient 

taken at nine days, two months, ten weeks, and five months of age respectively. 
The first and third of these were Amplicor falsely negative, and the other two had 
relatively low Amplicor OD450nm values. This could be an indication that the HIV 
infection in this child was being suppressed sufficiently to maintain a low 
proviral DNA load; the use of a quantitative viral load assay would help to 
confirm this.

It is unlikely that maternal and or neonatal antiviral therapy was used in 
the majority of patients in this study: the lack of compulsory antenatal testing for 
HIV-1 infection in the UK means that many such infections are not detected. For 
example, in one study based in London, only six percent of HIV-1 positive
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mothers were identified by antenatal testing (420), and in many families infection 

was only identified following illness in the vertically infected child (52).

Of the remaining Amplicor falsely negative specimens from patients under 
two years of age, a specimen taken at seventeen days from baby BAE 5 was also 
falsely negative in Amplicor, but the in-house PCR was able to amplify HIV of 
subtype A from the specimen. Perhaps this reflects an increasing proviral load 
which had reached levels sufficient for amplification in the sensitive, nested in- 
house PCR but not yet the Amplicor; a follow-up specimen from BAE 5 collected 
at four months of age was PCR positive in both assays.

The remaining seventeen specimens which were falsely negative in 
Amplicor were from patients aged between six weeks and twenty months, 
including further specimens from the patients BAE 1 to 4 discussed above, and all 
of these contained HIV-1 proviral DNA which was amplified by the in-house PCR 
assay.

If a low proviral DNA load was the cause of these falsely negative 
reactions, it would be predicted that earlier specimens from a patient are more 
likely to be falsely negative in Amplicor than those collected later. This was not 
always the case, however. For example, patients BAE 2 (Amplicor negative at five 
days, two months and nine months, but Amplicor positive at six and sixteen 
months of age) or BAE 6 (Amplicor falsely negative at one and ten months, but 
positive at four and five months). A specimen from patient BAE 9 taken at 
thirteen months of age was unique in being both Amplicor falsely negative and 
serologically falsely negative (BAE 9n2). This was recognised as falsely negative 
because a previous specimen from this baby taken at eight months, and a 
subsequent specimen collected at fourteen months, were both anti-HIV-1 
seropositive, Amplicor positive and also contained neutralisable p24 antigen. An 
obvious explanation for this would be that the specimens were not from the same 
patient, but in-house PCR amplification and phylogenetic analysis of sequences 
from the specimens collected at thirteen (the dually false negative specimen) and 
fourteen months showed that they were highly related and clustered within 
subtype D (Chapter 6). This suggests not only that the specimen was from the 
correct patient, but also that it was unlikely to have been of poor quality since the 
in-house PCR successfully amplified HIV-1 DNA.

In summary, although a low proviral load could explain some of the 
Amplicor false negative specimens, and may well be a contributory factor for
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several if not all of the others, some other factor or factors would appear to be 
influencing the probability of Amplicor false negativity.

Could mismatches between the Amplicor primers or probe and their target 

regions explain Amplicor false negative reactions?

As discussed above, inhibition of PCR or a low proviral DNA load were 
unable to account for all the falsely negative reactions observed with the 
Amplicor assay. An alternative explanation for this phenomenon is that 
mismatches between the Amplicor primers and/or probe and the target HIV led 
to a decreased level or complete failure of amplification, or that detection of the 
specific product from some specimens was not successful.

The considerable genetic diversity of HIV is well known, and is 

attributable to an error-prone reverse transcriptase (405, 406, 418, 422), which 

lacks proof-reading ability (422), and to recombination events (98, 468) (Chapter 1: 

8). This genetic diversity has led to the classification of HIV-1 strains into several 
groups: the Major (M) group of viruses, subdivided into ten subgroups A to J 

(360); the diverse Outlier or Outgroup (O) viruses (203, 491) and the newly 

described New or 'Non-M non-O' (N) group (456).

To discover if mismatches within the Amplicor primer and probe target 
regions could explain the falsely negative specimens, the PCR products amplified 
by the in-house assay, which flank and include the Amplicor target region, were 
sequenced and analysed.

For both SK462, the thirty base pair sense primer used in the Amplicor kit, 
and the twenty seven base pair antisense primer, SK431, there were between one 
and six mismatches with the binding sites sequenced from Amplicor falsely 
negative, positive and equivocal patients. The difference in number of primer 
binding site mismatches between Amplicor falsely negative or equivocal 
specimens and Amplicor positive specimens was not significantly different 
(Chapter 5:3), although slightly more mismatches were observed among 
specimens which failed in the Amplicor assay. The average number of 
mismatches between SK431 and the target region sequences from Amplicor 
positive, falsely negative and equivocal patients was between 1.5 and 1.8; all but 
one of the patient sequences had between one and three mismatches. The 
exception was a single specimen which had six mismatches in the target region of 
SK431.
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This specimen was sent to CPHL for sequence investigation following a 
falsely negative Amplicor test result performed at University College London 

Medical School (UCLMS) (14). The patient was a three-month old baby bom to an 

HIV-1 positive mother (BAN UCLvt) with clinical manifestations indicative of 
HIV-1 infection (Pneumocystis carinii pneumonia). Intriguingly, a specimen from 
the mother of this infant (ADP UCLvt; also tested at UCLMS) was Amplicor 
positive. Analysis of the derived sequences showed that ADP UCLvt shared only 
three of the six mismatches in the SK431 target region seen in BAN UVLvt (see 
Chapter 2:12.3 for further discussion of vertical transmission). These three were 
located in the 5' half of the primer SK431primer binding site. The additional three 
mismatches found in the baby, but not the mother, were located to the 3' end of 
the primer target region, including mismatches four and six residues from this 3' 
terminus. Further, two of the mismatches occupy adjacent positions eleven and 
twelve residues from the 3' end. Previous work has suggested that more than four 
mismatches in the binding site for either primer SK431 or SK462 significantly 

decreased the amplification efficiency (271), and therefore six mismatches are 

likely to have caused the failure of this specimen to amplify in the Amplicor assay 

(14). Phylogenetic analysis of the HIV-1 sequences from both mother and baby 

indicated that they were subtype G viruses, rarely found in the UK. Subsequent 
work by Debyser et al also found that primer-target mismatches in a specimen 
from a subtype G patient caused a falsely negative result in the Roche Monitor 
assay, which uses the same primers as the Amplicor assay. On this occasion, the 
falsely negative reaction was attributed to two mismatches, three and six bases 

from the 3' end of primer SK431 (124).

For the remainder of the specimens sequenced, the number of mismatches 
between the Amplicor primers and their target regions for Amplicor positive and 
negative specimens were not significantly different. Of course, it is not just the 
number of mismatches between the primer and their target region that is of 
significance; the location can also have a major impact on the efficiency of 

amplification (96, 137, 227, 274). For example, mismatches at the 3' end of a 

primer have the greatest influence on amplification efficiency, especially A:G, G:A 

and C:C (274). The most tolerated mismatch at the 3' end is a T residue, which 

may make this a useful base to incorporate when the target sequence may be 

prone to sequence divergence (227). Primers SK462 and SK431 both have this 3' 

terminal T residue, but none of the target sequences obtained in this study had a

168



Chapter 7: Discussion

mismatch at the 3' primer position. Five or six mismatches located internally in 
primers of twenty six to twenty nine nucleotides in length have been shown to 

significantly decrease amplification efficiencies (79, 96). Further, more than four 

mismatches within the primer binding site for either SK462 or SK431 have been 
associated with a decreased efficiency of amplification. Overall, however, there 
have been few studies on the influence of primer mismatches on amplification 
efficiency (272).

The two SK462 primer / template mismatches common to nearly every 
sequence generated in this thesis, were deliberately introduced into the 
predecessor of SK462 (SKI45) to avoid six consecutive G residues, which was 

compromising efficient primer synthesis (276). These deliberately mismatched 

residues (an A and a T) were chosen to give a primer more closely resembling an 
early African HIV-1 isolate, (HIVMAL). At this stage, the extent of diversity within 
HIV isolates, and hence the potential for multiple primer-template mismatches 
cannot have been fully appreciated.

Analysis of the thirty-three base pair target region for the probe SK102 
sequence from Amplicor positive and falsely negative specimens revealed 
between one and four mismatches. There tended to be more mismatches among 
the sequences from specimens negative in Amplicor than those from Amplicor 
positive specimens (Chapter 5:3), but there was no obvious relationship between 
the distribution of these mismatches and failure in the Amplicor kit. No two 
mismatches were adjacent to each other and there appeared to be no obvious 
association between a mismatch in any position and false negativity in Amplicor. 
Although a statistically significant difference was seen in the number of 
mismatches between the probe and its target region among Amplicor positive and 
falsely negative specimens, it is difficult to conclude that this was the cause of the 
Amplicor failure. The lack of recovery of the Amplicor specific amplicon from 
falsely negative specimens, but not positive specimens, suggested that it was a 
failure or reduction in amplification rather than detection.

However, the process of Amplicor product recovery, which would indicate 
if amplification failure rather than detection failure was causing the Amplicor 
false negatives, was not performed on all of the Amplicor falsely negative 
specimens. In part, this was because several of the Amplicor negatives were 
obtained prior to the development of this technique, and as such residual 
Amplicor reaction mix was not available. In addition, when Amplicor product 
recovery was performed on several falsely negative reactions, no specific
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amplicon was observed and hence other explanations for the Amplicor failure 

were investigated (31). It is more likely, therefore, that the increased number of 
probe-target mismatches observed in Amplicor negative specimens is 
contributory, but not the only factor causing false negative reactions.

Without controlled experiments with constructed templates containing 
various residue mismatches in different positions, it is difficult to predict just how 
primer mismatches affect amplification efficiency: these effects will depend on 
several factors including the length of primer, thermal cycling conditions, and 

concentration of dNTPs (96, 137,138).

In this study I adopted the novel approach of using computer algorithms 
(programs) that had been written to predict and analyse PCR oligonucleotide 
primers, to shed light on the reasons for the failure of the Amplicor test to amplify 
sequences that could be amplified in my in-house PCR. However, most programs, 
both commercial and academic or public domain, were not suitable for this task 
because they have not been coded to allow for mismatches between the primer 
and its target. However, one was appropriate: PrimerSelect, which is part of the 
Lasergene package from DNAStar. This program was used to predict how the 
Amplicor primers perform with the target sequences generated by sequencing 
HIV from Amplicor positive and negative specimens. Other programs were also 
evaluated (for example OLIGO, National Biosciences), but because they were not 
designed for this kind of analysis they were not suitable. Although PrimerSelect 
did allow the analysis required for some of the templates, limitations in the 
program code meant that template sequences with mismatches within five bases 
of the 3' end of the primer were precluded from the analysis. Unfortunately, this 
excluded several of the template sequences, including that from BAN UCLvt, the 
baby with six mismatches in the target region of primer SK431. The very fact that 
the program was unable to analyse these primer-template combinations would 
suggest that the Amplicor primers are not ideal for amplification of a wide range 
of target sequences such as those observed in this study.

In the PrimerSelect analysis of the primers, the relative stability (AGO), Tm, 
Ta, difference between the product and primer Tm and the GC content of the 
products were calculated for each primer for the falsely negative and control 
sequences, for the actual primer / template combinations and for the primer 
sequence changed to complement exactly that of the template (the ideal 
sequence). Also, the lowest AGO of both primers was calculated for SF2 modified 
to perfectly match the primer sequences. These results can be summarised as
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follows: if there was an exact complement between SK462 and its template, the 
Tm of the primer/ template duplex structure would be 72°C (mean) for both the 
controls and false negatives. In practice, the Tm was calculated to be 56.5°C. There 
was a difference of 10 and 11 kcal/ mol (mean) between the AGO of the exactly 
complementary SK462 primer/template duplex structure and the observed ones 
for the controls and false negatives respectively. However, there was no 
difference between the AGO of the controls and false negatives when their actual 
sequences were compared.

Similarly, if there were an exact complement between SK431 and its 
template, the Tm of the primer/template duplex structure would be 60.8°C 
(mean) for both the controls and false negatives. In practice, the Tm was 
calculated to be 54.6°C. There was a difference of 4.3 and 4.2 kcal/mol (mean) 
between the AGO of the exactly complementary SK431 primer/template duplex 
structure and the observed ones for the controls and false negatives. However, 
there was no difference between the AGO of the controls and false negatives when 
their actual sequences were compared.

Hence, from the sequences which were valid for analysis in PrimerSelect, 
there was no significant difference in the performance of the Amplicor primers on 
Amplicor falsely negative or positive specimens. When designing primers for 
PCR, it is advantageous to have them as closely matched as possible to each other 

(137). The predicted Ta for SK462 was 56.5°C, and for SK431 was 54.6°C, a good 

match. However, the thermal cycling conditions used in the Amplicor assay 
protocol were five cycles using an annealing temperature of 55°C, followed by 

thirty cycles of 60°C; this means that the annealing temperature used in the 
Amplicor kit was too high for the optimal performance of the primers. Since the 
completion of this work, the manufacturers have recommended lowering the 
annealing temperature to 50°C for all thirty five cycles of the PCR, and this has 

resulted in improved sensitivities, particularly for specimens of genetically 
diverse subtypes (417).

Improving the sensitivity of the Amplicor assay: modified protocol

The relatively low sensitivity of the Amplicor assay, particularly for 

viruses of African origin (173, 199, 205, 239,306,310, 319, 404, 417) led to a 

recommended change in the protocol. The volume of extracted lysate added to 
the amplification mix was halved from fifty microlitres to twenty five microlitres, 
and the annealing temperatures were lowered from 55 and 60°C to 50°C. These
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two modifications were presumably to reduce the impact of potential inhibitors of 
the PCR (Chapter 2:4.6), and to increase the tolerance of mismatches between the 
primers and their target regions in the patient specimens (see above). These 
modifications significantly increased the sensitivity of detection by Amplicor: in 
an evaluation of patients infected with subtypes A to G, the average sensitivity for 

the Amplicor assay was 82%, increasing to 98% with the modified protocol (417). 

Subtype E was particularly poorly detected in the original format, (58% Amplicor 

sensitivity) and the modifications increased this sensitivity by 29% (417). In a 

recent study of over 150 specimens of subtypes E and B from Thailand, the 

sensitivity using the modified conditions was between 98 and 100% (513). Further 

support for the improved sensitivity associated with the modified protocol was 
seen in a study on specimens from Tanzania, (where subtypes A and D 

predominate (416)). Here, the modified protocol increased the sensitivity of 

Amplicor from 59% to 98% (319). Since the completion of the work described in 

this thesis, the modified conditions have been adopted at CPHL. It would have 
been of interest to use this modified protocol on the specimens identified as false 
negatives here at CPHL, but even when sufficient lymphocyte pellets remained, 
the additional cost involved and lack of diagnostic relevance rendered this 
untenable.

Despite the increased Amplicor sensitivity seen with this modified 
protocol, the analysis of sequence data obtained in this thesis, and predictions 
from the program PrimerSelect indicate that SK462 and SK431 are not ideal 

primers for the amplification of HIV-1 (31,32). All of the specimens sequenced 

had at least one, and up to six, mismatches with each of the primers, which will 

influence the sensitivity of detection (31,32). To overcome this problem, Roche 

have subsequently designed new primers (RAR1032, RAR1033) and probe 
(RAR1034) which target a highly conserved region in the pol gene. These new 
primers and probe improved the Amplicor sensitivity for Group M (subtypes A to 
G) from an average of 82% with the standard conditions, to 99%, and they also 

detected Group O infections with 100% sensitivity (417).

Were some subtypes more susceptible to failure in the standard Amplicor assay 

than others?

Although several groups have reported a decreased sensitivity of the 
Amplicor kit for detection of HIV-1 infections of African origin, in many of these
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studies, the subtype of the specimens was not investigated (173, 199, 205, 239,306, 

310,319,404,417). Among those which did determine the subtype, it was 

suggested that infections with subtype A viruses from the Ivory Coast were 

particularly poorly detected by Amplicor (306, 310). Respess and colleagues 

compared the performance of the Amplicor assay on patient specimens of 
subtypes A to G, and found the lowest Amplicor sensitivity among patients with 
subtype E infections (58% for twenty six patients). For subtype B infections (three 
South American patients) the sensitivity was 67%, for subtype A (forty seven 
Central African patients) 87%; for subtype F 89% to 100% depending on the 
country of origin (thirteen patients); and for subtypes C (one patient), D (twenty 

five patients), and G (one patient), the sensitivity was 100% (417). This would 

suggest that detection of subtype A was less problematical than subtypes E and B, 
although the numbers tested were small. However, for both of these studies, the 
subtypes were determined by analysis of the env gene rather than the gag gene 

which is targeted by the Amplicor assay (306, 417). Given that a high frequency of 

env-detined subtypes are recombinant in their gag regions (112), and subtype A is 

more frequently present as an intersubtype recombinant than some other 

subtypes such as B or D (334), ideally the gag gene should be subtyped to confirm 

any association between subtype and decreased Amplicor sensitivity.
The Roche Monitor quantitative RT-PCR assay for the detection and 

quantitation of HIV-1 RNA utilises the same primers as the Amplicor HIV-1 DNA 
PCR assay. A failure to detect HIV RNA, or falsely low viral load values have 

been obtained for subtypes A, F and G using this assay (4, 115, 124). In a direct 

comparison of the Amplicor Monitor RNA PCR and proviral DNA PCR assays on 
specimens from Uganda, the sensitivity of the RNA PCR assay was significantly 

higher than the proviral DNA assay (74% versus 90%) (239). However, the 

accuracy of the derived viral load value was not established by other assays such 
as the bDNA which is less susceptible to primer-target mismatches (Chapter 2:4.3) 
(239).

The in-house PCR designed in this thesis amplified a sequence that 
spanned the Amplicor primer and probe target regions in the gag p24. This 
enabled the relationship between mismatches in these target regions to be 
compared from specimens giving Amplicor falsely negative and positive results, 
and, despite the relatively small size of these sequenced fragments (233 base 
pairs), phylogenetic analysis revealed that they were sufficient to assign a subtype
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(Chapter 6). During this study, HIV-1 infections of subtypes A, B, C, D, A/E, and 
G have been identified. For further discussion on how the subtype E infections 
were defined, please see below. For five of the thirty six patients with an 
Amplicor false negative specimen, it was not possible to determine a subtype 
because only a single specimen was obtained from these patients and the in-house 
PCR failed to amplify HIV-1 DNA.

The relationship between the pattern and number of mismatches of the 
primers SK462 and SK431 with the Amplicor target regions sequenced were 
investigated to determine if particular subtypes, such as subtype A as suggested 

by Loussert-Ajaka et al, were associated with Amplicor false negativity (306).

Including patients with at least one Amplicor negative specimen among 
the false negatives, the sensitivity of the Amplicor assay for the different subtypes 
investigated in this thesis was: 50% for subtype A (eight of sixteen), 80% for 
subtype B (forty one of fifty one), 38% for subtype C (five of thirteen), 64% for 
subtype D (seven of eleven), 80% of subtype E (four of five), and 50% for subtype 
G (two of four). For ten of the patients with an Amplicor falsely negative 
specimen, at least one other specimen from the patient was positive in the 
Amplicor assay. If these patients are classified within the Amplicor positive 
category, rather than the negative, the sensitivity of detection for the different 
subtypes increases to 63% for subtype A (or 74% if grouped with subtype A/E), 
82% for subtype B, 69% for subtype C, 82% for subtype D, and 75% for subtype G. 
When interpreting these figures, however, it is important to note that this was not 
a controlled experiment to assess the performance of the different subtypes in the 
Amplicor assay, and the specimen numbers are relatively low.

However, the conclusion from this analysis would be that although the 
Amplicor assay had slightly lower sensitivity for subtypes A and C, there was no 
strong correlation between subtype and Amplicor assay failure as suggested by 
previous studies (306,417).

Given the extent of intrasubtype diversity (approximately fourteen percent 

in the gag gene, (312)), and that there is unlikely to be any significant phenotypic 

difference between the subtypes that would influence the probability of Amplicor 
false negativity (Chapter 1:10), it is much more logical to consider mismatches in 

the Amplicor primer and probe binding sites, rather than the subtype per se (14,

31,32,99,483). Work in this thesis has indicated no significant difference between 

the number of mismatches in the target regions of the Amplicor primers SK462 
and SK431 from Amplicor positive and falsely negative specimens (with the
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exception of BAN UCLvt), and no pattern of mismatches more likely to cause 
Amplicor false negative reactions. In contrast, for the Amplicor probe, SK102, 
there was a significant difference in the number of mismatches with the target 
region. The largest number of mismatches was four, and specimens from all three 
patients (two subtype A and one subtype G) with these mismatches had a falsely 
negative Amplicor result. Of seventeen patients with three probe / template 
mismatches, only six had had an Amplicor falsely negative specimen (two were of 
subtype A, one each of subtype B and G, and three subtype C). Thus there was no 
clear association between subtype and a high number of SK102 mismatches, and 
hence no single subtype was clearly more likely to generate Amplicor false 
negative results than any other. Despite the lack of evidence in my work to 
support a connection between Amplicor false negativity and subtype A, the 
suggestion is not totally untenable as this subtype has the greatest intrasubtype 
diversity (359).

The proportion of Amplicor false negative patients belonging to each of the 
subtypes was investigated. In babies born to HIV-1 positive mothers, thirty five 
percent of patients with Amplicor false negative specimens were subtype C, 
twenty nine percent subtype A, eighteen percent subtype D, twelve percent G, 
and six percent subtype B. This would suggest that detection of subtype C was 
more of a problem than subtype A.

In specimens from older children and adults, twenty seven percent of 
patients with an Amplicor falsely negative specimen were infected with subtype 
B, twenty four percent subtype A, twenty two percent subtype C, eleven percent 
subtype D, five percent subtype G and for fourteen percent there was no 
amplification using the in-house PCR and hence no subtype could be assigned.

This data would suggest that the subtypes most commonly failing to 
amplify in the Amplicor assay were different between babies and adults.
However, the majority of the HIV-1 positive mothers in London are from African 
countries (318, 366), and hence would be expected to have a high proportion of 

non-B subtypes. Among the adults, only eleven percent of those citing a risk 
factor had lived in or visited Africa, and hence a much larger proportion would 
be expected to have subtype B infections.

Detection of HIV-1 group O and HIV-2 specimens by the Amplicor assay

Although the Amplicor primers were designed to amplify HIV-2 as well as 

HIV-1, only a single HIV-2 sequence was available at that time (HIV-2ROD) (276).
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Many HIV-2 isolates have since been described, and using an alignment of the 
Amplicor target regions for a selection of these (generated with MegAlign), it was 

evident that HIV-2 is unlikely to be amplified by the Amplicor assay (99). 

However, on occasion, specimens from HIV-2 infected patients tested at CPHL 
were weakly reactive in Amplicor. Similarly, sequence alignments of 
representatives of HIV-1 Group O viruses would suggest that their amplification 
by the Amplicor assay is highly unlikely. The predictions were confirmed by 
Loussert-Ajaka et al, who tested eleven specimens from HIV-2 positive patients 
and fourteen from Group O infections, and none were detected by the Amplicor 

assay (306). A similar situation will presumably be true of the newly described 

Group N viruses (456), although this has yet to be established.

Is there an association between CCR5 A32 and Amplicor false negativity?

It has been known for many years that cell-surface CD4 is the major, but 
not the only receptor required for the entry of HIV-1 into both macrophages and 

T-cells (120, 260, 278, 323). It was only in 1996 that the first of these second 

receptors for T-tropic viruses, the chemokine receptor CXCR-4, was recognised 

(166). Shortly afterwards, CCR5 was identified as the major coreceptor for M- 

tropic viruses (6, 133, 143, 146, 436, 519), which are more often implicated in 

primary HIV-1 infections following sexual, parenteral or vertical transmissions 
(489). During an investigation into the possible causes of HIV-1 resistance among 

multiply exposed but uninfected individuals, increased levels of the chemokines 
RANTES, MIP 1-a and MIP l-(! associated with an increased CD8+ T-cell anti- 
HIV-1 activity and decreased susceptibility of CD4+ T-cells were apparent in 

some individuals (387). Soon afterwards, this phenomenon was found to be 

associated with a thirty two base pair deletion in the gene encoding CCR5 
(CCR5A32), which resulted in the production of a truncated protein not expressed 

on the cell surface (60, 299, 436). Individuals homozygous for this deletion were 

found to be protected from HIV-1 infection (436), although a few exceptions to 

this have since been identified (27, 43,371, 480). Although individuals 

heterozygous for the A32 mutation do not appear to be protected from HIV-1 

infection, there is evidence for delayed progression to AIDS in these patients (25, 

123, 228, 412, 474).
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Prevalence of CCR5A32

The prevalence of the CCR5A32 allele is not uniform among people of 

different race: it is absent among African peoples, with the exception of African- 

Americans who have a history of mixing with people of European descent (123). 

There is very little or no A32 among non-European countries such as Asia, 
Oceania and the Americas leading to the conclusion that the A32 arose relatively 

recent in human evolution (123,436).

In addition, the A32 mutation is not evenly distributed among Caucasians: 

it is most common in countries of Northern Europe (up to twenty percent in 
Scandinavia), and decreases moving towards Southern Europe and the 

Mediterranean (e.g. Italy around six percent, and Corsica only one percent) (145, 

314,383, 398). This has lead to the suggestion that the Viking peoples were 

responsible for the dissemination of the A32 mutation in the past (314). In a recent 

study of Caucasian patients in the London area, Balfe et al estimated that fifteen 
percent of HIV-seronegative and seventeen percent of HIV-seropositive 
individuals were heterozygous for A32, similar to the estimates from Northern 

Europe and the United States (25, 123,436).

CCR5A32: what is the prevalence of this mutation, and is it a cause of PCR false 

negativity?

The relationship between CCR5A32 heterozygous individuals and a 

prolonged progression to AIDS or death has been established (299). Following 

seroconversion, heterozygous individuals had a slower decline in CD4+ T-cells, 

and a lower initial viral load (299,342) and in patients infected for over eight 

years there was a lower plasma viral load associated with CCR5A32 

heterozygosity (494). These observations lead to the hypothesis that heterozygous 

individuals might have lower proportions of HIV-1 infected lymphocytes, or that 
the infection might be at a lower level, leading to lower proviral loads in PBMC 
and an increased probability of PCR failure. To assess this possibility, the CCR5 
status for specimens investigated as part of the Amplicor investigation was 
evaluated.

The CCR5 status was generated from specimens of one hundred and two 
HIV-1 positive patients tested by Amplicor at CPHL, including thirty seven 
patients with at least one false negative reaction. The overall frequency of 
CCR5A32 heterozygosity in these patients was almost fifteen percent, but there
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was no association between heterozygosity and Amplicor false negativity. Using 
the in-house PCR, one hundred and seven specimens from HIV-1 positive 
patients were tested, and nine had specimens which were not amplified. Almost 
half of the heterozygous patients had specimens which were falsely negative in 
the in-house assay, compared to eleven percent of those with wild type CCR5 
status: this was a highly significant difference.

Because the distribution of the CCR5A32 is not equal among people of 
different race, to gain an estimate of the frequency of the mutant allele among 
patients in London, patients were divided into Black-African (expected to have no 
A32) or Caucasian. For the majority of patients, information on their ethnicity was 

not available, and hence several criteria were used as markers of ethnicity. A 
patient was classed as Black-African if they had a risk category of living in or 
visiting Africa, were infected with a non-B subtype (endemic in Africa), or had a 
name suggestive of African descent. Obviously, these are only assumptions and 
ideally the ethnicity would be confirmed by patient follow-up, or HLA typing as 

performed in the study by Balfe et al (25). Nevertheless, using these criteria, forty 

seven patients were deemed likely to have been Black-African, and two of them 
were heterozygous for A32 (four percent). It is highly unlikely that these two 

babies, defined on the basis of a non-B subtype infection, were of Black-African 
race, and this low prevalence of A32 is in keeping with the assumptions made.

Among those classed as Caucasian, there were sixty specimens from HIV-1 
infected patients, and thirty seven from HIV-1 negative patients; the overall 
frequency of heterozygous individuals was nearly twenty percent. When the HIV- 
1 positive and negative individuals were considered separately, the frequencies 
were twenty two and sixteen percent respectively, within expected values in 

Northern Europe, as discussed above (25,314). The reason for the difference 

between these patient groups is unclear: perhaps this reflects a bias in the 
population of specimens sent for confirmatory testing using Amplicor.

As mentioned previously, over half of the patient specimens were from 
babies born to HIV-1 positive mothers, and over half of these are expected to be of 

Black-African origin (318,366). All but one of the babies investigated as part of 

this study met the criteria for Black-African ethnicity, and were therefore 
excluded from the analysis of A32 in Caucasians. The majority of the remaining 

patients are likely to have been selected for testing in the Amplicor assay 
following some question over their serological diagnosis. It is possible, therefore, 
that the proportion of heterozygous individuals was higher among those HIV-1
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infected than those HIV-1 negative due to some aspect of that heterozygosity 
making them less straightforward to diagnose. However, the low numbers of 
patients, particularly of HIV-1 negatives means that a considerable amount of 
further work would be required to confirm or deny this hypothesis.

Considering the association between heterozygosity and falsely negative 
PCR assays for Caucasian patients, there was no significant association between 
Amplicor false negativity and a heterozygous genotype, but a significantly higher 
proportion of in-house PCR failures had this genotype compared to the wild type.

In summary the in-house, nested PCR was much more sensitive than the 
Amplicor assay: only nine patients had specimens which failed to amplify in the 
former compared to thirty seven patients in the latter. CCR5A32 heterozygosity 
was clearly associated with the probability of false negativity in the in-house 
assay, but not for the Amplicor assay. It is likely, however, that CCR5A32 
heterozygosity did contribute to the falsely negative Amplicor reactions seen, but 
other factors such as inhibitors, proviral DNA loads too low for Amplicor 
detection, and/or primer or probe binding site mismatches had a more significant 
influence on Amplicor failure, and hence concealed any such association.

Causes of specimens to fail in the Amplicor HIV-1 DNA PCR assay: conclusion

To conclude, it is likely that a combination of different factors can cause 
specimens to give falsely negative reaction in the Amplicor assay. These include 
inhibitors, low proviral loads in neonates or seroconverters, and genetically 
diverse HIV-1 strains with increased numbers of primer and/or probe binding 
site mismatches. Work in this thesis shows that mutations in the alleles coding for 
HIV-1 coreceptors which lead to defective expression such as the CCR5A32, can 
also decrease the likelihood of PCR amplification.

Phylogenetic analysis

Phylogenetic analysis of the sequences generated in this thesis for the 
investigation of the Amplicor false negatives was useful for several reasons. At 
the most basic level, identical sequences from infections with no known 
epidemiological connection would lead to the suspicion of contamination at some 
level. By comparing every newly obtained sequence with all previously generated 
sequences, and those of any cloned material used in the laboratory, contamination 
was excluded.
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During the course of this work, several single molecules generated by limit 
dilution of patient specimens were sequenced. One of these single molecule 
sequences from an African patient appeared to be subtype B, whereas three others 
derived from the same patient specimen were of subtype D. One explanation for 
this was that the patient was dually infected with more than one subtype of HIV-1 

(18, 35, 240,396, 511, 523). An alternative explanation would be some kind of 

contamination (175,445), and phylogenetic analysis revealed that this aberrant 

single molecule was identical to the laboratory positive control plasmid HXB2, 
and was therefore assumed to represent a contamination event. The stage at 
which this contamination happened is not known, but this was prior to the 
introduction of plugged pipette tips for routine work in the laboratory and this 
may have been the source of the problem; this was an isolated incident. There 
were no recognised instances of contamination during the use of the Amplicor kit 
at CPHL; an isolated incident where a specimen was unexpectedly HIV-1 positive 
was traced to specimen mislabelling.

Choice of phylogenetic analysis program

Initial phylogenetic analysis was performed using the program MegAlign, 
part of the Lasergene suite of programs. This uses the Clustal algorithm to align 
sequences and the neighbour-joining algorithm to generate phylogenetic trees, 
and has the advantage of giving a relatively rapid result with minimal data 

manipulation. For a more rigorous analysis, programs in Phylip (165) were used 

to generate phylogenetic trees using both neighbour-joining (Neighbor) and 
maximum likelihood (DNAml, fastDNAml) methods. The alignment used for this 
more thorough analysis was generated with the Clustal algorithm in MegAlign. 
Comparing the phylogenetic trees obtained using these different programs, the 
same sequences clustered together in all except those generated by FastDNAml. 
Maximum likelihood methods are considered to be more rigorous than 
neighbour-joining, but are more demanding in terms of time and computer 
memory. FastDNAML was designed to achieve the same result as DNAml, but as 
its name suggests in a shorter time. For the sequence data analysed in this thesis, 
FastDNAML generated a different branching order to the other programs, and 
representative database sequences of each of the different subtypes A to H did not 
cluster together. As such, it was assumed that this program was unsuitable for the 
dataset generated for this project.
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One way of evaluating the significance of a phylogenetic tree is to use a 
dataset that has been bootstrapped (i.e. new datasets generated by random 
selection with replacement to see how much this affects the phylogenetic tree 
obtained). Usually, only branches of the phylogenetic tree with bootstrap values 
above sixty to seventy percent are considered to be significant. Owing to the short 
nature of sequence data analysed (233 base pairs), the number of branches 
reaching significant levels of confidence is low in the analysis presented in this 
thesis, and bootstrap values above sixty percent are presented. Due to the greater 
complexity of analysis using the maximum likelihood algorithm, using 
bootstrapped data in the program DNAml was not practical. As an alternative, 
the 'jumble' option in the DNAml program was used. This option essentially 
involves a local rearrangement of the tree during the tree search algorithm, which 
helps ensure the tree that best fits the aligned dataset is found.

The longest region of reliable sequence data available from all of the 
specimens investigated was 233 base pairs in length. For some specimens, 
however, particularly those sequenced with the Applied Biosystems improved 
enzyme AmpliTaq FS, longer sequences were available. In an attempt to evaluate 
whether a longer sequence gave substantially greater confidence in the 
phylogenetic analysis (reflected by the bootstrap values), a subset of sequences of 
two lengths, 233 and 383 base pairs in length were compared (Chapter 6:3). As 
expected in the p24 region, the distribution of informative sites (i.e. those where 
there is a difference within the aligned sequences) within the additional 150 base 
pairs was not significantly different to that within the 233 base pairs; if the 
additional nucleotides had contained a region of high variability such as found in 

the env gene (347) the value would have been much greater (287). Unsurprisingly 

the bootstrap values for the 383 base pair dataset were slightly higher than for the 
233 base pair dataset, but the overall clustering of sequences and the division into 
subtypes was virtually identical. As such, the additional time and resources 
required to generate a longer sequence for all of the specimens investigated were 
not deemed to be pertinent.

Epidemiology: relationship between subtype and origin of infection

Of all the sequences generated in this thesis, there were twenty five 
patients whose viral sequences clustered with subtype A, five of which were 
likely to be subtype E infections, fifty one of subtype B, fourteen of subtype C, 
eleven of subtype D and four of subtype G.
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The epidemiological data for several patients included connections with 
named countries, and in all instances these patients were infected with a subtype 

predominant, or commonly found, in these countries (20). Nine African countries 

were implicated: in East Africa these were Kenya (a patient infected with subtype 

A) (36, 403) and Uganda (two A and two D) (57,414); in West Africa, Cameroon 

and the Ivory Coast (one A each) (234, 369,477); Zaire in Central Africa (two 

subtype A); Zambia and Zimbabwe in Southern Africa (one C each (20)); and one 

subtype A originating in Somalia in the Horn of Africa (20).

There were nine patients with an undefined country in Africa as a risk 
category: these were infected with subtypes A (one patient), B (three), C (three), D 
(one) and G (one). Since subtypes other than B are common in Africa, it seems 
likely that the majority of these patients or their HIV-1 positive contacts, were 
indeed infected with viruses originating in Africa.

In addition, several patients cited a risk category of exposure in Asia, 
including four patients in Thailand and one thought to have been infected in 
Cambodia. Of these patients, two were IDUs infected with subtype A/E, two 
were heterosexuals (one subtype B, and one A/E), and one patient with an 
unknown route of transmission was found to be dually infected (B and A/E) 

(discussed further below) (35). Again, these subtypes were in concordance with 

those endemic in Asia (20, 181, 281).

From these results it could be concluded that where a risk category of 
exposure in Africa or Asia is given by the patient, it is highly likely that their HIV- 
1 infections were acquired in these countries. These has implications for the 
prediction of which subtypes are circulating in the UK; it has already been 

established that subtypes other than B are present (15), but to what extent is not 

known.

Discovery of a dual infection

As described in the results section, conflicting results in genotyping and 
serotyping assays led to the discovery of a potential dual infection, and a 

recombinant virus (35).

It is interesting that the same specimen from a single patient (ADP 07) 
appeared to change subtype when tested more than once by HMA, probably 
reflecting the population which was amplified in the initial cycles of the PCR, 
which then exponentially increased to mask the presence of the other subtype.
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By sequencing proviral HIV DNA single molecules produced by limit 
dilution from one specimen, it was seen that three of the gag sequences clustered 
with subtype A/ E, and one with subtype B. This subtype B sequence was unique, 
in other words it was not sufficiently similar to sequences from any other patient 
for contamination to be suspected. Furthermore, this subtype B single molecule 
sequence clustered with, but was not identical to consensus sequences derived 

from a serum specimen collected two days previously (35). From sequencing the 

env gene, viruses clustering with subtype B from the dually infected patient had a 
unique V3 loop env sequence, and an amino acid deletion five residues from the 

tip of the loop in sequences. The significance of this is as yet unclear (35).

The dual infection described above was recognised because several 
different assays were performed. This patient was part of a study on specimens 

originating in Thailand (35), where an association between subtype and route of 
infection has been reported: subtype B with parenteral drug use, and subtype E 

with sexual transmission (376). It has been postulated that subtype E viruses are 

more transmissible via heterosexual contact than those of subtype B due to a 
tropism for Langerhans cells, which are found in the vaginal tract, but this finding 

has not been confirmed and remains controversial (141, 158,399,400,465).

Recent evidence suggests that the subtype/route of infection association in 
Thailand is becoming less distinct as the number of subtype E infections in IDUs 

are increasing (296). It appears more likely, therefore, that the subtype / route of 

infection association is due to the early introduction of more or more variants of 
the same subtype into people sharing the same risk behaviour (the 'founder 
effect') rather than any phenotypic difference between subtypes B and E. As a 
result of the study here at CPHL, fifteen patients with HIV infections thought to 
have originated in Southeast Asia (mainly Thailand) were subtyped both in the 

env and gag regions (35). Of eleven heterosexual patients, seven were infected 

with subtype E and three with subtype B and two IDUs were both subtype E (35). 
This supports the breakdown of a clear association between route of infection and 
subtype (2%).

Because regions of both the env and gag genes were sequenced, this study 
provided strong support that gag sequences from patients infected with subtype E 
cluster separately within the subtype A sequences (Figure 15). Sequences from 
two of the patients, ADP 55 (94/11643 in Belda et al) and ADP 34 (94/31296) who 
were both IDUs infected with subtype E, appeared very similar but not identical
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in the gag region; they are not known to be related infections but this cannot be 
excluded.

Patients with unexplained serological profiles

One of the target groups who benefit most from PCR diagnosis of HIV-1 
infection are suspected seroconverters and those whose serology does not follow 

a typical pattern (Chapter 2: 5.3) (163, 233, 304, 348, 476). Specimens from five 

patients with unusual antibody responses were tested using the Amplicor and in- 
house assays.

Three patients were suspected to be seroconverters, but their serological 
response remained at low levels for several months (ADP 47, ADP 17 and ADP 
20); and specimens from two patients were falsely negative in a serological assay 
(ADP 06 and ADN 17). Of these five patients, specimens from four were PCR- 
positive in both the Amplicor and in-house assays; the fifth, ADN 17, was falsely 
negative in the Amplicor assay but positive in the in-house PCR. This confirmed 
that these patients were HIV-1 infected, and the abnormal serology was not due 
to non-specific antibody-antigen interactions causing falsely positive serological 
result (Chapter 2: 2.8) or transient infections (163,304,410,427).

To determine if these unexpected serological responses were related to 
infection with diverse subtypes, the in-house PCR amplicons were sequenced. 
ADP 20, a homosexual man, and ADP 17, who both had persistently low antibody 
levels and a weak WB result, were infected with viruses of subtype B. The third 
patient with a low level of antibody response, ADP 47, was infected with virus of 
subtype C. This subtype is common in Zimbabwe where she is thought to have 

contracted the HIV-1 infection via parenteral transmission (20). Finally, ADP 06 

and ADN 17 were among seven patients whose specimens were falsely negative 
in a serological assay, the IMx HIV 1/2 3rd Generation Plus (Abbott Laboratories). 
These falsely negative specimens, four of which were from seroconverters, 
prompted a large scale retesting of over twenty thousand specimens (160). 

Phylogenetic analysis of the two patients investigated in my work revealed that 
patient ADP 06 was infected with subtype A, and ADN 17 with subtype E 

(confirmed by serotyping, HMA and sequencing the env gene (35)). Interestingly, 

ADP 06 was only amplified by one of six possible combinations of secondary 
primers in the in-house PCR (RB4/RB7); sequencing more of the viral genome 
from this patient would be required to determine if this was a particularly diverse 
isolate.
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The subtype of five other patients falsely negative in the Abbott assay were 
determined using sero typing, and found to be two subtype B, one C, one D, and 

one untypeable (160). Thus, it did not appear that the Abbott test failures were 

due to diverse subtypes, and they were attributed to complement activity present 
in some fresh, undiluted specimens.

From these few examples, there was no apparent association between 
subtype and serologically aberrant results. The cause of the persistently low 
antibody levels described in this work remains unknown, but it is possible they 
are due to infection with a replication-deficient viral strain, or a result of 
unusually rapid T-cell depletion with accelerated disease as reported by previous 

studies; viral load assays would help to answer such questions (259,348).

Can the sequenced in-house PCR product be used to identify related 

infections?

In all instances where multiple specimens were sequenced from the same 
patient, they clustered closely together in the phylogenetic analysis. In addition, 
some of the specimens investigated were known to have been from 
epidemiologically related infections: these included two mother and baby pairs, a 
heterosexual couple, a homosexual couple, a blood donor and two recipients of 
infected blood products, and a male health care worker (HCW), his female 
patient, and a female contact of this patient in the same 'sex ring'.

Vertical transmissions

A specimen from baby BAN 4vt collected at ten months of age was the first 
Amplicor falsely negative patient recognised here at CPHL. Sequence analysis 
revealed an infection with HIV subtype C, and a subsequent specimen sequenced 
from the mother of this baby (ADP 26vt) were virtually identical. Although there 
was no known risk category for ADP 26vt, both patients had names suggestive of 
African origin.

The second mother-baby pair for whom sequence data was generated, 
were tested by Amplicor at UCLMS; the mother (ADP UCLvt) was Amplicor 
positive, likely to have acquired her infection in Africa, and the three month old 
baby (BAN UCLvt) was found to be Amplicor negative. This baby had 
Pneumocystis carinii pneumonia, suggestive of HIV-1 infection, and the specimens 
were sent to CPHL for investigation. Phylogenetic analysis of the consensus 
sequences obtained revealed that both mother and baby were infected with
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viruses of subtype G. The nucleotide sequence divergence between sequences 
from the mother and baby was four percent, which is relatively high for related 
infections: the average intrasubtype value for unrelated subtype G sequences was 
almost five percent. Of particular note were six mismatches in the binding site for 
primer SK431 in sequences from the baby, but only three in the mother. As 
discussed above, these six mismatches are likely to have caused the Amplicor 

failure (14). Only two other patients infected with subtype G were identified in 

this study from over one hundred patients; one was a woman with unknown risk 
behaviour sequenced as a positive control for the Amplicor investigation (ADP 
52), and the second was a baby whose initial specimen collected at under two 
weeks of age was Amplicor falsely negative, but subsequent specimens were 
Amplicor positive. Neither of these subtype G sequences had sufficient primer or 
probe binding site mismatches to expect Amplicor false negativity.

Thus, in one of the vertical transmissions the consensus sequences obtained 
from the mother and baby were virtually identical, and in the other one variant in 

the mothers quasispecies was transmitted to her baby (14). This variant is likely to 

have been a relatively minor one in the mothers quasispecies population, if it is 
assumed that consensus sequencing reflects the most common sequence or 
sequences within a specimen. To confirm this, sequencing of several single 
molecules from the mother and baby would be required. Both of these situations 
(transmission of major or minor variants) have been documented, but it appears 
that it is often one or a few minor variants within the maternal HIV quasispecies 

are transmitted to the child (354,440, 508, 522). Rarely the transmission of 

multiple maternal variants has been described (59,382).

The HIV RNA and proviral DNA populations from HIV-1 positive mothers 
and their infected children have been studied; there were examples of the viral 
population in the vertically infected children representing one or a few variants 
found in the maternal RNA population, the proviral DNA population or a 
mixture of the two (382, 440). Ideally, sequences derived from the RNA 

populations of the two mother-baby pairs investigated in this study would also 
have been obtained.

Sexual transmissions

During this investigation, HIV-1 sequences were generated from several 
patients with related infections. These included a heterosexual couple (ADP 45 
and ADP 48) where heterosexual transmission may have occurred as long as eight
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years prior to collection of the specimens; three patients with a more complex 
history: a homosexual HIV-1 positive health care worker (AD 2), his female 
patient from approximately six to seven years previously (AD 3), and a second 
female who was in the same sex ring as AD 2 (a sex ring is defined as a group of 
males and females who have sex together); two women heterosexually infected 
from a common male source (ADP 43 and ADP 62); and a homosexual couple 
(ADP 14 and ADP 33). The phylogenetic relationship between the HIV-1 
infections from several of these patients had previously been well characterised as 
part of a transmission investigation by Arnold et al, utilising sequences from the 
complete gpl20 (13).

ADP 45 and ADP 48: heterosexual transmission?

Phylogenetic analysis of sequences obtained using my gag PCR revealed 
sequences from ADP 45 and ADP 48 clustered together, and within subtype D. 
However, these sequences were less clearly grouped within a subtype than the 
other sequences generated in this thesis. This may be an indication that they are 
recombinant viruses, and analysis with a program designed to detect 

recombinations such as RIP (452) might reveal if this was the case. However, 

sequences from the env gene derived by Arnold et al also clustered within subtype 

D (13).

The nucleotide sequence differences between ADP 45 and ADP 48 was four 
and a half percent for the partial gagp24 sequences derived in this study; the 
equivalent figure for unrelated infections within subtype D was nearly six 
percent. Given that the transmission from ADP 45 to ADP 48 may have occurred 
eight years previously, the p24 data is in concordance with the considerably more 
rigorous analysis from env gene data performed by Arnold et al (13).

AD 1, AD 2 and AD 3: related infections?

A potential transmission between a homosexual health care worker, AD 2, 
and his female patient on whom he performed three procedures six to seven years 
previously (AD 3) was investigated. In addition, a specimen from a second HIV-1 
positive female patient from the same 'sex ring' as AD 3 (AD 2) was obtained. 
Partial p24 sequences of three single molecules from each patient specimen were 
generated. Single molecule sequences from individual patients clustered together 
in the phylogenetic analysis, but not with sequences from the other two patients, 
although they all belonged to subtype B; this suggests that these infections were
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not related. One of the single molecules sequenced from AD 1 (AD 1 sm26) had a 
premature stop codon, and hence represents a defective virus. From the env 
sequences in the study by Arnold et al, it was also concluded that AD 2 and AD 3 
were from unrelated infections, but AD 3 and AD 1 may have been from 
associated infections; the divergence between them was bordering that of 

unrelated infections however (13).

ADP 43 and ADP 62: two females heterosexually infected by the same male?

Specimens from two women (ADP 43 and ADP 62) purportedly 
heterosexually infected by the same anti-HIV-1 positive man were sequenced. 
Sequences from these two patients clustered together within subtype B, with a 
nucleotide sequence divergence of nearly two percent; the intra-subtype distance 
for unrelated subtype B sequences was almost three and a half percent. This 
would suggest that these two subtype B infections were related, which is in 

concordance with the conclusions of Arnold et al (13).

ADP 14 and ADP 33: homosexual partners

Specimens from two homosexual male partners, ADP 14 and ADP 33, were 
sent for confirmatory testing at CPHL. Sequences derived from these patients 
clustered within subtype B and were identical, which would support the 
suggestion that the two were epidemiologically linked. Although no information 
on the expected time of transmission was available, this data would suggest that 
it was a recent event.

Parenteral transmission: did a donation from an anti-HIV-1 negative, but 

infected blood donor (ADP 11) transmit HIV-1 infection to two recipients of his 

blood products (ADP 50 and ADP 61)?

When a patient with acute myeloblastic leukaemia, an anti-HIV-1 negative 
long-term partner and no behaviour associated with an increased risk of HIV 
infection (ADP 50) was identified as anti-HIV-1 positive, the possibility that she 
could have been infected as a result of one of several blood transfusions was 
raised. This precipitated a look-back exercise on archived serum specimens from 
these blood donations: serological testing revealed no anti-HIV-1 specific 
antibodies. However, when HIV RNA PCR was performed on pools of these 
specimens, an HIV-1 positive specimen was identified: presumably this patient 
(ADP 11) was in the 'window period' prior to seroconversion when he donated
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blood. It was subsequently discovered that he was homosexual. ADP 50 received 
a platelet concentrate from this blood donation, and a further two patients 
received other components: ADP 61 had fresh frozen plasma, and a second 
patient received red blood cells, but had died before the investigation was 
initiated. EDTA blood specimens were collected from the donor and two 
recipients, and all were positive in the Amplicor assay. HIV-1 sequences derived 
from these three specimens were compared in the phylogenetic analysis and all 
clustered closely together within subtype B. A cDNA sequence generated from 
RNA in the initial donation was also examined: there was a three nucleotide 
difference between the proviral DNA and the RNA-derived sequences (two of 
which were heterozygous base positions), but all of the sequences clustered 
closely together. Sequences from the env gene generated by F. Belda from these 

specimens were in concordance with the gag results (326). Hence, the sequence 

analysis performed on specimens from these three individuals was crucial for 
confirming that the donation from the HIV-1 infected blood donor was 
responsible for the infections in the two recipients.

Transmission of HIV by blood transfusion is very rare in the UK, but 
ideally, all donations from blood donors would be screened using RT-PCR to 
detect any patients very early in seroconversion and to prevent a recurrence of 

such incidents (279, 326). The practicalities of this are rather harder to implement, 

but using the serum mini-pooling technique used in this investigation, and taking 
advantage of the increasing automation technology, in particular of extraction 
procedures, means that this may become routine in the future.

Partial gag  p24 sequencing for the detection of related infections: conclusion

Despite the very limited length of sequence data generated for this study, 
all specimens known to have been from related infections had sequences which 
clustered more closely to each other than to unrelated sequences in the 
phylogenetic analysis, with the exception of patients AD 2 and AD 3, whose viral 
infections were shown to be relatively distantly related by complete gpl20 

sequence analysis (13). Although the sequence distances generated were too small 

to draw any conclusions without epidemiological evidence to support them, the 
233 base pair sequence can indicate where viruses might be from related 
infections, and was of particular benefit in identifying the transmission from 
blood donor to recipients described above.
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Other information gained by sequencing the 233 base pair region in p24

Several regions in the p24 have been shown to be well conserved among 
lentiviruses of different species. The first of these is the major homology region 
(MHR) which is crucial for viral replication, and contains an immunodominant 
region (Hu Epitope 2). This, and a second immunodominant domain (Hu Epitope 

1), are conserved among Group M viruses (359). The p24 also contains the binding 

site for Cyclophilin A (CyPA). CyPA is a host protein thought to catalyse protein 
folding that is incorporated into the HIV viral particles, and is essential for viral 

infectivity (see Chapter 1: 5.2) (171,479). The 233 base pair sequence analysed for 

this study begins half way through Hu Epitope 1, and encompasses the CyPA 
binding site (see Chapter 6: 7). Three prolines within this highly conserved site 
which are essential for the production of infectious virus were perfectly conserved 

in all of the sequences generated for this thesis (171,359).

Conclusions

There are several situations where detection of HIV-1 directly, rather than 
indirectly by the presence of anti-HIV-1 antibodies, is pertinent for the diagnosis 
of infections. These include babies born to HIV-1 positive mothers, whose 
antibody response is maternally acquired; HIV-1-infected patients prior to 
seroconversion; the confirmation of anomalous serological results; and 
monitoring patient responses following antiviral therapy or vaccine trials. The use 
of PCR to detect virion RNA or proviral DNA is more sensitive than detection of 
the core antigen p24 or viral culture in these cases where direct detection of virus 
is of benefit (101,419).

The Amplicor HIV-1 DNA PCR test enables the detection of proviral DNA 
using a simple, rapid and quality controlled test format, which is increasingly 
important with the current emphasis on laboratory accreditation. The assessment 
of kits such as this on patient specimens in a diagnostic laboratory setting, and 
discovering the causes of falsely positive or negative results, is crucial. Part of my 
work was to achieve this goal.

In some previous studies, the sensitivity of the Amplicor assay was 

reported to be between 95 and 100%, (37, 173, 238, 257, 325, 404, 501); when the 

assay was used to detect infections originating in Africa or Thailand, the 

sensitivity was sometimes as low as 58% (173,306,319,417). However, the 

majority of these studies did not use the complete Amplicor protocol from
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specimen preparation through to detection, and hence are not directly 
comparable to the work in this thesis. The overall sensitivity of Amplicor derived 
in my study was 91%, but if the specimens were divided into those from babies, 
and older patients, the sensitivities were 75% and 95% respectively. No falsely 
positive results were seen.

To investigate the causes of falsely negative reactions, an in-house, nested 
PCR was designed to amplify a region spanning the Amplicor primer and probe 
binding sites in the gag gene. In all but one case, sequencing of this region did not 
reveal an association between sequence divergence in the primer target regions 
and false negativity, although mismatches with the probe may have influenced 
the sensitivity of the Amplicor test. Other possible causes of amplification failure 
investigated included inhibitors and low proviral DNA load. It was concluded 
from this work that no single cause could be assigned to all of the Amplicor 
falsely negative results, but that they were due to different combinations of them 
in individual cases.

Ideally, both HIV RNA viral load and proviral DNA PCR assays should be 
used in diagnostic laboratories, as they can indicate the effectiveness of antiviral 
therapy. HIV viral RNA load is strongly correlated with clinical outcome: high 

levels are associated with increased progression to AIDS (340,341). Care must be 

exercised in the use of PCR tests as a tool for diagnosis, however, as a falsely 

positive result in a recent vaccine trial study has shown (445). RNA viral load 

assays do not remove the need for DNA PCR assays, particularly as potent 
antiviral therapy can reduce the RNA load to below detectable levels, and falsely 

negative or reduced viral load readings have been reported (115, 124, 460, 517).

The region sequenced for this work, although small at 233 bp, was 
sufficient to assign viral subtypes, and examples of infections with HIV-1 group 
M subtypes A, B, C, D, A/E and G were identified; there was no clear association 
between these subtypes and falsely negative results in the Amplicor assay. A dual 
infection with subtypes A/E and B, and a recombinant virus between these two 
subtypes was also identified. Several infections were known, or suspected to be 
epidemiologically linked, and phylogenetic analysis of sequence data generated 
from the in-house PCR assay reflected these relationships. In particular, a 
transmission from blood donor to transfusion recipients was confirmed.

Overall, this work has shown the usefulness of the Amplicor test, and 
demonstrated how an in-house PCR method can be used to troubleshoot a 
commercial kit by means of sequencing a PCR amplicon encompassing that
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amplified by the kit. In addition, it has been shown that the sequence data 
obtained is useful not only for understanding the causes of falsely negative PCR 
results, but also for molecular epidemiological investigations.
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