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Abstract

This thesis examines changes in the natural history of CMV infection in the HIV- 

infected population following the introduction of HAART. The incidence of CMV 

retinitis declined dramatically and survival following retinitis improved 

significantly; the results of this thesis show that this is predominantly due to 

HAART. Importantly, an increased CD4 count following HAART was protective 

against the development of retinitis even in patients previously at high risk. 

Discontinuation of maintenance therapy for CMV after successful HAART was 

safe in selected patients. However, HAART failure was associated with 

recurrence of CMV viraemia and a high incidence of anti-CMV drug resistance 

mutations.

Qualitative PCR studies of CMV load after HAART demonstrated complete 

suppression of CMV viraemia, correlated with protection against CMV retinitis.

In order to assess T-helper function following HAART, anti-CMV gB, anti-HIV 

Gag and anti-HIV Env antibodies were measured using an immunofluorescence 

assay. There was a direct relationship between inhibition of HIV replication and 

control of CMV replication by the reconstituting immune system as 

demonstrated by an increase in anti-gB titres. In contrast, there was no change 

in anti-Gag titres and a decrease in anti-Env titres after HAART, consistent with 

the requirement for ongoing HIV replication to maintain high levels of immune 

stimulation. Calculation of the half-life of decline of CMV viraemia following 

HAART showed that this was variable; these data were used to estimate the 

mean antiviral efficacy achieved through immune control at 63%. A prospective 

study of patients receiving HAART showed that the detection of CMV viraemia 

was associated with a significantly increased hazard of CMV disease, AIDS and 

death. The effect of CMV viraemia was independent of CD4 count and HIV 

load, showing that CMV remains important prognostically in the era of HAART.

All studies conducted in this thesis gained full approval from the local Ethics 

Committee.
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1.0. Cytomegalovirus characterisation
1.1. Classification

Human Cytomegalovirus (CMV) is a member of the Herpesviridae family of 

viruses, which has three sub-groups, alpha, beta and gamma herpesvirinae. 

CMV was so named because of its classic cytopathic effect of cytomegalia on 

infected cells (Weller et al 1957). In addition to this effect, CMV is characterised 

as a betaherpesvirus by virtue of its narrow host range and slow growth in 

fibroblasts in vitro. Cytomegaloviruses are highly species specific, although one 

recent report has shown that baboon CMV can replicate in human fibroblast 

cells (Michaels et al 1997). Restriction enzyme digestion of virion 

deoxyribonucleic acid (DMA) has revealed differences in the genetic 

composition of the virus, which can lead to variation in antigenicity. These 

genetic differences do not constitute sub-types however, since the host 

immune response can recognise a variety of strains within the same individual.

1.1.2. Morphology
CMV is an enveloped virus with icosahedral symmetry approximately 150-200 

nm in size and has typical herpesvirus-like morphology when viewed by 

electron microscopy. The central DMA core is contained within a viral capsid 

composed of 162 hollow hexagonal capsomeres. The capsid is surrounded by 

an abundant tegument layer of phosphoproteins associated with an outer lipid 

envelope thought to originate from the internal nuclear membrane (Emery et al 

1990). The outer envelope is a lipid bilayer through which the virally encoded 

glycoproteins protrude. When the virus is cultured in vitro two additional 

particles can be detected; dense bodies, composed of the viral envelope and 

tegument only, and non-infectious enveloped particles (NIEPs) composed of a 

lipid envelope with a capsid devoid of DMA.

1.1.3 Genome
CMV has the largest of the herpesvirus genomes, consisting of linear double 

stranded DMA 229,354 base pairs (bp) long in the laboratory strain A D I69. 

These can be divided into two unique components termed the unique long 

region (UL) of 169,972 bp and the unique short region (US) of 35,418 bp. The
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genome of CMV is made up of a complex arrangement of unique and repeat 

sequences. The UL region is flanked by two repeat sequences termed the 

inverted (IRl) and terminal repeats (TRl)- Similarly, the US region is flanked by 

two repeats termed IRs and TRs (Mocarski 1996b). Inversion of the UL or US 

component of the genome results in four isomeric forms of the virus, which 

exist in equimolar quantities in culture. The CMV genome has a relatively high 

G+C content (57.2%) although there is considerable variation in the G+C 

distribution throughout the genome.

The less virulent CMV laboratory strain AD 169 has been sequenced in its 

entirety, and sequence analysis revealed a total of 208 predicted open reading 

frames (Chee et al 1990). The “prototype” sequence of ADI 69 has formed the 

basis of sequence analysis comparisons to viral isolates from patient material. 

However, it is important to note that AD 169 is a highly passaged, laboratory 

adapted strain and thus may not be entirely representative of in vivo virus 

strains. Indeed, it has been shown that CMV clinical isolates contain at least 22 

open reading frames not found in Toledo laboratory strains (Cha et al 1996).

Multiple strains of CMV co-exist in vivo and can be identified by enzymatic 

digestion of genomic DMA using restriction endonucleases (Chou et al 1991). 

These characteristic restriction fragment length polymorphisms (RFLPs) result 

from mainly silent point mutations in the UL and US region of the genome, 

although mutations have been found in the junction of the UL and US regions 

(Weststrate et al 1983). Although RFLP analysis cannot conclusively prove that 

two strains of CMV are identical, this technique can be used to study source of 

infection and pathogenesis in the clinical setting. For example, in a study of 

renal transplant patients identification of different donor strains in patients at 

risk of either reactivation or reinfection demonstrated that the latter individuals 

were at increased risk of CMV disease compared to patients at risk of 

reactivation of latent virus (Grundy et al 1988). In contrast, in bone marrow 

transplant recipients risk of CMV disease was primarily associated with 

reactivation of latent endogenous virus strains (Winston et al 1985).
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1.1.4 Proteins
The CMV genome consists of 208 open reading frames (ORFs), encoding 

202 proteins. Due to duplication within regions and known splicing events,

178 of these proteins are unique as more than one copy of the gene is 

mapped to a repeat sequence within the genome (Griffiths et al 1996). There 

are approximately 30 genes, present in the UL region, which are likely to be 

essential as they are conserved between the three Herpesviridae sub

families. The genes are numbered according to their relative position within 

the UL or US region. The proteins encoded are designated by p (protein), gp 

(glycoprotein) or pp (phosphoprotein). Any other trivial name may be given in 

brackets. Figure 1.1 shows a schematic representation of the proteins 

identified to date together with their genetic loci.

The proteins of CMV can be generally grouped into the structural proteins that 

make up the virion structure and non-structural proteins, or enzymes, found in 

the infected cell which are responsible for viral replication. The structural 

proteins fell into three main categories, capsid proteins, tegument proteins 

and envelope proteins. The non-structural proteins can be grouped into 

transactivators, G-coupled receptor proteins and replication enzymes that 

may be virion associated. For the purpose of this thesis, a brief description of 

the major proteins of CMV and their function follows.
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1.1.5. Structural proteins
1.1.5.1. Capsid proteins
1.1.5.1.1. Major capsid protein

The major capsid protein (MOP, pUL8 6 ) shows low immunogenicity in 

humans, a high degree of homology and cross-reaction with VPS of herpes 

simplex virus (HSV). MOP also shares common epitopes with the Gag 

precursor prSS of human immunodeficiency virus (HIV) (Gibson et al 1990).

1.1.5.1.2. Minor capsid protein

The minor capsid protein (mCP, pUL46) shares homology with VP19C of 

HSV

1.1.5.1.3. Assemblin

The large assemblin protein (pUL80a) is derived from the carboxyl terminal 

half of the gene pUL80. PUI80a undergoes autocatalytic activity to produce a 

protease and an assembly protein and shows striking similarity to the VP22a 

of HSV. The cleavage of the large assembly protein precursor of VP22a is 

involved in DNA packaging and the same function is proposed for pUL80a of 

CMV (Hall et al 1997).

1.1.5.2. Tegument proteins
These proteins are predominately phosphoproteins that lie in between the 

viral capsid and the virion envelope. The most abundant of the tegument 

structural proteins are the basic phosphoprotein pp150 (ppUL32) and the 

lower matrix protein pp65 (ppUL83), both of which produce a dominant 

immunological response in humans and are consequently commonly used as 

the basis of serological tests (Ehrnst et al 1993; Gerna et al 1991; Landini et 

al 1991).

1.1.5.2.1. Lower matrix protein
The lower matrix protein is the predominant protein found in dense bodies and 

can constitute up to 95% of the total protein component. Indeed, an 

abundance of pp65 antigen can be detected in the peripheral blood of
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immunocompromised patients with active CMV infection (Grefte et al 1994). 

Pp65 is a major target for the cytotoxic T-cell immune (CTL) response in 

humans (Boppana et a! 1996; He et al 1995; McLaughlin-Taylor et al 1994; 

Wills et al 1996). pp65 is also found in polymorphonuclear leucocytes and 

endothelial cells during CMV viraemia (Grefte et al 1994).

1.1.5.2.2. Upper matrix protein

The upper matrix protein (pp71, UL82) shares a high degree of sequence 

homology with pp65. However, pp71 is considerably less abundant and acts 

together with pUL69 as a potent transactivator of gene expression. pp71 and 

pUL69 together are considered to be the functional equivalents of the K- 

transducing factor of HSV (VP16), although neither shares homology at the 

DNA or protein level.

1.1.5.2.3. PPÜL99

PPÜL99 (pp28) is a highly immunogenic constituent of the tegument and 

localises at the capsid surface.

1.1.5.2.4. PPÜL56

PPÜL56 (pp130) is homologous to the ICP18.5 gene of HSV, which is 

involved in nucleocapsid maturation. Recent work has suggested that UL56 

codes for a packaging motif binding protein, which also has specific nuclease 

activity (Krosky et al 1998).

1.1.5.3. Envelope proteins

The CMV envelope comprises host lipids and viral proteins and is derived 

from the inner nuclear membrane. The main virus-derived constituents of the 

virus envelope are glycoproteins. Approximately 55 ORFs coding for the 

glycoproteins have been identified by sequence analysis of AD 169 strain of 

CMV (Chee et al 1990). Homologues of six major glycoproteins of HSV have 

been fully characterised, glycoprotein B, glycoprotein H, glycoprotein L, 

glycoprotein M, glycoprotein N and glycoprotein O. However, the function of
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these glycoproteins in the replicative cycle of CMV remains to be fully 

elucidated.

1.1.5.3.1. Glycoprotein B

Glycoprotein B (gB, UL55) is the most abundant of the envelope 

glycoproteins, constituting up to 50% of the total protein mass. gB is highly 

conserved and shares sequence homology with the alpha-herpesviruses 

HSV, varicella zoster virus (VZV), pseudo rabies virus and the beta- 

herpesviruses murine CMV (MCMV), human herpes virus 6  (HHV-6 ) and 

human herpes virus 7 (HHV-7). gB is a transmembrane protein, existing as a 

complex within the virion envelope. It is composed of two components linked 

together by disulphide bonds, gp58, the transmembrane component and 

gp116, the surface subunit. The protein is transcribed as an early-late protein 

that accumulates late in infection and has been implicated in membrane 

penetration, fusion of infected cells and transmission from cell to cell (Tugizov 

et al 1994; Tugizov et al 1995). gB is the major target for neutralising antibody 

response in human serum as well as being a target for CTL responses, 

identifying this protein as a potential source for recombinant based sub-unit 

vaccines (Beninga et al 1995; Britt et al 1990; Gonczol et al 1991 ; Kniess et al 

1991; Liu et al 1991; Liuetal 1993; Marshall et al 1994; Reusser et al 1991). 

Two major linear neutralising epitopes and four additional conformational 

epitopes have been identified, illustrating the complexity of the gB molecule. A 

schematic representation of the localisation of the epitopes is shown in Figure

1.2. The first of the linear epitopes AD-1 located in the gp58 portion of the 

molecule between amino acids 552-635 and elicits the majority of the 

neutralising antibody response in human sera, while AD-2 resides in the 

amino terminus of gpllS between amino acids 68-77. Three of the 

conformational epitopes lie in the central region of the protein, two of which 

overlap AD-1, while the fourth domain is located in the extracellular carboxyl 

terminal region of the protein.
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Figure 1.2. Schematic representation of epitopes identified on 

glycoprotein B. Numbers represent codons (After Griffiths and Emery, 

1996).

1.1.5.3.2. Glycoprotein H

Another important glycoprotein component of the virion envelope involved in 

the humoral immune response is glycoprotein H (gH, gpUL75). Although less 

abundant than gB, gH has been reported to elicit approximately 30% of the 

total neutralising activity in human sera. One report has shown antibodies to 

gH to be important in limiting CMV retinitis in patients with acquired 

immunodeficiency syndrome (AIDS) (Rasmussen et al 1994). The gene is 

highly conserved with approximately 96% conservation at the amino acid level 

amongst different strains (Chou 1992). This late gene has been shown to 

have a role in membrane fusion in the initial stages of infection (Rasmussen
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et al 1991). Glycoprotein H forms a complex with another glycoprotein 

component of the envelope, glycoprotein L. Like gB, gH elicits both humoral 

and cellular immune responses and recombinant gH has been shown to 

induce CD4+ T -cell proliferative responses (Beninga et al 1995). One linear 

neutralising epitope has been identified at the amino terminus of the protein 

between amino acids 34-43, which is strain specific and absent in the 

laboratory strain Towne. In addition, three conformational neutralising 

epitopes have been reported whose precise location has not been identified, 

however, binding of antibody is abrogated upon deletion of the carboxyl 

terminus of the protein (Zheng et al 1996).

1.1.5.3.3. Glycoprotein L
Glycoprotein L (gL, gpULIIS) forms a complex with gH, which is analogous to 

the gH/gL complex of HSV and is essential for transport of the molecule to the 

cell surface (Spaete et al 1993).

1.1.5.3.4. Integral membrane protein
The integral membrane protein (gM, UL100) forms part of the glycoprotein 

complex II 2 (gp47-52) and shows sequence homology to the non-essential 

gM protein of HSV. gM has multiple membrane spanning domains as well as 

heparin binding activity due to its association with the gcll complex (Kari et al 

1992).

1.1.6 Non-structural proteins 

1.1.6.1 Transactivators

Several genes of CMV are able to transactivate both homologous and 

heterologous promoters.

1.1.6.1.1. Major immediate-early region

The major immediate early (MIE) complex (pUL122/123) comprises a strong 

promoter/enhancer region. Differential splicing events produce three isoforms 

of the MIE following infection. The first of the isoforms is referred to as
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immediate early 1 (IE1), IE72 or Mr 72,000 protein, the second IE2, IE8 6  or 

Mr 86,000 and the third IE55 or Mr 55,000 protein, which is an isoform of IE2. 

A total of five proteins to date have been mapped to the IE1/IE2 region, four 

are expressed at immediate early times and the fifth is expressed late. IE72 is 

the most abundant protein, accumulates in the nucleus of infected cells 

following infection and is a product of the UL123 gene. IE8 6  is derived from 

UL122 and accumulates at later times during infection. In vitro transcription 

studies revealed that the IE1 gene is spliced and contains four exons; IE2 is 

also spliced and shares the first three exons of IE1.

Upstream of the MIE complex is an enhancer region which is important for the 

initial binding of the transcription factors AP1 and ATF, which are presented in 

association with the tegument proteins UL82 and UL69 following infection 

(Meier et al 1996). Expression of the MIE complex then proceeds without any 

prior DNA replication, IE 1 activates the MIE promoter while IE2 acts as an 

auto repressor. Both interact synergistically via NF/<B sites to drive the 

enhancer further. The isoform IE55 is expressed transiently early and 

differentially according to cell type (Baracchini et al 1992; Kerry et al 1996). 

This protein is able to activate the MIE promoter as well as abrogate the 

repressor function of IE2. Differential expression of IE55 according to cell type 

may be related to the physiological environment of the cell and may 

subsequently lead to altered regulation of the MIE complex and thus levels of 

protein expression, which may in turn alter viral replication (Kerry et al 1996; 

Meier et al 1997). The modulator sequence of the MIE gene complex does not 

appear to be important in controlling the mechanism for regulating expression 

in differentiated and undifferentiated cell types (Meier et al 1997).

Both lEland IE2 are required to activate the early promoters of the DNA 

polymerase gene (UL54) and the lower matrix protein pp65. IE2 alone can 

activate the early promoters of UL4 and UL112/113. The process involved in 

the activation of these early promoters is very complex and can be mediated 

by other early genes such as UL36-38 and IRS1/TRS1 (Iskenderian et al
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1996; Pari et al 1993). Indeed, the gene products of these proteins act in 

synergy with IE1/IE2 to activate early promoters. UL112-113 proteins are able 

to transactivate early promoters of CMV in a promoter dependent manner. In 

contrast, the gene products of UL36-38 and 1RS 1/TRS 1 in association with 

IE1/IE2 are promiscuous in their ability to transactivate several promoters 

within the CMV genome.

1.1.6.2. Homologues of cellular gene products.
1.1.6.2.1.gpUL18
CMV encodes a number of protein homologues. One such protein is gpULIS, 

which has been identified as the major histocompatibilty complex (MHC) class 

I homologue. gpUL18 is important in immune evasion by CMV as it is able to 

act as a broad spectrum natural killer cell (NK) decoy by binding to an NK- 

inhibitory receptor (Reyburn et al 1997). In vitro experiments have shown that 

there is a marked reduction in MHC class 1 in virus-infected cells (Machold et 

al 1997; Wiertz et al 1996). gpUL18 is produced via a low abundance 

transcript late in the infectious cycle at a time coincidental with the increased 

risk of NK cell lysis as a consequence of MHC class 1 down-regulation 

(Hassan-Walker et al 1998).

1.1.6.2.2. G-coupled receptor proteins
The CMV genome contains distinct sets of genes, UL33, UL78, US27 and 

US28, which are predicted to encode G-coupled protein receptor genes 

(Rawlinson et al 1996; Welch et al 1991). These genes are transcribed late 

during infection and are thought to play a role in virus interaction with different 

cell types during infection. The US28 gene shares approximately 30% 

homology with mammalian leucocyte receptors for a and p chemokine 

receptors. US28 encodes a C-C chemokine receptor and specifically binds 

monocyte chemoattractant protein 1, MIPIa, MIPIp and RANTES (Neote et 

al 1993). The precise function remains to be fully elucidated, however, the 

proposed mechanism postulates that the binding of US28 increases
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intracellular calcium levels to provide a suitable environment for activation of 

the immediate early promoter, and thus viral gene expression.

1.1.6.2.3. pUL89

The UL89 ORF is a component of the terminase complex involved in 

packaging and cleavage of concatamers (Underwood et al 1998). Resistance 

to 2-bromo-5,6-dichloro-1-(p-D-ribofuranosyl) benzimidazole (BDCRB), a 

compound with anti-CMV activity that prevents cleavage of the concatermeric 

DNA replicative intermediate into monomeric units, has been mapped to UL89 

and UL56, suggesting that these genes may be antiviral drug targets (Krosky 

et al 1998).

1.1.6.3 Other proteins
1.1.6.3.1.pUL97
The introduction of antiviral drugs with activity against CMV has lead to the 

recognition of the importance of the pUL97 gene which encodes a protein 

kinase (Littler et al 1992). Initial studies identified two domains within the CMV 

genome that were responsible for resistance to the antiviral drug ganciclovir 

(GCV), one located within the DNA polymerase gene (UL54) and the other 

mapped to the UL97 region of the genome (Smith et al 1997; Sullivan et al

1992). The UL97 gene shows functional homology to the thymidine kinase 

(TK) gene of HSV and VZV in that it phosphorylates both aciclovir (ACV) and 

GCV (Erice et al 1997; Sullivan et al 1992). However, unlike HSV and VZV, 

the role of UL97 in the replicative cycle of CMV remains to be fully elucidated. 

The UL97 gene of CMV phosphorylates GCV into the monophosphate form of 

the drug, which is subsequently activated by cellular enzymes to the active 

triphosphate form, where it acts to inhibit CMV DNA polymerase.
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1.2. Replication
1.2.1. Regulation of gene expression

Expression of the CMV genome is controlled by a cascade synthesis of 

proteins analogous to that originally described for HSV (Roizman et al 1974). 

The cascade for CMV consists of sequential expression of immediate-early 

(IE or a), early (E or p) and late (L or 7 ) proteins. The IE genes are transcribed 

within two hours of viral infection of the host cell. The transcription of the IE 

genes is mediated by the host ribonucleic acid (RNA) polymerase II and does 

not require any prior viral DNA synthesis. The MIE promoter is activated by 

initial binding of host transcription factors that are recruited by the synergistic 

interaction of pUL69 and pUL82. Viral messenger RNA (mRNA) for the early 

proteins is then transcribed, which leads to DNA replication followed by the 

expression of the late genes. In addition, the production of other cellular 

enzymes, including DNA and RNA polymerases, plasminogen activator and 

DNAses, increases after CMV infection, suggesting that these enzymes may 

have a function in viral replication (Albrecht et al 1989).

1.2.2. DNA replication
CMV DNA synthesis is slower than that of HSV, where peak DNA synthesis is 

detected four to six hours post infection as compared to one to three days for 

CMV. In cell culture plaques typically appear 7-14 days post-infection. CMV 

DNA is synthesised by rolling circle replication to produce DNA concatamers, 

which are cleaved into linear unit length genomes and subsequently 

packaged into virions. There are many non-structural genes involved in this 

process, which utilise a variety of promoters. The first and most important of 

these regulatory genes to be transcribed is the MIE complex, which provides 

the starting point upon which all subsequent events are based. Indeed, 

mutants lacking the IE1 gene of CMV have a severely impaired ability to 

replicate in vitro (Greaves et al 1998; Mocarski et al 1996a).

CMV replication uses both a c/s-acting replicator (or/-Lyt) and frans-acting 

viral proteins (Anders et al 1991). Eleven essential genes are required for ori-
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Lyt mediated replication. These include the DNA polymerase (UL54, pol), a 

Mr 140,000 protein, a helicase-primase complex encoded by the genes UL70, 

UL102, UL105 and a single stranded DNA-binding protein (pUL57) (Pari et al

1993). The helicase-primase complex unwinds the template at the replication 

fork and the primase activity initiates lagging strand DNA synthesis. pUL57 

shares homology with the HSV-1 major DNA binding protein (UL29 or ICP8 ) 

and is assumed to stabilise the single stranded DNA produced as a result of 

the helicase, and facilitate its presentation to the polymerase. The other loci 

encoding IE regulatory proteins are UL36-38, UL122/123 (MIE region), UL84, 

UL112-113 and IRS1/TRS1. UL84 binds to IE2 and regulates its function,

UL112/113 binds to and activates the UL54 promoter in association with other 

MIE proteins (Gebert et al 1997; Kerry et al 1996). A terminasse complex is 

associated with the packaging and cleavage of concatamers. This appears to 

involve UL89, as resistance to BDCRB maps to this gene.

1.2.3. Virus packaging
After the completion of DNA replication, the expression of the L proteins, 

allows the assembly of mature virions. This begins 72 hours post infection 

with the accumulation of nucleocapsid structures in the nucleus, which 

produces the classic “owls eye” cytopathic effect. CMV capsids are formed 

prior to DNA packaging and the immature viral particles bud through the 

nuclear membrane into the perinuclear space, acquiring the envelope 

glycoprotein and tegument constituents. It is also thought that the virus may 

lose and then re-acquire the envelope from endosomes during egress (Tooze 

et al 1993). The virion may also be transported in vesicles through the Golgi 

network to the cell surface in an exocytic manner. Structurally complete 

virions are released by exocytosis at approximately 1 2 0  hours post infection. 

In addition, defective viral particles can also be detected during infection in 

vitro. NIEPs are morphologically indistinguishable from mature virions but lack 

viral DNA. Dense bodies are larger structures composed of the viral envelope 

devoid of the capsid structure and viral DNA, consisting predominantly of
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tegument protein ppUL83 (pp65). The significance of these particles in vivo is 

unknown.

The major structural components that form the virion structure are the major 

and capsid protein (UL8 6 ) and minor capsid protein (UL46). The pUL80a 

ORF, or assemblin, encodes an assembly protein and a viral protease 

required for DNA packaging (Holwerda et al 1994). The three-dimensional 

structure of the protease comprises a seven stranded p-barrel core enclosed 

by seven a-helices which constitute the carboxyl terminus of the enzyme (Qiu 

et al 1996; Shieh et al 1996). The structure is unique when compared to the 

structure of known serine proteases such as chymotrypsin and subtilisin. 

Dimérisation of the molecule appears to be necessary for activity and may 

confer specificity and recognition in substrate binding (Margosiak et al 1996; 

Qiu et al 1996).

1.3 Epidemiology
Human CMV is highly species specific. Transmission can occur indirectly or 

by direct person to person contact. Between 50 and 100% of adults have 

been exposed to CMV as indicated by the detection of specific 

immunoglobulin G (IgG). However, the seroprevalence varies depending on 

factors such as socio-economic group, closeness of contact and hygiene. In 

developing countries approximately 80-90% of the adult population are 

seropositive for CMV compared to 60% in the developed world. Transmission 

can occur both vertically and horizontally and shedding of CMV occurs from 

most mucous membranes and in all body fluids (saliva, urine, blood, breast 

milk, semen and cervicovaginal secretions). Primary infection, which usually 

occurs during infancy and less frequently during adolescence, is followed by 

persistence throughout life as viral latency. Intermittent reactivations of CMV 

are usually asymptomatic but facilitate on-going horizontal transmission.
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Vertical transmission of CMV occurs as intrauterine infection, perinatally via 

the genital tract or by breast-feeding (Numazaki 1997). Young children are at 

risk of horizontal infection from their peers. Day care centres are therefore a 

potential source of CMV infection for both children and their, potentially 

pregnant, mothers and carers (Hutto et al 1985; Pass et al 1985; Pass et al 

1986; Shen et al 1993). Sexual transmission of CMV is an important route of 

infection in the adult population as indicated by the high seroprevelance rates 

amongst patients attending sexually transnsmitted disease clinics (Shen et al

1994). Homosexual men have increased frequency and quantity of shedding 

of CMV compared to heterosexual males (Mintz et al 1983). Accordingly, over 

95% of homosexual men are seropositive for CMV (Drew 1988).

Post-natal primary CMV infection in the immunocompetent host is 

asymptomatic in over 90% of cases, especially in children. In some cases 

however, primary CMV infection results in an infectious mononucleosis type 

syndrome that may be mistaken for Epstein Barr Virus (EBV) infection. In 

contrast, CMV infection of the immunocompromised host is associated with a 

considerably greater risk of disease. Primary CMV infection in this situation 

can occur via a donor organ or, less commonly, via blood transfusion. In the 

latter case (postperfusion syndrome) CMV infection is thought to be due to 

reactivation of latent virus within donor leucocytes (Soderberg-Naucler et al 

1997; Winston et al 1985). Therefore, efforts are made to match seronegative 

organs and blood products to seronegative recipients. Accordingly, the 

commonest cause of CMV infection in the immunocompromised host is 

recurrent infection either by reactivation of endogenous latent CMV or by 

reinfection with exogenous virus.
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1.4 Pathology
CMV can infect a wide variety of cell types including epithelial, endothelial, 

fibroblast cells, resulting in viral dissemination amongst a variety of tissues 

(Sinzger et al 1995). In addition, CMV has been detected in the leucocytes of 

circulating peripheral blood during CMV infection (Gerna et al 1991; Grefte et 

al 1994; Meyer-Konig et al 1995). CMV has therefore been isolated from 

multiple sites throughout the body, including the gastrointestinal tract, 

respiratory tract, heart, adrenal, thyroid and salivary glands and central 

nervous system (D'Arminio et al 1992; Pillay et al 1993a). Studies of CMV 

infection of the gastrointestinal tract show that, on a macroscopic level, tissue 

damage by CMV is due to vascular infection and inflammation resulting in 

focal thrombosis and infarction (Meiselman et al 1985). A similar process is 

thought to occur during CMV Infection of the adrenal gland.

In contrast, CMV pneumonitis occurring after engraftment in bone marrow 

transplant (BMT) recipients is considered to be immunologically mediated by 

CTL responses against viral antigen on host alveolar cells (Grundy et al 

1987). Further support for this hypothesis is provided by the observation that 

HIV-infected patients, who often have CMV in the lungs, rarely suffer from 

pneumonitis. This is presumably due to the fact that they are unable to mount 

a sufficient immune mediated response. It has previously been suggested that 

patients who have recently seroconverted to HIV may be more prone to CMV 

pneumonitis as they are better able to mount an immune response (Squire et 

al 1992). However, the incidence of CMV pneumonitis has not increased 

since the advent of immune reconstitution secondary to the use of highly 

active antiretroviral therapy (HAART), which seems to contradict this 

hypothesis.

The potential role of CMV in organ dysfunction and rejection in transplant 

recipients remains controversial. For example, renal transplant recipients 

seldom experience renal failure due to CMV infection. However, 

glomerulopathy characterised as enlargement of the epithelial cells and an
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accumulation of mononuclear cells in the glomerular capillary, has been 

associated with CMV viraemia (Richardson et al 1981). Hepatic dysfunction 

and febrile episodes associated with systemic CMV infection occur frequently 

following liver transplantation. In these situations there appears to be an 

indirect cytopathic effect of CMV, which may be mediated by the host 

inflammatory immune response. Thus, different pathogenic mechanisms 

mediated by the immune response lead to impairment of organ function, 

either by direct or indirect CMV cytopathogenicity.

1.5. Pathogenesis

Understanding of the pathogenic mechanisms leading to CMV disease 

manifestations in the immunocompromised host is incomplete, and is further 

confounded by the lack of animal models available. The mechanism for 

reactivation of endogenous virus has not been fully demonstrated and in vitro 

studies have primarily been based on the mouse model. In one study, the risk 

of recurrence of MCMV was compared in mice infected either as neonates 

period or as adults (Reddehase et al 1994). Mice that were infected in the 

neonatal period suffered a higher mortality rate with virus widely disseminated 

amongst a variety of organs. Conversely, mice infected during adult life had 

fewer episodes of recurrence and localised virus replication detected only in 

the lungs. Thus it appeared that the latent virus burden and the risk of 

recurrence were related to the degree and dissemination of viral replication 

during primary infection. The exact mechanism of pathogenesis of CMV 

retinitis remains unclear but murine models have been used to study CMV 

infection of the retina. A study of Balb/C nude mice found that MCMV first 

reached the conjunctiva, spread to the outer ocular muscles and then to the 

chorioretinal layer (Hayashi et al 1995). Another study was conducted using 

an in vivo system for the growth of human fetal retina in immune deficient 

mice. The retinal grafts were infected with CMV, after which typical cytopathic 

changes were observed and CMV could be recovered 45 days post infection. 

The mechanism of CMV-mediated adrenal disease has been studied using
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athymie nude mice (Shanley et ai 1986). In the absence of T-cell function, 

infection with MCMV resulted in destruction of the adrenal medulla and cortex. 

Acute MCMV infection of the adrenal could be abrogated for up to 60 days by 

the adoptive transfer of MCMV-immune, but not naïve, splenic cells. This 

study highlights both the importance of T-cell competence in the control of 

CMV infection and the predilection of CMV for the adrenal gland.

It should be noted however, that animal models of CMV infection utilise 

viruses that are highly species specific, and so the results generated may be 

of limited application to the human situation. Postulated mechanisms of CMV 

pathogenesis in the human host are therefore based largely on knowledge of 

the in vitro cell tropism of CMV. In order for the virus to establish productive 

infection within the infected organ the host immune response must be 

impaired or evaded to allow viral replication, or may itself mediate an indirect 

cytopathic effect in infected tissues. Following infection CMV is 

haematogenously distributed amongst a wide variety of organs, infecting 

predominantly ductal epithelial cells. Peripheral blood mononuclear cells and 

endothelial cells in vitro can transmit CMV In a bi-directional manner, 

facilitating viral dissemination during acute infection (Grefte et al 1993). There 

is evidence that particular CMV strains may exhibit enhanced pathogenicity; 

gB group 2 CMV strains are associated with a higher incidence of retinitis 

than other groups (Shepp et al 1996b).

1.6. Latent infection
Following primary infection, CMV establishes life-long latent infection, 

although it is not clearly defined which cells or tissues harbour latent virus. In 

addition, it is not known whether CMV exists in a truly latent state or exhibits 

very low-level productive infection. It has been postulated that viral latency is 

achieved by limitation of gene expression in non-permissive cells. This is 

based on in vitro evidence, where certain cells only express IE genes 

following infection with CMV but upon differentiation, become fully permissive
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to complete viral replication (Ibanez et al 1991; Lathey et al 1991; Lazzarotto 

et al 1994; Poland et al 1994; Sinclair et al 1992). CMV can persist in 

peripheral blood monocytes (Soderberg et al 1993; Taylor-Wiedeman et al

1991). In vivo studies of monocyte/macrophage cells also show that upon 

differentiation of monocytes to tissue macrophages, both early and late mRNA 

transcripts can be detected, suggesting that differentiation may be required to 

support complete viral replication (Sinzger et al 1996). Productive CMV 

infection in monocyte-derived macrophages is delayed compared to that in 

fibroblasts and persists without lytic events (Fish et al 1995). In addition to this 

proposed restricted mechanism of gene expression, CMV can be detected 

during late stages of infection in vacuoles derived from the host Golgi network 

(Fish et al 1996). The virus-containing vacuoles can evade lysosomal fusion 

and prevent transport to the plasma membrane. Thus, sequestering of CMV 

within host derived vacuoles serves multiple purposes; the virus is protected 

from cellular immune responses, the host cell is protected from damage 

caused by the virus and the virus is hidden in intracellular compartments that 

do not reach the plasma membrane and thereby escapes immune 

surveillance and clearance (Fish et al 1996). CMV can also mediate its own 

“escape” from the host immune system by expressing a variety of genes as 

discussed below.

1.7. Host immune response to CMV
1.7.1. Cellular Immune response

Cell mediated immunity is the dominant immunological response against 

CMV. In immunocompetent individuals this is sufficient to resolve primary 

infection but unable to prevent the establishment of latency. The CMV specific 

class-1 restricted CTL response is specific to structural CMV proteins that are 

introduced into the cell after viral penetration (Riddell et al 1991). Several 

targets have been identified that elicit a cytotoxic cellular immune response 

including both structural (pp65, pplSO, gB and gH) and non-structural proteins 

(IE), synthesised at early and late times during the replication cycle of the
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virus. Early studies identified CTL responses to IE gene products amongst 

healthy CMV seropositive individuals (Alp et al 1991; Borysiewicz et al 1988; 

Wills et al 1996). However, these initial studies revealed low precursor 

frequencies of cytotoxic T-cells to the immediate early gene products with 

limited ability to lyse CMV infected cells in vitro, suggesting that other viral 

antigens may also mediate a CTL response (Gilbert et al 1993). More recent 

studies have identified the lower matrix protein pp65 as the major target for 

the CTL mediated response during primary infection (Boppana et al 1996; He 

et al 1995; McLaughlin-Taylor et al 1994; Wills et al 1996). Studies of the 

contribution of pp65-specific CTLs have estimated that these account for 70 to 

90% of the total response in CMV infected cells (Wills et al 1996).

Further characterisation by fine mapping studies identified three major T-cell 

epitopes within the C-terminus of pp65 as targets for the CTL response 

(Khattab et al 1997). The specific CTL response is important in the control of 

CMV replication in the post-transplant period and can occur naturally as a 

result of the host’s own immunity or adoptively after passive infusion. 

Adoptively transferred CD8  CTL responses are detectable in the peripheral 

blood of recipients for up to four weeks after transfusion and in vitro 

experiments with MCMV show that adoptive transfer of antigen specific CTL 

clones provides protection from lethal challenge (Reddehase et al 1994; 

Riddell et al 1992). In addition, infusion of adoptively transferred CD8 + CMV 

specific CTL clones can limit CMV viraemia (Walter et al 1995) and seems 

protective against the development of pneumonitis (Reusser et al 1991 ;

Riddell et al 1992; Riddell et al 1994; Walter et al 1995). Further evidence of 

the essential role of CMV-specific CTLs comes from studies of neonates 

infected with CMV in utero, in which those with depressed CTL proliferative 

responses had prolonged excretion of virus (Pass et al 1983). Finally, the 

central importance of the cellular immune system in the control of CMV 

disease is graphically illustrated by the observation that patients with impaired 

cellular immunity have the highest risk of disease.
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NK cells are also important at limiting CMV replication prior to the specific 

induction of the CTL response. However, NK cells alone are insufficient at 

preventing CMV disease in the immunocompromised host. The importance of 

NK cells has been demonstrated using the murine model, where NK cells 

have been shown to limit CMV infection upon subsequent lethal challenge 

(Bukowski et al 1984; Bukowski et al 1985). It has also been shown that, in 

the absence of T-cells, NK cells can control CMV replication in visceral organs 

in early infection (Lathbury et al 1996). Studies using the rat model of CMV 

infection have demonstrated the importance of the NK response to both the 

immunocompromised and immunocompetent host (van Dam et al 1997). The 

NK response in immunocompromised rats was markedly increased amongst 

the visceral organs, but not the salivary gland, following infection. In contrast, 

immunocompetent rats produced a substantial CD8  mediated response to 

control virus replication with a limited NK response. Furthermore, the 

generation of a non-specific immune response seems important during 

recovery from CMV disease in the immunocompromised host, as there is a 

positive correlation between increased levels of activated NK cells and 

recovery from CMV infection in renal transplant recipients (Bowden et al 1987; 

Quinnan, Jr. et al 1982; Venema et al 1994). However, the exact role of the 

non-specific cellular immune response in the immunocompromised host 

remains to be fully elucidated.

1.7.2. Humoral Immune response
The importance of humoral immune response in the control of CMV is more 

controversial than that of the cellular immune response. However, there is 

evidence to suggest that humoral immunity plays a central role in several 

situations. The importance of antibodies in limiting CMV infection was first 

demonstrated in neonates infected postnatally where morbidity and mortality 

rates were significantly reduced by transplacentally acquired anti-CMV 

antibodies (de Cates et al 1994). It has long been established that transfer of 

maternal antibodies from CMV seropositive immune mothers can provide 

protection from subsequent fetal infection (Boppana et al 1996; Donner et al
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1993; Fowler et al 1992; Stag no et al 1982b). Similarly, prophylactic passive 

administration of pooled and specific immunoglobulin to renal and bone 

marrow transplant recipients has been shown to reduce the risk of CMV 

disease (Snydman et al 1987). In allogeneic T-cell depleted BMT recipients, 

bone marrow from CMV seropositive donors to seronegative recipients was 

protective against severe CMV disease in seropositive recipients (Grob et al 

1987). There was a fifty-fold greater risk of fatal CMV infection in patients who 

received bone marrow from seronegative donors. Accordingly, pooled and 

specific immunoglobulins have been used for prophylaxis of CMV disease in 

BMT and renal transplant patients.

The structural envelope proteins gB (UL55) and gH (UL75) are the major 

targets for the neutralising antibody response. The majority of neutralising 

antibodies are directed to gB, which contains two linear neutralising epitopes 

AD-1 and AD-2, whereas gH contains only one linear neutralising epitope. 

Indeed, the presence of antibodies to gB correlates directly with neutralising 

activity and is independent of total CMV specific IgG titre (Marshall et al

1992). Following primary infection in the immunocompetent host, neutralising 

antibodies to gB can be detected in the blood (Rasmussen et al 1991). In 

contrast, antibodies to gH are less often detected unless there is a recent 

history of acute CMV seroconversion, suggesting that some individuals may 

fail to produce antibodies to gH in asymptomatic CMV infection. A study of 

anti-gB and anti-gH titres in AIDS patients with and without CMV retinitis 

found that anti-gB titres were elevated comparable to HIV seronegative 

individuals with acute CMV infection (Rasmussen et al 1994). The levels of 

antibodies to gH, while elevated in most HIV seropositive individuals, were 

lower in patients with CD4 counts below 100 x 10®/l. The study by Rasmussen 

et al did not measure the neutralising ability of either gB or gH; however, there 

was a correlation between low level antibody response to gH and the risk of 

CMV retinitis. This contrasts with the findings of a second study which found 

no evidence for a deficient antibody response to gB or gH in patients with 

retinitis but reported a correlation between high titres of neutralising
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antibodies and slow progression of retinitis (Boppana et al 1995). Neutralising 

antibodies have been shown to reduce episodes of recurrence and to limit 

virus dissemination amongst visceral organs (Jonjic et al 1994; Reddehase et 

al 1994). The importance of neutralising antibodies in vivo remains to be 

clearly defined and there is a lack of studies investigating the relationship 

between neutralising antibodies and CMV infection in immunocompromised 

patients.

1.7.3. Immune escape

CMV has adapted to the host by acquiring a variety of genes that allow the 

virus to avoid immune surveillance, thus assisting the establishment of viral 

latency. The genes responsible for immune evasion include the MHC class I 

homologue UL18, the lower matrix protein pp65, US2, US3, US6  and US11. 

These genes prevent presentation of peptides to the host immune response in 

the context of MHC class I by different mechanisms, thus avoiding attack by 

natural killer cells and cytotoxic T-cells. Studies utilising MCMV found that 

deletion of the gene ml 44, which is analogous to UL18 of human CMV, 

resulted in severely restricted viral replication when compared to wild-type 

virus (Farrell et al 1997). It is therefore proposed that the m l44 gene mimics 

MHC class I and inhibits NK lysis, thereby avoiding early clearance of the 

virus by the host. Similarly, it has been proposed that the class I homologue 

gene of CMV UL18 allows the virus to avoid attack by natural killer cells by 

mimicking the function of cellular class I and acting as an NK decoy (Farrell et 

al 1997; Reyburn et al 1997).

An immediate early gene US3, which encodes an endoplasmic reticulum (ER) 

resident glycoprotein, prevents intracellular transport of MHC class I 

molecules to avoid attack by CD8 + T-cells (Ahn et al 1996). In contrast, the 

US11 gene, which also encodes an ER resident transmembrane type I 

glycoprotein is synthesised at early times during infection. US11 down- 

regulates the presentation of class I molecules by dislocating newly 

synthesised class I molecules from the ER and transporting them to the
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cytosol for rapid degradation by proteosomes (Wiertz et a! 1996). Similarly, 

the US2 gene product selectively down-regulates class I using the same 

mechanism as US11. US2 binds to newly synthesised class I molecules and 

transports them from the ER back to the cytosol for deglycosylation and 

subsequent degradation by resident proteosomes (Wiertz et al 1996).

The US6 gene expressed at early/late times during infection encodes a 22-kD 

glycoprotein that binds directly to the transporter associated with antigen 

processing (TAP)/class I complex. This mechanism of down-regulation of 

class I is analogous to that of the ICP47 gene of HSV. Peptides are retained 

in the ER by inhibition of translocation from the cytosol into the ER lumen. 

Thus, TAP-dependent peptide loading is prevented, resulting in down- 

regulation of class I molecules at the cell surface (Lehner et al 1997). In 

addition, the lower matrix protein pp65 selectively prevents class I 

presentation of the principal immediate early protein, which is expressed prior 

to the blockade in class I presentation (Gilbert et al 1996). These studies 

reveal the diversity of genes and the complex mechanisms of interaction of 

CMV with the host immune system that enable the virus to escape from 

immune surveillance. As the different mechanisms involved appear at 

different times in the cycle of virus replication, sequential expression of these 

genes is involved in immune escape. This maximises the potential of the virus 

to avoid immune surveillance in order to establish latency or persistent 

infection within the host.

1.8. CMV infection in the immunocompromised host
1.8.1. CMV infection in the transplant recipient

CMV may cause disease in the transplant recipient as a result of primary 

infection, reinfection or by reactivation of endogenous latent virus. The risk of 

disease in an individual is dependent upon several factors including the level 

of immunosuppression, source of the allograft (either live donor or cadaveric) 

and HLA matching, but relies predominantly on the CMV serostatus of the
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donor and recipient and the receipt of unscreened blood products. A 

significantly lower risk of CMV disease is associated with transplantation of a 

seropositive organ into a seropositive recipient, presumably due to the pre

existing immunity in the recipient. Molecular and seroepidemiological studies 

indicate that CMV infection occurring post solid organ transplantation is due to 

reinfection of the recipient with passenger strains from the donor organ 

(Bowden et al 1991; Grundy et al 1988). The risk of disease is greatly reduced 

by avoiding transplantation of seropositive donors into seronegative 

recipients. However, this is not always possible and so identification of 

patients at highest risk of disease allows for preventative antiviral regimens in 

an attempt to reduce the incidence of CMV disease.

Symptoms of CMV infection appear typically within the first three months post

transplantation and are most common when maximum immunosuppressive 

regimens are employed. CMV is suspected clinically with high swinging fever, 

leucopaenia, elevated hepatic transaminases and thrombocytopaenia. Distinct 

patterns of CMV disease are seen in different groups of immunocompromised 

patients, but the reasons for this are poorly understood (Table 1.1).
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Table 1.1. Spectrum of CMV disease in different immunocompromised 

patient groups

Symptoms

Solid Organ 

Transplantation
Bone Marrow 

Transplantation
AIDS

Fever / hepatitis ++ + +

Gi disease + + ++

Retinitis + + +++

Pneumonitis + ++

Immunosuppression +

Myelosuppression ++

Encephalopathy +

Polyradiculopathy +

Hypoadrenalism +

Rejection / GVHD ++ ?

+ <10% patients

++ 11-50% patients

+++ >51% patients ? = postulated but unproven association.
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Whether CMV is directly involved in organ dysfunction remains controversial, 

although there is evidence to suggest that graft rejection is associated with 

CMV infection (Fernando et al 1994; Lautenschlager et al 1995). The 

mechanism of graft rejection is not clearly defined, although CMV infection 

has consistently been associated with poor graft survival (Lowance et al 

1999). Postulated mechanisms include the increased expression of MHC 

antigens in the organ itself and "molecular mimicry" due to the expression of 

CMV encoded MHC I homologues. Cardiac transplant recipients, who are 

prone to atherosclerosis, provide further evidence of the involvement of CMV 

in graft loss. CMV has been consistently associated with accelerated 

atherosclerosis in the absence of other important variables, which leads to 

limited long-term survival in cardiac allograft transplant recipients (Valantine et 

al 1999). Furthermore, recent evidence has shown that CMV IE interacts 

directly with p53 tumour suppressor gene within the vascular epithelium of the 

heart, resulting in infiltration of smooth muscle cells leading to occlusion of 

arteriole walls by the development of atherosclerotic plaques (Marx 1994; 

Speir et al 1994).

The spectrum of CMV disease seen in BMT recipients differs markedly to that 

in solid organ transplant recipients. The incidence of CMV disease in 

allogeneic transplant recipients is 40-50%. However, unlike solid organ 

transplant recipients, the greatest risk of CMV disease is associated with 

transplantation of a seronegative donor into a seropositive recipient. Thus, it is 

the reactivation of endogenous CMV rather than reinfection with exogenous 

virus that leads to CMV disease progression (Winston et al 1985). This 

suggests that the donor marrow does not present high risk for the 

transmission of CMV infection and even may provide cellular and humoral 

immunity to the recipient (Grob et al 1987). Indeed, seropositive donors 

improve the ability of the recipient to reconstitute their CMV specific cellular 

immunity following immunosuppression as a result of transplantation. The 

incidence of transfusion associated CMV infection has been reduced to 

almost zero in BMT recipients by the strategy of transfusion of CMV
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seronegative blood products into seronegative recipients (Bowden et al 1991). 

Several studies have shown that the removal of the leucocyte fraction from 

transfused blood greatly reduces the incidence of transfusion acquired CMV 

infection amongst allograft recipients (Bowden et al 1991; Miller et al 1991). 

Filtration of blood to remove CMV DNA is an alternative strategy; one study 

found no difference in the incidence of CMV disease between randomised to 

receive either filtered or seronegative blood products (Bowden et al 1995).

There is a significantly higher mortality rate associated with CMV disease in 

allogenic BMT recipients of up to 80% (Meyers et al 1986). The predominant 

disease manifestation in this group is CMV pneumonitis with an incidence of 

approximately 10-15%. The highest risk of mortality associated with CMV 

pneumonitis in BMT recipients occurs with coincident graft versus host 

disease (Meyers et al 1986). CMV pneumonitis may result from uncontrolled 

viral replication in the lung due to the absence of a CMV specific CTL 

response, resulting in disease (Reusseret al 1991). Alternatively, disease 

may be due to an immunopathological reaction where in the lung triggered by 

CMV infection (Grundy et al 1988). Prior to the introduction of prophylactic 

GCV therapy for CMV infection CMV disease occurred typically within the first 

two months following transplantation but now occurs much later, after 

withdrawal of prophylaxis (Goodrich et al 1993).

1.8.2. CMV infection in HIV-infected patients

CMV is the commonest viral opportunistic pathogen in patients with HIV 

infection. More than 95% of homosexual men with HIV infection are 

seropositive for CMV and excretion of the virus in the semen is common 

(Collier et al 1987). Prior to the introduction of effective antiretroviral therapy, 

the incidence of CMV disease had increased to greater than 25% of patients 

with AIDS (Hoover et al 1993). This introduction will focus on the spectrum of 

CMV disease encountered in the pre-HAART era. CMV had become relatively 

more common as an AIDS-defining illness due to the decreased incidence of 

other opportunistic infections (Ols) such as Pneumocystis carinii and
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Toxoplasma gondii, secondary to the use of effective prophylaxis. Post 

mortem studies conducted early during the HIV epidemic showed that 90% of 

patients with AIDS had evidence of active CMV infection at death and up to 

40% had evidence of retinitis (Drew 1988). Prospective studies estimated that 

the risk of developing CMV disease at one year was 10% in patients with a 

CD4 count below 100 x 10®/l (Gallant et al 1992; Pertel et al 1992). The 

median survival after a diagnosis of CMV disease was 173 days and CMV 

disease itself was an independent predictor of death (Gallant et al 1992).

1.8.2.1. CMV retinitis
Retinitis is the most frequently occurring manifestation of CMV infection in the 

HIV-infected population. Prior to the introduction of HAART CMV retinitis 

constituted 85% of all CMV disease, was the commonest ocular infection and 

the leading cause of blindness in patients with AIDS. The pathogenesis of 

CMV retinitis is poorly understood and recent progress in this area has been 

lacking due to the marked decline in incidence since the introduction of 

HAART. Early studies of post-mortem specimens found CMV in all layers of 

the retina except the choroid and the endothelium of the retinal 

microvasculature (Pepose et al 1985). It was therefore suggested that 

seeding of the retina was due to haematogenous spread through breaks in 

the capillary endothelium. More recent studies of human retinal pigment 

epithelial (RPE) cells have found that the apical surface of the RPE cells have 

receptors for CMV (Tugizov et al 1996). In these cells CMV infection proceeds 

predominantly from the apical membrane and virus can spread between cells 

via the lateral membranes. Penetration of the apical membrane may be 

blocked by monoclonal antibodies to CMV gB with little effect on viral spread 

across the lateral membranes. Further work showed that the lateral spread of 

CMV between cells is facilitated by the accessory CMV glycoprotein US9 

(Maidji et al 1996). CMV US9 deletion mutants were unable to spread across 

the lateral membranes whilst apical bonding to the cells was unaffected. The 

progression of retinitis over six months in a patient who declined anti-CMV
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therapy is shown in Figure 1.3. The clinical presentation and complications of 

CMV retinitis are discussed further in Chapter 3.
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Figure 1.3. Progression of untreated CMV retinitis over six months (after 

Bowen et al, 1995).
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1.8.2.2. Gastrointestinal CMV disease
Gastrointestinal (GI) disease is the second most common form of CMV 

infection encountered in patients with AIDS. Clinical syndromes associated 

with CMV infection include oesophagitis, colitis, gastritis, hepatitis, cholangitis 

and pancreatitis (Dieterich et al 1991). Infection usually causes inflammation 

and ulceration of the GI mucosa, pain and often haemorrhage. Patients may 

present with weight loss and diarrhoea, which may be bloody. Perforation is a 

rare complication. Diagnosis of GI CMV disease relies mainly upon 

histological examination of biopsies and virological analysis of biopsies and 

brushings. A positive result from these methods has been shown to improve 

diagnosis and results in an improved clinical response to therapy (Dorigo- 

Zetsma et al 1996). Polymerase chain reaction (PCR) can be used to detect 

DNA in stool samples, which may reduce the need for invasive procedures 

and biopsies (Michel et al 1995).

1.8.2.3. Central nervous system CMV disease

Two distinct clinical syndromes associated with CMV encephalitis have been 

described; a widely distributed diffuse encephalitis involving the cortex, basal 

ganglia and cerebellum that is micronodular on pathological examination and 

a necrotising ventriculoencephalitis that results in necrosis of cranial nerves, 

resulting in cranial nerve deficits, delirium and rapid progression to death 

(McCutchan 1995). Seizures occur commonly but focal neurological signs are 

unusual unless the lesion is in the brainstem. The relative risk of developing 

CMV encephalitis is increased to 9.5 following a diagnosis of CMV retinitis, 

increasing to 13 if the retinitis is adjacent to the optic nerve (Bylsma et al

1995). Diagnosis of CMV central nervous system (CMS) disease has been 

revolutionised by the application of PCR to detect DNA in cerebrospinal fluid 

(CSF) samples. There is a strong correlation between the detection of CMV 

DNA in CSF and histological confirmation of CMV CNS disease on brain 

biopsy (Fox et al 1995b; Gozlan et al 1995). Quantitative PCR for CMV DNA 

in CSF may be used to monitor the response to treatment with GCV. A 

reduction in the CSF CMV load or a negative PCR may be seen after GCV
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treatment of CNS disease (Cinque et al 1995; Shinkai et al 1995). However, 

there was no correlation between reduction of CMV load in the CSF and 

clinical outcome and so the use of this assay in clinical management remains 

undefined.

1.8.4. Peripheral nervous system CMV disease
CMV infection of the spinal cord causes polyradiculopathy, which may present 

with acute spinal cord compression and a cadua equnia lesion. A more 

insidious onset may occur with leg weakness and asymmetrical sensory signs 

progressing to flaccid paraparesis and bladder dysfunction. Both CMV 

encephalitis and radiculitis respond poorly to antiviral monotherapy with either 

GCV or Foscarnet (FOS) (de Cans et al 1990). Combination anti-CMV 

therapy may be a better option and prognosis may be further improved by the 

use of HAART. The clinical diagnosis of CMV polyradiculopathy may be aided 

by the detection of CMV DNA in the CSF by PCR. A study of CMV load in 

CSF found that the mean CMV load was significantly greater in patients with 

CMV polyradiculopathy compared to those with CMV encephalitis, although 

quantification of CMV load alone is insufficient for diagnosis (Shinkai et al

1995).

1.8.2.5. CMV infection of the adrenal gland
CMV infection of the adrenal gland is frequently found at post-mortem 

examination, suggesting that the virus may be tropic for this organ. Adrenal 

insufficiency may remain undiagnosed in advanced HIV disease as symptoms 

of cortisol insufficiency, such as fatigue and dizziness due to postural 

hypotension, are common in this scenario. Serum sodium and potassium 

measurements may be abnormal but more usual symptoms of adrenal 

insufficiency encountered in the immunocompromised host, such as 

hyperpigmentation and profuse sweating, tend to be absent (Pulakhandam et 

al 1990). Postural hypotension is probably the most consistent finding and the 

most useful clinical sign.
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1.8.3. Congenital infection

Clinical manifestations of congenital CMV infection include jaundice, 

petechiae, hepatosplenomegally, microcephaly, intrauterine growth 

retardation, hypotonia and seizures. Associated abnormal laboratory 

parameters include elevated alanine transaminase, conjugated 

hyperbilirubinaemia, thrombocytopenia and elevated CSF protein. 

Approximately 80% of babies born with symptomatic congenital CMV infection 

will have permanent neurological abnormalities such as progressive hearing 

loss, the most common deficit, and chorioretinitis. In addition, between 5 and 

15% of infants with asymptomatic CMV infection at birth also suffer 

progressive hearing loss. Preliminary data suggest that congenital CMV 

infection associated with the CNS involvement can respond to intervention 

with antiviral therapy (Whitley et al 1997). However, further studies with long

term follow up are required to assess the long-term potential toxicity of GCV 

therapy in infants.

The pathogenesis of congenital CMV infection remains to be fully elucidated. 

However, several risk factors appear to contribute to disease pathogenesis 

including the quantity of the viral inoculum, the gestational age at the time of 

infection and the virulence associated with particular strains of the virus 

(Stagno et al 1975). CMV infection within the first trimester of pregnancy is a 

significant risk factor for congenital infection although maternal infection in the 

third trimester may also result in fetal damage, albeit at a lower frequency 

(Gerna et al 1994). Neonatal infection acquired via breast-feeding is 

associated with less severe sequelae than infection via intrauterine 

transmission during primary infection in pregnancy (Fowler et ai 1992). There 

is also evidence to suggest reduced vertical CMV transmission in seropositive 

mothers, in that women with pre-conception immunity rarely, if ever, deliver 

children with CMV infection (Ahlfors et al 1981; Stagno et al 1982b; Fowler et 

al 1992; Stagno et al 1986). This effect is presumably due to the transfer of 

pre-existing maternal immunity. Women who transmit virus to the fetus during 

pregnancy have higher titres of CMV specific neutralising antibodies,
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reflecting the fact that transmission occurs more frequently in women with 

increased levels of virus replication (Boppana et al 1995; Boppana et al 1996; 

Stagno et al 1986).

1.9. Laboratory diagnosis of CMV infection
1.9.1. Serology

The detection of serum IgG antibodies to CMV is important for the diagnosis 

of previous exposure to CMV infection, particularly in transplant recipients,

HIV infected individuals or pregnant women at risk of transmitting CMV to the 

fetus. Although the detection of CMV IgG is indicative of previous exposure to 

the virus but does not indicate protection against reactivation of endogenous 

virus. A variety of formats are available for the detection of serum IgG 

including immune haemagglutination, latex agglutination, 

immunofluorescence, virus neutralisation, radio immunoassays (RIA) and 

enzyme linked immunoabsorbant assays (ELISA). ELISA based assays are 

used in many laboratories as they offer increased sensitivity and rapid results 

without the use of radioactivity. Detection of CMV specific IgM indicates either 

seroconversion or recent primary infection. However, there may be variability 

in the sensitivity of the assay and so serology for IgM is usually restricted to 

immunocompetent individuals with suspected recent exposure to CMV 

presenting as mononucleosis-type illness.

1.9.2. Cell culture
Cell culture remains the standard against which other assays for the diagnosis 

of CMV are compared. A variety of clinical specimens can be used as viral 

inoculum including saliva, blood, urine and tissue homogenates. Specimens 

are inoculated onto semi-confluent monolayers of fully permissive fibroblast 

cells, derived from either human foreskin fibroblast or human embryo lung 

cells. The cells are carefully monitored for the appearance of characteristic 

cytopathic effect, which typically appears after 7 to 16 days. However, as the 

virus is slow growing the cultures have to be maintained for up to 28 days
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before a negative result can be reported, rendering the technique 

unacceptably slow in many clinical scenarios. Toxicity of some samples in 

culture can also be problematic and may lead to a false negative result.

1.9.3. Rapid culture systems

The shell vial assay and the detection of early antigen fluorescent foci 

(DEAFF) test are modifications of conventional cell culture techniques which 

detect the expression of immediate early and early proteins using monoclonal 

antibodies. These techniques have replaced the use of virus isolation in many 

laboratories since results from either assay can be obtained within 48 hours 

with comparable sensitivity and specificity to conventional cell culture. The 

DEAFF test, the method of choice in the United Kingdom (UK), uses 

immediate early monoclonal antibodies followed by fluorosciene-conjugated 

anti-mouse antibody. DEAFF has a sensitivity of 78% compared to 76% for 

conventional cell culture (Pillay et al 1992). The shell vial assay (named after 

the container used) is the preferred method in the United States of America 

(USA) and has a sensitivity of between 70-90% and a specificity of almost 

100% (Gleaves et al 1984). Unfortunately not all clinical specimens are 

appropriate for this assay, indeed blood cultures show greater sensitivity in 

virus isolation.

1.9.4. Antigenaemia
Monoclonal antibodies can be been used for the direct detection of CMV 

antigens in polymorphonuclear leucocytes (PMNLs). Protein pp65 is the major 

antigen detected in circulating leucocytes and is therefore the target for the 

antigenaemia assay, which relies on the demonstration of 

immunofluorescence in the cell nuclei (Gerna et al 1991; Grefte et al 

1994).The number of antigen stained cells can be counted relative to the 

number of known input of PMNLs, allowing a semi-quantitative estimate of 

CMV viral burden. Results can be obtained within five hours of processing of 

the sample with comparable sensitivity to conventional cell culture. However, 

samples need to be processed almost immediately and at least 10® cells must
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be counted. There is also uncertainty over the source of pp65 within the 

PMNLs, which may be phagocytosed, virion derived protein persisting from a 

previous infection (Grefte et al 1994). False negative results may also be 

obtained in patients experiencing neutropenia. Antigenaemia has 

nevertheless been shown to be indicative of CMV infection in prospective 

studies of liver, thoracic and renal transplant recipients, (Barber et al 1996; 

Schmidt et al 1995; van der Bij W. et al 1988).

The use of antigenaemia for the prediction of CMV disease in patients with 

HIV infection is less well studied (Bek et al 1996; Landry et al 1993; Reynes et 

al 1996). The antigenaemia assay was evaluated in 174 HIV infected patients 

and was positive in 96.7% of patients with CMV disease (Bek et al 1996). 

However, the positive predictive value (PPV) was only 47% with a sensitivity 

of 91%, which was dependent upon the number of cells analysed. In a similar 

study the PPV of the assay could be increased from 45% to 93% if >100 

positive cells per slide were analysed, although this resulted in a reduction in 

sensitivity from 94% to 80% (Reynes et al 1996). There was a mean delay of 

102 days (range 40-172 days) between first positive antigenaemia result and 

CMV disease, suggesting that this assay may have some predictive value for 

screening patients at high risk of CMV disease.

1.9.5 Detection of CMV DNA
The detection of CMV DNA in clinical samples was initially based on 

hybridisation techniques, which were laborious and had poor sensitivity in 

comparison to conventional cell culture (Pillay et al 1992). These techniques 

have now been superseded by PCR, the basis of which is described in detail 

in Chapter 2. Briefly, specific primers complementary to a highly conserved 

region of the genome are selected for DNA amplification. Repeated cycles of 

dénaturation, annealing of the primers to the target sequence and elongation 

of the DNA are performed to yield a PCR product of the predicted fragment 

length according to the location of the specific primers. PCR has rapidly been 

established as having enhanced sensitivity for the detection of CMV in clinical
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samples from different immunocompromised patient groups including renal, 

liver and bone marrow transplant recipients, HIV infected individuals and 

congenitally infected infants (Abecassis et al 1997; Bowen et al 1996; 

Caballero et al 1997; Donner et al 1993; Kidd et al 1993; Patel et al 1995; 

Revello et al 1995; Schmidt et al 1993; Stephan et al 1997). DNA may be 

detected by PCR from a variety of clinical samples including whole blood, 

leucocytes, plasma, serum, saliva, urine, vitreous fluid, bronchoalveloar 

lavage (BAL) and CSF samples. In situ PCR techniques can be used for the 

detection of CMV DNA in paraffin-embedded tissues and biopsy material 

(Burgart et al 1991; Shibata et al 1992).To control for variability amongst 

clinical samples, the quantity of extracted DNA or the number of input cells 

into the PCR reaction can be kept constant. A direct comparison of 

antigenaemia with PCR from plasma and buffy coat in liver transplant 

recipients found a 97.2% concordance between results from plasma and buffy 

coat and a 94.3% concordance between PCR methods and antigenaemia 

(Schmidt et al 1995). Discordance was mainly seen in the early phase of CMV 

infection where both PCR assays became positive up to three weeks before 

the antigenaemia assay.

PCR provides results within a short period of time and can be used to analyse 

multiple samples simultaneously. Samples may be stored prior to use and the 

assay has high reproducibility. The disadvantages of PCR include the 

relatively high cost of the reagents and susceptibility to contamination due to 

the high sensitivity of the technique. Contamination can however be controlled 

by strict separation of the individual stages in setting up the PCR reaction into 

designated areas (Kwok et al 1989). The level of sensitivity of the PCR 

reactions can be set during optimisation to prevent the detection of latent virus 

genomes, or alternatively nested PCR approaches can be employed for the 

detection of small quantities of virus present in tissues.

PCR can also be used to assess the efficacy of specific anti-CMV therapy 

since the detection of CMV DNAemia is indicative of CMV replication. In some

64



patients receiving antiviral therapy CMV DNAemia is reduced to undetectable 

levels in association with resolution of symptoms. More recently, quantitative 

PCR assays have been developed that have facilitated the measurement of 

CMV viral load in clinical specimens. Indeed, CMV viral load when measured 

longitudinally in different patient groups has been shown to provide 

information into the pathogenesis of viral replication, antiviral efficacy and 

identifies patients with higher viral loads who are more likely to develop CMV 

disease (Boivin et al 1996; Bowen et al 1996; Drouet et al 1993; Fox et al 

1995a; Gerna et al 1994; Gerna et al 1995; Spector et al 1998). These 

concepts are discussed further elsewhere in this thesis.

1.10 Antiviral therapy

Antiviral therapy for CMV can be used in three ways; prophylactically prior to 

onset or detection of systemic infection, pre-emptively following detection of 

systemic infection but prior to any onset of symptoms, or finally as treatment 

of established disease. Pre-emptive therapy is ideal, avoiding unnecessary 

exposure to the toxic side effects of drugs and reducing costs. However, in 

the past this was not always possible due to unreliability of the assays for 

identification of systemic CMV infection. Cell culture techniques are slow to 

yield results and may not allow enough time to instigate pre-emptive therapy 

before CMV disease becomes established. Earlier studies examining antiviral 

efficacy were based on prophylaxis or treatment of CMV disease. With the 

advent of more rapid and reliable techniques for the detection of CMV 

systemic infection together with the identification of risk factors for disease, 

interest in pre-emptive therapy has increased.

This introduction will focus on the four drugs currently available for the 

treatment of CMV infection. Ganciclovir, Foscarnet, Cidofovir and 

Valganciclovir, the chemical structures of which are shown in Figure 1.4.
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Figure 1.4. Chemical structures of a) Ganciclovir, b) Foscarnet c) 
Cidofovir and d) Valganciclovir

1.10.1. Ganciclovir
GCV (known generically as 9-[1,3-dihydroxy-propoxymethyl] guanine with the 

product name Cytovene) is an acyclic analogue of deoxyguanosine. The 

major difference between this drug and ACV is that GCV has a hydroxyl 

methyl group (Figure 1.4). This apparently minor difference confers a marked 

improved antiviral activity against CMV, but also an increase in cellular 

toxicity. GCV is effective against a broad range of herpes viruses including 

HSV 1 and 2, VZV, EBV and HHV-6. The mechanism of action of the 

compound is the same as for ACV and relies on monophosphorylation by the 

TK gene of HSV and VZV followed by cellular phosphorylation to the di and
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triphosphate forms. In the absence of a CMV encoded TK gene, GCV is 

phosphorylated to the monophosphate form by a virally encoded protein 

kinase the UL97 gene product followed by phosphorylation to the di and 

triphosphate forms by cellular kinases (Littler et al 1992; Sullivan et al 1992). 

As with ACV, the triphosphate form is a competitive inhibitor of the viral DNA 

polymerase, which slows down elongation when incorporated into the DNA 

chain. However, in contrast to ACV, GCV is not an obligate chain terminator 

due to the presence of the 3' hydroxyl group. The lack of this safety feature 

possessed by ACV may explain the increased toxicity of GCV, especially to 

uninfected cells where the concentration of GCV is considerably higher than 

that of ACV.

GCV can be administered orally, intravenously or via intravitreal injection or 

intraocular implant for the treatment of CMV retinitis. Following an intravenous 

(iv) injection of 5mg/kg dose of GCV, the peak level in plasma reaches 

approximately 8pg/ml. In contrast, the oral bioavailability of GCV is poor, as 

with ACV, at between 2.6 and 7.3% (Jacobson 1997b). The improved activity 

of GCV against CMV is attributable to the increased intracellular half-life of 

GCV triphosphate (16.5 hours compared to 2.5 hours for ACV) and the ten 

times higher concentration in CMV infected cells (Crumpacker 1996). 

Unfortunately, as GCV closely resembles the natural nucleoside 

deoxyguanasine there is also the risk of toxicity associated with its use. The 

effective inhibitory concentration ( I C 5 0 )  of GCV for CMV is 0.3 - lOpM whilst 

bone marrow colony forming cells are inhibited at an ICsoof 39pM, resulting in 

a narrow therapeutic window. This partly explains why the commonest side 

effects of GCV are neutropaenia, anaemia and thrombocytopaenia, which can 

usually be reversed by the administration of granulocyte colony-stimulating 

factor (Hardy 1991). Care must be taken when prescribing GCV in patients 

who are already receiving bone marrow suppressive drugs, such as 

azidothymidine (AZT) because of enhanced haematological toxicity. More 

than 80% of patients receiving both drugs will require dose reduction 

(Hochster et al 1990). GCV may also cause GI symptoms, increased serum
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creatinine and azoospermia, which is due to direct inhibition of sperm- 

producing cells without effecting testicular endocrine function (Crumpacker

1996). In addition to toxicity, the clinical efficacy of GCV is also limited by the 

development of drug resistance. GCV resistance can occur by one of two 

mechanisms. The first and most common is secondary to mutations in the 

UL97 gene of CMV (Chou et al 1995a; Chou et al 1995b; Hanson et al 1995). 

The second target for GCV resistance is the polymerase gene of CMV UL54, 

in which mutations appear less frequently (Lurain et al 1992). Drug resistance 

in CMV is discussed further in Chapter 7.

GCV was established as effective therapy for CMV retinitis in an early study 

comparing iv GCV with no therapy (Jabs et al 1989). Unilateral CMV retinitis 

became bilateral in 60% of patients not receiving GCV but in none of the 

patients receiving GCV at a dose of 5mg/kg bd. In this study, 81% of patients 

responded to GCV and 61% had complete remission of retinitis. Thus, GCV 

became standard first line therapy for retinitis and was additionally used as 

maintenance therapy after induction. Maintenance therapy with iv GCV at a 

dose of 6mg/kg od has been shown to delay the time to relapse for up to 75 

days (Buhles, Jr. et al 1988). Subsequently, oral GCV (oGCV) was approved 

for use as maintenance therapy, which had the advantage of dispensing with 

the need for ongoing intravenous access. A trial comparing iv with oGCV as 

maintenance therapy found that the mean times to first progression of retinitis 

were 62 days and 57 days respectively (Anonymous 1995). In addition, 

patients receiving oGCV have a lower incidence of neutropenia and no sepsis 

related to intravenous lines (Drew et al 1995; Spector et al 1996). Prior to the 

introduction of HAART, life-long maintenance therapy for retinitis was 

standard practice. Intravitreal injections of GCV and intraocular sustained- 

release GCV implants have also been effective in treating CMV retinitis and 

preventing relapse (Heinemann 1989), (Martin et al 1994). The intraocular 

implant contains 4.5mg of GCV and continuously releases drug into the 

vitreous for up to eight months. The implant results in substantially higher 

intravitreal drug concentrations than can be achieved with standard iv GCV
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therapy and has better efficacy for initial therapy for retinitis than other 

treatments (Jabs et al 1987; Sanborn et al 1992). However, intraocular 

implants do not protect against systemic CMV disease and long-term survival 

is reduced compared to patients receiving oGCV (Martin et al 1994). 

Concomitant treatment with oGCV can however reduce the risk of additional 

CMV disease in patients with a GCV intraocular implant (Martin et al 1999).

Two large controlled trials have evaluated the efficacy of oGCV in the 

prevention of CMV retinitis in patients with HIV (Brosgart et al 1998; Spector 

et al 1996). Spector et a/found that 39% of patients receiving placebo 

developed CMV disease, predominantly retinitis, as compared to 19% of 

patients receiving oGCV after 18 months of follow-up. This study therefore 

showed a 50% reduction in the risk of CMV disease in patients with CD4 

counts below 50 x 10®/l receiving oGCV, but these patients experienced a 

high incidence of drug side effects. In contrast, the study by Brosgart found no 

difference in between placebo and oGCV in preventing CMV disease and, 

again, a higher rate of adverse events associated with oGCV. The 

discrepancy between these studies is possibly due to differences in study 

design and patient populations. Subgroup analysis of the Spector cohort by 

baseline CMV PCR status showed that the lowest incidence of disease was 

seen in patients with no CMV viraemia or low CMV loads. This suggests that 

early treatment of low level CMV viraemia, or pre-emptive therapy, is effective 

and reduces risk of disease. Pre-emptive therapy therefore directs treatment 

to patients at highest risk and offers a logical way of reducing CMV disease 

whilst avoiding drug related adverse events in patients at low risk. However, 

the need for such strategies has decreased following the introduction of 

HAART.

1.10.2. Foscarnet
FOS is a non-nucleoside analogue known generically as trisodium 

phosphonoformate, with the product name Foscavir. FOS is an effective anti

herpes virus agent that differs from ACV and GCV in that it is a
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pyrophosphate analogue (Figure 1.4). The drug has broad-spectrum antiviral 

activity against many of the herpes viruses including, HSV-1, HSV-2, VZV, 

EBV, HHV-6, CMV and activity has also been reported against HIV and 

hepatitis B virus (HBV). However, in vitro activity varies considerably due to 

the inefficiency of transport of this highly charged molecule across the cell 

membrane. The mechanism of action relies on non-competitive inhibition of 

the viral polymerase without the requirement of cellular enzymes for 

activation. In contrast, to the acyclic deoxyguanosine analogues, FOS does 

not incorporate into the growing DNA chain but blocks pyrophosphate binding 

on the viral DNA polymerase, thus interfering directly with the pyrophosphate 

exchange from the dinucleotide triphosphates (dNTPs). The drug must be 

administered intravenously since oral bioavailability is poor at only 10-20% of 

the iv preparation. Following an iv dose of SOmg/kg, the peak plasma 

concentration of the drug is approximately 509pM (Wagstaff et al 1994). The 

half-life is between 4.5-8 hours with the major route of elimination via the 

kidney. FOS has considerable renal and metabolic toxicity, causing renal 

failure, hypocalcaemia and seizures.

FOS is the treatment of choice for GCV resistant CMV both in patients with 

HIV infection and transplant recipients. Since the drug does not rely on 

activation by cellular enzymes, resistance only usually occurs in the viral DNA 

polymerase itself. Dual resistance to both FOS and GCV occurs rarely, and in 

vitro experiments have shown that GCV resistant isolates are susceptible to 

FOS (Knox et al 1991). Although GCV is usually chosen as first line treatment 

for CMV retinitis in patients with HIV, FOS has also been used as primary 

therapy. The only large trial comparing GCV and FOS demonstrated 

equivalent efficacy (Anonymous 1992). This study also showed a survival 

benefit associated with FOS that may be due to the drug’s moderate anti-HIV 

activity. FOS is generally chosen as second-line therapy in patients with 

relapsed retinitis and clinical resistance to GCV. FOS may also be used in 

combination with GCV as salvage therapy. A study of patients with either 

persistently active or relapsed CMV retinitis randomised participants to
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receive FOS, GCV or combination therapy with both drugs found that 

although the mortality rate was similar among the three groups, combination 

therapy was the most effective regimen for controlling the retinitis 

(Anonymous 1996b).

1.10.3. Cidofovir

Cidofovir (CDV) is known generically as 1-[(S)-3-hydroxy-2 

(phosphonylmethoxy)-propyl]cytosine dihydrate or HPMPC, with the trade 

name Vistide. CDV is an acyclic phosphonate nucleotide analogue that 

belongs to a family of phosphonylmethoxyalkyl derivatives of purines and 

pyrimidines. CDV has activity against a wide range of herpes viruses including 

HSV-1, HSV-2, VZV and EBV (De Clercq 1995). CDV shows significant 

activity against clinical isolates of HSV and CMV, with an IC50 value of 

between 0.06 - 0.08pg/ml for CMV. Unlike ACV and GCV, CDV does not rely 

on activation by thymidine kinase or the homologous enzymatic activity of 

UL97. Because of its structure, CDV already exists in a monophosphorylated 

form. The compound is taken up by virus infected and non-infected cells and 

converted to its diphosphate derivative via phosphorylation. The CDV- 

diphosphate then acts as a competitive inhibitor for the natural substrate 

dCTP, which in turn inhibits DNA polymerase (Ho et al 1992). The long 

intracellular half-life of CDV, approximately 48 hours, allows infrequent 

dosing, conferring advantages over both GCV and FOS which require more 

frequent administration to maintain an antiviral effect. The major adverse 

event associated with CDV is nephrotoxicity, which may result in renal tubular 

damage. Neutropaenia has also been described as a side effect of CDV. To 

reduce the risk of nephrotoxicity, iv CDV is carefully administered whilst 

maintaining adequate hydration and serum creatinine is monitored.

Proebencid is co-administered, which is nephroprotective as it competes with 

CDV at the proximal renal tubule cells and prevents them taking up CDV in 

toxic doses. Intravitreal injection of CDV prevents systemic side effects but 

may be associated with the development of profound hypotony and iritis 

(Taskintuna et al 1997).
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CDV is frequently used to treat HSV or CMV in patients who have acquired 

resistance to either GCV or FOS through the loss of TK or UL97 function. The 

oral bioavailability of CDV is poor at only 5% and so it is administered either 

intravitreally for the treatment of established retinitis or intravenously for 

systemic infection. Treatment of CMV retinitis with CDV was approved following 

the results of two efficacy studies conducted in patients with previously 

untreated CMV retinitis (Lalezari et al 1997; Anonymous 1997b). The first of 

these studies showed a delay in retinitis progression after treatment with 

5mg/kg of CDV iv weekly for two weeks followed by maintenance therapy every 

other week. Intravitreal injections of 20pg of CDV at 5 to 6 week intervals are 

also effective as maintenance therapy for CMV retinitis (Kirsch et al 1995a; 

Kirsch et al 1995b). CDV has also been evaluated as salvage treatment in 

patients with CMV retinitis that had progressed despite treatment with GCV, 

FOS or both (Lalezari et al 1998). Patients received induction CDV at a dose of 

5 mg/kg followed by maintenance CDV therapy, which was effective in delaying 

progression of CMV retinitis. Resistance to CDV is conferred by point mutations 

in the CMV DNA polymerase gene UL54, some of which can result in up to 90- 

fold resistance (Emery 2001). The majority of UL54 mutations associated with 

CDV confer high level cross-resistance to GCV and some CDV associated 

mutations also confer cross resistance to FOS (Cihlar et al 1998; Smith et al

1997). CDV resistant virus has been isolated within three months of initiation of 

treatment, has been shown to cause end-organ disease and is associated with 

clinical failure of CDV therapy (Harada et al 1997; Jabs et al 1998c; Smith et al

1998).

1.10.4. Valganciclovir

Valganciclovir (VGCV) has the generic name L-Valine, 2-[(2-amino-1,6-dihydro- 

6-oxo-9H-purin-9-yl)methoxy]-3-hydroxypropyl ester, monohydrochloride and 

the product name Valcyte. VGCV is a monovalyl ester prodrug of GCV that, 

after oral administration is rapidly hydrolysed to the active compound GCV by 

intestinal and hepatic esterases (Figure 1.4). The mechanism of antiviral action 

is then as described above for GCV itself. The absolute bioavailabilty of VGCV
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is 60%, which means that a dose of 900mg results in GCV blood levels similar 

to those obtained with a dose of 5mg/kg GCV iv (Jung et al 1999). The side 

effects of VGCV mirror those of GCV with neutropaenia, anaemia, 

thrombocytopaenia and GI disturbance being the most problematic adverse 

events encountered.

The advantages of an ant-CMV agent that is administered orally twice daily are 

obvious but clinical experience with VGCV to date is limited. One study has 

compared oral VGCV with iv GCV as induction therapy for newly diagnosed 

CMV retinitis (Martin et al 2002). In this trial, 80 patients were randomised to 

receive either drug as induction therapy; after four weeks all patients received 

VGCV as maintenance therapy. 71.9% of patients receiving VGCV as induction 

therapy had a satisfactory response, as determined by retinal photography, 

compared to 77% of patients receiving GCV. The median times to progression 

of retinitis were 160 days for VGCV and 125 days for GCV. The incidence and 

severity of adverse events were similar in the two groups. Therefore, oral 

VCGV appears to be as effective as iv GCV for induction therapy and is 

convenient and effective for long-term management of CMV retinitis. The use of 

VGCV is however associated with the development of GCV resistance 

conferring mutations. A study of patients receiving either VGCV or iv GCV as 

induction therapy followed by VGCV maintenance for retinitis found that the 

cumulative incidence of UL97 mutant viruses was the same in both groups over 

18 months of therapy (Boivin et al 2001).

1.10.5. Investigational drugs

Fomiversen (product name Vitravene) is a 21 base phosphorothioate antisense 

oligonucleotide which was approved in the USA for the local treatment of CMV 

retinitis in 1998. Antisense drugs are single stranded oligonucleotide DNA 

analogues that bind to target RNA gene copies preventing synthesis of the 

protein encode by the genes. Fomiversen is complementary to the CMV MIE 

region messenger RNA and has been shown to inhibit CMV replication in vitro 

and in vivo (Henry et al 2001). In addition to the specific inhibition of RNA, there
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is also evidence for unspecific antiviral effects of Fomiversen such as inhibition 

of virus adhesion and penetration (Margraf et al 2001). It has been estimated 

that Fomiversen is at least 30-fold more potent than GCV in in vitro assays 

(Azad et al 1993).

Fomiversen is administered intravitreally at a dose of either 165pg or 330pg. 

Various dosing regimens have been investigated; a comparison of the 330pg 

dose given at day one and 15 as induction followed by every four weeks as 

maintenance with a more intense regimen found no difference in outcome, 

suggesting that this may be a suitable dosing schedule (Anonymous 2002b). 

Fomiversen has been found to be effective both as treatment for newly 

diagnosed peripheral CMV retinitis and for retinitis that had reactivated or not 

responded to other anti-CMV therapy (Anonymous 2002c, Anonymous 2002b). 

However, Fomiversen has a narrow therapeutic index and can cause toxic 

effects in some patients at a dose that is safe for others. The most commonly 

occurring adverse events associated with Fomiversen are anterior chamber 

inflammation, increased intraocular pressure, retinal detachment, cataract and 

retinal pigment epitheliopathy (Amin et al 2000; Anonymous 2002a). Clinical 

experience with Fomiversen remains limited and further evaluation is required 

before this drug becomes widely adopted as therapy for CMV retinitis.

Other drugs under investigation as anti-CMV agents include the benzimidazole 

ribonucleosides. One compound in this group of drugs, 2,5,6-trichloro-1-(beta- 

D-ribofuranosyl)benzimidazole (TCRB) has been shown to have potent anti- 

CMV activity with low cellular toxicity at concentrations that inhibited viral 

growth (Townsend et al 1999). However, the compound is unstable in vivo, 

prompting work to try to increase its stability prior to further investigation as a 

possible therapeutic agent. The 2-bromo analog of TCRB, BDCRB, is also a 

potent and selective inhibitor of CMV replication. Both TCRB and BDCRB have 

been shown to block viral DNA maturation by interaction with the gene products 

UL56 and UL89, suggesting that these proteins may interact and / or that they 

both have a benzimidazole ribonucleoside binding site (Krosky et al 1998). It 

has recently been demonstrated that neither TCRB nor BDCRB require
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phosphorylation for antiviral activity (Krosky et al 2002). However, BDCRB 

undergoes rapid metabolism to an inactive compound, which may render it 

unsuitable as an anti-CMV medication. Another benzimidazole analogue, 

1263W94, has many characteristics that make it an attractive candidate for 

development, including high potency in vitro, selectivity, good oral 

bioavailability and lower toxicity than currently available anti-CMV drugs 

(Chulay et al 1999). Initial clinical trials have had encouraging results including 

good tolerability and linear pharmacokinetics over a wide dose range and 

ongoing trials will help to determine the potential of the drug as improved 

therapy for CMV disease.

1.11. Human immunodeficiency virus
This introduction will limit itself to a brief description of those aspects of HIV 

infection that are relevant to the work presented in this thesis. All of the 

individuals studied in this thesis were infected with HIV-1 and therefore, all of 

the points discussed are limited to HIV-1 and HIV is synonymous with HIV-1.

1.11.1. Classification and morphology
Both HIV-1 and HIV-2 are RNA viruses belonging to the nononcogenic, 

cytopathic lentivirus genus of retroviruses in the family Retroviridae. Members 

of this group are closely related to nonhuman primate lentiviruses, including 

Simian immunodeficiency virus (SIV). SIV is found naturally occurring in African 

chimpanzees and sooty mangabees and recent studies have confirmed that 

these are the primary reservoirs for HIV (Gao et al 1999). Among the globally 

circulating strains of HIV, there are two distinct genetic groups designated 

major (M) and outlier (0). Viruses within the M group are found worldwide, 

whilst the highly divergent O group viruses have been isolated in Africa and 

parts of Europe. Group M is further divided into eight genetic subtypes or 

clades (A to H) based on the degree of sequence diversity within the HIV gag 

and env genes. Viruses from different clades may vary by as much as 25%
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within the nucleotide sequence of env, whilst viruses within the same clade 

generally vary less than 15%.

By electron microscopy, the HIV virion measures approximately 100 to 150 nm 

in diameter. Mature viral particles are characterised by an electron-dense cone- 

shaped nucleoprotein core surrounded by a lipid bilayer containing the viral 

surface (gp120) and transmembrane (gp41) Env proteins. Gp120 contains viral 

determinants that bind to host-cell surface receptors. Gp41 contains an N- 

terminal hydrophobic domain, which is thought to initiate the process of virus

cell membrane fusion, and also the transmembrane and cytoplasmic tail 

domains that anchor Env in the viral lipid bilayer. The nucleoprotein core 

contains two copies of viral genomic RNA and mature Gag and Pol protein 

products. HIV particles also contain the viral proteins Vpr and Vif.

1.11.2. HIV genome

The integrated form of HIV, also known as the provirus, is approximately 10 

kilobases in length. Both ends of the provirus are flanked by a repeated 

sequence known as the long terminal repeats (LTRs). The genes of HIV are 

located in the central region of the proviral DMA and encode at least nine 

proteins (Gallo et al 1988). These proteins are divided into three classes: the 

major structural proteins. Gag, Pol, and Env, the regulatory proteins. Tat and 

Rev and the accessory proteins, Vpu, Vpr, Vif, and Nef.

1.11.2.1. Structural proteins
1.11.2.1.1. Gag

The Gag gene gives rise to the 55 kD Gag precursor protein, also called p55,

which is expressed from the unspliced viral mRNA. During translation, the N

terminus of p55 is myristoylated, triggering its association with the cytoplasmic

aspect of cell membranes (Bryant et al 1990). The membrane-associated Gag

poly protein recruits two copies of the viral genomic RNA along with other viral

and cellular proteins that triggers the budding of the viral particle from the

surface of an infected cell. After budding, p55 is cleaved by a viraily encoded

protease (a product of the po/gene) during the process of viral maturation into
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four smaller proteins designated matrix (MA, p17), capsid (CA, p24), 

nucleocapsid (NC, p9), and p6 (Gottlinger et al 1989). The MA polypeptide is 

derived from the N-terminal, myristoylated end of p55. Most MA molecules 

remain attached to the inner surface of the virion lipid bilayer, stabilizing the 

particle. A subset of MA is recruited inside the deeper layers of the virion where 

it becomes part of the complex which escorts the viral DMA to the nucleus 

(Gallay et al 1995). These MA molecules facilitate the nuclear transport of the 

viral genome because a signal on MA is recognized by the cellular nuclear 

import machinery. This phenomenon allows HIV to infect nondividing cells, an 

unusual property for a retrovirus (Lewis et al 1992). The p24 protein forms the 

conical core of viral particles. The NC region of Gag is responsible for 

specifically recognizing the packaging signal of HIV (Harrison et al 1992). NC 

binds to the packaging signal through interactions mediated by two zinc-finger 

motif and also facilitates reverse transcription (Lapadat-Tapolsky et al 1993). 

The p6 polypeptide region mediates interactions between p55 Gag and the 

accessory protein Vpr, leading to the incorporation of Vpr into assembling 

virions (Paxton et al 1993). The p6 region also contains a so-called late 

domain, which is required for the efficient release of budding virions from an 

infected cell.

1.11.2.1.2. Gag-Pol precursor
The viral protease, integrase, ribonuclease (Rnase) H, and reverse 

transcriptase (RT) are always expressed within the context of a Gag-Pol fusion 

protein (Jacks et al 1988). The Gag-Pol precursor (p i60) is generated by a 

ribosomal frame shifting event, which is triggered by a specific c/s-acting RNA 

motif (Parkin et al 1992). When ribosomes encounter this motif, they shift 

approximately 5% of the time to the pol reading frame without interrupting 

translation. The frequency of ribosomal frameshifting explains why the Gag and 

the Gag-Pol precursor are produced at a ratio of approximately 20:1. During 

viral maturation, the viraily encoded protease cleaves the Pol polypeptide away 

from Gag and further digests it to separate the protease (plO), RT (p50),

RNase H (p i5), and integrase (p31) activities.
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1.11.2.1.3. Protease

The HIV protease is an aspartyl protease that acts as a dimer. Protease activity 

is required for cleavage of the Gag and Gag-Pol polyprotein precursors during 

virion maturation as described previously.

1.11.2.1.4. Reverse transcriptase

The Pol gene encodes RT, which is an RNA-dependent and DNA-dependent 

polymerase enzyme. During the process of reverse transcription, the RT makes 

a double-stranded DMA copy of the single-stranded genomic RNA present in 

the virion. RNase H removes the original RNA template from the first DNA 

strand, allowing synthesis of the complementary strand of DNA. Viral DNA can 

be completely synthesized within six hours after viral entry, although the DNA 

may remain unintegrated for prolonged periods (Zack et al 1990). The 

predominant functional form of RT is a heterodimer of p65 and p50. Because 

the RT does not contain a proof-reading activity, replication is error-prone and 

introduces several point mutations into each new copy of the viral genome.

1.11.2.1.5. Integrase
The integrase protein mediates the insertion of the HIV proviral DNA into the 

genomic DNA of an infected cell. This process is mediated by three distinct 

functions of integrase (Bushman et al 1990). First, an exonuclease activity trims 

two nucleotides from each 3' end of the linear viral DNA duplex. Then, a 

double-stranded endonuclease activity cleaves the host DNA at the integration 

site. Finally, a ligase activity generates a single covalent linkage at each end of 

the proviral DNA. It is believed that cellular enzymes then repair the integration 

site.

1.11.2.1.6. Env
The 160 kD Env (gp160) is expressed from singly spliced mRNA. Env is initially 

synthesized in the ER and then migrates through the Golgi complex where it 

undergoes glycosylation, which is required for infectivity (Capon et ai 1991). A 

cellular protease cleaves gplBO to generate gp41 and gp120. The gp41 moiety

78



contains the transmembrane domain of Env, while gp120 is located on the 

surface of the infected cell and of the virion through noncovalent interactions 

with gp41. Env exists as a trimer on the surface of infected cells and virions 

(Bernstein et al 1995). Interactions between HIV and the virion receptor, CD4, 

are mediated through specific domains of gp120 (Landau et al 1988). The 

gpl20 moiety has nine highly conserved intrachain disulfide bonds (Kwong et 

al 1998). Also present in gp120 are five hypervariable regions, designated V I 

through V5, whose amino acid sequences can vary greatly among HIV isolates. 

One such region, called the V3 loop, is not involved in CD4 binding, but is 

rather an important determinant of the preferential tropism of HIV for either T- 

lymphoid cell lines or primary macrophages (Hwang et al 1991). Sequences 

within the V3 loop interact with the HIV co-receptors CXCR4 and CCR5, which 

belong to the family of chemokine receptors and partially determine the 

susceptibility of cell types to given viral strains (Deng et al 1996; Feng et al

1996). The V3 loop is also the principal target for neutralizing antibodies that 

block HIV infectivity (Goudsmit et al 1988). The gp41 moiety contains an N- 

terminal fusogenic domain that mediates the fusion of the viral and cellular 

membranes, thereby allowing the delivery of the virions inner components into 

the cytoplasm of the newly infected cell (Camerini et al 1990).

1.11.2.2. Regulatory proteins
1.11.2.2.1. Tat

Tat is a transcriptional transactivator that is essential for HIV replication (Ruben 

et al 1989). Tat exists in 72 and 101 amino acid forms, both of which function 

as transcriptional activators and are found within the nuclei and nucleoli of 

infected cells. Tat binds to a short-stem loop structure, known as the 

transactivation response element (TAR), which is located at the 5' terminus of 

HIV RNAs. The binding of Tat to TAR activates transcription from the HIV LTR 

at least 1000-fold. Tat acts principally to promote the elongation phase of HIV 

transcription, so that full-length transcripts can be produced (Feinberg et al 

1991; Kao et al 1987). In the absence of Tat expression, HIV generates 

primarily short (>100 nucleotides) transcripts. Tat has also been shown to
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activate the expression of a number of cellular genes including tumour necrosis 

factor beta and to down-regulate the expression of other cellular genes 

including the chemokine, MIP-1a (Brother et al 1996; Sharma et al 1996).

1.11.2.2.2. Rev

Rev is a 13-kD sequence-specific RNA binding protein (Zapp et al 1989). Rev 

is produced from fully spliced mRNAs and acts to induce the transition from the 

early to the late phase of HIV gene expression (Kim et al 1989). Rev, which is 

encoded by two exons, accumulates within the nuclei and nucleoli of infected 

cells. Rev binds to a 240-base region of complex RNA secondary structure, 

called the Rev response element, that lies within the second intron of HIV 

(Malim et al 1989). This binding facilitates the export of unspliced and 

incompletely spliced viral RNAs from the nucleus to the cytoplasm. Rev is 

essential for HIV replication; proviruses that lack Rev function undergo 

transcription but do not express viral late genes and thus do not produce 

virions.

1.11.2.3. Accessory proteins
The accessory proteins are not essential for viral replication in all in vitro 

systems, but represent critical virulence factors in vivo. Most of the small 

accessory proteins of HIV have multiple functions.

1.11.2.3.1. Nef
Nef (an acronym for negative factor) is a 27-kD myristoylated protein that is 

encoded by a single exon that extends into the 3' LTR. Nef, an early gene of 

HIV, is the first viral protein to accumulate to detectable levels in a cell following 

HIV infection (Kim et al 1989). Nef has been shown to have multiple activities, 

including the down-regulation of the cell surface expression of CD4, the 

perturbation of T-cell activation, and the stimulation of HIV infectivity. Nef acts 

after translation to decrease the cell-surface expression of CD4, which is the 

primary receptor for HIV (Garcia et al 1992). Down-regulation of CD4 appears 

to be advantageous because an excess of CD4 on the cell surface has been
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found to inhibit Env incorporation and virion budding (Lama et al 1999; Ross et 

al 1999). Nef also down-regulates the cell surface expression of Class I MHO, 

thus decreasing the efficiency of the killing of HIV infected cells by cytotoxic T- 

cells (Schwartz et al 1996). Nef has also been shown to stimulate the infectivity 

of HIV; virions produced in the presence of Nef can be up to ten times more 

infectious than those produced in the its absence (Miller et al 1994). The down- 

regulation of CD4 and the effect on virion infectivity by Nef are genetically 

distinct as demonstrated by certain mutations that affect only one of these 

activities (Goldsmith et al 1995).

1.11.2.3.2. Vpr

Approximately 100 copies of the Vpr protein are incorporated into each HIV 

particle (Cohen et al 1990). Vpr plays a role in the ability of HIV to infect non

dividing cells by facilitating the nuclear localization of the preintegration 

complex (Heinzinger et al 1994). Vpr is present in the preintegration complex 

and may act as a transport factor by directly tethering the viral genome to the 

nuclear pore. Vpr can also block cell division,cells expressing Vpr accumulate 

in the G2 phase of the cell cycle (Jowett et al 1995; Rogel et al 1995).

1.11.2.3.3. Vpu
The 16-kD Vpu polypeptide is an integral membrane phosphoprotein that is 

primarily localized in the internal membranes of the cell. Vpu is expressed from 

the mRNA that also encodes Env but is translated at levels tenfold lower than 

that of Env (Schwartz et al 1990a). The two functions of Vpu, down-modulation 

of CD4 and the enhancement of virion release, can be genetically separated 

(Schubert et al 1996). Complexes form between CD4 and Env in the ER of 

HIV-infected cells, trapping both proteins within this compartment. Vpu liberates 

Env by triggering the degradation of CD4 molecules complexed with Env 

(Willey et al 1992). Vpu also increases the release of HIV from the surface of 

an infected cell. In the absence of Vpu, large numbers of virions can be seen 

attached to the surface of infected cells (Klimkait et al 1990).
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1.11.2.3.4. Vif

Vif is a 23-kD polypeptide that is essential for the replication of HIV in 

peripheral blood lymphocytes, macrophages, and certain cell lines (Strebel et al 

1987).

1.11.3. Regulation of gene expression

HIV gene expression is regulated by cellular and viral factors at both the 

transcriptional and post-transcriptional levels. The HIV genes can be divided 

into the early genes tat, rev, and nef which are expressed in a Rev-independent 

manner and the late genes, gag, pol, env, vpr, vpu, and vif, which require Rev 

for expression. HIV transcription is mediated by a single promoter in the 5' LTR. 

Expression from the 5' LTR generates a 9-kb primary transcript that has the 

potential to encode all nine HIV genes. The primary transcript can be spliced 

into mRNA or packaged without further modification into virus particles to serve 

as the viral RNA genome (Schwartz et al 1990b).

The LTR of HIV contains DNA binding sites for several cellular transcription 

factors including those for the NF-k B family of transcription factors (Nabel et al 

1987). The NF-k B protein allows the virus respond to the activated state of the 

infected T-cell. NF-k B and subsequent activation of HIV transcription can also 

be induced by the cytokines tumor necrosis factor a and interleukin-1 

(Kobayashi et al 1989; Okamoto et al 1989). The initial activation of the HIV 

LTR is a consequence of cellular transcription factors and leads primarily to the 

generation of short transcripts (Kao et al 1987). Some complete transcripts are 

also generated and allow the production of the Tat protein. The Tat protein then 

interacts with the TAR element to greatly increase the levels of transcription of 

viral RNAs. The Tat protein thus plays a key role in the activation and 

maintenance of high levels of transcription from the proviral DNA.

1.11.4. HIV replication

A simplified schematic of the HIV replication cycle is shown in Figure 1.5.
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Figure 1.5. Replication cycle of HIV.

1.11.4.1. Virus entry
The first step in the HIV replication cycle is the interaction of HIV Env proteins 

with specific host-cell surface receptors. This results in fusion of viral and cell 

membranes so that viral nucleoprotein complexes enter the target cell 

cytoplasm. The CD4 receptor for human and simian immunodeficiency viruses 

has been well characterized. CD4 contains four extracellular Ig-like domains 

and is expressed at the surface of a subset of T-lymphocytes and some 

macrophages. Evidence that CD4 serves as a binding receptor for HIV comes
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from the observations that antibodies specific for CD4 blocked viral infection 

and that HIV is neutralized after incubation with soluble CD4 molecules, which 

bind with high affinity to gp120 (Capon et al 1991). Formal proof was 

demonstrated by the ability of CD4 to bind HIV particles and confer 

susceptibility to viral infection when expressed in human HeLa cells (Maddon et 

al 1986). The CD4 binding site on gp120 has been mapped to a region that 

includes amino acid residues 400-430 (Kowalski et al 1987; Lasky et al 1987). 

The major site of viral interaction with the receptor is an exposed loop in the 

first extracellular Ig-like domain of CD4 (Peterson et al 1988), (Arthos et al 

1989; Landau et al 1988; Ryu et al 1990; Wang et al 1990).

HIV infects cells in a manner consistent with direct fusion between viral and cell 

surface membranes (McClure et al 1990; Stein et al 1987). It is thought that this 

process is driven initially by conformational changes in Env following CD4 

binding that expose fusion peptide domains located at the amino terminus of 

gp41. A comparison of the amino acid sequences of gp120 from a number of 

different HIV isolates has revealed five discontinuous regions (VI-V5) that 

contain highly variable amino acid residues together with more highly 

conserved residues. The variable V3 domain is the principal neutralizing 

determinant on the virus and seems to play a critical role in role in viral entry, 

becoming more exposed as a result of the structural alterations in Env that 

follow CD4 binding (Sattentau et al 1991). Antibodies directed against this 

domain specifically block virus-cell membrane fusion but do not inhibit viral 

attachment to CD4 (Skinner et al 1988). The V3 domain of some viral isolates 

also determines the binding affinity for CD4 and can specify either T-cell or 

macrophage tropism (Hwang et al 1991).

The fusion of gp41 with the cell membrane requires a cellular coreceptor. 

Recent studies have identified the chemokine receptor molecules CCR-5 and 

CXCR'4 as the major coreceptors required for entry of HIV (Alkhatib et al 1996; 

Berson et al 1996; Choe et al 1996; Deng et al 1996; Doranz et al 1996; Dragic 

et al 1996; Feng et al 1996). Macrophage-tropic and non-syncytium inducing 

strains of HIV, which constitute the vast majority of virus present in newly

84



infected individuals, use CCR-5 which is a receptor for the p-chemokines 

RANTES, MIP-1a and MIP-1p. In contrast T-cell tropic strains, which generally 

appear late in the course of infection, use CXCR-4 (Connor et al 1994; 

Schuitemaker et al 1992; Zhu et al 1993). Several other cell surface proteins 

have been identified that also appear crucial for HIV entry. For some viral 

isolates, other p-chemokine receptors serve as accessory proteins that can be 

used for viral entry (Choe et al 1996; Doranz et al 1996). Interestingly, the V3 

loop of gp120 contains the determinants that specify usage of either fusin or 

CCR-5, providing a molecular explanation for the T-cell or macrophage-tropism 

governed by this region of the viral glycoprotein (Choe et al 1996).

1.11.4.2. Reverse transcription

These viral nucleoprotein complexes are rapidly transported to the host cell 

nucleus where the RT synthesises a DNA copy of the viral RNA genome. This 

step requires the coordinated activities of RT and RNaseH, which removes the 

RNA from the RNA-DNA hybrid molecules. The only cellular factors known to 

be required for viral DNA synthesis are deoxyribonucleotides. HIV has a high 

degree of nucleotide sequence variation between different viral strains, making 

it a difficult target for therapeutic intervention (Domingo et al 1985). This 

variability in part reflects the fact that RT lacks 3'-5'-exonuclease proofreading 

activity. It has been estimated that up to ten incorrect bases may be 

incorporated during each round of HIV replication (Preston et al 1988; Roberts 

et al 1988). The mutations incorporated by retroviral RTs include amino acid 

substitutions, frame shifts, and deletions of nucleotide sequence (Pathak et al 

1990). Additional variation is introduced into viral genomic sequences by 

recombination between the two viral RNA molecules during viral DNA synthesis 

(Hu et al 1990a; Hu et al 1990b). Reverse transcription therefore generates 

diverse viruses, which may have altered cell trop isms and drug resistance.

1.11.4.3. Integration

The integration of HIV DNA into host chromosomal DNA to form a provirus is 

critically dependent on the activity of the viral IN protein and Is essential for viral
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gene expression (Sakai et al 1993). Retroviral DNA can be integrated into the 

host genome at a large number of essentially random sites, although some 

target sites are preferred (Shih et al 1988), (Pryciak et al 1992). The integrated 

provirus is linear with full-length linear viral DNA, except that several 

nucleotides have been removed from each end, and viral sequences are 

flanked by short direct repeats of host genome target site DNA (Goff 1992).

The integrase protein recognizes linear viral DNA ends and catalyses removal 

of two base pairs from the 3' ends of each viral DNA strand, exposing a CA 

dinucleotide that is highly conserved among all retroviruses (Goff 1992). These 

3' processed viral DNA ends are then joined to the 5' ends of cleaved host 

genome target site DNA by a one-step reaction (Engelman et al 1991). Cellular 

enzymes are thought to repair the junctions between integrated viral DNA and 

host-cell genomic DNA, generating the short, direct repeats that flank the viral 

sequences.

The viral Vif and Nef proteins may also be important for early events of 

replication following viral entry but before integration. Vif-defective viruses have 

aberrant core structures and are arrested at a stage following viral DNA 

synthesis (Hoglund et al 1994; Simon et al 1996; von Schwedler et al 1993). 

Nef-defective viruses appear to exhibit an earlier defect in reverse transcription 

(Aiken et al 1995; Miller et al 1994; Schwartz et al 1995).

1.11.4.4. Protein expression

Expression of the integrated provirus generates spliced and unspliced viral 

mRNA transcripts that encode the regulatory and structural HIV proteins. The 

expression of viral genes requires the activities of the host-cell transcription 

machinery and the viral regulatory proteins. Tat and Rev. The spliced viral 

mRNA transcripts give rise to Env and to the regulatory Tat, Rev, and Nef 

proteins. Unspliced transcripts encode the Pr55 Gag and PrIGO Gag-Pol fusion 

proteins and also serve as genomic RNA packaged into newly assembling virus 

particles.
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1.11.4.5. Expression of Env proteins

Retroviral Env proteins are synthesized in the ER of infected cells and are 

transported to the cell surface by the host-cell secretory pathway. Complexes 

of gp160, the precursor HIV Env protein, are transported from the ER to the 

Golgi apparatus, where gp160 is cleaved by a cellular protease to produce the 

surface gp120 and transmembrane gp41 subunits before transport to the cell 

surface (Earl et al 1991). Following expression of Env in the infected cell, 

synthesis of cell-surface CD4 levels is down-regulated, so that the cell 

becomes resistant to superinfection. Cell-surface levels of CD4 are reduced in 

part by formation of gp160/CD4 complexes that are sequestered in the ER 

(Buonocore et al 1990; Crise et al 1990). The levels of cell-surface CD4 also 

are modulated by the activity of the viral nef and vpu proteins (Garcia et al 

1993; Willey et al 1992). A reduction in levels of cell-surface CD4 might be 

required for the assembly of infectious virions since the presence of this 

receptor might interfere with Env being assembled onto virus particles.

In addition to the specific uptake of homologous Env proteins, retroviruses can 

also incorporate Env proteins of other viruses. For example, mixed virus 

particles (pseudotypes) have been described that comprise HIV core proteins 

and the Env proteins of either human T-cell leukaemia virus type 1 or murine 

leukaemia virus (Landau et al 1991 ; Lusso et al 1990). Therefore, cells co

infected by HIV and another virus in vivo might generate pseudotypes with an 

altered cell-type tropism.

1.11.4.6. Assembly

The precursor Gag and Gag-Pol proteins and genomic-length HIV RNA are 

assembled into new virus particles at the host-cell surface. The MA Gag protein 

seems to specify the site of viral assembly. Viral genomic RNA is selectively 

taken up from the pool of cytoplasmic RNAs because the NC Gag protein 

recognizes specific RNA packaging signals (Clavel et al 1990; Katz et al 1986; 

Lever et al 1989; Mann et al 1983; Watanabe et al 1982). The virions acquire a 

lipid bilayer that contains Env as they bud through the host-cell membrane.
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During or shortly after budding, retroviral particles mature when the Gag and 

Gag-Pol poly proteins are cleaved to mature protein products by the viral 

protease. This cleavage is an essential step in the maturation of retrovirus 

particles, because mutations in protease lead to production of non-infectious 

virus particles that contain uncleaved core proteins (Crawford et al 1985; Katoh 

et al 1985; Kohl et al 1988). The mature virions released are competent to 

begin the replication cycle again in other target cells.

1.12. Antiretroviral therapy

The introduction of antiretroviral therapy has transformed the natural history of 

HIV infection and AIDS in the developed world. The first antiretroviral agent, 

AZT was introduced in 1987, since when further drugs, classes of drugs and 

treatment regimens have continued to improve the prognosis associated with 

HIV infection. Table 1.2 shows the antiretroviral drugs currently licensed for use 

in the UK. At present, these drugs fall into three groups, nucleoside reverse 

transcriptase inhibitors (NRTIs), non-nucleoside reverse transcriptase inhibitors 

(NNRTIs) and protease inhibitors (Pis). However, other agents may be used in 

conjunction with these drugs and new classes of antiretrovirals are in 

development.
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Table 1.2. Currently available antiretroviral agents

Nucleoside Reverse Non-Nucleoside Reverse 

Transcriptase Transcriptase Inhibitors 

Inhibitors

Protease Inhibitors

Zidovudine 

Lamivudine 

Stavudine 

Didanosine 

Zalcitabine 

Abaca vir

Nevirapine

Efavirenz

(Delavirdine)'

Saquinavir

Indinavir

Ritonavir

Nelfinavir

Amprenavir

Lopinavir

'Not yet licensed in Europe

1.12.1. Nucleoside reverse transcriptase inhibitors

NRTIs were the first class of antiretrovirals to be introduced. The drugs are 

analogues of the dioxyribonucleosides that make up the HIV DNA copy 

produced by reverse transcription of the RNA genome. The NRTIs require 

serial phosphorylation by host cellular enzymes for activation. The triphosphate 

form of the drug then acts as a competitive substrate for the HIV RT and is 

incorporated into the 3' end of the unincorporated proviral DNA. The NRTIs all 

lack 3 -0 H moieties, thus preventing the formation of 3’ - 5’ phosphodiester 

bonds between the elongating chain and the incoming 5’-nuleoside 

triphosphates. The NRTIs therefore act as chain terminators when incorporated 

into reverse transcripts.

NRTIs are included in most antiretroviral combinations, usually as a “backbone” 

of two drugs. However, they are associated with significant toxicities, which
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may limit their use. AZT is now used in lower doses than when initially 

introduced as monotherapy but can cause neutropaenia, anaemia, myopathy, 

nausea, headache and rarely lactic acidosis and hepatic steatosis. AZT, 

Didanosine (DDI), Zalcitatbine (DDC), Stavudine (d4T) and Lamivudine (3TC) 

have all been associated with the development of peripheral neuropathy and 

DDI, DDC and 3TG with pancreatitis. The tendency of DDI to cause diarrhoea 

has been improved by newer formulations of the drug. Abacavir (ABC) is 

associated with the development of a potentially fatal hypersensitivity response 

in 2 to 5% of patients. This generally presents within the first six weeks of 

treatment with flu-like symptoms, including fever, malaise, abdominal cramps, 

nausea, diarrhoea, with or without a rash. These symptoms tend to worsen until 

the drug is discontinued, then resolve in one to two days. Once discontinued 

due to suspected hypersensitivity, the drug should not be restarted as re

challenge may result in death.

Many of the side effects of NRTIs, such as pancytopaenia, pancreatitis, lactic 

acidosis and steatosis, are now thought to be due to mitochondrial toxicity. The 

mitochondrial enzyme complexes that make up the oxidative phosphorylation 

system are composed of subunits, several of which are encoded by 

mitochondrial DNA. Mitochondrial DNA consists of a double-stranded circular 

DNA molecule that is prone to errors during replication. It contains no protective 

histones and has a mutation rate 17 times higher than that of the nuclear 

genome. An enzyme called polymerase-y is responsible for the replication of 

mitochondrial DNA. The triphosphorylated NRTI moieties can be mistaken for 

natural substrates by polymerase-y and can cause irreparable harm to 

mitochondrial DNA during replication. NRTI-related lactic acidosis results from 

impairment of the oxidative phosphorylation system, along with a shift in the 

Krebs cycle whereby excess lactic acid is generated and accumulates within 

the cell, along with a build-up of triglycerides and fatty acids. This theory is 

supported by a recent study of patients with NRTI-induced hyperlactataemia 

which found that mitochondrial DNA levels were significantly decreased but that 

this resolved on discontinuation of NRTI therapy (Cote et al 2002).
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1.12.2. Non-nucleoside reverse transcriptase inhibitors

NNRTIs are a chemically divergent group of compounds that all bind to a site 

near the RT catalytic domain. The attachment of an NNRTI to he RT restricts 

the mobility of the enzyme, rendering it unable to function. Only two NNRTIs, 

Nevirapine (NVP) and Efavirenz (EFV), are in common usage and have been 

shown to be effective both as initial and as salvage antiretroviral therapy. In 

addition, EFV has a long half-life of 40 to 52 hours, allowing once daily dosing.

Both drugs have significant side effect profiles. NVP is associated with the 

development of rash in 15% to 30% of patients, requiring discontinuation in 7%. 

Less commonly, NVP can cause Stevens-Johnson syndrome and hepatitis with 

hepatic necrosis. EFV causes a spectrum of CNS side effects including 

dizziness, "disconnectedness," somnolence, insomnia, abnormal dreams, 

confusion, amnesia, agitation, hallucinations and poor concentration. These 

CNS effects occur in 40% to 50% of patients upon initiation of the drug but 

usually resolve within two to three weeks of therapy. The side effects can be 

minimised by administration of EFV in the evening but 2.6% of patients 

discontinue EFV because of CNS toxicity. Both NVP and EFV are excreted by 

the hepatic cytochrome P450 system and can therefore affect the metabolism 

of coadministered drugs.

1.12.3. Protease inhibitors

Determination of the three-dimensional structure of the protease dimer has led 

to the development of a class of drugs directed toward inhibiting the HIV 

protease function, the Pis (Miller et al 1989; Navia et al 1989). Pis work by 

binding to the site where the Gag and Gag-Pol polyproteins are cleaved by the 

protease to produce mature protein products. By preventing protease from 

releasing the mature core proteins, new viral particles are prevented from 

maturing or becoming infectious.

Six Pis are currently licensed for use (Table 1.1), with other drugs in this class 

such as Tipranavir and Atanazavir showing promise in early trials. The dramatic
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impact that Pis have had on the natural history of HIV disease has been 

tempered by the emergence of potentially severe side effects. Saquinavir 

(SQV) causes diarrhoea, nausea and elevated hepatic enzymes. Indinavir 

(IDV) is associated with the development of nephrolithiasis and 

hyperbilirubinaemia. Ritonavir (RTV) is associated with the development of 

nausea, diarrhoea and circumpolar paraesthesia. Like other Pis, RTV is 

excreted via the hepatic cytochrome P450 system and is a particularly strong 

inhibitor of this enzyme. This effect of RTV has been exploited to enhance in 

vivo levels of other Pis such as SQV, IDV and Lopinavir (LPV). Thus RTV is 

now most often prescribed in low doses to boost levels of other drugs, rather 

than as a PI on its own. Newer Pis such as Nelfinavir (NFV) and LPV have a 

lower incidence of side effects but can cause diarrhoea. Amprenavir (APV) can 

cause a rash in 30% of patients and is rarely associated with Stevens-Johnson 

syndrome.

Pis have been associated with the development of a syndrome that has been 

termed lipodystrophy. This encompasses a spectrum of clinical and metabolic 

features including insulin resistance, elevation of cholesterol and triglyceride 

levels and redistribution of body fat, with loss of fat from the face and limbs with 

central accumulation of fat in the intra-abdominal, breast and dorsocervical 

regions. The pathogenesis of lipodystrophy is not well understood but it is most 

prevalent amongst patients treated with Pis, which are widely thought to be the 

predominant cause (Carr et al 1998b; Miller et al 1998). The factors most 

strongly associated with lipodystrophy are previous or current treatment with 

Pis or NRTIS and increasing age (Mallon et al 2001). The development of 

lipodystrophy seems to be related to dysfunction of adipose tissue at the 

molecular level, which is affected by Pis in vitro (Wentworth et al 2000). 

Mitochondrial dysfunction has also been suggested as a common pathway for 

the development of lipodystrophy (Brinkman et al 1998). As well as morbidity 

secondary to body habitus change in lipodystrophy, there is concern that there 

may be an increased risk of premature cardiovascular disease conferred by 

insulin resistance and hyperlipidaemia. Currently, the management of
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lipodystrophy is unsatisfactory and switching from a PI to another drug seems 

to be only partially effective in reversing the abnormalities (Carr et al 2001). 

Attention is therefore mainly focussed on prevention with the use of new 

antiretroviral drugs or drug regimens.

1.12.4. Hydroxyurea

Hydroxyurea (HU) has been widely used to treat malignancies, polycythaemia 

vera, thrombocytopaenia, and psoriasis. HU blocks cell division by depleting 

cellular ribonucleotide reductase, an enzyme that is essential for the synthesis 

of dNTPs. The anti-HIV effect of HU seems to be mediated by this inhibition of 

DNA synthesis as well as by potentiating the activity of NRTIs by reducing the 

number of natural substrates, thus increasing the relative concentration of the 

drug. HU has been most effectively used in combination with DDI. Drug 

regimens containing HU and DDI have been shown to be effective as both 

initial and salvage antiretroviral therapy (Rodriguez et al 2000; Youle et al 

2002). HU is generally well tolerated, its major side effect being 

myelosuppression. It is a cheap drug and has not been shown to induce HIV 

resistance in vivo. It has therefore been suggested that HU may be useful for 

treatment of HIV in resource-poor countries (Paton et al 2002), but it is now 

rarely used in the UK.

1.12.5. Nucleotide analogues

The nucleotide analogue Tenofovir (TFV) has been approved for use in drug-

experienced patients in the USA and Europe. Nucleotide analogues inhibit RT

in a similar fashion to NRTIs. However, they do not require phosphorylation for

activity and may therefore be active against HIV in a wider spectrum of cells.

TFV has several potential advantages over existing antiretrovirals; it has a long

half-life, making it suitable for once-daily oral administration. It does not inhibit

cytochrome P450 and is markedly less likely to inhibit polymerase-y than

NRTIs, which may result in a reduced incidence of lactic acidosis in association

with its use (Cherrington et al 1994). In addition, TFV has activity against HBV

and is active against HIV with moderate resistance to AZT (Gazzard 2001).
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Early clinical trials show that TFV produces a significant decrease in plasma 

HIV RNA and a small increase in CD4 count when added to pre-existing 

antiretrovirals (Gazzard 2001). To date, the drug seems to be well tolerated 

and renal toxicity, which occurs with the use of other nucleotide analogues 

such as CDV, has not been associated. TFV is currently used mainly as part of 

a salvage regimen but studies are in progress to assess its value in initial 

therapy and to document long-term safety.

1.12.6. Fusion inhibitors

The most developed of the fusion inhibitors is the drug T-20, which is currently 

in phase III trials. T-20 is a 36 amino acid peptide derived from the gp41 

transmembrane protein of HIV, which binds to resting p41 and prevents fusion, 

thus blocking HIV cell entry. T-20 is given subcutaneously and has been shown 

to be well tolerated and produce significant, dose-related declines in plasma 

HIV RNA when given as short term monotherapy (Kilby et al 1998). The second 

generation fusion inhibitor T-1249 shows enhanced activity and is effective in 

T-20 resistant HIV.

1.12.7. Antiretroviral drugs in development
In addition to new drugs within existing classes, other classes of antiretroviral 

drugs are currently in development. These include integrase inhibitors, immune 

modulators and HU-like compounds. Chemokine receptor antagonists are also 

under investigation and include CXCR4 and CGR5 inhibitors. HIV strains may 

be dual-tropic for OCRS and CXCR4 and can change their co-receptor tropism 

over time. A polyvalent approach to chemokine receptor inhibition may 

therefore be necessary.

1.12.8. Highly active antiretroviral therapy

Following the introduction of AZT in 1987, treatment for HIV has progressed

sequentially from monotherapy and dual therapy to regimens of three or more

drugs. The term HAART is used to describe combinations of three or more

drugs, usually consisting of a dual NTRI backbone with one or more PI or
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NNTRI. More recently, HAART combinations consisting of three NRTIs 

including ABC have been introduced. Many trials have shown that HAART is 

superior to mono- or dual antiretroviral therapy. A recent meta analysis showed 

that antiretroviral combinations up to and including triple therapy were 

progressively and significantly more effective in terms of clinical outcome and 

surrogate markers (Jordan et al 2002). However, research on the effectiveness 

of combinations of four or more drugs and the relative effectiveness of specific 

combinations is more limited. In addition, a number of important issues remain 

unanswered by clinical trial data. It is unclear when is the optimum time to 

initiate HAART and which combination is best. Other issues include whether to 

treat primary infection, when to change therapy after virological failure, when to 

initiate salvage therapy and which drug regimens should be used in these 

circumstances. The current British HIV Association guidelines recommend 

therapy for patients with a CD4 count of below 350 x 10®/l with any plasma HIV 

RNA (Anonymous 2001). Consideration of treatment or deferring treatment and 

monitoring are suggested for patients with a CD4 count of between 350 and 

500 X 10®/l and plasma HIV RNA above 30,000 copies/ml. These 

recommendations are more conservative than other guidelines but reflect the 

fact that there are few data showing a benefit of starting HAART early and take 

into account the morbidity and potential for drug resistance associated with 

long-term antiretroviral therapy.

1.13. Aims of this thesis

This thesis aims to test the hypothesis that the receipt of HAART results in an 

altered natural history of CMV infection and disease in the HIV infected host, 

and to investigate the mechanisms responsible for these changes. This thesis 

aimed to test this hypothesis in the following ways:

To establish a cohort of CMV seropositive, HIV infected patients known to be at

increased risk of reactivation of CMV, and therefore CMV end organ disease.

To monitor prospectively for CMV viraemia as detected by PCR in this cohort
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and document the incidence of, and clinical features associated with, CMV 

disease. To test the hypothesis that the altered clinical scenario is due to the 

introduction of HAART by comparison with an equivalent population of patients 

who did not receive HAART. To test the hypothesis that the relationship 

between CMV viraemia and increased risk of morbidity and mortality remains 

significant in the era of HAART by monitoring the incidence of disease and 

death in this cohort.

To investigate the hypothesis that changes in the natural history of CMV 

infection following the introduction of HAART are secondary to immune 

reconstitution facilitated by the suppression of retroviral replication. To establish 

the effect of HAART on CMV replication by monitoring longitudinally for CMV 

load in blood in patients receiving initial HAART regimens. To further 

investigate the reconstitution of specific CMV T-cell responses by monitoring 

longitudinal changes in anti-CMV and anti- HIV antibody responses after 

HAART, making the assumption that changes in B-cell function may reflect 

changes in T-cell function. To estimate the anti-viral efficacy of the regenerating 

immune system by generating the slopes of decline in CMV load produced after 

HAART, assuming the half-life of decline to be constant at one day.

To prospectively monitor patients with a previous diagnosis of CMV retinitis 

who have subsequently received HAART to determine whether discontinuation 

of maintenance anti-CMV therapy is safe following immune reconstitution. To 

investigate the risk of recurrent CMV viraemia and disease in this cohort by 

prospective monitoring by CMV PCR and clinical surveillance. To test the 

hypothesis that long-term receipt of anti-CMV drugs results in a high risk of 

drug resistance in the context of recurrent CMV viraemia in this cohort.
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Chapter 2.

Materials and Methods.
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2.1. Introduction

This chapter describes the laboratory techniques that were employed to study 

CMV infection in the HIV-infected host. Much of the work presented in this 

thesis focuses on the detection of CMV viraemia by quantitative PCR assay. 

PCR was used to detect CMV DNA extracted from whole blood samples. The 

use of whole blood has the advantage of amplifying DNA from all cells present 

as well as free virus in plasma. Measurement of the quantity of CMV DNA 

present in a given sample was conducted using a quantitative competitive PCR 

(QCPCR) technique. These PCR techniques were used to monitor a cohort of 

patients with advanced immunosuppression for the appearance and quantity of 

CMV viraemia, thus identifying individuals at the highest risk of CMV disease. 

These prospective studies have demonstrated the effect of receipt of HAART 

on untreated CMV viraemia and allowed an estimation of the impact of CMV 

replication on prognosis in this cohort. Also included in this chapter are the 

method of extraction of DNA from whole blood samples, the immunological 

techniques used to detect anti-CMV and anti-HIV antibodies in serum samples 

by immunofluorescence and methods for sequencing DNA to detect point 

mutations associated with drug resistance. This chapter also includes the 

statistical methods used for data analysis and the clinical criteria for diagnosis 

of HIV disease, AIDS and CMV retinitis.

2.2. Extraction of DNA from whole blood

DNA was extracted from whole blood samples using a commercially available 

ion-exchange chromatography QlAmp blood PCR kit (Qiagen, UK). Each blood 

sample was processed in the same way, whereby a 200pl aliquot from a total 

of 10ml of whole blood was purified according to the manufacturer's 

instructions. Briefly, 200pl of whole blood was treated with 200pl lysis buffer 

and 25pl of Qiagen proteinase (19.3 mg/ml) in a 1.5ml eppendorf tube. The 

mixture was vortexed and incubated at 65°C for 30 minutes. The sample was 

then absorbed onto an ion-exchange column in a 1.5ml eppendorf tube 

containing a silica matrix bed and centrifuged (Jouan MK14.11, Jouan, UK) at 

6000g for one minute. The DNA that had absorbed onto the matrix was then
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washed twice with 500pl Qiagen buffer AW, containing guanidinium 

hydrochloride, and the filtrate discarded. The DNA was finally eluted with 

200|jl sterile distilled water (SOW) (pre-heated to 70°C) by centrifugation at 

6000g for one minute. If the sample was to be used directly in the PCR assay, 

it was heated to 90°C for ten minutes to inactivate the proteinase, otherwise it 

was stored at -70°C until use.

2.3. Qualitative PCR for CMV giycoprotein B
2.3.1. General considerations
The development of the polymerase chain reaction was a major advance in 

the field of molecular biology. PCR is an in vitro technique for primer directed 

amplification of a specific DNA target, which can be carried out in real time. 

The use of thermostable DNA polymerases, such as that isolated from the 

bacterium Thermus Acquaticus (Taq), has been crucial in the development of 

PCR, as these enzymes remain stable and enzymatically active at high 

temperatures. The use of thermostable DNA polymerase has allowed 

automation of the procedure whilst minimising manipulation of the reaction 

mixture, thus reducing the risk of contamination. The technique has therefore 

revolutionised diagnostics and enhanced the understanding of clinical 

medicine.

2.3.2. Optimisation of qualitative gB PCR
The PCR assay for the amplification of a 149 bp fragment of CMV gB had 

been previously described and fully optimised (Fox et al 1992). However, 

following a change in supplier of the PCR reagents from Bioline UK to Perkin 

Elmer PCR reagents manufactured by Roche Molecular Systems Inc (USA) 

this assay was re-optimised fully as described below under the same cycling 

conditions.

2.3.3. Primer optimisation of qualitative PCR for CMV glycoprotein B

In order to determine the optimal conditions for the PCR reaction a primer 

titration was carried out using a fixed quantity of positive DNA template control 

of 10  ̂copies. The source of template was a plasmid clone of 149 bp of CMV
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gB cloned into the pUC13 vector (Promega, UK). A range of concentrations 

from 50 - SOOng of each primer was amplified in GeneAmp 10 x PCR buffer 

(lOOmM Tris-HCI, pH 8.3, SOOmM KCI, 15mM MgCb, 0.01% (w/v) gelatin), 

1.25 units of Amplitaq Gold (5u/pl), 2mM MgCb (25mM stock MgCb) with 

200pM each dNTP- deoxyadenosine triphosphate (dATP), deoxyguanosine 

triphosphate (dGTP), deoxycytosine triphosphate (dCTP), deoxythymidine 

triphosphate (dTTP), each at 6.25mM) in a total volume of 98pl made up with 

SOW. Negative water controls were included every fifth tube. The PCR 

cycling conditions were the same for each reaction and cycling was performed 

on a Hybaid DMA thermal cycler as described below. The optimal primer 

concentration was found to be lOOng for each primer.

The sequence of the primers for the PCR assay to amplify a 149 bp fragment 

of CMV gB are given below:

5' GAG GAC AAC GAA ATC CTG TTG GGC A 3' (gBI )

5' GTC GAC GGT GGA GAT ACT GCT GAG G 3’ (gB2)

The primer sequences were derived from the laboratory strain ADI69 

corresponding to the nucleotides 81683 - 81707 (gBI) and 81559 - 81583 

(gB2) (Chee et al 1990). The oligonucleotide primers were synthesised and 

HPLC purified commercially by Cruachem, UK.

2.3.4. Magnesium titration

The PCR reaction was optimised further in GeneAMP 10 x PCR buffer with 

varying MgCb concentrations. The PCR reaction mix was made with the 

following concentrations of MgCb; 1,1.5, 2, 2.5, 3, 3.5, and 4mM with lOOng 

each primer against 10  ̂copies of DMA template using cycling conditions as 

shown in Table 2.1. Negative and positive controls were also included, the 

positive control being 10  ̂copies of pUC13 containing the CMV gB gene. The 

optimum MgCb concentration was found to be 2mM.
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2.3.5. Amplification of CMV glycoprotein B by qualitative PCR
A reaction mixture was prepared containing magnesium chloride and each of 

the gB primers at the optimised concentrations in addition to 10 x PCR buffer 

(consisting of lOmM Tris-HCI, pH 8.3, 50mM KCI, I.SmM MgCb, 0.001% 

(w/v) gelatin), each of the dNTP mixtures and the Taq polymerase.

The dNTPs were made up as follows (all supplied by Promega, UK);

dNTP mixture: 6.25mM dATP

6.25Mm dCTP

6.25mM dGTP

6.25mM dTTP

Therefore, the PCR reaction mixture for each tube was made up as follows:

lOpI 10 X PCR buffer

8pl MgCb (25mM)

3pl dNTP mixture (200pM each)

Ipl gBI (lOOng)

Ipl gB2 (lOOng)

0.2pl Taq polymerase (5u/pl)

71.8pl SDW

95pl total volume

The volume of SDW was adjusted according to the quantity of target DMA to

be added. For the analysis of multiple samples a master mix of reagents was

prepared and 95pl aliquoted into each 0.5ml eppendorf tube. Each tube was

overlaid with lOOpI of molecular biology grade mineral oil (Sigma, UK) to

minimise contamination and prevent aerosol spread. All of the above steps

were conducted in the “clean PCR room” using aerosol resistant pipette tips

(Anachem, UK). Sterile gloves and gowns were worn throughout the PCR set

up procedure and gloves were changed frequently to prevent contamination.
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Target DNA samples were stored in frozen aliquots at 70°C and thawed on 

ice prior to use. All target DNA samples were added to the PCR reaction 

mixture in a separate “PCR set up room” in a class II microbiological safety 

cabinet (British Standard 5726). 5pl of extracted DNA was added directly to 

95pl of the PCR reaction mixture at both neat and a 1:20 dilution. The 1:20 

dilution was used in an attempt to avoid the problem of PCR inhibition due to 

impurities in the clinical sample. Every third tube in each PCR assay 

contained alternate negative and positive controls. Negative controls were 

either “closed” (tube closed in the clean PCR room and not reopened), “open” 

(tube opened in PCR set up room cabinet for the same length of time as those 

tubes which had target DNA samples added) or “water” (tube containing 6pl of 

water used to make up master mix). This system allows identification of the 

source of contamination in the event of false positive results. Positive internal 

controls consisted of the 149 bp fragment of gB cloned into plasmid pUC13 

DNA. Positive control samples were added to each PCR at concentrations of 

50, 10  ̂and 10  ̂copies. The PCR reaction was performed using a Hybaid 

thermal cycler (Hybaid, UK) in a third designated room. The cycling 

conditions that maximised target amplification whilst minimising the 

generation of non-specific product are shown in Table 2.1.

The qualitative PCR assay was performed on samples at both a neat and 

1:20 dilution. If either, but not both of the dilutions gave a positive result the 

PCR was repeated. If a band of 149 bp was not seen after the second PCR 

the sample was classified as negative. Alternatively, if one of the dilutions 

gave a band of the correct size, this was scored as positive. Positive PCR 

results were re-analysed in a separate PCR reaction to confirm the initial 

result.
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Table 2.1. Cycling conditions for qualitative CMV glycoprotein B PCR

Stage Temperature (°C) Duration Number of 

Cycles

1 95 12 minutes 1

2.1 94 30 seconds

2.2 60 30 seconds

2.3 72 30 seconds 39

3.1 94 30 seconds

3.2 60 30 seconds

3.3 72 10 minutes 1
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2.3.6. Gel preparation and electrophoresis

The PCR products (ampllcons) from each reaction were visualised by agarose 

gel electrophoresis. A 3% agarose gel was prepared as follows. Three grams 

of agarose were weighed into a Duran bottle and lOOmIs of 1 x BE buffer (see 

below) was added. The gel was melted in a 750W microwave oven on full 

power for approximately three minutes. Once the dissolved agarose had

cooled to below 50°C, O.SpI of 10mg/ml ethidium bromide (Sigma, UK) was

added. The agarose was poured into a gel frame with a 20 well comb and left 

to set. The comb was removed from the gel and 15pl of each PCR product 

mixed with 5pl loading dye (30% glycerol, 0.1% bromophenol blue in SDW) 

was added to each well. A 50 -  1000 bp PCR marker (Promega, UK) was 

added to the final well to confirm the size of the amplicons. The gel was 

placed into an electrophoresis tank and electrophoresed in IxTBE at 150V 

for approximately 30 minutes. The resulting gel was visualised on a 

transilluminator and photographed using Polaroid film.

lOx TBE buffer:

432g Tris base (Sigma, UK)

20g Boric acid (Sigma, UK)

37.2g EDTA (Sigma, UK)

Made up to four litres with distilled, de-ionised water.

2.4. Quantitative-competitive PCR for CMV glycoprotein B
2.4.1. General considerations

Quantitative-competitive PCR was used to measure CMV loads in whole 

blood for the studies described in this thesis. QCPCR is a well established 

technique for the measurement of viral loads and has been applied to a 

number of infections including CMV, hepatitis C (HCV), VZV, HIV and HHV-7 

(Fox et al 1995a; Kidd et al 2000). The development of quantitative PCR 

technology has enhanced understanding of the pathogenesis of viral
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infections by facilitating longitudinal studies of changes in viral load. In 

addition, measurement of viral load has become an important part of clinical 

management of HIV infection and is also used in the management of HBV 

and HCV infection. Serial viral load measurements provide prognostic 

information and are used to monitor response to antiviral therapy (Mellors et 

al 1996).

The QCPCR assay used in this thesis is based on the method previously 

described in detail by Fox (Fox et al 1992). For each PCR reaction a pre

determined amount of control sequence was added along with the target 

DNA. In order to differentiate between target and control sequences, a unique 

restriction site for the enzyme Hpal was added by PCR mutagenesis to the 

control sequence at bases 77 and 78 by changing the original GG to IT  (Fox 

et al 1992). The resultant 149 bp control product was cloned into a pUC13 

vector (Pharmacia) and purified as a source of internal control DNA. After 

coamplification of target and control sequences, the products are subjected to 

enzymatic digestion using Hpa ,̂ which cleaves only the internal control 

sequence, leaving the target undigested. The digested products can be 

separated by polyacrylamide gel electrophoresis (PAGE). The control 

sequence is digested into 77 and 72 bp fragments which migrate faster than 

the undigested 149bp target amplicons. As the quantity of internal control in 

each PCR reaction is known, a direct comparison of the intensity of the target 

DNA with the cleaved internal control allows the target copy number to be 

calculated. To ensure accuracy in this calculation, three tubes containing 

different known quantities of control sequence but the same amount of the 

target present in the clinical sample are assayed in parallel.

The previously described QCPCR method for CMV relied upon the use of 

radioactively labelled primers, followed by autoradiography of the separated 

target and control amplicons to determine viral load (Fox et al 1992). More 

recently, a non-radioactive detection method has been adopted which is 

based on ethidium bromide staining of the separated reaction products 

followed by computer-based densitometric analysis. This method offers
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considerable advantages over the radioactive method and reduces exposure 

of laboratory staff to radioactive isotopes. The non-isotopic method is 

potentially applicable to any QCPCR technique and has proved to be highly 

efficient for the measurement of viral load for a range of viruses, including 

CMV, HHV-6, HHV-7 and HHV-8, in a wide range of clinical samples and in 

the presence of inhibitory substances (Kidd et al 2000). All CMV loads in this 

were therefore measured using the non-isotopic method.

2.4.2. Optimisation of QCPCR for CMV glycoprotein B

The QCPCR had been fully optimised for concentration of magnesium ions 

primer concentrations and cycling conditions by Fox in 1992 (Fox et al 1992). 

The method was re-optimised following a change in supplier of the Taq 

polymerase enzyme as described in sections 2.3.2, 2.3.3 and 2.3.4. The 

optimum working concentration for magnesium chloride in the reaction was 

2mM MgCl2 and for the gB primers was lOOng for each primer.

2.4.3. Amplification of CMV glycoprotein B for QCPCR
The reaction mixture was prepared in the same way as for the qualitative 

assay as described in section 2.3. The reaction mixture was adjusted 

according to the quantity of target sample and control to be added. Therefore, 

the PCR reaction mixture for each tube was made up as follows:

lOpI 10 X PCR buffer

8p l MgCl2 (25mM)

3pl dNTP mixture (200pM each)

Ipl gBI (lOOng)

Ipl gB2 (lOOng)

0.2pl Taq polymerase (5u/pl)

69.8pl SDW

93pl total volume
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The reaction mixture was overlaid with lOOpI of molecular biology grade 

mineral oil. In the separate PCR set up laboratory, 5pl of target DNA was 

added to each PCR reaction and 5pl of SDW was added to the negative 

controls. After target DNA had been added to all the reactions, a known 

amount of control sequence was added to each reaction. All samples were 

analysed in triplicate and at different concentrations to yield an accurate 

quantification, aiming for an optimum ratio of target to control of 50%. In the 

first instance, 50,10^ and 10  ̂control copies were added to each sample, 

which allowed the quantification of the majority of samples. Depending on the 

results obtained in the first PCR reaction, the amount of control could be 

altered in a subsequent reaction as necessary. The PCR cycling conditions 

were identical to those described in Table 2.1. The amplicons were visualised 

on a 3% agarose gel as detailed in section 2.3.6.

2.4.4. PAGE gel preparation and electrophoresis

Following electrophoresis of the QCPCR to confirm successful amplification, 

10 pi of each PCR product was added to a reaction mix composed as follows:

2pl 10 X buffer 

O.BpI Hpa  ̂ (5units/pl)

7.4pl SDW

lOpI total volume

10 X buffer contains 200mM Tris-HCI pH 7.4, 50mM MgCb, 500mM KCI.

The reaction was incubated in a water bath at 37°C for 2 hours. A 12% PAGE 

gel was prepared and left to set between glass plates with a 12 well comb 

inserted for 45 minutes.
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The 12% PAGE gel was composed as follows:

6ml SDW

3ml 40% 6/s-polyacrylamide 

2ml 10x TBE

140pl 10% w/v ammonium persulphate (APS)

14pl N,N,N',N' tetramethylethylenediamine (TEMED)

After digestion each PCR product was mixed with 5pl loading dye and 

electrophoresed in IxTBE buffer at 45mA for approximately 1.5 hours, or until 

the dye had run off the bottom of the gel. The gels were stained in 50ml 1x 

TBE containing 5pl (lOmg/ml) ethidium bromide solution for approximately 

five minutes or until the DNA could be visualised using a transilluminator and 

subsequently photographed.

2.4.5. Computer based densitometric analysis and calculation of CMV 

load
The photographs obtained of the digested PCR products were scanned 

electronically at 256 levels of grey (eight-bit) at 200 pixels per inch using an 

Epson scanner with software supplied with the scanner. The scanned 

photographic image was saved in tagged image file format (TIFF) and 

imported into the program “NIH Image” version 1.59 (available by anonymous 

FTP from zippy.nimh.nih.gov[128.231.98.32] run on a Power Macintosh 

6100/66. A negative image of the photograph was obtained by inverting the 

brightness of the pixels and the lanes on the gel were marked and measured 

using the gel reading macros supplied. Electronic densitometric plots of the 

target band and two control bands were generated by the software analysis of 

each lane. Each peak was demarcated using short vertical lines applied to the 

plot to separate the target and control sequence areas. The software package 

was then used to measure the area under each peak and the results were 

displayed in numerical form.

108



The target copy number was calculated from the areas under the peaks as 

follows:

Target signal

------------    X Input control sequence copy number

Total signal

The viral load was expressed as copies/ml by multiplying the value obtained 

as above by 200 as DNA was initially extracted from 200 pi of whole blood 

and eluted with 200 pi of SDW. For each sample, the PCR reaction whereby 

the ratio of target to control signal was closest to 50% was used to generate 

the target copy number.

2.5. Insect cell culture
2.5.1. General considerations

This eukaryotic expression system for expressing foreign genes was chosen 

to express CMV gB and HIV Gag and Env for the purpose of detection of 

antibodies in human sera by immunofluorescence. Baculovirus vectors are 

commonly used as expression systems due to their ability to produce large 

quantities of protein with limited post-translational modification. These large 

double stranded DNA viruses are named according to the type of host that 

they infect and the type of occlusion structures that are made upon infection. 

The baculovirus used for the expression of the genes in this section infect the 

alfalfa looper moth, Autographa califomica. Upon infection, intracellular 

inclusions are formed in excess quantities that consist of virions encased in 

crystals composed of a single protein (polyhedrin, Mr 29,000). The production 

of this protein is driven by an extremely active promoter, which can in turn be 

used to drive an inserted gene of interest by removal of the non-essential 

polyhedrin gene. The recombinant baculovirus expressing CMV gB or HIV 

Gag or Env were inserted into a baculovirus transfer vector and then co

transfected with full length baculovirus DNA into cultured insect cells. Upon 

recombination of the genes at a specific locus, the recombinant viruses were 

selected, purified and amplified to produce a pure culture of recombinant
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virus. The recombinant baculoviruses expressing gB and wild-type virus were 

a gift from Professor W.B Britt (Department of Pediatrics, University of 

Birmingham, Alabama, USA). The recombinant baculoviruses expressing HIV 

Gag and Env were a gift from Professor I. Jones (NERC Institute of Virology 

and Environmental Microbiology, Oxford, UK).

2.5.2. Growth of Baculoviruses in culture

All baculovirus strains, including recombinant and wild type viruses, were 

maintained in SF21 (Invitrogen) insect cells according to standard protocols. 

Initially the SF21 cells were grown to 50% confluency in a T75 tissue culture 

flask in 10ml of complete TC-100 medium (Gibco BRL, supplemented with 

10% fetal bovine serum (FBS), Penicillin lOOu and Streptomycin lOOOu) at 

28°C. The medium was removed from the cells and the appropriate virus 

inoculum added at a multiplicity of infection (moi) of 10:1 (virusicells) in 2ml of 

complete TC-100 medium. The virus inoculum was allowed to adhere to the 

cells for one hour at room temperature and was then replaced with 10ml fresh 

complete medium. For the preparation of high titre stocks, the virus 

supernatant was collected by removing the cells from the flask and 

centrifuging the cell suspension at lOOOg. The supernatant was passaged 

through SF21 cells at least five times, and the supernatants from each 

passage were stored at 400, the titre of each stock was determined by plaque 

assay.

2.5.3. Baculovirus plaque assay
Initially, 2ml tissue culture dishes were seeded with 5x10® SF21 cells in 2ml 

complete T C I00 medium and allowed to grow to 50% confluency, attained 

after approximately 24 hours incubation at 28°C. Medium was removed from 

the cells, and each dish inoculated in triplicate with lOOpI of the virus stock 

diluted in logio steps, 10"̂  to 10'®’ in complete TC-100 medium. A negative 

control inoculated only with lOOpI complete TC-100 media was also included. 

The virus inoculum was removed after incubation at room temperature for one 

hour. 3% w/v agarose (molecular grade type VII low melting temperature. 

Sigma, UK) was melted in SDW, cooled to 45°C and diluted to a final
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concentration of 1.5% with complete TC-100 medium and then autoclaved.

1ml of the agarose overlay was added to the cells and allowed to set for 

approximately 30 minutes at room temperature, after which 1ml of complete 

medium was added to each dish. The dishes were incubated in a humidified 

chamber at 28°C for three to five days, or until the negative uninfected control 

cells became confluent.

The plaques were stained initially with 2% X-gal (5-bromo 4-chloro 3-indolyl-p- 

D-galactoside, Sigma, UK) in unsuplemented T C I00 medium and incubated 

at 280C for a minimum of three hours. The plates were then stained with 2ml 

neutral red per dish (0.025% w/v in sterile phosphate buffered solution (PBS), 

Sigma, UK) for a maximum of two hours at room temperature, the stain 

removed and plates placed in the dark for 24 hours at room temperature. The 

plaques were counted by microscopy and the viral titre of each virus stock 

calculated.

2.5.4. Indirect immunofluorescence assay for anti- gB, anti-Gag and anti- 
Env antibodies
This technique was used to detect antibodies to CMV gB and HIV Gag and 

Env in sequential serum samples from HIV-infected patients commencing 

HAART. Slides were prepared from recombinant baculovirus vectors 

expressing either gB, Gag or Env as described below. Sera were incubated 

with the prepared slide and the final end point dilution to give positive 

immunofluorescence was determined using an immunofluorescence 

microscope.

2.5.5. Slide preparation
SF21 cells were grown by standard protocols to 50% confluency and infected 

with either recombinant baculovirus expressing gB, Gag or Env or non

expressing wild-type baculovirus at a moi of 10. Each flask contained 

approximately 5x10® cells. The negative control flask consisted of uninfected 

SF21 cells. The viral inoculum was left to adhere to the cells at room 

temperature for one hour and then replaced with 10ml fresh complete TC-100
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medium. The viral cultures and negative control uninfected cells were 

incubated at 28°C for 48 hours to allow for expression of the proteins. The cell 

monolayers were gently removed; cells from the infected and non-infected 

cultures were harvested by centrifuging at 1000g for 5 minutes. Cells were 

washed with 10 ml PBS three times to remove any serum proteins and 

resuspended in 10 ml fresh sterile PBS. The cell count from each culture, 

resuspended in 1ml PBS, was determined using a haemocytometer. The cell 

concentration was adjusted to 2x10® cells /ml. 12 well poly-tetra-fluoro- 

ethylene coated slides (Hendley, UK) were divided into two sections 

consisting of the top row of six wells for the recombinant virus and the bottom 

row of five wells for the uninfected negative control wells and one well for the 

wild-type virus. 15pl of the cell suspensions were spotted onto each well and 

allowed to air dry for one hour at room temperature. The sides were fixed in 

ice-cold 100% acetone at -20°C for ten minutes and stored at -20°C until use.

2.5.6. Immunofluorescence assay for anti-gB antibodies

The immunofluorescence assay was performed on sera from patients as 

follows to determine the presence or absence of antibodies to gB. The sera 

were diluted in doubling dilutions in sterile PBS initially at a 1:30 dilution. 15pl 

of each dilution was spotted onto each well coated with the appropriate 

recombinant antigen (either gB or wild-type) as well as the corresponding 

uninfected well. A positive control well for each slide was also included and 

consisted of 15pl of a mouse monoclonal antibody (7-17) against gB (dilution 

factor 1:40). Slides were incubated at 37®C for 40 minutes in a humidified 

chamber and washed once with 1% bovine serum albumin (w/v. Sigma, UK) 

in PBS, followed by two washes in PBS alone. The secondary antibody, 

fluorescein isothiocyanate-conjugated (FITC) rabbit anti human IgG F(ab’)2 

conjugate, was diluted 1:40 in PBS. lOpI was spotted onto all wells, except for 

the positive controls where the secondary antibody was goat anti-mouse IgG 

F(ab’)2 FITC conjugate, was also diluted 1:40 in PBS. Slides were incubated 

for 40 minutes at 37®C in a humidified chamber, washed as described above 

and allowed to dry at room temperature in the dark for approximately 30 

minutes. Once dry, the slides were mounted with Citifluor (UKC, Canterbury)
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mounting fluid and sealed with a cover slip to preserve the fluorescence. 

Slides were visualised with a Zeiss immunofluorescence microscope, the end

point was scored as the final dilution at which positive fluorescence could be 

seen. Examples of positive and negative immunofluorescence assays for anti- 

HIV Env antibody are shown in Figure 2.1.
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Figure 2.1. Positive (top) and negative (bottom) examples of
immunofluorescence assay for anti-HIV Env antibody.
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2.6. Sequence analysis of CMV UL97

2.6.1. Amplification of CMV UL97

A nested PCR was performed to amplify CMV UL97 from whole blood 

samples positive for CMV gB by qualitative PCR. A reaction mixture for both 

rounds of amplification was prepared as follows:

lOpI 10 X PCR buffer

2pl MgCb (25mM)

3pl dNTP mixture (200pM each)

Ipl primer 1 (lOOng)

Ipl primer 2 (lOOng)

0.2pl Taq polymerase (5u/pl)

77.8pl SDW

95pl total volume

For the first round 5pl of target was added to each reaction. For the second 

round, the quantity of SDW was adjusted to bring the total volume of reaction 

mixture to 98pl, to which 2pl target product from the first round was added.

The primer sequences used for the reactions are given below.

First round:

5’ CAA C G I CAC GGT ACA TCG ACG TTT (UL97 A)

5' GCC ATG CTC GCC CAG GAG ACA GG (UL97 8)

Second round:

5' CAT CGA CAG CTA CCG ACG TGC (UL97 C)

5’ GTA GCT CAT TTG CGC CGC CAG (UL97 D)

The thermal cycling conditions for round 1 are shown in Table 2.2. For round 

2, stages 2.1, 2.2 and 2.3 were reduced to 45 seconds each.
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Table 2.2. Cycling conditions for nested CMV UL97 PCR

Stage Temperature (°C) Duration Number of 

Cycles

11 95 12 minutes

2.1 94 1 minute

29

2.2 60 1 minute

2.3 72 2 minutes

3 72 10 minutes 1

The resulting 568 bp amplicon was detected by 1.5% agarose gel 

electrophoresis in the presence of a PCR marker as described in section

2.3.6.

2.6.2. Purification of UL97 amplicons
UL97 amplicons were purified directly after PCR amplification using the 

Wizard *̂  ̂PCR Preps DNA purification system (Promega, UK) according to 

the manufacturer's instructions. Briefly, the DNA band of interest was excised, 

using a sterile scalpel, from a low melting point agarose gel containing 

lOmg/ml ethidium bromide. The gel slice was melted in a 1.5ml eppendorf 

tube at 70°C and added to 1ml of the supplied resin. The resulting resin / DNA 

mixture was added to a minicolumn, subjected to vacuum suction and washed 

with 80% isopropanol. Finally, the DNA was eluted in 50pl of SDW.
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2.6.3. Direct dideoxy sequencing of UL97

The purified UL97 DNA was directly sequenced via the dideoxy chain 

termination procedure using Sequinase Version 2.0 T7 DNA polymerase 

(United States Biochemical). Twenty microlitres (approximately 5pg) of DNA 

was added to a dénaturation solution consisting of 2.5pl 1M Na OH, 1pl EDTA 

(pH 8.0) in a total volume of 25pl made up with nuclease free water and 

incubated at room temperature for a minimum of five minutes. A spin dialysis 

column was prepared in a 0.5ml eppendorf tube by piercing the end of the 

tube with an 18-G syringe needle and adding 20pl glass beads. Five hundred 

microlitres of a mixture of two parts sepharose CL-6B (Sigma, UK) and one 

part TE buffer (10mM Tris-HCL, p8.0, 0.1 mM EDTA) was added to the glass 

beads. The 0.5ml eppendorf tube was placed inside a 1.5ml pierced 

eppendorf tube. Both tubes were placed inside a 15ml Falcon tube and 

centrifuged at 1500rpm for four minutes to compact the sepharose, following 

which the 1.5ml eppendorf tube was replaced with a second 1.5ml eppendorf 

tube and the denatured DNA added to the sepharose. The spin column was 

centrifuged as above and 8pl each of the eluted DNA was annealed to the 

sequencing primers, UL97 C and UL97 D, by the addition of 5pg of each 

primer and Ipl of 10 x TM buffer (lOOmM-Tris HCL, pH 8.0, lOOmM MgCb). 

This was incubated at 37°C for 15 minutes and slowly cooled to room 

temperature. A sequencing / labelling mixture of 2.5pl DTT (0.1m), 2pl 

nucleotide labelling mix (1.5pM each dCTP, dGTP, dTTP diluted 1/5 in SDW) 

0.5pl [a-^^S] dATP (5pCi, Amersham, UK), 2pl T7 Sequenase polymerase 

(3.25U) diluted 1/8 with enzyme dilution buffer (lOmM Tris-HCL, pH 7.5, 5mM 

DTT, 0.5mg/ml BSA) was added to the annealed DNA. The resulting mixture 

was incubated at room temperature for three minutes and then placed on ice. 

Termination of the reactions was performed by adding 3.5pl of the sequencing 

/ DNA mixture to 2.5pl of each of the termination dideoxynucleotides (ddGTP, 

ddATP, ddTTP, ddCTP) and incubating the resultant mixture at 37°C for five 

minutes. The reaction was stopped by adding 4pl of stop solution (95%(w/v) 

formamide, 20mM EDTA pH 8.0, 0.05% (w/v) bromophenol blue, 0.05% (w/v) 

xylene cyanol FF). The samples were subsequently incubated at 94°C for four 

minutes. Samples not analysed immediately were frozen at -20°C prior to
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polyacrylamide denaturing urea gel electrophoresis.

2.6.4. Analysis of DNA sequence by polyacrylamide urea gel 
electrophoresis

A 6% polyacrylamide wedged sequencing gel was prepared by dissolving 75g 

urea (molecular biology grade, Sigma, UK) in 22.5ml 40% polyacrylamide 

solution (38% acrylamide, 2% bisacrylamide, BDH), 15 ml filtered 10 x TBE 

and 52.5 ml SDW on a heated stirrer at 50°C for one hour, or until the urea 

had completely dissolved. The mixture was then chilled on ice for 20 minutes, 

after which 900pl of 10% (w/v) APS, BOpI TEMED were added and mixed 

thoroughly. The acrylamide mixture was poured between two 33 x 43 cm 

(5mm thick) glass plates (cleaned with 70% ethanol, Gibco), one of which had 

been siliconised with dichlorodimethlysilane (Sigma, UK), separated by a 

0.4mm plastic spacer (BRL). The gel was wedged at the bottom by the 

placement of two 20 x 0.4mm plastic spacers to allow enhanced reading of 

the distal DNA sequences. Two 24 well shark toothed combs (Sigma) were 

placed in the top of the gel before it had set and 1 x TBE was used to remove 

any unpolymerised acrylamide or any residual urea prior to loading. The gel 

was left to polymerise at room temperature for 30 minutes and pre-warmed by 

passing 40 volts in 1 x TBE buffer at for 30 minutes.

5pl of the sequencing reactions labelled “G”, “A”, “T”, “C” were loaded, in the 

order stated, into adjacent wells of the gel and subjected to electrophoresis at 

75W until the bromophenol dye was approximately three centimetres from the 

bottom of the gel. The remaining 5pl of each sequencing reaction was loaded 

into a different set of four adjacent wells as a second loading and run until the 

bromophenol dye was approximately three centimetres from the bottom of the 

gel. The plates were separated so that the gel remained attached to the non- 

siliconised plate. The plate and attached gel were soaked in 10% (v/v) glacial 

acetic acid (BDH) for 30 minutes. The gel was manually transferred to 

Whatman No.3 cartridge paper and vacuum dried at 80°C for approximately 

2.5 hours on an Atto dryer using an Aquavac pump. The dried gel was 

exposed to X-ray film (Hyperfilm MP, Amersham, UK) for between 24 hours
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and one week, depending on the activity date of the pC-̂ Ŝ] dATP used in the 

labelling reaction. The DNA sequence was then read directly from the 

autoradiograph over a light box and compared with the UL97 sequence of 

Ad 169 obtained from the EMBL database.

2.7. Plasma HIV RNA

Plasma HIV RNA levels were measured using the Roche Amplicor HIV-1 

Monitor Test kit (Roche Molecular Systems, USA), according to the 

manufacturer's instructions. The lower limit of detection was 400 copies/ml.

2.8. CD4 count

CD4 counts were measured by flow cytometry using the automated FACS 

Calibur system (Becton Dickinson).

2.9. Data analysis
2.9.1. Statistical methods
Comparisons of parameters such as CD4 counts and plasma HIV RNA levels 

between patient groups were performed using the Mann - Whitney U test or 

Fisher’s exact test as appropriate. All analyses were performed using the 

PHREG procedure in the statistical software package SAS (SAS Institute 

1992). All statistical tests were two-sided and a p-value < 0.05 was 

considered statistically significant.

For the analysis of data in Chapter 3, survival and time to first progression of 

retinitis were analysed using standard survival methods (Petrie and Sabin 

2000). Survival was considered from the date of first CMV diagnosis until the 

date of death. Progression of retinitis was considered from the date of CMV 

diagnosis until the date of first clinical progression requiring re-induction anti- 

CMV therapy. Survival and time to progression of CMV retinitis were 

illustrated using Kaplan-Meier methods. Differences in rates between
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subgroups were tested for significance using the log-rank test. Univariate and 

multivariable Cox proportional hazard models were used to quantify 

independent effects of a number of factors on survival and progression of 

retinitis. Age at diagnosis, CD4 count at diagnosis, date of diagnosis (before 

or after 1 January 1995), CMV status at diagnosis (symptomatic or 

asymptomatic) and the use of HAART before diagnosis were modelled as 

fixed covahates at baseline. The use of subsequent HAART was included as 

a time-updated covariate that took the value 0 before the date that the patient 

started to receive HAART and 1 thereafter. Those patients who had received 

HAART before CMV diagnosis therefore took the value 1 at all times. The 

impact of progressions of CMV disease on survival was also considered as a 

time-updated covariate whose value increased by one each time the patient 

experienced a progression of retinitis.

For the analysis of data in Chapter 8, event rates for new CMV event, new 

AIDS event and death were estimated using Kaplan-Meier methods. 

Differences between subgroups were tested for significance using the log- 

rank test. Cox proportional hazard regression models with time-updated 

covariates were used to quantify the independent effects of CMV viraemia, 

CD4 count and HIV load on disease progression and survival. Parameters, 

which did not change over time such as sex, HIV risk category, ethnicity, age 

and antiretroviral therapies at baseline were included as fixed covariates in 

the statistical models. Parameters that changed over time such as CMV PCR 

status, CD4 count and plasma HIV RNA were analysed as fixed and as time- 

updated covariates. Because of the strong correlation between the CD4 

count, plasma HIV RNA and changing HAART regimens, treatment use was 

only included in the model as a fixed covariate at baseline.

A stepwise selection procedure was used to identify the factors that were 

independently associated with disease progression. The relative hazards 

were calculated as following: CMV PCR status positive versus negative, male 

versus female, homosexual versus other HIV risk categories, Caucasian 

versus other ethnic groups, plasma HIV RNA for each logio increase, CD4
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count for each unit decrease in the square root of the value, and drug 

variables for each additional drug received.

2.9.2. Geometric mean titre

Antibody titre data were analysed after log transformation, whereby a titre of 

1/20 corresponds to 0, 1/40 =1, 1/80=2, 1/160=3 etc. The arithmetic mean of 

the log transformed data was calculated. The resultant mean titre was then 

back-transformed to obtain the geometric mean titre (GMT) for each data set.

2.9.3. Half-life of decline of CMV load

For the data presented in Chapter 5, the half-life of decline in viral infected 

cells was calculated from the rate of decline of CMV load following HAART. 

The log reduction in CMV load was plotted against time. It was assumed that 

CMV DNA levels after HAART decline according to an exponential function. 

Therefore, the slope of decline was used to calculate the rate of clearance of 

CMV from the blood. It was assumed that at the initiation of HAART there was 

a state of equilibrium whereby the rate of production of CMV was equal to the 

rate of clearance of virus and that the production of CMV was totally blocked 

following HAART. Thus, the slope of decline of CMV load was calculated 

using the equation;

y(t) = y(0) e'^

where y(0) = initial CMV load, y(t) = CMV load at time t and k = decay rate 

constant.

The half-life of decline in CMV load after HAART was then calculated 

according to the formula:

Ti/2 = -ln2/slope of decline

where T1/2 = half-life.

2.9.4. Estimation of efficacy of immune control of CMV replication

The slope of decline of CMV load is influenced by the efficacy of inhibition of 

viral replication (Emery and Griffiths 2000). Knowledge of the replication rate 

of CMV in vivo (approximately one day (Emery et al 1999c) was used to
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estimate the efficacy of the reconstituting immune system following HAART at 

inhibiting CMV replication. These approaches have been described 

extensively for antiviral drug therapy against CMV (Emery and Griffiths 2000). 

Computer simulated decline rates at different efficacies of viral inhibition by 

the immune system were produced. The experimental data sets for CMV load 

decline following HAART were subjected to linear regression. The linear 

regression line was superimposed onto the computer simulated decay plots 

and the efficacy of the immune system in inhibition of CMV replication 

determined by approximating the slopes of decline.

2.10. Clinical definitions
2.10.1. Stage of HIV infection and AIDS
Clinical classification of stage of HIV infection was defined according to the 

Centers for Disease Control (CDC) classification (Table 2.3) (Centers for 

Disease Control 1993).
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Table 2.3. Summary of CDC classification of HIV infection

Category A •Asymptomatic HIV infection
•Persistent generalized lymphadenopathy
•Acute (primary) HIV infection with accompanying illness or
history of acute HIV infection

Category B Symptomatic with conditions attributed to HIV infection or 
indicative of a defect in cell-mediated immunity. For example:

•Bacillary angiomatosis
•Candidiasis, oropharyngeal or vulvovaginal
•Cervical dysplasia (moderate or severe)/carcinoma in situ
•Constitutional symptoms, such as fever or diarrhoea > 1 month
•Hairy leukoplakia, oral
•Herpes zoster > 2 distinct episodes or > 1 dermatome 
•Idiopathic thrombocytopaenic purpura 
•Listeriosis
•Pelvic inflammatory disease, tubo-ovarian abscess 
•Peripheral neuropathy

Category C •Candidiasis of bronchi, trachea, or lungs 
•Candidiasis, oesophageal 
•Cervical cancer, invasive 
•Coccidiomycosis, disseminated or extrapulmonary 
•Cryptococcosis, extrapulmonary 
•Cryptosporidiosis, chronic intestinal (>1 month's duration) 
•Cytomegalovirus disease (other than liver, spleen, or nodes) 
•Cytomegalovirus retinitis (with loss of vision)
•Encephalopathy, HIV-related
•Herpes simplex: chronic ulcer(s) (> 1 month’s duration); or 
bronchitis, pneumonitis, or oesophagitis 
•Histoplasmosis, disseminated or extrapulmonary 
•Isosporiasis, chronic intestinal (>1 month’s duration)
•Kaposi’s sarcoma
•Lymphoma, Burkitt’s, immunoblastic or primary of brain 
•Mycobacterium avium complex or M. kansasii, disseminated or 
extrapulmonary
•Mycobacterium tuberculosis, any site
•Mycobacterium, other species or unidentified species,
disseminated or extrapulmonary
•Pneumocystis carinii pneumonia
•Pneumonia, recurrent
•Progressive multifocal leucoencephalopathy
•Salmonella septicaemia, recurrent
•Toxoplasmosis of brain
•Wasting syndrome due to HIV
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2.10.2. CMV retinitis

New episodes and progressions of CMV retinitis were diagnosed by an 

experienced ophthalmologist on indirect fundoscopy conducted through 

dilated pupils. The diagnosis of retinitis is clinical and is based on system of 

evaluation of three factors; development of new lesions, enlargement of pre

existing lesions, and change in retinal opacification of lesion borders (Holland 

et al 1989). The characteristic findings are variable amounts of retinal 

haemorrhage with patches of retinal whitening due to oedema and necrosis. 

Retinitis can be mapped to one of three demarcated areas of the retina 

(Holland et al 1989). The term retinitis progression applies to enlargement of a 

lesion of CMV retinitis by 750pm or more, and was initially introduced to allow 

comparison of the efficacy of drugs in clinical trials (Anonymous 1992).

Retinal photography was performed at each examination to allow comparison 

of lesions over time.

2.11. Study population
All of the patients included in the individual analyses in this thesis were recruited 

to a prospective cohort of patients at risk of CMV disease, which was 

established in order to study the natural history of CMV disease in the era of 

HAART. The prospective study was approved by the local ethical committee 

and all participants gave informed consent. An information sheet giving details 

of the study was available at all times in the HIV outpatient clinic and a contact 

number was given so that patients could discuss any queries. The cohort was 

established in 1997 and included all HIV-infected patients attending the RFH 

whose CD4 count had ever been 100 x10®/l or lower. These patients were 

initially identified from the RFH HIV database and cross-referenced with CD4 

count data provided by the Immunology Department at the RFH. The cohort was 

up-dated on a monthly basis by two methods. A list of new patients was 

obtained monthly from the HIV counselling department (each patient attending 

for the first time is initially reviewed by a counsellor). The records of new 

attenders were reviewed and individuals with a documented CD4 count of 100 

x10®/l or less were recruited to the cohort. In addition, a list of patients who had
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a CD4 count of 100 x10®/l or less measured in the previous month was obtained 

from the RFH immunology department. This was cross-referenced with the 

cohort list to identity those patients already attending the RFH whose CD4 count 

had fallen below 100 x10®/l for the first time. In addition, the cohort population 

was checked yearly against the data recorded on the RFH HIV database.

Once consent had been obtained, the patient's notes were marked to identify 

them as part of the prospective cohort. Each participant was screened for CMV 

DMA in whole blood by PCR on each subsequent occasion that they had blood 

taken for CD4 count or plasma HIV RNA. Patients who attended the 

ophthalmology clinic, either for assessment of previous or current CMV retinitis 

or following the detection of CMV viraemia, had blood sent for CMV PCR at 

each visit. In addition, CMV PCR was performed at any other time if clinically 

indicated. Consequently, the time between samples differed between individual 

patients. Results of the CMV PCR were returned to the patient notes in real time 

so that appropriate clinical action could be instigated. Individuals who became 

PCR positive were screened monthly for retinitis by the ophthalmologist as 

previously described. The PCR monitoring was continued even if the CD4 count 

increased above 100 x10®/l following HAART. All samples of extracted DMA 

obtained from the cohort were stored at -70°C following initial PCR analysis.

For the studies described in this thesis, subsets of patients were identified from 

the total cohort described above. A summary of the inclusion criteria for 

individual study cohorts and the numbers of patients included in each analysis is 

shown in Table 2.4. Further details of individual study populations are given in 

the relevant results chapters. A detailed analysis comparing the patients entered 

into the cohort with those eligible patients who declined consent is presented in 

Chapter 8.
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Table 2.4. Summary of patients included in individual analyses

Cohort Entry criteria Number of 

patients

Total cohort CD4 count ever <100 x10^/l 460

Chapter 3 Previous diagnosis of CMV 

retinitis

103

Chapter 4 Asymptomatic CMV viraemia at 

time of initiation of HAART, 

never received anti-CMV therapy

16

Chapter 5, Chapter 6 Asymptomatic CMV viraemia at 

time of initiation of HAART, 

never received anti-CMV therapy

11

Chapter 7 CMV retinitis diagnosed prior to 

the initiation of HAART, alive on 

31/1/01

11

Chapter 8 CD4 count ever <100 x10 /̂l, 

CMV PCR result available

389

126



Chapter 3.

Changes in the natural history of cytomegalovirus retinitis following the 

introduction of highly active antiretroviral therapy.
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3.1. Introduction
3.1.1. Natural history of CMV retinitis prior to the introduction of HAART

Until recently, CMV retinitis was the most important cause of visual impairment 

in persons infected with HIV. CMV retinitis was first reported as a complication 

of AIDS early in the epidemic and has been an AIDS-defining diagnosis since 

the first classification(Holland et al 1982). The development of CMV retinitis is 

associated with severe immunodeficiency, occurring when the CD4 count falls 

below 100 X 10®/l and is most common at a CD4 count of below 50 x 

10®/l(Pertel et al 1992). Prior to the introduction of HAART, up to 45% of HIV- 

infected patients developed CMV end-organ disease, predominantly retinitis 

(Gallant et al 1992; Hoover et al 1993). Indeed, the incidence of CMV retinitis 

had increased as patients lived longer due to the introduction of strategies such 

as prophylaxis for Pneumocystis carinii pneumonia (PCP) and AZT 

monotherapy retinitis (Gallant et al 1992; Hoover et al 1993). The first specific 

anti-CMV agent, GCV, was in use by 1984 and remains the first-line therapy for 

CMV disease (Jacobson 1997b).

CMV retinitis is characterized histologically by full-thickness retinal necrosis 

and oedema. This is apparent on fundoscopy as white, fluffy or granular 

lesions; these lesions are subsequently replaced by thin, atrophic scar tissue 

(Palestine et al 1984; Pepose et al 1985). Without antiviral therapy the lesions 

enlarge centrifugally. In one report, the median rate of progression of lesions 

towards the fovea was 24 pm per day in untreated patients and 11.5 pm per 

day in patients receiving GCV (Holland et al 1992). The portions of the retina 

destroyed by CMV do not regain their function. Vitreous and anterior chamber 

inflammation is often associated with CMV retinitis but, when present, is only 

mild and often asymptomatic. Macular involvement or exudation is rare and 

was associated with AIDS microvasculopathy (Palestine et al 1991) or active 

CMV retinitis involving the optic disc, macula or perimacular region (Gangan et 

al 1994).

CMV retinitis can cause blurring or loss of vision, scotomata, floaters or 

photopsia, depending on the site of the retinal lesion and whether retinal 

detachment has occurred. Lesions close to, or involving the fovea are
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particularly likely to cause serious visual impairment. In early reports, patients 

who survived longer than six months without CMV-specific therapy became 

severely visually impaired or blind (Jabs et al 1989; Palestine et al 1984). 

Although induction therapy initially halts retinal cell necrosis, life-long 

maintenance therapy is required to prevent further retinal necrosis, which 

occurs within two to six weeks of discontinuation of therapy (Jacobson et al 

1988). Unfortunately, despite long-term suppressive therapy, most patients do 

experience reactivation of CMV retinitis, resulting in further retinal necrosis. 

Reinduction regimens with the same drug or an alternative agent may then 

control viral replication, at least temporarily. Therefore, even with long-term 

treatment, there are often serious, progressive defects in vision. Retinal 

detachment, which occurs in approximately one quarter of patients treated with 

anti-CMV therapy, is a major cause of visual loss in patients with CMV retinitis 

(Freeman et al 1993). Although the retina can be surgically reattached, 

postoperative visual acuity is rarely as good as prior to detachment. Optic 

atrophy may occur as a consequence of prolonged retinal damage and may 

also compromise visual acuity. Prognosis following a diagnosis of CMV retinitis 

is poor and often characterised by relapsing retinal disease and progressive 

loss of vision.

Early diagnosis of retinitis may result in a better response to therapy and 

reduced loss of vision. As retinitis is often asymptomatic in the early stages, 

strategies for identifying disease early have been sought. On the basis of 

epidemiological data it has been recommended that all patients with serological 

evidence of previous CMV infection and CD4 counts less than 100 x 10®/l 

should have formal ophthalmological review every three to four months 

(Kuppermann et al 1993). CMV viraemia precedes disease so the detection of 

CMV viraemia identifies individuals at highest risk (Bowen et al 1997; Dodt et al 

1997; Gerard et al 1997; Hansen et al 1994; Rasmussen et al 1995; Reynes et 

al 1996; Shinkai et al 1997). The application of quantitative PCR techniques 

has shown that elevated CMV load increases the risk of CMV disease in 

congenital infection (Stagno et al 1975) and following liver (Cope et al 1997a), 

renal (Cope et al 1997b) and bone marrow (Gor et al 1998) transplantation.

The detection of CMV reactivation by PCR is also a strong predictor of disease
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in HIV-infected individuals risk (Bowen et al 1997; Dodt et al 1997; Shinkai et al

1997). CMV load is significantly higher in patients who develop disease and the 

risk of disease increases with increasing CMV load; high CMV load also 

correlates with decreased survival (Bowen et al 1997). Two large randomised 

controlled trials of CMV prophylaxis showed that CMV PCR positivity at 

baseline is a significant risk factor for CMV disease and is associated with an 

increased risk of death independent of CD4 count (Emery et ai 1999b; Spector 

et al 1998). In addition, CMV load has a stronger correlation with death than 

HIV load (Spector et al 1999). Therefore, regular screening of patients with a 

CD4 count below 100 x 10®/l by CMV PCR can identify those at highest risk of 

CMV disease and death. This allows for interventions to prevent development 

of disease or to optimise early diagnosis and treatment.

3.1.2. Natural history of CMV retinitis following the introduction of HAART
The above description of CMV retinitis applies to the era before the introduction 

of HAART. Following the widespread adoption of HAART it became apparent 

that the epidemiology and clinical features of CMV retinitis may be altered. 

However, the risk of developing CMV retinitis following HAART remained 

uncertain. There were reports of appearance or relapse of retinitis despite an 

apparently good response to HAART (Gilquin et al 1997; Jacobson et al 1997a; 

Mallolas et ai 1997) but also several reports of remission of disease following 

HAART in the absence of specific anti-CMV therapy (Reed et al 1997; Whitcup 

et al 1997). There were also reports of novel clinical features of CMV retinitis 

and other opportunistic infections (Ols) when they did occur in the context of 

HAART.

This chapter describes the results of a study undertaken to document changes 

in the natural history of CMV retinitis consequent to the introduction of HAART. 

A large cohort of patients diagnosed with CMV retinitis was studied and 

comparisons were made between those diagnosed before the availability of 

HAART and those diagnosed subsequently. Data were collected on a number 

of variables which facilitated assessment of the changes in the incidence of 

retinitis, complications of retinitis, risk of retinitis progression and survival after 

diagnosis of retinitis.
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3.2. Methods
3.2.1. Study population

The cohort studied consisted of all HIV-infected patients attending the Royal 

Free Hospital (RFH) who were diagnosed with CMV retinitis. The first case of 

CMV retinitis at the RFH was diagnosed in November 1990; all patients 

diagnosed between this date and January 1998 were identified from clinical 

records. Individuals with asymptomatic CMV viraemia or other CMV end organ 

disease without retinitis were excluded from the analysis.

3.2.2. Diagnosis of CMV retinitis and progression of retinitis

Initial and recurrent episodes of retinitis were diagnosed using standard clinical 

criteria as defined in Chapter 2. In patients who presented with visual 

symptoms, all diagnoses of CMV retinitis were confirmed by indirect 

fundoscopy conducted by an experienced ophthalmologist. As clinical 

awareness of CMV retinitis increased throughout the period of study, the 

screening of asymptomatic individuals for early retinitis was introduced. Initially 

this was conducted in individuals with low CD4 counts, progressive HIV 

disease or extra-ocular CMV disease. Routine screening for CMV viraemia by 

PCR was introduced to the clinic in 1997 after it had been shown that this 

identifies individuals at increased risk of CMV disease (Bowen et al 1997) 

Subsequently, all patients who had CMV viraemia detected by PCR were 

examined monthly by indirect fundoscopy conducted by the same 

ophthalmologist.

Following a diagnosis of retinitis, the ophthalmologist evaluated patients weekly 

whilst on induction anti-CMV therapy and monthly thereafter. The decision to 

change therapy, discontinue maintenance therapy or alter frequency of 

screening was made by the ophthalmologist in consultation with the HIV 

physician.
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3.2.3. Data collection

Clinical findings were obtained from case notes, the RFH HIV database and 

from laboratory records. The following data were recorded; sex, date of birth, 

date of initial diagnosis of retinitis, dates of subsequent episodes of 

progression, clinical features at presentation, anti-CMV therapy, complications 

of retinitis, CD4 counts, plasma HIV RNA (where available), receipt of HAART 

and date of death.

HAART was defined as a combination of at least three antiretroviral agents 

including a PI; there were no patients in this cohort receiving combination anti

retroviral therapy inclusive of a NNRTI or triple NRTI therapy. The date of 

introduction of HAART was defined as 1st January 1995; this being the earliest 

date that protease inhibitors became available as part of a trial protocol at the 

RFH although they did not become widely used until mid-1096. The most 

recent CD4 count prior to CMV diagnosis was used in all analyses. However, if 

this result was obtained more than six months before diagnosis it was 

considered missing. Data were analysed as described in Chapter 2.

3.3. Results
3.3.1. Study population

The cohort consists of 103 patients diagnosed with CMV retinitis between 1990 

and 1998. Two patients had left the UK before the end of the study period, 

leaving 101 patients for long-term study. Follow-up on these patients ranged 

from 0.04 to 3.62 years (median 0.69 years). Demographic and clinical details 

of these patients are summarised in Table 3.1. The cohort reflects the 

demographics of the clinic population at the time in being predominantly male 

patients in their mid-thirties.
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Table 3.1. Demographic details of patients included in study

Number %

Year of diagnosis 1990-1991 7 6.8

1992-1993 33 32.0

1994-1995 39 37.9

1996-1998 24 23.3

Sex Male 88 85.4

Female 15 14.6

Age at diagnosis Median (range) 37 (23-61)
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Date of first diagnosis of retinitis was available for 101 patients. There has been 

a steady decline in the incidence of CMV retinitis following the introduction of 

HAART despite the fact that the total number of patients attending this centre 

had increased yearly over this time. The decline in incidence is most marked 

after the middle of 1996 when HAART had become widely prescribed in the 

clinic (Figure 3.1).

94 95
Quarter

98

Figure 3.1. Quarterly Incidence of cytomegalovirus retinitis; October 1991 

to June 1998

134



3.3.2. Clinical features

Fifty-six patients had retinitis affecting only one eye; twenty-three (22.3%) in 

the left eye and thirty-three (32%) in the right eye. Retinitis affecting both 

eyes, either at the time of diagnosis or subsequently occurred in forty-three 

patients (41.7%). The diagnosis of retinitis was made in 58 patients (56.3%) 

after the development of visual symptoms. This was most commonly the 

development of blurred vision or loss of visual field in 36.9%. In addition, 

floaters or photopsia in the visual field was the presenting complaint in 19.4% 

(Table 3.2). Thirty-five (34%) patients were asymptomatic at the time of 

diagnosis of retinitis. These patients underwent ophthalmological examination 

because of a low CD4 count or because of symptomatic HIV disease in 

twenty-one cases (20.4%). Four patients (3.9%) had asymptomatic retinitis 

diagnosed following the diagnosis of extra-ocular CMV disease. Routine 

screening of patients with a CD4 count of 100 x 10® cells/I or less for CMV 

viraemia by PCR was introduced to this cohort in 1997. Patients with CMV 

viraemia detected by PCR underwent ophthalmological screening for retinitis 

on a monthly basis. Following the introduction of this screening protocol, ten 

patients (9.7%) with asymptomatic retinitis were diagnosed after they became 

CMV viraemic. There were no data recorded on reason for diagnosis of 

retinitis in ten cases (9.7%).

CD4 counts in the six months prior to diagnosis were available for 96 (93.2%) 

of the patients; CD4 counts at the time of diagnosis were low with a median 

count of 10 X 10® cells/I (range 0 -  150 x 10® cells/I). There was no evidence 

that CD4 counts at the time of diagnosis were changing over time (p=0.31 for 

comparison of CD4 counts of diagnoses made before January 1995 and after 

January 1995).
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Table 3.2. Clinical features of retinitis and reason for diagnosis

Number %

Eye affected Left 23 22.3

Right 33 32.0

Both 43 41.7

Not recorded 4 3.9

Reason for 
detection of 
retinitis

Symptomatic 58 56.3

Reduced vision 38 36.9

Floaters/photopsia 20 19.4

Asymptomatic 35 34.0

Low CD4 count 21 20.4

PCR screening 10 9.7

Extra ocular CMV 4 3.9

Not recorded 10 9.7
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3.3.3. Antiviral therapies received

Almost all patients received GCV (100 patients, 97.1%). In addition, 33 

patients (32.0%) received treatment with FOS and ten (9.7%) received 

treatment with CDV. These treatments include both induction and 

maintenance therapies for CMV retinitis and comprise intravenous medication, 

0  GCV and intra-vitreal injection or implantation of drug. Twenty-one patients 

(20.4%) received HAART ; six of these patients had started HAART before 

their diagnosis of retinitis (from 11 days to 2.97 years before diagnosis of 

CMV retinitis). The remaining patients started HAART between three days 

and 2.14 years after diagnosis of retinitis.

3.3.4. Survival

Over the study period 87 of the patients died, a Kaplan-Meier rate of 90.0% by 

3.62 years (Figure 3.2). The median survival time was 0.76 years. Patients 

diagnosed since 1995 had a longer median survival time of 1.07 years 

compared to those diagnosed before 1995, in whom the median survival was 

0.65 years (p=0.004 log-rank test. Figure 3.3).
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Figure 3.3. Yearly death rate following first diagnosis of CMV retinitis 

stratified by year of diagnosis
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Univariate Cox regression analyses showed that individuals diagnosed after 

1st January 1995 had a relative hazard (RH) of death of 0.52 and therefore a 

48% reduction in the likelihood of death compared to those diagnosed before 

this date (p=0.004) (Table 3.3). In addition, the receipt of HAART was 

associated with a 61% reduction in the hazard of death (p=0.009). Each 

additional progression of CMV disease necessitating reinduction with GCV 

was associated with a 23% increase in the hazard of death (p=0.03). Neither 

age nor CD4 count at diagnosis were associated with survival in univariate 

analyses. In multivariate analyses treatment with HAART remained 

independently associated with an improved survival (p=0.02) (Table 3.3). After 

adjusting for all other factors, patients who had commenced HAART before 

their CMV diagnosis had an increased hazard of death (p=0.08). However, 

year of diagnosis was no longer significantly associated with survival (p=0.52). 

Increased age at diagnosis was associated with a worse prognosis (p=0.04). 

Being symptomatic at diagnosis was associated with a reduction in the hazard 

of death although this was marginally non-significant (p=0.06). Neither the 

number of progressions of CMV retinitis nor the CD4 count at the time of 

diagnosis remained significant after adjusting for the other factors in the 

model.

3.3.5. Progression of retinitis

Over the follow-up period, 66 patients experienced a progression of their CMV 

retinitis, a Kaplan Meier progression rate of 84.0% by 2.79 years after initial 

diagnosis (Figure 3.4). In these patients the number of progressions ranged 

from one to eight (median two progressions). The median time to first 

progression was 0.31 years. In univariate Cox regression analysis none of the 

factors, including the use of HAART, was associated with time to progression 

(Table 3.3). Consequently, no multivariate analyses were performed.

However, no progressions of retinitis occurred in patients who had received 

more than six months of HAART.
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Table 3.3. Factors associated with survival and time to first CMV progression in univariate analyses

Relative
Hazard

Death 

95% Cl p-value

CMV progression 

Relative Hazard 95% Cl p-value

Diagnosis after Jan 1995 0.52 0.33 -  0.82 0.004 0.97 0 .59-1 .58 0.90

HAART during follow-up 0.39 0.19-0 .79 0.009 101 0.50 -  2.05 0.98

Prior HAART 0.95 0.35 -  2.59 0.92 1.09 0.39 -  3.00 0.87

CMV progression 1.23 1.02-1.47 0.03 - - -

CD4 count at diagnosis (per 10 

cells)
0.97 0 .89-1 .06 0.48 1.07 0 .99-1 .16 0.10

Age at diagnosis (per 5 years) 1.07 0.93-1 .23 0.38 0.92 0 .78-1 .08 0.29

Symptomatic CMV retinitis at 
diagnosis

0.65 0 .41-1 .03 0.07 1.42 0 .82-2 .46 0.21
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3.3.6. Complications of retinitis

Information on complications was available for 100 (97.1%) patients. Thirty- 

nine patients experienced a total of 46 complications of retinitis. The most 

common complication recorded was retinal detachment, which occurred in 19 

patients, seven in left eye only, ten in right eye only and two bilaterally. Other 

relatively common complications were uveitis which occurred in 11 patients 

and optic atrophy in seven patients.

Eight of the 39 patients who had documented complications experienced 

inflammatory complications of retinitis (Table 3.4). Vitritis, defined as 

inflammation of the posterior segment of the eye, was documented in five 

patients. Cystoid macular oedema (CMC), swelling of the macula caused by 

the development of fluid-filled spaces in the sensory retina, occurred in four 

patients (one patient experienced both complications). Other causes of intra

ocular inflammation such as tuberculosis, syphilis, toxoplasmosis, lymphoma 

and drug reactions were excluded. All of the patients who experienced 

inflammatory complications had inactive retinitis and were receiving HAART at 

the time of diagnosis of the complication. No inflammatory complications 

occurred in patients not receiving HAART (p<0.00001). There was no 

association between the development of vitritis or CMO and prior or current 

receipt of any particular anti-CMV agent. All patients in this cohort were still 

receiving maintenance therapy for CMV at the time of development of the 

inflammatory complication. None of the patients with unilateral retinitis 

experienced inflammation in the contralateral eye. None of the affected 

individuals experienced progression of CMV retinitis subsequent to the 

development of inflammatory complications.
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Table 3.4. Patients experiencing inflammatory complications of retinitis

Patient First diagnosis 

of retinitis

First receipt of 

HAART

First diagnosis of 

vitritis

First diagnosis of 

CMO

Anti-CMV therapy 

received

Maintenance therapy at 

time of complication

1 Nov 95 April 96 July 96 - GCV, FOS Yes

2 May 96 Sept 96 - March 97 GCV, FOS, CDV Yes

3 June 96 Aug 96 - March 97 GCV, FOS Yes

4 Sept 96 March 96 Nov 96 Jan 98 GCV, FOS Yes

5 Nov 96 April 97 - Sept 97 GCV, FOS, CDV Yes

6 Feb 97 April 97 July 97 - GCV, FOS, CDV Yes

7 March 97 April 97 July 97 GCV, FOS Yes

8 May 97 March 97 July 97 - GCV, FOS Yes
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Vitritis was diagnosed a median of 105 days (range 91 to 237 days) after 

starting HAART. At the time of starting HAART, CD4 counts ranged from 0 to 

100 X 10®/l (median 5 x 10®/l). At the time of development of vitritis CD4 

counts had increased in four patients (increases of 29, 35, 97 and 120 x 10®/!) 

and decreased in one patient (decrease of 90 x 10®/!). CMO was diagnosed 

162,193, 231 and 651 days after starting HAART. CD4 counts were available 

for three of these patients. Prior to HAART CD4 counts were 3, 10 and 100 x 

10®/!; at the time of diagnosis of CMO counts had increased in two patients 

(by 113 and 197 x 10®/!) and decreased in one (by 46 x 10®/!). There were no 

significant differences in maximum CD4 count achieved in the first twelve 

months after HAART between patients who developed inflammatory 

complications (CD4 range 51-503 x 10®/!, median 197 x 10®/!) and those who 

did not (CD4 range 8-330 x 10®/!, median 142 x 10®/!). Plasma HIV RNA levels 

were available for six of eight patients at the time of first diagnosis of vitritis or 

CMO. In five of these patients the HIV RNA was undetectable (<400 

copies/ml) at the time of development of the inflammatory complication and 

was >750,000 copies/ml in the sixth.

3.4. Discussion
The aim of this study was to determine the impact of HAART on the natural 

history of CMV retinitis in a large cohort. The results presented in this chapter 

show that the incidence of CMV retinitis in this population has declined 

dramatically since the introduction of HAART. These results are consistent 

with those reported by other groups who have also documented a significant 

decrease in the incidence of CMV retinitis after HAART (Bari! et al 2000; Jabs 

et al 1997; Jacobson et al 1998; Jacobson et al 2000; Palella, Jr. et al 1998). 

In addition, there are now a large number of reports of decreased incidence of 

other Ois following HAART including Kaposi's sarcoma (Blum et al 1997; 

Conant et al 1997; Murphy et al 1997; Parra et al 1998), progressive 

multifocal leucoencephalopathy (Elliot et al 1997; Power et al 1997), 

candidiasis (Hood et al 1998; Valdez et al 1998; Zingman 1996), molluscum
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contagiosum (Hicks et al 1997; Hurni et al 1997) and chronic parasitic 

diarrhoea (Carr et al 1998a; Foudraine et al 1998).

The majority of recent new cases of retinitis at the RFH have occurred in 

individuals presenting with untreated HIV infection, either because of 

undiagnosed infection or because treatment had been declined by the patient. 

This is confirmed by the finding of this study that there has been no significant 

change in the CD4 count at the time of first diagnosis of retinitis over time.

This contrasts with the earlier suggestion made by several groups that retinitis 

can still occur at unusually high CD4 counts after HAART (Gilquin et al 1997; 

Jacobson et al 1997a; Mallolas et al 1997). The observations in these papers 

were made in the early stages of usage of HAART. The majority of the 

patients described had not had baseline ophthalmological examination to 

exclude asymptomatic retinitis prior to commencing HAART. As most of these 

cases occurred very soon after the initiation of HAART, it is probable that they 

represent undiagnosed disease at baseline. It can be concluded therefore that 

an increased CD4 count following HAART is protective against the 

development of retinitis even in patients previously at high risk. The protective 

effect of HAART on CMV disease may be explained by the recently described 

reconstitution of T-lymphocyte responses to a variety of pathogens, including 

CMV, following HAART (Autran et al 1997; Komanduri et al 1998; Li et al

1998).

Survival following a diagnosis of retinitis improved significantly from a median 

of 0.65 years to 0.76 years following the introduction of HAART. In this cohort 

the maximum survival time following CMV retinitis and HAART was 3.6 years 

which contrasts with the poor survival rates seen in the pre-HAART era.

These results of this study suggest that the reduced risk of death is 

predominantly due to the introduction of HAART. The multivariate analysis 

controls for other factors known to influence survival, such as year of 

diagnosis and CD4 count; only receipt of HAART and age at diagnosis 

remained significant factors. Other groups have subsequently reported similar 

findings of increased survival times following CMV and HAART (Doan et al 

1999; Mitchell et al 1999; Verbraak et al 1999; Walsh et al 1998). Although
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patients who commenced HAART after a diagnosis of retinitis did experience 

progression of disease, no progressions were seen after HAART had been 

taken for more than six months. In patients who experienced progression of 

retinitis, the receipt of HAART did not influence the time to progression. This 

suggests that there may be a delay in the functional reconstitution of immune 

responses to CMV following HAART. However, after six months of HAART the 

absence of progressions of retinitis suggests that successful HAART is 

ultimately protective against relapse of retinitis. These results are important 

when considering discontinuation of maintenance therapy for retinitis in 

patients responsive to HAART.

The previously uncommon complications of vitritis and CMO only occurred in 

association with the use of HAART in this cohort. These newer manifestations 

of CMV retinitis are important as they can cause considerable loss of visual 

acuity in the absence of active retinitis (Karavellas et al 2000; Silverstein et al 

1998). Complications which threaten vision such as proliferative 

vitreoretinopathy, posterior subcapsular cataracts, and severe postoperative 

inflammation may occur months to years after the onset of inflammation 

(Karavellas et al 2000). It had previously been suggested that these 

inflammatory complications may be secondary to a direct drug effect. 

Intraocular inflammation has been described as a side effect of CDV (Ambati 

et al 1999; Anonymous 2000; Chavez-de la Paz et al 1997; Taskintuna et al 

1997). A case of possible AZT induced CMO (Lalonde et al 1991) and a case 

of IDV-induced uveitis (Gariano et al 1997) have also been described. In the 

present chapter however, there was no association between the development 

of these complications and the prior or current receipt of particular drugs. The 

same finding has subsequently been reported from a later study (Karavellas et 

al 1999). All of the patients in this cohort who developed inflammatory 

complications did so whilst still receiving maintenance therapy. This finding 

contradicts the hypothesis that the risk of inflammatory complications is 

increased following the discontinuation of therapy for CMV.

The precise pathogenesis of these inflammatory complications is poorly 

defined. However, currently available anti-CMV drugs are unable to eradicate
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CMV from the body and replicative intermediates containing CMV DNA can be 

demonstrated in infected retinal glial cells after treatment (Burd et al 1996). It 

is probable that these inflammatory complications appear as the regenerating 

immune system becomes able to mount a response to these persistent 

antigens, an effect not possible when the individual is severely 

immunocompromised prior to HAART. This explains why inflammatory 

complications were only seen in eyes previously affected by retinitis. A similar 

phenomenon has been documented in immunocompromised patients without 

HIV infection who develop CMV or toxoplasma retinitis where clinical 

manifestations of retinitis altered as the degree of immunosuppression was 

modified (Coskuncan et al 1994; Maguire et al 1996). One patient in our 

series developed vitritis and CMO despite a fall in the total CD4 count and 

there was no difference in maximum CD4 counts attained from those without 

inflammatory complications, suggesting that patients at risk may not be 

identifiable simply by considering the CD4 count. Patients who develop vitritis 

have enhanced proliferative responses to antigen in vitro compared to 

controls (Torriani et al 1998). In the cohort described in this chapter the 

development of inflammatory complications was not universal. There were no 

other features to distinguish those patients who developed these 

complications from those who did not. The reasons for this remain uncertain 

although it may reflect differential immune responses to CMV between 

individuals. It has previously been suggested that the heterogeneity in 

individual responses to CMV may be related to the predisposition to CMV 

retinitis (Schrier et al 1995). A similar phenomenon may be responsible for the 

individual differences in susceptibility to the development of intra-ocular 

inflammation.

Paradoxical inflammatory complications attributed to immune reconstitution 

have also been described in other Ols including Mycobacterium avium 

complex infection (MAC) (Foudraine et al 1999; Race et al 1998), 

Mycobacterium xenop/infection (Foudraine etal 1999) and laryngeal Kaposi’s 

sarcoma (Weir et al 1997) following HAART. Patients with previously 

undiagnosed mycobacterial infection developed lymphadenitis, fever and 

leucocytosis within three weeks of initiation of HAART. None of these patients
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had received prophylaxis for MAC. Foudraine described an increase in 

mycobacteria-specific lymphoproliferative responses concurrent with the 

development of focal lymphadenitis in patients with undiagnosed 

mycobacterial infections. The patients described in these series responded 

well to anti-tuberculous treatment but in some cases, had to temporarily 

discontinue HAART. Réintroduction or continuation of HAART was 

subsequently associated with clearance of infection with no relapses. These 

inflammatory complications secondary to improved immune function after 

HAART have been collectively termed Immune Reconstitution Inflammatory 

Syndrome.

Currently, the optimal management of vitritis and CMO remains uncertain. The 

use of corticosteroids in the setting of asymptomatic retinitis is problematic as 

this may result in reactivation of CMV (Nelson et al 1993). However, some 

authors have described the use of oral or ocular corticosteroids without 

recurrence of CMV retinitis (Karavellas et al 1998) Alternative therapies such 

as oral acetazolamide and topical non-steroidal agents are of limited 

effectiveness (Cassoux et al 1999; Silverstein et al 1998). However, recovery 

may occur in the absence of anti-inflammatory therapy which suggests that 

these complications may be transient phenomena (Zegans et al 1998). 

Therefore, anti-CMV treatment has been suggested as a better therapeutic 

strategy in these cases (Karavellas et al 1998).

In conclusion, the results presented in this chapter document the changes that 

have occured in the natural history of CMV retinitis since the introduction of 

HAART. The incidence of CMV retinitis has decreased dramatically so that 

new cases are now predominantly diagnosed in patients with undiagnosed or 

untreated HIV infection. These results show that an increased CD4 count 

following HAART protects against the development of CMV retinitis. In 

addition, the previously short survival time after CMV retinitis has been 

markedly improved by HAART and the risk of relapse of retinal disease in 

significantly reduced once the patient has been established on HAART for 

more than six months. Previously unusual inflammatory complications of 

retinitis were observed in association with HAART; these are most likely to be
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secondary to the reconstitution of the immune system. Thus, it is important to 

be aware that specific immune responses may not always be beneficial. This 

cohort did not however contain any patients receiving a HAART regimen 

inclusive of an NNRTI; this is because these drugs came into use later than 

Pis. There are therefore no data on the effect of NNRTI-containing HAART 

regimens on CMV disease. Finally, it remains unknown how long the 

beneficial effect of HAART on both the development of retinitis and risk of 

progression after previous disease may be sustained. It is probable that the 

natural history of CMV disease will continue to evolve so further monitoring is 

required to document these changes.
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Chapter 4.

Effect of highly active antiretroviral therapy on cytomegalovirus viraemia 

as detected by polymerase chain reaction in the absence of specific anti

cytomegalovirus therapy
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4.1. Introduction

Following the widespread introduction of HAART in the United States and Europe, 

reports began to emerge describing both decreased death rate from AIDS (Hogg 

et al 1997) and the incidence of Ols (Anonymous 1997a). In addition, there were 

emergent descriptions of resolution of or improvement in a variety of conditions 

mediated by infectious agents following the receipt of HAART. For example, there 

have been descriptions of remission of progressive multifocal 

leucoencephalopathy (Domingo et al 1997; Elliot et al 1997), Kaposi’s sarcoma 

(Blum et al 1997; Conant et al 1997; Murphy et al 1997), microsporidiosis (Carr et 

al 1998a; Goguel et al 1997), cryptosporidiosis (Garret al 1998a), molluscum 

contagiosum (Hicks et al 1997; Humi et al 1997) and candidiasis (Zingman 1996). 

As described in Chapter 3, there was a sharp decline in incidence of CMV retinitis 

at the RFH following the introduction of HAART and survival following diagnosis 

was markedly increased. At the same time, similar findings were reported from 

other HIV treatment centres (Jabs and Bartlett 1997; Walsh et al 1998). However, 

at this stage the pathological mechanisms responsible for this dramatically 

improved situation were undefined.

Given that treatment options for CMV are limited and that there is significant 

toxicity associated with treatment, there has been much work devoted to the early 

detection of patients at risk of CMV disease. It is well established that 

dissemination of CMV in the blood is an important factor in the pathogenesis of 

disease in both primary infection and reactivation (Boeckh and Boivin 1998). 

Evidence that CMV dissemination in blood is a significant risk factor for the 

progression from infection to disease comes from earlier studies in allogenic bone 

marrow transplant recipients which showed that viraemia was highly predictive for 

development of CMV disease (Enright et al 1993; Meyers et al 1990; Schmidt et al 

1991 ; Webster et al 1993). The same finding has been demonstrated in solid 

organ transplant recipients (Patel et al 1994; Pillay et al 1993b). In the transplant 

setting, the detection of CMV viraemia by PCR has been shown to be sensitive
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and specific for the development of CMV disease and is superior to conventional 

cell culture and DEAFF techniques (Fox et al 1995a; Kidd et al 1993; Patel et al

1995). The observation that viraemia precedes end-organ CMV has allowed the 

development of successful pre-emptive treatment strategies in transplant 

recipients (Einsele et al 1995).

Following the emergence of CMV disease as a major concern in the HIV-infected 

population, these principles were re-applied. In this group of patients, it was 

subsequently demonstrated that CMV viraemia as detected by PCR or pp65 

antigenaemia precedes disease by up to 12 months and that CMV load is higher 

in patients with CMV disease (Bowen et al 1997; Dodt et al 1997; Gerard et al 

1997; Hansen et al 1997; Rasmussen et al 1995; Reynes et al 1996; Shinkai et al 

1997). In addition, increasing CMV load further increases the risk of CMV disease 

(Bowen et al 1997; Emery et al 1999b; Spector et al 1998). Similar to studies in 

transplant patients, short episodes of low grade viraemia are seen early in the 

initial stages of asymptomatic CMV infection. In the absence of pre-emptive 

treatment, CMV load continues to rise and retinitis tends to occur at a threshold 

level of above 10̂  to 10® copies/ml. A viral load study of an individual who declined 

anti-CMV and anti-HIV therapy showed that CMV load increased prior to the 

diagnosis of unilateral retinitis and continued to increase as disease progressed to 

bilateral retinitis, CMV encephalitis and adrenalitis, culminating in death (Bowen et 

al 1995). PCR techniques have become well established for the early detection of 

CMV viraemia. PCR is more commonly used as it is more sensitive than pp65 

antigenaemia at low viral loads (Bowen et al 1996). The ability to select individuals 

at high risk of CMV disease in this manner created interest in the concept of pre

emptive therapy for these patients. It has subsequently been shown that oGCV 

and VGCV can reduce CMV load in patients with asymptomatic CMV viraemia 

(Emery et al 1999b; Grzywacz et al 1999; Spector et al 1998). However, the need 

for such strategies has reduced since the introduction of HAART.
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PCR can also be used to monitor response following anti-CMV therapy. Most 

patients become PCR negative for CMV after induction therapy with GCV (Bowen 

et al 1996). Individuals with a high CMV load at initiation of therapy are less likely 

to become PCR negative and have a shorter time to first progression of retinitis. In 

patients receiving maintenance GCV therapy for retinitis, recurrence of CMV 

viraemia is associated with new episodes of disease (Bowen et al 1998). In the 

absence of specific anti-CMV therapy, CMV load viral load may fluctuate with time 

(Bowen et al 1997) but prior to the introduction of HAART there were no reported 

cases of resolution of CMV viraemia without the use of specific anti-CMV therapy. 

In response to the results discussed above, a trial of pre-emptive GCV therapy in 

patients with asymptomatic CMV viraemia was commenced at the RFH in late 

1996 (Grzywacz et al 1999). However, it became increasingly difficult to recruit 

patients for this trial as time progressed. As this coincided with both the increased 

use of HAART and a sharply declining incidence of CMV disease, it was 

hypothesised that these observations were linked. It seemed that HAART had a 

protective effect against the development of CMV disease even in those 

individuals at increased risk because of CMV viraemia. This chapter therefore 

describes the results of a study undertaken to further investigate this. To 

determine whether HAART reduced CMV viraemia or decreased the risk of CMV 

disease associated with CMV viraemia, a cohort of patients with asymptomatic 

CMV viraemia at the time of first receipt of a HAART was studied. Sequential 

measurements of CMV load were taken before and after HAART and patients 

were monitored carefully for the development of CMV disease.

4.2. Methods

4.2.1. Study population

The study cohort was identified from the prospective cohort described in Chapter 

2. All patients who had attended prior to February 1998 and had CMV viraemia 

detected before receiving HAART were identified. Individuals who had previously
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received treatment for CMV disease were excluded from the analysis, as were 

those who had received oGCV whilst participating in the pre-emptive therapy trial 

(Grzywacz et al 1999). Patients were included if at least one sample prior to 

HAART and one following HAART were available for analysis.

4.2.2. Measurements

Whole blood and plasma samples were collected at each clinic attendance. 

Qualitative PCR for CMV was performed on DMA extracted from whole blood and 

positive samples were quantified using QCPCR as described in Chapter 2. CD4 

count and HIV viral load results were measured as previously described. The 

following clinical data were recorded: sex, age, HIV exposure category, previous 

AIDS-defining diagnoses, antiretroviral therapy received immediately prior to 

HAART, HAART regimen, most recent CD4 count prior to HAART and maximum 

CD4 count after HAART, most recent plasma HIV RNA prior to HAART and 

minimum plasma HIV RNA after HAART. Time 0 was defined as the time of first 

receipt of HAART as previously defined, either as a novel antiretroviral 

combination or following the addition of a PI to an existing NRTI combination. 

Follow-up was defined as the interval from time 0 to the last date of CMV 

screening whilst the patient remained on HAART.

4.2.3. Clinical examination

Ophthalmological examination to exclude retinitis was conducted at the time of first 

positive CMV PCR result. All study participants were subsequently examined 

monthly by indirect fundoscopy performed by the ophthalmologist to exclude 

retinal disease. In addition, each patient underwent general medical 

assessment in the HIV outpatient clinic on a regular basis. It was planned to 

withdraw patients if they developed retinitis or extra-ocular CMV disease so 

that appropriate treatment with anti-CMV agents could be commenced.
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4.3. Results

4.3.1. Study population

Sixteen patients were identified who had asymptomatic CMV viraemia at or before 

the time of starting HAART. The baseline demographic data are summarized in 

Table 4.1. These patients were predominantly homosexual males, reflecting the 

RFH clinic demographics. The median age at time of first positive CMV PCR was 

37.5 years (range 28 -  58 years). The cohort comprised patients with advanced 

HIV infection; 13 patients had at least one AIDS defining diagnosis at the time of 

entry into the study.

4.3.2. Antiretroviral therapy

Prior exposure to NRTI antiretrovirals was common in this cohort; only three 

patients were antiretroviral naïve. Three patients were receiving NRTI 

monotherapy with either AZT or d4T. Nine patients were receiving dual NRTI 

combinations and one was receiving three NRTIs. Initial HAART regimens were 

variable but included a PI in all cases. The most commonly prescribed NRTI 

combination was d4T and 3TC, received by 13 patients. Two patients received 

AZT and 3TC. In most cases, one or more PI was added to a NRTI combination 

that included at least one new drug; five patients switched both NRTIs and four 

switched one. One patient, who had extensive antiretroviral drug experience and 

was receiving three NRTIs at study entry, commenced HAART with a combination 

of one NRTI and two Pis. Two patients had a PI added to their pre-existing NRTI 

combination. The most commonly used PI was RTV which was received by seven 

patients followed by SQV and IDV in four patients each and NFV in two patients.
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Table 4.1. Baseline demographic data at time of first receipt of HAART

Patient Sex Age

HiV Exposure 

category

Previous AIDS- 

defining illness

Previous antiretroviral 

therapy
HAART regimen

1 M 38 Homosexual PCP None d4T, 3TC, SQV

2 M 38 IDU 0 0 AZT, DDC d4T, 3TC, RTV

3 M 44 Homosexual None None AZT, 3TC, RTV

4 M 36 Heterosexual POP, CM, MAI d4T, 3TC d4T, 3TC, SQV

5 F 29 Heterosexual CT d4T, DPI d4T, 3TC, RTV

6 M 37 Homosexual PCP AZT, DDC d4T, 3TC, IDV

7 M 38 Homosexual PCP None d4T, 3TC, NFV
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8 M 58 Homosexual PCP, MAI AZT, DDC d4T, 3TC, NFV

9 M 28 IDU CT, MTB AZT d4T, 3TC, RTV

10 M 33 Homosexual PCP d4T d4T, 3TC, RTV

11 F 33 IDU None AZT d4T, 3TC, IDV

12 M 32 Homosexual DC AZT, 3TC d4T, 3TC, SQV

13 M 46 Homosexual None AZT, 3TC, d4T d4T, SQV, RTV

14 M 44 Homosexual MTB, DC, CT d4T, 3TC AZT, 3TC, IDV

15 M 39 Homosexual PCP, MAI AZT, DDC d4T, 3TC, IDV

16 M 34 Homosexual PCP, MAI d4T, 3TC d4T, 3TC, RTV

o c  = oesophageal Candida, CM = cryptococcal meningitis, CT = cerebral toxoplasmosis

160



4.3.3. CD4 count

The patients in this cohort were severely immunocompromised at baseline with a 

median CD4 count of 20 x 10®/l (range 0 -  213 x 10®/l, Table 4.2). All patients 

responded to HAART with an increase in CD4 count. The range of maximum CD4 

counts achieved after HAART was wide (31 -  627 x 10®/l) with a median of 217 x 

10®/l. Most patients had a satisfactory response to HAART in terms of CD4 count 

increase. The median CD4 count increase after HAART was 212 x 10®/l (range 15 

- 5 4 4 x 1 0 %
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Table 4.2. Changes in CD4 count following HAART

Patient CD4 count (x 10̂ /1)

Before HAART Maximum after HAART

1 213 351

2 20 145

3 147 417

4 10 173

5 0 193

6 10 413

7 38 172

8 22 174

9 16 31

10 74 406

11 18 153

12 20 225

13 127 346

14 10 218

15 80 272

16 10 210
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4.3.4. Plasma HIV RNA

At the time of entry to the study, ten patients had samples available for 

quantification of plasma HIV load. The remaining six patients did not have plasma 

HIV measurement as they entered the study before HIV load testing was generally 

available. The pre-HAART plasma HIV RNA loads were high despite the use of 

NRTIs in most of the patients. The median pre-HAART plasma HIV RNA was 5.8 x 

10® copies/ml (range 1.1- >7.5 x 10® copies/ml). All 10 patients where HIV viral 

load was measured before and after HAART responded with decreased levels of 

HIV replication (Table 4.3). Eleven patients had undetectable plasma HIV RNA on 

at least one occasion during follow-up. Four of five patients whose plasma HIV 

RNA did not become undetectable had a baseline result and, in all four there was 

a reduction in plasma HIV RNA following HAART. Since five of the six patients in 

whom baseline levels were not measured also had undetectable HIV RNA after 

HAART, all 16 patients probably responded to HAART by reducing HIV viral load.
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Table 4.3. Changes in plasma HIV RNA after HAART

Patient Plasma HIV RNA (coples/ml)

Before HAART Nadir post-HAART

1 Mot tested <400

2 >7.5x10® <400

3 Not tested <400

4 Not tested <400

5 Not tested <400

6 Not tested <400

7 >7.5x10® 3.8x10^

8 4.1 X 10® <400

9 3.0x10® 2.4x10^

10* >7.5x10® <400

11 1.1x10^ <400

12 5.2x10® 1.2x10®

13* 6.4x10® 2.2x10®

14 Not tested 9.4x10®

15 >7.5x10® <400

16 2.9x10® <400
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4.3.5. Clinical examination

All patients underwent monthly ophthalmological exanimation and regular general 

medical assessment during follow-up. There were no cases of CMV retinitis or 

extra-ocular CMV disease in this cohort during this time.

4.3.6. CMV viraemia

The frequency of sampling for CMV PCR varied between patients. The median 

number of post-HAART samples was 5.5 (range 1 -14 )  with a median interval 

between samples of 9 weeks (range 4 - 2 1  weeks). CMV load prior to HAART 

ranged from 2.0 x 10̂  - 4.1 x 10®copies/ml with a median of 7.6 x 10̂  copies/ml 

(Table 4.4). All 16 patients became CMV negative on at least one occasion after 

commencing HAART. The slopes of decline in CMV loads after HAART in the 

patients who remained PCR negative throughout follow-up are shown in Figure

4.1. The time to first CMV-negative result ranged from 5 to 40 weeks with a 

median of 13.5 weeks. However, as the frequency of sampling varied between 

patients, the rate of decline of CMV load was not determined from these data. 

Fourteen of the 16 patients remained CMV negative for a median of 21 months of 

follow-up (range 2 - 2 9  months). Patients 5, 7 and 9 were lost to follow-up at 7, 2 

and 4 months respectively. Patient 13 stopped HAART of his own volition at 9 

months. All other patients remained on HAART for the duration of the study.
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Table 4.4. Changes in CMV load after HAART

Patient CMV load (coples/ml)

Before HAART Nadir post-HAART

1 1.2x10® <200

2 4.5x10"* <200

3 5.0x10® <200

4 3.7x10® <200

5 1.0x10® <200

6 7.8x10"* <200

7 1.0x10® <200

8 4.1 X 10® <200

9 7.4x10"* <200

10 1.2x10"* <200

11 6.4x10"* <200

12 2.0x10® <200

13 1.1x10® <200

14 1.2x10"* <200

15 2.4x10® <200

16 4.1 X 10® <200
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Figure 4.1. CMV loads after HAART in patients remaining CMV PCR negative

In two cases, Patients 10 and 13, CMV viraemia recurred despite having initially 

disappeared after HAART was commenced (Figure 4.2). There was a rebound in 

CMV viral load to levels approaching or exceeding initial levels despite the 

continued use of HAART in these patients.
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Figure 4.2. CMV loads in Patients 10 and 13 after HAART

Patient 10 had a baseline CMV load of 1.2 x 10"̂  copies/ml, CD4 count 74 x 10® 

cells/l and plasma HIV RNA of >7.5 x 10® copies/ml. HAART was commenced 

when 3TC and RTV were added to pre-existing d4T monotherapy. At day nine the 

CMV PCR was negative but at day 25 was again positive with a load of 2.4 x 10̂  

coples/ml. At this stage the plasma HIV RNA had become undetectable and the 

CD4 count had increased to 244 x 10® cells/l. HAART was continued, the plasma 

HIV RNA remained undetectable and the CD4 count continued to increase, 

reaching a maximum of 549 x 10® cells/l. However, CMV viraemia remained 

detectable and continued initially to increase to a maximum of 2.2 x 10® copies/ml
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at 11 weeks. Subsequent to this, there was an overall decline in CMV load until it 

became undetectable at 38 weeks after the initiation of HAART. CMV viraemia 

then remained suppressed for a further 42 weeks of follow-up.

Patient 13 had a baseline CMV load of 1.1 x 10® copies/ml, CD4 count of 127 x 10® 

cells/l and plasma HIV RNA of 6.4 x 10® copies/ml. This individual had extensive 

antiretroviral experience and therefore HAART was commenced by switching a 

triple NRTI combination (AZT, 3TC and d4T) to a combination of d4T and two Pis 

(RTV and SQV). CMV load reduced after initiation of HAART and became 

undetectable at week 13. However, at week 19 CMV viraemia was again 

detectable at a load of 5.4 x 10̂  copies/ml despite a further decrease in plasma 

HIV RNA to 5.2 x 10® copies/ml and increase in CD4 count to 315 x 10® cells/l at 

this point. Plasma HIV RNA remained detectable throughout follow-up although 

there was a reduction to a nadir of 2.2 x 10® copies/ml; CD4 count increased to a 

maximum of 346 2.2 x 10® cells/l. Patient 13 discontinued HAART at 40 weeks 

because of unacceptable drug side effects.

There were no differences either at baseline or in response to HAART to 

differentiate these two patients from those remaining CMV PCR negative. CMV 

viraemia reappeared in one of five patients where HIV remained detectable 

throughout the study period but also in one of 11 patients where HIV became 

undetectable. Of note, the reappearance of CMV in the blood was not associated 

with a decrease in CD4. However, none of the 16 patients in this cohort developed 

CMV disease whilst receiving HAART.
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4.4. Discussion

The natural history of CMV disease has altered following the introduction of 

HAART; even patients with severe immunosuppression have a reduced risk of 

CMV disease whilst receiving HAART. This chapter aimed to investigate the effect 

of HAART on asymptomatic CMV viraemia in order to determine the mechanism 

by which HAART protects against the development of CMV disease. The cohort 

described in this chapter was at high risk of developing CMV disease because of 

the presence of CMV viraemia in the context of advanced HIV disease. The results 

of this study demonstrated for the first time that successful HAART can fully 

suppress CMV replication and clear circulating viraemia. These results strongly 

suggest that the reduced risk of disease following HAART is due to the inhibition 

of CMV replication by the host immune system. This effect had not previously 

described without the use of specific anti-CMV drug therapy. This effect was 

sustained for up to 29 months if HAART was continued. This is of clinical 

importance, as it appears to protect patients with initially high CMV viral loads who 

would othen/vise have been expected to develop CMV disease. Indeed, the 

median CMV load in this cohort (10̂ ®® copies/ml) is similar to that previously seen 

in patients at the time of diagnosis of CMV retinitis (10  ̂®® copies/ml) (Bowen et al 

1996). It can be assumed therefore that those patients with higher CMV loads 

would have been at risk of imminent development of CMV disease in the absence 

of HAART. Several reports with similar findings have been subsequently published 

(Gerna et al 1998; Li et al 1999; O'Sullivan et al 1999). These studies also 

describe a decrease in CMV viraemia following HAART which correlates with a 

reduction in risk of disease.

The clearance of CMV viraemia without the use of specific anti-CMV drugs had 

not previously been described in the context of HIV infection. This is almost 

certainly because, prior to the introduction of HAART, immunosuppression in HIV 

was relentlessly progressive. Although earlier antiretroviral treatment regimens did 

have an impact on overall prognosis, they seemingly did not effect sufficient
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restoration of immune function to influence the course of CMV disease. This may 

be contrasted with the situation in transplant recipients where, prior to the 

availability of specific anti-CMV drugs, it had been shown improving immune 

function by reducing immunosuppressive therapy resulted in a decreased risk of 

CMV disease (Carson and Chatterjee 1978; Pollard et al 1980). A similar 

phenomenon seems to have occurred in these HIV-positive patients whose 

degree of HIV-induced immunosuppression is reduced by the use of HAART.

Recent work has described the restoration of cellular immune responses to CMV 

in the context of decreased HIV viral load following HAART; it is probable that this 

is the immunological mechanism resulting in control of CMV viraemia in this 

cohort. Immune restoration after HAART occurs in distinct phases. In the early 

phase there is a rapid increase in circulating CD4 cells which occurs within eight 

to 16 weeks of HAART (Autran et ai 1997; Connick et al 2000; Pakker et al 1998). 

These cells are predominantly memory CD4 cells (Autran et ai 1997); the increase 

in cell numbers is thought to be largely due to the redistribution of lymphocytes 

from lymphoid tissues where they had been trapped by ongoing HIV replication 

(Andersson et al 1998; Bucy et al 1999). There is a decreased risk of 01 during 

this early period so this simple redistribution of CD4 cells seems to be protective 

(Cameron et al 1998; Hammer et al 1997). This is followed by a reduction in T-cell 

reactivity which correlates with decreasing HIV replication (Autran et al 1997). A 

third phase of immune reconstitution occurs beyond four months of HAART and is 

characterised by increasing numbers of naïve CD4 and CD8 cells, a slower 

increase or stabilisation of memory CD4 cells and a decrease in memory CD8 

cells. (Autran et al 1997; Connick et al 2000; Li et al 1998; Mezzaroma et al 1999; 

Pakker et al 1998). Although subsequent increases in CD4 count are modest, 

there may be an ongoing slow increase in CD4 count with continued HAART (Amo 

et al 1998; Notermans et al 1999; Renaud et al 1999).
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Concurrent with the reduction in HIV load is an increase in CD4 cell reactivity to 

recall antigens, including CMV, which is maximally detectable at three months 

(Autran et al 1997). Subsequent work has shown that HAART restores T-cell 

reactivity to CMV and tuberculin antigens in most subjects and that this effect is 

sustained 12 months later (Li et al 1998). In the study by Li et al, the response to 

HAART was dependent on the degree and duration of HIV load reduction rather 

than the degree of immunosuppression at baseline. Further work showed that 

patients with active CMV disease have no detectable T-cell proliferative responses 

to CMV (Komanduri et al 1998). In comparison, these responses were enhanced 

in patients with quiescent CMV disease after HAART. As cellular immune function 

is dominant in the control of CMV replication In vivo, these studies provide a strong 

argument for how receipt of HAART results in clearance of CMV viraemia. Further 

support for this is provided by a case report which describes the concurrent 

restoration of CD4 cell reactivity to CMV and clearance of CMV viraemia (as 

determined by CMV blood culture) following HAART (Li et al 1999). The clearance 

of CMV viraemia following HAART occurs in a manner similar to, but slower than 

that seen following treatment with agents such as GCV. This almost certainly 

accounts for the reported cases of resolution of CMV retinitis after HAART without 

specific anti-CMV therapy, although CMV viraemia was not measured in these 

cases (Reed et al 1997; Whitcup et al 1997).

There is controversy concerning the degree of immune restoration that is possible 

with HAART in severely immunocompromised individuals. Work conducted early 

in the pre-HAART era suggested that HAART might result in the expansion of CD4 

cell clones that were present before initiation of therapy (Connors et al 1997). 

There was concern therefore that, even with good increases in CD4 cell 

counts, there would be gaps in the immunological repertoire so that patients 

would still be susceptible to certain Ols. This seemed to be corroborated by 

reports of CMV disease occurring at unusually high CD4 counts in after 

HAART (Gilquin et al 1997; Jacobson et al 1997a; Mallolas et al 1997). These
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early reports are now discounted, as it is clear from subsequent clinical 

experience that an increased CD4 count after HAART is protective against the 

development of CMV disease. There are two possible explanations for these 

cases of CMV retinitis occurring after HAART. The results described in this 

thesis, together with the work of other authors, show that the rate of reduction 

in CMV load after HAART is slower than the rate of reduction of plasma HIV 

RNA. This is because HIV RNA decreases directly following inhibition of HIV 

replication by HAART. In contrast, CMV replication is inhibited by the 

reconstituted immune system. As described above, there is some delay in the 

reappearance of anti-CMV responses which accounts for the slower clearance 

of CMV relative to HIV. During this time there is ongoing CMV viraemia and, 

presumably, CMV replication. This may allow CMV disease to develop before 

CMV replication is fully suppressed. In the series of patients described by 

O’Sullivan et al one patient developed CMV retinitis within two months of 

commencing HAART (O'Sullivan et al 1999). Indeed, in O’Sullivan’s cohort, 

there was no significant decline in CMV load before two months of HAART. An 

alternative explanation for the cases described by other workers is that the 

patients had undiagnosed CMV retinitis at the time of initiation of HAART, as 

discussed in Chapter 3.

It is more difficult to explain why two individuals in this cohort experienced 

recurrent viraemia. It is most likely that the negative CMV PCR results obtained 

soon after HAART represent a fluctuation in CMV load and that further HAART 

was required before restored immunological function suppressed CMV replication. 

In Patient 10, who continued to take HAART, CMV viraemia subsequently 

disappeared. It is probable that Patient 13, who chose to discontinue HAART, had 

received insufficient treatment to allow the restoration of specific anti-CMV 

responses. However, it is clear that immune restoration after HAART is incomplete 

and that the degree of immune restoration varies between individuals. Studies of 

CD4 count, lymphocyte proliferation, cytokine production, and responses to
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immunisation show that these parameters often remain abnormal even if they are 

improved by HAART(Autran et a! 1997; Connick et al 2000; Valdez et al 2000; 

Weinberg et al 2001 ; Weiss et al 1999). The factors that predict the magnitude of 

CD4 cell increase after HAART include the baseline level of HIV replication and 

the rate of CD4 cell decrease prior to HAART (Connick et al 2000; Lederman et al 

1998; Renaud et al 1999). Weinberg ef a /demonstrated that the recovery of 

specific anti-CMV immune responses, as determined by lymphocyte proliferation 

and cytokine production, was inconsistent between individuals after HAART 

(Weinberg et al 2001). It may therefore be the case that some individuals will 

never recover sufficient anti-CMV immunity to inhibit CMV replication after 

HAART. In the present chapter, the two patients with recurrent CMV viraemia were 

not distinguished by differences in HIV viral load or CD4 response from the other 

patients studied. However, the power to detect statistically significant differences 

was limited by small numbers. As they were not identifiable by any other features, 

continued monitoring by PCR after HAART may identify patients at ongoing risk of 

CMV disease.

In conclusion, this chapter presents the results of a study undertaken to determine 

the mechanism by which HAART reduces the risk of CMV retinitis in patients at 

high risk of disease. Previous work had shown that patients with asymptomatic 

CMV viraemia, as detected by PCR, have an increased risk of development of 

CMV disease. The results presented in this chapter show that CMV viraemia is 

cleared following the receipt of HAART without the use of specific anti-CMV 

therapy, occurring even in patients with very high CMV loads at the time of 

initiation of HAART. These results were the first demonstration of the effect of 

HAART on CMV viraemia and have been corroborated by other subsequent 

studies (Gerna et al 1998; Li et al 1999; O'Sullivan et al 1999). Most of the 

patients remained CMV PCR negative whilst on HAART. Two individuals 

experienced recurrent CMV viraemia but this was subsequently cleared in the one 

patient who continued HAART. Importantly, there were no cases of CMV disease
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in this cohort which was at high risk by virtue of CMV viraemia. The suppression of 

CMV replication is assumed to be secondary to the inhibition of CMV replication 

by the reconstituted immune system after HAART. The delay in reduction of CMV 

viraemia following HAART is consistent with the delay in reconstitution of specific 

anti-CMV immune responses that has been documented after HAART. These 

results further explain why the natural history of CMV disease has altered since 

the introduction of HAART.
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Chapter 5.

Antibody responses to cytomegalovirus glycoprotein B and efficacy of 
immune control of cytomegalovirus replication after highly active

antiretroviral therapy.
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5.1. Introduction
5.1.1. Anti-glycoprotein B antibodies

As discussed in Chapter 4, there is now extensive evidence of functional 

immune reconstitution after HAART. However, previous work has focussed 

almost exclusively on the reconstitution of cellular immune response by 

HAART. Although cellular immunity plays a central role in the control of CMV in 

healthy and immunocompromised individuals, there is evidence to suggest that 

virus-specific antibodies may also be important in the chronic phase of CMV 

infections. The major target of CDS CTLs is predominately, but not exclusively, 

the pp65 (ppULBS) matrix protein (Boppana and Britt 1996; He, Rinaldo, Jr. and 

Morel 1995; McLaughlin-Taylor et al 1994; Wills et al 1996) while CD4 T-helper 

responses are focused on the ppULSS and gB proteins (Britt et al 1990;

Gonczol et al 1991; Liu et al 1991; Marshall et al 1992). gB itself is a major 

target for neutralising antibodies against CMV (Britt et al 1990; Britt et al 1988; 

Marshall et al 1992; Rasmussen et al 1991). It has been shown that gB is 

highly immunogenic in humans and elicits cytotoxic T-cell responses as well as 

neutralising antibodies (Gonczol et al 1986; Gonczol et al 1990; Hopkins et al

1996).

As gB participates in both the attachment and fusion of virus to the host cell 

membrane it therefore facilitates viral dissemination (Navarro et al 1993). There 

is evidence that anti-gB antibodies are important in reducing the transmission 

of CMV from mother to neonate. Several studies have reported a reduction in 

both incidence and severity of congenital CMV infection in infants born to CMV 

seropositive women compared with those undergoing primary CMV infection 

during pregnancy (Adler et al 1995; Boppana et al 1995; Boppana and Britt 

1996; Stag no et al 1982b). In contrast, studies of primary CMV infection in 

pregnancy show that the transfer of maternal antibodies does not provide 

protection. Boppana et a/described the production of high titres of neutralising 

antibodies to gB in women at the time of primary CMV infection (Boppana et al 

1995; Boppana and Britt 1996). However, these antibodies did not reduce 

transmission in vivo or affect clinical outcome. Indeed, mothers who transmitted 

virus to the fetus had significantly higher titres of neutralising antibodies to gB, 

presumably because these individuals had higher rates of CMV replication.
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Anti-gB antibodies have been reported as being important in restricting the 

dissemination of virus in vivo. Navarro et a! measured a higher titre of anti-gB 

antibodies in the convalescent phase of primary CMV infection compared with 

the acute phase and with healthy CMV seropositive controls. (Navarro et al

1997) In an animal model, neutralising antibodies were responsible for limiting 

virus dissemination in the context of reactivation of latent CMV infection 

(Reddehase et al 1994). In contrast, non-primed mice suffered multiple organ 

involvement upon super-infection at high dose CMV challenge. Indeed, the role 

of antibodies appeared to be of central importance in controlling CMV 

dissemination in primed mice but was insignificant at controlling infection in 

primary infection. Another study showed that antibody-deficient mice cleared 

primary CMV infection and established latency in a manner indistinguishable 

for normal animals but had higher titres of virus following CMV reactivation 

(Jonjic et al 1994). The administration of immune serum to these antibody- 

deficient mice resulted in a reduced CMV titre in the spleen and lungs, 

consistent with the central role of antibodies in controlling CMV dissemination.

The maintenance of both CDS CTLs and B-cell responses against CMV is 

dependent on CMV CD4 T-helper responses (Riddell et al 1994; Walter et al 

1995). Walter et al showed that in autologous BMT recipients receiving donor 

CMV-specific CTLs, containment of CMV replication was only observed when 

the recipient had adequate CMV-specific T-helper cell function (Walter et al 

1995). In the absence of T-cell help, the infused CMV-specific CTLs waned, 

resulting in CMV viraemia. Consistent with this, reduced levels of anti-gB 

antibody have been demonstrated in AIDS patients with untreated CMV 

compared to HIV-infected controls without CMV disease (Alberola et al 1998; 

Alberola et al 2001). Anti-gB antibodies may therefore be important in 

preventing the development of end organ disease in HIV-infected individuals 

with CMV viraemia.

It may be predicted that the reconstitution of CD4 T-helper responses following 

HAART would result in improved humoral as well as cellular immune function. 

However, to date there are only scanty data regarding the effect of HAART on 

the humoral immune system. Previous results suggest that the reconstitution of
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CMV specific T-helper responses following HAART is maximal after three 

months of therapy (Autran et al 1997). This kinetic is slow relative to the 

virological and clinical response observed in patients. For the work described in 

this chapter it was reasoned that anti-gB antibody levels may provide a more 

sensitive approach to assessment of T-helper reconstitution in vivo than 

measuring T-helper responses in vitro.

5.1.2. Efficacy of antiviral drugs against CMV

The relatively recent availability of methods of quantification of viral load for a 

number of pathogens has facilitated detailed studies of the dynamics of viral 

replication in vivo. The resulting data have greatly enhanced the understanding 

of the natural history of viral infection. Studies of HIV (Ho et al 1995; Wei et al 

1995), HBV (Nowak et al 1996) and HCV ( Neumann et al 1998; Herrmann et 

al 2000) have shown that these viruses undergo highly dynamic replication in 

vivo. Using these results, estimates of the rates of production and clearance of 

these viruses in the untreated individual have been made (Bonhoeffer et al 

1997a; Bonhoeffer et al 1997b; Bonhoeffer and Nowak 1997; Wodarz and 

Nowak 1999; Ribeiro and Bonhoeffer 2000; Wodarz and Nowak 2000). By 

comparison of these rates with the changes in viral load observed following 

antiviral therapy, it is possible to elucidate the efficacy of specific therapies. For 

example, the anti-viral efficacy of 3TC against HBV has been estimated at 83 -  

97% (Nowak et al 1996; Wei et al 1995) and of Inteferon-a against HCV at 81 

-  96%, depending on dose (Neumann et al 1998). These authors have also 

employed mathematical modelling of the dynamics of anti-viral resistance to 

speculate upon the optimum timing of anti-viral therapy and on whether viral 

resistance is pre-existing or is generated de novo following therapy. In addition, 

similar analysis could provide insight into the role of the immune system in 

limiting viral replication.

Until recently, there were no data regarding the dynamics of CMV replication in 

vivo in the immunocompromised host. CMV had previously been considered to 

be a slowly replicating virus on the basis of the time to appearance of the 

cytopathic effect in cell culture. Seemingly at odds with this assumption
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however, viral load studies in immunocompromised individuals had 

demonstrated that there are rapid changes in the quantity of CMV DNA in blood 

(Bowen et al 1997; Cope et al 1997a; Cope et al 1997b; Gor et al 1998). 

Therefore, recent work has used the results of these studies of CMV load to 

estimate the doubling time of CMV in blood (Emery et al 1999c). The study by 

Emery et al demonstrates that CMV DNA replication in vivo is also a dynamic 

process with a doubling time, and therefore a half-life, of one day; this contrasts 

with what was previously believed about CMV replication and has implications 

for anti-viral therapy. The calculation of the half-life together with the estimated 

relative fitness of GCV resistant strains of CMV (Emery et al 1999c) has 

allowed an assessment of the anti-viral efficacy of GCV to be made. The slopes 

of decline in CMV load at different doses of GCV and for wild-type and mutant 

viruses were compared with computer simulated decline rates at different 

efficacy. Using this method, the efficacy of iv GCV (5mg/kg bd) was estimated 

at 91.5% against wild-type CMV and 62% against GCV resistant strains (Emery 

and Griffiths 2000). oGCV (3g/day) has a much lower efficacy of 46.5% against 

wild-type and 35% against resistant virus. To date however, there are no 

estimates of the efficacy of the immune system itself in the control of CMV 

replication.

This chapter describes the results of a study undertaken to investigate the 

kinetics of the immune reconstitution following HAART and its interrelationship 

with inhibition of CMV replication. A cohort of patients with asymptomatic CMV 

viraemia, but no anti-CMV therapy, was studied; those initiating HAART were 

compared with controls who did not receive HAART. Change in CMV load was 

recorded and anti-gB titres were measured in order to assess B-cell and T-cell 

function. The results presented show that a rapid B-cell immune reconstitution 

occurs following HAART whose kinetics parallel inhibition of CMV replication. 

This method may provide a more sensitive means of monitoring immune 

reconstitution than those used more conventionally. The data generated in this 

chapter were also used to estimate the efficacy of the immune system in the 

control of CMV replication. These results further explain how HAART reduces 

the risk of CMV disease by inhibiting CMV replication.
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5.2. Methods
5.2.1. Study population

The study group was identified from the prospective cohort described in 

Chapter 2. All patients studied had asymptomatic CMV viraemia detected by 

qualitative PCR at baseline. The intervention group received HAART; the 

control group received no anti-retroviral therapy or nucleoside analogue 

monotherapy. None of the patients received anti-CMV therapy either before or 

during the study period.

5.2.2. Measurements

Whole blood, serum and plasma samples were collected at each attendance. 

CD4 counts and plasma HIV RNA levels were measured one to three monthly 

in the HAART recipients as part of clinical care. The control group had a 

baseline measurement of CD4 count and plasma HIV RNA and a follow-up 

plasma HIV RNA measured at the time of exiting the study. Qualitative PCR for 

CMV was performed on DNA extracted from whole blood and positive samples 

were quantified using QCPCR as described in Chapter 2. CD4 count and plasma 

HIV RNA levels were measured as described in Chapter 2. Anti-gB antibody 

titres in serum were measured with an immunofluorescence assay using insect 

cells infected with recombinant baculovirus expressing gB as described in 

Chapter 2.

The following clinical data were recorded: sex, age, HIV exposure category, 

previous AIDS defining diagnoses, antiretroviral therapy received immediately 

prior to HAART, HAART regimen, most recent CD4 count prior to HAART and 

maximum CD4 count after HAART, most recent plasma HIV RNA prior to HAART 

and minimum plasma HIV RNA after HAART. Time 0 was defined as the time of 

first receipt of HAART. Follow-up was defined as the interval from time 0 to either 

a clinical end point or to the last date of CMV screening whilst the patient 

remained on HAART.

5.2.3. Clinical examination
CMV retinitis was excluded at baseline and patients underwent monthly indirect 

fundoscopy performed by the ophthalmologist to exclude retinitis. In addition.
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each patient underwent general medical assessment in the HIV outpatient clinic 

as clinically indicated. End points were defined as the development of end 

organ CMV disease or death. Patients who developed CMV disease exited the 

study at the time that anti-CMV medication was commenced.

5.2.4. Data analysis

The methods used to analyse the data are described in detail in Chapter 2. Log 

change in viral load from baseline was plotted for each individual patient under 

consideration and the median value of all patients at specific time-points 

calculated. Alterations in antibody titre were performed in a similar fashion 

except that the titre was log transformed. In these analyses a titre of 1/20 

corresponds to 0,1/40 =1, 1/80=2,1/160=3 etc. GMTs for all patients studied 

were calculated as described in Chapter 2. The rate of decline of CMV load 

following HAART was used to calculate the half-life of decline in viral infected 

cells; this was used to estimate the efficacy of the reconstituting immune 

system for inhibiting CMV replication.

5.3. Results
5.3.1. Study population
Eleven patients at first receipt of HAART were compared with 11 control 

patients. Baseline demographic data are summarized In Table 5.1. The cohort 

was comprised mainly of homosexual males with a high incidence of previous 

AIDS-defining diagnoses. The median age at time of first positive CMV PCR was 

37 years (range 29 - 58 years).
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Table 5.1. Baseline demographic data at time of first receipt of HAART

Patient Sex Age

HIV
Exposure
category

Previous AIDS- 
defining illness

Previous
antiretroviral

therapy*

HAART
regimen

1 M 38 Horn PCP None d4T, 3TC, SQV

2 M 36 Het PCP, CM, MAI d4T, 3TC d4T, 3TC, SQV

3 F 29 Het CT d4T, DDI d4T, 3TC, RTV

4 M 37 Horn PCP AZT, DDC d4T, 3TC, IDV

5 M 58 Horn PCP, MAI AZT, DDC d4T, 3TC, NFV

6 M 33 Hom PCP d4T d4T, 3TC, RTV

7 F 33 IDU None AZT d4T, 3TC, IDV

8 M 46 Hom None AZT, 3TC, d4T d4T, SQV, RTV

9 M 44 Hom MTB, OC, CT d4T, 3TC AZT, 3TC, IDV

10 M 35 Hom PCP, MAI None d4T, DDI, NVP

11 F 39 Het None d4T, 3TC d4T, 3TC, NVP

*Only antiretrovirals received immediately prior to HAART are shown.

Nom = Homosexual, Het = Heterosexual, IDU = Injecting drug user, OC = 

Oesophageal candidiasis, CM = Cryptococcal meningitis, CT = Cerebral 

toxoplasmosis
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5.3.2. Antiretroviral therapy
Prior exposure to NRTIs was common, reflecting the advanced stage of HIV 

disease in this cohort. Two patients were antiretroviral naïve; seven of the 

remaining nine individuals had already been exposed to more than one NRTI at 

the time of initiation of HAART. The most frequently prescribed HAART 

regimens were Pl-containing but two patients commenced HAART with 

regimens inclusive of NVP. Six patients changed or added at least one NRTI at 

the time of starting HAART; in two cases a PI or NNRTI was added to the pre

existing NRTI combination.

5.3.3. CD4 count

The HAART group and control group were matched at baseline for CD4 count. 

The cohort was severely immunocompromised at baseline; CD4 counts were 

low with a median of 22 x10®/l (range 10 - 295 x10®/l) in the HAART group and 

16 x10®/l (range 5 -100 x10®/l) in the control group (Table 5.2). Following 

HAART there was a median increase in CD4 of 219 x10®/l (range 152 - 403 

x10®/l; p<0.01 compared to baseline CD4). Follow-up CD4 counts for the 

control group were unavailable.

5.3.4. Plasma HIV RNA
Baseline plasma HIV RNAs were matched between the HAART group and the 

control group at baseline (Table 5.2). Reflecting the advanced stage of HIV 

disease in this cohort, the initial plasma HIV RNA levels were high with a 

median load of 5.61 logio copies/ml (range 2.6 - 5.88 logio copies/ml) in the 

HAART group and 5.56 logio copies/ml (range 4.41 - 5.88 logio copies/ml) in 

the control group. There was a significant reduction in plasma HIV RNA levels 

after HAART with eight of eleven HAART recipients achieving undetectable 

plasma HIV RNA during follow-up. In contrast, plasma HIV RNA levels in the 

control group did not change significantly from baseline levels with a median 

follow-up plasma HIV RNA of 5.56 logio copies/ml (range 4.41- 5.86 logio 

copies/ml).
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Table 5.2. Characteristics of patients receiving HAART and controls

HAART Controls p

Number 11 11

Baseline CD4 count (x10®/l) 22(10 -295)  16 (5 - 10 0)  ns

Baseline HIV plasma RNA 5.61 5.56 ns

(logio copies/ml)

Baseline CMV load (logic 4.90 2.94 <0.01

copies/ml)

Follow-up (weeks) 45 (29 -  83) 31 (8 -  80) <0.05

CMV disease 0 5 0.03

Death 0 8 0.001

Median values are shown, ns = not significant

5.3.5. CMV viraemia
All patients were CMV PCR positive at baseline. The initial CMV loads were 

higher in the HAART group with a median of 4.90 logic copies/ml (range 4.08 - 

6.61 logic copies/ml) compared to a median of 2.94 logic copies/ml (range 2.70 

- 5.50 logic copies/ml) in the controls. The frequency of sampling was variable: 

the median number of samples per patient was 5 (range 3 -10 )  and a median 

sampling interval of 6.6 weeks (range 1 -3 7  weeks). The HAART group had a 

longer duration of follow-up (median 45 weeks, range 29 - 83 weeks) than the 

controls (median 31 weeks, range 8 - 8 0  weeks). However, this is due to the 

much higher incidence of CMV disease and death in the control group.

There was a significant decrease in CMV load in the HAART group with all 

patients becoming CMV PCR negative on at least one occasion following 

HAART. This equates to a median decline in blood of 1.8 logs by 1 month and 

2.6 logs after 6 months of HAART (p<0.01 compared to baseline CMV load; 

Figure 5.1). In the control group the median CMV load during follow-up was
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3.30 logio copies/ml (range 2.30 - 5.49 logic copies/ml, Figure 5.1). Therefore, 

there was no significant change in CMV load in the control group during a 

similar follow-up period despite the lower level of baseline CMV load in these 

individuals compared to the HAART recipients. Thus, in individuals with CMV 

viraemia, initiation of HAART was sufficient to substantially inhibit CMV 

replication without additional anti-CMV therapy.

HAART
Controls
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1-2 3-4 5-6 7-80

Months after baseline

Figure 5.1. Log change in CMV load from baseline in patients receiving 

HAART and controls

Median values and interquartile ranges are shown
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5.3.6. Clinical examination
All patients underwent monthly ophthalmological examination and regular 

general medical assessment during follow-up. There were no cases of CMV 

retinitis, extra-ocular CMV disease or death in the patients receiving HAART 

during this time. In contrast, five patients in the control group developed CMV 

retinitis at a median of 20 weeks after study entry (range 8 - 6 6  weeks). There 

was also a high rate of mortality in the control group. Eight patients died; the 

median time to death was 43 weeks after study entry (range 1 3 - 9 4  weeks).

5.3.7. Anti-gB antibodies

There was no difference in anti-gB titres between the HAART and control 

groups at baseline (Table 5.3). There was a significant increase in anti-gB after 

HAART from a GMT of 1/117 to 1/1760 (p=0.001 compared to baseline; Figure 

5.2). The increase in anti-gB occurred soon after HAART. As shown in Figure

5.3, anti-gB levels increased markedly following the initiation of HAART with a 

2-log increase in titre by month 1 (p=0.05 compared with controls) rising to a 3- 

log (p=0.01 compared with controls) increase in titre by month 3. In the control 

group there was no overall change in anti-gB with a GMT of 1/80 at baseline 

and 1/117 at follow-up (Figure 5.4).

Individual graphs of changes in CMV load and anti-gB for each participant are 

shown in Figure 5.5 for HAART recipients and Figure 5.6 for controls. It can be 

seen that, in most cases, the increase in anti-gB titre mirrors the decrease in 

CMV load. In some patients receiving HAART, following the initial increase the 

anti-gB titre seemed subsequently to decline after CMV viraemia had cleared 

(Figures 5.5.2., 5.5.4., 5.5.5., 5.5.6., 5.5.9. and 5.5.10 ). Patient 6 experienced 

recurrence of CMV viraemia following one negative CMV PCR soon after 

HAART (Figure 5.5.6.). Frequent samples were available from this patient and 

show that the anti-gB titre continued to increase in parallel with the subsequent 

increase in CMV load but with a lag time of approximately 3 weeks. The anti-gB 

titre then declines following the decrease in CMV load beyond day 64 of 

HAART. There was no overall change in anti-gB titres in control patients 

although non-significant fluctuations with time were seen in some individuals 

(Figure 5.6.).
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Table 5.3. Summary of anti-gB antibody titres in patients receiving HAART and controls

HAART Controls p

Baseline anti-gB titre 1/160 (1/20-1/320) 1/80 (1/20-1/320) ns

Maximum anti-gB titre 1/1280 (1/160 -  1/10240) 1/160 (1/40 -  1/320) <0.01

Median and ranges are shown, ns = non-significant
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Figure 5.2. Maximum change in anti-gB titre from baseline in patients receiving HAART

GMT is shown in red
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Figure 5.3. Log change in anti-gB titre from baseline in patients receiving 
HAART and controls

Median values and interquartile ranges are shown
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Figure 5.4. Maximum change in anti-gB titre from baseline in controls

GMT is shown in red
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Figure 5.5. Change in CIViV load and anti-gB titre with time in individual patients receiving HAART
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Figure 5.6. Change in CMV load and anti-gB titre with time in individual control patients
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5.3.8. Estimated efficacy of immune control of CMV replication
The sequential measures of CMV load following HAART allowed the clearance 

rate to be estimated, from these values the half -life of decline of CMV in the 

blood following HAART was calculated. The half-life values for each patient 

were then used to model the efficacy of the immune system required to inhibit 

replication. These data are shown in Table 5.4 for the 11 HAART patients. The 

calculated decay rate constant k  ranged from 0.028 to 0.455/day (median 

0.116/day). The half-life of decline varied from 1.52 days to 25 days with a 

median of 5.96 days. The estimated median anti-CMV efficacy achieved 

through immune control was 61% (range 52.8-85%). However, neither the 

decay rate constant k  nor the half-life of decline of CMV in blood correlated with 

absolute CD4 cell count at baseline, absolute increase in CD4 cells or fold 

increase in cell number.
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Table 5.4. Decay rate constant, half-life of decline and immune efficacy 

against CMV foilowing HAART

Patient Initiai CMV load 

(logio genomes/ml)

Decay rate 

constant (/day)

Half-life

(days)

Immune efficacy 

against CMV (%)

1 5.08 0.068 10 56.8

2 6.56 0.132 5.2 63

3 5 0.095 7.25 58.5

4 4.89 0.028 25 52.8

5 6.61 0.159 4.34 63.5

6 4.08 0.455 1.52 85

7 4.8 0.137 5.04 63

8 5.04 0.042 16.13 54.2

9 4.08 0.117 5.9 61

10 4.9 0.089 7.77 58.2

11 4.41 0.116 5.96 61

Median 4.90 0.116 5.96 61

Mean 5.04 0.131 5.33? 63?

(SO) (0.84) (0.115) (6.60) (8.6)

^The mean half-life and the mean immune efficacy against CMV are calculated 

from the mean value of the decay rate constant.

198



5.4. Discussion
The results presented in this chapter show that a significant increase in anti-gB 

antibody titres occurred following HAART. The increase in anti-gB antibodies 

occurred concurrently with decreased HIV plasma RNA, increased CD4 T-cell 

count and clearance of CMV viraemia. These results are therefore compatible 

with increased CD4 T-cell help following HAART facilitating an enhanced 

antibody response to circulating antigen. Patients with CMV viraemia detected 

by PCR at the time of initiation of HAART have an increased risk of developing 

CMV retinitis (Casado et al 1999). However, despite the high baseline CMV 

loads in the cohort described in this chapter, none of those receiving HAART 

developed CMV disease. It is probable that the protective effect of HAART is 

predominantly due to the clearance of CMV viraemia, as described in Chapter 

4. However, it has been suggested that the reconstitution of T-cell anti-CMV 

responses is not maximal until at least three months of HAART has been given 

(Autran et al 1997). Therefore, the rate of reduction in CMV load after HAART 

is relatively slow compared to the rate of reduction of plasma HIV RNA. As 

discussed in Chapter 4, the delay in restoration of anti-CMV responses may 

account for the reported cases of the development of new cases of CMV 

disease within the first few months of HAART (Gilquin et al 1997; Jacobson et 

al 1997a; Mallolas et al 1997; O'Sullivan et al 1999). Anti-gB antibodies are 

known to be important in the limitation of CMV dissemination in the context of 

reactivation of latent infection (Jonjic et al 1994; Reddehase et al 1994). 

Therefore, the results presented in this chapter suggest that enhanced anti-gB 

antibody responses early after HAART may also be important in protecting 

against the development of disease by limiting viral dissemination before CMV 

viraemia is cleared.

There is a paucity of published studies investigating the effect of HAART on the 

reconstitution of humoral immune responses. The results in this chapter show 

that HAART may at least partially restore humoral immunity, presumably by 

improving the cellular immune response. Golden and Goldie have reported a 

markedly reduced incidence of invasive Pseudomonas aeroginosa infections in 

the HIV-infected population following the introduction of HAART (Golden and
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Goldie 2000). Antibodies to the cell wall of Pseudomonas aeroginosa act as 

opsonins and are protective at high levels. It has been shown that HIV-infected 

individuals with Pseudomonas aeroginosa bacteraemia cannot mount an 

antigen-specific antibody response against the organism (Kumar et al 1994), so 

it is possible that the decreased incidence of Pseudomonas aeroginosa 

infections following HAART is due, at least in part, to enhanced humoral 

immunity. A study by Kroon et al compared the antibody response to a trivalent 

influenza subunit vaccine in patients receiving HAART with those not receiving 

HAART (Kroon et al 1998). Substantially increased anti-influenza antibody 

titres were demonstrated after vaccination in patients receiving HAART 

whereas, in those not receiving HAART, the antibody response was almost 

absent. In addition, the post-vaccination antibody titres were directly 

proportional to the CD4 count at the time of vaccination, consistent with 

improved T-helper cell function facilitating B-cell function after HAART.

Several previous studies have investigated the effect of anti-gB or total anti- 

CMV antibodies in the HIV-infected individual. Patients with AIDS have been 

shown to have higher levels of anti-CMV antibodies compared with both 

immunocompetent individuals and asymptomatic HIV seropositive controls, 

even at advanced stages of HIV disease (Alberola et al 1998; Rasmussen et al 

1994). This observation seems to be unrelated to the polyclonal B-cell 

activation found in these patients and has been attributed to persistent 

antigenic stimulation of the immune system by CMV replication. High titres of 

anti-gB antibodies appear to be protective against the development of CMV 

disease. In a study by Rasmussen et al, CMV DNA could not be detected in 

blood from HIV-infected individuals with very high anti-gB antibody levels 

(Rasmussen et al 1995). A cross-sectional study, conducted prior to the 

introduction of HAART, showed that HIV-infected patients with untreated CMV 

disease had significantly lower anti-gB titres compared with controls with no 

CMV disease (Alberola et al 1998). A more recent longitudinal study of patients 

not receiving HAART compared those who developed CMV disease with those 

who remained asymptomatic and demonstrated a significant decrease in anti- 

gB titres associated with CMV antigenaemia and the development of CMV
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disease (Alberola et al 2001). In contrast, AIDS patients with no CMV 

antigenaemia or disease retained high anti-gB levels with only low-level 

fluctuations in titre during follow-up. Alberola et al also investigated anti-gB 

titres in patients commencing HAART and showed that, in contrast to the 

results presented in this chapter, there was no change in anti-gB titres after 

HAART. However, the cohort studied in this chapter had a high CMV load at 

initiation of HAART; none of the patients described by Alberola eta! had 

evidence of CMV replication, either before starting HAART or subsequently. It 

is therefore possible that individuals studied by Alberola lacked sufficient 

antigenic stimulus to drive an increase in antibody levels, despite the fact that 

some of them appeared to respond well to HAART in terms of increase in CD4 

count and suppression of plasma HIV RNA.

The results presented in this chapter demonstrate a direct relationship between 

inhibition of HIV replication through HAART and the antiviral control of CMV 

replication by the reconstituting immune system. To date, there is no evidence 

to suggest that HAART itself has a direct inhibitory effect on CMV replication in 

vitro or in vivo. Therefore, the increase in anti-gB titres observed after HAART 

may be explained by the regeneration of CMV specific T-helper cells following 

the inhibition of HIV replication by HAART. The half-life of decline of CMV DNA 

in the blood was relatively slow at approximately six days which would result in 

the continuing antigenic stimulation of de novo memory CD4 cells against CMV 

and, alternatively or additionally, the expansion of existing clones without 

significant interference from HIV. In some of the HAART recipients with longer 

follow-up, the anti-gB titres were seen to decline after the CMV load had 

become undetectable, which is consistent with a loss of the high levels of 

antigenic stimulus. Compatible with this. Patient 6 experienced an increasing 

CMV load after HAART and had a concurrent increase in anti-gB titre; this was 

followed by a declining antibody titre as CMV load eventually cleared.

Although previous studies have shown that CMV specific T-helper responses 

recover during the first three months of therapy (Autran et al 1997; Komanduri 

et al 1998; Li et al 1998), the frequency of detection of these responses can be
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variable and these studies have not specifically focused on patients with high 

level CMV replication. The kinetics of functional T-cell regeneration following 

HAART described in these studies seem slow relative to the clinical and 

virological effects on CMV seen in vivo. The data presented in this chapter 

show that a rapid increase in the titre of anti-gB antibodies occurs following 

HAART on a time scale that is comparable to the rate of decline in CMV load in 

blood. The anti-gB antibodies may be contributing to clearance of CMV in this 

situation but it is unlikely that they are the primary effectors in the control of 

CMV replication. The central role of CD4 T-helper cells in maintaining CMV 

specific CD8 CTL responses has been demonstrated in BMT recipients 

receiving adoptive immunotherapy (Walter et al 1995). Therefore, the increased 

levels of anti-gB after HAART may reflect the regeneration of T-helper cells 

which can subsequently allow CMV specific CD8 CTLs to survive, proliferate 

and kill viral infected cells. These data illustrate that rapid immune 

reconstitution against CMV can occur following HAART, suggesting that 

assessment of humoral responses in this way may provide a more sensitive 

means of detecting early immune reconstitution than the more commonly 

studied markers of cellular immune function.

Using mathematical models described previously for CMV (Emery et al 1999c; 

Emery and Griffiths 2000) it was shown that the half-life of decline of CMV DNA 

in the blood of patients undergoing primary HAART was variable ranging from 

1.52 to 25 days (median 5.96 days). The factors dictating the half-life of decline 

are likely to be immune mediated and may include the residual number of 

precursor memory cells and the rate of differentiation. However, neither the 

decay rate constant k nor the half-life of decline of CMV in blood correlated with 

absolute CD4 cell count at baseline, absolute increase in CD4 cells or fold 

increase in cell number. Thus, more sensitive measures of specific immune 

effectors are required to determine whether the quantity of virus specific T- 

helper and CD8 CTLs correlate with the rate of decline of CMV and hence 

control of replication. Recent work has demonstrated that CMV replication in 

vivo is highly dynamic in HIV-infected individuals, with doubling times of 

approximately one day (Emery et al 1999c). This knowledge was used to
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compute the antiviral efficacy of the immune control of CMV replication 

following HAART. The mean efficacy of the immune system in the immediate 

period following HAART was 63% and ranged from 52.8% to 85%. This can be 

compared with the antiviral efficacy of intravenous GCV of 91.5% and oGCV of 

46.5% (Emery and Griffiths 2000). This finding further explains how the receipt 

of HAART reduces the risk of CMV disease and why patients on HAART do not 

require on-going maintenance anti-CMV therapy.

In conclusion, this chapter presents the results of a study designed to 

investigate the effect of HAART on humoral immune responses in patients with 

high levels of asymptomatic CMV viraemia. The results show that immune 

reconstitution against CMV occurs early after the initiation of HAART in patients 

with active CMV replication. This is demonstrated by the rapid decline in CMV 

levels in blood following HAART which has a median half-life of 5.2 days. The 

decline in CMV load correlates with a reduced risk of CMV disease and death. 

The kinetics of CMV load decline varied substantially between patients and 

further work is required to identify the immune factors mediating this process. A 

significant increase in anti-CMV gB antibody titre was observed in the early 

post HAART period, presumably as a consequence of the reconstitution of 

CMV specific T-helper responses. The increase in anti-gB antibodies occurred 

in a time scale compatible with the decline in CMV load, in contrast to earlier 

studies of reconstitution of specific cellular immune responses. Measurement of 

anti-CMV antibodies may therefore provide a more sensitive method of 

monitoring T-helper reconstitution than measuring T-helper responses directly. 

Knowledge of the replication dynamics of CMV in the HIV-infected patient has 

allowed estimation for the first time of the efficacy of the reconstituting immune 

system at inhibiting CMV replication. The results showed an anti-CMV immune 

efficacy of between 52.8% and 85% (median value 61.5%) in the immediate 

post-HAART period. These data suggest that rapid immune reconstitution 

against CMV can occur following HAART and facilitate the understanding of the 

immune control of CMV in HIV-infected host.
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Chapter 6.

Antibody responses to human immunodeficiency virus Gag and Env 

proteins following highly active antiretroviral therapy.
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6.1. Introduction

HAART can result in functional immune recovery but much of the work in this area 

has concentrated on the reconstitution of cellular immunity. Several published 

studies have described reconstitution of specific T-cell responses to mitogens and 

to a number of pathogens, including CMV, Candida, Mycobacterium avium and 

tuberculin (Autran et al 1997; Lederman et al 1998; Li et al 1998; Plana et al

1998). Komanduri et al demonstrated that HAART is able to increase the number 

of CD4 T-lymphocytes with CMV-specific effector function, as measured by the 

production of intracellular cytokines using flow cytometry (Komanduri et al 1998). 

Two studies investigated the factors which may predict the recovery of functional 
properties of 004 lymphocytes in patients treated with HAART (Li et al 1998; 

Valdez et al 1999). Individuals who had a significant improvement of proliferative 

responses had a more sustained suppression of plasma HIV RNA, a greater 
increase in 004 count and an early increase in memory and naïve 004 T- 
lymphocytes.

However, the reconstitution of responses to HIV itself is less well understood. The 

lack of an efficient immune response to HIV that may ultimately eradicate the virus 

is a crucial factor in the pathogenesis of HIV infection. The mechanisms by which 

HIV evades the HIV-spedfic immune response remain speculative; the changes in 

the HIV-spedfic immune response after HAART is therefore of particular interest 

but results to date are conflicting. Evidence for the restoration of anti-HIV 

responses after HAART is scanty. Kelleher et al described a moderate 

enhancement of proliferative T-cell responses to HIV antigens in some patients 

after three to six months of HAART (Kelleher et al 1996). Another study found that 

proliferative T-cell responses to HIV p24 antigen were present in some patients at 

the time of primary HIV infection but were absent in patients with chronic HIV 

infection (Carcelain et al 1999). There was no change in anti-HIV responses 

following HAART alone but a proliferative T-cell response to p24 was detected in 

40% of patients after the addition of interleukin-2, suggesting that initiation of 
HAART at seroconversion or early in infection may be more successful in
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preserving anti-HIV responses. Schrier et al studied T-cell proliferative responses 

to a number of HIV antigens including p24 and whole HIV in patients with 

advanced immunosuppression (Schrier et al 1999). Following five to six months of 
HAART, 40% of patients had a proliferative T-cell response to at least one HIV 

antigen compared with less than 10% at baseline. Individuals who had high 

responses to multiple antigens tended to have lower plasma HIV RNA levels and 

higher CD4 counts after HAART.

In contrast, other researchers have failed to demonstrate the restoration of specific 

anti-HIV T-cell responses after HAART, even in the context of increased CD4 

count and undetectable plasma HIV RNA (Autran et al 1997; Kelleher et al 1998; 

Plana et al 1998; Rinaido, Jr. et al 1999). Several studies have failed to 

demonstrate proliferative T-cell responses to HIV antigens including p24, gp120 

and gp 160 and tat after HAART (Goujard et al 1999; Lederman et al 1998; Plana 

et al 1999; Rinaido, Jr. et al 1999). In all of these studies however, there was 

restoration of proliferative T-cell responses to a variety of other antigens including 

CMV, Candida, streptokinase, poke weed mitogen and tetanus toxoid.

Chronic HIV infection is associated with hypergammaglobulinaemia; most of the 

antibodies are not HIV-specific and reflect a generalised, persistent polyclonal 
activation of B-cell functions. Superimposed on these polyclonal responses are 

strong antigen-specific B-cell responses to multiple HIV antigens. Although the 

cellular immune response is almost certainly dominant over the humoral 

responses in controlling HIV replication during acute infection, antibodies may 

reduce the rate of spread of HIV between cells in the chronic phase (Conley et al 
1996; Haynes, Pantaleo and Fauci 1996). Primary virus neutralising antibody titres 

in plasma tend to be weak and to develop slowly after HIV infection (Binley et al 

1997; Moore et al 1994). However, in vivo human studies show that long term non- 

progressors tend to have broader, higher and more potent neutralising antibody 

titres compared to progressors, suggesting that humoral immunity may play a role 

in slowing disease progression in some circumstances (Cao et al 1995; Montefiori
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et al 1996; Pantaleo et al 1995). In addition, there are anecdotal reports of patients 

who fail to develop an anti-HIV antibody response and who progress rapidly to 

AIDS and death (Martin-Rico et al 1995; Oka et al 1994; Soriano et al 1994;

Vallejo et al 1995). Although these reports provide no direct evidence, they are 

suggestive of a beneficial role for humoral immunity in delaying the onset of 
disease.

Although most HIV proteins are immunogenic, strong responses are generated to 

those encoded by the Gag and Env genes. Antibodies to the Env gene products 

gp160/gp120 and gp41 are produced early in HIV infection (Cheingsong-Popov et 
al 1991) but typically mature only after a year of HIV infection (Binley et al 1997; 

Moore et al 1994). Antibodies to the Gag gene product p24 become detectable 

soon after anti-Env antibodies (Cheingsong-Popov et al 1991). However, antibody 

responses to Gag and Env in vivo differ greatly from one another and may be 

subject to differential regulation by the immune system.

The Gag gene of HIV is transcribed and translated to form the large precursor 
protein pr55 which is subsequently cleaved to form the core proteins, capsid (p24), 
matrix (pi 7) and nucleocapsid (p7). Anti-Gag antibodies have few documented 

anti-HIV activities, however, the presence of a strong anti-Gag antibody response 

is associated with a good prognosis. A number of studies have compared antibody 

responses in patients with long-term non-progression (LTNP) of HIV infection with 

those with fast progression to symptomatic HIV infection or AIDS. In most of these 

studies LTNP is defined as asymptomatic HIV infection with normal CD4 count 

and low or undetectable plasma HIV RNA in the absence of antiretroviral 

medication after at least ten years of documented HIV infection. Patients who 

progress to HIV disease have generally lost, or have never acquired anti-Gag 

antibodies (Brown et al 1995; Cheingsong-Popov et al 1991; Hogervorst et al 
1995; Sheppard et al 1991; Strathdee et al 1995). Low titres of anti-Gag antibodies 

have been found in fast progressors, both early after seroconversion and in 

established HIV infection (Zwart et al 1994). Strathdee et a/found that a single
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quantitative measurement of anti-Gag antibody titre remained significantly 

associated with prognosis even after controlling for CD4 count, antiretroviral 

therapy and clinical symptoms (Strathdee et al 1995). In keeping with these 

results, Pontesilli et al described the finding of a persistently high frequency of 

Gag-specific CTL precursors in LTNP compared with fast progressors (Pontesilli et 

al 1998). However, anti-Gag antibodies are not neutralising and, despite the 

consistent findings of these studies, their apparently protective effect is poorly 

understood and may reflect some indirect immunological mechanism.

The major protein product of Env is a glycosylated molecule gp160, much of which 

is retained and eventually degraded intracellularly. A small amount of gp160 is 

cleaved to form the transmembrane (gp41) and surface (gp120) subunits of the 

envelope glycoprotein. Env glycoproteins are the target for essentially all well- 
characterised neutralising antibody and antibody-dependent cellular cytotoxic 

responses against HIV (Moore and Ho 1995; Sattentau and Moore 1995). Studies 

of passive immunisation with anti-HIV antibodies have been conducted using mice 

with severe combined immunodeficiency (SCID) that have been transplanted with 

normal human peripheral blood leucocytes (hu-PBL) as an animal model of HIV 

infection. Complete protection against HIV infection can be achieved in this hu- 

PBL SCID mouse model by passive immunisation with both murine and human 

monoclonal anti-gp120 antibodies (Parren et al 1999; Safrit et al 1993).

Anti-gpl20 and anti-gp41 responses tend to be strongly sustained throughout HIV 

infection and may only decline late in disease; paradoxically, the magnitude of the 

anti-Env response has no correlation with disease progression (Cheingsong- 

Popov et al 1991 ; Hogervorst et al 1995; Strathdee et al 1995). An early study of 

the initial humoral response to HIV found that that a higher level of anti-gp 120 

antibody in the first few months after HIV seroconversion was associated with a 

faster progression to symptomatic disease (Cheingsong-Popov et al 1991). 

However, this effect was only demonstrated at one time point soon after 

seroconversion and was less significant than the effect of anti-Gag antibody titres.
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The finding of higher anti-Env antibody titres may have reflected higher levels of 

HIV RNA, which were not measured, in those patients with subsequent rapidly 

progressive disease. A subsequent study found a large overlap in titres of anti-Env 

antibodies between LTNP and fast progressors over a longer period of follow-up 

and concluded that anti-Env antibodies are a poor predictor of disease progression 

(Zwart et al 1994). In addition, there is no difference in the frequency of Env- 

specific CTL precursors in LTNPs compared with progressors, suggesting that the 

anti-Env immune response is less important in the control of chronic HIV infection 

than the anti-Gag response (Pontesilli et al 1998).

There are few reports that address the effect of HAART on humoral immune 

responses. This chapter therefore describes the results of a study undertaken to 

investigate changes in antibody titres to the dominant HIV antigens Gag and Env 

after HAART. A cohort of patients with advanced HIV infection who received 

HAART were compared with controls who received no HAART, Clinical outcome 

was documented and serial measurements of plasma HIV RNA were recorded. 
Immunofluorescence assays using recombinant baculoviruses expressing Gag 

and Env were established in order to measure anti-Gag and anti-Env antibody 

titres. The results presented in this chapter provide the first description of the 

effect of HAART on the humoral response against HIV.

6.2. Methods
6.2.1. Study population
The study group was the same as that described in Chapter 5. To summarise, 

eleven patients who received HAART were compared with eleven controls who 

received NRTI monotherapy or no antiretroviral therapy. All individuals studied had 

advanced immunosuppression at baseline as indicated by the presence of 

asymptomatic, untreated CMV viraemia.
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6.2.2. Measurements
Whole blood, serum and plasma samples were collected at each attendance; CD4 

counts and plasma HIV RNAs were measured and clinical data recorded as 

described in Chapter 5. Anti-Gag and anti-Env antibody titres in serum were 

measured with an immunofluorescence assay using insect cells infected with 

recombinant baculovirus expressing Gag (pr55) and Env (gp120) as described in 

Chapter 2.

6.2.3. Clinical examination
Regular clinical assessment was performed as described in Chapter 5.

6.2.4. Data analysis
Statistical analysis was performed as described in Chapter 2. Log change in viral 
load from baseline and alterations in antibody titre were performed as described in 

Chapter 5. GMTs were calculated as described in Chapter 2.

6.3. Results
6.3.1. Study population
Eleven patients at first receipt of HAART were compared with 11 control patients. 
Baseline demographic data are summarized in Table 5.1.

6.3.2. Antiretroviral therapy
Details of the HAART regimens received are presented in Chapter 5. Only two 

patients received HAART as their initial antiretroviral therapy whilst the rest of the 

cohort had prior exposure to at least one NTRI, Therefore, the initial HAART 

combination was optimised by switching to a different backbone combination of 

NRTI in addition to the introduction of a PI or NNRTI. In two patients previous 

treatment made this impossible so, in these cases a PI or NNRTI was added to the 

pre-existing NRTI combination.
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6.3.3. CD4 count

There was no statistically significant difference in initial CD4 counts between the 

HAART group and control group. The median CD4 count at baseline in the 

HAART group was 22 x 10®/l (range 10 - 295 x 10®/) and 16x10®/ (range 5 -100 x 

10®/) in the control group. As described in Chapter 5, there was a good response 

to HAART in terms of increased CD4 cell count (median increase 219 x 10®/, 

range 152 - 40 x 10®/). Follow-up CD4 counts for the control group were 

unavailable.

6.3.4. Plasma HIV RNA
Baseline plasma HIV RNA levels were high in both groups at baseline. There was 

no statistically significant difference between the median baseline plasma HIV 

RNA in the HAART group of 5.61 logio copies/ml (range 2.6 - 5.88 copies/ml) and 

in the control group of 5.56 logio copies/ml (range 4.41 - 5.88 copies/ml). As 

expected, a rapid reduction in plasma HIV RNA levels in all patients receiving 

HAART was observed with a median decline at one month post therapy of 0.8 log 

which had decreased to 2 logs by three months post HAART (p<0.01 compared 

with baseline. Figure 6.1). Eight of the patients receiving HAART achieved an 

undetectable HIV plasma RNA of <400 copies/ml during follow-up. In the three 

individuals in whom plasma HIV RNA did not become undetectable there were still 
decreases in HIV load following HAART. Patient 8 had a baseline plasma HIV 

RNA of 5.81 log 10 copies/ml which decreased to 3.34 logic copies/ml. In Patient 9 

there was a decrease in plasma HIV RNA from >5.87 logic copies/ml to 4.68 logic 

copies/ml and in Patient 11 the decrease was from 5.23 logic copies/ml to 3.97 

logic copies/ml. In the control group HIV RNA levels did not change significantly 

from baseline levels (median follow-up plasma HIV RNA 5.56 logic copies/ml, 
range 4.41 - 5.86 logic copies/ml).
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Median values and interquartile ranges are shown
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6.3.5. Clinical examination
All patients underwent regular clinical assessment. In the HAART group there 

were no deaths and median follow-up time was 45 weeks (range 29 -  83 weeks). 

In contrast, eight of eleven control patients died; the median time to death was 43 

weeks after study entry (range 1 3 -9 4  weeks). Consequently, the follow-up time 

was shorter in this group with a median of 31 weeks (range 8-80 weeks, p<0.05 

compared with HAART patients).

6.3.6. Anti-Gag and Anti-Env antibodies
Anti-Gag antibody titres were either low or undetectable at baseline in both groups 

(Table 6.1, Figure 6.2). In the HAART group the median pre-treatment anti-Gag 

titre was 1/20 (range 0 -1/160); anti-Gag antibodies were undetectable at 
baseline in three patients. In the control group the median baseline anti-Gag titre 

was also 1/20 (range 0 -1 /80 ) and three patients in this group also had no anti- 
Gag antibodies detected. There was no significant change in anti-Gag titre after 

HAART; the GMT for the group was 1/13 at baseline and 1/18 after HAART 

(Figure 6.3). Similarly, in the control group no change was seen with a baseline 

GMT of 1/12 and a maximum follow-up GMT of 1/18 (Figure 6.4).

Anti-Env titres were higher than anti-Gag titres in both the HAART and control 
groups and were equivalent between groups at baseline (Table 6.1, Figure 6.5). 
Anti-Env antibodies were detectable in all cases. Median baseline anti-Env titres 

were 1/320 in both the H/\ART group and in the control group (range 1/160 -  

1/1280 for both). Following HAART there was a significant decline in anti-Env 

antibodies from a GMT of 1/413 to 1/116 (Figure 6.6). In contrast, there was no 

change in anti-Env titres in the control group with a baseline GMT for the group of 

1/249 and a minimum follow-up GMT of 1/234 (Figure 6.7).

Distinct patterns of change in antibodies to HIV antigens were seen within the 

cohort. Anti-Gag antibody titres were unchanged in most of the patients. However, 
in some patients there was an increase in anti-Gag titres whilst HIV plasma RNA

213



remained detectable (Figures 6.8.4., 6.8.5. and 6.8.9.). In contrast, anti-Env 

antibody titres tended to decline promptly as HIV viraemia was reduced (Figures 

6.8.1., 6.8.3., 6.8.4., and 6.8.7.). In these patients the anti-Env titres remained low 

after the plasma HIV RNA had become undetectable. In two further patients in 

whom plasma HIV RNA became undetectable soon after HAART, there was a 

transient increase in anti-Env titres before the titre declined after the plasma HIV 

RNA was undetectable (Figures 6.8.5. and 6.8.6 ). In other patients, anti-Env titres 

increased in the presence of detectable HIV viraemia (Figures 6.8.2., 6.8.8. and 

6.8.9 ). In Patient 2 the anti-Env titre subsequently decreased as plasma HIV RNA 

was slowly suppressed, becoming undetectable after 417 days of HAART (Figure 

6.8.2 ). Patients 8 and 9 had persistently detectable plasma HIV RNA and the anti- 

Env antibody titres also remained relatively high (Figures 6.8.8. and 6.8.9 ). The 

remaining two patients had a poor response to HAART with no significant change 

in plasma HIV RNA levels after HAART despite an initial decline in both cases. In 

these patients, anti-Env titres gradually declined over time (Figures 6.8.10. and

6.8.11.). In contrast, anti-Gag and anti-Env titres in the control group showed 

minor fluctuations but there was no significant change in either during follow-up 

(Figure 6.9).
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Table 6.1. Summary of anti-Gag and anti-Env antibody titres in patients receiving HAART and controls

HAART Controls
Baseline anti-Gag titre 

Maximum anti-Gag titre 

Baseline anti-Env titre 

Minimum anti-Env titre

1/20 (0-1 /160)

1/40 (0 -1 /320)
1/320 (1/160-1/1280) 

1/80 (1 /40 - 1/320)

1/20 (0 -1 /80 ) ns

1/20 (0 -  1/80) ns
1/320 (1/160-1/1280) ns

1/320 (1/40 -  1/640) <0.05

Median and ranges are shown, ns = non-significant
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6.8.1.

Figure 6.8. Change in plasma HIV RNA, anti-Gag and anti-Env titre with time in individual patients receiving
HAART
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6.9.1.

Figure 6.9. Change in plasma HIV RNA, anti-Gag and anti-Env titre with time in individual control patients
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6.4. Discussion

There are relatively few data concerning the effect of HAART on the humoral 

response. The immune response to HIV itself is poorly understood but 

enhancement of this response may be important for long-term sustained 

suppression of HIV replication. This chapter describes the results of a study 

undertaken to investigate the effect of HAART on antibody titres to the dominant 

HV antigens Gag and Env. The cohort studied in this chapter had advanced HIV 

disease at baseline. Anti-Gag antibodies were of low titre or absent initially and 

there was no significant change overall following HAART. These findings are 

consistent with previous work that has shown that anti-Gag responses are often 

lost early in HIV infection or, in some cases never develop, in patients who 

progress to symptomatic HIV disease (Brown et al 1995; Cheingsong-Popov et al 
1991; Hogervorst et al 1995; Sheppard et al 1991; Strathdee et al 1995).

It has been suggested that the decline in the anti-Gag antibody titre that occurs in 

established HIV infection may be due to immune-complexing but it seems more 

likely to be due to loss of CD4 T-cell help (Binley et al 1997; Hogervorst et al 1995; 
Sheppard et al 1991; Zwart et al 1994). Most of the patients described in this 

chapter had no increase in anti-Gag responses despite increased CD4 T-cell 

counts after HAART. This may be a consequence of the deletion of Gag-specific 

CD4 memory T-cells earlier in HIV infection in these patients. However, as decline 

in plasma HIV RNA generally occurs rapidly after HAART, there may be 

insufficient time during which HIV antigen is available to either stimulate specific 

memory T-cells or allow for the generation of responses from newly generated 

naive T-cells. Indeed, increased anti-Gag antibody titres occurred in three patients 

after HAART but this was only observed in the context of persistently detectable 

HIV viraemia together with an increased CD4 T-cell count. Similar findings were 

reported by Binley et al who studied the effect on humoral responses of HAART 

given in primary or chronic HIV infection (Binley et al 2000c). Although there was 

no change in anti-Gag tires after HAART in most of the patients they studied, a 

modest increase in anti-Gag titres was documented in two chronically infected
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patients. Binley et al attribute this to a partial restoration of T-helper cell function in 

the presence of antigen in these cases. The same phenomenon has also been 

reported by other workers (Montefiori et al 2001; Ortiz et al 1999). These data 

suggest that some individuals may reconstitute Gag specific T-cell responses after 

HAART but that antigenic stimulus may be required for the generation of 

antibodies to Gag.

In contrast to anti-Gag responses, anti-Env antibody titres were well preserved at 

baseline even though the patients had advanced HIV infection; this finding is in 

keeping with earlier studies (Cheingsong-Popov et al 1991; Hogervorst et al 1995; 
Strathdee et al 1995). It is unclear why the anti-Env response is so strongly 

sustained in chronic HIV infection but it has been suggested that it may reflect the 

existence of alternative antigen presentation pathways for the highly glycosylated 

envelope glycoproteins or that there is differential regulation by the immune 

system with anti-Gag responses having a greater requirement for CD4 help (Binley 

et al 1997). The anti-Env antibody titres in the cohort described in his chapter 
declined as the HIV plasma RNA decreased tbilowing HAART. Similar results 

were reported in a study by Morris et a/where a rapid decline in anti-gp120 

specific antibody-secreting cell frequencies was observed after HAART in both 

chronic and acute HIV infection (Morris et al 1998). Morris et al also found a 

reduction in HIV non-specific hypergammaglobulinaemia after HAART, which was 

sustained whilst plasma HIV RNA remained suppressed, suggesting that it is HIV 

replication that drives B-cell hyperactivity in chronic infection. Two further studies 

have investigated the effect of HAART on anti-Env antibody production (Binley et 

al 2000b; Markowitz et al 1999). Both of these studies reported a decline in anti- 

Env titres after HAART was given in the first two years of HIV infection. It seems 

very likely therefore that the decrease in the titre of anti-Env antilDodies reflects the 

reduction in plasma HIV RNA following HAART.

It is of interest that some of the patients studied in this chapter did experience an 

increase in anti-Gag and anti-Env titres in the presence of persistent HIV RNA
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following HAART. In most of these cases there was a subsequent reduction in 

antibody titre after the plasma HIV RNA declined. This effect may be secondary to 

enhanced T-cell help after HAART boosting an already established antibody 

response whilst HIV antigens remain detectable. Further evidence to support this 

hypothesis is provided by the observation made in several studies that anti-HIV 

antibody titres are elevated in patients who receive intermittent antiretroviral 

therapy after early initiation of treatment (Markowitz et al 1999; Ortiz et al 1999; 
Ortiz et al 2001). A study of patients who initiated HAART soon after primary 

infection found low or undetectable anti-Gag, anti-Env and neutralising antibody 

titres whilst HIV replication was suppressed (Montefiori et al 2001). However, after 

interruption of HAART there were increased titres of anti-Gag, anti-Env and 

neutralising antibodies, which correlated with a decrease in rebound plasma HIV 

RNA. Another study found that patients with sustained suppression of HIV 

replication after early HAART had undetectable neutralising antibody responses 

but that patients who were intermittently adherent developed autologous 

neutralising antibodies of unusually high titre coincident with episodes of HIV 

viraemia (Binley et al 2000b). Similar effects have also been described on the 

frequency of HIV-specific CD8 CTLs, being positively correlated with the 

production of HIV following HAART (Mollet at al, 2000). It therefore seems likely 

that these transient increases in antibody are a secondary antibody response 

whereby B-cells have been primed early in HIV infection. Suppression of HIV 

replication by HAART may allow the recovery of immune competency so that 

exposure to antigen during persistent or recurrent HIV viraemia results in an 

increase in antibody titre. This is of importance as the humoral immune response 

may be involved in the control of rebound HIV viraemia following interruption of 
HAART. Encompassing this philosophy, the strategy of structured treatment 

interruption, whereby HAART is given intermittently, is currently under evaluation 

(Frost et al 2002; Garcia et al 2001; Ortiz et al 2001 ; Ruiz et al 2001). However, 

the effect of structured treatment interruption on humoral responses in chronically 

infected patients is poorly understood (Ortiz et al 1999).
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The results presented in this chapter demonstrate variability of the effects of 
HAART on the humoral immune response to HIV between individuals. This 

presumably reflects the effect of HAART on the cellular Immune response to HIV, 

which is at least highly variable and often apparently absent. The lack of HIV 

specific T-cell proliferative responses in established HIV infection presumably 

reflects the absence or very low frequency of circulating HIV specific CD4 T-helper 

cells. However, several investigators have reported persistently detectable HIV- 
specific CD4 T-cell responses in adults who receive HAART at primary HIV 

infection, suggesting that early aggressive treatment of primary HIV infection may 

facilitate the generation of these responses (Malhotra et al 2000; Markowitz et al 
1999; Oxenius et al 2000; Rosenberg et al 1997). The cohort described in this 

chapter received HAART at late stages of HIV infection, by which time they had 

advanced immunosuppression. It is perhaps not surprising therefore that some 

individuals demonstrated no evidence of reconstitution of humoral or cellular 
immune function.

In summary, this chapter presents the results of a study investigating the effect of 
HAART on titres of anti-Gag and anti-Env antibodies in a cohort of patients with 

advanced HIV infection. In keeping with earlier findings, anti-Gag titres were low or 

absent and there was no significant change after HAART. Anti-Env antibody titres 

were higher than anti-Gag titres at baseline and underwent an overall decline as 

plasma HIV RNA declined after HAART. The responses seen varied between 

individuals and, in some cases there were transient increases in antibody titres 

whilst plasma HIV RNA remained detectable. This is consistent with the fact that 

ongoing HIV replication appears necessary to maintain high levels of immune 

stimulation. Further work is required to investigate the relationship between T-cell 

and B-cell reconstitution following HAART and to determine the contribution of the 

humoral response to HIV in the long-term control of viral replication.
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Chapter 7.

Recurrence of cytomegalovirus viraemia and prevalence of anti
cytomegalovirus drug resistance in patients receiving highly active 

antiretroviral therapy after cytomegalovirus retinitis.
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7.1. Introduction
7.1.1. Changes in prophylaxis for opportunistic infections after HAART

Soon after AIDS was first described it became clear that Ols occurred 

frequently and caused substantial morbidity and mortality. On the basis of a 

series of clinical trials, chemoprophylaxis to prevent initial episodes (primary 

prophylaxis) and subsequent episodes of certain Ols (secondary prophylaxis) 

became the standard of care (Kovacs and Masur 2000). However, the long

term receipt of drugs as prophylaxis has a number of substantial 

disadvantages: increased incidence of side effects and drug interactions, 

increased drug burden and associated reduced quality of life, risk of reduced 

adherence to medication regimens, increased financial cost and increased risk 

of development of drug resistance. Discontinuation of maintenance therapy is 

therefore an attractive option to both the patient and the clinician. The success 

of HARRT in reducing the incidence of Ols and consequent morbidity and 

mortality has lead to a reassessment of the role of prophylaxis in patients who 

have antiretroviral responses that are sustained.

The most recently published guidelines for the prevention of Ols in patients with 

HIV infection from the Public Health Service and the Infectious Diseases 

Society of America have been revised to include information on the 

discontinuation of prophylaxis for a variety of infections (Anonymous 1999). A 

number of studies have now demonstrated that specific primary prophylactic 

regimens can be safely discontinued if CD4 count rises above the thresholds 

for initiating prophylaxis. There are a large number of studies reporting the 

successful withdrawal of primary PCP prophylaxis after the CD4 count has 

increased above 200 x 10®/l following HAART (Furrer et al 1999; Furrer et al 

2001 ; Kirk et al 1999; Lopez Bernaldo de Quiros et al 2001 ; Mussini et al 2000; 

Schneider et al 1999; Weverling et al 1999). In addition, it appears to be safe to 

stop primary prophylaxis for Toxoplasma gondii under the same circumstances 

(Furrer et al 1999; Kirk et al 1999; Mussini et al 2000). Two large, randomised, 

double-blind trials have compared azithromycin as primary prophylaxis for MAC 

with placebo in patients whose CD4 count has risen above 100 x 10̂ /1 after 

HAART(Currier et al 2000; El Sadr et al 2000). Both these studies found that it
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was safe to withhold or discontinue MAC prophylaxis under these 

circumstances and other authors have reported similar findings (Gill et al 1998).

There has been more reticence about discontinuing secondary 01 prophylaxis. 

However, evidence is increasing that this may also be a safe strategy under 

some circumstances and there is now considerable experience of the 

withdrawal of secondary POP prophylaxis. Four large cohort studies have 

reported a very low risk of recurrent PCP following discontinuation of 

prophylaxis in patients whose CD4 counts were sustained above 200 x 10®/l on 

HAART (Abgrall et al 2001 ; Koletar et al 2001 ; Ledergerber et al 2001 ; Lopez 

Bernaldo de Quiros et al 2001). In contrast, there are few reports of recurrent 

PCP occurring at CD4 counts above 200 x10®cells/l after discontinuation of 

secondary PCP prophylaxis (Lim et al 2001; Quah and McBride 2001). 

Accordingly, this practice has now become widely adopted. Soriano et al 

reported a series of patients in whom secondary prophylaxis for the following 

Ols was discontinued; PCP, cerebral toxoplasmosis, disseminated MAC, CMV 

retinitis, recurrent oesophageal candidiasis, visceral leishmaniasis, recurrent 

herpes zoster and chronic mucocutaneous herpes simplex (Soriano et al 2000). 

Only two of 53 patients in this series experienced recurrence of 01 after 

discontinuation of secondary prophylaxis, suggesting that this may be a safe 

practice for a variety of Ols. In addition, there are case reports of the safe 

discontinuation of secondary prophylaxis for cryptococcal meningitis at a CD4 

count above 100 x 10®/l after HAART (Martinez et al 2000; Nwokolo et al 2001).

As described in Chapter 3, the introduction of HAART has had a dramatic impact 

on the natural history of CMV disease. Consequently, patients who have 

received HAART following the diagnosis of CMV retinitis now have markedly 

extended survival times. Prior to the availability of HAART, secondary 

prophylaxis for CMV disease was continued life-long. However, progression of 

CMV retinitis remained common and repeated courses of induction therapy 

were often required. Discontinuation of maintenance therapy for CMV after 

HAART was a particularly attractive option, given the difficulty of administration 

and associated toxicities of available anti-CMV medication. Therefore, this 

practice was adopted relatively soon after the beneficial effects of HARRT
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became apparent. There are now a large number of reports of the safe 

discontinuation of secondary prophylaxis for CMV disease after HAART and 

this has become common practice ( Jabs et al 1998a; Macdonald et al 1998; 

Tural et al 1998; Vrabec, Baldassano and Whitcup 1998; Di Perri et al 1999; 

Kirk et al 1999; Mezzaroma et al 1999; Whitcup et al 1999; Soriano et al 2000). 

These studies include a total of 78 patients in whom the CD4 count had risen to 

above 100 x 10®/l after HAART. There were no recurrences of CMV disease in 

any of these patients following discontinuation of maintenance therapy, 

suggesting that this is a safe strategy in selected patients. However, many 

individuals have received prolonged anti-CMV therapy, both as induction and 

maintenance, prior to the discontinuation of therapy. As these patients are now 

living for much longer than in the pre- HAART era, there are now a number of 

individuals with extensive exposure to anti-CMV therapies which is an 

unprecedented situation. However, it remains uncertain how long the protective 

effect of HAART against the development of CMV disease may last and there 

are no data concerning the identification of those individuals at highest risk of 

recurrence.

7.1.2. Anti-CMV drug resistance
A major problem associated with the administration of anti-CMV therapy is the 

development of drug-resistance. That GCV-resistant CMV could emerge in the 

clinical setting was demonstrated shortly after the introduction of GCV for the 

treatment of severe CMV infections (Erice et al 1989). GCV resistance was 

associated with persistently positive blood cultures for CMV and relentlessly 

progressive disease despite therapy. Early work demonstrated that GCV 

resistant isolates of CMV had a reduced ability to induce intracellular 

phosphorylisation of GCV (Stanat et al 1991). Subsequent work demonstrated 

that the monophosphorylation of GCV in CMV-infected cells is controlled by a 

protein kinase homologue encoded by the UL97 open reading frame of CMV 

(Littler et al 1992; Sullivan et al 1992). Further studies characterised UL97 

sequences in GCV-resistant CMV strains; a number of point mutations or 

deletions that confer reduced susceptibility to GCV have been reported (Erice 

1999). Table 7.1 summarises UL97 mutations found in clinical isolates in 

studies published since 1995.
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Table 7.1. UL97 mutations in clinical isolates resistant to ganciclovir

UL97 mutation Amino acid change Reference

M460V

M460I

N510S

H520Q

A590T

Del590-593

A591D

A591V

Del591-594

C592G

A594V

A594P

A594T

L595S

Met to Val

Met to lie

Asp to Ser 

His to Gin

Ala to Thr

Deletion of Ala-Ala-Cys- 

Arg

Ala to Asp

Ala to Val

Deletion of Ala-Ala-Cys- 

Arg

Cys to Gly

Ala to Val

Ala to Pro 

Ala to Thr 

Leu to Ser

(Alain et al 1997; Chou et al 1995a; 

Chou et al 1995b; Smith et al 1996)

(Chou et al 1995a; Smith et al 1997; 

Smith et al 1998; Wolf et al 1995a)

(Chou et al 1995a; Erice et al 1998)

(Chou et al 1995a; Erice et al 1997; 

Erice et al 1998; Hanson et al 1995)

(Wolf et al 1998)

(Chou et al 1995a)

(Wolf et al 1998)

(Chou et al 1995a)

(Sullivan etal 1992)

(Chou et al 1995a; Erice et al 1997; 

Jabs et al 1998b)

(Chou et al 1995a; Chou et al 

1995b)

(Ijichi et al 2002)

(Erice et al 1997)

(Chou et al 1995a; Chou et al 

1995b; Erice et al 1997; Smith et al 

1997; Wolf et al 1995b)
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L595F Leu to Phe (Chou et al 1995b; Smith et al 1996; 

Wolf et al 1995b)

L595T Leu to Thr (Smith et al 1997)

Del595 Deletion of Leu (Baldanti etal 1995)

L595W Leu to Trp (Chou et al 1995a)

Del595-603 Deletion of Leu-Glu- (Chou and Meichsner 2000; Mendez

Asn-Gly-Lys-Leu-Thr-

His-Cys

et al 1999)

E596G Glu to Gly (Chou et al 1995a)

E596D Glu to Asp (Wolf et al 1998)

N597I Asn to lie (Wolf et al 1998)

G598V Gly to Val (Wolf et al 1998)

K599M Lys to Met (Wolf et al1998)

K599T Lys to Thr (Faizi et al 1998)

DelGOO Deletion of Leu (Cihlaretal 1998a)

C603W Cys to Trp (Chou et al 1997; Smith et al 1996)

C607Y Cys to Tyr (Baldanti et al 1998b; Smith et al 

1998)

C603Y Cys to Tyr (Wolf et al 1998)

A606D Ala to Asp (Wolf et al1998)

V665I Val to lie (Wolf et al 1995b)
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The biological role of the UL97 protein is not known but it has sequence 

homology to bacterial phosphotransferases as well as other protein kinases of 

human herpes viruses, some of which play a vital role in gene expression (He 

et al 1997). It is clear however, that the UL97-encoded protein kinase plays a 

critical role in the control of CMV replication; deletion of the UL97 gene results 

in a drastic reduction in the replication efficiency (Michel et al 1996).

The CMV DMA polymerase is the target of the antiviral agents currently 

available to treat CMV infections. Therefore, mutations in the gene that 

encodes the DMA polymerase, UL54, can also result in viral resistance to these 

drugs. CMV strains with only UL97 mutations are resistant to GCV but 

susceptible to FOS and CDV. CMV strains with certain UL54 mutations are 

cross resistant to GCV and CDV and strains containing both UL97 and UL54 

mutations are highly resistant to GCV (Smith et al 1997). The mutations in 

UL54 V812L and Del 981-982 have been shown to confer cross-resistance to 

GCV, CDV and FOS (Cihlar et al 1998b; Chou et al 2000).

It is well documented that the development of resistance is associated with lack 

of therapeutic response and progression of CMV disease (Baldanti et al 1995; 

Chou et al 1997; Chou et al 1998; Smith et al 1998; Wolf et al 1995b). GCV 

resistance has been associated with a number of adverse clinical outcomes in 

AIDS patients receiving GCV including development of contralateral eye 

disease in patients treated for unilateral retinitis (Bowen et al 1998; Jabs et al 

1998b; Jabs et al 2001), development of extraocular disease, development of 

CNS CMV disease (Smith et al 1996; Wolf et al 1995b), persistence of CMV 

viraemia (Smith et al 1996; Wolf et al 1995b) and increasing CMV load (Boivin 

et al 1996; Boivin et al 1997; Gilbert et al 1998; Smith et al 1996). Evidence of 

the pathogenicity of GCV-resistant strains of CMV is further supported by the 

finding of resistance mutations in CMV isolates from vitreal biopsies (Liu et al 

1998; Smith et al 1998), gastrointestinal tissue (Hanson et al 1995), 

cerebrospinal fluid (Wolf et al 1995b) and bronchoalveolar lavage fluid (Alain et 

al 1997; Littler etal 1992).
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Drug resistance mutations may occur soon after anti-CMV treatment is 

commenced. A prospective study of sequential CMV isolates obtained from a 

cohort of patients receiving GCV found that resistance-conferring UL97 

mutations could be detected as early as 28 days after initiation of therapy 

(Abraham et al 1999). In addition, UL97 mutations may persist even after GCV 

has been discontinued. In one study, a previously detected point mutation in 

UL97 (L595F) was still present nine months after GCV had been stopped (Wolf 

et al 1995b). However, in the same study a different mutation (M460V) was no 

longer present six months after GCV had been discontinued. This suggests 

that, although there may sometimes be repopulation with wild-type strains once 

the selective antiviral pressure is removed, some point mutations may persist 

for extended periods even if the drug is discontinued.

The cohort of patients who commenced HAART at some point after being 

treated for CMV disease therefore present an unprecedented management 

challenge. Those individuals who have improved CD4 parameters on HAART 

have subsequently discontinued secondary prophylaxis for CMV. However, it is 

not known how long the protective effect of HAART against the development of 

CMV and other Ols may last and optimal management of such patients is 

undefined, in particular, there are no strategies for identifying those patients 

within this cohort who are at greatest risk of CMV disease recurrence. Many of 

these patients have had extensive exposure to anti-CMV therapy prior to 

discontinuation. Current therapy for CMV is limited to only three agents, all of 

which inhibit the CMV DMA polymerase. Therefore, it may be predicted that 

such patients may be difficult to treat in the event of recurrent CMV viraemia or 

disease.

This chapter describes the results of a study undertaken to identify risk factors 

for recurrence of CMV viraemia in patients receiving HAART who have 

extended survival times following a diagnosis of CMV retinitis. This study also 

investigated the development of anti-CMV drug resistance associated with the 

long-term receipt of maintenance therapy for CMV retinitis. A cohort of patients 

who commenced HAART after they had received treatment for CMV retinitis 

was studied. In order to determine the incidence of recurrent CMV viraemia in
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this cohort, prospective monitoring by PCR was conducted. The relationship of 

recurrent viraemia with GCV resistance was assessed by sequencing samples 

positive for CMV DNA by PCR for mutations in UL97. The results presented in 

this chapter describe the longest follow-up reported to date of patients who 

have discontinued secondary prophylaxis for CMV retinitis after HAART. These 

data provide an assessment of the risk of recurrent CMV viraemia and anti- 

CMV drug resistance and highlight potential problems associated with clinical 

management in these patients.

7.2. Methods
7.2.1. Study population

The study cohort was identified from the prospective study described in 

Chapter 4. The cohort consisted of all living patients who had been diagnosed 

with CMV retinitis at the RFH and who had subsequently received HAART. 

Patients were included if HAART was commenced at the time of first diagnosis 

of CMV retinitis but were excluded if the diagnosis of retinitis post-dated the 

initiation of HAART, even if these dates were close together. The data were 

censored on 31st January 2001; all eligible patients alive on this date were 

included in the analysis.

7.2.2. Measurements
Whole blood and plasma samples were collected at each clinic attendance. 

Qualitative PCR for CMV was performed one to three monthly on DNA extracted 

from whole blood as previously described. CD4 count and plasma HIV RNA 

results were monitored 1 - 3  monthly as part of clinical care. Samples positive for 

CMV viraemia by qualitative PCR were quantified using QCPCR as previously 

described. The following clinical data were recorded: sex, age, HIV exposure 

category, date of first diagnosis of CMV retinitis, previous progressions and 

complications of retinitis, anti-CMV therapies received, date of first receipt of 

HAART and date of discontinuation of maintenance therapy for retinitis where 

applicable. Recurrent viraemia was defined as the detection of CMV DNA in 

whole blood by PCR after the patient had been established on HAART for 

longer than six months. For the estimation of time since discontinuation of
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secondary prophylaxis for CMV retinitis in patients who had received a GCV 

intraocular implant, it was assumed that there would be no further antiviral 

activity at nine months after insertion.

7.2.3. Sequencing for UL97 resistance mutations

Samples from patients who experienced recurrent CMV viraemia were 

sequenced for mutations in CMV UL97 as described in Chapter 2.

7.2.4. Clinical examination

All patients were assessed regularly by the ophthalmologist according to the 

RFH protocol for management of patients with CMV retinitis. Patients were 

seen weekly whilst receiving induction anti-CMV therapy and monthly whilst 

receiving maintenance therapy. Patients experiencing recurrent CMV viraemia 

were assessed acutely by the ophthalmologist and weekly thereafter whilst they 

remained viraemic. Patients who had discontinued maintenance therapy were 

seen monthly for six months and three monthly thereafter. The decision to 

discontinue maintenance therapy was made jointly by the ophthalmologist in 

consultation with the outpatient physician if the following clinical criteria were 

met: quiescent, non-sight threatening retinitis, CD4 count greater than 100 x 

10®/l for more than three months, plasma HIV RNA undetectable or reduced by 

greater than 1 logm, CMV DNA undetectable by PCR, stable HAART regimen 

for longer than six months and patient able to attend for regular 

ophthalmological follow-up.
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7,3. Results
7.3.1. Study population

Eleven patients were studied. Patient demographics are summarised in Table

7.2. The cohort was comprised predominantly of homosexual males. The 

median age at the time of data censure was 45 years (range 34 -  52). The time 

from initial diagnosis of CMV retinitis ranged from 33 -  72 months (median 50 

months). The initial diagnoses of CMV retinitis were made between 1995 and 

1998 with the majority being made in 1996 (three cases) and 1997 (four cases). 

One case was diagnosed in 1998, in a patient with undiagnosed HIV infection 

at the time of presentation (Patient 5). There were no cases diagnosed in 1999 

or 2000.

7.3.2. Antiretroviral therapy
Patients had commenced HAART a median time of 45 months earlier (range 31 

-  57 months). Patients 2 and 7 had a relatively long interval between initial 

diagnosis of retinitis and first receipt of HAART of 16 and 25 months 

respectively. These two individuals were initially diagnosed with retinitis in 

1995, before HAART was widely available. Both received NRTI mono or dual 

therapy prior to commencing HAART. The rest of the cohort had a shorter time 

from initial diagnosis of retinitis and initial HAART. In one case, HAART was 

started at the same time as initial induction anti-CMV therapy. However, most 

patients commenced HAART soon after induction therapy was completed.

7.3.3. Anti-CMV therapy
The cohort had received a median of 21 months of anti-CMV therapy as both 

induction and maintenance therapy (range 1 0 -6 5  months). All patients 

received iv GCV as initial induction therapy for CMV retinitis. The anti-CMV 

treatments received included iv and oral GCV, iv and intravitreal FOS, iv and 

intravitreal CDV and GCV implant. Most patients had been exposed to more 

than one anti-CMV agent; five had received GCV and FOS and four had 

received GCV, FOS and CDV. Two patients had GCV implants inserted as 

secondary prophylaxis.
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Table 7.2. Demographic details of study population

Patient Sex Age HiV Exposure 

category

Months since 

CMV retinitis

Months since starting 

HAART

Months off maintenance therapy

1 M 43 Homosexual 46 44 31

2 M 52 Homosexual 72 56 Not Applicable

3 M 42 Homosexual 47 45 25

4 M 46 Heterosexual 32 31 21

5 M 49 Homosexual 46 45 25

6 M 39 Homosexual 51 49 33

7 F 36 Heterosexual 71 46 Not Applicable

8 F 45 Heterosexual 50 45 32

9 M 47 Homosexual 56 52 31

10 M 34 Homosexual 43 43 33

11 M 47 Homosexual 62 57 34
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Nine of eleven patients discontinued maintenance therapy for CMV following 

HAART according to the criteria above. The time since discontinuation of 

maintenance therapy ranged from 2 1 -3 4  months (median 31 months). Two 

patients continued to receive maintenance therapy as they had persistently low 

CD4 count, detectable plasma HIV RNA and intermittently detectable CMV 

DNA (Patients 2 and 7).

7.3.4. Clinical examination

Episodes of progression of retinitis, either before or soon after HAART, were 

common. Only three patients experienced no episodes of disease progression 

(Patients 1, 4 and 10). The median number of episodes of progression was 1 

(range 0 - 4  episodes). There were no progressions of CMV retinitis in any 

patient after more than six months of HAART had been received. There was a 

high incidence of complications of retinitis. There were three cases of retinal 

detachment (Patients 3, 7 and 9) and two cases of uveitis (Patients 6 and 8). 

Inflammatory complications associated with receipt of HAART occurred in six 

patients; there were four cases of vitritis (Patients 1,3,5 and 11) and two cases 

of CMO (Patients 8 and 9).

There were no recurrences of CMV retinitis or development of complications 

after discontinuation of maintenance therapy.

7.3.5. Recurrent CMV viraemia

Three individuals (Patients 2,5 and 7) experienced recurrent CMV viraemia 

following HAART (Table 7.3). The median rebound CMV load was 4.65 logio 

copies/ml (range 2.70 -  5.48 logio copies/ml). All recurrences of CMV viraemia 

occurred at CD4 counts below 100 x 10®cells/l (range 3 -  94) and, in all but one 

case, when plasma HIV RNA remained detectable.

Patient 2 was diagnosed with CMV retinitis in January 1995 and first received 

HAART in May 1996. Because of persistently low CD4 counts, he continued on 

oral GCV as maintenance therapy throughout the period of study. He 

experienced two episodes of recurrent CMV viraemia; the first occurred at the 

time of switching from first to second line HAART and the second at the time of
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switching from third to fourth line HAART because of a falling CD4 count 

(Figure 7.1). On both occasions, intensification of the HAART regimen resulted 

in subsequent control of CMV viraemia.

Patient 5 was diagnosed with CMV retinitis in March 1997 and started HAART 

one month later. At the time of recurrent CMV viraemia he had commenced a 

salvage HAART regimen, including HU at a dose of SOOmg bd, four months 

previously (Figure 7.2). Despite having an undetectable HIV load, he 

experienced progressive leucopaenia until recurrent CMV viraemia occurred 

when the CD4 count had decreased to 38 x 10®cells/l. Following this, the dose 

of HU was reduced to SOOmg od, the total white cell count and the CD4 count 

increased and CMV viraemia was subsequently suppressed.

Patient 7 was diagnosed with CMV retinitis in February 1995 and commenced 

HAART in March 1997. In March 1998 she started a salvage HAART regimen 

but this was discontinued five months later because of failure to suppress HIV 

load and drug side effects. Despite continued maintenance therapy with oral 

GCV at a dose of 1g bd, she developed recurrent CMV viraemia in February 

1999 (Figure 7.3). Because of increasing CMV load the dose of oral 

GCV was increased to 1 5g tds. As there was no response to this regimen she 

was switched to FOS, which reduced CMV load only transiently. Following this 

she received intermittent CDV infusions, which again reduced CMV load 

transiently. CDV was discontinued because of increasing CMV load and 

deteriorating renal function in October 1999, following which she recommenced 

oral GCV at a dose of 1 5g tds. This resulted in control of CMV viraemia with 

only one subsequent episode in March 2000. In May 2000 when the PI 

Lopinavir (LPV) became available, she restarted HAART and CMV viraemia 

subsequently remained suppressed.
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Table 7.3. Clinical data at the time of episodes of recurrent CMV viraemia

Patient Time

point

Log CMV load 

(copies/ml)

CD4 count 

(x10®/l)

Log plasma HIV 

RNA (copies/ml)

2 A 4.08 86 4.83

2 B 3.34 94 2.72

2 0 3.64 81 2.78

5 D 4.08 38 Undetectable

7 E 4.95 5 nt

7 F 5.04 5 5.88

7 G 5.48 4 5.58

7 H 4.76 nt nt

7 1 4.49 nt nt

7 J 4.71 nt nt

7 K 4.87 8 4.29

7 L 4.98 nt nt

7 M 4.65 nt 4.54

7 N 2.70 3 4.97

7 0 4.41 39 3.76

nt=not tested
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7.3.6. UL97 mutations associated with recurrent CMV viraemia
Most episodes of recurrent CMV viraemia were associated with the presence of 

UL97 mutations known to confer GCV resistance (Table 7.4). Patient 2 had the 

L595S mutation present in samples B and C, both occurring whilst he remained 

on oGCV (Figure 7.1). Sample A did not amplify and was therefore not 

available for sequence analysis. The L595S mutation has been commonly 

described in association with GCV resistance (Chou et al 1995a; Chou etal 

1995b; Erice et al 1997; Smith et al 1997; Wolf et al 1995b). Indeed, mutations at 

the 595 locus are amongst the most frequently detected GCV resistance 

mutations (Emery 2001). Other GCV resistance conferring mutations described 

at this codon are L595F (Chou et al 1995b; Smith et al 1996; Wolf et al 1995b) 

and L595T (Smith et al 1997). Patient 5 experienced only one episode of 

recurrent CMV viraemia, at time point D (Figure 7.2). Unfortunately, this sample 

did not amplify and therefore UL97 sequence analysis is unavailable. However, 

this patient had previously discontinued maintenance therapy for CMV retinitis. 

The recurrence of CMV viraemia seemed to be related to HU-induced 

leucopaenia as the viraemia cleared once this had been corrected. This 

episode of recurrent CMV viraemia is less likely therefore to be related to the 

development of anti-CMV drug resistance and more probably reflects the 

reduction in CD4 count.

Patient 7 was receiving oGCV when she first experienced recurrent viraemia. 

The initial samples (E, F and H) show the presence of the C592G mutation. 

Sample G was wild-type up until codon 590, after which the sequence could not 

be read. Therefore, it is probable that the C592G mutation is present in this 

sample as it is still detectable in the subsequent sample. The 592 codon is 

another of the most common sites for the occurrence of mutations that confer 

GCV resistance (Emery 2001). The C592G mutation is well recognised as 

causing GCV resistance in clinical samples (Chou et al 1995a; Erice etal 1997; 

Jabs et al 1998b). Thus, the presence of this mutation following long-term oGCV 

maintenance therapy is not surprising and probably accounts for the 

reappearance of CMV viraemia in this patient. This resistance-conferring 

mutation also explains why the CMV load continued to increase, despite an 

increase in the dose of oGCV.
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At point H, oGCV was discontinued and patient 7 commenced FOS two days 

later. This was initially successful, in that the patient had undetectable CMV 

DNA on two subsequent occasions. However, the CMV viraemia rapidly 

rebounded, presumably due to the reappearance of UL54 mutations as the 

patient had received FOS in the past. The next two samples, I and J, are wild- 

type for UL97 consistent with the removal of the selective pressure of oGCV. At 

this stage, patient 7 had commenced therapy with CDV, which initially resulted 

in transient suppression of CMV replication. However, CMV viraemia 

reappeared at point K and continued to increase in load despite on-going CDV 

therapy. Again, this is almost certainly due to the re-emergence of UL54 

mutations in the presence of CDV as this patient had also received this drug in 

the past. The C592G mutation is again detectable in subsequent samples, but 

these appear to be mixed mutant and wild-type populations. After point L, CDV 

was discontinued and no anti-CMV therapy was received for five weeks. At this 

point, oGCV was reintroduced and the next samples, M and N show 

progressive reduction in CMV load until CMV DNA became undetectable. 

Unfortunately, a sample was not taken at the time of réintroduction of oGCV 

although it is likely that, during the period without anti-CMV therapy, there was 

repopulation with wild-type CMV, which accounted for the subsequent 

response to oGCV. The C592G mutation is again detectable in samples M and 

N, but these are mixed populations and the viraemia remained responsive to 

oGCV. There was only one further recurrence of CMV viraemia, at point O, 

which was associated with wild-type CMV. After this, patient recommenced 

HAART and CMV replication remained suppressed.
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Table 7.4. UL97 genome sequences associated with episodes of recurrent 

CMV viraemia

Patient Time point UL97 genome Concurrent anti-CMV therapy

2 A NS oGCV

2 B L595S oGCV

2 0 L595S oGCV

5 D NS None

7 E C592G OGCV

7 F C592G oGCV

7 G WT* oGCV

7 H C592G oGCV

7 1 WT FOS

7 J WT CDV

7 K C592G CDV

7 L C592G CDV

7 M C592G oGCV

7 N C592G oGCV

7 0 WT oGCV

NS = No UL97 sequence available, WT = wild-type, * only partial UL97 

sequence available.
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7.4. Discussion

The long-term management of patients with previous CMV retinitis is without 

precedent, given the poor prognosis associated with CMV disease prior to the 

availability of HAART. The results presented in this chapter provide insight into 

the clinical challenges that this small, but important group of patients present. 

The cohort studied in this chapter had a relatively high median age and were 

severely immunocompromised before they were commenced on HAART. 

Despite this, the survival times after the diagnosis of CMV retinitis are markedly 

extended, in keeping with the results of Chapter 3. However, as a result of this, 

the degree of exposure to anti-CMV medication in this cohort is high with most 

patients having been exposed to more than one agent.

Nine of eleven patients successfully discontinued maintenance therapy for 

CMV retinitis once they had fulfilled the clinical criteria outlined above. The 

median follow-up time after discontinuation of maintenance therapy of 31 

months is the longest reported to date. The data presented in this chapter 

therefore provide further evidence that discontinuation of maintenance therapy 

for CMV after successful HAART is safe under certain circumstances. The 

incidence of recurrent viraemia after the discontinuation of maintenance 

therapy was extremely low in this cohort and, reflecting this, there were no 

recurrences of CMV disease. Indeed, the only individual to experience 

recurrent viraemia after stopping maintenance therapy did so as a 

consequence of HAART-induced leucopaenia, which was rapidly reversed 

following dose adjustment. These patients do remain at increased risk of the 

development of CMV disease by virtue of their previous CMV retinitis. 

Therefore, continued monitoring for CMV viraemia by PCR provides information 

about the current risk of CMV disease as well as the efficacy of immune 

reconstitution by HAART.

The two patients who continued maintenance therapy for retinitis both 

experienced recurrent CMV viraemia. This may reflect the development of anti- 

CMV drug resistance or poor immune reconstitution after HAART, or both. In 

all cases, recurrent viraemia was associated with a sub-optimal response to 

HAART and, in some cases, was reversed following alteration of the
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antiretroviral regimen. Thus, the reappearance of CMV viraemia in a patient 

receiving HAART may be an early marker of HAART failure and should prompt 

review of compliance and alteration or intensification of HAART.

All episodes of recurrent CMV viraemia occurred at CD4 counts of less than 

100 x10®cells/l, suggesting that the relationship between the CD4 count, CMV 

replication and consequent risk of CMV disease and remains the same in 

patients receiving HAART as in the pre-HAART era. Further evidence to 

support this observation is provided by a study of 17 patients with previous 

CMV retinitis who discontinued maintenance anti-CMV therapy after HAART 

(Torriani et al 2000). Five patients experienced recurrent CMV retinitis, all of 

which occurred after the CD4 count had fallen below 50 x10®cells/l and in the 

presence of detectable plasma HIV RNA. These data show that increased 

surveillance for CMV disease, both clinically and by screening for CMV 

viraemia, should be introduced if the CD4 count falls below 100 x10®cells/l after 

HAART. If alteration of HAART is unsuccessful in controlling CMV viraemia, 

consideration should be given to the réintroduction of anti-CMV therapy, 

particularly if the CMV load is high.

These results are consistent with other studies that have examined the 

relationship between CD4 count and risk of 01 in patients receiving HAART. 

Early reports suggested that patients receiving HAART might develop Ols at 

higher than expected CD4 counts (Jacobson et al 1997a; Race et al 1998; 

Rodriguez-Rosado et al 1998). Subsequent data suggest that this appears to 

be relatively rare and that the relationship between CD4 count and risk of 01 

has not changed in any obvious or substantial manner (Kovacs and Masur

2000). A large prospective observational study examined the risk of 01 or death 

in patients with CD4 counts above 200 xlO^cells/l as a function of the nadir 

CD4 counts (Miller et al 1999). The incidence of infection in a multivariate 

analysis was significantly higher in patients with a nadir CD4 count of less than 

150 x10®cells/l compared with those whose nadir was above 150 x10®cells/l. 

However, the incidence rates were all much lower, regardless of the nadir 

value, among patients whose CD4 counts rose above 200 x10®cells/l. This 

suggests that there is substantial protection against 01 if the CD4 count
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increases above 200 x10®cells/l after HAART, even if the nadir CD4 count was 

very low. However, these data also suggest that the most recent CD4 count 

continues to be the best predictor of risk and should be used in making 

decisions about treatment. In addition, further insight into the risk of 01 after 

HAART may be provided by the plasma HIV RNA level; the risk of developing 

an AIDS-defining event after HAART seems to be higher in patients who have 

never had a measurement below 500 copies/ml (Currier 2000). A large 

retrospective analysis of combined data from four trials of HAART found that 

baseline plasma HIV RNA and changes in plasma HIV RNA during therapy 

appeared to influence the risk of Ols independent of the CD4 count (Williams et 

al 1999).

The very high prevalence of drug resistance mutations that was found in the 

cases of recurrent CMV viraemia is not surprising given the extensive exposure 

to anti-CMV therapy in the cohort described in this chapter. It is known that 

resistance-conferring mutations in the CMV genome can persist if the selective 

pressure is maintained (Jabs et al 2001) and may even be present after the 

drug has been discontinued (Wolf et al 1995b). It has been shown that patients 

with genotypic resistance develop increasing phenotypic resistance over time 

(Jabs et al 2001). Therefore, it seems probable that the presence of such 

mutations contributed to the reappearance of CMV viraemia in the patients 

described in this chapter. In addition, patient 7 experienced very rapid failure of 

FOS and CDV, both of which initially suppressed CMV replication. Although, 

due to time constraints, UL54 was not subjected to sequence analysis in this 

study it seems very likely that there were pre-existing UL54 mutations 

secondary to prior exposure to FOS and CDV that were rapidly selected for 

once these drugs were reintroduced.

Patient 7 demonstrates clearly that the prolonged receipt of anti-CMV therapy 

is associated with the development of drug resistance and that this can 

compromise the clinical response to future induction therapy. Furthermore, as 

cross-resistance to other anti-CMV drugs also occurs in these circumstances, 

patients may be non-responsive to all of the currently available therapeutic 

options. Chou et al described similar finding of multidrug resistance in a patient
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who received oGCV as primary prophylaxis (Chou et a! 1997). After nine 

months of oGCV, isolated CMV was resistant to GCV and CDV and contained 

UL97 and UL54 mutations. CMV retinitis developed three months later and was 

rapidly progressive despite iv GCV followed by FOS and then CDV. A 

subsequent CMV isolate was resistant to all three drugs and contained new 

point mutations. In the absence of new anti-CMV compounds that target 

different stages of viral replication, patients such as those described in this 

chapter may be difficult or impossible to treat in the event of recurrent CMV 

disease. Unfortunately, VGCV does not seem be an alternative treatment 

option in this situation. A randomised trial comparing oral VGCV with iv GCV as 

induction therapy for CMV retinitis found that GCV-resistant viruses emerged at 

the same rate in both drug arms (Boivin et al 2001).

Patient 7 demonstrates how populations of virus can shift if the selective drug 

pressure is changed. At the time of initial recurrence of CMV viraemia, this 

patient had a dominant population of virus with a GCV resistance-conferring 

codon change. In the presence of this mutation, the CMV load increased 

despite an increase in the dose of GCV. However, once GCV was 

discontinued, the virus population reverted to wild-type. Consequently, when 

GCV was reintroduced there was suppression of CMV replication. Similar 

results were reported from a prospective study of changes in CMV genotype 

and phenotype in patients receiving treatment for CMV retinitis, which found 

that over 25% of patients had evidence of anti-CMV drug resistance(Jabs et al

2001). Some patients appeared to have complex subpopulations of CMV with 

different mutations and different levels of phenotypic resistance. Changes in 

anti-CMV therapy may therefore result in a shift in virus population and in the 

dominant CMV genotype identified. This knowledge may be useful clinically 

when trying to optimise therapy of CMV in an extensively pre-treated individual. 

The results presented in this chapter suggest that, in such a case, the CMV 

load should be carefully monitored. In the event that CMV load fails to decline 

promptly with therapy, CMV resistance genotyping should be performed to best 

direct further anti-CMV therapy.
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In conclusion, this chapter presents the results of a study of patients receiving 

HAART after a diagnosis of CMV retinitis. The study showed that survival times 

after CMV retinitis are markedly extended by the receipt of HAART. Nine of 

eleven patients discontinued secondary prophylaxis for CMV retinitis after a 

satisfactory response to HAART. There were no recurrences of disease 

occurring at a median of 31 months after discontinuation of anti-CMV therapy. 

This is the longest follow-up of a cohort of patients who have discontinued 

maintenance therapy for CMV retinitis reported to date and provides further 

evidence that such a strategy is safe if patients are carefully selected and 

monitored. The incidence of recurrent CMV viraemia in the whole cohort was 

low and, in all cases, was associated with a CD4 count below 100 xlO^cells/l. 

Improved immune function secondary to intensification of HAART resulted in 

clearance of CMV viraemia in some cases. Genotypic analysis of CMV 

samples obtained during episodes of recurrent viraemia showed a high 

prevalence of resistance-conferring mutations, which were associated with 

failure of anti-CMV therapy. Patients with a previous diagnosis of CMV retinitis 

therefore require careful monitoring, especially if the CD4 count falls whilst on 

HAART. Prior receipt of anti-CMV therapy is associated with a high risk of drug 

resistance, which may compromise future therapeutic options if treatment of 

CMV is required. In this situation, measurement of CMV load and analysis of 

CMV genotype may optimise clinical management.
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Chapter 8.

Association between cytomegalovirus viraemia and risk of cytomegalovinis 

disease, AIDS and death in patients receiving highly active antiretroviral
therapy.
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8.1. Introduction

Since the beginning of the HIV epidemic it has been recognised that the rate of 

progression from asymptomatic HIV infection to AIDS and death can vary 

markedly between individuals. It is now known that one of the most important 

prognostic markers for disease progression is an elevated plasma HIV RNA 

(Mellors et al 1996). Accordingly, the reduction of plasma HIV RNA by HAART 

is associated with an improved prognosis, both in terms of AIDS and death 

(Hogg et al 1997; Palella, Jr. et al 1998). However, there are clearly other 

factors involved in determining prognosis on an individual basis and there is 

much interest in the concept of viral HIV co-factors. A number of viruses that 

use transactivation to control their own replication are known to have the ability 

to activate HIV replication including HSV, HBV, HTLV, HHV-6, EBV, 

adenoviruses and CMV (Griffiths 1998b). Co-infection with herpes viruses is 

common in the HIV-infected population and a number of studies have 

investigated these viruses as potential co-factors.

CMV and HIV co-infection of individual cells has been described in various 

tissues including brain and lung (Finkle et al 1991; Nelson et al 1988). As CMV 

can activate the LTR promoter of HIV it has been implicated as a potential co

factor in the progression of HIV disease (Koval et al 1995). Studies of the 

interaction between HIV and CMV in vitro have identified a complex 

relationship between the replication of these viruses. In studies of dually 

infected cells that were fully permissive for the replication of both viruses, HIV 

RNA and protein synthesis and production of virus were significantly inhibited 

by CMV (Koval et al 1991). In cells in which CMV replication was limited but 

HIV replicated well, there was no effect on HIV gene expression (Jault et al 

1994). However, CMV can induce the HIV LTR, at least transiently, in cells in 

which HIV gene expression is limited (Moreno et al 1997).

The potential role of CMV as a co-factor in HIV infection has been supported by 

some clinical studies whilst others have found little or no correlation between 

co-infection and rapid progression of disease. A study of CMV seropositivity at 

the time of HIV seroconversion and risk of AIDS in a cohort of haemophiliacs 

found that the age-adjusted risk for AIDS among CMV séropositives was 2.5
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(Webster et al 1989). A second study of the same population found that the 

adverse effect of CMV was not wholly mediated via a more rapid loss of CD4 

cells (Webster et al 1992). Further analysis of this haemophiliac cohort after 13 

years of follow-up allowed estimation of the risk of death associated with CMV 

seropositivity (Sabin et al 1995). The age-adjusted RHs associated with CMV 

positivity for progression to AIDS and death were 1.89 and 1.82 respectively. 

Although these results were marginally non significant, they still suggest that 

CMV infection is independently associated with an increased risk of AIDS and 

death in this cohort. A subsequent analysis of this cohort showed that CMV 

seropositivity was associated with a significantly faster progression to AIDS and 

death but that this effect did not appear to be mediated by differences in CD4 

count or plasma HIV RNA (Sabin et al 2000).

In contrast, other studies of CMV serostatus in haemophiliacs have found no 

association between CMV infection and rate of progression to AIDS (Becherer 

et al 1990; Rabkin et al 1993; Touloumi et al 1998). However, in the study by 

Rabkin et al, CMV seroconversion was associated with a five-fold increase in 

the risk of CMV disease and a small, but statistically insignificant, decrease in 

survival. The additional morbidity associated with CMV seroconversion at or 

subsequent to HIV seroconversion has also been reported by other authors 

(Bonetti et al 1989). A large prospective study investigated the effect of CMV 

seroconversion on HIV disease progression in a cohort of patients who were 

CMV seronegative at enrolment (Robain et al 2000). CMV seroconversion 

during follow-up was independently associated with a two-fold increase in the 

risk of progression to AIDS.

Studies of CMV seroconversion may give a more accurate indication of the 

effect of active CMV replication on HIV disease progression as patients who 

are merely seropositive for CMV may have latent infection. Other studies have 

investigated active CMV replication by performing CMV cultures or PCR for 

CMV DMA in blood and semen. A study of CMV infection of semen found that 

individuals who were intermittently and persistently culture positive had 

increased risk of AIDS with RH of 2.9 and 4.0 respectively (Detels et al 1994). 

CD4 counts were lower in patients with CMV infection of the semen, however,
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after controlling for CD4 count the association with more rapid progression to 

AIDS persisted. In another study CMV isolates collected simultaneously from 

multiple body sites were analysed for molecular related ness (Leach et al 1994). 

There was an increased hazard of progression to AIDS in individuals shedding 

the same strain of CMV (RH 1.8) but the RH in those shedding different strains 

was higher still at 3.0.

A prospective study of CMV load in a cohort of patients with CMV retinitis found 

that an elevated CMV load in blood at the time of diagnosis of retinitis was 

associated with a significantly shorter time to death (Bowen et al 1996). In a 

cohort of infants born to HIV-infected mothers, amongst CMV uninfected infants 

the risk of disease progression was greatest at higher levels of plasma HIV 

RNA. However, in HIV and CMV-infected infants there was increased risk of 

progression of HIV disease that was independent of plasma HIV RNA. In 

addition, infection with both HIV and CMV was associated with a higher risk of 

death with a cumulative death rate of 27.5% at three years compared with 0% 

for those infected with HIV alone (p=0.06 for overall incidence) (Kovacs et al 

1999). Two studies have examined the risk of CMV disease and death 

associated with CMV viraemia in a large cohort of patients who participated in a 

trial of oGCV as preventive therapy for CMV (Spector et al 1998; Spector et al 

1999). These studies found that CMV viraemia was independently associated 

with CMV disease and death. In addition, CMV viraemia was a stronger 

predictor of CMV disease and death than CD4 count or plasma HIV RNA. The 

earlier of these studies reported that the quantity of CMV was associated with 

the risk of death (Spector et al 1998). Each logio increase in CMV load was 

associated with 2.2 fold increase in the risk of death. The later study examined 

the relationship between CMV viraemia and plasma HIV RNA (Spector et al 

1999). There was only a weak correlation between CMV DNA and plasma HIV 

RNA and variations in CMV load occurred independently of plasma HIV RNA. 

The highest rates of CMV disease and death were observed in patients with 

high circulating levels of both CMV and HIV. Although both viruses influenced 

disease and death rates, CMV load was a better predictor of both than plasma 

HIV RNA. However, the studies discussed above were conducted prior to the 

introduction of HAART. HAART has had a profound impact on the natural
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history of both HIV and CMV disease and has dramatically improved survival 

rates. It is therefore not known whether CMV viraemia remains significant in 

terms of morbidity and mortality in patients receiving HAART.

This chapter presents the results of a prospective study undertaken to 

investigate whether CMV viraemia remains independently associated with 

disease progression and survival in the era of HAART. A large prospective 

cohort of patients who were at high risk of CMV disease by virtue of a low CD4 

count was monitored for CMV viraemia as detected by PCR. During the four- 

year period of study, the vast majority of the cohort received HAART. Statistical 

models with time-updated covariates were used to quantify the independent 

effects of CMV viraemia, CD4 count and HIV load on disease progression and 

survival.

8.2. Methods
8.2.1. Study population
The study population was identified from the cohort described in detail in 

Chapter 2. Briefly, a prospective cohort of patients at risk of CMV disease was 

established. The cohort included all HIV-infected patients attending the RFH 

after 1st January 1997 whose CD4 count had ever been 100 x10®/l or less. The 

cohort was updated regularly to include newly diagnosed patients whose CD4 

count was below 100 x10®/l. Patients who transferred their care to the RFH 

during the study period were entered into the cohort if they had a documented 

previous CD4 count below 100 x10®/l, even if the value had subsequently 

increased after HAART. In addition, existing attenders were entered into the 

cohort if their CD4 count fell below 100 x10®/l for the first time during the period 

of study. At each clinic attendance when blood was taken for CD4 count or 

plasma HIV RNA, patients were screened for CMV viraemia by PCR; this was 

continued even if the CD4 count increased above CD4 count of 100 x10®/l 

following HAART. The frequency of clinic attendance and blood sampling was 

decided by each individual’s outpatient physician depending on clinical status
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The study population comprised all individuals in the cohort above who had 

attended the RFH during the study period and who gave consent for 

prospective monitoring for CMV viraemia by PCR. Individuals who had not had 

a CMV PCR performed during this time were excluded from the analysis.

8.2.2. Measurements

Qualitative PCR for CMV in whole blood was performed as previously 

described on each occasion that the patient attended for blood tests. Routine 

testing for CD4 count and plasma HIV RNA was conducted three monthly or 

more frequently if clinically indicated.

Clinical data were obtained from patient notes and from the RFH HIV database. 

The following data were recorded: Age, sex, HIV exposure category, ethnicity, 

dates and results of PCR for CMV, antiretroviral therapy, anti-CMV therapy, 

plasma HIV RNA, CD4 count, previous CMV disease, previous AIDS-defining 

diagnosis, new CMV disease, new AIDS-defining events and death.

8.2.3. Clinical examination
Each patient underwent a general medical assessment conducted by the 

outpatient physician at each clinic visit. Patients who had CMV viraemia 

detected by PCR underwent indirect fundoscopic examination performed 

monthly by the ophthalmologist whilst they remained viraemic.

8.2.4. Data analysis
Data analysis was conducted as described in Chapter 2. For the analysis, CMV 

status was designated positive (CMV DNA detected by PCR) or negative (no 

CMV DNA detected by PCR). The term “baseline” refers to values for each 

participant at the time of entry into the study (the time of first CMV PCR 

measurement). Time-updated values are referred to as ‘most recent' values. 

End points were defined as progression to a new AIDS event, CMV disease 

and death. Follow-up time was considered from the date of first CMV PCR 

result until the date of the first end point. In all cases, follow-up was right- 

censored on 31®* December 2000 where no end-point occurred. Progression to

261



a new CMV or AIDS-defining event was additionally censored at the time of 

death, if a patient died without developing one of these events.

8.3. Results
8.3.1. Study population

Five hundred and thirty six patients were eligible for entry into the study cohort 

and 460 of these entered the study. Seventy one of these patients had no CMV 

PCR results and were therefore excluded from the analysis. Analyses were 

conducted to compare various features of the patients included with those 

excluded to investigate whether there were any important differences between 

the groups. Group 1 comprises the patients included in the study, Group 2, the 

patients with no CMV PCR results and Group 3 those who were eligible but did 

not enter the study cohort. The results of these comparative analyses are 

summarised in Table 8.1 and Table 8.2
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Table 8.1. Comparison of demographic features of patients included and
excluded from analysis

Group 1 (%) Group 2 (%) Group 3 (%) p-value

389(100.0) 71(100.0) 76(100.0)

Male sex 310(79.7) 56 (78.9) 60 (79.0) 0.98

Homosexual 229 (58.9) 38 (53.5) 42 (57.5)

IDU 26 (6.7) 2 (2.8) 1(1.4)

Heterosexual 114(299.3) 22 (31.0) 25 (34.3)

Other 19(4.9) 9(12.7) 5 (6.9) 0.09

Caucasian 272 (70.0) 42 (63.6) 47(62.7)

Black African 93 (23.9) 21(31.8) 21(28.0)

Other 23 (5.9) 3 (4.6) 7(9.3) 0.43

AIDS prior to study 157 (40.4) 31(43.7) 18(23.7) 0.02

AIDS during study 123 (31.6) 10(14.1) 18(23.7) 0.007

Death during study 34 (8.7) 8(11.3) 10(13.2) 0.44

CD4 performed 

during study

388 (99.7) 52 (73.2) 76(100.0) <0.001

HIV RNA performed 

during study

387 (99.4) 47 (66.1) 76(100.0) <0.001
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Table 8.2. Comparison of clinical features of patients included and excluded from analysis

Group 1 Group 2 Group 3 p-value

Median Range Median Range Median Range

Number of CD4 

counts

15 0 - 4 3 4 0-39 9 1 -3 4 0.0001

Number of HIV 

RNAs

12 0 - 3 4 3 0-26 7 1 -24 0.0001

Age at 1/1/97 35 1 9 -6 6 35 19-62 35 1 7 -5 5 0.67

Date CD4 <100 2/97 5/90 -  1/00 11/96 12/91-01/00 09/98 10/90-8/00 0.0001

ART before 1/1/00 223 57.3 40 56.3 31 40.8 0.03

ART during study 371 95.4 54 76.1 61 80.3 <0.001

ART = Antiretroviral therapy, age is given in years, plasma HIV RNA as logio copies/ml, CD4 count x10®/l
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The three groups of patients were demographically similar. There were no 

significant differences in age, sex, HIV risk group, ethnicity or death during the 

study period between the three groups. The patients in Group 2 had fewer CD4 

counts and plasma HIV RNA measurements over the study period and were 

less likely to develop AIDS over follow-up, arguing that these patients were 

being seen less regularly, possibly because they were less unwell, had 

transferred their care to another hospital or were infrequent attenders. Group 3 

had a later date of their first CD4 count below 100 x10®/l, and were less likely to 

have AIDS or to have received antiretroviral therapy prior to the study. This 

suggests that these patients had less advanced HIV disease and presented 

later during the study period when recruitment to the cohort may have waned. 

Patients in Group 1 were the most likely to have received HAART during the 

study period, suggesting that this group had more advanced HIV disease and 

were more likely to be attending for regular medical care.

Therefore, 389 patients were included in the cohort analysed. Demographic 

details of the patients at the time of entry into the cohort are summarised in 

Table 8.3. The cohort reflects the demographics of the RFH clinic population in 

being predominantly composed of Caucasian homosexual males in their mid

thirties. The cohort did however include 79 female patients (20.3%), 114 

heterosexual patients (29.3%) and 93 black African patients (23.9%). The 

median follow-up time was 3.1 years (range 2 weeks to 3.9 years).

As expected, the median plasma HIV RNA at study entry was relatively high at 

4.95 logio copies/ml (range 1 .70-6 .85 logic copies/ml). The median CD4 count 

at study entry was 77 x 10®/l but the range was very wide (0 -  616 x 10®/l). The 

finding of initial CD4 counts above 100 x 10®/l is due to the inclusion of patients 

who transferred their care to the RFH. Some of these patients had had CD4 

counts measured at less than 100 x 10®/l at their previous treatment centre, but 

had increased counts due to HAART at the time of transfer.
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Table 8.3. Demographic factors at baseline

Number %

Sex Male 310 79.7

Female 79 20.3

HIV exposure Homosexual 229 58.9

IDU 26 6.7

Heterosexual 114 29.3

Blood products 19 4.9

Other / not stated 1 0.3

Ethnicity Caucasian 272 70.0

Black African 93 23.9

Other / mixed 23 5.9

Not stated 1 0.3

Age Median (range) 36.1 (21.3-69.1)

Plasma HIV RNA Median (range) 4.95 (1.70-6.85)

CD4 count Median (range) 77 (0 -6 1 6 )

Age is given in years, plasma HIV RNA as logio copies/ml, CD4 count x 10 /1

266



8.3.2. Antiretroviral therapy
The majority of patients had been exposed to antiretroviral therapy at baseline. 

284 patients (73%) had received at least one antiretroviral drug prior to study 

entry; the median number of drugs received was 4 (range 1 -1 2  drugs, Table 

8.4). All of the patients who had previously been exposed to antiretroviral 

therapy had received NRTIs. The most commonly used NRTI was AZT, which 

had been used by 235 of the 284 patients (60.4%) who had received 

antiretrovirals (Table 8.5). However, the number of patients still receiving AZT 

at baseline was much lower, being received by only 70 (18.0%) of the cohort. 

More commonly used NRTIs at baseline were 3TC in 161 patients (41.4%) and 

d4T in 144 patients (37.0%). Although 21.6% and 26.0% of the cohort had 

previously been exposed to DDC and DDI respectively, these drugs were being 

received by only 3.9% and 10.3% of patients at the time of study entry. The 

newer NRTI, ABC, had not been widely used by patients at the time of study 

entry.

Previous experience of Pis was also common; 41.3% had been exposed to at 

least one PI prior to study entry and 30.6% were still receiving a PI when they 

entered the cohort (Table 8.4). The median number of previous Pis received 

was one but some patients had received up to four Pis. Most patients receiving 

Pis at baseline were using one PI only but dual PI therapy was also being 

received in some cases. The most commonly used Pis were RTV, IDV and HG 

SQV. Previous exposure to NNRTIs was less common, being documented in 

only 66 patients (17.0%, Table 8.4). Thirty-eight patients were taking NNRTIs at 

baseline (9.8%). Most of the patients who had been exposed to NNRTIs had 

received NVP and 28 individuals were taking this at baseline (Table 8.5). A 

small number of patients had received EFV, but 10 of 13 were still taking it at 

baseline.

The total exposure to antiretroviral therapy in the cohort was high; 95.4% of 

patients received antiretroviral therapy during the study period.
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Table 8.4. Previous and current antiretroviral drug experience at baseline

Drug 

Any drug

Median number of 

drugs

Any NRTI 

Median number of 

NRTIs

Any PI

Median number of 

Pis

Any NNRTI 

Median number of 

NNRTIs

Exposed to at % I Range Taking at % I Range

baseline baseline

284

4

284

3

161

1

66

1

73.0 

1 - 1 2

73.0 

1 - 6

41.3 

1 - 4

17.0 

1 - 2

233

3

228

2

119

1

38

1

60.0

1 - 7

58.6 

1 - 4

30.6 

1 - 2

9.8

1 - 1
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Table 8.5. Previous and current exposure to specific antiretroviral dmgs at 

baseline

Drug Exposed to at 

baseline

% Taking at baseline %

Zidovudine 235 60.4 70 18.0

Zalcitabine 84 21.6 15 3.9

Didanosine 101 26.0 40 10.3

Stavudine 186 47.8 144 37.0

Lamivudine 231 59.4 161 41.4

Abacavir 7 1.8 2 0.5

Nevirapine 49 12.6 28 7.2

Efavirenz 13 3.3 10 2.6

Loviride 2 0.5 0 0

Delavirdine 6 1.5 0 0

HG Saquinavir 57 14.7 23 5.9

Indinavir 69 17.7 47 12.1

Ritonavir 85 21.9 60 15.4

Nelfinavir 30 7.7 18 4.6

SG Saquinavir 9 2.3 4 1.0

Amprenavir 1 0.3 1 0.3

HG = Hard gel, SG = Soft gel
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8.3.3. Anti-CMV therapy
At the time of study entry, nine patients (2.3%) had received GCV as treatment 

for CMV retinitis. Thirteen patients had received oGCV (3.3%). Not all of these 

patients had a previous diagnosis of CMV disease; some had received short 

courses of oGCV as pre-emptive therapy for asymptomatic CMV viraemia as 

part of a trial protocol (Grzywacz et al 1999).

8.3.4. CMV viraemia

The median date of the first CMV PCR was November 1997 (range January 

1997 -  June 2000). The first CMV PCR was negative in 329 patients (84.6%) 

and positive in 60 (15.4%). Patients who were CMV PCR positive at baseline 

were more likely to be female, black African and tended to have higher plasma 

HIV RNA levels and lower CD4 counts (Table 8.6). In addition, they had been 

exposed to fewer NRTIs and Pis and were less likely to be on two Pis than 

those who were PCR negative at baseline.
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Table 8.6. Comparison of demographic and clinical data at study entry in patients who were CMV PCR negative and CMV 

PCR positive at baseline

CMV PCR negative ' ^*"9*

Male

Homosexual 

Ethnicity 

Caucasian 

Black African 

Other 

Age

Plasma HIV RNA 

CD4 count 

First CMV PCR

268

200

242 

67 

20 

36 1 

4.84 

82 

11/97

81.5 

60.8

73.6 

20.4 

6.0

24.2-69.1 

1.70-6.85 

0-616  

1/97 -  6/00

CMV PCR positive 

42

29

30 

26 

3

37.0

5.46

29

9/97

% I Range

70.0 

48.2

50.9

44.1

5.1

21.3-66.2 

2.60 -  6.39 

0-430  

1/97-12/99

p-value

0.06

0.13

0.001

0.86

0.002

0.0001

0.23
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Median number of drugs 3 0-12 3 0 - 7  0.03

exposed to

Median number of 2 0 - 6  2 0 - 5  0.06

previous NRTIs

Median number of 0 0 - 4  0 0 - 3  0.004

previous Pis

Previously exposed to 56 17.0 10 16.7 1.00

NNRTIs

Median number of drugs at 2 0 - 7  1.5 0 - 4  0.21

study entry

Median number of NRTIs 1 0 - 4  1 0 - 4  0.56

No Pi 223 67.8 47 78.3

One Pi 72 21.9 13 21.7

Two Pis 34 10.3 0 0.03

NNRTI 32 9.7 6 10.0 1.00
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A total of 3028 CMV PGRs were performed during the study period. Most 

results were negative (2648, 87.5%); 380 (12.5%) were positive. The number of 

CMV PCR results per patient was highly variable with a range of 1 -  44 

(median 5 results). The median number of negative results per patient was 5 

(range 0 - 3 0  results) and the median number of positive results 0 (range 0 -  

32 results). The frequency of CMV PCR testing also varied between patients. 

The median time between consecutive measurements was 49 days (range 0 -  

1182 days, IQR 25-91 days).

Patients can be divided into three categories in terms of CMV PCR results. 273 

(70.2%) patients were persistently CMV PCR negative, 15 were persistently 

CMV PCR positive (3.9%) and 101 switched CMV PCR status on at least one 

occasion (26.0%). Of the 101 patients whose status switched, 37 switched 

once only (eight who switched from being negative to positive, and 29 who 

switched from being positive to negative). The remaining 64 (16.5%) patients 

switched CMV PCR status a median of three occasions (range 2 - 1 2  

switches). Forty-eight of these patients were initially CMV PCR negative and 16 

were initially CMV PCR positive.

8.3.5. Progression to a new CMV event
At the time of entry into the study nine patients had previously been treated for 

CMV retinitis (2.3%) and three patents had been treated for extra-ocular CMV 

disease (0.8%). Eleven new CMV events were documented during the study 

period. Four new CMV events occurred in patients who were CMV PCR 

negative at baseline and seven in patients who were CMV PCR positive at 

baseline. Kaplan-Meier rates of progression to a new CMV event at three years 

were 0.9% and 13.6% in those who were baseline CMV PCR negative and 

positive respectively (p=0.0001, log-rank test. Figure 8.1).
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Figure 8.1. Kaplan-Meier plot showing cumulative progression to new CMV 

event yearly after first CMV PCR result, stratified by initial CMV PCR status

In a univariate model, CMV PCR positivity at baseline was strongly associated 

with risk of progression to a new CMV event with a RH of 10.93 (p=0.0001, 

Table 8.7). Other factors at baseline that were associated with a future risk of a 

CMV diagnosis were plasma HIV RNA (RH 2.58, P=0.03) and CD4 count (RH

I.27, p=0.007). In multivariate analyses CMV PCR status remained 

independently associated with a greatly increased risk of CMV disease (RH

II.30 , p=0.0007. Table 8.7). After adjusting for all other variables, patients in 

the homosexual risk group had an increased risk of progression to a new CMV 

event (RH 9.30, p=0.04). CD4 count at baseline also remained associated with 

an increased risk of CMV disease (RH 1.26, p=0.02). However, baseline 

plasma HIV RNA was no longer significantly associated with risk of future CMV 

disease.
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Table 8.7. Factors associated with progression to a new CMV event (fixed
covariates at baseline)

Variable Relative hazard 95% Cl p-value

Univariate models

CMV status 10.93 3.20 -  37.37 0.0001

Age (per 5 years older) 1.21 0.88-1.67 0.24

Male 2.50 0.32-19.51 0.38

Homosexual 3.12 0.67-14.43 0.15

Caucasian 1.14 0.30-4.31 0.84

Plasma HIV RNA 2.58 1.09-6.13 0.03

CD4 count 1.27 1.07-1.52 0.007

Previous AIDS diagnosis 1.49 0.44 -  5.09 0.53

Number of drugs exposed to 0.86 0.66-1.14 0.29

Number of NRTIs exposed to 0.85 0.58-1.25 0.41

Number of Pis exposed to 0.49 0.17-1.39 0.18

Number of NNRTIs exposed to 1.11 0.26-4.78 0.89

Number of drugs at time of study entry 0.79 0.51-1.22 0.28

Number of NRTIs at time of study entry 0.85 0.47-1.56 0.60

Number of Pis at time of study entry 0.24 0.04-1.62 0.14

Number of NNRTIs at time of study entry 1.02 0.13-7.99 0.99

Multivariate models

CMV status 11.30 2.80-45.56 0.0007

CD4 count at baseline 1.26 1.04-1.53 0.02

Homosexual 9.30 1.16-74.53 0.04
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In time-updated models, the unadjusted RH of progression to a new CMV event 

associated with being CMV PCR positive was 46.34 (p=0001, Table 8.8). In 

adjusted models, most recent plasma HIV RNA was not independently 

associated with risk of new CMV event (p=0.43. Table 8.9). However, CD4 

remained associated with progression to a new CMV event (RH 1.58, p=0.006). 

When adjusted for CD4 count, CMV PCR status remained strongly associated 

with risk of progression to new CMV event with a RH of 30.64 (p=0.002).

Table 8.8. Factors associated with progression to a new CMV event (time- 

updated covariates -  unadjusted models)

Variable Relative hazard 95% Cl p-value

CMV status 46.34 9.30 -  230.99 0.0001

CD4 count 1.55 1.23-1.97 0.0002

Plasma HIV RNA 2.94 1.41 -6 .1 2 0.004

Table 8.9. Factors associated with progression to a new CMV event (fixed and

time-updated covariates -  adjusted models)

Variable Relative hazard 95% Cl p-value

Model including HIV RNA

CMV status 28.49 3.45 -  235.07 0.002

CD4 count 1.55 1.11-2 .18 0.01

Plasma HIV RNA 1.45 0.58 -  3.67 0.43

Model excluding HIV RNA

CMV status 30.64 3.71 -  252.90 0.002

CD4 count 1.58 1.14-2 .18 0.006
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8.3.6. Progression to a new AIDS event
At the time of entry into the study, 206 patients had a previous AIDS-defining 

diagnosis (53.0%). The median number of previous AIDS diagnoses was one 

(range 1-10 diagnoses). During follow-up, 77 patients had a new AIDS event 

(19.8%). The median number of new AIDS events during follow-up was one 

(range 1-5 diagnoses). Fifty-six of 329 patients who were CMV PCR negative 

at study entry (17.0%) and 21 of 61 who were initially CMV PCR positive 

(35.0%) progressed to a new AIDS event. Kaplan-Meier progression rates by 

three years after the first CMV PCR result were 17.9% and 40.5% in the two 

groups, respectively (p=0.0001, log-rank test. Figure 8.2).
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Figure 8.2. Kaplan-Meier plot showing cumulative progression to new AIDS 

event yearly after first CMV PCR result, stratified by initial CMV PCR status

In univariate analyses several factors were associated with progression to a 

new AIDS event but the strongest association was with a positive CMV PCR at
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baseline (RH 2.65, p=0.0001, Table 8.10). Plasma HIV RNAand CD4 count at 

baseline were also associated with an increased risk of development of a new 

AIDS-defining diagnosis during follow-up. A higher number of antiretroviral 

drugs exposed to baseline was associated with a reduced risk (RH 0.84, 

p=0.002). In addition, a higher number of antiretrovirals being taken at baseline 

was also associated with a reduced risk of a new AIDS event (RH 0.79, 

p=0.008). In multivariable analyses, CMV status remained independently 

associated with an increased risk of progression to a new AIDS event (RH 

1.98, p=0.02. Table 8.10). After adjusting for other factors, plasma HIV RNA 

was associated with an increased risk of AIDS (RH 1.48, p=0.0009). The total 

number of Pis that the patient had been exposed to at baseline was associated 

with a decreased risk of a new AIDS event during follow-up (RH 0.69, p=0.03).
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Table 8.10. Factors associated with progression to AIDS (fixed co varia tes at baseline)

Variable Relative hazard 95% Cl p-value

Univariate modeis

CMV status 2.65 1.61 -4 .3 8 0.0001

Age (per 5 years older) 1.04 0.90-1.19 0.62

Male 0.78 0.46-1 .32 0.42

Homosexual 1.07 0 .68-1 .69 0.75

Caucasian 1.20 0.72-2.01 0.46

Plasma HIV RNA 1.52 1.21-1.89 0.0003

CD4 count 1.08 1.02-1 .13 0.003

Previous AIDS diagnosis 0.83 0.53-1.31 0.48

Number of drugs exposed to 0.84 0.76 -  0.94 0.002

279



0 .80  0 .70  -  0 .93  0 .004

Number of NRTIs exposed to

Number of Pis exposed to 0.60 0.42 -  0.84 0.003

Number of NNRTIs exposed to 0.88 0.49 -1 .5 9  0.58

Number of drugs at time of study entry 0.79 0.67 -  0.93 0.008

Number of NRTIs at time of study entry 0.77 0.61 -  0.97 0.04

Number of Pis at time of study entry 0.50 0.31 -  0.81 0.005

Number of NNRTIs at time of study entry 1.09 0.52 -  2.26 0.90

Multivariate models

CMV status 1.98 1.14-3.46 0.02

Plasma HIV RNA 1.48 1.18-1.86 0.0009

Number of Pis exposed to 0.69 0.49 -  0.96 0.03
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In time-updated unadjusted analyses, progression to a new AIDS event was 

significantly associated with the most recent CD4 count (RH 1.14, p=0.0001, 

Table 8.11) and plasma HIV RNA (RH 1.45, p=0.0001). However, the risk of a 

new AIDS event was more strongly associated with CMV viraemia (RH 4.40, 

p=0.0001). In the adjusted time-updated analyses CMV PCR positivity 

remained independently associated with the highest risk of a new AIDS event 

(RH 2.73, p=0.0005. Table 8.12). The RH for CMV viraemia as reduced when 

adjusted for CD4 count and plasma HIV RNA, suggesting that those who are 

CMV PCR positive had higher plasma HIV RNA and lower CD4 counts. A 

higher number of Pis being received at baseline was associated with a reduced 

risk of progression to AIDS (RH 0.67, p=0.02).

Table 8.11. Factors associated with progression to AIDS (time-updated 

covariates -  unadjusted models)

Variable Relative

hazard

95% 01 p-value

CMV status 4.40 2.64 -  7.31 0.0001

00 4  count 1.14 1.09-1 .20 0.0001

Plasma HIV RNA 1.45 1.22-1.72 0.0001
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Table 8.12. Factors associated with progression to AiDS (fixed and time-
updated covariates -  adjusted models)

Variable Relative

hazard

95% 01 p-value

CMV status 2.73 1.55-4.82 0.0005

CD4 count 1.11 1.06-1 .17 0.0001

Caucasian 1.95 1.11-3.42 0.02

Number of Pis exposed to at 0.67 0.48 -  0.92 0.02

baseline

When the analysis was repeated, but making the assumption that CMV PCR 

remains positive after the first positive result, the relative hazard was 

276(p=0.0001). This is smaller than the unadjusted relative hazard (Table 

8.11), suggesting that that short-term changes in CMV PCR status due to 

treatment are important for prognosis.

The analyses for risk of AIDS were repeated excluding CMV events from the 

AIDS-defining event outcome. CMV viraemia at baseline remained significantly 

associated with progression to a new, non-CMV AIDS event in univariate 

analyses (RH 2.11, p=0.007) but was no longer significant in the multivariable 

model (Table 8.13). In the unadjusted time-updated analysis, only CMV 

viraemia was significantly associated with progression to a new non-CMV AIDS 

event (RH 2.88, p=0.0003. Table 8.14). In the adjusted time-updated analyses 

CMV viraemia remained significantly associated (RH 1.87, p=0.05), as were 

the most recent CD4 count and plasma HIV RNA (Table 8.15). However, the 

fact that the RHs were lower when the analysis excluded CMV events suggests 

that some of the prognostic effect of CMV viraemia for AIDS is due to the 

occurrence of CMV AIDS-defining diagnoses.
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Table 8.13. Factors associated with progression to AIDS, excluding CMV
diagnoses (fixed covariates at baseline)

Variable Relative hazard 95% Cl p-value

Univariate models

CMV status 2.11 1.23-3.64 0.007

Age (per 5 years older) 1.05 0.91-1.21 0.50

Male 0.78 0.45-1.34 0.37

Homosexual 1.07 0.67-1.72 0.79

Caucasian 1.38 0.80-2.38 0.25

Plasma HIV RNA 1.45 1.16-1.82 0.001

CD4 count 1.07 1.01-1.12 0.02

Previous AIDS diagnosis 0.87 0.55-1.39 0.56

Number of drugs exposed to 0.88 0.79-0.97 0.01

Number of NRTIs exposed to 0.86 0.74-0.99 0.04

Number of Pis exposed to 0.63 0.45-0.89 0.008

Number of NNRTIs exposed to 0.92 0.51-1.66 0.79

Number of drugs at time of study 0.84 0.71-0.99 0.04

entry

Number of NRTIs at time of study 0.84 0.67-1.07 0.16

entry

Number of Pis at time of study entry 0.54 0.34-0.87 0.01

Number of NNRTIs at time of study 1.14 0.55-2.38 0.73

entry

Multivariate models

Plasma HIV RNA 1.44 1.15-1.82 0.002

Number of Pis exposed to 0.70 0.50-0.97 0.03

283



Table 8.14. Factors associated with progression to AIDS, excluding CMV
diagnoses (time-updated covariates -  unadjusted models)

Variable Relative hazard 95% Cl p-value

CMV status 2.88 1.63-5.09 0.0003

CD4 count 1.13 1.08-1.19 0.0001

Plasma HIV RNA 1.49 1.25-1.79 0.0001

Table 8.15. Factors associated with progression to AIDS, excluding CMV
diagnoses (fixed and time-updated covariates -  adjusted models)

Variable Relative hazard 95% Cl p-value
CMV status 1.87 1.00-3.49 0.05
CD4 count 1.08 1.02-1.15 0.006

Plasma HIV RNA 1.26 1.03-1.54 0.03

Caucasian 1.85 1.03-3.30 0.04

Number of Pis 0.70 0.50-0.96 0.03

exposed to at
baseline
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8.3.7. Progression to death
During the study period 33 patients died (8.5%). Twenty-two of 329 patients 

who were CMV PCR negative at study entry (6.7%) and 11 of 60 patients who 

were CMV PCR positive (18.3%) died during follow-up. Kaplan-Meier death 

rates by three years after the first CMV PCR result were 6.8% and 17.7% in the 

two groups respectively (p=0.002, log-rank test, Figure 8.3).
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Figure 8.3. Kaplan-Meier plot showing cumulative progression to death yearly 

after first CMV PCR result, stratified by initial CMV PCR status
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In univariate analyses CMV status was associated with an increased risk of 

death (RH 2.95, p=0.003, Table 8.16). Other factors associated with an 

increased risk of death in the univariate model were CD4 count and plasma 

HIV RNA (RH 1.08 and 1.87 respectively). The use of Pis seemed to be 

protective against death in this model; both the number of Pis exposed to and 

the number of Pis being taken at the time of study entry were associated with a 

reduced risk of death (RH 0.49 and 0.24 respectively). In a multivariable 

analysis, CMV PCR positivity was marginally significant (RH 2.21, p=0.05) and 

plasma HIV RNA remained associated with an increased risk of death.
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Table 8.16. Factors associated with death (fixed covariates at baseline)

Variable Relative

hazard

95% Cl p-value

Univariate models

CMV status 2.95 1.43-6.08 0.003

Age (per 5 years older) 1.21 1.00-1.46 0.05

Male 1.37 0.53 -  3.54 0.52

Homosexual 0.76 0.38-1.53 0.44

Caucasian 0.65 0.32-1.31 0.23

Plasma HIV RNA 1.87 1.28-2.76 0.001

CD4 count 1.08 1.00-1.17 0.05

Previous AIDS diagnosis 1.28 0.64 -  2.57 0.49

Number of drugs exposed to 0.92 0.79-1.07 0.29

Number of NRTIs exposed to 0.96 0.78-1.20 0.74

Number of Pis exposed to 0.49 0.27 -  0.90 0.02

Number of NNRTIs exposed to 1.16 0.50 -  2.68 0.73

Number of drugs at time of study entry 0.79 0.61-1.01 0.06

Number of NRTIs at time of study entry 0.82 0.58-1.16 0.27

Number of Pis at time of study entry 0.24 0.08 -  0.73 0.01

Number of NNRTIs at time of study 

entry

1.46 0.51 -4.16 0.48

Multivariate models

CMV status 2.21 1.00-4.91 0.05

Plasma HIV RNA 1.97 1.28-3.05 0.002

Age (per 5 years older) 1.23 1.02-1.50 0.03
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In an unadjusted multivariable model including time-updated variables the CMV 

PCR status was associated with a high risk for death (RH 8.61, p=0.0001,

Table 8.17), together with CD4 count and plasma HIV RNA (RH 1.22 and 1.64 

respectively). In the adjusted model, CMV viraemia had the highest associated 

relative hazard of death of 4.42 (p=0.0001. Table 8.18). The RH of death 

associated with decreased CD4 count was 1.16 (p=0.001). In the time-updated 

model plasma HIV RNA was not associated with an increased risk of death 

(p=0.37).

Table 8.17. Factors associated with progression to death (time-updated 

covariates -  unadjusted models)

Variable Relative
hazard

95% 01 p-value

CMV status 

CD4 count 
Plasma HIV RNA

8.61 4.21 -17 .60  0.0001

1.22 1.13-1.31 0.0001

1.64 1 .27-2.12 0.0001
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Table 8.18. Factors associated with progression to death (fixed and time-
updated covariates -  adjusted models)

Variable Relative

hazard

95% Cl p-value

Model including HIV RNA

CMV status 4.42 2.06 -  9.48 0.0001

CD4 count 1.16 1.06-1 .26 0.001

Plasma HIV RNA 1.14 0 .85-1 .52 0.37

Model excluding HIV RNA

CMV status 3.61 1.63-8.03 0.002

CD4 count 1.20 1.10-1.30 0.0001

Age (per 5 years older) 1.27 1.02-1.57 0.03
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8.4. Discussion
The introduction of HAART has reduced the incidence of AIDS-defining 

diagnoses, including CMV disease, and reduced the risk of death associated 

with HIV infection. This chapter describes the findings of a study to investigate 

the effect of CMV viraemia on disease progression and death in a large cohort 

of patients, the majority of whom were receiving HAART. Patients were 

selected for study if they were currently or previously at high risk of developing 

CMV disease, defined as current or prior CD4 count of 100 x10®/l or less. A 

large number of patients fulfilled these criteria during the study period, 

reflecting the lack of highly effective antiretroviral regimens prior to the study 

period, the continued presentation of newly diagnosed patients with advanced 

HIV disease and the incidence of HAART failure throughout the study period.

Most of the eligible patients were included in the cohort analysed. In the 

analysis of included and excluded patients, the three groups were 

demographically very similar. However, there were some differences between 

the groups related to frequency of attendance and clinical status. Those 

patients who were excluded from the analysis because they had no CMV PCR 

results (Group 2) seemed to be non-attenders or infrequent attenders as they 

had very low numbers of laboratory assessments of CD4 counts and plasma 

HIV RNAs during the study period. Those patients who were eligible for the 

study but who were not entered into the cohort (Group 3) had a later date of 

first CD4 count below 100 x 10®/l and were less likely to have had AIDS or 

received antiretroviral therapy. It seems that recruitment may have declined 

towards the end of the study period, but it is unclear whether these patients 

were not identified as eligible at the time or whether they declined consent to 

enter the study protocol. It is possible that there was reduced awareness and 

concern regarding CMV on the part of the clinicians and the patients as CMV 

disease became increasingly uncommon due to the use of HAART. The 

differences between these groups are unlikely to bias the results of the study; 

this would only occur if the relationship between CMV status and disease 

progression was different in the different groups.
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The 389 patients who were included in the study cohort had advanced HIV 

disease, as indicated by the relatively high median baseline plasma HIV RNA 

and low CD4 count. 72.8% of participants had been exposed to antiretroviral 

therapy at baseline, suggesting that newly diagnosed patients comprised a 

relatively small proportion of the cohort. Previous experience of Pis was 

common, being documented in 41.3% at baseline. Prior to the study period. Pis 

would have been given as monotherapy or in combination with an NRTi;

HAART combinations did not become commonly prescribed at the RFH until 

mid-1996, hence the study period that was chosen to reflect the era of HAART. 

The exposure to HAART during the study was high with more than 95% of 

participants receiving antiretrovirals during this time.

15.6% of patients were positive for CMV DMA by PCR at baseline. The results 

suggest that these patients may have had less experience of medical services 

in that they had received fewer antiretroviral drugs and had higher plasma HIV 

RNAs and lower CD4 counts. These patients may have been newly diagnosed 

as HIV positive with advanced disease or may have been diagnosed individuals 

with limited attendance for medical care. Patients who were CMV PCR positive 

at baseline were also more likely to be female and Black African. Previous 

studies have shown that both of these factors are associated with a lower level 

of use of medical services (Solomon et al 1998; Stein et al 2000). As would be 

expected in a cohort of patients receiving HAART, the majority (87.4%) of CMV 

PCRs performed during the study period were negative. The variation in the 

number and frequency of CMV PCR results for each individual reflects 

differences in clinical care of individuals as well as variations in attendance.

The incidence of new CMV events during the study period was very low, in 

keeping with the results of Chapter 3. Therefore, for the purposes of the 

statistical analysis, the confidence intervals are accordingly wide and the 

conclusions that can be drawn are limited. However, being CMV PCR positive 

at baseline was independently associated with an increased risk of future 

development of a new CMV event. In the multivariate models, homosexual risk 

group was also associated with an increased risk of CMV disease. In a 

prospective study of seroconversion for CMV in a cohort of patients who were

291



CMV uninfected at baseline, the highest rate of seroconversion was seen in 

homosexual men (Robain et al 1998). This is attributed to differences in sexual 

behaviour, particularly condom usage. It is possible that the increased risk of 

CMV disease associated with homosexual risk group reflects greater exposure 

to, and possible reinfection with CMV.

The most recent CMV PCR was associated with a very high risk of progression 

to CMV disease. This was related to the current CD4 count but was 

independent of plasma HIV RNA. These results suggest that patients who have 

been CMV PCR positive remain at increased risk of future CMV disease, even 

if they receive HAART. A recent positive CMV PCR result however is 

associated with a high risk of imminent CMV disease, regardless of the 

patient’s response to HAART in terms of plasma HIV RNA.

The rate of progression to a new AIDS event was higher than progression to a 

new CMV diagnosis with 19.7% of the cohort developing an AIDS-defining 

diagnosis during the study period. The relative hazards of progression to AIDS 

associated with CMV viraemia were lower than for progression to CMV 

disease. However, both baseline and most recent CMV PCR positivity were 

independently associated with progression to AIDS. Although the most recent 

CD4 count and plasma HIV RNA were also associated with an increased risk of 

a new AIDS event, the strongest association in all models was with CMV 

viraemia. Thirty-three patients died during the study period (8.46%). The 

analysis for risk of death again shows that both baseline and most current CMV 

PCR status are associated with an increased hazard of death. Plasma HIV 

RNA and CD4 count were independently associated with death in fixed models 

and CD4 count remained associated with death in a time-updated, adjusted 

model. However, for all end points the relative hazards associated with CD4 

count and plasma HIV RNA were lower than for CMV viraemia in all analyses.

The increased risk of disease progression and death associated with CMV 

viraemia was independent of CD4 count and plasma HIV RNA. A number of 

earlier studies found that, in the pre-HAART era, the increased risk of death 

associated with CMV infection was independent of CD4 count (Bowen et al
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1996; Detels et al 1994; Sabin et al 2000; Spector et al 1998). Three studies 

have examined the relationship between CMV infection, plasma HIV RNA and 

risk of disease progression and death (Kovacs et al 1999; Sabin et al 2000; 

Spector et al 1999). These studies all found that the increased morbidity and 

mortality associated with CMV was independent of plasma HIV RNA. In 

addition, Spector et al reported that CMV load was a stronger predictor of death 

than the HIV RNA load (Spector et al 1999).

The mechanism by which CMV infection results in an increased risk of disease 

progression and death remains undefined. It has been postulated that CMV up- 

regulates HIV replication; various mechanisms have been suggested by which 

this may be mediated (reviewed in Griffiths 1998b). The mechanisms by which 

interaction between CMV and HIV could lead to increased HIV replication are 

summarised in Table 8.19. The cellular proteins and viral gene products of 

CMV and HIV can activate the other virus in vitro (Davis et al 1987; Nelson et al 

1988; Skolnik et al 1988). Other suggested mechanisms of enhancement of 

HIV infection by CMV include enhanced expression of CD4 or chemokine 

receptors; the expression of IgG Fc receptors induced by CMV infection of cells 

not expressing CD4 and so resistant to HIV infection facilitated the 

internalisation of immune complexes of HIV and initiation of infection 

(McKeating et al 1990). CMV also encodes a chemokine receptor, US28, which 

is related to the chemokine receptors, CCR5 and CXCR4, which serve as 

cofactors for entry of HIV into cells and can itself mediate HIV infection of cells 

(Pleskoff et al 1997). Pseudotype formation between CMV and HIV has been 

described, this may allow cells to be infected with pseudotypes containing 

replication-competent HIV RNA via the cellular receptors for CMV (Margalith et 

al 1995). Cytokines stimulated by CMV have been shown to activate HIV 

replication in monocytes, probably by signal transduction (Clouse etal 1989). It 

has also been noted that CMV can enhance production of HIV in monocyte- 

derived macrophages by a mechanism that does not require infectious CMV 

particles (Lathey et al 1994). CMV has also been shown to up-regulate T-cell 

receptors with resultant enhancement of HIV replication (Dobrescu et al 1995). 

It would be expected however, that up-regulation of HIV replication would result 

in an increased plasma HIV RNA. This is obviously in conflict with the results
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presented in this chapter where the effect of CMV on morbidity and mortality is 

independent of plasma HIV RNA. It has been suggested that CMV may expand 

the tropic range of HIV without increasing the plasma HIV RNA, which may 

explain the poorer prognosis associated with CMV infection (Sabin et al 2000).

Table 8.19. Interactions between HIV and CMV which could lead to increased 

HIV replication (After Griffiths 1998b)

HIV and co-factor vims infect

Effect of interaction Same cell Neighbouring cells

Activate proviral HIV DNA 

Alter tropism HIV RNA

Transactivation 

Pseudotype formation

Cytokine release 

Antigen presentation 

Up-regulation CD4 / co

receptor

Induction alternative receptor

Another possible explanation is that CMV itself may be directly pathogenic and 

contributes to death. As CMV is found at multiple sites at post mortem 

examination, a high ante-mortem CMV load in blood may be a marker for a 

more widespread and more profound seeding of CMV to organs (D'Arminio et 

al 1992; Pillay et al 1993a; Wilkes et al 1988). Alternatively, reactivation of 

CMV replication may be due to impaired CD4 function. A similar finding was 

reported from a prospective study where CMV seroconversion was associated 

with a two-fold increased risk of AIDS (Robain et al 2000). In CMV 

seroconverters, AIDS tended to occur at a higher CD4 count, suggesting that 

CMV may be associated with detrimental effect on CD4 function. Thus the 

appearance of CMV viraemia in patients with apparently good responses to
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HAART may reflect defects in functional immune reconstitution that are 

independent of the actual CD4 count. CMV viraemia may therefore provide a 

surrogate marker for immune function after HAART.

The results presented in this chapter suggest that treatment of asymptomatic 

CMV viraemia may reduce the risk of disease progression and death. The use 

of anti-CMV therapy was too low in the cohort described in this chapter to allow 

assessment of a possible effect on mortality. The effect of anti-CMV treatment 

on prognosis was however assessed in the two papers by Spector et a/which 

describe the virological findings in a prospective study of oral GCV for the 

prevention of CMV disease. In the analysis of CMV PCR positive patients 

receiving treatment, a survival trend for GCV was noted for the whole cohort 

and for each CMV load (relative risk 0.81, p=0.14) (Spector et al 1998). When 

the cohort was analysed according to response to oral GCV, patients with CMV 

viraemia at baseline were classified as responders if they became CMV PCR 

negative after two months of oral GCV or non-responders. Responders had a 

significantly lower mortality rate than non-responders (relative risk 0.363, 

p<0.001) (Spector et al 1999). There was no correlation between the decrease 

in CMV load after pre-emptive GCV and a decline in plasma HIV RNA. These 

results show that treatment with GCV can reduce the risk of death associated 

with CMV viraemia and that the protective effect is not mediated by changes in 

plasma HIV RNA. This is compatible with a direct pathogenic effect of CMV in 

the HIV and suggests that an antiviral with anti-CMV activity greater than that of 

oral GCV might further improve survival as well as CMV disease. The findings 

reported by Spector et al reflect those presented in this chapter, that short-term 

changes in CMV PCR status are important for prognosis. These results 

suggest that treatment of CMV viraemia for protection against disease 

progression and death should be evaluated in a placebo-controlled trial.

The results described in this chapter show, for the first time, that CMV viraemia 

remains important as a predictor of prognosis in the era of HAART. Indeed, the 

association between CMV viraemia and disease progression and death may be 

stronger following the introduction of HAART than previously when all of these 

factors occurred more commonly. The finding that treatment with HAART had
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not greatly modified the impact of CMV infection in the HIV-infected population 

reflects the results of two studies of progression to AIDS and death in one 

cohort of haemophiliac men (Sabin et al 1995; Sabin et al 2000). The 

association with CMV infection that was described in the earlier study did not 

substantially change when the cohort was reanalysed six to seven years later, 

by which time HAART had become available. One other study has assessed 

the risk factors for CMV retinitis and death in a cohort of patients initiating Pl- 

containing antiretroviral therapy (Casado et al 1999). A cohort of 172 patients 

with a CD4 count below 100 x 10®/l at the time of first receipt of a PI was 

followed for a median of 24 months. A positive CMV PCR at PI initiation was 

significantly associated with the development of CMV disease. There was no 

association between CMV PCR status and death. However, several important 

differences exist between this study and the results described in this chapter. In 

the study by Casado et a/, the sample size was smaller and follow-up time 

substantially shorter. It is not clear whether participants had previously received 

antiretroviral therapy. Therefore there may have been a greater proportion of 

patients who were antiretroviral naïve at initiation of HAART, which may have 

enhanced the response to therapy within the cohort. Lastly, patients were only 

monitored for CMV viraemia for the first six months after HAART initiation and 

therefore clinically important reactivations of CMV may have been missed. The 

results of this chapter provide a good reflection of actual clinical practice in that 

patients were not recruited to a special management protocol or research clinic; 

samples were collected as part of the routine clinical care of each individual 

and this was not influenced by participation in the cohort.

In conclusion, this chapter presents the results of a prospective study of the 

association of CMV viraemia with CMV disease, AIDS and death in a large 

cohort of patients receiving HAART. Work conducted prior to the introduction of 

HAART has shown that CMV viraemia is independently associated with an 

increased risk of CMV disease and death but it was unknown whether this 

effect remained important in the era of HAART. The results presented in this 

chapter show that CMV viraemia is independently associated with disease 

progression and death in the era of HAART and is more strongly correlated 

with risk of death than CD4 count or HIV load. In addition, the risks associated
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with CMV viraemia appear at least as significant in this cohort as in comparable 

studies conducted in the pre-HAART era. The mechanism by which CMV 

increases the risk of disease progression and death remains unknown but it 

may reflect defects in CD4 cell function, be due to up-regulation of HIV 

replication, a direct pathogenic effect of CMV itself or a combination of these 

factors. CMV viraemia appears to be a more sensitive predictor of prognosis 

than CD4 count and plasma HIV RNA and may thus provide a marker for 

sustained functional immune performance subsequent to HAART. Short-term 

changes in CMV PCR status are important for outcome in the time-updated 

model suggesting that treatment of CMV viraemia should be evaluated in a 

placebo-controlled trial.
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Chapter 9.

General Discussion
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This thesis has documented the changes in the natural history of CMV disease in 

the HIV-infected population following the introduction of HAART. In addition, the 

work presented herein has examined some of the virological and immunological 
mechanisms responsible for theses changes. Prior to the introduction of HAART, 

the situation pertaining to CMV disease was clear and management strategies 

were well defined. A considerable body of work had established that the detection 

of CMV viraemia by PCR identified individuals at, not only a high imminent risk of 
development of CMV disease, but also with an increased risk of death (Bowen et 

al 1997; Dodt et al 1997; Emery et al 1999b; Shinkai et al 1997; Spector et al 1998). 

As a result of these studies, there was a move towards the introduction of pre
emptive therapeutic strategies designed to reduce the risk of CMV disease and 

death in those patients identified as high risk. However, soon after the widespread 

introduction of HAART it became clear that the pattem of CMV disease was 

changing and consequently it was not known how best to manage patients with 

asymptomatic CMV viraemia and previous CMV disease. The aim of this thesis was 

to optimise the management of such patients by understanding the natural history 

and pathogenesis of CMV disease in the era of HAART in a clinical context and, 
therefore move from empirical strategies of anti-CMV therapy to structured, 
individualised ones.

Chapter 3 examined the changes in the incidence and spectrum of CMV disease 

and identified, fairly soon after the introduction of HAART, that new cases of end- 

organ CMV disease were much less common. In addition, patients had markedly 

improved survival times after a diagnosis of CMV disease if they received HAART. 
A multivariate analysis showed that these effects were predominantly due to the 

introduction of HAART; these findings have continued to define the face of CMV 

disease in the era of HAART. This work also identified the previously 

unrecognised phenomenon of inflammatory complications of retinitis such as 

vitritis and CMC. It was demonstrated that these novel manifestations were 

associated with the use of HAART rather than other factors, such as receipt of 

CDV. Subsequent reports from other authors have also described inflammatory 

complications of retinitis and of other Ols, such as mycobacterial infection and 

Kaposi’s sarcoma, after HAART (Foudraine et al 1999; Karavellas et al 2000;
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Race et al 1998; Silverstein et al 1998; Weir and Wansbrough-Jones 1997). These 

complications are now considered to be secondary to immune reconstitution after 

HAART, whereby the enhanced immune system is newly able to mount an 

inflammatory reaction against persisting antigen. Although the precise pathological 

mechanisms goveming this pnenomenon currently remain obscure, this is 

important clinical information as these inflammatory complications can cause 

significant morbidity. In the case of CMV retinitis, vision may be compromised by 

intraocular inflammation rather than retinal disease. It is obviously important 

therefore to exclude sub-clinical infection prior to commencing HAART. Some 

clinicians have advocated the use of prophylaxis prior to HAART or deferment of 
HAART until intercurrent infections are adequately treated. The inflammatory 

complications are however, transient and so careful clinical management is 

required until the immune system itself has regenerated sufficiently to contain the 

01.

In the results presented in this thesis there was no change in the CD4 count at the 

time of presentation of retinitis in patients treated with HAART compared to the 

pre-HAART era. These results provided early evidence that an increased CD4 

count after HAART was protective and contradicted earlier reports that retinitis 

occurred at unusually high CD4 counts after HAART (Gilquin et al 1997; Jacobson 

et al 1997a; Mallolas et al 1997). This finding, together with that of a significantly 

reduced risk of progression of CMV retinitis after HAART, set the scene for the 

then novel practice of discontinuation of maintenance therapy. However, the 

observation that progressions of retinitis may still occur within the first six months 

of HAART provides an important management point. It can be concluded that 

maintenance therapy for retinitis should be continued for at least six months 

following the initiation of HAART, even in patients with an apparently good early 

response in terms of CD4 count and plasma HIV RNA.

The results of a study of patients with extended survival times after CMV retinitis 

due to the subsequent receipt of HAART, presented in Chapter 7, examined the 

safety of discontinuation of mainentance anti-CMV therapy. Patients in this cohort 

had survival times of up to 72 months (median 50 months) after the initial
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diagnosis of CMV retinitis. As such long survival times are unprecedented 

following a diagnosis of CMV disease, these patients present a unique 

management challenge and there are few data conceming the natural history of 
CMV infection in such cases. It was demonstrated that discontinuation of 
maintenance therapy for CMV retinitis was safe in selected patients, all of whom 

remained free from progression of disease at a median of 31 months. Other 

authors have also reported successful discontinuation of maintenance anti-CMV 

therapy after HAART and this has subsequently become established clinical 

practice (Di Perri et al 1999; Jabs et al 1998a; Kirk et al 1999; Macdonald et al 

1998; Mezzaroma et al 1999; Soriano et al 2000; Jurai et al 1998; Vrabec et al 
1998; Whitcup et al 1999). The results presented in this thesis suggest that, in 

addition to the criterion above, discontinuation of maintenance therapy may be 

considered if the CD4 count is greater than 100 x 10®/l for more than three months, 

plasma HIV RNA is undetectable, CMV DNA is undetectable by PCR and retinal 

disease is quiescent and non-sight threatening. Subsequent changes in any of 
these parameters should prompt careful assessment of the clinical situation, 
including screening for CMV viraemia, as it is known that retinitis may recur under 

these circumstances (Torriani et al 2000).

In Chapter 7, the reappearance of CMV viraemia was associated with HAART 

failure and occurred exclusively at CD4 counts of below 100 x 10®/l. Episodes of 
recurrent viraemia were associated with a high incidence of GCV- resistance 

conferring mutations in the UL97 gene, reflecting the extensive anti-CMV drug 

experience of this cohort. These results also suggest that specific resistance- 

conferring mutations can reappear once the selective drug pressure is 

reintroduced. Given that many of these patients had previously received all three 

of the commonly used anti-CMV agents, treatment of subsequent CMV viraemia or 
disease may be difficult. It would be informative to sequence for mutations in the 

CMV polymerase gene, UL54, as cross-resistance to FOS and CDV would be 

predicted from the results presented in this thesis.

Having established the clinical effects of HAART on the natural history of CMV 

disease, this thesis also aimed to investigate the pathological mechanisms
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responsible for these effects. Chapter 4 presented a study of the effect of HAART 

on CMV load, as measured by QCPCR, in patients with asymptomatic CMV 

viraemia. This study showed, for the first time, that receipt of HAART could result 
in progressive reduction and ultimate clearance of CMV viraemia without the use 

of specific anti-CMV therapy. None of the patients in this study, who were at high 

risk of development of CMV disease by virtue of high CMV loads, developed CMV 

disease. The serial CMV load results demonstrate the direct inhibitory effect of the 

reconstituting immune system on CMV replication. This effect is compatible with 

what is now known about reconstitution of T-cell responses against CMV, and 

other pathogens, after HAART (Autran et al 1997; Komanduri et al 1998; Li et al 
1998) and explains how HAART is protective against the development of CMV 

disease even in patients with high CMV loads at baseline.

Not all patients studied in Chapter 4 demonstrated complete suppression of CMV 

replication after HAART. It should be noted that patients in this cohort may have 

experienced sub-optimal responses to HAART by virtue of extensive prior exposure 

to less effective antiretroviral regimens. However, it is known that the degree of 
functional immune reconstitution after HAART is variable between individuals 

(Weinberg et al 2001). Of concern to the clinician is the fact that deficits in immune 

function have been demonstrated in patients with apparently good responses to 

HAART as determined by the conventional methods of CD4 count and plasma HIV 

RNA measurements (Komanduri et al 2001 ; Weinberg et al 2001). In the series 

reported by Komanduri et al, multiple recurrences of CMV retinitis occurred in 

patients with CD4 counts above 500 x 10®/l and undetectable plasma HIV RNA 

levels after HAART (Komanduri et al 2001). These patients were shown to have low 

frequencies of CMV-specific CD4 T-cells, similar to those previously obsenred in 

individuals presenting with active CMV disease (Komanduri et al 1998), as 

determined by cytokine flow cytometry. The results presented by Komanduri et a! are 

therefore compatible with those in this thesis, that functional immune reconstitution to 

CMV may be incomplete after HAART and that CD4 count and plasma HIV RNA 

measurements may not identify patients at ongoing risk of CMV disease. Komanduri 

et a! did not screen for CMV viraemia in their cohort and suggest that quantitation of 

antigen-specific T-cell frequencies after HAART may guide strategies for prophylaxis
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and therapy. The results presented in this thesis suggest that the quicker, easier and 

cheaper option of screening for CMV viraemia by PCR may be a useful surrogate 

marker for immune reconstitution after HAART. Further work to validate this 

hypothesis would include longitudinal evaluation of specific anti-CMV T-cell 

responses together with CMV load quantitation in patients initiating HAART.

Understanding of the immune reconstitution that occurs after HAART is further 
enhanced in this thesis by studies of changes in antibody titres using an 

immunofluorescence assay. The results obtained using the assay to quantify anti- 

CMV gB antibodies show that titres are significantly increased soon after initiation of 
HAART. These results may provide further explanation for the protective affect of 

HAART against end-organ disease in patients with CMV viraemia. It is known that 
anti-gB antibodies can limit viral dissemination in the context of reactivation of 

infection (Jonjic et al 1994; Reddehase et al 1994). The increase in anti-gB titres 

may therefore reduce the chances of developing CMV disease whilst CMV viraemia 

remains detectable in patients with slower rates of viral clearance after HAART. 

Although published data conceming the effect of HAART on the humoral immune 

response remain very limited, the findings of this thesis are consistent with those of a 

study of post-vaccination anti-influenza antibody titres which demonstrated an 

increased titre in individuals receiving HAART that was absent in control patients not 
receiving HAART (Kroon et al 1998). It is likely therefore, that the increase in anti-gB 

titres after HAART is a real effect rather than due to antigen dissociation, although 

further studies are required to confirm this.

The increased anti-gB titre is assumed to reflect enhanced specific T-helper cell 

function after HAART. The fact that CMV antigen persists, for a variable time, after 

HAART initiation means that stimulation of antibody production can occur. This 

hypothesis is further supported by the observation, in some of the patients presented 

in Chapter 5, that anti-gB titres decline after CMV viraemia has become undetectable 

by PCR. Studies by other authors have reported a delay of up to three months 

before specific anti-CMV T-cell responses become detectable (Autran et al 1997; Li 

et al 1999). As some of the patients described in this thesis have much faster rates 

of clearance of CMV after HAART, it seems that T-cell reconstitution against CMV is

303



likely to occur relatively quickly in patients with concurrent CMV viraemia. It is 

therefore possible that the methods currently used to monitor T-cell function may not 

be sufficiently sensitive to detect early, low level T-cell reconstitution. Thus, the 

measurement of antibody titres may indirectly provide a more sensitive means of 

assessing T-cell reconstitution soon after HAART. Further studies measuring T-cell 

function, antibody titre and CMV load in parallel would however be required to 

confirm this suggestion.

The effect of HAART on anti-HIV humoral responses was investigated by measuring 

anti-HIV Gag and Env antibody titres in the same cohort of patients initiating HAART. 
Consistent with previous studies, anti-Env antibody titres were well preserved, even 

in patients with advanced immunosuppression. Anti-Env titres tended to decline as 

plasma HIV RNA levels decreased to undetectable after HAART, again 

demonstrating that persistent antigenic stimulus is required for antibody production. 

Anti-Gag titres were of very low titre or absent, again consistent with previous 

studies. There was no significant change in anti-Gag tires after HAART, which may 

reflect the relatively rapid reduction of plasma HIV RNA levels after HAART. 
However, transient increases in anti-Gag titres were seen in some patients in the 

context of persistent plasma HIV RNA. Therefore, enhanced T-helper cell function 

after HAART may result in increased anti-HIV antibody responses if antigenic 

stimulus is present. These findings are consistent with those reported by Binley et al, 
who found high titres of autologous anti-HIV antibody titres in patients with HIV 

viraemia secondary to intermittent adherence to HAART (Binley et al 2000b). These 

results suggest that the induction of antibody responses to HIV might require 

HAART, to allow for the recovery of immune competency, followed by exposure to 

viral glycoproteins. Understanding of the humoral response to HIV after HAART 

may become more important as it is now apparent that viral suppression by 

HAART alone is insufficient to clear HIV from the body.

Anti-Gag antibody titres have been associated with prognosis in untreated HIV 

infection. The cohort described in this thesis was too small to demonstrate any 

correlation between anti-Gag antibody titres and survival. In addition, any effect of 

antibody titres on survival is confounded by the use of HAART, which is also
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associcüed with an improved prognosis. It is possible that antibody responses may 

contribute to the control of HIV following HAART, but it is not possible to determine 

the relative effects of cellular and humoral immunity on control of HIV viraemia 

from the results presented in this thesis. Continued follow-up of patients starting 

HAART may determine whether the development of enhanced antibody responses 

is associated with improved longer-term survival, particularly in the context of 

withdrawal or failure of HAART.

Mathematical models were used to estimate the anti-viral efficacy of the 

regenerating immune system in the control of CMV replication. These methods 

had previously been used to estimate the efficacies of specific anti-CMV 

treatments, allowing comparison of the results to be made (Emery and Griffiths 

2000). Although the median half-life of decline of CMV load after HAART was 

relatively fast at 5.96 days, the range of half-lives was wide (1.52 -  25 days). This 

reflects the variations in the rate and extent of immune reconstitution that are 

observed between individuals. The reasons for this variability are probably 

complex and are not well characterised. In the results presented in this thesis, the 

rate of clearance of CMV viraemia was unrelated to either baseline CD4 count or 
increase in CD4 count after HAART. Thus, it is important to monitor CMV load 

regularly in patients who are viraemic at the initiation of HAART as some 

individuals may have prolonged periods of ongoing CMV replication, despite an 

apparently satisfactory increase in CD4 count. Such patients require close 

monitoring for CMV disease and consideration of pre-emptive anti-CMV therapy. 
Treatment decisions may also be aided by consideration of the relative anti-CMV 

efficacies of various therapeutic options. The median anti-viral efficacy of the 

regenerating immune system (63%) is lower than that estimated for iv GCV but 

again shows considerable variation with anti-viral efficacies of up to 85% 

estimated in some individuals. The relatively low estimated anti-viral efficacy of 

oGCV (46.5%) illustrates why discontinuation of maintenance therapy for CMV 

after immune reconstitution is a valid strategy. The control of CMV replication by 

the reconstituted immune system appears as least as efficacious, if not better 

than, that achieved by oGCV, whilst reducing the risk of the development of drug 

resistance mutations.
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Studies conducted prior to the introduction of HAART established that CMV 

viraemia was independently associated with an increased risk of morbidity and 

mortality but it was unclear whether this association remained significant in 

patients receiving HAART. The results presented in Chapter 8 demonstrate that 

CMV viraemia remains independently associated with progression to CMV 

disease, AIDS-defining diagnosis and death in the era of HAART. Indeed, the RH 

of death associated with CMV viraemia in this study of 4.23 is higher than values 

reported in pre-HAART studies. Bowen et al reported a RH of death of 1.76 per 

log 10 increase in CMV load and Spector et a/found a 2.5 fold increased risk of 

death associated with a positive CMV PCR (Bowen et al 1996; Spector et al 
1998). Whilst it is not possible to directly compare these results, they suggest that 

CMV viraemia remains at least as important in terms of an increased risk of death 

in the era of HAART as previously. The increased risk of disease progression and 

death associated with CMV viraemia was independent of CD4 count and plasma 

HIV RNA. CD4 count was also independently associated with all three endpoints 

but in all cases the relative hazard was lower than for CMV viraemia. In contrast, 
plasma HIV RNA was not independently associated with risk of CMV disease, 
AIDS (including CMV diagnoses) or death.

The results of Chapter 8 show that CMV viraemia remains an important prognostic 

marker in patients receiving HAART, despite the reduced incidence of CMV end- 
organ disease in such a cohort. In addition, the detection of CMV by PCR was a 

stronger predictor of disease progression and death than either CD4 count or 
plasma HIV RNA. The pathogenic mechanisms by which CMV infection results in 

an increased risk of disease progression and death remain to be defined. Various 

mechanisms by which CMV may act as a co-factor for HIV have been suggested 

whereby CMV may activate latent proviral HIV or expand the tropic range of HIV 

(Griffiths 1998b). Another possible explanation is that CMV itself is directly 

pathogenic and contributes to death without producing the signs characteristic of 
CMV end-organ disease. Altematively, reactivation of CMV replication may be due 

to impaired CD4 function so that the appearance of CMV viraemia in patients with 

apparently good responses to HAART may reflect defects in functional immune
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reconstitution. In this case, CMV may not be directly pathogenic but detection of 

viraemia may still provide a surrogate marker for immune function after HAART.

The analysis in Chapter 8 has only examined that relationship between CMV PCR 

positivity and prognosis as CMV loads for the whole cohort were unavailable. 

Studies conducted in the pre-HAART era showed that increasing CMV load further 

increased the risk of CMV disease and death (Bowen et al 1996; Emery et al 
1999b; Spector et al 1998). As the relationship between CMV viraemia and 

prognosis appears unchanged by the receipt of HAART, it would therefore be 

expected that a similar effect of increasing CMV load would be seen in the cohort 
studied in this thesis. However, in pre-HAART studies it was found that the major 

risk for disease progression and death was associated with changing from CMV 

PCR negative to CMV PCR positive status and that increasing CMV load was of 

secondary importance (Bowen et al 1996; Emery et al 1999b). It may be 

suggested therefore that quantifying CMV load provides little additional clinical 
information in terms of prognosis to the simpler qualitative PCR test. The results 

presented in Chapter 8 also show that changing from CMV PCR positive to CMV 

negative status is associated with an improved prognosis, although the associated 

RHs did not return to baseline. These findings are consistent with those reported 

by Spector et al, that patients who became CMV PCR negative after treatment 
with oGCV had significantly lower risks of CMV disease and improved rates of 

survival. These results, together with those of this thesis, provide compelling 

evidence for the benefits of suppression of CMV replication. This may be achieved 

in two ways: by initiation or intensification of HAART or by pre-emptive therapy 

with specific anti-CMV agents. Such strategies may be particularly important in 

patients who are failing HAART regimens as newly diagnosed patients would be 

expected to suppress CMV replication promptly after initiation of HAART, as 

described in Chapter 4. The effect of pre-emptive treatment of CMV viraemia on 

prognosis should however be evaluated in a placebo-controlled trial.

The results presented in this thesis illustrate the continuing importance of CMV in 

the era of HAART and show that monitoring for CMV viraemia by PCR is useful in 

individualising patient management. These results of this thesis have been used to
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produce an investigational algorithm for the suggested management of patients 

receiving HAART using CMV PCR (Figure 9.1). This algorithm is currently in use 

at the RFH and has been published in a peer-reviewed joumal (Deayton 2000). 
However, it is unclear how long the impact of HAART may be sustained. An 

increasing prevalence of HAART failure may further change the natural history of 

CMV disease. CMV PCR therefore remains an important clinical tool in monitoring 

patients in the era of rapidly changing therapy for HIV. The suggested 

management strategies in Figure 9.1 may therefore require modification as 

treatments progress and, to this end. close monitoring of these of patients should 

continue.

Further work to explore the findings of this thesis would therefore include 

continued virological and clinical monitoring for further changes in the natural 
history of CMV disease in the longer term. This would allow further evaluation of 
the risk associated with previous or current CMV viraemia in the context of 
extended receipt of HAART and would document whether sustained immune 

reconstitution is possible. Further work to measure the reconstitution of specific 

anti-CMV T-cell responses in parallel with CMV load and anti-CMV antibody 

responses after HAART would further define the relationship between these 

effects and better define their relative contributions to the control of CMV 

replication. Continued monitoring of patients with extended survival times after 
CMV retinitis would allow further evaluation of the long term risk of recurrent 

disease and the relationship with drug resistant CMV in this instance. Genomic 

sequencing for mutations in CMV UL54 would facilitate a more detailed 

understanding of the effect of extended receipt of anti-CMV therapy. To test the 

hypothesis that treatment of CMV viraemia may improve prognosis, a prospective 

randomised controlled trial of anti-CMV therapy should be conducted to document 
the clinical endpoints of CMV disease and death.
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