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ABSTRACT:  

HIV treatment simplification: Outcomes of switching HIV-1 patients to 
protease-inhibitor maintenance monotherapy 

    Adam Abdullahi 
 

The work in this thesis characterised the virological outcomes of HIV-1 
patients on second-line ART switching to boosted-darunavir maintenance 
monotherapy in sub-Saharan Africa and explored their determinants, with the 
aim of providing evidence to inform practice and policy.  
 
Firstly, I took advantage of samples and data collected within a trial of 
maintenance monotherapy that was conducted in Yaoundé, Cameroon, 
between August 2014 and July 2015. The trial population was composed of 
HIV-1 positive adults who were receiving suppressive second-line ART with 
two NRTIs and a ritonavir-boosted protease inhibitor (PI/b). Patients were 
randomised to either a switch to maintenance monotherapy with ritonavir-
boosted darunavir (DRV/r) for 48 weeks or to continue their current triple ART 
regimen.  
 
My first question was to investigate the virological outcomes and the 
relationship between viraemia and drug resistance. I used stored samples to 
investigate the presence of drug-resistance associated mutations (RAMs) in 
peripheral blood mononuclear cells (PBMC) collected at study entry (while 
patients were virologically suppressed on triple ART) and in follow-up plasma 
samples collected at the time of virological rebound on DRV/r monotherapy. I 
analysed the viral genomes by Sanger sequencing and ultra-deep sequencing 
(UDS) and used phylogenetics to assess their relatedness. The resistance 
analyses focused on reverse transcriptase and protease; in a subset of 
patients I also sequenced the gag gene to identify mutations in cleavage sites 
and other regions. I then used the resistance data alongside the available 
demographic, clinical and laboratory data to identify predictors of virological 
outcomes by statistical modelling. The results were interesting. I found that 
presence of RAMs at study entry affecting the NRTIs and the NNRTIs were 
predictive of a reduced (rather than increased) risk of virological rebound 
during follow-up on DRV/r monotherapy and the effect was independent of 
adherence levels. I also found that despite a high prevalence of viraemia 
during DRV/r monotherapy, there was no emergence of new protease 
resistance even by sensitive UDS, thus confirming data from previous studies 
conducted in Europe. While this observation was reassuring as it indicated no 
loss of treatment options in the monotherapy arm, I wondered whether there 
were other adverse consequences of frequent viraemia during DRV/r 
monotherapy.  
 
I thus investigated the kinetics of soluble CD27 (sCD27), a marker of immune 
activation and inflammation that a previous study from our group had linked to 
residual viraemia in subjects on suppressive ART. I tested prospective 
samples taken before and four weeks after the switch from triple ART to DRV/r 
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monotherapy and observed that median sCD27 levels increased significantly 
after simplification, with the effect driven by a subset of the patients. I used 
various control populations to place the findings into context using different 
control populations. Hence, I propose that sCD27 may serve as an indicator 
of a risk of viraemia, a hypothesis that needs to be investigated prospectively. 
 
One additional research question was related to Hepatitis B Virus (HBV). My 
research hypothesis was that in a HBV hyperendemic setting like Cameroon, 
discontinuation of HBV active agents in people with HIV-1 could abolish a 
prophylactic effect against HBV acquisition and reactivation. To address this 
question, I measured markers of HBV infection prospectively in MANET trial 
participants. The results showed discontinuation of NRTIs was associated 
with a risk of both de-novo acquisition and reactivation of HBV. This 
represents another factor that makes DRV/r monotherapy undesirable for 
Cameroon and sub-Saharan Africa in general.   
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CHAPTER ONE - GENERAL INTRODUCTION 

1.1 The identification of AIDS and the discovery of HIV  

A clinical condition later defined as the Acquired Immune Deficiency 

Syndrome (AIDS) was first identified in 1981 when, in Los Angeles and New 

York, homosexual men of perceived normal health status were reported to 

be at risk of Pneumocystis pneumonia and Kaposi’s sarcoma1,2. Similar 

opportunistic  conditions were soon reported in other parts of the world2,3. A 

form of AIDS presenting as a fatal illness characterised by weight loss and 

diarrhoea and locally called “slim disease” was documented In rural Uganda 

in 1985;4 however, it was observed that slim disease was not exclusive to 

homosexual men but was found equally in men and women. 

The aetiological agent of AIDS was first discovered in 1983, when Françoise 

Barré-Sinoussi with her mentor, Luc Montagnier at the Pasteur institute in 

Paris isolated a retrovirus from the lymph node biopsy of a patient with 

cervical lymphadenopathy5. The new retrovirus was named 

Lymphadenopathy-Associated Virus [LAV]6. A few months later, Robert Gallo 

and colleagues at the National Cancer Institute of Bethesda in Maryland 

identified a new retrovirus from the peripheral blood lymphocyte of patients 

with AIDS, which they named Human T-Lymphotropic virus type III (HTLV-

III). In 1985, the full genome of LAV and HTLV-III were characterised 

indicating that they were variant forms of the same virus7. In May 1986, the 

International Committee of the Taxonomy of Viruses (ICTV) named the virus 

Human Immunodeficiency Virus (HIV). The discovery of HIV by Françoise 

Barré-Sinoussi and Luc Montagnier led to the joint award of the Noble Prize 

in Physiology or Medicine in 2005.  

Serological evidence of infection with a second type of HIV emerged from 

studies of commercial sex workers in Senegal in 19858; subsequent isolation 

of HIV-2 was documented in 1986 from a Cape Verdean patient9. In 1987, 

an AIDS-like disease which had a faster course than that observed in 
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humans was reported in Asian rhesus macaques held at a primate research 

centre in Boston, where they were co-hosted with other non-human primates 

including African monkeys such as African green monkeys and sooty 

mangabeys10. This led to the characterisation of a lentivirus termed Simian 

Immunodeficiency Virus (SIV). Further research later led to the identification 

of several other SIV variants from different old-world primate species 

including chimpanzees, sooty mangabeys and African Green Monkeys. 

Observations from wild primate populations indicate that, although generally 

less pathogenic, SIVs, like HIV, can be associated with progressive CD4 cell 

loss, lymphatic tissue destruction, and premature death in their Simian 

African hosts11. 

1.2 Origin of HIV  

HIV-1 and HIV-2 originated as a result of zoonoses, i.e., transmission of 

animal viruses into humans. The progenitor of HIV-1 is a primate lentivirus 

named SIVcpz which is found in some subspecies of chimpanzees in 

Cameroon; cross-species transmission likely occurred via blood contact 

during primate hunting or butchering12. The first retrospectively documented 

case of HIV-1 seropositivity in humans was in a blood sample collected from 

a man in Leopoldville, colonial West Central Africa in 1959. While possible 

sporadic cases of HIV-1 infection were documented before the 1970s13, the 

HIV-1 pandemic started in the late 1970s. Scientific evidence indicates that 

HIV-1 started its spread from Kinshasa in the present day Democratic 

Republic of the Congo (DRC)14, aided by increasing urbanisation, global 

travel, and health care interventions (i.e., re-use of needles)15.  

 

The progenitor of HIV-2 is found in sooty mangabeys and is named SIVsmm17. 

SIVsmm is also the progenitor of SIVmac18. Serological data suggest that HIV-

2 may have been circulating in West Africa as early as 196619. HIV-2 is 

endemic in West Africa but is not as readily transmitted and generally not as 

pathogenic as HIV-120; several African countries (e.g., Senegal, Gambia) 

have reported declining prevalence rates of HIV-2 in recent years19.  
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1.2.1 Genetic variants of HIV 

HIV-1 strains are classified into four groups named M, N, O and P and are 

further sub-classified on the principle of phylogeny (figure 1.1). Group M 

variants are responsible for the global pandemic. Group N and O were 

discovered in 1998 and 1990 respectively22,23. Group O accounts for <1% of 

global infections, whereas group N is less prevalent than group O; both are 

found in West Central Africa. In 2009, an additional group was identified in a 

Cameroonian woman24 and assigned to group P. The four genetically distinct 

groups represent separate crossings of the species barrier: Groups M, N and 

O have their precursors in chimpanzees in Southern Cameroon25, whereas 

Group P originated from gorillas in the same region.  
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Figure 0.1  

Figure 1.1: Phylogenetic tree showing the relatedness of HIV-1 group M, group N and 
group O variants, HIV-2 variants, and SIVcpz. The tree was derived from 87 full-length 
sequences.                    

Adapted from 20 
 
HIV-1 group M has undergone remarkable genetic diversification, which 

continues to occur in areas of high-level virus transmission. To put this into 

context, HIV-1 as a virus evolves around 106 times quicker than human 

DNA24. HIV-1 genetic diversity is also driven by the ability of different virions 

to infect the same cell and give rise recombinants, which, depending on 
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spread and epidemiological characterisation, are termed circulating 

recombinant forms (CRFs) and unique recombinant form (URF).  CRF are 

identified by full genome sequencing in at least three epidemiologically 

unlinked individuals and account for at least 20% of HIV-1 infections globally 
26. Currently, nine subtypes of HIV-1 Group M have been substantively 

characterised: (A-D, F-H, J, K). Additionally, various sub-subtypes (A1-A4, 

F1, F2)27 and at least 55 CRFs also circulate 28.  Subtypes differ by 15% and 

25% in the amino acids of the gag and env genes respectively29,30. 

 

The greatest diversity of HIV-1 strains is found in Central Africa. Beyond this, 

specific strains can often be linked to specific geographical regions with five 

strains namely A, B, C, CRF01_AE and CRF02_AG dominating the global 

landscape (Figure 1.2).   

 

 
 
Figure 0.2  

Figure 2.1: Map showing the diversity of HIV-1 strains in the current epidemic. The countries 
are colour coded based on the main circulating Group M HIV-1 variant in each region; the 
pie charts indicate the relative proportions of each variant in each of the regions. The grey 
area has a low prevalence of HIV-1 or were not represented in the literature.    

 
Adapted from 20 
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1.3 Epidemiology of HIV-1 infection 
 
There is a high burden of HIV-1 infections worldwide, with a marked impact 

in low-resource settings of sub-Saharan Africa (SSA) and Southeast Asia.  
 
UNAIDS estimated numbers31,32 
 
At the end of 2018: infected globally; 37.9 million people; died from AIDS-

related illnesses; 770,000 people 

 
Since the start of the epidemic: ever infected globally; 77.3 million people; 

died from AIDS-related illnesses; 35.4 million people  

       

There has been a significant decrease (by 47%) in the number of incident 

HIV-1 infections in recent years, with 1.8 million estimated incident infections 

in 2018 compared to a peak incidence of 3.4 million in 1996. SSA carries a 

disproportionate burden accounting for nearly three quarters of global 

infections, although prevalence varies geographically. The highest 

prevalence is found in Swaziland (27%)33. Numerically, however, the highest 

number of affected individuals reside in South Africa and Nigeria, accounting 

for 25% and 13% of all people living with HIV (PLHIV) in SSA, respectively32. 

Much has been achieved across SSA since the commitment of world leaders 

at the United Nations General Assembly in 2006 to scale-up interventions 

towards attainment of a universal HIV care, support and prevention 

services34.  

1.4 Biology of HIV-1 
 
HIV is a member of the Retroviridae family of viruses, genera Lentivirus35. A 

defining characteristic of retroviruses is that their genetic information is stored 

in two molecules of single stranded ribonucleic acid (RNA) and the virus 

replication cycle requires reverse transcription of genomic RNA into 

deoxyribonucleic acid (DNA).  

1.4.1 The HIV particle 
 
Comparable to other retroviruses, cryogenic micrograph images of HIV-1 

(Figure 1.3) shows the virus particle as a spherical entity of approximately 
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100nm in diameter36. The outer membrane of HIV-1, called the envelope, 

originates from the membrane of the infected cell, from which it inherits a lipid 

bilayer structure. The envelope contains the viral surface glycoprotein (gp) 

120 and the viral transmembrane glycoprotein named gp41. Each spike  on 

the surface of a virion is a trimer of gp120 molecules attached non-covalently 

to three gp41 molecules37. In addition to the envelope (Env) proteins, the lipid 

bilayer also contains several host cell derived membrane proteins such as 

actin, ubiquitin and major histocompatibility complex  antigen38. Underneath 

the envelope, the matrix shell, which is composed of an estimated 2000 

copies of the matrix protein, surrounds the capsid, which is made of the 

capsid protein and contains two copies of single stranded positive sense 

RNA in complex with the viral enzymes protease, reverse transcriptase (RT) 

and integrase39.   

 

                              
 
Figure 0.1  

Figure 1.3: Cryogenic micrographs and schematic images of the immature (a, c) and 
mature (b, d) HIV-1 particle.  
                              Adapted from36,40  
   
The genome of HIV-1 (Figure 1.4) is approximately 9.8kb in size. It is  flanked 

by 2 long terminal repeats (LTR) sequences and is made of nine open reading 

frames (ORFs) encoding 15 proteins41. These proteins include the three poly-

protein precursors, Gag, Gag-Pol and Env, which require cleavage into their 

mature forms: Gag encodes the matrix (MA) and capsid (CA) structural 
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proteins; Pol encodes the viral enzymes protease, RT and integrase; and Env 

encodes gp160 from which gp120 and gp41 are derived. The other six ORFs 

encode accessory and regulatory proteins; Tat, Rev, Vif, Vpr, Nef and Vpu, 

which are responsible for the regulation of virus genome expression, 

production and release. 
 
 

   
 
Figure 0.2:  

Figure 1.4: Organisation of the HIV-1 genome, with rectangles depicting the open reading 
frames. The start position of the nucleotide “a” in the “atg” start codon is shown in the 
upper left corner with the number on the right indicating the stop position.  

   Adapted from 42 
1.4.2 HIV-1 proteins 
1.4.2.1 Structural proteins  
 
Gag  
 
The gag gene encodes a polyprotein precursor that is cleaved by the viral 

protease enzyme to yield the mature structural proteins matrix (p17),  capsid 

(p24), nucleocapsid (p7) and p643. The cleavage of the Pr55gag precursor also 

yields two spacer peptides, termed p1 and p2, which are thought to influence 

the order and rate of Gag protein processing.  

 
Matrix protein (p17) 
 
The MA protein forms the shell between the envelope and the capsid and is 

involved in directing virus components to the plasma membrane for 

assembly44.  

 
Capsid protein (p24) 
 
The CA protein plays an important role in both the early steps of virus 

replication (viral RNA release from the capsid) and in the later steps of virion 

assembly and maturation.  
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Nucleocapsid protein (p7) 
 
The NC protein plays an important role in facilitating structural rearrangement 

of the viral genomic material during replication through its nucleic acid 

chaperone function45.  

 
p6 
 
The p6 protein play a role in the incorporation of Vpr into virion particles 

during assembly49.  

 
Pol  
 
The polymerase gene encodes the enzymes that play key roles in the life 

cycle of HIV, reverse transcriptase (RT), protease (PR) and integrase (INT).  

 
RT 

The RT enzyme mediates the conversion of the viral genomic RNA into a 

double-stranded DNA. RT has three enzymatic activities: RNA-dependent 

RNA polymerase, DNA-dependent DNA polymerase and ribonuclease H48,  

which are required for the synthesis of DNA from the viral genomic RNA 

template49  

 

PR 

The PR enzyme is responsible for the processing of Gag and Gag-Pol 

polyproteins during viral maturation52 

 

INT 

The INT enzyme is responsible for the integration of the linear double 

stranded DNA formed by RT into the host chromosome54.  

 

Env  
 
Env encodes the polypeptide precursor gp160, which is cleaved by cellular 

host proteases to yield gp120 and gp4154 (Figure 1.3 c,d).  
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1.4.2.2 Accessory proteins   
 
In addition to the three ORF encoding for the structural polyproteins, six other 

ORFs exist in the HIV-1 genome encoding for accessory or regulatory 

proteins that do not require any further modification, these proteins are: vpr, 

vpu, vif, nef, tat and ref. Tat and ref are regarded as regulatory proteins and 

termed trans-activating proteins.  

 

Vpr 
The viral protein regulatory is part of the viral particle and plays a key role in 

controlling the cell cycle, viral genome expression and import of HIV-1 DNA 

into the nucleus. 

  

Vpu  

The viral protein u controls the degradation of CD455 and aids the budding of 

new virus  particles from the cell membrane.   

 

Vif 

The viral infectivity factor enhances virus  infectivity by counteracting the 

effect of the host restriction factor APOBEC3G 56. APOBEC are cellular 

proteins that induces hyper mutation of Guanine to Adenosine (G to A) on 

the positive strand of HIV-1 DNA leading to defective virions. 57  

 

Nef  

The negative factor protein plays an essential role in viral pathogenesis by 

acting at multiple phases of the virus/host cell interactions.  

1.4.2.3 Regulatory proteins   
 
Tat 
The trans-activator protein is responsible for transactivating the LTR 

promoter to allow mRNA transcription58.  

 

Rev  
The regulator of virion expression protein drives the export of mRNA from the 

nucleus to the cytoplasm59.  
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1.5 Virus replication cycle  
 
The viral replication cycle of HIV-1 can be divided into the early and late 

phases. The early phase involves binding, fusion, start of reverse 

transcription, nuclear import and integration of the HIV-1 DNA into the host 

chromosome (figure 1.5.) The late phase involves the expression of viral 

genes from the integrated viral genome, assembly, maturation and release 

of a mature virion.  

 
1.5.1 Viral Entry  
 
HIV-1 binds to the CD4 cell receptor on the surface of target cells, including 

primarily lymphocytes and macrophages. Binding of the gp120 envelope 

protein to the CD4 receptor triggers a conformational change which allows 

binding of gp120 to a co-receptor60. The α chemokine CXC receptor 4 

(CXCR4) or the β chemokine co-receptor 5 (CCR5) are the two main co-

receptors used by HIV-161.   The significance of co-receptor binding has been 

substantiated by the discovery that a 32 base pair deletion in the CCR5 gene, 

described as CCR5Δ32, either prevents infection (homozygous) or reduces 

disease progression (heterozygous)62–64. CCR5Δ32 results into the 

introduction of a premature stop codon into the locus of the CCR5 receptor 

preventing its expression on the cell membrane. The allele frequency is about 

10% for heterozygousity and 1% for homozygousity across Europe and 

Western Asia, with a North to South gradient of reducing prevalence in the 

population65. Co-receptor binding exposes and activates the hydrophobic 

fusion peptide in the outer amino acid domain of the transmembrane 

envelope protein gp41, which allows its N-terminal fusion peptide to be 

inserted into the target’s cell membrane. With the viral and cellular 

membranes in close contact, this leads to the formation of a fusion pore66 

through which the viral capsid is released into the host cell cytoplasm.  
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Figure 0.1:  

Figure 1.5: The features of the early stages of HIV-1 replication cycle. Recent evidence 
indicates that uncoating and reverse transcription are completed in the nucleus.  

   Adapted from 63 
 
 

1.5.2 Uncoating     
 
Following entry, the capsid is disassembled, a process described as 

“uncoating”. The exact timing and location of the uncoating process is still 

subject to scientific debate67. Recent data indicate that, contrary to previous 

understanding, uncoating and reverse transcription are completed in the 

nucleus rather than the cytoplasm68.  

1.5.3 Reverse transcription  
 
RT transcribes the two single stranded viral RNA molecules into double 

stranded (ds) DNA. The steps in the reverse transcription process includes 

the generation of complementary antisense (minus) DNA strand to form the 

DNA/RNA hybrid, RNA degradation from the RNA/DNA hybrid by RNaseH 

and the generation of a complete dsDNA through the action of the DNA-

dependent DNA polymerase69.  
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1.5.4 Nuclear translocation and entry  
 
In the nucleus, the viral dsDNA is contained within a pre-integration complex 

(PIC) together with host cell factors including LEDGF/p75 and viral proteins 

including RT, INT, MA, CA and Vpr70. The exact mechanism through which 

the nuclear import of HIV-1 occurs is yet to be fully understood44. In contrast 

to oncoviruses that require degradation of the nuclear membrane during 

mitosis, HIV-1 and other lentiviruses are actively transported across the 

nuclear membrane71 permitting HIV-1 to infect non-dividing cells such as 

dendritic cells and macrophages. 

1.5.5 DNA Integration  
 
The linear dsDNA resulting from reverse transcription follows one of the 

following pathways: 

i) integration into the host chromosome 

ii) short-term persistence as unintegrated linear dsDNA 

iii) circularisation to form 1-LTR-circles 

iv) circularisation to form 2-LTR-circles 

 
While each of these four forms are observable in culture, effective infection 

requires the integration of the linear dsDNA into the host chromosome by the 

INT enzyme72. The series of well-coordinated events leading to integration 

can be divided into two phases: 3’ processing and strand transfer. The first 

step occurs immediately after synthesis of the dsDNA73. The INT enzyme 

catalyses the modification of each 3’ terminus of the linear dsDNA by excising 

two nucleotides and producing a pre-integration substrate ending with CA-3’ 

sequence. The strand transfer step, which is also catalysed by the INT 

enzyme, involves the cleavage of specific target sites on the host cell DNA 

via nucleophilic activity, leading to the exposure of five nucleotides at each 

end; the 3’ viral DNA end is then covalently bound to the 5’ cellular DNA end. 

In the final step, cellular repair enzymes remove  unpaired nucleotides at the 

5’ end and seal the single-strand gaps ligating the 5’ end of viral DNA to 

cellular DNA74.  
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1.5.6 Viral transcription and gene expression  
 
Following integration, the provirus of HIV-1 is transcribed in a well organised 

process75 with the cis and trans-acting elements i.e., Tat and Rev proteins 

playing key roles. Transcription of the proviral DNA yields the full genomic 

RNA of about 10,000bp and shorter RNA segments. These are categorised 

into three groups based on the degree of splicing. Partially spliced mRNAs 

encode Env, Vif, Vpr and Vpu. Fully spliced mRNAs encode Tat, Rev and 

Nef, and unspliced transcripts encode Gag and Gag-Pol polyproteins. The 

envelope protein is generated in the rough endoplasmic reticulum and Golgi 

complex where it undergoes extensive N-glycosylation, before transportation 

to the plasma membrane. 

1.5.7 Assembly, budding and release  
 
Assembly involves the packaging of both viral and cellular factors leading to 

the formation of immature virions. The immature virion buds out from the host 

producer cells and acquire their lipid envelope from the host cell plasma 

membrane and shortly after or during this, the newly budded virions mature 

into infectious virions76. 

1.5.8 Maturation 

Virus maturation can occur simultaneously during budding or immediately 

after budding. At first, newly budding virions are immature and non-infectious 

and require protease-mediated cleavage to transform the virions into mature 

and active forms. The viral protease cleaves at least 10 sites in the Gag and 

Gag-Pro-Pol polyproteins at specific sites into functional subunits; MA, CA, 

NC, p6, PR, RT and IN. During the maturation process, cleaved proteins are 

morphologically rearranged to produce infectious virions, characterised by 

formation of conical capsid core69.  

1.6 Mechanisms of HIV genetic diversification  
 
HIV-1 is characterised by profound genetic diversity given that initial infection 

is typically initiated by a single founder virus. This diversity allows adaptation 

to pressure from antiretroviral agents and the immune system77,78. The 

extensive diversity is due to:  
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i) Error-prone reverse transcriptase enzyme 

ii) High replication rate (up to 109 virions per day in an untreated 

patient) 

iii) Viral recombination  

iv) Errors by RNA polymerase II 

v) Hypermutation induced by cellular proteins of the APOBEC family  
 
After transmission to a new host, multiple mechanisms contribute to 

continuous genetic evolution of HIV. One key molecular mechanism is the 

highly error prone RT enzyme79. The RT enzyme, unlike cellular DNA 

polymerases, has a high error rate and no proof-reading activity. The lack of 

proof-reading activity means incorporation of the wrong nucleotide 

triphosphate cannot be corrected by RT. Nucleotide misincorporations 

become fixed as a point mutation in progeny viruses36. The rate of nucleotide 

substitutions by the RT is ~3x10-5 per nucleotide per cycle of replication, 

equalling one nucleotide substitution per genome in a single replication cycle. 

This phenomenon is further amplified by the high viral turnover of ~ 108-109 

viral particles per day in the absence of antiviral therapy. Another mechanism 

is the ability of RT to “hop” or “switch” from one template to the other during 

replication, which can result in deletions and insertions80,81. Further to this, 

when different viral strains co-infect the same cell,  the ability of the RT to 

switch between templates can lead to recombination69. Genomic 

diversification of the HIV genome is further driven by the cellular proteins of 

the APOBEC family, which are packaged into virions and cause G-to-A 

mutations during plus DNA strand synthesis following degradation of the 

RNA69. An additional source of viral genetic diversity is driven by the error-

prone cellular RNA polymerase II enzyme, which is responsible for 

transcription of proviral DNA. Although RNA polymerase II also lacks proof 

reading ability, its error rate is thought to be lower than that of RT. The 

variants generated through these multiple mechanisms exist in a host as 

“quasispecies”, i.e a population of genetically similar but non-identical virus 

strains.  Overall, the low replication fidelity provides an adaptive advantage. 

Viral progeny could be incapacitated and not be able to continue replication 

or display varying levels of fitness including ability to escape selective 
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pressure. These quasispecies harbour mutations that can reduce 

susceptibility to antiretroviral drugs and escape immune response. As the 

drug resistance-conferring substitutions typically exist as single mutations, 

treatment with combination antiretroviral therapy can achieve effective viral 

suppression.  

1.7 HIV-1 pathogenesis  
 
1.7.1 HIV-1 transmission  
 
HIV-1 can be transmitted through the following routes36:  

i) vertically from mother to child during pregnancy, delivery or 

breastfeeding 

ii) percutaneous or mucous membrane exposure to infected blood or 

blood products  

iii) Intimate sexual contact involving mucosal penile-vaginal contact, 

penile-anal contact and in very rare cases, oral sex. 

 

The risk of HIV transmission varies significantly. Blood transfusion from a 

HIV-positive donor to a HIV-negative donor poses the highest risk (~90%) 

followed by mother-to-child transmission (~23%). Risk of transmission is 

lower for exposure via parenteral routes with percutaneous needle injuries 

(0.23%) and drug injection paraphernalia contaminated by infected blood 

(0.63%)82. Contrary to belief in some regions, especially across some parts 

Africa, HIV is not transmitted by saliva, sweat or faeces83.The most common 

route of HIV-1 transmission is through intimate sexual contact 84 and the most 

important vehicle for transmission is seminal fluid. HIV-1 is detected in semen 

as free viral particles85 and can be detected a few weeks following infection86.  

For sexual exposure, anal intercourse poses the highest risk, with 

approximately 138 infections per 10000 episodes of unprotected receptive 

anal sex (1.38%)82. This is followed by insertive anal sex (11 infection per 

10000 episodes of act; 0.11%), receptive penile-vaginal intercourse (8 

infections per 10000 episodes of act; 0.08%) and insertive penile-vaginal 

intercourse (4 infections per 10000 episodes of act; 0.04%). The presence of 

concomitant infections such as Herpes Simplex Virus type 2 (HSV-2) and 
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other sexually transmitted infections (STI), which may cause genital 

inflammation enhances the risk of transmission and acquisition of HIV-187.  

 

There is a direct relationship between the concentration of virus in the blood88 

and genital secretions89 and the risk of HIV transmission. In principle, this 

would indicate that decrease in HIV viral load would reduce the risk of HIV 

transmission. Evidence indicates that initiation of antiretroviral therapy (ART) 

leads to the suppression of HIV-1 RNA in plasma within 3-6 months. A robust 

body of scientific evidence, including the PARTNER 1 and 2 studies90,91, 

supports the conclusion that patients who are on stable ART and show a 

suppressed plasma HIV-1 RNA do not transmit the infection to their sexual 

partners if they engage in condomless sex. In the PARTNER studies, 888 

heterosexual and 340 men who have sex with men (MSMs) sero-discordant 

subjects were recruited and provided 1238 eligible couple years of follow-up. 

The HIV positive partner had HIV-1 RNA <200 copies/ml. The subjects 

reported condomless sex a median of 37 times per year (IQR: 15-71) over 

median follow-up period of 1.3 years (IQR: 0.8-2.0)90.  There was no 

documented case of HIV transmission between couples. In the final analysis 

of the MSMs recruited to the PARTNER studies, 782 gay couples 1593 

provided eligible couple years of follow-up and results showed no 

phylogenetically linked incident infection among sero-discordant couples91. 

This scientific evidence underpins the U=U (undetectable equals 

untransmissible) message currently endorsed by the UNAIDS and illustrates 

the benefits of diagnosing and treating HIV early to prevent transmission and 

disease progression. 

 

1.7.2 Clinical stages  
 
The natural course of HIV-1 infection in the absence of ART can be divided 

into three stages (Figure 1.6): 

i) primary infection   

ii) asymptomatic phase      

iii) AIDS phase 
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Primary infection comprises the acute stage prior to the development of 

antibodies, and the recent stage that follows seroconversion and spans up 

to six months after the initial infection. The acute phase is characterised by 

high levels of plasma HIV-1 RNA (“viral load”) and a high risk of 

transmission88, and is accompanied by a sharp decline in the CD4 cell count. 

The life-long HIV-1 DNA reservoir is established during this early phase92. 

Approximately two to four weeks after HIV exposure93 coinciding with peak 

viraemia94, at least half of newly infected subjects develop symptoms. These 

typically consist of a febrile illnesses with fatigue, headache, night sweats, 

myalgia, arthralgia, lymphadenopathy, diarrhoea, sore throat, and rash, 

collectively termed the acute retroviral syndrome95. Symptoms resolve 

spontaneously36. The non-specific nature of the acute retroviral syndrome 

requires a high level of suspicion to ensure an accurate diagnosis is made96. 

Diagnosis during acute infection is based on diagnostic tests targeting direct 

virus detection, typically HIV-1 RNA (or HIV-1 DNA) and p24 antigen. HIV-1 

RNA appears in plasma around day 11 after infection, and is followed within 

~6 days by the p24 antigen, which transiently appears in the blood when HIV-

1 RNA levels rises >10,000 copies/ml97. and before the appearance of 

antibodies. Seroconversion usually occurs within 3-6 weeks following 

infection and 1-3 weeks following the onset of symptoms93, and is followed 

by a decline in viral load and at least partial recovery of the CD4 cell count.   

The viral load decreases to a “set-point” which is usually reached within six 

months of the infection. In untreated infection, the viral load set point varies 

between infected individuals and is a strong predictor of the subsequent rate 

of CD4 cell decline and disease progression98.  
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Figure 0.1:  

Figure 1.6: Time course of HIV-1 infection showing the immunological and virological 
pattern of acute, chronic and AIDS stages of HIV-1 infection. Acute HIV-1 infection lasts 
between 6-12 weeks with flu-like symptoms, a peak viral load and a decrease in CD4+ 
cells. The chronic asymptomatic/ stage of infection lasts 6-10 years where the viral load 
reaches a nearly stable set point: the viral load slowly increases and the CD4 cell count 
slowly decreases over several years. The onset of AIDS typically follows a CD4 cell 
decline below 200 cells/mm3 and is characterised by a sharp increase in virus replication 
and an accelerated decline in CD4 cells; in the absence of treatment the AIDS phase 
usually leads to death within around 2 years.  

Adapted from 96   
 
The chronic phase of HIV-1 infection is usually a long asymptomatic or 

minimally symptomatic period. Yet, viral replication occurs at high level in the 

lymphoid tissues (~108 virions produced per day) with adaptation of the viral 

population to evade host immune responses, leading to progressive immune 

dysfunction and CD4 cell loss. The onset of opportunistic infections and 

cancers, as well as direct damaging effects of HIV-1 replication, signals 

progression to the AIDS stage (Figure 1.6), which characterised by an 

increase in viral load.  

 

HIV-1 pathogenesis is dependent on two interrelated mechanisms. In 

addition to the progressive immunosuppression that allows for the onset of 

opportunistic infections and cancers, HIV-1 promotes a continual state of 

immune activation and inflammation in the infected host. The dynamic of HIV 

immune activation is characterised by an increase in multiple inflammatory 

mediators such as soluble CD14 (a marker of monocyte activation), an 
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inverted CD4/CD8 ratio (reflecting loss of CD4 cells and expansion of CD8 

cells), and exhaustion and senescence of T cells99. This state of continuous 

inflammation is thought to be responsible for the multi-organ disease 

observed in HIV patients. It Is of note that the mucosal surface of the 

gastrointestinal tract serves as an immunological barrier against infection100. 

HIV infection disrupts the physiological architecture of the gut and enables 

translocation of microbial products into systemic circulation62. This 

phenomena further stimulates the innate immune system causing further 

damage to the gut and persistent immune activation101.  

 

1.7.3 Viral latency  
 
Most HIV-1 infected cells die quickly due to the cytopathic effect of the virus 

and antiviral host responses;102 a subset of CD4 T cells survives, reverting 

back to a resting state while carrying integrated HIV-1 DNA. During latency, 

HIV-infected memory CD4 T cells do not sustain virus replication but retain 

the capacity to produce infectious virus upon activation. This reservoir of 

infection is long-lived and not susceptible to the activity of antiretroviral drugs 

or immune surveillance103. How the reservoir is maintained during effective 

ART has been the matter of extensive research. The mainstream view is that 

the reservoir is maintained by T cell proliferation (either homeostatic or due 

to antigenic stimulation) without the need for virus production104. One other 

possibility is that in some patients ongoing virus replication in sites of 

suboptimal drug penetration or drug activity (“sanctuary sites”) may allow 

replenishment of the reservoir during ART105. 

 

One important aspect of HIV-1 latency is that a large fraction of integrated 

provirus is defective (e.g., due to hypermutation and deletions). In-vitro, only 

<1% of integrated proviruses are able to induce infectious virus production 

following stimulation106. It is estimated that during effective ART, 

approximately 300 cells per 106 memory CD4  T cells harbour integrated HIV-

1 DNA but only ~1 per 106 contains replication competent provirus107. It 

should be noted that despite their defective nature, integrated HIV-1 DNA 

sequences have the capacity to express HIV-1 genes due to the presence of 
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an intact LTR promotor region106. The resulting products may play a role in 

maintaining antigenic stimulation and immune activation. 

 

1.7.4 Biomarkers of HIV-1 infection   
 
1.7.4.1 CD4 cell count 
The CD4 cell count is the main indicator of disease progression in people 

with HIV108. The greatest risk of opportunistic infections and cancers occurs 

at a CD4 count <200 cells/mm3 109. Recovery occurs with ART although the 

lowest ever CD4 cell count (nadir) remains an important predictor of disease 

outcomes.  

 

1.7.4.2 Plasma HIV-1 RNA load 
The amount of free virus particles circulating in blood is represented by the 

copy number of the viral RNA per millilitre of plasma (viral load). This is the 

key biomarker of HIV replication and can be accurately quantified using 

commercially available assays110. The role of viral load as a prognostic 

marker has long been established111. The viral load has an inversely 

proportional relationship to the CD4 cell count112, rate of disease 

progression113, and risk of transmission89. The viral load is also the key 

measure of treatment success whereby the goal of ART is to achieve a viral 

load below the lower limit of quantification of routine viral load assays and 

maintain virological suppression long term.    

 

1.7.4.3 HIV-1 DNA 
Measuring the amount of HIV-1 DNA present in peripheral blood 

mononuclear cells (PBMC) is not part of the routine management of HIV-1 

infection, but it is often used in the research context to provide an indication 

of the size of the reservoir114. Most assays measure the total amount of HIV-

1 DNA, therefore capturing integrated as well as unintegrated variants115. 

Specialised assays measure only integrated provirus or LTR circles116.There 

is evidence to indicate that during virologically suppressive ART, there is a 

good correlation between total and integrated HIV-1 DNA load measured in 

PBMC114.  
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1.8 Antiretroviral therapy  
 
1.8.1 Anti-retroviral drug classes and drug agents  
 
The first antiretroviral agent for treating HIV-1 infection was zidovudine (3’-

azido-2’,3-dideoxythymidine, abbreviated AZT or ZDV), a nucleoside reverse 

transcriptase inhibitor (NRTI) that was introduced in 1987120, soon followed 

by other agents with a similar mode of action. However, monotherapy and 

dual therapy with NRTIs had disappointing results due to loss of activity as a 

result of the emergence of drug resistance119. The turning point in HIV-1 

treatment came with the introduction of the first protease inhibitors (PIs) 

saquinavir and indinavir and the first non-nucleoside reverse transcriptase 

inhibitor (NNRTI) nevirapine in 1995. It was demonstrated that the 

combination of three antiretrovirals with at least two different mechanisms of 

action led to sustained suppression of virus replication without emergence of 

resistance in patients fully compliant to treatment. Currently approved 

antiretroviral agents target viral entry, reverse transcription, integration and 

viral maturation (figure 1.7) and clinicians now have access to several drugs 

(table 1.1) that can be administered in combination to treat HIV-1. More than 

25 antiretroviral drug agents are currently approved for use and a multitude 

of experimental drug agents are in advanced stages of development existing 

within previous drug classes or classes with a novel mechanisms of action 

(Table 1.2), including long acting injectable agents such as cabotegravir120.  

These drug agents also exist as co-formulations to increase convenience of 

administration and improve treatment compliance (Table 1.3). Some 

antiretroviral agents require a pharmacological booster to enhance their 

effect, either ritonavir or cobicistat. PIs and the first-generationx= INSTI 

elvitegravir are co-administered in conjunction with a booster to inhibit the 

metabolic activity of the hepatic CYP3A4 enzyme and increase plasma 

levels. 
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Figure 0.1:  

Figure 1.7: A simplified schematic representation of the HIV-1 life cycle showing the classes 
of drugs and their target sites. Abbreviations; NRTI=nucleo(t)side reverse transcription 
inhibitor; NNRTI=non-nucleoside reverse transcription inhibitor; NRTTI=Nucleoside reverse 
transcriptase translocation inhibitors; INSTIs=integrase strand-transfer inhibitors.  

Adapted from69 
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Table 1.1: Antiretroviral drug agents currently approved for HIV treatment (early 2020)  
Target Drug class Agents Acronym Use in clinical practice 
Entry  CCR5 antagonists Maraviroc MVC Treatment failure / toxicity 

Post-attachment inhibitors Ibalizumab IBA Treatment failure 
Fusion inhibitors Enfuvirtide  T-20 Treatment failure 

Reverse 
transcription 

Nucleoside and nucleotide 
reverse transcriptase inhibitors 
(NRTIs)  
 
 

Abacavir ABC Common 
Emtricitabine  FTC Common 
Didanosine DDI Discontinued  
Lamivudine  3TC Common 
Stavudine D4T Discontinued  
Zalcitabine DDC Discontinued  
Zidovudine  AZT / ZDV Generally uncommon 
Tenofovir alafenamide TAF Common 
Tenofovir disoproxil fumarate  TDF Common 

Non-nucleoside reverse 
transcriptase inhibitors (NNRTIs) 

Doravirine  DOR Limited experiencea 
Efavirenz  EFV Common 
Etravirine  ETR Treatment failure 
Nevirapine  NVP Uncommon 
Rilpivirine  RPV Common 

Integration Integrase strand transfer 
inhibitors (INSTIs)  

Bictegravir BIC Limited experiencea 
Dolutegravir  DTG Common 
Elvitegravir EVG Common 
Raltegravir  RAL Common 

Maturation Protease inhibitors (PIs) Atazanavir  ATV Common 
 Darunavir  DRV Common 
 Fosamprenavir  FPV Uncommon 
 Lopinavir LPV Common 
 Indinavir IDV Discontinued 
 Nelfinavir NFV Discontinued 
 Ritonavir  RTV / r Only as a booster 
 Saquinavir  SQV Discontinued 
 Tipranavir  TPV Uncommon 

                                  aRecently approved  
                Adapted from 69
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                                               Table 1.2. Experimental anti-retroviral drugs in advanced clinical development  
Table 1.2  

Target Drug class Agents Key properties of drug agent 
Entry Gp120 inhibitors Fostemsavir  

(FTR) 
x Binds to gp120 and inhibits attachment  

to the CD4 receptor  
 CCR5 inhibitors Leronlimab  

(PRO-140) 
x Blocks the CCR5 co-receptor 
x Parental formulation and long-acting  

Reverse 
transcription 

Nucleoside  
reverse transcriptase 
translocation inhibitors  
(NRTTIs) 
 

Islatravir  
(MK-8591  
or EFdA) 

x Inhibits RT translocation on the nucleic acid 
substrate and causes DNA chain termination 
through multiple mechanisms 

x Oral and parental formulations; long acting  

Integration INSTIs Cabotegravir  
(CAB) 

x Oral and parental formulations; long acting  

 
Gag function 

 
Maturation inhibitors 

 
x Bind to gag polyprotein, inhibiting the last 

proteolytic cleavage (between CA and SP1) 
  

First generation: Bevirimat 
 

x Lack of efficacy against naturally occurring 
strains with polymorphisms in CA and SP1 

x Development halted 
  

Second generation: Various GSK 
compounds  

 
x GSK-3532795: poor tolerability and drug 

resistance; development halted  
x GSK-2838232: requires boosting for  

once-daily dosing 
  

Capsid inhibitors  
 
GS-6207 

 
x Inhibits multiple processes essential for viral 

replication by modulating capsid assembly, 
disassembly and transport 

x Predicted to show a high barrier to drug 
resistance; parental formulations; long acting  

 
                                         Adapted from 69
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ble 3  

 
Table 1.3: Co-formulated antiretroviral drug agents 

 

Abbreviations: NRTI = nucleoside and nucleotide reverse transcriptase inhibitor; NNRTI = non-nucleoside reverse transcriptase 
inhibitor; INSTI = integrase strand transfer inhibitor; PI = protease inhibitor; TDF = tenofovir disoproxil fumarate; TAF = tenofovir 
alafenamide. 

Adapted from 69 
 

Agent class Trade  
NRTI NNRTI INSTI PI Booster name 
Zidovudine, Lamivudine     Combivir 
Abacavir, Lamivudine     Kivexa (Epzicom) 
Abacavir, Lamivudine  Dolutegravir   Triumeq  
TDF, Emtricitabine     Truvada 
TAF, Emtricitabine     Descovy  
TDF, Emtricitabine Efavirenz    Atripla 
TDF, Emtricitabine Rilpivirine    Eviplera (Complera) 
TAF, Emtricitabine Rilpivirine    Odefsey 
TDF, Lamivudine Doravirine    Delstrigo 
TDF, Emtricitabine  Elvitegravir  Cobicistat Stribild 
TAF, Emtricitabine  Elvitegravir  Cobicistat Genvoya 
TAF, Emtricitabine  Bictegravir   Biktarvy 
TAF, Emtricitabine   Darunavir Cobicistat Symtuza  
   Lopinavir Ritonavir Kaletra 
   Darunavir Cobicistat Rezolsta (Prezcobix) 
   Atazanavir Cobicistat Evotaz 
Lamivudine  Dolutegravir   Dovato  

Rilpivirine Dolutegravir   Juluca 
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1.8.2 Mechanism of HIV antiretroviral drug action   
 
Entry Inhibitors 
 
Fusion inhibitors 
 
Enfuvirtide is the only currently available fusion inhibitor. It exerts its effect by 

binding to the heptad repeat region (HR1) of gp41 thereby preventing the 

hairpin formation that drives fusion of the viral envelope and host cell 

membrane121.  

 
CCR5 antagonists  
 
Maraviroc is the only current approved CCR5 antagonist. Maraviroc is a non-

competitive allosteric antagonist of CCR5122 that binds to the CCR5 

chemokine receptor and causes a conformational change to inhibit the 

binding of CCR5 to the V3 crown of gp120123 and therefore, entry into host 

cell. As maraviroc binds to CCR5 but not to CXCR4, maraviroc inhibits 

CCR5-tropic viruses but not CXCR4 tropic viruses123. This means that pre-

existing CXCR4 tropic viruses may expand and lead to infection or virological 

failure.  

 
Post attachment inhibitor 
 
Ibalizumab is the only currently approved post attachment inhibitor. 

Ibalizumab is a humanised monoclonal antibody that binds to the 

extracellular C2 domain of the CD4 receptor preventing the interaction 

between gp120 bound to CD4 and the CCR5 or CXCR4123. 

 
Reverse transcriptase inhibitors  
 
Nucleoside and nucleotide reverse transcriptase inhibitors (NRTIs) 
 

NRTIs are synthetic substrate analogues of naturally occurring 

deoxynucleoside triphosphates (dNTPs) that lack a 3’ hydroxyl group on the 

ribose sugar. NRTIs acts as competitive inhibitors and their incorporation into 

the nascent elongating DNA chain causes termination125. NRTIs require 

metabolic conversion by cellular host-kinases to the corresponding 

triphosphate form126. Nucleoside analogues require tri-phosphorylation; the 
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nucleotide analogue tenofovir, requires bi-phosphorylation127. Currently, 

tenofovir, lamivudine, emtricitabine, abacavir and to a lesser extent, 

zidovudine all remain in clinical use (Table 1.1) whereas didanosine, 

stavudine and zalcitabine are no longer in clinical use due to drug toxicity123.    

 
 
Non-nucleoside reverse transcriptase inhibitors (NNRTIs) 
 
All NNRTIs are non-competitive allosteric inhibitors of the RT enzyme and 

exert their catalytic activity by binding to a hydrophobic pocket in RT which is 

distinct from the active site128. This causes a conformational change in the 

active site that inhibits the catalytic activity of the enzyme and prevents DNA 

polymerization129. NNRTIs are active against HIV-1 but not HIV-2.  Approved 

NNRTIs are shown in Table 1.1, comprising first and second-generation 

agents.  

 
Protease inhibitors (PIs) 
 
Protease inhibitors are competitive inhibitors that bind with high affinity to the 

active site of the PR enzyme, preventing binding and catalytic cleavage of 

the gag and gag-pol polyproteins. PIs are metabolised by hepatic and 

gastrointestinal cytochrome p450 enzymes (CYP450). which reduces 

bioavailability. They are typically administered with a pharmacological 

booster, ritonavir or cobicistat. Ritonavir and cobicistat  inhibit CYP450, 

increasing plasmatic concentrations and half-life, thus increasing potency 

and barrier to resistance, and reducing the frequency of dosing130. Approved 

PIs are shown in Table 1.1.    

 
Integrase strand inhibitors (INSTIs) 
 
The HIV-1 integrase gene contains 288 amino acids encoded by the 3′ end 

of the pol gene. INSTIs prevent the activity of the integrase enzyme by 

binding to its active site and preventing integration of the linear viral DNA into 

the host chromosome by blocking the transfer of dsDNA into the host 

chromosome69. Raltegravir, elvitegravir, dolutegravir and bictegravir are 

approved INSTIs and cabotegravir is in advanced development (table 1.2). 
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Elvitegravir requires a pharmacological booster and is co-administered with 

cobicistat.  

 
1.8.3 Principles of HIV-1 drug resistance  
 
At any given time, within the HIV quasispecies of a host, certain virus strains 

dominate which reflects a balance between viral fitness and ability to evade 

selective pressures. Variants carrying one or occasionally more mutations 

that reduce susceptibility to antiviral drugs emerge spontaneously during 

virus replication131. Such spontaneously generated variants typically have 

lower fitness than variants without the mutations (described as “wild-type”), 

and therefore, in the absence of selective drug pressure, they exists only at 

very low frequency and are rarely  detectable in circulation132. In the event 

virus replication continues to occur under selective drug pressure, for 

instance due to poor compliance with treatment, the resistant variants gain 

selective advantage and expand to become dominant and detectable within 

the viral quasispecies. As the HIV-1 genome is highly plastic, continuous 

replication under drug pressure drives further evolution and the acquisition of 

additional mutations on the viral genome. Some of the mutations increase 

drug resistance and cross-resistance, whereas others restore viral fitness 

and are termed “compensatory” mutations. Upon discontinuation of drug 

pressure, the resistant variants are rapidly outgrown by wild-type virus and 

become undetectable by routine testing methods. However, the mutated 

strains often persist at low frequency and can be detected in circulation using 

ultrasensitive techniques. In addition, the variants become archived in the 

latent HIV-1 DNA reservoir from which they can resume replication at later 

stages. 

 

Resistance-associated mutations (RAMs) are classed as primary or major 

and secondary or accessory. Primary mutations directly reduce drug 

susceptibility while accessory mutations may contribute resistance effects or 

act as compensatory mutations. The number of RAMs required to confer drug 

resistance is dependent of the antiretroviral drug agent. In some cases, a 

single RAM is sufficient to abolish drug activity (e.g., the K103N mutation in 

RT confers high-level resistance to the NNRTIs efavirenz and nevirapine). In 
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other cases, drug resistance increases with the accumulation of multiple 

RAMs. How easily HIV-1 can escape from a drug depends on multiple factors 

that together characterise the “barrier to resistance” of that agent. Boosted 

PIs are the drug class with the highest barrier to resistance, followed by  

second-generation INSTIs130,133. It is important to note that because there 

are reciprocal interactions between resistance pathways, the barrier to 

resistance of an ART regimen is more than the simple sum of the barrier to 

resistance of each component in the regimen. 

 

1.8.4 Monitoring for HIV-1 drug resistance  
 
The presence of drug resistance can be evaluated by analysing: 
 
i) The nucleic acid sequence of the virus to detect mutations that are 

known to confer phenotypic or clinical drug resistance; this is termed 

“genotyping” 

ii) The ability of the virus to replicate in vitro in the presence of drugs of 

interest; this is termed “phenotyping”. 

 
Genotyping involves making inferences about the drug susceptibility of a 

virus isolate by analysing the sequence of interest, which is typically aided 

by resistance predictive algorithms. Several algorithms exist, with the main 

programmes being the HIV Stanford drug resistance algorithm (HIVdb) 

(http://hivdb.stanfordd.edu/index.html); Rega Institute resistance algorithm 

(Rega) (http://regaweb.med.kuleuven.be/software/rega_algorithm/) and the 

French Agence Nacional de Recherche sur le SIDA (ANRS) resistance 

algorithm (http://www.hivfrenchresistance.org/). These algorithms employ a 

rule-based system to provide drug activity scores 134. Genotyping can employ 

Sanger or population sequencing, which produces a consensus sequence 

derived from the dominant quasispecies in a sample. The method has a 

detection threshold of >15-20% and cannot detect variants that occur at low 

frequency in a sample. Ultra-deep sequencing (UDS) or next-generation 

sequencing (NGS) methods are able to both detect low frequency mutants 

and provide a quantification of the variant in a patient sample, which is 

defined as the variant frequency. The most commonly used NGS platform is 

http://hivdb.stanfordd.edu/index.html
http://regaweb.med.kuleuven.be/software/rega_algorithm/)
http://www.hivfrenchresistance.org/
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currently the Illumina platform. UDS mostly relies on first producing an 

amplicon by polymerase chain reaction (PCR). This process can introduce 

errors which may falsely suggest the presence of mutations135. A number of 

strategies are adopted to obtain reliable data, including filtering sequences 

with low quality reads and setting a threshold for the interpretation of variant 

frequency, typically at 1% or 2% of the reads. Some methods have omitted 

the PCR step during UDS to circumvent some of the PCR associated error136.  

 

Nomenclature of HIV-1 drug resistance  
 
Resistance mutations such as the lamivudine-selected substitution M184V 

are represented using a number to denote the position of the mutated amino 

acid in the protein preceded and followed by letters indicating the “wild type” 

and the resistant-conferring amino acid, respectively (Figure 1.8)   

 

                     
Figure 0.2  

Figure 1.8: Representation of the nomenclature used for HIV-1 drug resistance-associated 
mutations  
 
1.8.4.1 Resistance to nucleoside and nucleotide reverse 
transcriptase inhibitors  

 
There are two mechanisms of NRTI resistance. Discriminatory mutations 

allow the RT to discriminate between synthetic dideoxy-NRTI chain 

terminators and the natural dNTPs, preventing binding and incorporation into 

the nascent viral DNA chain (Figure 1.9). Common discriminatory mutations 

occur at amino acid positions 65, 70, 74, 115 and 184. M184V and M184I 

are positioned in a highly conserved subdomain of RT close to the active site 
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of the enzyme. They are selected primarily by lamivudine and emtricitabine 

and confers a high level of phenotypic resistance to both agents. M184V/I 

also cause low-level phenotypic resistance to abacavir (Figure 1.10). In 

contrast, these mutations increase susceptibility to zidovudine and tenofovir. 

K65R is another important discriminatory mutation. It is selected by tenofovir 

and abacavir and  decreases susceptibility to all NRTIs except zidovudine137. 

 
                   

 
Figure 0.3  

 
Figure 1.9: Schematic illustration of the mechanisms of NRTI resistance. A) Nucleotide 
excision: mutation in reverse transcriptase such as the thymidine analogue mutation T215Y 
aid the ATP-mediated removal of the incorporated NRTI (e.g., AZT) from the nascent DNA 
chain and allow elongation to resume. B) Nucleotide discrimination: mutation such as the 
M184V enable the reverse transcriptase to discriminate between naturally dNTPs and 
dideoxy-NRTI chain terminators preventing NRTI incorporation into the elongating DNA 
chain.  
 

The second mechanism of NRTI resistance is defined as primer unblocking 

or nucleotide excision. This mechanism allows the phosphorylytic excision of 

the incorporated NRTI triphosphate allowing elongation of the DNA chain to 

resume138. A classic example is the zidovudine mutation T215Y. Adenosine 

triphosphate (ATP) usually acts as a pyrophosphate donor in the excision 

(Figure 1.9).  
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Figure 0.4  

Figure 1.10: Major resistance mutations for NRTI and NNRTIs. Mutations are classed as 
discriminatory, thymidine analogue mutations (TAMs) and multi-drug resistance mutations 
Each mutation is denoted by their amino acid position and letter code. The consensus of the 
wild-type virus in reference to HXB2 is depicted in the top row and the amino acid change is 
shown for each drug below. Underlining and bold shows high-level clinical/phenotypic 
resistance; bold alone shows moderate-level clinical/phenotypic resistance. Plain amino acid 
code shows low-level resistance while asterisks (***) represent increased susceptibility to 
the drug in the presence of mutation. Abbreviations; lamivudine (3TC), emtricitabine (FTC), 
abacavir (ABC), TFV (tenofovir), ZDV (zidovudine); cons= wild type consensus amino acid; 
MDR= multi-drug resistance; ins=insertions.  
 
                                   Adapted from 139  
 
Thymidine analogue mutations (TAMs) are selected by the thymidine 

analogues zidovudine and stavudine and have resistance effects for all 

NRTIs with the exception of lamivudine and emtricitabine. They emerge 

along two pathways: TAM-1 and TAM-2140. TAM-1 mutations comprise 

M41L, L210W, and T215Y. TAM-2 mutations comprise D67N, K70R, T215F 

and K219Q/E. The TAM-1 pathway is associated with higher levels of 

resistance and cross-resistance141. TAMs appear in sequential order and 

their accumulation over time correlates with growing zidovudine and 

stavudine resistance and cross-resistance to tenofovir and abacavir. TAMs 

tend to markedly reduce viral fitness by affecting the active site of a key viral 

enzyme. Due to this reason, NRTIs often retain significant antiviral activity 

despite the presence of RAMs, and the effect is enhanced by the concomitant 

presence of M184V142. This reflects the fact that M184V inhibits primer 

unblocking143.  
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1.8.4.2 Resistance to non-nucleoside reverse transcriptase 
inhibitors  
 
The most common NNRTI RAMs are listed in Figure 1.10. First-generation 

NNRTIs are characterised by a low barrier to resistance and a single RAM is 

sufficient to cause high-level resistance139. Cross-resistance within the class 

is broad. Second-generation NNRTIs (etravirine and doravirine) have a 

higher barrier to resistance and often retain activity against certain NNRTI-

resistant mutants if used in combination with other active agents139. NNRTI 

RAMs reduce drug susceptibility without a significant impact on viral fitness65. 

 

1.8.4.3 Resistance to protease inhibitors 
 
PIs can be divided into first generation agents (ritonavir, saquinavir, indinavir 

and nelfinavir); second generation agents (fosamprenavir, lopinavir and 

atazanavir) and third generation agents (tipranavir and darunavir). More 

recent PIs have a higher affinity for the enzyme active site and in the 

presence of a booster are often able to accommodate a number of mutation 

without losing antiviral activity144. Major RAMs can occur at multiple positions 

within  the 99-amino acid residue of the PR145 (Figure 1.11). Whereas a single 

mutation can reduce susceptibility to some PIs, significant resistance to 

boosted PIs typically requires the accumulation of multiple mutations. 

Boosted PIs have the highest barrier to resistance among available 

antiretroviral drugs and it is common for patients to show lack of RAMs 

despite ongoing viraemia. Lopinavir, tipranavir and darunavir have the 

highest genetic barrier of any available antiviral drug, and ≥ three mutations 

are required to confer high level resistance 146. The activity of darunavir can 

be predicted using a mutational score147that comprises V11I, V32I, L33F, 

I47V, I50V, I54L/M, T74P, L76V, I84V, and L89V147.  
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Figure 0.5  

Figure 1.11: Major resistance mutations for protease inhibitors. Each mutation is denoted by 
their amino acid position and letter code. The consensus of the wild-type virus in reference 
to HXB2 is depicted in the top row and the amino acid change is shown for each drug below. 
Underlining and bold shows high-level clinical/phenotypic resistance; bold alone shows 
moderate-level clinical/phenotypic resistance. Plain amino acid code shows low-level 
resistance. Abbreviations; ritonavir-boosted atazanavir (ATV/r), ritonavir-boosted darunavir 
(DRV/r), ritonavir-boosted fosamprenavir (FPV/r), ritonavir-boosted indinavir (IDV/r), 
ritonavir-boosted lopinavir (LPV/r), nelfinavir (NFV), ritonavir-boosted saquinavir (SQV/r) 
and ritonavir-boosted tipranavir (TPV/r); cons= wild type consensus amino acid 

Adapted from 139  
  
In addition to RAMs occurring in PR, an alternative pathway of PI resistance 

is driven by mutations in gag, including mutations occurring primarily in the 

cleavage sites (CS) but also involving non-cleavage sites148. CS mutations 

can act as compensatory mutations149, and can also confer resistance either 

in isolation or in combination with PR mutations150. The sequence of 

cleavage of the PR is shown in figure 1.12.  

           
Figure 1.12: Cleavage steps of the Gag polyprotein. Each box indicates each cleavage 
steps in the order of cleavage. Abbreviations: MA = matrix; CA = capsid; SP1 = spacer 
peptide 1; NC = nucleocapsid; SP2 = spacer peptide 2.  
 
1.8.4.4 Resistance to Integrase strand transfer inhibitors  
 

Raltegravir and elvitegravir have a low barrier to resistance, whereas 

dolutegravir and bictegravir can retain significant activity against mutated 

viruses. Mutations associated with INSTIs (Figure 1.13).  
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Figure 0.6:  

Figure 1.13: Major resistance mutations for integrase strand transfer inhibitors. Each 
mutation is denoted by their amino acid position and letter code. The consensus of the wild-
type virus in reference to HXB2 is depicted in the top row and the amino acid change is 
shown for each drug below. Bold: reduced susceptibility or virological response. Plain text: 
reduced susceptibility in combination with other INSTI-resistance mutations. Abbreviations: 
raltegravir (RAL), elvitegravir (EVG), dolutegravir (DTG); cons= wild type consensus amino 
acid           
         Adapted from 139  
 
There is a high potential for cross-resistance between INSTIs. For instance, 

a mutational combination of Q148H/R/K ± G140S/A confers the highest level 

of resistance and cross-resistance151. This is mediated by the high resistance 

effects of mutations at position 148 combined with the compensatory effects 

of mutations at codon 140, which restores viral fitness.  

 

1.9 Principles of antiretroviral therapy 
 
Treatment guidelines by the World Health Organization (WHO) and specialist 

societies such as the European AIDS Clinical Society (EACS) and the 

Department of Health and Human Services (DHSS) in the US recommend 

the start of ART soon after diagnosis and regardless of the CD4 cell count152–

154. The HIV-1 treatment paradigm adopted in the late 1990s, involving the 

use of two agents from the NRTI class and a third agent from a different 

class155, continues to be preferred, although the preferred individual agents 

have evolved over time to reflect the introduction of agents with greater 

efficacy and tolerability. 
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Table 1.4. WHO, North America and European recommended regimens for starting ART in adults with HIV infection (2018)152,154,156 
Table 4  

WHO DHHS IAS-USA EACS 
TDF + (3TC or FTC) + DTG BIC/TAF/FTCa DTG/ABC/3TCa DTG/ABC/3TCa 
TDF + (3TC or FTC) + (EFV or PI/b) DTG/ABC/3TCa DTG + TAF/FTC DTG + (TAF or TDF)/FTC 
AZT/3TC + EFV DTG + (TAF or TDF)/FTC EVG/COBI/TAF/FTCa EVG/COBI/(TAF or TDF)/FTCa 
TDF + (3TC or FTC) + RAL EVG/COBI/(TAF or TDF)/FTCa RAL + TAF/FTC RAL + (TAF or TDF)/FTC 
 RAL + (TAF or TDF)/FTC  RPV + (TAF or TDF)/FTCa 
     DRV/ (RTV or COBI) + (TAF or TDF)/FTC 

a single tablet regimen.  
Abbreviations: DHSS= Department of Health and Social Services; IAS-USA= International AIDS Society-USA; EACS= European AIDS Clinical Society;=ABC = abacavir; 
3TC = lamivudine; DTG = dolutegravir; TFV = tenofovir (TDF or TF); FTC = emtricitabine; TAF = tenofovir alafenamide;  BIC = bictegravir; RAL = raltegravir; EVG = 
elvitegravir; COBI = cobicistat; DRV = darunavir; RTV = ritonavir; ATV = atazanavir; DOR = doravirine; EFV = efavirenz; RPV = rilpivirine. 
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Most people with HIV-1 initiate ART with a combination of three antiretroviral 

agents typically taken once a day; treatment recommendations are similar in 

resource limited154 and resource-abundant153 settings although options are 

generally more restricted. NRTIs are part of preferred first-line and second-

line regimens and are often termed the "backbone" of a regimen69. For 

several years, the preferred third agent for starting ART were the NNRTIs 

efavirenz and nevirapine. Because of the high barrier to resistance, PI/b were 

and are still often preferred for starting ART in patients with compliance 

issues or certain forms of drug resistance157. More recently, the preferred 

third agent for starting ART is an agent from the INSTI class. For patients 

with failure of first-line ART, second-line regimens are typically composed of 

2 NRTIs + PI/b or dolutegravir158. Subsequent lines of therapy require 

tailoring based on the treatment history.  

 
1.9.1 Simplification strategies 
 
Current antiretroviral therapies are able to effectively suppress viral 

replication, prevent HIV transmission, restore immune function and enhance 

quality of life. However, a desire to limit long-term exposure to potential drug 

toxicity, enhance adherence, and reduce the cost of treatment, combined 

with the availability of novel potent agents, has sparked interest in exploring 

simplified treatment regimens. Two approaches are considered. The first is 

the initiation of ART with a dual regimen in selected patients. More 

established is the concept of maintenance therapy, whereby patients 

established on suppressive triple ART switch to a simpler regimen. 

Simplification strategies that have been explored in clinical studies include 

monotherapy with PI/b or dolutegravir, and dual combinations with either a 

PI/b or a second-generation INSTI with a second agent. Specialist societies 

such as the EACS152 and DHSS153 endorse the use of dolutegravir and 

rilpivirine as a dual combination in selected patients. The use of PI/b 

monotherapy has been explored in clinical trials (Table 1.5). Results have 

generally shown a lower rate of HIV-1 RNA suppression when compared to 

triple ART, but no emergence of PR RAMs.   
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1.9.2 Literature search strategy and criteria 
 
 
The literature review of previously published evidence on the using of 

protease inhibitor monotherapy was performed amongst HIV patients already 

suppressed on first or second-line ART.  A search of two electronic database, 

i.e. Embase and PubMed was conducted. In brief, search terms included 

“protease inhibitors”, “monotherapy”, “lopinavir”, “darunavir” and 

“atazanavir”. Studies were limited to randomised control trials with no 

language restriction. Trials included, compared PI/r to dual or triple-ART with 

any combination of drug agents. Trials were excluded if patients were 

unsuppressed at baseline or were naïve to ART.  
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Table 1.5: Summary characteristics of relevant clinical trials evaluating the use of boosted protease inhibitor monotherapy.   
Table 5  

Study  Drug Location Year N Randomisation 
arms 

Main inclusion criteria Main exclusion criteria Primary endpoint Main findings 

 
MANETa DRV/r Cameroon 2014-2015 120 DRV/r monotherapy 

vs. continuation of 
triple PI/b-based 
ART (2:1) 

On second-line PI/b-based 
triple ART for ≥12 weeks; 
confirmed viral load <60 
copies/ml (4-12 weeks apart) 

Previous failure on PI/b-
based ART; HBsAg positive; 
AIDS-defining diagnosis; 
clinically significant disease; 
pregnancy or breast feeding 

% patients with <400 
copies/ml   
at week 24  

72/81 (88.9%) vs. 
37/39 (94.9%)  

MOBIDIP159 LPV/r 
DRV/r 

Cameroon
, Burkina 
Faso, 
Senegal 

2014-2015 265 PI/b monotherapy 
vs. PI/b+3TC dual 
therapy (1:1) 

On second-line PI/b triple 
ART for ≥48 weeks; No 
change in ART in the last 3 
months; confirmed viral load < 
200 copies/ml (last 6 months); 
CD4 count > 100 cells/mm3; 
adherence ≥90% at last 
control 

History of PI failure; HBsAg 
positive; HIV encephalitis; 
pregnancy or breast feeding.   

% patients with treatment 
failure at week 96, 
comprising virological 
failure (>500 copies/ml), 
treatment intensification, 
or PI/b discontinuation  

33/133 (24.8%) 
vs. 4/132 (3.0%)  
 

MONET160 DRV/r Europe 
Russia 

2007-2008 256 DRV/r monotherapy 
vs. triple DRV/r-
based ART (1:1) 

On triple ART for ≥24 weeks; 
confirmed viral load <50 
copies/ml (≥6 months apart); 
CD4 count > 200 cells/mm3  

History of virological failure; 
history of major PR RAMs; 
HBsAg positive; pregnancy or 
breastfeeding. 

% patients with treatment 
failure at week 48, 
comprising viral load >50 
copies/ml and 
discontinuation of DRV/r 

 20/127 (15.7) vs. 
19/129 (14.7%)  

MONOI161  DRV/r France 2007-2008 225 DRV/r monotherapy 
vs. triple DRV/r-
based ART (1:1) 

Established on triple ART; 
viral load <50 copies/ml at 
screening and <400 copies/ml 
in the last 18 months (≥4 
measurements); CD4 count 
>200 cells/mm3; nadir CD4 
count >50 cells/mm3  

History of PI failure; HBsAg 
positive; pregnancy or 
breastfeeding; AIDS defining 
diagnosis within 30 days of 
screening; HIV related 
neurological disease 

% patients with treatment 
success at week 48, 
when treatment failure 
comprised viral load 
>400 copies/ml, 
discontinuation of study 
arm and withdrawal from 
study 

104/113(92.0) vs 
98/112 (87.5) 

PROTEA 
162 

DRV/r Europe 
Israel 

2012-2014 273 DRV/r monotherapy 
vs. triple DRV/r-
based ART (1:1) 

Established on triple first-line 
ART with viral load <50 
copies/ml for ≥ 48 weeks; 
CD4 count > 200 cells/mm3; 

History of virological failure on 
any ART; history of major PR 
RAMs; HBsAg positive 

% patients with <50 
copies/ml  
at week 48 

118/137 (86.1) vs 
129/136 (94.4) 
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nadir CD4 count > 100 
cells/mm3  

PIVOT163 LPV/r or 
DRV/r 

United 
Kingdom 

2008-2010 587 DRV/r monotherapy 
vs. triple PI-based 
ART (1:1) 

x Established on triple ART for 
≥24 weeks with no change in 
treatment; viral load <50 
copies/ml at screening and 
<50 copies/ml for ≥24 weeks 
prior to screening; CD4 count 
> 100 cells/mm3  
 

History of PI resistance; 
previous change for 
unsatisfactory virological 
response; pregnancy; 
treatment of acute 
opportunistic infection within 
previous three months; 
HBsAg positive and active or 
planned HCV treatment.  

Loss of future treatment 
option defined as new 
intermediate-level or 
high-level resistance to 
one or more drugs to 
which the patient’s virus 
was sensitive at trial 
entry using Kaplan-Meier 
estimate 
 

6/296 (2.0%) vs 
2/291 (0.7%%) 
 

OK164 LPV/r  Spain 2004-2005 205 DRV/r monotherapy 
vs. triple LPV/r-
based ART (1:1) 

x Established on LPV/r ART for 
≥4 weeks and had viral load < 
50 copies/ml for ≥6 months; 
CD4 count > 100 cells/mm3  

Previous failure on PI/b-
based ART; HBsAg positive 
 
 

% patients without 
therapeutic failure at 
week 48, comprising viral 
load >500 copies/ml, 
treatment intensification, 
PI/b discontinuation and 
loss to follow-up   
 

92/103 (89%) vs 
92/102 (90%) 

KalMO165 LPV/r Brazil 2004-2005 60 LPV/r monotherapy 
vs. triple NNRTI-
based ART (1:1) 

x Established on triple ART for 
≥ 6 months; viral load < 80 
copies/ml; CD4 count > 200 
cells/mm3; nadir CD4 count > 
100 cells/mm3  

Previous documented 
intolerance or history of failure 
on LPV/r; pregnancy, 
lactation, any LPV/r 
contraindicated treatment and 
previous AIDS defining 
diagnosis.  

% patients with <80 
copies/ml at week 96 
 
 

24/30 (80.0%) vs 
26/30 (86.7%)  

DREAM166 LPV/r France 2009-2011 197 LPV/r monotherapy 
vs. triple ART 
comprising of 
TDF+FTC+EFV 
(1:1) 
 
 

x Established on triple ART with 
viral load < 50 copies/ml for 12 
months; CD4 count > 200 
cells/mm3; nadir CD4 count > 
100 cells/mm3 at screening. 

Previous failure on PI/r; 
history of PI resistance; 
HBsAg positive; pregnancy or 
breast feeding; liver cirrhosis; 
hypersensitivity to efavirenz 
or LPV/r.  

% of patients without 
virological failure (<50 
copies/ml at week 96 or 
without AIDS defining 
diagnosis) 
 

63/98 (64%) vs 
70/99 (71%)  
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KALESOLO
167 

LPV/r France 2005-2006 186 LPV/r monotherapy 
vs. triple NNRTI-
based ART (1:1) 

x Established on triple ART with 
viral load < 50 copies/ml for 6 
months with no changes in the 
last 3 months;  

Previous failure on PI/r; 
opportunistic infection in the 
last 6 months; HBsAg positive 

% patients with <50 
copies/ml  
at week 48 

73/87 (84%) vs 
87/99 (88%)  

MODAt168 
 

ATV/r Italy 2010-2012 103 ATV/r monotherapy 
vs. triple ATV/r-
based ART (1:1) 
 

x Established on 2 NRTIs 
+ATV/r at least 48 weeks; 
viral load <50 copies/ml at 
screening and <400 copies/ml 
in the 24 weeks; nadir CD4 
count > 100 cells/mm3 at 
screening.  

Previous failure on PI/r; 
History of PI resistance; 
pregnancy and breast 
feeding; HBsAg positive; 

% patients with treatment 
success at week 48, 
comprising viral load <50 
copies/ml, treatment 
intensification, PI/b 
discontinuation, loss to 
follow up 

37/51 (73%) vs 
44/52 (85%). 

aData presented in this thesis, not yet published. 
Data presented was analysed using per intention-to-treat analysis i.e. missing data was characterised as failure. 
Abbreviations: NRTI = nucleoside and nucleotide reverse transcriptase inhibitor; NNRTI = non-nucleoside reverse transcriptase inhibitor;  PI/b=boosted protease inhibitor; 
DRV/r=ritonavir-boosted darunavir; LPV/r= ritonavir-boosted lopinavir; ATV/r= ritonavir-boosted atazanavir;  ART=antiretroviral therapy; HBV=hepatitis B virus; 
HCV=hepatitis C virus; HBsAg=Hepatitis B surface antigen; AIDS=acquired immune deficiency syndrome; TLOVR= time to loss of virological response; RAMS=resistance 
associated mutations;  
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1.10 HIV-1 in sub-Saharan Africa 
 
HIV-1 affects more people in SSA than in any other region of the world, 

accounting for 70% of the global burden169 and providing a crude indication 

of the correlation between HIV infection and poverty170. By the end of 2018, 

there were approximately 25.9 million people estimated to be living with HIV31 

in SSA, with 20.6 million in Eastern and Southern Africa and 5.0 million in 

Western and Central Africa. Numerically, most people with HIV are in South 

Africa (25%) and Nigeria (13%). HIV-1 related data for Cameroon is shown 

in table 1.6 

 
Table 1.6: HIV data for Cameroon.  
Table 6  

 

 

 

 

 

 

 

 

 

 

 

a UNAIDS estimated numbers as of 2018.  
 
1.11 Hepatitis B Virus in people with HIV-1  
 
Globally, hepatitis B virus (HBV) presents as one of the most common 

infections with one-third of the world’s population showing evidence of 

exposure indicated by seropositivity for hepatitis B core antibody (anti-

HBc)173. It is estimated that around 257 million people are chronically infected 

as indicated by seropositivity for hepatitis B surface antigen (HBsAg). People 

with chronic HBV infection are at risk of liver cirrhosis, hepatic 

decompensation and hepatocellular carcinoma174 and each year nearly 

900,000 people die of HBV-related complications175. In 2014, at the 67th 

World Health Assembly, the WHO reaffirmed its resolution to eliminate viral 

hepatitis as a public health concern by 2030, highlighting the need for 

improved immunization, diagnosis and treatment174. As HIV and HBV are 

spread through similar routes, their epidemiological pattern overlaps. Co-

infection with HIV-1 and HBV is associated with an increased risk of rapidly 

Characteristic Cameroon 
National adult population (>15 years) a 14,188,000 
First AIDS related case 1985 171 
National HIV incidence (general population) a 1.0% 
National adult (15-45 years) HIV prevalence a  3.6% 
PLHIV a 540,000 
Incident infection a 23,000 
AIDS related death a 18,000 
% accessing ART a 52% 
% accessing ART and virologically suppressed a Unreported 
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progressing liver disease176, making it paramount that both infections are 

adequately diagnosed, monitored and treated156,174  

1.11.1 Hepatitis B Virus  
 
HBV is a small enveloped virus of ~ 42nm and has a partially double stranded 

circular DNA genome of 3.2 kilobases (Figure 1.14) with four overlapping 

opening reading frames: surface, core, pol and X. The viral proteins comprise 

the surface antigen (HBsAg), the core protein and the e antigen (HBeAg), the 

polymerase enzyme, and the X protein. HBV is classified into 10 genotypes 

A-J, multiple subtypes, and the variants show geographical distribution. 

Genotype A subtype A1 and genotype E predominate across SSA. The 

natural history of HBV infection varies widely and is driven by both viral and 

host factors. Following infection, the risk of becoming a chronic carrier of 

HBsAg depends on age: 80-90% of children infected in first year of life and 

30-50% of those infected before the age of six years develop chronic HBV 

infection177, whereas the risk is <10% among immunocompetent adults. 

Importantly, people who successfully clear acute infection retain the viral 

genome inside hepatocytes and may relapse if they become 

immunocompromised.   

 

       
 
Figure 0.1  

Figure 1.14: A model schematic of the HBV virion showing infectious (Dane particles) and 
non-infectious HBV virion particles.  The infectious Dane particle is shown on the left with 
the PreS/PreS1 and S proteins and the non-infectious filamentous and spherical entities are 
shown on the right.  

 Adapted from 178 
 
1.11.2 HBV replication cycle 
 
The replication cycle of HBV is shown in Figure 1.15. Key features are that 

the virus establishes a “minichromosome” in the nucleus of hepatocytes in 

the form of covalently closed circular DNA (cccDNA), following repair of the 
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relaxed circular DNA (rcDNA) by host enzymes. The cccDNA serves as the 

transcriptional template for the virus, encoding pregenomic RNA and various 

messenger RNAs (mRNAs)179. In the cytoplasm, the viral pregenomic RNA 

undergoes reverse transcription into DNA by the viral polymerase enzyme, 

in a process that is similar to that observed with HIV and is similarly prone to 

errors. Thus, there are several parallels between HIV and HBV. Both viruses 

exist as a quasispecies in their hosts. They can be effectively inhibited by 

nucleoside and nucleotide analogues that act as inhibitors of DNA synthesis 

via chain termination. Several antiviral agents used to treat HIV-1 also have 

activity against HBV, including tenofovir, lamivudine and emtricitabine. 

Comparably with HIV, current treatment interventions are able to control HBV 

replication but unable to eliminate the virus180. This is because both viruses 

establish persistent forms in the nucleus of target cells which are not 

susceptible to antiviral therapy and fuel virus rebound upon treatment 

discontinuation. There are also important differences, however. Virus escape 

from antiviral therapy occurs more promptly with HIV-1 than HBV and 

monotherapy with a potent NRTI such as tenofovir is sufficient to induce long-

term HBV control.            

       
Figure 0.2:  

Figure 1.15: HBV binds to the sodium taurocholate co-transporting polypeptide (NTCP) 
receptor on the surface of hepatocytes. This drives endocytosis and the release of its DNA-
containing nucleocaspid into the cytoplasm followed by nuclear transport. Within the 
nucleus, the viral DNA in its relaxed circular form is converted into a closed covalent circular 
DNA (cccDNA). Integration of the HBV DNA into host genome can also take place. The 
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cccDNA functions as a “minichromosome” and template for viral RNA transcription. cccDNA 
has a long half-life and persists within the nucleus of the host hepatocyte and serves as a 
reservoir for viral reactivation.  

Adapted from 179 
 

1.11.3 Biomarkers of HBV infection  
 
Multiple serum biomarkers are used to profile HBV infection (Table 1.7 and 

1.8). 
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 Table 1.7: Virological, biochemical and serological markers of HBV infection. 

Table 7  

Marker Definition of marker  Significance 
HBsAg surface antigen  Current infection (chronic if persistent for >6 months)) 
anti-HBs antibody to surface antigen  Typically, immunity from either natural infection or vaccination 
anti-HBc IgM IgM to core antigen Acute infection or flare of replication in chronic infection 
anti-HBc IgG/Total IgG antibody to the core antigen Past infection or chronic infection 
HBeAg  e antigen  In an untreated person, high HBV replication and infectivity  
anti-HBe  antibody to e antigen Seroconversion from HBeAg positive  
AST/ALT Liver transaminases Hepatic inflammation and necrosis 
HBV DNA viral DNA Level of viral replication  

 
 
 

 Table 1.8: Interpretation of HBV status 
Table 8  

Interpretation HBsAg Anti-HBs Anti-HBc HBeAg HBV DNA Detail of interpretation  
Current infection +ve Usually -ve +ve +ve or -ve +ve HBsAg for >6 months defines chronic infection;  
Resolved/past 
infection 

-ve Usually +ve +ve -ve Usually 
-ve 

HBV DNA may be intermittently detected at low 
level 

Vaccinated  -ve +ve -ve -ve -ve HBV vaccine contains HBsAg only 
Non-immune -ve -ve -ve -ve -ve Individuals have not previously been 

vaccinated and are susceptible to infection 
following exposure to HBV  

                                                Abbreviation; HBV= Hepatitis B virus; HBsAg = Hepatitis B surface antigen; anti-HBc=HBV core antibody; anti-HBs=HBV surface antibody.   



 
 

48 
 

1.11.4 Prevention and treatment of HBV in the context of HIV 
infection  
 
HIV-1 positive individuals are at higher risk of HBV co-infection due to similar 

percutaneous and sexual routes of transmission. Thus, international 

recommendations indicate that patients with HIV infection be screened at 

diagnosis for HBV infection and immunity and vaccinated if found to be 

susceptible to HBV174. Recommendations also indicate  that patients with both 

HIV and HBV should receive tenofovir plus emtricitabine or lamivudine as part 

of ART154,182.    

 
1.11.5 HBV in Africa 
 
HBV is the most common cause of end-stage liver disease across Africa183,184. 

Whilst HBV prevalence is generally heterogeneous across the region, 

prevalence of HBV across SSA is estimated at >8%185. HBV is believed to be 

mainly transmitted in SSA through horizontal routes which typically involves 

inadvertent childhood transmission (within household or through unsafe 

cultural practices)185. This commonly occurs before HIV infection occurs later 

in life. There is a significant overlap between HIV and HBV with an estimated 

2.7 million186. Recent pooled analysis has shown an estimated HIV/HBV co-

infection rate of up to 12.4% in Western and Central Africa187. In line with other 

guidelines, WHO has since 2010, indicated the use of two agents with activity 

against HBV and HIV typically, tenofovir and lamivudine or emtricitabine, as 

part of ART regimens for HIV/HBV co-infected patients174. Although screening 

HIV-positive patients for HBV is recommended, this is not implemented 

systematically across the SSA region185. There is also a variable rate of infant 

HBV vaccination coverage across SSA, although rates have improved in 

many countries. In Cameroon for example, reported infant vaccination 

coverage (three doses) was 85% for Cameroon in 2016188. It is noteworthy 

that adult catch-up vaccination programmes do not exist across the region.  
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1.12. Aims and objectives of this thesis  

1.12.1 Aim of the thesis 
 
The aim of this research work was to investigate the factors that determine 

the outcome of antiretroviral therapy in populations across Africa in order to 

provide evidence to guide treatment and implementation strategies and inform 

practice. 

 
1.12.2 Objectives  
 
1.12.2.1 Objective 1 
 
To analyse the virological outcomes of patients switching from suppressive 

second-line ART to DRV/r monotherapy within the MANET trial and 

investigate the correlation between different adherence measures 

1.12.2.2 Objective 2 
 
To evaluate the drug resistance outcomes of HIV patients switching to DRV/r 

monotherapy, including the presence of archived drug resistance at study 

entry prior to switch to DRV/r monotherapy 

1.12.2.3 Objective 3 
 
To investigate the levels of soluble CD27 as a marker of immune activation in 

the MANET population at study entry and following treatment simplification to 

DRV/r monotherapy 

1.12.2.4 Objective 4 
 
To investigate the evolution of serological markers of HBV infection among 

patients switching from triple ART regimen to a simplified NRTI-sparing 

regimen with DRV/r monotherapy within the MANET trial 
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CHAPTER TWO - MATERIALS AND METHODS 

2.1 Study populations 
 
2.1.1 MANET Trial, Cameroon 
 
The study population in Cameroon comprised 120 HIV-1 positive adults who 

participated in the Monotherapy in Africa, New Evaluations of Treatment 

(MANET) clinical trial (NCT02155101). MANET was a pilot, open-labelled 

randomised trial that took place at the Yaoundé Central Hospital between 

August 2014 and July 2015. The study protocol, listing the full inclusion and 

exclusion criteria, the endpoints, and the schedule of assessment is included 

in Appendix 1. Eligible  subjects had received second-line antiretroviral 

therapy (ART) with 2 nucleos(t)ide reverse transcriptase inhibitors (NRTIs) 

plus either lopinavir/ritonavir (LPV/r) or atazanavir/ritonavir (ATV/r) for ≥12 

weeks, showed plasma HIV-1 RNA suppression <60 copies/ml at two 

consecutive measurements 4 to 12 weeks apart, had a CD4 count >100 

cells/mm3, and tested hepatitis B surface antigen (HBsAg) negative. Patients 

underwent a first screening to determine the viral load and HBsAg status; 

those with a viral load <60 copies/ml that tested HBsAg-negative were asked 

to attend a second screening visit when they underwent consenting for study 

participation and a full clinical and laboratory assessment. Eligible subjects 

were randomised 2:1 to either switch to monotherapy with once daily darunavir 

(two tablets of 400 mg totalling 800 mg daily) plus ritonavir (one tablet of 100 

mg daily) for 48 weeks (n=81), or to continue triple ART (2 NRTIs plus a PI/b) 

and remain in observation for 24 weeks (n=39). Patients attended for planned 

study visits at weeks 4, 12, 24, 36 and 48 and blood samples were taken. At 

all study visits, plasma samples were taken; additional serum samples were 

taken at screening 1 and PBMC samples were taken at screening 2. Further 

to designated study visits, patients collected a prescription from a pharmacy 

every 4 weeks, when they also underwent an assessment of adherence using 

a visual analogue scale (VAS) and pill count (Adherence forms shown in 

Appendix 2). Pill count was expressed as the percentage of doses taken and 

calculated by counting the number of pills left over and dividing the number of 
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pills taken by the number of pills expected to be taken over the prescription 

period. Adherence since the previous visit was also self-reported via a VAS 

and graded from 0% (complete non-adherence) to 100% (complete 

adherence) on an ordinal number scale in 10% increments. Travel expenses 

to attend study visits and pharmacy visits were reimbursed. The MANET study 

was approved in July 2013 by the by the University of Liverpool Ethics 

Committee and the Cameroon National Ethics Committee. The study was 

overseen by an independent data safety board. 

 
The MANET trial was designed by Professor Anna Maria Geretti. For the work 

presented in this thesis (Chapters 3, 4, 5 and 6), I had access to the study 

database, which was then subjected to cleansing and data verification, and to 

a repository of samples that was shipped from Cameroon to the University of 

Liverpool.   

 
2.1.2 HEPIK and OPTIMISE cohort studies, Ghana  
 
The study populations in Ghana comprised 165 HIV-1 positive adults from two 

observational cohort studies named HEPIK and OPTIMISE, both led by 

Professor Geretti. Patients recruited into the two cohorts attended the HIV 

outpatient clinic of the Komfo Anokye University Teaching Hospital (KATH) in 

Kumasi between 2010 and 2018. HEPIK aimed to assess the natural history 

of hepatitis B virus (HBV) co-infection in people with HIV. OPTIMISE aimed to 

assess the feasibility and clinical utility of same-day, point-of-care plasma HIV-

1 RNA (viral load) quantification in people on ART. The HEPIK study and the 

OPTIMISE study received approval by the Committee of Human Research, 

Publication and Ethics of the Kwame Nkrumah University of Science and 

Technology in Kumasi, in September 2010 and January 2018, respectively 

and ethics from the University of Liverpool was not required. Both studies 

performed a range of investigations to determine factors associated with HIV-

1 and HBV control. I did not directly participate in the HEPIK study, but I 

participated directly in the OPTIMISE study during a field trip that took place 

over four weeks in February and April 2018. My role during the field trip 

involved the processing of samples for storage, test the viral load at point of 

care using the Cepheid Xpert platform (see below), and perform HBsAg and 
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hepatitis C virus (HCV) antibody testing by rapid lateral flow assays. For the 

work presented in this thesis (Chapter 5), I used samples that were shipped 

from Ghana to the University of Liverpool.  

 
2.1.3 United Kingdom study populations 
 
Some of the work presented in this thesis (Chapter 5) used stored samples 

from three observation cohort studies of HIV-1 positive adults named 

PROGRESS, ERAS and EVOCK, which were based in the United Kingdom 

(UK). The studies were led by Professor Geretti. PROGRESS was approved 

by the Moorfields and Whittington Research Ethics Committee in June 2009.  

ERAS was approved by the South East London Research Ethics Committee 

in June 2010. EVOCK was approved by the South Central-Berkshire 

Research Ethics Committee in June 2012. PROGRESS recruited HIV-1 

positive adults with a new diagnosis of HIV-1 infection that did not meet the 

CD4 cell count cut-off for starting ART (as applicable at the time) to determine 

the host and viral determinants of the rate of CD4 cell count decline in the 

absence of ART. The study was based in the HIV outpatient clinic of the Royal 

Free Hospital in London. ERAS was a multicentre study that investigated 

factors associated with HIV-1 persistence during ART. The study had strict 

inclusion and exclusion criteria. Patients had started ART with two NRTIs plus 

efavirenz or nevirapine, achieved a viral load <50 copies/ml within six months, 

and during subsequent follow-up showed no episode of viral load rebound >50 

copies/ml while undergoing at least two viral load measurements per year; 

recruitment was stratified by duration of ART to span ≥10 years. EVOCK was 

a multi-centre study that recruited HIV-1 positive patients with and without co-

infection with the hepatitis C virus (HCV), with the aim of studying host and 

viral determinants of HCV control, and the effect of interferon-alpha on HIV-1 

replication.  
 

2.1.5 Ethics Approvals and Material Transfer Agreements  
 
Ethics committee approvals are shown in Appendix 3. MTAs regulating the 

transfer agreement of samples collected in Cameroon and Ghana shown in 

Appendix 4. 
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2.2 Sampling and laboratory testing not part of 
experimental work described in the thesis    
          
2.2.1 MANET 
 
Centre Pasteur of Cameroon 
 
Full blood counts, CD4 cell counts, serum biochemistry (alanine 

aminotransferase [ALT], aspartate aminotransferase [AST], total bilirubin, 

creatinine with estimated glomerular filtration rate [eGFR], sodium, potassium, 

calcium, blood lipids) and HIV-1 RNA load were measured at the Centre 

Pasteur of Cameroon (CPC) in Yaoundé. The viral load was routinely 

determined with the Biocentric real-time PCR assay as described by Rouet et 

al. of the French ANRS HIV research group189. The assay employs manual 

nucleic acid extraction with the QIAGEN QIAamp viral RNA kit, followed by 

amplification and quantification on the Applied Biosystems ABI Prism 7300 

platform. It provides reliable quantification of group M HIV-1 strains across the 

wide diversity observed in Cameroon, with a lower limit of quantification 

(LLOQ) of 60 copies/ml190. With group O infection or in case of Biocentric 

assay failure, CPC used the Abbott Real-Time HIV-1 assay, which has a 

quantification range of 40 to 107 copies/ml and an LLOQ of 40 copies/ml191. 

    

International Reference Centre Chantal Biya 
 
As part of MANET screening, HBsAg testing in serum was performed at the 

International Reference Centre Chantal Biya (CIRCB) in Yaoundé using the 

Determine lateral flow assay (Inverness Medical, Stockport, United 

Kingdom)192. PBMC were prepared from whole blood in EDTA using Ficoll 

gradient centrifugation. Blood was first diluted with phosphate buffered saline 

(PBS) to 15ml, overlaid in 50ml Falcon tubes containing 10ml of Ficoll solution, 

and centrifuged at 500g for 30 minutes with no brakes. The PBMC layer was 

transferred into a new tube, made to 10ml with PBS, and centrifuged at 400g 

for 10 minutes with brakes. The supernatant was discarded without disturbing 

the pellet, resuspended in 10ml of PBS and centrifuged at 400g for 10 

minutes. The supernatant was discarded, and the pellet was resuspended in 
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3ml of cold freezing medium containing 90% Foetal Bovine Serum (FBS) and 

10% dimethyl sulphoxide (DMSO); this was gently mixed by inverting the tube 

several times. CIRCB also performed preparation of plasma and serum for 

storage. For plasma separation, whole blood in EDTA was centrifuged at 

2000xg for 10 minutes. For serum separation, whole blood was allowed to clot 

for 1 hour in upright tubes followed by centrifugation at 2000xg. PBMC, plasma 

and serum were stored at -80oC within 2 hours of collection and kept under 

temperature monitoring until shipment on dry ice to the UK.  

 
University of Liverpool 
 
Total cellular HIV-1 DNA was quantified in PBMC by in-house real-time PCR 

targeting a conserved consensus region of the LTR as described116,193. A 

standard curve generated from four points of a HIV-1 LTR DNA plasmid was 

used for quantification. The 90% and 50% detection thresholds were 40 and 

20 copies per 106 PBMC respectively.  

  
 
 
2.2.2 HEPIK and OPTIMISE 
 
Plasma samples and serum samples from HEPIK and OPTIMISE participants 

were obtained from whole blood in EDTA and whole clotted blood, respectively 

according to the procedures described above. Samples were stored at -800C 

within 2 hours of collection and kept under temperature monitoring until 

shipment on dry ice to the UK. For HEPIK, plasma HIV-1 RNA was quantified 

at the University of Liverpool by researchers of Professor Geretti’s group using 

the Abbott RealTime assay, with automated extraction on the M2000sp 

platform which employs magnetic micro particle technology, and real-time 

amplification and detection on the M2000rt system (Abbott, Wiesbaden, 

Germany). The process introduces an internal control into the samples, which 

is processed together with the calibrators and controls (high positive, low 

positive and negative). As described, the assay has a quantification range of 

40 to 107 copies/ml and an LLOQ of 40 copies/ml191.  
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For OPTIMISE, I quantified the viral load at KATH using the GeneXpert HIV-

1 Viral Load assay (Cepheid, Sunnyvale, USA). The assay uses real-time 

PCR to quantify HIV-1 Group M, Group N and Group O strains. The system is 

designed to combine automated and integrated sample preparation, nucleic 

acid extraction, amplification and detection in individual disposable cartridges, 

with results available within 90 minutes194. Using 1mL of plasma, the 

quantification range is 40 to 107 copies/ml, with an LLOQ of 40 copies/ml. The 

assay also reports qualitative target detection below the LLOQ, with a 

described lower limit of detection (LLOD) for 1mL input of 22 copies/ml195.  

 
2.2.3. UK Study Populations 
 
Whole blood in EDTA and whole clotted blood were sent by courier to the 

central laboratory, which was based either at the Royal Free Hospital in 

London or at the University of Liverpool. Here, the blood was processed for 

plasma and serum separation as described and stored -80oC under 

temperature monitoring193. The viral load in these samples was measured at 

the University of Liverpool using the Abbott RealTime assay as described116.  

 
2.3 Laboratory experimental work described in the thesis  
 
2.3.1 HIV-1 DNA sequencing 
 
PBMC collected from MANET patients at study entry, when the viral load was 

suppressed <60 copies/ml, were used to detect resistance-associated 

mutations (RAMs) in reverse transcriptase (RT) and protease (PR) by Sanger 

sequencing.  

2.3.1.1 DNA extraction from PBMC 
 
Total DNA was extracted manually using the QIAamp DNA Blood Mini kit 

(QIAGEN, Crawley, UK). To improve DNA recovery, 20μL of proteinase K was 

added to 200μL of buffer AL and 200μL of sample in a microcentrifuge tube. 

After incubation at 56°C for 10 minutes, 200μL of 100% ethanol (EtOH) was 

added and the sample was mixed thoroughly by vortexing. The mixture was 

then transferred into the QIAamp Mini column, placed in 2ml collection tubes 

and centrifuged at 8000rpm for one minute. The column then underwent two 
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wash steps. The first step involved addition of 500μL of AW1 to the column 

which was followed by spinning at 8000rpm for one minute and discarding of 

the flow-through. The second wash step involved addition of 500μL of AW2 to 

the column followed by spinning at 14000rpm for three minutes to dry the 

membrane filter. The column was then transferred to a 1.5ml microcentrifuge 

tube and 200μL of buffer AVE equilibrated at room temperature was added. 

The column was centrifuged at 8000rpm for one minute and the elute was 

stored at -80oC until use. 

2.3.1.2 Amplification of the polymerase region of HIV-1 DNA 
 
HIV-1 DNA was amplified according to the ANRS “split” protocol196. The 

protocol amplifies RT and PR separately, prior to sequencing of both regions 

in a single reaction. The two amplicons comprise the entire PR [amino acids 

1-99; HXB2 position 2253-2549] and part of RT [1-259, HXB2 position 2556-

3334] using nested PCR.  

 

The 1st round PCR reaction was setup as follows:  

Protease: 
Protease  
Reagent Amount per sample (μL) 
Platinum PCR Super Hi-Fi mix 45 
5’PRO1 (10µM) 1 
3’PRO1 (10µM) 1 
Extract DNA 5 
Total 52 

 
Reverse Transcriptase  
Reagent Amount per sample (μL) 
Platinum PCR Super Hi-Fi mix 45 
MJ3 (10µM) 1 
MJ4 (10µM) 1 
Extract DNA 5 
Total 52 

 
The conditions of the 1st round PCR reaction were as follows: 
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The nested PCR reaction was set up as follows:  
 

Protease  
Reagent Amount per sample (μL) 
Platinum PCR Super Hi-Fi mix 45 
5’PRO2 (10µM) 1 
3’PRO2 (10µM) 1 
First PCR product  5 
Total 52 

 
Reverse Transcriptase  
Reagent Amount per sample (μL) 
Platinum PCR Super Hi-Fi mix 45 
A35 (10µM) 1 
NE135 (10µM) 1 
First PCR Product: 5 
Total 52 

The conditions of the nested PCR reaction were as follows: 
 

                   
 
2.3.1.3 Amplification of the polymerase region of plasma HIV-1 
RNA   
 
A nested reverse transcription (RT) PCR protocol was used to amplify the 

entire PR [amino acids 1-99; HXB2 position 2253-2549] and two-thirds of RT 

[amino acid 1-335; HXB2 position 2550-3554] as a single 1200bp amplicon. 

For each sample, 1200bp amplicons were generated in triplicates.  Primers 

used for amplification are shown in Table 2.1. The Invitrogen SuperScript® III 

One-Step RT-PCR System/ Platinum® Taq DNA polymerase High Fidelity Kit 

(Life Technologies) was used for single step cDNA synthesis and 

amplification. The method uses a mixture of Superscript III Reverse 

Transcriptase and Platinum Taq High Fidelity DNA polymerase. Nested PCR 

was performed using Platinum Taq High Fidelity DNA polymerase (Life 

Technologies).  
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The 1st round PCR reaction was set up as follows:  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The conditions of the 1st round PCR reaction were as follows: 
 

                          

                          
The nested PCR reaction was set up as follows:  
 
 
 
 
 
 
 
 
 
The conditions of the nested PCR reaction were as follows: 
 
         

 

Reagent Amount per sample (μL) 
2x reaction mix 25 
Primer RES1 (10μM) 1 
Primer RES2 (10μM) 1 
Superscript III RT/Platinum taq Hi-Fi mix 1 
Water 12 
Sample RNA extract  10 
Total  50 

Reagent Amount per sample (μL) 
Water 0.5 
Primer RES3 (10μM) 1 
Primer RES4 (10μM) 1 
Platinum PCR Super Hi-Fi mix 45 
First PCR product 2.5 
Total 50 
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2.3.1.4 Agarose gel electrophoresis 
 
Following amplification electrophoresis on 1.5% gel was used to separate 

amplified product by size and visualise DNA fragments. 5μL of SYBR safe was 

added to the prepared molten agarose gel after microwave heating and cool 

off before pouring into a sealed gel tank with an approximate depth of 5-10mm. 

Gel combs were inserted into the tank before pouring and the gel was allowed 

to solidify. After gel solidification in the gel cast, combs were removed, and 

the cast was submerged in 0.5x TBE buffer in the electrophoresis chamber. 

Samples were diluted 1:5 using a loading dye buffer (Invitrogen, Warrington, 

UK) and loaded into each well before separation by electrophoresis for one 

hour at 140 volts.  

 
2.3.1.5 Sanger sequencing of HIV-1 DNA 
 
Amplicons were first purified using the QIA PCR purification kit (QIAGEN), 

which is optimised for purification of PCR products of 100-10000 base pairs. 

A total of 200µL of Buffer PB was added to 40µL of amplicon followed by 10µL 

of sodium acetate. After mixing thoroughly, the product was added to the QIA 

column, and this was centrifuged for one minute to allow binding of DNA to 

the column. Then, 750µL of buffer PE was added to the column and this was 

centrifuged for one minute to wash. The flow-through was discarded and the 

column was centrifuged for one additional minute to ensure all the PE buffer 

had been expelled from the column. The column was then eluted with 50µL of 

buffer EB and centrifuged for one minute. DNA was quantified in 1µL of 

purified DNA product by Nanodrop® ND-1000 UV-vis spectrophotometer 

(ThermoScientific, Wilmington, USA). Gel electrophoresis with SYBR safe 

(Sigma-Aldrich Ltd, Gillingham, UK) staining and visualisation of gel on 
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ultraviolet transilluminator was used to confirm presence of product by running 

a 5µL aliquot of purified DNA diluted along with 1µL DNA molecular marker 

(Invitrogen® Life technologies, Warrington UK). Purified DNA products were 

diluted to 40 ng of DNA per well for sequencing.  
 

Products were sequenced by Sanger sequencing using the 3730xL (Applied 

Biosystems, Warrington, UK) genetic analyser. Cycle sequencing reactions 

were setup using the BigDye® Terminator Cycle Sequencing Ready Reaction 

v3.1 kit (Applied Biosystems, Warrington, UK) as shown below:  

  
 
 
 
 
 
 
 
 
 
 
Thermo cycling conditions for the cycle sequencing were as follow:  
 

                                  
 
Following cycle sequencing, reactions were purified by precipitation and 

centrifugation at 2000xg of the DNA product with a mixture containing 52μL of 

100% EtOH and 2μL of 3M acetate (C2H3O2), followed by an additional 

cleanse step with 150μL of EtOH. Purified DNA pellets were resuspended in 

10μL of Hi-Di formamide for 30 minutes and a plate septum was used to seal 

the plate before a brief centrifugation step to homogenise the mix. Plates were 

secured into the adapter and placed into the 48 capillary 3730xL genetic 

Reagent Amount per sample (μL) 
BigDye Terminator v3.1 Ready Reaction Mix 2 
Primer (10μM) 1 
BigDye Terminator 1x Sequencing buffer 9 
Purified DNA amplicon product 8 
Total 20 
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analyser. Samples were processed with a 36-cm capillary array using the POP 

conformational Analysis Polymer, POP-7.  

 

Sequences generated on the 3730xL genetic analyser were analysed by 

SeqScape software v.5.2 (Applied Biosystems, Warrington, UK). The 

SeqScape platform has a multifunction to allow import, assembly, editing and 

analysis of the sequences. ABI files created by the genetic analyser were 

imported into the SeqScape and the resulting ABI format chromatograms files 

were analysed manually by observing the peaks and nucleotide changes in 

reference to the HXB2 sequence (Figure 2.1). The consensus sequences 

were exported as FASTA formats and analysed for the presence of RAMs in 

RT and PR. 

 

 
Figure 0.1 

Figure 2.1: Chromatograms showing sequence analysis of a portion of the 1300bp of the 
HIV-1 polymerase from the PBMC of one of the subjects. The light blue line indicates clear 
range of the genome section of HIV-1 and the dark blue indicates unknown variant changes 
in reference to the HXB2 genome. 
 
2.3.2 HIV-1 RNA sequencing 
 
Plasma collected from MANET patients at the time of viral load rebound, were 

used to sequence HIV-1 RNA and detect the presence of RAMs in RT and PR 

using next generation sequencing (NGS) on the Illumina MiSeq platform. In 

addition, a subset of plasma samples underwent Sanger sequencing of the 

gag gene.  

 
2.3.2.1 RNA extraction from plasma 
 
Total RNA was extracted manually using the QIAamp viral RNA kit (QIAGEN), 

which applies the extraction protocol developed by Boom, Sol and Wertheim-

van-Dillen197. A total of 140μL of plasma was used if HIV-1 RNA levels were 
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>10000 copies/ml. If levels were <10000 copies/ml, samples were enriched 

by ultra-centrifugation using Optima XPN (Beckman Coulter, High Wycombe, 

UK) at 40,000 RPM (274,000xg) for 15 minutes at 4°C. Following ultra-

centrifugation, supernatant was discarded, and pellets were reconstituted into 

150μL. For extraction, samples were added to buffer-AVL containing carrier-

RNA, mixed thoroughly and incubated at room temperature for 10 minutes. 

Following incubation, 560μL of 100% EtOH was added to the mixture. After 

vortexing, the mixture was transferred to the QIAamp Mini column, placed in 

2ml collection tubes and centrifuged at 8000rpm for one minute. The column 

then underwent two wash steps. The first step involved addition of 500μL of 

AW1 which was followed by spinning at 8000rpm for one minute and 

discarding of the flow-through. The second wash step involved addition of 

500μL of AW2 to the column followed by spinning at 14000rpm for three 

minutes to dry the membrane filter. The column was transferred to a 1.5ml 

micro centrifuge tube and 60μL of buffer AVE equilibrated at room 

temperature was added.  The elute was stored at -80oC until further use. 

 
Table 2.1: Primers employed for amplification during experimental proceedings  
 
Table 9  

Primer Sequence 5' - 3' Direction 
RES3a ATG GYT CTT GAT AAA TTT GAT ATG TCC Reverse 
RES4 a AGA CAG GCT AAT TTT TTA GGG A Forward 
SEQ1 a GAG CCA ACA GCC CCA CC Forward 
SEQ2 a CAA TGG CCA TTG ACA GAA G Forward 
SEQ3 a GGA TCA CCA GCA ATA TTC CA Forward 
SEQ5 a TGG GCC ATC CAT TCC TGG CTT Reverse 
SEQ6 a CAT CCC TGT GGA AGC ACA TT Reverse 
SEQ7 a TCT GCT ATT AAG TCT TTT GAT Reverse 
GAGBOUT GTT GTG TGA CTC TGG TAA CTA GAG ATC CCT CAGA Forward 
GAGFOUT TCC TAA TTG AAC YTC CCA RAA GTC YTG AGT TC Reverse 
GAGFIN TCT CTA GCA GTG GCG CCC GAA CAG Forward 
GAGBIN GGC CAT TGT TTA ACC TTT GGD CCA TCC Reverse 
G00 b GACTAGCGGAGGCTAGAAG Forward 
G50 b CACAGCAAGCAGCAGCTG Reverse 
G70 b ATGAGGAAGCTGCAGAATGGG Forward 
G01 b AGGGGTCGTTGCCAAAGA Reverse 
G05 b TGTTGGCTCTGGTCTGCTCT Reverse 
G35 b CATGCTGTCATCATTTCTTCTA Reverse 
G45 b TTGGACCAACAAGGTTTCTGTC Reverse 
G85 b TGC ACT ATA GGG TAA TTT TG Reverse 
HEPB2c TCT CTG ACA TAC TTT CCA AT Reverse 
HEPBNESTc TTG GGG TGG AGC CCT CAG GCT Forward 
HEPBSEQ c TTG GCC AAA ATT CGC AGT C Forward 
HEPB1731 c CTC CTG CCT CCA CCA ATC Forward 
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NEC005 GCCTCAATAAAGCTTGCC Forward 
NEC131 GGCGCCACTGCTAGAGATTTT Reverse 
5’PROT1 TAA TTT TTT AGG GAA GAT CTG GCC TTC C Forward 
3’PROT1 GCA AAT ACT GGA GTA TTG TAT GGA TTT TCA GG Reverse 
5’PROT2 TCA GAG CAG ACC AGA GCC AAC AGC CCC A Forward 
3’PROT2 AAT GCT TTT ATT TTT TCT TCT GTC AAT GGC Reverse 
MJ3 AGT AGG ACC TAC ACC TGT CA Forward 
MJ4 CTG TTA GTG CTT TGG TTC CTC T Reverse 
A35 TTG GTT GCA CTT TAA ATT TTC CCA TTA GTC CTA TT Forward 
NE135 CCT ACT AAC TTC TGT ATG TCA TTG ACA GTC CAG CT Reverse 

a=Primers employed in sequencing the HIV-1 polymerase region; b= Primers employed 
in sequencing the HIV-1 gag region; c= Primers employed in sequencing the HBV 
polymerase region 

 
            
2.3.2.2 Gel extraction of DNA and purification 
 
In preparation for sequencing, gel extraction of DNA was performed from 

agarose gel slices containing PCR products using the QIAquick gel extraction 

kit (QIAGEN).  The DNA fragment was visualised on a gel and excised using 

a sharp scapel; 3x buffer QG was added per 1 gel volume. This mixture was 

incubated at 50oC until the gel was completely dissolved. The dissolved 

samples were placed in a spin column and centrifuged to allow DNA binding 

onto the columns. To wash, 750μL of buffer PE was added before a final 

elution with 50μL of elution buffer. After separation by electrophoresis, 

amplicons from triplicate amplifications were pooled and then purified using 

the Agencourt AMpure XP magnetic purification system (Beckman Coulter, 

High Wycombe, UK). Purified products were quantified using the Qubit dsDNA 

High Sensitivity Assay Kit on the Qubit 3.0 fluorimeter (Invitrogen). In this 

purification step, PCR products (totalling 50uL) were added in ratio 1:1 to the 

AMPure XP reagent to bind DNA fragments from amplicons to the magnetic 

bead particles. The bound DNA fragments on beads were then separated from 

other contaminants by placing on the Agencourt SRPI magnetic plate for two 

minutes before the aspirates were separated and bead-bound DNA was 

washed twice using 30μL of 70% EtOH. Samples were finally eluted into 30μL 

of elution buffer, separated from the beads and transferred onto a new plate 

for quantification. Purified products were sent to Public Health England for 

sequencing using the Illumina Miseq v2 platform as previously 

described198,199. Following sequencing, generated Miseq paired-end reads 

from sequence files were compared with HIV reference sequences using 
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BLAST to identify the optimum reference sequence for mapping using the 

Burrows-Wheeler Aligner tool as previously described199. Following 

completion of ultra-deep sequencing by PHE, FASQ files were obtained for 

analysis using the Polymorphism Analysis Sequencing (PASEQ) web-based 

analysis pipeline. The PASEQ platform has been compared and validated as 

a sequence variant caller for ultra-deep sequencing200,201.   

 
2.3.2.3 Subtyping and phylogenetic analysis: 

HIV-1 subtyping was initially performed using the Stanford HIV database202 

available at (https://hivdb.stanford.edu/hivseq/by-mutations/). Phylogenetic 

trees were constructed for sequence quality control, to confirm subtyping and 

evaluate clusters. Generated sequences were used to estimate maximum 

likelihood analysis using the randomized axelerated maximum-likelihood 

(RAxML) implementation housed at the CIPRES server (https://cme.h-

its.org/exelixis/software.html)203,  with 1000 bootstrap replicates204. The 

constructed phylogenetic trees using the RAxML implementation were 

visualised on Figtree v1.4.3 (available from 

http://tree.bio.ed.ac.uk/software/figtree/). For each sequence generated, ten 

reference sequences were downloaded from the publicly available GenBank 

database (https://blast.ncbi.nlm.nih.gov/Blast.cgi). Generated HIV-1 

sequences were aligned by codon using the ClustalW multiple alignment 

algorithm205 in MEGA v6206 and altered manually to ensure sequence gaps 

did not alter the reading frame to reference HXB2. Codons associated with 

HIV-1 drug resistance were excised according to the IAS-USA resistance 

mutation list207 and aligned consensus sequences were formed from the 

overlapping sequences.    

2.3.3 Sequencing of the gag region of plasma HIV-1 RNA 
 
Following nucleic acid extraction from plasma as described above, a nested 

RT-PCR protocol was used to amplify the Gag-PR domain of HIV-1, covering 

the entire gag region (HXB2 position 649-2623). Primers used for amplification 

are shown in Table 2.1. In the 1st round PCR, the Invitrogen SuperScript® III 

One-Step RT-PCR System/Platinum® Taq DNA polymerase High Fidelity Kit 

(Life Technologies) was used for cDNA synthesis and amplification in a one-

https://hivdb.stanford.edu/hivseq/by-mutations/
https://cme.h-its.org/exelixis/software.html
https://cme.h-its.org/exelixis/software.html
http://tree.bio.ed.ac.uk/software/figtree/
https://blast.ncbi.nlm.nih.gov/Blast.cgi
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step reaction, as described above. The nested PCR used the Platinum Taq 

High Fidelity DNA polymerase (Life Technologies). 

 

The 1st round PCR reaction was set up as follows:  

 
 
 
 
 
 
 
 
 
 
 
 
 
The conditions of the 1st round PCR reaction were as follows: 
 
 

                           
 
The nested PCR reaction was set up as follows:  
 
 
 
 
 
 
 
 
The conditions of the nested PCR reaction were as follows: 
 

 

Reagent Amount per sample (μL) 
2x reaction mix 25 
Primer RES1 (10μM) 1 
Primer RES2 (10μM) 1 
Superscript III RT/Platinum taq Hi-Fi mix 1 
Water 12 
Sample RNA extract  10 
Total  50 

Reagent Amount per sample (μL) 
Water 0.5 
GAGBOUT (10µM) 1 
GAGFOUT (10µM) 1 
Platinum PCR Super Hi-Fi mix 45 
First PCR product 2.5 
Total 50 
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Sanger sequencing was performed as described above. Sequences were 

analysed manually by alignment of generated sequences with the HIV HXB2 

reference. Mutations were changes relative to the aligned HXB2.  

 
2.4 Detection of soluble CD27  
 
Quantification of sCD27 was performed using a commercially available 

sandwich ELISA (eBioscience, UK). The assay uses plates pre-coated with 

anti-CD27 capture i.e monoclonal antibody to human sCD27 and the detection 

antibody i.e Biotin-Conjugate. As per the manufacturer’s instruction, plasma 

or serum samples were diluted 1:25 with sample diluent; this involved adding 

10µL sample to 240µL diluent. This was followed by addition of 50µL diluted 

sample to the respective wells containing 100µL of water. Samples were 

incubated for three hours at room temperature. The plate was washed six 

times with the kit wash buffer using an automated ELISA washer 

(ThermoFisher) in each wash, a wash buffer volume of 400μL was used with 

a wait time of 15 seconds before each aspiration step. After washing, 100μL 

of substrate solution was added and the plate was incubated for 10 minutes 

at room temperature, followed by addition of the kit stop solution. Optical 

densities (ODs) of samples were measured using a micro titre plate reader 

(ThermoFisher) at 450nm. Raw data was entered into an algorithm provided 

by the manufacturer and sCD27 levels were expressed as units/ml.  

 
2.5 HBV serology  
 
Serum samples collected from MANET patients underwent testing for HBV 

serological markers comprising HBsAg, anti-HBs, anti-HBc, HBeAg, and anti-

HBe using the Architect Chemiluminescent Microparticle Immunoassay 
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(Abbott, Wiesbaden, Germany). The tests were performed in the accredited 

NHS Virology Laboratory of Frimley Park Hospital in Surrey. For HBsAg, 

HBeAg, and anti-HBc, a signal/cut-off (S/CO) >1.00 in a sample specimen was 

considered reactive. HBeAb with S/CO <1.00 was considered positive and 

HBsAb >10 IU/ml was considered positive and immune to infection. HBsAg 

was confirmed by neutralisation and anti-HBc positivity was confirmed on the 

Cobas 8000 analyzer (Roche Diagnostics, Burgess Hill, UK)  

     

2.6 HBV DNA quantification 
 
HBV DNA quantification was performed at selected time points in the MANET 

population using the automated Abbott m2000sp/rt RealTime HBV assay 

(Abbott). This assay extracts DNA from 0.5 ml of plasma using the m2000sp 

automated sample preparation system. HBV DNA levels were measured from 

the extracted samples on the m2000rt™ instrument (Abbott)208. As describe 

for HIV-1 RNA quantification, the process introduces an internal control into 

the samples, which is processed together with the calibrators and controls 

(high positive, low positive and negative). After sample extraction, the eluate 

was transferred into 96-well amplification plates together with enzyme and 

probes and amplified on the m2000rt system. With 0.5 ml input, the assay has 

a dynamic range of 10 to 109 IU/ml and a LLOQ of 10 IU/ml. The assay also 

reports qualitative target detection below the LLOQ. Calibration of the M2000 

system was performed each time a new lot of reagents was used.  

 

2.6.1 HBV DNA sequencing  
 
The polymerase gene of HBV was amplified by nested-PCR to obtain an 

amplicon covering the polymerase gene RT domain (amino acid: 1-334) and 

surface domain (amino acid: 1-226). Platinum® Taq DNA polymerase High 

Fidelity Kit (Life Technologies) was used for both first-round PCR and nested 

PCR to obtain a 1300bp amplicon for sequencing using the Sanger method 

as described above.  

 
The conditions of the 1st round PCR reaction were as follows: 
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Reagent Amount per sample (μL) 
Water 0.5 
Primer HEPBN (10μM) 1 
Primer HEPB2 (10μM) 1 
Platinum PCR Super Hi-Fi mix 45 
Sample DNA extract 2.5 
Total  47.5 

 
The conditions of the 1st round PCR reaction were as follows: 
 

                           
 
The nested PCR reaction was set up as follows:  
 

Reagent Amount per sample (μL) 
Water 0.5 
Primer HEPBN (10μM) 1 
Primer HEPB2 (10μM) 1 
Platinum PCR SuperMix high fidelity 45 
Total 47.5 

 
 
The conditions of the nested PCR reaction were as follows: 
 

                          
            
The Geno2pheno database was used analyse the sequences to determine 

viral subtypes and resistance profile  (http://hbv.geno2pheno.org/index.php).  

 
 

2.7 Statistical Analysis 
 
All analysis used fully anonymised datasets. Statistical analyses were done 

with the STATA software version 14 (StataCorp LLC, College Station, USA) 

http://hbv.geno2pheno.org/index.php
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or GraphPad Prism (GraphPad Software, San Diego, USA). The specific 

testing methods are described in each chapter.   
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CHAPTER THREE – VIROLOGICAL 
OUTCOMES OF SWITCHING SUPPRESSIVE 
SECOND-LINE TRIPLE ANTIRETROVIRAL 
THERAPY TO MONOTHERAPY WITH 
RITONAVIR-BOOSTED DARUNAVIR IN THE 
MANET TRIAL 

In this chapter, I analysed the virological outcomes of the MANET trial. This 

pilot randomised study recruited HIV-1 positive adults that were receiving 

suppressive second-line antiretroviral therapy with two NRTIs and a boosted 

protease inhibitor (PI/b) and showed a suppressed plasma viral load. 

Participants were randomised either to switch to monotherapy with ritonavir-

boosted darunavir (DRV/r) or to continue PI/b-based triple ART. The trial was 

conducted in Yaoundé, Cameroon. After cleansing and lock-up, I used the 

available dataset to perform the virological outcome analyses. In addition, I 

conducted an analysis of the correlation between different measures of 

adherence taken on study. To preserve clarity, I present in-depth resistance 

analyses in a subsequent chapter. 

 
3.1 INTRODUCTION 
 
In Sub-Saharan Africa, of the estimated 25.6 million people living with HIV, 

16.4 million were receiving treatment in 2018209. The World Health 

Organization (WHO) recommends a programmatic approach at treating HIV 

infection in the region, based upon standardised regimens for first-line and 

second-line antiretroviral therapy (ART). Recommended regimens comprise 

two NRTIs (typically tenofovir plus lamivudine) combined with an NNRTI 

(typically efavirenz), a boosted protease inhibitor (PI/b, typically 

lopinavir/ritonavir), or more recently an integrase strand transfer inhibitor 

(INSTI, typically dolutegravir)154. In pooled analyses, the rates of virological 

suppression by intention-to-treat were 65% and 62% after 24 months of 

NNRTI-based first-line ART210 and PI/b-based second-line ART142, 

respectively.  
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Whist triple combination regimens have been the reference model for ART, 

there has been interest in exploring simpler regimens that may reduce toxicity 

and cost and promote compliance69,211,212. Several studies have tested the 

hypothesis that once viral load suppression is achieved with triple ART, it may 

be possible to simplify treatment using fewer drugs. In selected populations, 

promising results have been obtained with dual regimens comprising a PI/b 

plus lamivudine, an integrase inhibitor, or maraviroc, dolutegravir plus 

lamivudine or the NNRTI rilpivirine, and the INSTI cabotegravir plus 

rilpivirine211,212. In contrast, simplification with either a PI/b or dolutegravir as 

monotherapy has generally resulted in increased rates of viraemia relative to 

continuing triple ART. Boosted darunavir makes an attractive simplification 

option because of its high potency, high genetic barrier to resistance, and a 

good tolerability and safety profile213. One important feature of maintenance  

monotherapy with boosted darunavir is the low risk of emergent drug 

resistance in patients with viraemia, allowing rapid resuppression once the 

NRTIs are re-introduced.214,215 

 

MANET (Monotherapy in Africa, New Evaluation of Therapy) was a pilot 

randomised clinical trial that was conducted at the Yaoundé Central Hospital, 

in Cameroon between 2014 and 2016. The aim of the study was to test the 

feasibility and preliminary virological efficacy of ritonavir-boosted darunavir 

(DRV/r) as maintenance monotherapy in a population that had previously 

experienced failure of first-line NNRTI-based triple ART and had subsequently 

gained virological suppression on second-line PI/b-based triple ART. Patients 

were randomised either to switch to once daily DRV/r or to continue triple ART. 

Here we present the analysis of the virological outcomes in the two arms and 

investigate the correlation between different adherence measures. 

 
 
 
 
 
 
 
 



 
 

72 
 

3.2 METHODS 
 
3.2.1 Aim of the MANET Trial 

MANET was a pilot study that aimed to assess the feasibility and preliminary 

efficacy and safety of DRV/r monotherapy as a maintenance strategy for 

patients receiving second-line ART and showing a suppressed viral load in 

Cameroon. The feasibility assessment was considered critical to enable the 

design of a larger multicentre study. MANET was approved by the University 

of Liverpool Ethics Committee and the Cameroon National Ethics Committee 

and overseen by an independent data safety board. Participants gave written 

informed consent.  

3.2.2 Study population 
 
Details of the MANET study are provided in Chapter 2. Briefly, MANET 

participants were HIV-1-positive adults who met the following eligibility criteria 

at screening: (i) on a second-line regimen with 2 NRTIs plus a PI/b for ≥12 

weeks; (ii) CD4 count >100 cells/mm3; (iii) plasma HIV-1 RNA load <60 

copies/ml on two measurements taken 4 to 12 weeks apart; (iv) hepatitis B 

surface antigen (HBsAg) negative; and v) willing to provide written informed 

consent. Between Aug 2014 and July 2015, 120 patients were randomised 

(2:1) either to switch to monotherapy with once daily darunavir (two tablets of 

400 mg totalling 800 mg daily) plus ritonavir (one tablet of 100 mg daily) for 48 

weeks (n=81), or to continue standard triple ART (2 NRTIs plus a PI/b) and 

remain in observation for 24 weeks (n=39). After screening and 

randomisation, participants attended planned study visits at weeks 4, 12, 24 

(both arms), 36 and 48 (DRV/r arm). Participants collected a new prescription 

from pharmacy and saw the study nurse every 4 weeks. After week 48, 

participants in the DRV/r arm returned to standard triple ART. Prior to week 

48, an early return to triple ART with two NRTIs + PI/b could occur due to a 

significant adverse event (AE), or as a result of virological failure (see below). 

Patients who experienced a first viral load >60 copies/ml during the study were 

recalled for review, adherence counselling by the study nurse, and a repeat 

viral load test within 8 weeks of the initial viral load measurement. The protocol 
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recommended the following management for patients presenting with a 

confirmed virological rebound >60 copies/ml while in the study: 

 

DRV/r monotherapy arm: 

x Viral load ≤400 copies/ml: re-enforce adherence; continue to monitor 

x Viral load >400 copies/ml: return to triple ART with 2 NRTIs plus a PI/b  

 

Triple ART arm: follow standard practice, i.e.,  

x Viral load <1000 copies/ml: re-enforce adherence; continue to monitor  

x Viral load >1000 copies/ml: consider a change of treatment regimen  

 
3.2.3 Study virological objectives 

Primary virological objective  

x Percentage of subjects with viral load <400 copies/ml after 24 weeks of 

follow-up following a switch to DRV/r monotherapy vs. continuing triple 

therapy containing 2 NRTIs + PI/b. 

Secondary virological objectives  

x Percentage of subjects with viral load <60 copies/ml after 12 weeks of 

follow-up following a switch to DRV/r monotherapy vs. continuing triple 

therapy containing 2 NRTIs + PI/b  

x Percentage of subjects with viral load <60 copies/ml after 24 weeks of 

follow-up following a switch to DRV/r monotherapy vs. continuing triple 

therapy containing 2 NRTIs + PI/b 

3.2.4 Adherence measures 
 
Treatment adherence was measured when patients attended study and 

pharmacy visits. At each study visit, adherence was self-reported via a visual 

analogue scale (VAS) graded from 0% (complete non adherence) to 100% 

(complete adherence) in 10% increments216,217. At each pharmacy visit, two 

bottles were dispensed containing 60 tablets of DRV and 30 tablets of 

ritonavir, respectively. Patients were asked to return the bottles with any left-
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over tablet at their next pharmacy visit; at this visit, the pill count was taken 

whereby the number of pills taken was calculated from the number of pills left 

over and expressed as a percentage relative to the number of pills expected 

to be taken since the last visit.  

 
3.2.5 Laboratory testing  
 
Full blood counts, serum biochemistry, plasma HIV-1 RNA load, and CD4 cell 

counts were measured at the diagnostic laboratory of the Centre Pasteur of 

Cameroon (CPC) in Yaoundé. Plasma was separated from whole venous 

blood in EDTA within two hours of collection and stored immediately at -80oC. 

Plasma HIV-1 RNA was quantified with the Biocentric assay (Bandol, France; 

lower limit of quantification of 60 copies/ml); in case of assay failure, it was 

repeated with the Abbott RealTime HIV-1 assay (lower limit of quantification 

40 copies/ml). Peripheral blood mononuclear cells (PBMC) were isolated at 

CIRCB by Ficoll-Hypaque gradient centrifugation and stored at -80oC.  

 
3.2.6 Analyses 
 
In the analysis of baseline characteristics, categorical variables (expressed as 

proportions and percentages) and continuous variables (expressed as 

medians with inter quartile ranges [IQR]) were compared between treatment 

arms using chi-squared test, fisher’s exact test, t-test and Wilcoxon Mann 

Whitney tests, as applicable. For the primary virological outcome analysis, the 

percentage of subjects with viral load <400 copies/ml was calculated cross-

sectionally at week 24 (FDA snapshot method)218. The FDA analysis 

considers virological failure cross-sectionally at designated timepoints where 

missing data is also considered failure. For the secondary virological outcome 

analysis, the percentage of subjects with viral load <60 copies/ml was 

calculated using the composite time to loss of virological response (TLOVR) 

analysis218. The TLOVR analysis, considered outcomes longitudinally over 

designated timepoints (12 and 24 weeks in this instance). Both primary and 

secondary virological outcome measures were compared using chi-squared 

test. Virological rebound was defined as a viral load >60 copies/ml that was 

either confirmed in a subsequent sample or was the last available on study. 
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Virological failure was defined as a viral load >400 copies/ml which was either 

confirmed in a subsequent sample or was the last available on study. A viral 

load that was above 60 copies/ml but did not exceed 400 copies/ml was 

described as viraemia. Treatment failure was a composite measure of 

virological failure and any early discontinuation of study arm due to a 

significant (as judged by the investigator) adverse event (AE), death, or loss 

to follow-up. Kaplan-Meier survival curves were plotted to describe time to 

virological rebound (first viral load measured), virological failure, and 

treatment failure. For each participant, the adherence measures over the 

entire duration of participation in the study and before and after the first 

adherence counselling session were averaged for the purpose of the analysis. 

The correlation between adherence measured by pill count or by VAS was 

assessed by Spearman’s rank test. Analyses were performed with STATA 

v.14 (StataCorp).  

 
3.3 RESULTS         
  
3.3.1 Feasibility assessment      
  
A total of 340 subjects established on PI/b-based triple ART for ≥12 weeks 

underwent the first screening (Figure 3.1); 128/340 (38%) showed a 

detectable (>60 copies/ml) viral load, with median levels of 1101 copies/ml 

(IQR 218, 16540). Among 212 subjects with a suppressed viral load at 

screening 1, 11 (5.2%) tested HBsAg positive. Of the remaining 201 patients 

considered for inclusion, 32 (15.9%) did not attend screening 2. A further 49 

did not meet the inclusion criteria, comprising 25 (12.4%) with a viral load 

rebound >60 copies/ml between the two screening visits, 11 (5.5%) with 

significant laboratory abnormalities, 4 (2.0%) reporting pregnancy or planning 

to become pregnant, and 9 (4.5%) who declined to participate. Overall, the 

number of patients receiving second-line therapy with 2 NRTIs plus a PI/b and 

showing a suppressed viral load was 212/340 (62.4%) at screening 1 and 

144/169 (85.2%) at screening 2, indicating a rebound rate of 14.8% among 

the 169 patients with two viral load measurements taken at an interval of 4-12 

weeks (median 7 weeks). The number of eligible patients willing to be 

randomised to monotherapy was 120/129 (93.0%). Retention into follow-up 
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for 24 weeks after recruitment was 119/120 (99.2%).    

  

3.3.2 Randomised study population     
  
The randomised study population comprised 120 patients. At baseline, they 

had received ART for a median of 7.5 years, including first-line NNRTI-based 

ART for a median of 3.0 years and second-line PI/b-based ART for a median 

of 3.1 years (Table 3.1). The median CD4 count was 467 cells/mm3; a median 

nadir CD4 count of 92 cells/mm3 indicated a history of significant 

immunosuppression. Most patients (106/120, 88.3%) were receiving once 

daily tenofovir disoproxil fumarate (here forth referred to as tenofovir) co-

formulated with lamivudine plus twice daily lopinavir co-formulated with 

ritonavir (LPV/r). All had a viral load <60 copies/ml in two measurements 

separated by a median of 7 weeks (range 6-12). No previous viral load 

measurements were recorded. When comparing the two treatment arms, 

patients randomised to DRV/b monotherapy had a slightly longer duration of 

prior NNRTI exposure (Table 3.1).  
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Figure 3.1: Study flow and patient disposition   
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Table 3.1 Characteristics of the population at study entry 
 Table 10 

Table 11  

  aeGFR calculated with The estimated glomerular filtration rate (eGFR) was calculated with the Chronic Kidney Disease Epidemiology 
Collaboration (CKD-EPI) formula which adjusts for ethnicity219. b Comprising tuberculosis (n=8), toxoplasmosis (n=5), Cryptococcus 
meningitis (n=1), and Kaposi Sarcoma (n=2)  Abbreviations: IQR= Interquartile range; AIDS= acquired immune deficiency syndrome; ART= 
antiretroviral therapy; NNRTI= non-nucleoside reverse transcriptase inhibitor; PI= protease inhibitor.  
 

Characteristic Total DRV/r Triple ART P 
Total number (%) 120 (100) 81 (100) 39 (100)  
Female, n (%) 91 (75.8) 61 (75.3) 30 (76.9) 0.519 
Age, median years (IQR) 44 (38, 52) 45 (38, 51) 45 (37, 52.2) 0.824 
Body mass index, median kg/m2 (IQR) 25.5 (22.1, 29.1) 25.4 (21.8, 28.4) 26.0 (22.5, 29.2) 0.371 
Haemoglobin, median g/dL (IQR) 12.3 (11.6, 13.2) 12.3 (11.6, 13.2) 12.4 (11.6, 13.5) 0.834 
Estimated glomerular filtration rate >90 ml/min, n (%) 102 (85.0) 67 (82.7) 35 (89.7)  

0.417 Estimated glomerular filtration rate 60-89 ml/min, n (%)a 18 (15) 14 (17.3) 4 (10.3) 
Time since HIV diagnosis, median years (IQR) 8.5 (5.8, 10.4) 8.8 (5.9, 11.1) 8.0 (5.5, 9.8) 0.166 
CD4 count, median cells/mm3 (IQR) 467 (341, 618) 466 (341, 615)  536 (394, 687) 0.077 
Nadir CD4 count, median cells/mm3 (IQR) 92 (37, 172) 90 (37, 167)  128 (29, 194) 0.427 
History of AIDS b, n (%) 16 (13.3) 12 (14.8) 4 (10.3) 0.353 
ART duration, median years (IQR) 7.5 (5.3, 9.4) 7.6 (5.3, 9.8) 6.9 (4.9, 9.2) 0.348 
Tenofovir, duration median years (IQR) 2.9 (1.5, 4.7) 2.9 (1.3, 4.6) 1.9 (3.3, 5.3) 0.274 
Zidovudine duration, median years (IQR) 2.9 (1.5, 5.4) 2.4 (1.5, 4.0) 3.0 (1.4, 5.8) 0.135 
Stavudine duration, median years (IQR) 2.6 (1.3, 4.4) 2.6 (1.3, 4.0) 3.2 (1.3, 4.4) 0.405 
NNRTI duration, median years (IQR) 3.0 (1.4, 5.5) 3.1 (1.6, 5.5) 3.0 (1.7, 5.1) 0.027 
PI duration, median years (IQR) 3.1 (1.3, 5.3) 3.2 (1.3, 5.8) 3.1 (1.5, 4.9) 0.951 
ART regimen at study entry, n (%)      
 Tenofovir/lamivudine + lopinavir/ritonavir 106 (88.3) 69 (85.2) 37 (94.8)  

 
0.081  

 Abacavir + didanosine + lopinavir/ritonavir  6 (5.0) 5 (6.2) 1 (2.6) 
 Zidovudine + lamivudine + lopinavir/ritonavir 5 (4.2) 4 (4.9) 1 (2.6) 
 Tenofovir + lamivudine + atazanavir/ritonavir 2 (1.7) 2 (2.5) - 
 Tenofovir + abacavir + lopinavir/ritonavir 1 (1.0) 1 (1.2) - 
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3.3.3 Virological outcomes        
  
An overview of the MANET study is shown in Table 3.2.     
  
Table 3.2 Overview of the MANET study  
Table 12 

 DRV/r  Triple ART 
Randomised 81 39 
First patient in (date) 22/08/2014 25/08/2014 
Last patient last visit (date) 21/06/2016 07/01/2015 
Duration of follow-up 48 weeks 24 weeks 
Viral load data available at week 24  80 (98.8%) 39 (100%) 
Early discontinuation prior to week 24 4 (4.9) 0 
Early discontinuation prior to week 48 13 (16.0) 0 
Early discontinuation due to viraemia  8/81 (9.9%)a 0 
Early discontinuation due to adverse event 5/81 (6.2%)a,b 0 
Serious adverse event 3/81 (4%)b 0 
Pregnancy 0/81 0 
Death 1/81 (1.2%)c 0 
Loss to follow-up 1/81 (1.2%)d 0 

aData span 48 weeks. bNone of the SAEs and AEs leading to early discontinuation were classed as 
related to the study treatment. cA death occurred in a patient who had an early discontinuation at 
week 19 due to an unrelated SAE and returned to triple ART three weeks prior to death; dOne patient 
in the DRV/r arm was lost to follow-up after the week 24 study visit. Abbreviations: DRV/r= ritonavir 
boosted darunavir; ART=antiretroviral therapy.        
  
In the primary analysis, the percentage of subjects with viral load <400 copies/ml at 

week 24 was 72/81 (88.9%) on DRV/r and 37/39 (94.9%) on triple ART (p=0.500) 

(Table 3.3). In the secondary analyses, the percentage with viral load <60 copies/ml 

at week 12 was 73/81 (90.1%) on DRV/r and 35/39 (89.7%) on triple ART (p=1.000); 

this reflected 8 and 4 cases of viraemia in the two arms, respectively. Percentages 

at week 24 were 62/81 (76.5%) and 36/39 (92.3%) respectively (p=0.044); this 

reflected 15 cases of viraemia and 4 early discontinuations due to a significant AE 

in the DRV/r arm, and 3 cases of viraemia in the control arm. In the DRV/r arm, over 

48 weeks there were 24/81 (29.6%) patients with virological rebound (either 

confirmed [n=15] or last available [n=9] viral load >60 copies/ml) and 16/81 (19.8%) 

participants with virological failure (either confirmed [n=9] or last available [n=7] viral 

load >400 copies/ml). A further 12/81 (14.8%) patients had ≥1 transient episode of 

viraemia (blip), with most (9/12) experiencing a single blip; the median viral load in 

this group was 2.2 log10 copies/ml (range 1.9-2.9). Discontinuations of DRV/r prior 

to week 48 occurred in 6/81 (7.4%) participants owing to a serious adverse event 

(SAE, n=1), a significant AE (n=4), or loss to follow-up (n=1). Three patients on 

DRV/r experienced an SAE (Table 3.4). None of the SAEs or significant AEs were 

classed as drug related. The analysis of time to virological rebound, time to 

virological failure and time to treatment failure for the DRV/r arm is shown in Figure 
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3.2. Among patients on triple ART, 4/39 (10.3%) experienced virological rebound, 

2/39 (5.1%) met the definition of virological failure over 24 weeks, and a further 4/39 

(10.3%) experienced a single blip of 1.9-2.8 log10 copies/ml. No subject experienced 

treatment failure or an SAE in the triple ART arm.   
Table 3.3 Summary of virological outcomes in the two arms of MANET 

Abbreviations:  TLOVR= time to loss of virological response  
Table 13  

 
Figure 0.2  

 
Figure 3.2: Time to virological rebound (first measured viral load >60 copies/ml was plotted), 
virological failure (VF, either confirmed or last available viral load >400 copies/ml), and treatment 
failure (TF, either virological failure or discontinuation of study arm prior to study completion for any 
reason) over 48 weeks of darunavir/ritonavir maintenance monotherapy including patients on triple 
ART. Virological failure was defined as a plasma HIV-1 RNA load >400 copies/ml, either confirmed 
in a subsequent sample or last available while the patient remained in the study. Treatment failure 
comprised virological failure and any early discontinuation of the study arm prior to week 48 for any 
reason in the darunavir/ritonavir maintenance monotherapy arm.   
Abbreviations: DRV= darunavir monotherapy; TF= treatment failure; VF= virological failure; TA= 
triple arm. 
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Endpoint Study week DRV/r Triple ART 
VL <400 copies/ml (FDA snapshot) 24 72/81 (88.9%) 37/39 (94.9) 
VL <60 copies/ml (TLOVR) 12 73/81 (90.1%) 38/39 (89.7%) 
VL <60 copies/ml (TLOVR) 24 62/81 (76.5%) 36/39 (92.3%) 
Virological rebound Through week 24  13/81 16.0%) 4/39 (10.3%) 
Virological rebound  Through week 48 24/81 (29.6%) NA 
Virological failure Through week 24 7/81 (8.6%) 2/39 (5.1%) 
Virological failure Through week 48  16/81 (19.8) NA 
Treatment failure  Through week 24 12/81 (14.8) 2/39 (5.1%) 
Treatment failure Through week 48  22/81 (27.2%) NA 
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Table 3.4 Summary of serious adverse events in the DRV/r monotherapy arm (n=81)  
Table 14  

 
 
 
 
 
 
 
 
 
 
 
 
 

One of the patients with SAE died during the study (Table 3.4). This patient was a 

43-year old woman who died at week 25. She had a nadir CD4 count of 7 cells/mm3 

and a CD4 count at study entry of 171 cell/mm3. The patient was randomised to 

DRV/r monotherapy and was diagnosed with malaria at week 12, followed by a 

progressive anaemia leading to hospitalisation for transfusion at week 16. The 

patient developed a post-transfusion seizure and was returned to standard of care 

with tenofovir/lamivudine + LPV/r at week 19. The patient’s clinical status continued 

to deteriorate with fever (39.6oC), nausea, vomiting, fatigue and epigastric 

tenderness at week 21 and the patient died 4 days later with a diagnosis of a 

possible transfusion reaction and sepsis. Her viral load had rebounded to 823 

copies/ml at week 12 and was 152 copies/ml at week 16. 

 
3.3.4 Adherence measures 

Across the entire study population and over the entire study period, mean 

adherence levels were 97.0% (±4.2) by VAS and 96.5% (±4.1) by pill count. 

Adherence measure using pill count was approximated to 100% for patients who 

picked up prescription earlier than expected. The two adherence measures showed 

a weak positive correlation (Spearman’s r=0.31; p=<0.001; Figure 3.3). In patients 

with virological failure across both arms, mean adherence levels over the entire 

study period were 96.5% (±4.4) by VAS and 97.0% (±3.3) by pill count, and were 

95.9% (±6.2) and 96.7% (±4.2) at week 4, 96.1% (±6.2) and 97.3% (±4.9) at week 

12, and 96.1% (±6.1) and 97.0% (±4.0) at week 24, respectively.   

Patient  Study week  
of onset 

Details Outcome 

1 33 Car accident 
Hospitalisation 

Resolved 
Continued in study arm 
 

2 0 Acute anxiety 
Hospitalisation 

Resolved 
Continued in study arm 

3 12 Malaria 
Progressive anaemia 
Hospitalisation 
Transfusion reaction  
Convulsions 
Suspected sepsis 

Discontinued study arm  
at week 19  
Death at week 25 



 
 

82 
 

 
Figure 0.3  

Figure 3.3: Scatter plot showing the correlation between adherence parameters measured by pill 
count and visual analogue scale averaged over the entire study period. Each dot in the plot 
represents one observation showing the over the mean study adherence measured by pill count and 
the corresponding VAS in percentage over the entire period the patient remained in the study. The 
fitted line is shown. 
 
 
3.4 DISCUSSION         
  
In its screening phase, the MANET trial produced novel data for Cameroon, 

indicating that a significant proportion (38%) of patients established on second-line 

ART with 2 NRTIs and a PI/b (predominantly LPV/r)  had a detectable viral load at 

first screening, and a significant subset (12%) experienced viral load rebound over 

a median interval of 7 weeks. In two meta-analyses of published data in countries 

across the SSA region, rates of virological suppression by intention-to-treat were 

65% and 62% after 24 months of NNRTI- based first-line ART210 and PI/b-based 

second-line ART142, respectively. Thus, the screening viral load results from the 

MANET population agree with these data. One further aspect, related to the 

assessment of feasibility, was that overall interest in participating in the study was 

high, and eligible patients who declined participation did so largely due to difficulties 

with attending for frequent clinic visits. The last point should be taken into 

consideration when designing future studies. Although travel expenses were 
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reimbursed in MANET, the frequency of visits (every 4 weeks) was high. This was 

deemed desirable based on the fact that the population was ART experienced and 

likely to harbour NRTI drug resistance and frequent adherence support was deemed 

desirable. Retention into follow-up was excellent, although this should be 

interpreted in context: the study personnel would phone patients to remind them of 

their appointment and would chase patients that did not attend scheduled visits. 

Ability to access laboratory testing free of charge was reportedly a significant 

incentive for the population. The safety profile of DRV/r monotherapy was overall 

good and in keeping with available data, and there were no discontinuations due to 

DRV/r-related toxicity. There was one death during the study. This occurred in a 

patient with malaria who developed progressive anaemia, required a transfusion, 

and developed complications that were attributed to a transfusion reaction and 

sepsis.  

 

Several randomised studies have investigated monotherapy with once daily DRV/r 

as a maintenance strategy for patients showing a suppressed viral load while 

receiving standard ART. In Western Europe, the studies recruited patients without 

a previous history of treatment failure215. These studies uniformly reported an 

increased risk of viraemia on DRV/r monotherapy, but a low risk of emerging 

darunavir resistance-associated mutations, and excellent resuppression rates after 

re-introduction of NRTIs. A recent study from Burkina Faso, Cameroon, and 

Senegal, which ran at the same time as MANET, evaluated patients who after failure 

of first-line ART with 2 NRTIs plus an NNRTI had achieved virological suppression 

on 2 NRTIs plus a PI/b159, thus resembling the population of MANET. A total of 133 

patients were randomised to maintenance monotherapy with either DRV/r (n=56) or 

ritonavir-boosted lopinavir (LPV/r). Over 48 weeks, 21% overall experienced 

virological failure (viral load >500 copies/ml), without appreciable differences 

between the 2 arms. In MANET, the rates of virological failure in the DRV/r arm over 

48 weeks were similar to those in the study from Burkina Faso, Cameroon, and 

Senegal. Thus, the data from these two studies, totalling 137 patients, indicate that 

DRV/r monotherapy cannot be recommended for patients established on 

suppressive second-line PI/b-based ART in sub-Saharan Africa, owing to the need 

for frequent virological monitoring and prompt treatment intensification to avoid 
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prolonged viraemia, risk of onward transmission220, and emergence of resistance 

on the long term221.  

 

Interestingly, self-reported adherence by VAS performed better than directly 

measured pill counts. This is a promising observation given that VAS is an easy tool 

to implement in resource-limited settings. In the study from Burkina Faso, 

Cameroon, and Senegal, pill counts were also less likely to detect adherence 

problems relative to the use of questionnaires 159. However, there exists conflicting 

evidence about the relative performance of self-reported versus directly assessed 

adherence measures in sub-Saharan Africa 222–224, identifying a research need. It is 

possible that the personal interaction required to administer a VAS (or a 

questionnaire) may bring benefit when assessing adherence in these settings in 

comparison to an assessment such as pill count which is subject to reporting bias. 

 

Taken together the findings indicate that a large subset of patients established on 

second-line PI/b-based ART in the Yaoundé cohort have unsuppressed viral load. 

Routine virological monitoring is now being implemented in the centre, and there is 

progress in defining strategies for third-line ART. Although safe and well tolerated, 

DRV/r monotherapy is not a suitable treatment strategy for patients receiving 

standard PI/b-based ART in sub-Saharan Africa due to a high risk of both low-level 

and high levels viraemia. The study improved capacity for conducting clinical trials 

by establishing training in Good Clinical Practice and in rigorous clinical research 

methods that were fully compliant with European clinical trial directives. 

Furthermore, the trial implemented a research consortium that involved 5 different 

institutions and establishing effective liaisons was an important achievement. The 

study provided significant training and career development opportunities for the 

local medical, nursing and scientific staff.  
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CHAPTER FOUR: RESISTANCE ANALYSIS OF 
PATIENTS ENTERING THE MANET TRIAL   

 
In this chapter, I studied the presence of drug resistance associated mutations 

in patients who participated in the monotherapy arm of the MANET trial. This 

included testing for archived resistance using HIV-1 DNA recovered from 

peripheral blood mononuclear cells (PBMC) at study entry, and then 

assessing the presence of resistance in plasma samples collected at the time 

of HIV-1 RNA rebound on darunavir/ritonavir (DRV/r) monotherapy. I 

performed sequencing of HIV-1 DNA from PBMC, prepared the plasma HIV-

1 RNA samples for ultradeep sequencing (UDS), and analysed the data 

including the statistical and phylogenetic analyses. The choice of using 

Sanger sequencing for PBMC samples was on the basis of low virus input 

expected from the PBMC due to suppressive long-term ART.  Some of the 

work has been published in Geretti AM, Abdullahi A, Mafotsing Fopoussi O, 

Bonnett L, Defo VF, Moudourou S, Fokam J, Kouanfack C, Torimiro J. An 

apparent paradox: resistance mutations in HIV-1 DNA predict improved 

virological responses to antiretroviral therapy. J Antimicrob Chemother. 2019; 

74:3011-3015.  

 
4.1 INTRODUCTION 

 

The WHO recommends standardised regimens for first-line and second-line 

antiretroviral therapy (ART) in sub-Saharan Africa, comprising 2 NRTIs plus 

an NNRTI, a ritonavir-boosted protease inhibitor (PI/r), or more recently an 

integrase inhibitor154. Pooled estimates indicate rates of virological 

suppression of 65% and 62% after 24 months of NNRTI-based first-line ART 

and PI/r-based second-line ART, respectively225,142. Sparse virological 

monitoring and delayed introduction of second-line ART in viraemic patients 

favour the emergence of drug resistance, and resistance-associated 

mutations (RAMs) affecting both the NRTIs and the NNRTIs are common at 

failure of first-line NNRTI-based ART198,226–229. The significance of NRTI RAMs 
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in terms of predicting reduced responses to second-line NRTI-containing ART 

has been called into question142,230. In a meta-analysis of pooled data from 

sub-Saharan Africa, detection of RAMs at failure of NNRTI-based ART, most 

commonly M184V and thymidine analogue mutations (TAMs), predicted 

higher (rather than lower) odds of virological suppression after starting 2NRTIs 

+ PI/r142. Thus, it has been inferred that resistance testing underestimates the 

continued activity of NRTIs such as lamivudine and tenofovir in the presence 

of M184V and TAMs.  

 

Several randomised studies investigated monotherapy with once daily 

ritonavir-boosted darunavir (DRV/r 800mg/100mg) as a maintenance strategy 

for patients showing a suppressed viral load while receiving standard ART. In 

Western Europe, studies recruited patients without a previous history of 

treatment failure231. In sub-Saharan Africa, a multi-centre study from Burkina 

Faso, Cameroon, and Senegal investigated 50 patients that after first-line 

NNRTI-based ART had achieved virological suppression on second-line PI/r-

based ART159. These studies uniformly reported an increased risk of viraemia 

on DRV/r monotherapy, but a low risk of emerging darunavir RAMs. These 

data point to a high barrier to the emergence of resistance with DRV/r once 

daily, despite relatively high levels of viraemia.  

 

Within this context, the aims of this chapter were to 1) determine the presence 

of RAMs in HIV-1 DNA derived from PBMC collected in MANET participants 

at study entry (i.e., when the viral load was suppressed <60 copies/ml); 2) 

analyse the relationship between archived RAMs and outcomes of DRV/r 

maintenance monotherapy; 3) determine the presence of RAMs in plasma 

HIV-1 RNA at the time of virological rebound on DRV/r monotherapy, including 

the analysis of protease and reverse transcriptase in all patients and the 

analysis of gag in a subset; and 4) analyse the phylogenetic relationship 

between sequences derived from HIV-1 DNA and those obtained from HIV-1 

RNA. 
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4.2 METHODS 
 
4.2.1 Study participants 
 
Patients in this analysis took part in the randomised open-label MANET 

(Monotherapy in Africa, New Evaluations of Treatment) trial at Hôpital Central 

Yaoundé in Cameroon. As previously described, patients eligible for MANET 

were receiving 2 NRTIs + PI/r for ≥12 weeks, had a CD4 count >100 

cells/mm3, showed a viral load <60 copies/ml in 2 measurements 4-12 weeks 

apart (median 7 weeks), and tested hepatitis B surface antigen (HBsAg)-

negative. A total of 120 patients were randomised (2:1) to start monotherapy 

with darunavir (800mg daily) plus ritonavir (100mg daily) for 48 weeks (n=81) 

or continue standard ART with 2 NRTIs + PI/r for 24 weeks (n=39). The study 

was approved by the University of Liverpool Ethics Committee and the 

Cameroon National Ethics Committee and overseen by an independent data 

safety board. Participants gave written informed consent. This chapter focuses 

on patients randomised to DRV/r monotherapy. As previously described, in 

this group patients met the definition of virological failure if during the 48 weeks 

of the study they showed either confirmed or last available viral load >400 

copies/ml. 
 
4.2.2 Laboratory testing 
 
Safety parameters, CD4 cell counts, and viral load were measured at the 

Centre Pasteur of Cameroon in Yaoundé. The viral load was measured with 

the Bandol Biocentric assay, with a lower limit of quantification of 60 copies/ml 

and repeat testing of viral load, the Abbott Real-Time HIV-1 assay was used. 

In the United Kingdom, total HIV-1 DNA was quantified in PBMC as 

described116.  

 
4.2.3 Drug resistance testing 
 
RAMs were detected in HIV-1 DNA and HIV-1 RNA as described in Chapter 

2. With PBMC collected at study entry, after nucleic acid extraction, amplicons 
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were generated using a nested PCR protocol spanning protease (PR, aa 1-

99) and reverse transcriptase (RT, aa 1-335). After purification and 

quantification of the amplicons, RAMs were detected by Sanger sequencing 

on the Applied Biosystems 3730xl genetic analyser. In patients who 

experienced virological rebound (>60 copies/ml), plasma samples underwent 

UDS. I performed the sample preparation for UDS according to a protocol that 

I had previously optimised to increase the quality of the reads. Briefly, samples 

with viral load <10,000 copies/ml were first enriched by ultra-centrifugation. 

After nucleic acid extraction, a 1300bp amplicon was generated covering PR 

(aa 1-99) and RT (aa 1-335). Following amplicon purification and 

quantification, a DNA library was prepared for sequencing using Illumina 

MiSeq. Reads were analysed applying a 1% interpretative frequency cut-off. 

Major RAMs were defined according to the Stanford HIV drug resistance 

algorithm (v8.8). Darunavir RAMs comprised V11I, V32I, L33F, I47V, I50V, 

I54L/M, T74P, L76V, I84V, and L89V. The genotypic susceptibility score 

(GSS) of the ART regimen at study entry was calculated by assigning a score 

of 0 for high-level resistance, 0.25 for intermediate resistance, 0.5 for low level 

resistance, and 1 for potential low-level resistance or full predicted 

susceptibility, based on the Stanford algorithm predictions. HIV-1 subtypes 

were determined by phylogenetic analysis as detailed in Chapter 2. Paired 

PBMC and plasma sequences and sequences from patients showing the 

protease RAM D30N were evaluated for phylogenetic linkage as described in 

Chapter 2. RT sequences were screened for evidence of APOBEC3G (A3G) 

hypermutation using the Los Alamos Hypermut 2.0 programme. Sequences 

showing D30N in PR, and E138K, M184I, or M230I in RT were explicitly 

evaluated for the presence of hypermutation232–234. HIV-1 DNA sequences 

were also analysed for the presence of in-frame stop-codons to indicate 

defective proviruses235.  

 
4.2.4 Gag sequencing 
 
In a subset of patients with viraemia, following nucleic acid extraction, a 

2200bp amplicon spanning the entire gag region was generated by nested 

PCR followed by Sanger sequencing as detailed in Chapter 2. Sequences 
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were aligned with the HIV-1 HXB2 as the reference sequence and gag 

mutations were defined as any change relative to the reference HXB2 

sequence. Mutations were classed as cleavage site (CS) mutations if they 

occurred at one of the 5 gag cleavage sites (p17/p24, p2/p7, p7/p1, p1/p6, 

p24/p2); other substitutions were classed as non-CS mutations. Based on 

previous work by Dr Ana Garcia, a PhD student that worked under Professor 

Geretti’s primary supervision, CS mutations considered to be associated with 

PI exposure comprised: V128I, Y132F, S373T, A374S, T375A, T375N, 

A431V, K436R, I437V, L449F, S451T, S451R, R452S and P453T; non-CS 

mutations considered to be associated with PI exposure comprised: L61I, 

I94V, K103R, K113Q, K114R, D121G, D121A, T122E, N126S, Q127K, 

T186M, T190I, A210S, E211D, S310T, T371Q, F463L, T469I and P478Q.  

 
4.2.5 Statistical analyses 
 
The characteristics of patients with or without HIV-1 DNA sequencing results 

were compared using Wilcoxon rank-sum test, t-test, or Fisher’s exact test. 

Predictors of virological failure were explored by logistic regression analysis; 

all available variables were considered for inclusion and those with p≤0.2 in 

the univariate analysis were retained in the multivariable model. 

 
4.3 RESULTS 

 
4.3.1 HIV-1 DNA RAMs at study entry 

The study population is described in (Table 4.1). There were 76/81 (93.8%) 

patients with PBMC samples, and of these 60/76 (78.9%) yielded a HIV-1 DNA 

sequence. Five patients did not have a PBMC sample for sequencing, 

whereas 16 did not yield a HIV-1 DNA sequence in ≥2 attempts and no further 

attempts were possible due to limited sample volume. Relative to patients with 

HIV-1 DNA sequencing results, those without had a lower HIV-1 DNA load 

(p=0.0004) and a higher nadir CD4 cell count (p=0.05) (Table 4.2).  
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Table 4.1. Characteristics of the darunavir/ritonavir arm at study entry (n=81) 
Table 15  

aGSS and HIV-1 subtype were determined in 60/81 patients based on HIV-1 DNA sequencing 
results; bOther subtypes comprised CRF11_cpx (n=3), and subtypes D, H, F1, CRF01_AE, 
CRF37_cpx, CRF06_cpx, and CRF18_cpx (one of each). Abbreviations: AIDS=acquired 
immune deficiency syndrome; ART=antiretroviral therapy; NNRTI= non-nucleoside reverse 
transcriptase inhibitor; PI/r=boosted protease inhibitor.      
            
            
            
            
            
      
 
 
 
 
 

Characteristic 
 

Female, n (%) 61 (75.3) 
Age, median years (IQR) 45 (38, 51) 
Time since HIV diagnosis, median years (IQR) 8.8 (5.9, 11.1) 
CD4 count, median cells/mm3 (IQR) 466 (341, 615)  
Nadir CD4 count, median cells/mm3 (IQR) 90 (37, 167)  
History of AIDS, n (%) 12 (14.8) 
HIV-1 DNA, median log10 copies/106 PBMC (IQR) 2.9 (2.5, 3.3) 
Antiretroviral drugs  
ever experienced, n (%) 

Lamivudine 81 (100) 
Tenofovir 73 (90.1) 
Zidovudine 72 (88.9) 
Stavudine 41 (50.6) 
Didanosine 13 (16.0) 
Abacavir 9 (11.1) 
Nevirapine 50 (61.7) 
Efavirenz 43 (53.1) 
Lopinavir/ritonavir 79 (97.5) 
Indinavir/ritonavir 9 (11.1) 
Atazanavir/ritonavir 5 (6.2) 

Duration of exposure, 
median years (IQR) 

Total ART  7.6 (5.3, 9.8) 
Tenofovir 2.9 (1.3, 4.6) 
Zidovudine  2.4 (1.5, 4.0) 
Stavudine  2.6 (1.3, 4.0) 
NNRTI  3.1 (1.6, 5.5) 
PI/r 3.2 (1.3, 5.8) 

ART regimen  
at study entry, n (%) 

Tenofovir/lamivudine + lopinavir/ritonavir 69 (85.2) 
Tenofovir/lamivudine + atazanavir/ritonavir 2 (2.5) 
Tenofovir + abacavir + lopinavir/ritonavir 1 (1.2) 
Abacavir + didanosine + lopinavir/ritonavir  5 (6.2) 
Zidovudine/lamivudine + lopinavir/ritonavir 4 (4.9) 

GSS of ART regimen  
at study entry, n (%) a 

3 22 (27.2) 
2 22 (27.2) 
1.5 1 (1.2) 
1.25 10 (12.3) 
1 5 (6.2) 

HIV-1 subtype, n (%) a CRF02_AG 35 (43.2) 
A1 10 (12.3)  
G 5 (6.2) 
Otherb 10 (12.3) 
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Table 4.2. Characteristics of patients with and without a HIV-1 DNA sequencing result 
Table 16  

 HIV-1 DNA resistance test result 
Characteristic Available Not available P-value  
Total number (%) 60 (100) 21 (100)  - 
Female, n (%) 42 (70.0) 19 (90.5) 0.080 
Age, median years (IQR) 46 (42, 51) 42 (38, 51) 0.311 
Time since HIV diagnosis, median years (IQR) 8.3 (5.6, 10.5) 9.9 (6.5, 11.3) 0.190 
CD4 count, median cells/mm3 (IQR) 407 (322, 552) 477 (390, 734) 0.070 
Nadir CD4 count, median cells/mm3 (IQR) 76 (34, 161) 134 (77, 198) 0.050 
History of AIDS-defining disease, n (%) 10 (16.7) 1 (4.8) 0.273 
HIV-1 DNA, median log10 copies/106 PBMC (IQR) 3.0 (2.7, 3.4) 2.6 (1.2, 2.9) <0.001 
ART duration, median years (IQR) 7.6 (5.3, 9.4) 6.3 (5.3, 10.2) 0.897 
Tenofovir duration, median years (IQR) 2.8 (1.7, 4.7) 3.0 (1.8, 4.0) 0.687 
Zidovudine duration, median years (IQR) 2.3 (1.7, 4.1) 2.6 (0.9, 3.6) 0.310 
Stavudine duration, median years (IQR) 2.3 (1.3, 3.3) 3.4 (1.6, 4.9) 0.316 
NNRTI duration, median years (IQR) 4.0 (2.4, 6.0) 4.6 (1.9, 6.9) 0.859 
PI/r duration, median years (IQR) 3 (1.2, 5.5) 3.4 (1.8, 6.0) 0.276 
ART regimen at study entry, n (%)     
 Tenofovir/lamivudine + lopinavir/ritonavir 51 (85.0) 18 (85.7) 0.789 

   Abacavir + didanosine + lopinavir/ritonavir  4 (6.7) 1 (4.8) 
 Zidovudine/lamivudine + lopinavir/ritonavir 2 (3.3) 2 (9.5) 
 Tenofovir/lamivudine + atazanavir/ritonavir 2 (3.3) -  
 Tenofovir + abacavir + lopinavir/ritonavir 1 (1.7) -  
Abbreviations: AIDS=acquired immune deficiency syndrome; ART=antiretroviral therapy; 
NNRTI= non-nucleoside reverse transcriptase inhibitor; PI/r=boosted protease inhibitor.   
 

Among 60 patients with a successful HIV-1 DNA sequence, NRTI and NNRTI 

RAMs occurred in 39/60 (65.0%) and 41/60 (68.3%) patients, respectively 

(Table 4.3); 37/60 (61.6%) samples had dual-class mutations. The most 

prevalent NRTI RAMs were M184V/I and thymidine-analogue mutations 

(TAMs) comprising both pattern 1 (codons 41, 210, 215) and pattern 2 (codons 

67, 70, 215, 219) TAMs, with a median number of 2 TAMs (range 1-5). There 

were three patients (subtype G and CRF02_AG) with the D30N mutation in 

PR. The three patients had received between 1 and 3 years of ritonavir-

boosted lopinavir (LPV/r)-based triple ART and had no history of prior 

exposure to nelfinavir, an older PI that selected for D30N in patients with 

viraemia. Two of the patients showed evidence of sequence hypermutation. 

Overall, 6/60 (10%) HIV-1 DNA sequences showed hyper mutation including 

the two with D30N and one each with M184I, E138K and M230I. Eleven HIV-

1 DNA sequences (18.3%) showed the presence of stop codons at RT amino 

acid positions 24, 42, 48, 71, 88, 120, 153, 212, 219, 229, and 239), 

suggestive of defective, non-replicative proviruses.  
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Table 4.3 Resistance-associated mutations (RAMs) in baseline HIV-1 DNA and rebound 
HIV-1 RNA   
Table 17  

Resistance profile HIV-1 DNA, N (%) HIV-1 RNA, N (%) 
 Total tested 60  21  
 ≥ 1 NRTI RAM, n (%) 39 (65.0) 9 (42.9) 
 ≥ 1 TAMa 29 (48.3) 5 (23.8) 

 1 TAM 13 (21.6) 1 (4.8) 
 2 TAMs 5 (8.3) 3 (14.3) 
 ≥ 3 TAMs 11 (18.3) 1 (4.8) 

 TAM-1 profile  10 (16.7) 2 (9.5) 
 TAM-2 profile 15 (25.0) 2 (9.5) 
 Mixed/other TAM profile 4 (6.7) 1 (4.8) 
 ≥ 1 Discriminatory RAM 36 (60) 5 (23.8) 

 K65R 2 (3.3) - 
 L74V 3 (5.0) - 
 L74I 2 (3.3) - 
 M184V 30 (50.0) 5 (23.8) 
 M184I 3 (5.0) - 
 M184I/V 2 (3.3) - 

 MDR and Miscellaneous RAMs 5 (8.3)  
 Q151M/L 3 (5.0) - 
 T69ins 1 (1.7) - 
 T69D/N 1 (1.7) - 
 T69N - 1 (4.8) 

 ≥ 1 NNRTI RAM 41 (68.3) 7 (33.3) 
 A98G 9 (15.0) 2 (9.5) 
 L100I 1 (1.7) - 
 K101E 4 (6.7) 2 (9.5) 
 K101H 1 (1.7) - 
 K101P/T 1 (1.7) - 
 K103N 20 (33.3) 3 (14.3) 
 V106A 3 (5.0) - 
 V106M - 1 (4.8) 
 V108I 6 (10.0) - 
 E138G 2 (3.3) - 
 E138K 1 (1.7) - 
 Y181C 14 (23.3) 1 (4.8) 
 Y188L 2 (3.3) - 
 Y188C 1 (1.7) - 
 Y188H - - 
 Y188F/H/L 1 (1.7) - 
 G190A 9 (15.0) 2 (9.5) 
 H221Y 5 (8.3) - 
 P225H 2 (3.3) - 
 F227L 3 (5.0) - 
 M230I 3 (5.0) 2 (9.5) 
 M230L 1 (1.7) - 
 K238T 4 (6.7) - 
 Y318F 1 (1.7) - 

 PI RAM  D30N 3 (5.0) 2 (9.5) 
aTAM-1 profile comprised ≥1 of M41L, L210W, T215Y; TAM-2 profile comprised  ≥1 of 
D67N/G, K70R, T215F (or T215I/V occurring with other TAM-2 RAMs), K219 Q/E/R; 
mixed/other TAM profile comprised mixutures of TAM-1 and TAM-2 RAMs or occurrence of 
T215S as the sole TAM. Abbreviations: PBMC= Peripheral blood mononuclear cells; NRTI= 
Nucleot(s)ide reverse transcriptase inhibitor; TAM= Thymidine analogue mutation; MDR= 
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Multi-drug resistance; NNRTI= Non-nucleoside reverse transcriptase inhibitor; PI=protease 
inhibitor. 
 

4.3.2 HIV-1 DNA RAMs as predictors of virological failure  

Overall, 16/81 (19.8%) patients in the DRV/r arm met the definition of 

virological failure, comprising either confirmed (n=9) or last available (n=7) 

viral load >400 copies/ml. Mean adherence levels were 97.3% (±2.9) by pill 

count and 97.3% (±3.5) by visual analogue scale (VAS) in the DRV/r 

monotherapy arm overall. By univariable analysis, the risk of virological failure 

was lower in older patients and those with a lower HIV-1 DNA load, higher 

VAS-based adherence, and either detectable HIV-1 DNA RAMs or unknown 

HIV-1 DNA RAM status (due to missing data) (Table 4.4). After adjustment, 

higher adherence by VAS and detection of HIV-1 DNA RAMs remained 

independently predictive of a reduced risk of virological failure. 
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                Table 4.4 Factors associated with virological failure in the darunavir/ritonavir arm (confirmed or last available viral load >400 copies/ml) 
 

Table 18  

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 Abbreviations: ART= antiretroviral therapy; PI=protease inhibitor; RAM=resistance associated mutations; VAS= visual analogue scale.        

  
Univariable analysis Multivariable analysis 

Characteristic  Alteration  OR (95% CI)  P value  AOR (95% CI)  P value 
Gender  female versus male 0.66 (0.20-2.20) 0.500 

  

Age per 5 year older 0.75 (0.54-1.04) 0.087 0.94 (0.87-1.01) 0.119 
Time since HIV diagnosis  per year longer 0.92 (0.78-1.09) 0.348   
CD4 count   per 50 cells/mm3 higher 1.04 (0.94-1.14) 0.496   
Nadir CD4 count per 50 cells/mm3 higher 0.92 (0.64-1.31) 0.867 

  

History of AIDS  yes versus no 1.44 (0.34-6.06) 0.622   
HIV-1 DNA per log10 copies/106 PBMC higher 1.80 (0.72-4.50) 0.211 2.80 (0.80-9.99) 0.109 
ART duration per year longer 0.91 (0.76-1.09) 0.325  

 

PI duration  per year longer 0.96 (0.79-1.16) 0.667 
  

≥1 RAM in HIV-1 DNA  yes versus no  0.31 (0.09-1.09) 0.069 0.15 (0.03-0.82) 0.028 
 unknown versus no 0.17 (0.03-0.94) 0.042 0.29 (0.04-2.06) 0.218 
Pill count  per 10% increment  0.55 (0.15-2.03) 0.367   
VAS  per 10% increment 0.21 (0.06-0.69) 0.011 0.04 (0.01-0.37) 0.004 
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4.3.3 RAMs in rebound plasma HIV-1 RNA  
 
In the darunavir/ritonavir arm, UDS was performed retrospectively with plasma 

samples from 21 patients. The patients had experienced viral load rebound 

>60 copies/ml between study week 12 and week 48 (median week 30). UDS 

was undertaken with plasma samples collected between week 12 and week 

48 (median week 36), when the viral load ranged between 2.0 and 4.1 log10 

copies/ml (median 3.0). There were 7/21 (33.3%) samples with ≥1 NRTI RAM 

and 8/21 (38.1%) with ≥1 NNRTI RAM (Table 4.2), including 6/21 (28.6%) 

samples with mutations to both classes. No sample had darunavir RAMs. Most 

RAMs occurred at frequency >15%; there were 7 RAMs that occurred at a 

frequency between 1% and 9%. Two patients (CRF02_AE and CRF02_AG) 

showed the PR RAM D30N at low frequency (3-4%); the sequences had no 

evidence of hypermutation. The patients had previously experienced LPV/r for 

>4 years and had no record of exposure to other PI/r including nelfinavir, and 

neither had D30N in their baseline PBMC. There was no phylogenetic linkage 

between the five patients showing D30N in PBMC (n=3) or plasma (n=2) to 

suggest that they were part of a transmission cluster (Figure 4.1).   

  

4.3.4 Comparison of HIV-1 DNA and HIV-1 RNA sequences  
         
There were 16 patients with paired PBMC HIV-1 DNA and plasma HIV-1 RNA 

sequencing data. For each patient, the phylogenetic analysis confirmed 

linkage of the paired sequences (Figure 4.2). When comparing rebound HIV-

1 RNA with baseline HIV-1 DNA (Table 4.5), the resistance patterns were 

either fully or partially consistent in 10/16 (62.5%) samples. There were 7/16 

(43.7%) patients with ≥1 RAM in PBMC alone, including 3 with in-frame stop 

codons indicative of a defective genome.  
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Figure 4.0.1  

Figure 4.1 Maximum-likelihood phylogenetic tree to evaluate linkage between sequences with 
the D30N mutation in protease (1000 bootstrap replicates). There were five patients that 
showed D30N in either peripheral blood mononuclear cell (PBMC)-associated HIV-1 DNA (in 
red; n=3) or plasma HIV-1 RNA (in blue; n=2).  
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Figure 0.2  

Figure 4.2 Maximum-likelihood phylogenetic tree to evaluate linkage between paired 
sequences derived in each patient from peripheral blood mononuclear cell (PBMC)-
associated HIV-1 DNA and plasma HIV-1 RNA (1000 bootstrap replicates). 
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Table 19  

 

 
Table 4.5: Comparisons of resistance associated mutations (RAMs) in baseline PBMC and plasma rebound 

 

aThe pattern of RAMs detected in HIV-1 DNA compared to HIV-1 RNA was classed as fully consistent (FC), partially consistent (PC), RAMs in plasma only 
(PLO), or RAMs in PBMC only (PBO); the detection of defective provirus in indicated. bRAMs were detected by Sanger sequencing. cRAMs were detected by 
ultradeep sequencing; the frequency of the mutant is indicated in brackets; dSequences with evidence of hyper mutation (may affect D30N in protease and 
E138K, M184I, and M230I in reverse transcriptase). Abbreviations: PBMC= peripheral blood mononuclear cells; VL= plasma HIV-1 RNA load in copies/ml; 
ART=antiretroviral therapy; TDF= Tenofovir; TA= Thymidine analogues (zidovudine or stavudine); NNRTI=non-nucleoside reverse transcriptase inhibitor; PI= 
protease inhibitor; NRTI= nucleot(s)ide reverse transcriptase inhibitor; VF=virological failure.  

ID / 
Group 

 Baseline Viraemia Patterna 
 Duration of exposure RAMs in HIV-1 DNAb  Week  VL RAMs in HIV-1 RNAc  

Arm ART  TDF TAs  NNRTI  PI NRTI  NNRTI  PI   NRTI NNRTI PI  
024/VF DRV/r 10.9 4.9 0.0 5.8 10.6 None None None 48 410 None None None FC 
047/VF DRV/r 7.6 2.8 4.7 5.8 1.8 None None None 48 595 None None None FC  
053/VF DRV/r 1.9 1.7 0.7 0.2 1.9 None None None 12 5454 None None None FC  
179/VF DRV/r 3.7 1.0 2.7 2.7 1.0 None None None 48 1506 None None None FC  
274/VF DRV/r 8.5 6.4 2.0 2.1 6.4 None None None 24 489 None None None FC  
082/VF DRV/r 6.9 1.7 5.8 5.7 1.2 None K103N None 24 13024 None K103N(1) None FC  
002/VF DRV/r 6.3 1.3 5.0 5.0 1.3 M184V T215F K101E G190A None 48 2707 M41L(2) M184V(99) 

T215F(67)  
K101E(98) G190A(99) None PC 

315/VF DRV/r 13.7 5.5 8.1 3.8 9.9 M41L M184V K101E K103N None 36 1608 M41L(99)T215Y(95) 
T215C(4)  

None None PC 

238/VF DRV/r 7.4 5.1 2.3 1.7 5.7 None None None 48 1098 None M230(1) None PLO 
275/VF DRV/r 5.6 2.7 2.8 4.3 1.3 None K103N None 24 13381 None None None PBO 
294/VF DRV/r 1.7 1.7 0.6 0.7 1.0 K70R None None 36 621 None None None PBO 
052/VF DRV/r 9.1 4.0 5.1 5.1 4.0 K65R K70R V75I 

F77L F116Y 
Q151LM M184I 

V108I E138G 
Y181C G190A 

H221Y 

None 48 3715 None None None PBO/  
defectived 

303/VF DRV/r 7.7 1.7 4.0 4.0 3.7 M41L D67N 
K70R L74I M184IV  

T215F K219R 

L100I K103N None 12 1758 None None None PBO/ 
defectived  

208/Blip DRV/r 9.0 4.4 4.5 4.6 4.4 M184V T215Y A98G, Y181C None 48 201 M184V(67) M41L(60) 
T215Y(24) 

A98G(33) Y181C(73) 
M230I(9) 

D30N(4) PC 

218/Blip DRV/r 9.4 4.6 4.8 4.8 4.6 M41L L74I M184V  
L210W T215Y 

A98G K103N 
P225H 

None 24 105 M184V(53) T215F(38) A98G(21)  K103N(32) 
Y232H(17) 

D30N(3) PC 

222/Blip DRV/r 7.4 3.5 3.9 4.0 3.4 None M230I None 12 823 None None None PBO/  
defectived  
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4.3.5 Gag mutations at viraemia 
 
Eight patients with virological failure had at least one available plasma 

sample for gag sequencing, with four patients having samples from ≥2 

timepoints; the earliest available timepoint was study week 12 (Table 4.6). 

The median viral load at time of testing was 3.6 log10 copies/ml (range: 3.1-

4.5). Four patients had at ≥1 CS mutation and all had ≥4 non-CS mutations 

associated with PI exposure; none showed PR RAMs. Of the four patients 

with CS mutations, two had T375A and one had T375N in p2/p7, and two 

had K436R in p7/p1; one patient showed both T375A and K436R. All four 

patients had infection with CRF02_AG and had experienced LPV/r as the 

sole PI prior to DRV/r. There was one patient with evidence of gag CS 

evolution during DRV/r monotherapy (subject ID 275, Table 4.6). The patient 

had received LPV/r-based triple ART for 1.3 years prior to study entry. At 

week 24 of DRV/r monotherapy (first available time point) T375N was 

detected in p2/p7. At study week 36, T375N was replaced by K436R in 

p7/p1. All patients with CS mutations achieved virological suppression after 

returning to triple PI/r-based ART. There was limited evidence of evolution 

at gag non-CS sites; one patient (subject ID 243, Table 4.6) showed 

emergence of two mutations (D121G, P478Q) at study week 36, in the 

absence of CS mutations; at this time the patient re-introduced triple ART 

due to virological failure and subsequently achieved virological suppression.  
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Table 4.6 Gag mutations in rebound HIV-1 RNA during darunavir/ritonavir monotherapy 
 
Table 20  

Subject 
ID 

Study 
week 

Viral load 
(copies/m) 

ART 
duration 
(years) 

Duration of  
PI exposure 
(years) 

Protease  
RAMs 

Gag mutations 
CS Non-CS 

052 48 3715 9.1 4.0 None T375A, K436R N126S, T186M, T190I, S310T, T469I  
053 12 5454 1.9 1.9 ND None D121A, T186M, T371Q, F463L 
053 24 15756 2.1 2.1 None None D121A, T186M, T190I, F463L 
082 24 13024 7.1 1.2 ND None K114R, D121A, N126S, T186M, T190I, S310T, T371Q, F463L, T491I 
082 36 1137 7.4 1.4 None None              D121A, N126S, T186M, T190I, S310T, T371Q, F463L, T491I 
082 48a 3815 7.6 1.7 ND None              D121A, N126S, T186M, T190I, S310T, T371Q, F463L, T491I 
243 24  23933 3.8 1.2 ND None K113Q, N126S, T186M, T190I, S310T, T371Q, T469I 
243 36 4376 4.0 1.4 None None K113Q, D121G, N126S, T186M, T190I, S310T, T371Q, T469I, P478Q 
274 36 4005 8.5 6.4 None T375A K113Q, T186M, T190I, S310T, T371Q, T469I, 
275 24 13381 5.6 1.3 ND T375N I94V, K113Q, N126S, T186M, T190I, S310T, T469I, P478Q 
275 36 30762 5.8 1.5 None K436R I94V, K113Q, N126S, T186M, T190I, S310T, T469I, P478Q 
303 12 1758 7.7 3.7 ND None N126S, T186M, S310T, T469I 
315 12 1156 13.7 9.9 ND None D121G, T186M, T190I, S310T, T371Q 

aPatient re-introduced tenofovir DF/lamivudine at study week 36 due to virological failure. Abbreviations:  ART= antiretroviral therapy; PI=protease inhibitor; 
RAMs= resistance-associated mutations; ND= not done; CSM= cleavage site mutations.  
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4.4 DISCUSSION 
 
Among patients who switched from suppressive second-line ART with 2 

NRTIs + PI/r to DRV/r monotherapy, 19.8% experienced virological failure 

over 48 weeks. Detection of HIV-1 DNA RAMs at study entry and higher VAS-

measured adherence during the study independently predicted reduced odds 

of virological failure in this population. Thus, the study provides novel insights 

about the role of RAMs as predictors of virological outcomes in treatment-

experienced populations in sub-Saharan Africa. At study entry, the mutational 

patterns in HIV-1 DNA were overall reflective of prolonged viraemia on first-

line NNRTI-based ART. Mutations selected by lamivudine (M184V) and 

zidovudine or stavudine (TAMs) were common, as were the nevirapine and 

efavirenz RAMs K103N and Y181C. Further emergence of NRTI RAMs may 

have occurred during undocumented periods of viraemia on two NRTIs + PI/r. 

A previous pooled analysis indicated that detecting RAMs at failure of first-line 

ART with 2 NRTIs + NNRTI predicted improved responses after starting 

second-line ART with 2 NRTIs + PI/r142. Here, detecting NRTI and NNRTI 

RAMs in HIV-1 DNA of virologically suppressed patients receiving 2 NRTIs + 

PI/r predicted a reduced risk of virological failure after switching to DRV/r 

monotherapy. The effect persisted after considering other proposed predictors 

of responses to PI/r monotherapy, including adherence, HIV-1 DNA load, and 

nadir CD4 cell counts236. Whereas NRTIs are expected to retain partial 

antiviral activity despite the presence of RAMs, the findings imply a predictive 

role for pre-existing NRTI RAMs that is partially independent of residual NRTI 

activity. RAMs may be a proxy for unknown co-variables. It may also be 

proposed that patients who develop resistance while receiving ART have 

relatively higher levels of adherence (hence higher drug selective pressure) 

than patients who experience failure without resistance and maintain higher 

adherence levels during subsequent treatment lines. Thus, RAMs may act as 

an additional, sensitive indicator of overall compliance with treatment in these 

populations. 

 
Previous studies of PI/r monotherapy in Western Europe reported a low risk 

of emerging protease RAMs in rebound plasma HIV-1 RNA using Sanger 
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sequencing231. Most previous studies employed conventional (Sanger) 

sequencing for detecting resistance at virological rebound. A recognised 

limitation of Sanger sequencing is the inability to detect viral variants occurring 

at low frequency (~ <15%) in a sample. Two studies applied more sensitive 

testing techniques. One employed single genome sequencing in five patients 

who had experienced viral load rebound >400 copies/ml during DRV/r 

monotherapy: darunavir RAMs [V32I, I47V, I50V] were found in one patient 

lacking the mutations by Sanger sequencing237. A second study undertook 

UDS in 14 patients who had experienced viral load rebound >1000 copies/ml 

during DRV/r monotherapy: one patient lacking protease RAMs by Sanger 

sequencing showed I54T, which is not a recognised darunavir RAM238. Our 

study extends these data by undertaking UDS in 21 patients with viral load 

>60 copies/ml during DRV/r monotherapy. No darunavir RAMs were seen to 

emerge in the 21 patients. Rather, the resistance profiles in rebound HIV-1 

RNA were largely, albeit not fully, reflective of those detected in baseline HIV-

1 DNA.  

 
In a subset of patients, additional RT RAMs were found in rebound plasma 

that had not been seen in HIV-1 DNA. In some cases, the mutations occurred 

at very low frequency in the patient’s sample, casting doubt as to the 

significance. It should be noted that Sanger sequencing was used to test for 

RAMs in PBMC and UDS  might have increased detection of RAMs in these 

samples239.  Conversely, a subset of patients showed additional RT RAMs in 

baseline PBMC, but three of these had evidence of defective provirus, which 

is not expected to sustain virus production; although, a  recent study has 

shown defective provirus is capable of transcribing transcripts with replication 

competent open reading frame which can be detected in peripheral blood 

cells240.  Previous studies showed that in patients on ART a large fraction of 

proviral DNA is defective due to the presence of hypermutation, deletions, and 

other defects148,234. Conversely, little or no hypermutation has been observed 

in plasma HIV-1 RNA241. Two patients had the protease RAM D30N in 

rebound HIV-1 RNA but not in baseline HIV-1 DNA. D30N is a non-

polymorphic substrate-cleft mutation that is selected by and causes high-level 

resistance to nelfinavir242. The aspartate-to-asparagine substitution alters the 
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hydrogen bond interaction with the aniline NH2 group of darunavir, resulting 

in some loss of binding affinity243. Arguing against selection by DRV/r, D30N 

was also detected in baseline HIV-1 DNA of three patients prior to exposure 

to darunavir. Patients with D30N had been exposed to LPV/r for up to 4.6 

years and had no recorded exposure to any other PI/r including nelfinavir. 

There is no evidence that LPV/r would select for D30N242, leaving the 

possibility that the mutation was acquired at the time of transmission. The 

phylogenetic analysis did not show linkage between the five patients, which 

would suggest multiple sources of infection. HIV-1 subtypes showed no 

specific association and comprised CRF02_AG in two patients and subtypes 

A1, G and CRF01_AE in one patient each.  

 
PCR-induced error or viral hypermutation may provide additional explanations 

for the detection of D30N. Overall, six patients (10%) showed A3G 

hypermutation in the HIV-1 DNA amplicon. The A3 cytidine deaminases 

contribute to  broad innate immunity by inducing extensive guanidine to 

adenosine (G to A) mutagenesis in viral progeny244, which can prevent the 

formation of functional proviruses245. Substitutions that can reflect the effect 

of hypermutation include D30N in PR234 and E138K, M184I, G190E, and 

M230I in RT148,232,233. Indeed, we found evidence of hypermutation in two 

patients with D30N and three patients with a RT mutation; E138K (one 

patient), M184I (three patients), M230I (three subjects). In addition to 

hypermutation and in context with the observation of improved virological 

response during DRV/r monotherapy, it could be further asserted that the high 

prevalence of RAMs in peripheral cells reduces viral fitness and partially 

improves virological outcome during DRV/r monotherapy by diminishing virus 

replication capacity.   

 

Although previous reports have shown low risk of the emergence of PR RAMs 

during PI/r treatment, PIs can select for mutations in gag, the enzyme natural 

substrate, which may precede the emergence of mutations in PR246 and has 

been proposed to play a role in virological failure148,241,246. These mutations 

can reduce the binding affinity of PIs to the gag-binding cleft and can also 

improve gag processivity and viral fitness247–249. The most common CS 
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mutation in our study occurred at position 375 of p2/p7. Only in one patient we 

were able to observe CS evolution during failure of DRV/r monotherapy, 

whereby the T375N mutation detected at week 24 was replaced by K436R in 

p7/p1at week 36. There was limited evidence of evolution at gag non-CS sites. 

T375A/N has been previously observed in both ART-naïve patients and ART-

experienced patients from Cameroon248 and Nigeria250, and together with the 

K436R has been implicated in failure of PI-based ART251. In a previous report 

introducing the T375A mutation by site directed mutagenesis in to a wild-type 

reference strain, replication competence of  the wild-type reference strain 

increased from 100 to 146% indicating improved viral fitness in the presence 

of this mutation252. In our study, all patients with gag CS and non-CS mutations 

regained virological suppression after returning to triple PI/r-based ART, 

arguing against a profound resistance effect.  

 

There are limitations to this study. As indicated, due to the need to compare 

results obtained in the United Kingdom with those generated on site in 

Cameroon, we used Sanger sequencing for detecting RAMs in HIV-1 DNA. 

This may have reduced the ability to detect rarer mutations, although any 

increase in yield would ultimately depend on the size of HIV-1 DNA input, 

which is often small in ART-suppressed patients. Also, due to the lack of 

samples, we were not able to perform gag sequencing at study entry or to 

extend the number of patients undergoing gag sequencing.  

 

Overall, this chapter provides novel insights indicating that detection of NRTI 

and NNRTI RAMs may act as an additional, sensitive indicator of overall 

compliance with treatment in populations in sub-Saharan Africa. Further, this 

study also indicates that the patterns of RAMs archived in HIV-1 DNA during 

virological suppression are relatively consistent with those that emerge at 

virological rebound, with discrepancies often reflecting the presence of 

defective provirus. Finally, the findings confirm that whilst viraemia is common 

during DRV/r monotherapy, there is no emergence of PR RAMS even by 

highly sensitive testing. Taking into account the small number of observations, 

any emergence of gag substitutions does not appear to impact the ability to 
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regain virological suppression once NRTIs are re-introduced alongside the 

PI/r.      
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CHAPTER FIVE: IMPACT OF ANTIRETROVIRAL 
TREATMENT SIMPLIFICATION ON THE 
IMMUNE ACTIVATION MARKER SOLUBLE 
CD27 

 

The work in this chapter addresses the research hypothesis that simplifying 

treatment within the MANET trial may have resulted in increasing levels of 

immune activation. Our research group previously published on the 

relationship between the activation marker soluble CD27 (sCD27) and the 

detection of residual plasma HIV-1 RNA levels during suppressive 

antiretroviral therapy (ART). I therefore set up experiments to measure 

circulating sCD27 in stored samples collected from MANET participants and 

placed the results in context by also testing stored samples from control 

populations. I performed the experimental work, analysed as well as 

interpreted the data.  

5.1 INTRODUCTION 

Left untreated, HIV-1 infection causes chronic immune activation and 

progressive damage to the immune system. ART effectively suppresses  viral 

replication and restores immune function, reducing immune-activation and 

inflammation253,254.  Despite the immune restorative effects of ART, evidence 

has shown that recovery of immune function may be incomplete, especially in 

patients initiating ART in the late stages of disease255–257.   

In September 2015, the World Health Organisation (WHO) recommended that 

all  HIV-1 positive adults should start ART at the time of diagnosis regardless 

of the CD4 cell count and clinical stage258. Prior to this, recommendations 

indicated that ART should be initiated when the CD4 count declined below 350 

cells/mm3 259, a threshold later increased to 500 cells/mm3 260. When such 

thresholds were still being applied, patients typically experienced years of 

uncontrolled viral replication before commencing ART. The effects of this long-

term exposure to chronic immune activation and inflammation are believed to 
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be long-lasting261. Even with early initiation of ART, immune function may not 

be fully restored, suggesting that some of the persistent, negative effects of 

uncontrolled HIV replication may be established in the very early stages of HIV 

infection262–264. Furthermore, it is important to highlight that for many patients, 

a HIV diagnosis is not achieved until the CD4 cell count has already declined 

below 350 cells/mm3 265, precluding early ART initiation. 

In a previous study from our research group, HIV-1 positive subjects on stable 

first-line ART with a fully suppressed viral load (as determined by routine 

assays) underwent testing for residual plasma HIV-1 RNA using a research-

only ultrasensitive assay. Overall, 52/104 (50%) patients showed evidence of 

residual viraemia. In adjusted analyses, sCD27 levels increased by 1 log10 

U/mL for each 0.4 log10 copies/ml increase in HIV-1 RNA. In contrast, no 

association was found between residual HIV-1 RNA and other inflammatory 

markers including soluble CD14 and CD30193.  

CD27 is a type-II transmembrane glycoprotein and a member of the 29 

molecule Tumor Necrosis Factor (TNF) receptor super-family266, a group of 

molecules implicated in lymphocyte survival, differentiation and memory cell 

formation266–268. CD27 is expressed on the surface of B-cells, T-cells, natural 

killer (NK) cells and hematopoietic progenitor cells193,267,269. Its function is to  

direct the activity of these cells by engaging CD70270–272. Cell surface CD27 is 

also cleaved proteolytically and released as a soluble form273. Previous 

reports have found elevated levels of sCD27 in subjects with dengue fever274 

and lymphatic filariasis275.  

 

A previous small sized cross-sectional study suggested that people receiving 

maintenance monotherapy with a boosted protease inhibitor (PI/b)  had higher 

levels of markers of activation and inflammation relative to people on standard 

ART276. Based on this preliminary report, in this chapter, I measured the levels 

of sCD27 in the MANET population at study entry (whilst on triple ART) and 

four weeks after the switch to darunavir/ritonavir (DRV/r) monotherapy. 

Control populations comprised healthy volunteers, untreated and treated 
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people with HIV-1 infection, and HIV-negative people with chronic hepatitis C 

virus (HCV) infection.  

 

5.2 METHODS 
 
5.2.1 Study subjects and cohorts 
 
The study comprised MANET study participants, control patient populations 

whose samples were collected within the ERAS, PROGRESS, EVOCK, 

HEPIK and OPTIMISE studies, and healthy volunteers recruited within the 

University of Liverpool. All studies had ethics committee’s approval as 

described in Chapter 2.  

 

The populations represented the following profiles (Table 5.1): 

i) MANET study participants sampled at study entry (baseline) and 

four weeks after treatment simplification to DRV/r monotherapy 

(chosen due to sample availability) 

ii) HIV-1 positive, ART-naïve  

iii) HIV-1 positive, virologically suppressed on first-line ART with 2 

NRTIs + NNRTI  

iv) HIV-1 positive, with plasma HIV-1 RNA load > 60 copies/ml after at 

least 6 months of triple ART 

v) HIV-negative and HCV antibody and RNA positive, untreated  

vi) Healthy volunteers  

 
5.2.2 Measurement of soluble CD27 
 
Soluble CD27 was measured using serum (MANET) or plasma (other studies) 

using a commercially available enzyme-linked immunosorbent assay (ELISA) 

kit (sCD27, eBiosciences), according to the manufacturer’s instructions277. 

The reported detection limit of the sCD27 assay is 0.2 U/mL. Each assay run 

comprised seven dilutions of a positive control in duplicate to provide the 

quantification curve; in addition, each run comprised two negative controls 

(blank wells). All patient samples had been stored in 2mL aliquots at -80oC 
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and were tested in duplicate. Across each assay, only duplicate values with a 

coefficient of variation <15% were accepted. Assay results not meeting this 

requirement were repeated. Raw data from the sCD27 ELISA runs were 

analysed using the electronic algorithm provided by the manufacturer. 

  

5.2.3 Statistical analyses 
 
The characteristics of the study populations summarised as either categorical 

or continuous variables were reported as proportions with percentages and 

medians with interquartile range (IQR), respectively. The characteristics of the 

study populations were compared by ANOVA with Bonferroni correction. The 

median levels of sCD27 in different study populations were compared using 

the non-parametric Mann-Whitney U test. The characteristics of MANET 

participants showing an increase of >15 U/mL in sCD27 between baseline and 

study week 4 were compared with the remaining MANET participants using 

Mann-Whitney U test for continuous variables and chi-squared test for 

categorical variables. Factors associated with the log-transformed levels of 

sCD27 in the HIV-1 positive population were analysed using linear regression 

analysis. Variables showing an association in the univariable analysis (p <0.2) 

were retained in the adjusted model. Additional analyses were performed to 

evaluate the effect of HCV infection; this involved i) comparison of expression 

level of sCD27 in the HCV mono-infected and HIV/HCV co-infected group by 

Mann-Whitney U test ii) exploring the effect of HCV RNA on sCD27 expression 

by univariable analysis using linear regression analysis.  

 

5.3 RESULTS  
 
5.3.1 Study populations 
 
The study comprised a total of 546 participants (Table 5.1), including 69 

MANET patients with samples available at both study entry (baseline) and 

week 4 after randomisation to DRV/r monotherapy. When comparing the 

demographic characteristics of the study populations, the prevalence of 

women varied with borderline significance (p=0.072), from 78.3% in MANET 
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to 16.8% in HIV-1 positive ART-naïve patients. Median age was comparable 

between patient groups, whereas healthy volunteers were younger (p=0.005).   
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Table 5.1: Characteristics of the study populations  
Table 21  

  HIV-1 positive HCV  
mono-infected 

Healthy  
volunteers MANET (Baseline) ART-Naïve  On ART, suppressed  On ART, viraemic 

Total number 69  89  115  138 90  45 
Age, median years (IQR) 43 (38,51) 45 (40, 51) 48 (41, 52) 48 (42, 52) 43 (35,52) 31 (39, 52) 
Females, n (%) 54 (78.3) 15 (16.8) 97 (84.3) 49 (35.5) 40 (44.4) 23 (51.1) 
CD4 count, median cells/mm3 (IQR) 423 (327, 604) 519 (436, 629) 390 (220, 629) 546 (382, 702) n/a n/a 
Nadir CD4 count, median cells/mm3 (IQR) 90 (36, 167) 450 (364, 562) 169 (70, 256) 194 (125, 296) n/a n/a 
HIV-1 RNA, median log10 copies/ml (IQR) <60 copies/ml 4.2 (3.8, 4.7) 3.5 (2.2, 4.9) <60 copies/ml n/a n/a 
Ethnicity, n(%) Black  69 (100) 5 (5.7) 40 (34.8) 138 (100) 0 (0) 8 (17.8) 
 White  - 84 (93.3) 75 (65.2) 0 (0) 90 (100) 37 (82.2) 
ART regimen, n (%)a NNRTI-based 0 (0) n/a 59 (51.3) 123 (89.1) n/a n/a 
 PI/r-based 69 (100) n/a 0 (0) 15 (10.9) n/a n/a 
 NOR - - 56 (48.7) n/a n/a n/a 
Time on ART, median years (IQR) 8.1 (5.3, 9.8)  n/a 8.8 (5.4, 11.1) 6.3 (3.5, 9.6) n/a n/a 
Time since diagnosis, median years (IQR) 9.0 (6.4, 11.3) 1.7 (0.75, 3.25) 9.1 (6.3, 11.6)  6.7 (3.7, 9.9)  n/a n/a 
sCD27 level, median U/mL (IQR)  139.8 (103.7, 177.5) 168.0 (144.6, 232.0) 163.7(123.8, 209.3) 139.2 (99.5, 208.3) 150.3 (116.3, 200.7) 85.5 (67.1, 105.2) 

aART regimen not documented for all patients. Abbreviations:  ART=Antiretroviral therapy; HCV= hepatitis C virus; sCD27=soluble CD27; n/a= not applicable; NOR=not available 
on record.  
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5.3.2 sCD27 levels after treatment simplification in MANET 
 
sCD27 levels measured at baseline were compared with those measured four 

weeks after treatment simplification to DRV/r monotherapy in 69 patients.  

Median levels increased overall after simplification and were 139.9 U/mL 

(IQR) at baseline versus 160.9 U/mL (IQR) at week 4 (p=0.010) (Figure 5.1). 

There was heterogeneity among individual patients, with levels that tended to 

increase by ≥15 U/mL in 35/69 (50.7%) patients, decrease in 21 (30.4%), and 

remain stable in 13 (18.8%) (Figure 5.2). The characteristics of the 35 MANET 

patients showing an increase in sCD27 levels are summarised in Table 5.2. 

When comparing this population with the rest of MANET patients, time on ART 

was significantly longer. 

 
Table 5.2: Characteristic of patients from the MANET trial, stratified according to the change 
in sCD27 levels observed between study entry and week 4.  
Table 22  

Characteristic sCD27 levels  p-value 
 Increased  Not increased  
Total number 35 34 - 
Age, median years (IQR) 46.1 (37.9, 51.9) 42.1 (37.9, 51.9) 0.171 
Females, n (%) 27 (77.1) 25 (73.4) 0.785 
CD4 count, median cells/mm3 451 (327, 566) 407 (328, 687) 0.084 
Nadir CD4 count, median cells/mm3 (IQR) 127 (56, 178) 69 (36, 129) 0.083 
Time on ART, median years (IQR) 9.1 (6.2, 10.5) 6.4 (4.1, 8.8) 0.014 
Time on PI/r, median years (IQR) 4.0 (1.8, 6.2) 2.5 (1.2, 5.0) 0.183 
Time since diagnosis, median years (IQR) 9.4 (8.2, 11.4) 7.3 (5.3, 10.4) 0.078 
Baseline sCD27, median U/mL (IQR) 107.4 (156.5, 237.7) 175.7 (156.5, 237.7) <0.001 

Abbreviations: ART=antiretroviral therapy; PI/r=ritonavir-boosted protease inhibitor.  
 
5.3.3 sCD27 levels across study populations 
 
All patient populations showed higher sCD27 levels than healthy volunteers 

(p<0.001) (Figure 5.1). These included people with HIV-1 infection and also 

people with HCV mono-infection. Within the HIV-1 positive populations, the 

highest levels of sCD27 were observed in ART-naïve patients. At baseline, 

MANET patients had lower sCD27 levels than ART-naïve patients (p=0.010); 

however, once levels increased at week 4, the difference was no longer 

significant.  
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Figure 0.1  

Figure 5.1 Levels of sCD27 across study populations. The middle line indicates medians. 
Differences in median levels of sCD27 were compared by Mann-U Whitney test. 
Abbreviations: HV=healthy volunteers; MANET BL= MANET baseline; MANET WK 4= 
MANET week 4; ART-Exp Suppressed= ART-experienced with suppressed viral load; ART-
Exp viraemic= ART- experienced with detectable viral load.  
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Figure 0.2  

Figure 5.2: Changes in levels of sCD27 in the MANET population sampled at baseline and week 4 after simplification to darunavir/ritonavir 
monotherapy. In group A and group B, sCD27 levels differed by an arbitrary cut-off of ≥15 U/mL between the two time points. Median expression 
levels of sCD27 before and after DRV/r was 107.4 vs 160.9 IU/ml for group A; 206.6 vs 166.1 IU/ml for group B and 161.5 vs 160.0 for group C.  
 
 

A CB

MA
NET

 Bas
eli

ne

(n=1
3)

MA
NET

 W
ee

k 4

(n=1
3)

0

100

200

300

400

500

sC
D2

7 
U/

m
l

MA
NET

 B
as

eli
ne

(n=2
1)

MA
NET

 W
ee

k 4
(n=2

1)

0

100

200

300

400

500

sC
D

27
 U

/m
l

MA
NET

 Bas
eli

ne
(n=3

5)
MA

NET
 W

ee
k 4

(n=3
5)

0

100

200

300
sC

D2
7 

U/
m

l



 
 

115 
 

5.3.4 Factors associated with sCD27 levels in HIV-1 positive 
patients 
 
In the univariate linear regression analysis (Table 5.3), factors associated with 

higher levels of sCD27 comprised male gender, older age, white ethnicity, 

ART-naïve status and higher viral load. Higher CD4 cell counts and longer 

time on ART were associated with lower sCD27 levels. Following adjustment 

in the multivariable model, the viral load remained the strongest predictor of 

sCD27 levels associated with higher levels of sCD27, with a more marginal 

effect of CD4 cell counts.  
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Table 5.3: Factors associated with log-transformed levels of sCD27 in HIV-1 positive patients (n=411) 
Table 23    Univariable analysis Multivariable analysis 

Characteristics  Coefficient  
log10 U/mL 95% CI  P-value 

Adjusted  
Coefficient  
log10 U/mL 

95% CI  P-value 

Gender  Male versus female +0.12 +0.04, +0.20 0.004 +0.01 -0.09, +0.11 0.870 
Age Per 5 years older +0.32 +0.01, +0.05 0.005 +0.02 -0.00, +0.04 0.115 
Ethnicity White versus black +0.22 +0.11, 0.33 <0.001 +0.20 -0.00, +0.40 0.050 
Time since diagnosis Per year increase  -0.00  -0.13, +0.01 0.939 ND ND ND 
CD4 count   Per 50 cell/mm3 increase -0.01 -0.02, -0.00 0.003 -0.01 -0.02, -0.00 0.016 
Nadir CD4 count Per 50 cell/mm3 increase +0.01 -0.01, +0.02 0.337 ND ND ND 
HIV-1 RNA  Per log10 copies/ml increase +4.13 +2.78, +5.49 <0.001 +4.09 +2.32, +5.86 <0.001 
ART statusa Naive versus Treated   +0.14 +0.04, +0.24 0.006 ND ND ND 
Time on ART Per year increase -0.01  -0.02, +0.00 0.008 -0.00 -0.02, +0.01 0.800 
ART regimen  NNRTI- versus PI-based  -0.03 -0.12, +0.06 0.521 ND ND ND 

a Excluded from the multivariable analysis due to co-linearity with time on ART.   Abbreviations: ART=antiretroviral therapy; ND=not done; NNRTI= 
non-nucleoside reverse transcription inhibitor; PI=protease inhibitor. 
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5.3.5 sCD27 levels by HCV RNA status  
 
Median levels of sCD27 were 150.3 U/mL among people with HCV mono-

infection, and higher than levels measured in healthy volunteers (p=<0.001). 

When comparing characteristic between the HCV population stratified by 

HIV status, there was a significant difference between age (Table 5.4).  

Expression level of sCD27 was also higher in HIV patients who were also 

positive for HCV RNA (n=56), in comparison to the HCV mono-infected 

group (p=0.003). In a separate univariable analyses, HCV RNA positivity 

was non-significantly associated with higher sCD27 levels (coefficient +0.06; 

95% CI -0.02, +0.15; p=0.123).  

 
Table 5.4: Characteristic of HCV positive subjects stratified by HIV status  
Table 24  

Characteristic   
 HIV/HCV co-infected HCV mono-infected p-value 
Total number 56 90 - 
Age, median years (IQR) 49.0 (46.5, 52.5) 42.5 (35.0, 52.0) <0.001 
Females, n (%) 19 (33.9) 40 (44.4) 0.229 
Baseline sCD27, median U/mL (IQR) 180.0 (149.1, 231.7) 150.3 (116.9, 200.4) 0.003 
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5.4 DISCUSSION 
 
This study prospectively investigated the effect of switching from triple ART 

with 2 NRTIs + PI/r to maintenance DRV/r monotherapy on the levels of the 

marker of immune activation sCD27. The findings were placed in the context 

of a cross-sectional analysis of HIV-1 positive populations with different 

treatment status, HCV mono-infected patients, and healthy volunteers.  

Overall, median levels of sCD27 increased after treatment simplification with 

DRV/r. The effect was driven by a subset of 35 patients that showed ≥15 

U/mL increase in sCD27 levels between the two time points. These patients 

had been established on ART for a significantly longer time than the other 

MANET patients.   

 

These observations indicate that in at least a subset of patients, switching to 

DRV/r monotherapy can trigger sCD27 release. As viral load was the 

strongest predictor of sCD27 levels across the control HIV-1 positive 

populations we tested, the finding may indicate virus replication in this group. 

The conclusion is also supported by previous observations from our 

research group that sCD27 was associated with the detection of residual 

plasma HIV-1 RNA. In that study, patients had received up to 10 years of 

suppressive first-line ART with 2 NRTIs + NNRTI without experiencing any 

detected episode of viral load rebound193. Approximately half had detectable 

HIV-1 RNA (up to 11 copies/mL) and there was a linear correlation between 

residual viraemia and levels of sCD27.  

 

In a previous cross-sectional study, the markers of immune activation 

sCD14, sCD163 and IL-6 showed higher levels in 40 patients receiving PI/b 

monotherapy compared with 20 subjects established on triple ART276. 

However, a cross-sectional study of patients treated for ≥1 year with DRV/r 

or LPV/r either as monotherapy or with 2 NRTIs found no difference in levels 

of CRP, IL-6, fibrinogen and D-dimer278. A longitudinal study also found that 

intensification of PI/b monotherapy with raltegravir over 48 weeks reduced 

levels of residual viraemia but did not affect the levels of the inflammatory 

markers sCD14, IP-10, IL-6, CRP and D-dimer. Along the same lines, among 
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HIV-1 positive patients receiving DRV/r monotherapy in the  MONET trial, 

after three years of treatment, levels of the inflammatory markers IL-6 and 

CRP did not differ from those of the control populations receiving  2 NRTIs 

+ DRV/r279. In the MONET study, HCV co-infection was associated with 

significantly higher IL-6 levels. This is consistent with the known effect of 

HCV on systemic inflammation280. It also noteworthy that we also observed 

that HCV infection was characterised by increased levels of sCD27. Further 

to this and in contrast to our observation in this study, a longitudinal study 

evaluating the role of HCV co-infection in a total of 56 HIV infected subjects 

on DRV/r monotherapy reported no difference in the expression level of 

sCD14 that was observed over five timepoints during 24 months of follow-

up281.  

 

ART is expected to drive reconstitution of the immune system and leads to 

reduction in viral load and increase in the CD4 count which collectively at 

least drives partial restoration of overall immune function282. However, all 

HIV-1 positive populations in our study showed higher sCD27 levels than 

healthy volunteers, including the virologically suppressed populations. It will 

be of interest to determine whether earlier initiation of ART allows an 

improved control of immune activation, resetting sCD27 levels to those of 

people without HIV; although, a previous study evaluating CXCL13 as a 

biomarker of immune activation in HIV patients initiating early ART reported 

the lack of resetting283.    

 

One point of note relating to the study population is the heterogenous nature 

of both the study control and the healthy control population. The study 

control population, which was selected on the basis of sample availability, 

included HIV/HCV co-infected patients and ART naïve patient cohorts of 

different ethnicity and HIV subtypes. Further to this, the role of other co-

infection remained unaccounted for. The healthy control population in this 

study were younger than other groups, and this may have influenced the 

findings, despite adjustment. The observation of a higher level of expression 

of sCD27 in relation to other population groups should be interpreted in 

context. Although data on expression level of sCD27 in HIV-negative 
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volunteers is limited, published evidence has found similar expression level 

of scD27 between healthy volunteers and HIV patients suppressed on 

ART193. It would however be expected that ageing is accompanied with 

immune senescence often related to an inflammatory pathogenesis and the 

older age observed in the study population could contribute to accelerated 

progression of HIV disease in HIV-positive ART naïve and treated patients284 

likely been a reflection of diminished immune function. 

 

 A further limitation of this study is that we had limited samples from MANET 

participants, which precluded a number of improvements to the study design. 

Ideally, we would have i) included all patients across both arms of MANET 

and over a longer follow-up, ii) performed a viral load measurement at week 

4, and iii) measured residual HIV-1 RNA levels at study entry. The data 

present a research hypothesis – that measuring sCD27 may be a valuable 

proxy for ongoing virus replication in patients on ART – which warrants 

further longitudinal studies in patient switching to simplified treatment 

regimens in other to assess predictive value of sCD27 as a marker for viral 

load rebound.   
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CHAPTER SIX: HEPATITIS B VIRUS (HBV) 
INFECTION AND RE-ACTIVATION DURING 
NUCLEOS(T)IDE REVERSE TRANSCRIPTASE 
INHIBITOR-SPARING MAINTAINANCE 
ANTIRETROVIRAL THERAPY IN THE MANET 
STUDY 

 
The research hypothesis in the work presented in this chapter was that 

discontinuation of HBV active drugs in a region of high HBV endemicity such 

as Cameroon may result in a risk of de-novo HBV acquisition or HBV 

reactivation. Using prospective samples from the MANET trial, I performed 

quantification and sequencing of HBV DNA. I also organised testing for 

serological HBV markers at an accredited diagnostic laboratory, analysed the 

data, and wrote a manuscript that has been published as Abdullahi A, 

Fopoussi OM, Torimiro J, Atkins M, Kouanfack C, Geretti AM. Hepatitis B 

Virus (HBV) infection and re-activation during nucleos(t)ide reverse 

transcriptase inhibitor-sparing antiretroviral therapy in a high-HBV endemicity 

setting. Open Forum Infect Dis 2018;5:ofy251.  

6.1 INTRODUCTION        
  
The World Health Organization (WHO) recommends HIV-positive adults in 

sub-Saharan Africa be treated with two NRTIs in combination with a third 

agent chosen among a non-nucleoside reverse transcriptase inhibitor 

(NNRTI), the integrase inhibitor dolutegravir, or a ritonavir-boosted protease 

inhibitor (PI/r)158. Recommended NRTI backbones comprise tenofovir 

disoproxil fumarate (TDF) or zidovudine (ZDV), together with lamivudine (3TC) 

or emtricitabine (FTC). TDF, 3TC, and FTC also have antiviral activity against 

HBV, and treatment guidelines recommend that HIV/HBV co-infected patients 

receive tenofovir for its potent dual antiviral activity and continue this through 

their initial and subsequent treatment regimens158,174. Outside of sub-Saharan 

Africa, there is established evidence that TDF, FTC, and 3TC reduce the risk 
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of HBV reactivation in patients with a resolved HBV infection who receive 

immune suppressive treatment285. In addition, HIV-positive men who have sex 

with men (MSM) receiving dually active antiretroviral regimens in Japan, 

Western Europe, and North America showed a reduced risk of HBV 

acquisition in retrospective cohort analyses286–289.   

 

Globally, an estimated 257 million people are chronically infected with HBV 

and an estimated 36.7 million people are living with HIV, with substantial 

overlap between the two185,290,291. Sub-Saharan Africa bears a 

disproportionate burden with 75 million HBV carriers and 25 million HIV-

positive people; while HIV programmes are widely established, policies for 

HBV remain underdeveloped across most of the region292. Universal 

childhood vaccination programmes are reducing HBV prevalence in some 

areas, but the impact remains uneven293,294. In typical HIV programmatic 

settings, screening for HBsAg is not implemented systematically and 

management of HIV-positive patients remains commonly blind to HBV status 
292,295–297.  There is also no systematic evaluation of HBV immune status and 

no systematic adoption of adult catch-up vaccination298.  

 

The aim of the study was to investigate the evolution of serological markers of 

HBV infection among patients switching from a programmatic triple ART 

regimen to a simplified NRTI-sparing regimen with darunavir/ritonavir 

monotherapy within the MANET trial. Stored samples collected at study entry 

and at regular follow-up visits over 48 weeks were retrieved and tested 

retrospectively to investigate de novo HBV infection and reactivation. 

6.2 METHODS 
 
6.2.1 Study population 
 
Participants were HIV-1 positive adults who took part in the MANET 

(Monotherapy in Africa, New Evaluations of Treatment) trial (NCT02155101). 

Patient’s eligibility and inclusion criteria are detailed in Chapter 2 and they 

included HBsAg negativity. A total of 80/81 patients in the monotherapy arm 

of MANET were included in this sub-analysis based on the availability of 
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samples stored at regular intervals during the 48 weeks of follow-up. Following 

randomisation, patients attended scheduled study visits at week 4, 12, 24, 36, 

and 48, after which they returned to standard of care triple therapy with 

TDF+3TC and lopinavir/ritonavir (LPV/r). Patients who experienced an 

adverse event graded as either serious or severe and those with confirmed 

virological failure (HIV-1 RNA >400 copies/ml) returned to standard of care 

triple therapy prior to week 48. Serum biochemistry, full blood counts, CD4 cell 

counts, and plasma HIV-1 RNA load were measured in the diagnostic 

laboratory of the Centre Pasteur of Cameroon in Yaoundé. The laboratory 

reference ranges for aspartate transaminase (AST) and alanine transaminase 

(ALT) were 10-40 IU/L and 8-50 IU/L, respectively.     

  

6.2.2 Laboratory testing  
   
The analysis was performed using serum and plasma samples that had been 

separated from whole blood within two hours of collection, stored at -80oC at 

CIRCB, and shipped frozen to the United Kingdom (UK). HBV serological 

markers were tested at the accredited diagnostic laboratory of Frimley Park 

Hospital NHS Foundation Trust in the UK. They comprised hepatitis B surface 

antigen (HBsAg), surface antibody (anti-HBs), total core antibody (anti-HBc), 

and e-antibody (anti-HBe) and were tested by Architect (Abbott Diagnostics). 

HBsAg positivity was confirmed by neutralisation as per recommended 

diagnostic practice299,300. Total anti-HBc were confirmed by a second test 

performed on the Cobas 8000 analyser (Roche Diagnostics). HBV DNA load 

was quantified at the University of Liverpool using the M2000sp/RealTime 

assay (Abbott Molecular) with a lower limit of quantification of 10 IU/ml. 

Samples with HBV DNA >100 IU/ml underwent sequencing of HBV 

polymerase and surface as described in chapter 2. Following sample 

extraction and amplification, amplicons were generated using a nested PCR 

protocol spanning the HBV polymerase region (covering the S and RT genes). 

After purification and quantification of the amplicons, RAMs were detected by 

Sanger sequencing on the Applied Biosystems 3730xl genetic analyser. 

Sequences were aligned with reference genotype A3 and genotype E 

sequences retrieved from GenBank, edited, and analysed using MEGA 6.0 
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(Genbank access numbers: MH165306; MH165307). Hepatitis C virus (HCV) 

RNA was detected with Aptima HCV Quant Dx (Hologic). 

 

6.2.3 Definitions and analysis  
 
All subjects tested negative for HBsAg and HBV DNA at study entry. Their 

HBV status was classed as non-immune if no other HBV markers were 

detected; immune if anti-HBs were detected; and past infection if anti-HBc 

were detected (Figure 6.1). Incident HBV infection was defined as new-onset 

detection of HBsAg or HBV DNA and total anti-HBc in subjects that tested 

negative for all HBV markers at study entry286. Possible incident HBV infection 

was defined as new-onset detection of HBsAg or HBV DNA and total anti-HBc 

in subjects showing anti-HBs as the sole detectable HBV marker at study 

entry. Among subjects that tested positive for anti-HBc at study entry, HBV 

reactivation was defined by either new-onset detection of neutralisable HBsAg 

reactivity, or new-onset detection of HBV DNA in ≥2 separate samples; 

possible HBV reactivation was defined as new-onset detection of HBV DNA 

in a single sample. The strength of reactivity of HBV markers was graded to 

facilitate interpretation (Table 6.1). Standard reporting methods were used to 

describe the characteristics of the population at study entry, which were 

expressed as either categorical or continuous variables, and reported as either 

proportions or medians with interquartile ranges (IQR), respectively. Current 

and nadir CD4 cell counts of anti-HBc positive patients with or without HBV 

reactivation were compared by the Wilcoxon-Mann-Whitney test. HBV 

incidence rates and reactivation rates per 1000-person-years with 95% 

confidence interval (CI) were calculated by dividing the number of patients 

with occurrence of incident or possible incident infection and reactivation or 

possible reactivation respectively, by the total number of person-years of 

follow-up.  Analyses were performed with STATA version 14 (StataCorp).  

 

 

 

 



 
 

125 
 

Table 6.1. HBV markers reactivity keys 
Table 25  

HBsAg 

s/c key 

<1 - 

1-10 + 

10-100 ++ 

>100 +++ 

>1000 ++++ 

anti-HBc 

s/c key 

<1 - 

1-5 + 

5-10 ++ 

anti-HBs  

IU/ml key 

<10 - 

10-50 + 

50-100 ++ 

>100 +++ 

anti-HBe 

s/c key 

>1 - 

<1 + 

HBV DNA 

IU/ml key 

<10 - 

10-100 + 

100-1000 ++ 

1000-10000 +++ 

10000-100000 ++++ 

>100000 +++++ 

 

6.3 RESULTS  
 
6.3.1 Study population  
 
At study entry, the 80 patients switching to maintenance monotherapy had 

received ART for a median of 7.4 years, including a median of 3.1 years of 

PI/r-based triple ART (Table 6.2). Most patients were receiving TDF plus 3TC 
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(70/80, 87.5%), and the predominant PI/r was LPV/r (78/80, 97.5%). The 

median CD4 count was 466 cells/mm3, although previous profound immune 

suppression was evidenced by a median nadir CD4 cell count of 92 cells/mm3. 

During follow-up, 10/80 (12.5%) patients returned to standard of care triple 

ART prior to week 48 due to a severe or serious adverse event or confirmed 

virological failure.   
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Table 6.2 Characteristics of the population at study entry, stratified according to the new-onset detection of markers of HBV replication following 
NRTI discontinuation 
Table 26  

 

BMI=Body mass index; AST= Aspartate transaminase; ALT= Alanine transaminases; NRTI= Nucleos(t)ide 
reverse transcriptase inhibitors; TDF= tenofovir disoproxil fumarate; 3TC=lamivudine; ZDV=zidovudine; 
ABC= abacavir; ddI= didanosine; ART= antiretroviral therapy; PI/r= ritonavir-boosted protease inhibitor.

      Markers of HBV replication 
Characteristic Total Yes No 
Total number (%) 80 (100) 9 (11.3) 71 (88.7) 
Females, n (%) 60 (75.0) 5 (8.3) 55 (91.7) 
Age, median years (IQR) 45 (38, 52) 48 (36, 53) 43 (38, 50) 
BMI, median kg/m2 (IQR) 25.5 (21.8, 29.1) 24.6 (23.3, 29.9) 25.7 (21.1, 28.4) 
CD4 count, median cells/mm3 (IQR) 466 (341, 615) 535 (328, 721) 423 (238, 569) 
Nadir CD4 count, median cells/mm3 (IQR) 92 (37, 173) 68 (38, 229) 96 (36, 167) 
History of AIDS, n (%) 11 (13.8) 1 (11.1) 10 (14.1) 
Haemoglobin, median g/dL (IQR) 12.3 (11.5, 13.2) 12.6 (12.5, 13.8) 12.3 (11.4, 13.1) 
Platelets, median cells x103 /mm3 (IQR) 209 (173, 256) 216 (189, 244) 230 (191, 275) 
Bilirubin, median mg/L (IQR) 5.3 (3.8, 7.7) 6.0 (4.1, 7.7) 6.6 (4.1 9.0) 
Alkaline phosphatase, median U/L (IQR) 95.0 (76.8, 123.3) 144.0 (77.0, 177.0) 116.0 (92, 138) 
AST, median U/L (IQR) 23.0 (18.0, 30.0) 27.0 (19.0, 36.0) 29.0 (24.0, 35.0) 
ALT, median U/L (IQR) 20.0 (15.0, 28.0) 22.0 (16.0, 32.0) 24.0 (18.0, 33.0) 
NRTI backbone, n (%) TDF + 3TC 70 (87.5) 7 (10.0) 63 (90.0) 
  ZDV + 3TC 4 (5.0) 0 (0) 4 (100) 
  ABC + TDF 1 (1.3) 0 (0) 1 (100) 
  ABC + ddI 5 (6.2) 2 (40.0) 3 (60.0) 
ART duration, median years (IQR) 7.4 (5.3, 9.5) 9.1 (7.1, 11.0) 7.3 (5.3, 9.8) 
PI/r duration, median years (IQR) 3.1 (1.3, 5.5) 4.0 (2.2, 5.2) 2.6 (1.3, 5.8) 
3TC duration, median years (IQR) 6.8 (5.0, 9.3) 8.8 (6.8, 9.3) 6.3 (4.5, 9.1) 
TDF duration, median years (IQR) 2.9 (1.5, 4.6) 3.6 (1.6, 4.6) 2.8 (1.2, 4.6) 
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6.3.2 HBV status at study entry 
 
All patients were HBsAg and HBV DNA negative at study entry. Overall, 60/80 

(75.0%) had evidence of a past HBV infection based on anti-HBc detection 

(Figure 6.1). Of these, 47/60 (78.3%) also had anti-HBs and/or anti-HBe, 

whereas 13/60 (21.6%) subjects had isolated anti-HBc. Anti-HBs were 

detected as the sole HBV marker in 5/60 (8.3%) patients, with median levels 

of 39 IU/ml (range 12-179). A further 15/80 (18.8%) patients tested negative 

for all HBV markers.  
Figure 0.1:  

Figure 6.1: HBV markers among subjects that tested HBsAg and HBV DNA negative at study 
entry (n=80) 
 

 

 
 
 
 

75%

19%

6% Past infection

Non immune

Immune

Anti-HBc Anti-HBs Anti-HBe HBV DNA Interpretation Total n (%) 

Positive Positive Positive Negative Past infection 25 (31.2) 

Positive Negative Positive Negative Past infection 11 (13.7) 

Positive Positive Negative Negative Past infection 11 (13.7) 

Positive Negative Negative Negative Past infection 13 (16.2) 

Negative Negative Negative Negative Non immune 15 (18.9) 

Negative Positive Negative Negative Immune   5 (6.3) 
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6.3.3 Evolution of HBV status during follow-up 
 
6.3.3.1 Incident and possible incident HBV infection 
 
Among anti-HBc negative subjects, 3/20 (15.0%) showed profiles indicative or 

suggestive of incident HBV infection, totalling 163 cases per 1000-person 

years of follow-up (95% CI 139-190). Among the 15 subjects lacking all HBV 

makers at study entry, one (6.7%) experienced de novo HBV infection, 

yielding an incidence of 73 cases per 1000 person-years (95% CI 58-91). The 

patient (CUI-125, Table 6.3) experienced a flu-like illness followed by icterus 

and grade 4 ALT and AST elevations at week 24. Based on the adverse event 

being graded as severe, TDF+3TC were reintroduced at week 26, after which 

the patient returned to standard of care triple ART. The patient was recalled 

at week 36 and week 105 for post-study follow-up. Retrospectively, the patient 

was negative for all HBV markers at study entry. Strong HBsAg reactivity and 

HBV DNA levels of 28,259 IU/ml and 232,569 IU/ml were detected at week 12 

and week 24, respectively. HBV DNA sequencing showed genotype E (Figure 

6.2), with no resistance mutations in polymerase and no mutations in the major 

hydrophobic region (MHR, amino acids 99-169) of HBsAg. HBsAg and HBV 

DNA became undetectable by week 26, and anti-HBc seroconversion was 

demonstrated at week 105, in the absence of detectable anti-HBs and anti-

HBe.  
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Figure 0.1:   

Figure 6.2: Maximum-Likelihood phylogenetic tree showing HBV subtypes
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Among the five subjects showing only anti-HBs at study entry, two (40.0%) with 

anti-HBs levels of 17 IU/ml and 12 IU/ml respectively had evolving HBV markers 

after treatment simplification, suggesting incident HBV infection (Table 6.3). In 

patient CUI-156, anti-HBc seroconversion was first detected at week 24, followed 

by detection of neutralisable HBsAg reactivity at week 36 and week 48. ALT 

levels increased by up to 2-fold relative to levels measured at study entry. HBV 

DNA was not detected at multiple sampling points (week 4, 12, 24, and 48) (Table 

6.3). In patient CUI-218, HBV DNA was first detected at week 24 (85 IU/ml) and 

again at week 36 (20 IU/ml). Seroconversion for anti-HBc and anti-HBe was 

detected at week 36, accompanied by a rise in anti-HBs levels from 12 IU/ml at 

study entry to 197 IU/ml at week 36. In this patient, no HBsAg was detected at 

multiple sampling points (week 12, 24, and 26) (Table 6.3). A grade 1 elevation 

in ALT and AST levels was observed at week 48, with the ALT increasing by >5-

fold relative to study entry; HBV markers were not measured at this time due to 

the unavailability of stored samples. HCV RNA was not detected in this group.
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Table 6.3. HBV markers among subjects with incident (patient CUI-125) or possible incident (patients CUI-156 and CUI-218) HBV infectiona 
Table 27  

aAfter study entry, study visits were planned at week 4, 12, 24, 36, and 48; given the retrospective nature of the analysis, stored samples for HBV 
testing were not available from all study visits; missing time points are indicated as not done (nd). bPatient reintroduced TDF+3TC and discontinued 
the study at week 26 due to an adverse event (acute hepatitis); the patient was recalled at week 36 and week 105 for follow-up. cPlasma HIV-1 RNA 
load in copies/ml; dCD4 count in cells/mm3. HBsAg= Hepatitis B surface antigen; anti-HBs= Hepatitis B surface antibody; anti-HBc= Total hepatitis B 
core antibody; anti-HBe= Hepatitis B e antibody; AST= Aspartate transaminase; ALT= Alanine transaminases; UD= undetectable (<60 copies/ml); 
NRTIs=Nucleos(t)ide reverse transcriptase inhibitors; TDF= Tenofovir disoproxil fumarate; 3TC= Lamivudine

Marker 
CUI-125 (female, aged 29 years)b 

Week  CUI-156 (male, aged 54 years) 
Week  CUI-218 (female, aged 65 years) 

Week 
0 4 12 24 26 36 105  0 4 12 24 36 48  0 4 12 24 36 48 

HBsAg - - +++ ++++ - - -  - nd nd - ++ +  - nd - - - nd 

anti-HBs - nd nd nd nd nd -  + nd nd ++ nd +  + nd + nd +++ nd 

anti-HBc - nd - nd nd nd +  - - - + nd +  - nd - - ++ nd 

anti-HBe - nd - - nd nd -  - nd nd - nd -  - nd - nd + nd 

HBV DNA - - ++++ +++++ nd nd -  - - - - nd -  - nd - + + nd 

AST U/L 19 23 19 661 nd nd nd  27 30 41 42 37 31  36 21 21 23 19 102 

ALT U/L 28 12 20 824 nd nd nd  27 21 35 59 39 44  20 16 18 19 16 109 

HIV-1 RNAc UD nd UD UD nd nd nd  UD nd UD UD UD UD  UD nd UD 105 UD nd 

CD4 countd 340 nd nd 426 nd nd nd  338 nd nd 268 nd 337  535 nd nd 667 nd 674 

NRTIs 
TDF 

3TC 
None None None 

TDF 

3TC 

TDF 

3TC 

TDF 

3TC 
 

TDF 

3TC 
None None None None None  

TDF 

3TC 
None None None None None 
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6.3.3.2 HBV reactivation and possible HBV reactivation 
 
Among anti-HBc positive subjects, 6/60 (10.0%) showed profiles indicative or 

suggestive of HBV reactivation, totalling 109 cases per 1000 person-years 

(95% CI, 90-131). Median CD4 counts at study entry were 508 cells/mm3 (IQR 

274-637) vs. 420 cells/mm3 (IQR 330-568) in anti-HBc-positive subjects with 

and without HBV reactivation, respectively (p=0.79); in the same population, 

median nadir CD4 counts were 59 cells/mm3 (IQR 29-108) vs. 92 cells/mm3 

(IQR 37-167), respectively (p=0.31). At study entry, patients CUI-030, CUI-

143, CUI-238, and CUI-321 had anti-HBs levels ranging between 14 and 191 

IU/ml, whereas patients CUI-052 and CUI-213 had no detectable anti-HBs. 

Profiles indicative of HBV reactivation were observed in three subjects (CUI-

030, CUI-052, and CUI-143) (Table 6.4). Patient CUI-030 showed detectable 

HBV DNA at week 12 (qualitative detection <15 IU/ml), week 24 (49 IU/ml), 

and week 48 (83 IU/ml); neutralisable HBsAg reactivity was detected at week 

48, accompanied by increased anti-HBc reactivity. Weak anti-HBe reactivity 

was transiently detected at week 24, which was confirmed by repeat testing 

of the same sample. Anti-HBs were 191 IU/ml at study entry and 179 IU/ml at 

week 36. Transaminase levels were not increased at any study visit. Patient 

CUI-052 only had two sampling points available for testing of HBV markers, 

at week 24 and week 36. HBV DNA was detected at week 24 (84 IU/ml) and 

week 36 (247 IU/ml). At week 36, HBsAg was not detected although ALT 

levels showed a marginal increase (~2-fold) relative to levels measured at 

study entry. Patient CUI-143 showed neutralisable HBsAg reactivity at week 

36, following a negative HBsAg test at week 12 and week 24. HBV DNA 

remained below detection limits at all available sampling points (week 4, 12, 

24, and 36). Anti-HBs levels were 169 IU/ml at study entry and 211 IU/ml at 

weeks 12, but declined to 69 IU/ml at week 36 coinciding with the detection of 

HBsAg. The patient experienced a grade 1 increase in transaminase levels at 

week 12 (<2-fold) preceding the detection of HBsAg.  

 

A possible HBV reactivation was observed in three subjects (CUI-213, CUI-

238, and CUI-321) based on the new-onset detection of HBV DNA at a single 

time point, in the absence of HBsAg detection (Table 6.5). HBV DNA levels 
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ranged between 20 and 60 IU/ml in this group. Transaminase levels remained 

within the laboratory reference range, although ALT levels increased by 

around 2-fold relative to study entry. Patient CUI-238 had anti-HBs levels of 

14 IU/ml at study entry and these increased to 49 IU/ml at week 36 when HBV 

DNA was detected. Patient CUI-321 showed detectable HBV DNA at week 

48, coinciding with a marked increase in anti-HBs levels from 21 IU/ml at study 

entry to >1000 IU/ml at week 48. In this patient, sequence data from week 48 

showed genotype A3 with no resistance mutations in polymerase and the 

MHR mutations Y100C and Y161FY in surface; in addition, arginine (R) was 

present at position 122 instead of lysine (K), as per the consensus sequence 

for genotype A3. HCV RNA was not detected in this group
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Table 6.4. HBV markers among subjects with HBV reactivationa 
Table 28  

aAfter study entry, study visits were planned at week 4, 12, 24, 36, and 48; given the retrospective nature of the analysis, stored samples for HBV 
testing were not available from all study visits; missing time points are indicated as not done (nd). bPlasma HIV-1 RNA load in copies/ml. cCD4 count 
in cells/mm3. HBsAg= Hepatitis B surface antigen; anti-HBs= Hepatitis B surface antibody; anti-HBc= Total hepatitis B core antibody; anti-HBe= 
Hepatitis B e antibody; AST= Aspartate transaminase; ALT= Alanine transaminases; UD= undetectable (<60 copies/ml); NRTIs=Nucleos(t)ide reverse 
transcriptase inhibitors; TDF= Tenofovir disoproxil fumarate; 3TC= Lamivudine 
 

Markers 
CUI-030 (female, aged 31 years) 

Week  CUI-052 (male, aged 41 years) 
Week  CUI-143 (female, aged 51 years) 

Week 
0 4 12 24 36 48  0 4 12 24 36 48  0 4 12 24 36 48 

HBsAg - nd nd - - +  - nd nd nd - nd  - nd - - + nd 
anti-HBs +++ nd nd ++ +++ nd  - nd nd nd nd nd  +++ nd +++  ++ nd 
anti-HBc + nd nd nd nd ++  + nd nd + nd nd  + nd nd nd nd nd 
anti-HBe - nd nd + - nd  - nd nd nd nd nd  - nd nd - - nd 
HBV DNA - nd + ++ nd ++  - nd nd + ++ nd  - - - - - nd 
AST U/L 18 24 12 15 15 14  35 35 26 24 46 30  67 62 92 40 55 26 
ALT U/L 22 16 17 11 12 13  25 25 25 28 49 30  61 78 102 38 65 26 
HIV-1 RNAb UD nd UD UD UD UD  UD nd UD UD UD 3715  UD nd UD UD UD nd 
CD4 countc 317 nd nd 360 nd 409  734 nd nd 660 nd nd  604 nd nd 657 nd 600 

NRTIs 
TDF 

3TC 
None None None None None  

TDF 

3TC 
None None None None None  

TDF 

3TC 
None None None None None 
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Table 6.5. HBV markers among subjects with possible HBV reactivationa 

abl e 29 

aAfter study entry, study visits were planned at week 4, 12, 24, 36, and 48; given the retrospective nature of the analysis, stored samples for HBV 
testing were not available from all study visits; missing time points are indicated as not done (nd). bPatient re-introduced TDF+3TC and discontinued 
the study at week 19 due to an adverse event; the patient was recalled at week 24, 36, and 48 for follow-up.  cPlasma HIV-1 RNA load in copies/ml; 
dCD4 count in cells/mm3. HBsAg= Hepatitis B surface antigen; anti-HBs= Hepatitis B surface antibody; anti-HBc= Total hepatitis B core antibody; anti-
HBe= Hepatitis B e antibody; AST= Aspartate transaminase; ALT= Alanine transaminases; UD= undetectable (<60 copies/ml); NRTIs=Nucleos(t)ide 
reverse transcriptase inhibitors; TDF= Tenofovir disoproxil fumarate; 3TC= Lamivudine

Markers 
CUI-213 (female, aged 51)b 

Week  CUI-238 (female, aged 47) 
Week  CUI-321 (male, aged 48) 

Week 
0 4 12 24 36 48  0 4 12 24 36 48  0 4 12 24 36 48 

HBsAg - nd - nd nd nd  - nd nd nd - nd  - nd nd nd nd - 

anti-HBs - nd - nd nd nd  + nd nd nd + nd  + nd nd nd + ++++ 

anti-HBc + nd nd nd nd nd  ++ nd nd nd ++ nd  + nd nd nd + nd 

anti-HBe + nd nd nd nd nd  + nd nd nd nd nd  - nd nd nd nd nd 

HBV DNA - - + nd nd nd  - nd - nd + nd  - nd - nd - + 

AST U/L 19 12 10 23 15 15  33 24 26 31 28 24  14 12 14 16 19 21 

ALT U/L 15 13 17 16 14 30  17 14 35 33 10 26  8 11 11 23 17 21 

HIV-1 RNAc UD nd UD UD UD UD  UD nd UD UD 496 1098  UD nd UD UD UD UD 

CD4 countd 566 nd nd 728 nd 680  449 nd nd 495 nd 484  143 nd nd 154 nd 192 

NRTIs 
TDF 

3TC 
None None 

TDF 

3TC 

TDF 

3TC 

TDF 

3TC 
 

TDF 

3TC 
None None None None None  

TDF 

3TC 
None None None None None 
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6.4 DISCUSSION 
 
This study was the first to assess the evolution of markers of HBV infection in 

HIV-1 positive adults who introduced NRTI-sparing ART in sub-Saharan 

Africa. The finding that patients were at risk of both clinically manifest acute 

hepatitis B and more subtle evidence of resumed HBV replication has 

implications for researchers and policy makers alike. Investigating or rolling 

out NRTI-sparing regimens in sub-Saharan Africa requires adoption of 

measures and interventions to address highly prevalent HBV exposure: a) 

systematic HBV screening including but not limited to HBsAg; b) vaccination 

of non-immune subjects; and c) monitoring of subjects with a previous HBV 

infection for evidence of reactivation. Across most of sub-Saharan Africa, such 

measures and interventions currently have limited to no implementation in 

routine practice291–295,298. 

 

WHO recommends that HIV-1 positive patients in sub-Saharan Africa receive 

ART regimens containing either TDF plus 3TC or FTC, or ZDV plus 3TC if 

HBsAg negative158,174. 3TC alone is expected to exert at least partial 

prophylactic activity against HBV acquisition288 and reactivation285. Our data, 

combined with those of the published literature, indicate that NRTI-sparing 

and other regimens omitting both tenofovir and 3TC or FTC would carry a 

more substantial risk of de-novo HBV infection and reactivation. HBsAg 

prevalence is 8.8% across sub-Saharan Africa and is highest in Central and 

West Africa301. HBV infection rates are similarly high among HIV-positive 

people in the region185. In Cameroon, whilst data are heterogeneous, HBsAg 

prevalence is around 10% in the general population302 and among HIV-

positive patients296, with overall higher rates in rural than in urban 

populations302. HBV transmission occurs early in life across sub-Saharan 

Africa, commonly through horizontal spread among young children303. 

Consistent with widespread risk of exposure, most HBsAg-negative patients 

in our study had evidence of a previous HBV infection, and were therefore at 

risk of reactivation.  
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Previous studies in high-income settings have reported on incident HBV 

infection predominantly among MSM. In Amsterdam, the overall incident rate 

was 11/1000 person-years in this group, ranging from 29/1000 person-years 

in the absence of HBV-active drugs, to 14/1000 when only lamivudine was 

used and 1.4/1000 in the presence of tenofovir 288. A similar protective effect 

of dually active ART was reported among MSM in Japan 286, and North 

America287, and among HIV patients in Switzerland289. Previous studies have 

also reported on HBV reactivation in the context of HIV-induced immune 

suppression, typically in case reports304–306. Evidence indicates that the 

likelihood of HBV reactivation during immune suppression is effectively 

reduced by the use of HBV-active antivirals285. In the setting of HIV, dually 

active ART has also been shown to reduce HBV DNA detection among HBsAg 

negative and anti-HBc positive patients307. Clinical trials that have evaluated 

NRTI-sparing ART strategies in high-income countries, including trials of PI/r 

monotherapy, have not reported on the risk of HBV infection or 

reactivation163,308,309. CD4 cell counts were overall satisfactory in our cohort, 

without a significant difference between patients with and without HBV 

reactivation. Patients however had experienced low CD4 cell counts prior to 

immune reconstitution on ART, and there was a trend for lower nadir CD4 

counts in patients with HBV reactivation relative to those without.  

 

HBV reactivation carries a risk of liver disease ranging from mild to fatal310; 

the risk of liver disease progression is augmented by HIV co-infection311. 

Detection of anti-HBs reduces the risk of HBV reactivation in populations with 

previous infection 307,312; yet two subjects in our study showed persuasive 

evidence of HBV reactivation despite anti-HBs levels >100 IU/ml. HBsAg 

contains multiple antigenic sites within MHR and mutations in this region can 

allow escape from both antibody-mediated neutralisation and HBsAg 

detection in diagnostic assays304,311,313. A patient showing anti-HBs levels 

>1000 IU/ml coinciding with the detection of HBV DNA carried the MHR 

mutations Y100C and Y161FY. In addition, the patient harboured HBV 

genotype A3, which circulates in Cameroon and carries arginine (R) rather 

than lysine (K) at surface position 122. Y100C and K122R have been 

previously recognised in the context of HBsAg-negative HBV infection (“occult 
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hepatitis B”) 314,315; Y100C has also been previously described in a patient with 

co-circulating HBsAg and anti-HBs316. When occurring in isolation, neither 

mutation appears to reduce detection of HBsAg in diagnostic tests 317,318; a 

more substantial effect has been proposed for multiple mutations occurring in 

combination318. The impact of HBV genetic evolution and escape in the 

context of HBV hyperendemicity warrants further investigations.  

 

Universal vaccination programmes have variable coverage across sub-

Saharan Africa188. Cameroon introduced infant vaccination in 2005 and 

coverage with three vaccine doses was 85% in 2016188. In our study, about 

one in five patients lacked evidence of HBV immunity. This should be 

interpreted in light of the lack of an adult catch-up immunisation programme 

in Cameroon, as also indicated by the reported poor vaccination coverage in 

healthcare workers319. A further five patients had anti-HBs as the only 

detectable HBV marker at study entry, which may be taken to indicate 

previous vaccination; their age (38-65 years) made them unlikely recipients of 

infant vaccination, and the subjects did not report vaccination, although we 

have previously noted that patients’ recall of vaccination history is generally 

poor320. An alternative hypothesis is that anti-HBs may have reflected a 

previous HBV exposure in these subjects, despite absence of anti-HBc. 

Although antibodies against HBV core usually appear shortly after infection 

and remain positive lifelong, anti-HBc negativity has been reported despite 

evidence of HBV replication, typically in the context of immune suppression, 

and including cases with detectable anti-HBs321–323. This could be explained 

by mutations or partial deletion of the core protein leading to the decreased 

levels of HBsAg, HBcAg and HBeAg and their respective antibodies. Despite 

this, it would be unusual for patients to have lost HBcAb resulting from 

previous exposure as HBcAb persists longer than any other marker and is 

regarded as an ubiquitous marker for diagnostic and epidemiological 

assessments of HBV 324. Thus, the two patients with possible incident HBV 

infection might in fact have experienced a reactivation, although it should be 

noted that anti-HBc did appear during follow-up alongside detection of HBsAg 

or HBV DNA.  

 



        

140 
 

This study has limitations. It was advantageous to have access to samples 

collected at scheduled visits over 48 weeks within a controlled trial, as this 

provided good retention into follow-up during the study period. However, the 

retrospective nature of the study prevented comparison to another treatment 

group and restricted sample availability. Thus, not all HBV markers were 

measured in all subjects at all study visits. HBV DNA sequences were 

recovered in only two subjects; due to the combination of low HBV DNA levels 

and small sample volumes no sequencing amplicons were obtained in other 

patients. A further consideration is that follow-up was attempted more than 

one year after the end of the study; whilst the treating clinician was made 

aware of the findings, study samples post week 48 could only be collected 

from one patient. Finally, standard serological measures were used to 

categorise patients with incident HBV infection or reactivation, and this must 

be regarded as a simplified approach when considering the complexity of the 

HBV marker profiles, we observed, the multiple possible phenotypes of HBV 

infection, and the modulatory effect of HIV co-infection. 

 

Nonetheless and in summary, this is the first study to report on the risk of de 

novo HBV infection and HBV reactivation among HIV-1 positive patients who 

discontinue HBV-active agents in sub-Saharan Africa. Results clearly indicate 

that HIV-1 treatment strategies for the region must take into consideration 

available infrastructure for assessing and appropriately managing HBV status, 

and must consider level of access to adult immunisation.  
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CHAPTER SEVEN: DISCUSSION 

7.1.1 Discussion  
 
It has been more than four decades since the characterisation of HIV as the 

causative agent of AIDS and more than two decades since the introduction of 

antiretroviral therapy (ART) for its treatment. Increasing access to treatment 

across sub-Saharan Africa (SSA), which account for 25.6 of 36.5 million 

people globally infected, has improved prognosis and survival rates of infected 

individuals and led to a global decline in incident infections. Despite the 

efficacy in suppressing HIV replication and preventing disease progression 

and HIV transmission, ART   the infection. Viral rebound is usually seen within 

2 weeks after cessation of therapy325, making HIV treatment lifelong. This is 

driven by the latent reservoir, which is established early in the course of the 

infection and continues to be replenished while HIV replicates. The reservoir 

resides within latently infected memory CD4 cells325–329 and persists even 

while HIV replication is fully suppressed on ART. Treating people with HIV for 

life poses a significant burden and even more so across the SSA region, which 

is home to 70% of the poorest people in the world and three-quarter of HIV-

infected individuals.  

 

The expansion of therapeutic options since the 1990s, when some HIV 

regimen comprised up to 20 tablets, has greatly improved efficacy, barrier to 

resistance, tolerability and convenience of treatment. However, there remains 

a desire to consider strategies to reduce treatment burden in long- term 

therapy. In this context, simplification of therapy after virological suppression 

is achieved remains an attractive option. The aims of treatment simplification 

are to reduce the pill burden and improve adherence, preserve future 

treatment options, reduce short and long-term drug related toxicities, and 

improve cost-effectiveness214,330–332. NRTIs are the “common denominator” or 

“backbone” of preferred ART regimens. Especially some of the older NRTIs 

had significant risk of toxicity, including renal and bone toxicity333–336 after 

prolonged exposure. One of the first attempts at simplification was the use of 

PI/b maintenance monotherapy for patients already suppressed on triple ART. 
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PI/b represent an attractive option to reduce treatment cost and NRTI-

associated drug toxicities because of high potency and barrier to 

resistance163,337–341.  

 

In this context, this thesis evaluated the outcomes of maintenance 

monotherapy with ritonavir-boosted darunavir within the MANET trial, which 

was one of the first to explore the strategy in an African population receiving 

suppressive second-line ART with 2 NRTIs and a PI/b, after failure of first-line 

NNRTI-based ART.  In Cameroon, until recently, treatment failure was defined 

as two consecutive viral load >5000 copies/ml, clinical deterioration, or a fall 

in CD4 cell count259. ART is free, however until recently viral load testing was 

not subsidised and was therefore rarely used for patient management.  This 

meant that patients were likely to experience prolonged virological failure and 

accumulate extensive drug resistance prior to a change to second-line 

ART342–344. This is well reflected in the population of the MANET trial. Patients 

had been exposed to ART for a median of 7.5 years, including PI/b-based 

triple ART for a median of 3.1 years, without routine measurement of viral 

load. When I analysed the HIV-1 DNA in PBMC collected at study entry, when 

the viral load was suppressed, I detected a high prevalence of resistance-

associated mutations (RAMs) affecting the NRTIs and NNRTIs.  

 

One other interesting observation was related to the virological data obtained 

at screening. Overall,  38% of subjects on second-line ART were viraemic and 

this was in line with a previous pooled analysis from Professor Geretti’s 

research group indicating that across SSA, 62% patients on second-line ART 

were virologically suppressed142. A further important observation however was 

that patients with suppressed viral load at the first screening, showed a high 

rate of viral rebound (14.8%) at the second screening visit, which occurred at 

a median interval of 7 weeks. Such high rate of rebound during screening 

should be taken into account when considering the results of the MANET trial. 

Findings from the virological outcome analysis showed a high risk of both low 

level and high level viraemia during DRV/r monotherapy, albeit without the 

emergence of DRV RAMs. This indicated that use of PI/b monotherapy would 

require frequent virological monitoring and prompt treatment intensification to 
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prevent potential clinical deterioration and risk of onward transmission159,221. 

This analysis however further provided novel insights into an interesting 

concept. In previous observations, it was observed that patients with 

detectable RAMs after failure of first-line NNRTI-based ART have a 

significantly higher (rather than lower) odds of attaining virological 

suppression following switch to second-line ART with 2 NRTIs and a PI/b345–

347. The justification proposed was the effect of the adherence intervention 

offered at the time of switching to second-line ART, combined with residual 

NRTI activity despite the presence of RAMs142. Findings from MANET 

however expanded this concept by showing that both adherence and 

detection of RAMs in HIV-1 DNA at study entry were independent predictors 

of reduced odds of virological failure after switching to DRV/r monotherapy. 

This indicated that the predictive effect of NRTI and NNRTI RAMs was at least 

partially independent of residual NRTI activity and possibly reflective of overall 

compliance with treatment beyond what can be measured via adherence 

assessment. In this respect, it should be noted that adherence was measured 

by visual analogue scale and pill count, with limited concordance between 

measures, clearly indicating their limitations and adherence assessment using 

biological measures would have provided better insights.  

 

Another element I explored during this PhD work was the relationship between 

HIV-1 DNA at study entry and rebound HIV-1 RNA during DRV/r monotherapy.  

Overall, I found that the archived mutational profile was largely consistent with 

that detected at rebound, although this was not full, possibly reflecting the 

presence of defective proviral genomes. There is interest currently in the use 

of HIV-1 DNA sequencing in patients on a suppressive ART regimen, to guide 

treatment modifications. The conclusions of the data presented in this thesis 

are that detection of RAMs in PBMC-derived HIV-1 DNA does not necessarily 

reflect the full mutational patterns that may re-emerge at rebound. One clear 

limitation is the small input size, with only a few cells contributing HIV-1 DNA 

to the sequencing reactions.  

 

Further to the virological and resistance outcome analysis, the work explored 

another aspect of switching virologically suppressed patients to DRV/r 
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monotherapy. The research group had previously identified that the levels of 

sCD27 were associated with persistent detection of plasma HIV-1 RNA (at 

levels <11 IU/ml) among patients receiving suppressive NNRTI-based triple 

ART. Here, I asked the question of whether levels of sCD27 in patients 

entering MANET were comparable to those detected in other patient groups 

and whether they changed after switching to DRV/r monotherapy. Interesting, 

levels of sCD27 increased in a subset of patients after the switch, suggesting 

that sCD27 could provide a marker of virus control and thus guide the 

implementation of simplification strategies. Further studies are needed to 

expand on my preliminary observations. 

 

MANET also gave me the opportunity to explore a novel aspect that had 

previously not been evaluated in the published literature. HIV treatment 

guidelines have to consider geographical location in terms of both access to 

drugs and epidemiological dynamics of the highly prevalent infection with the 

hepatitis B virus (HBV). The dual activity against both HIV and HBV of 

tenofovir and lamivudine, which form the most common NRTI backbone 

across SSA, offers prophylactic activity against both HBV infection and HBV 

reactivation. Treating HIV patients with simplified regimens thus creates 

concern if not using drugs with prophylactic activity against HBV in regions 

where HBV prevalence is high. As first documented in this research study, 

both de-novo acquisition of HBV and reactivation of previously resolved 

infection was observed after simplification to DRV/r monotherapy. It was 

notable that despite a high prevalence of both current and resolved HBV 

infections, a subset of patients had no evidence of HBV immunity, bringing 

into sharp relief the need for adult immunisation catch-up programmes.  

 

7.1.2 Future direction 
  
As we found evidence that some HIV-1 positive patients with detectable 

surface antibodies remained susceptible to HBV infection, a future study 

should address the neutralisation activity of anti-HBs and the role of escape 

HBsAg mutants in a setting where HBV hyperendemicity combines with HIV-

1 infection.   
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I aim at post-doctoral level to evaluate if HIV resistance would compromise 

the success of dolutegravir-based ART.  

 
7.1.3 General recommendation 
 
Based on the findings from this research work, the following recommendations 

can be made:  

 

x PI/b maintenance monotherapy should be contraindicated in HIV 

positive patients in SSA due to the high risk of viraemia, evidence of 

increasing levels of immune activation after simplification, and risk of 

HBV reactivation 

 

x Detecting HIV-1 RAMs in PBMC-associated HIV-1 DNA can provide a 

helpful albeit incomplete assessment of the patient’s resistance profile 

 

x A subset of HIV-1 positive patients on long-term ART continue to 

shed HIV-1 RNA in seminal fluid, requiring a prospective assessment 

of the role of STIs as well as of infectiveness.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 



        

146 
 

REFERENCES  
 
1. Centers for Disease Control (CDC). Morbidity & Mortality Weekly Report. 
Kaposi’s sarcoma and pneumocystis pneumonia among homosexual men - 
New York City and California. 1981. 
2. Vilaseca J, Arnau JM, Bacardi R, Mieras C, Serrano A NC. Kaposi’s 
sarcoma and toxoplasma gondii brain abscess in a Spanish homosexual. 
Lancet 1982; 1: 572. 
3. Centers for Disease Control (CDC). Opportunistic Infections and Kaposi’s 
Sarcoma among Haitians in the United States. 1982. 
4. 
D.SerwaddaN.K.SewankamboJ.W.CarswellA.C.BayleyR.S.TedderR.A.Weis
sR.D.MugerwaA.LwegabaG.B.KiryaR.G.DowningS.A.ClaydenA.G.Dalgleish. 
SLIM DISEASE: A NEW DISEASE IN UGANDA AND ITS ASSOCIATION 
WITH HTLV-III INFECTION. Lancet 1985; 326: 849–52. 
5. Barre-Sinoussi F, Chermann JC, Rey F, et al. Isolation of a T-lymphotropic 
retrovirus from a patient at risk for acquired immune deficiency syndrome 
(AIDS). Science 1983; 220: 868–71. 
6. Barré-Sinoussi F, Chermann JC, Rey F, et al. Isolation of a T-lymphotropic 
retrovirus from a patient at risk for acquired immune deficiency syndrome 
(AIDS). Rev Investig Clin 2004; 56: 126–9. 
7. Centers for Disease Control (CDC). Epidemiologic Notes and Reports 
Immunodeficiency among Female Sexual Partners of Males with Acquired 
Immune Deficiency Syndrome (AIDS) -- New York. 1983. 
8. Barin F, M’Boup S, Denis F, et al. Serological evidence for virus related to 
simian T-lymphotropic retrovirus III in residents of west Africa. Lancet 
(London, England) 1985; 2: 1387–9. 
9. Clavel F, Guetard D, Brun-Vezinet F, et al. Isolation of a new human 
retrovirus from West African patients with AIDS. Science 1986; 233: 343–6. 
10. Letvin NL, Eaton KA, Aldrich WR, et al. Acquired immunodeficiency 
syndrome in a colony of macaque monkeys. Proc Natl Acad Sci U S A 1983; 
80: 2718–22. 
11. Keele BF, Jones JH, Terio KA, et al. Increased mortality and AIDS-like 
immunopathology in wild chimpanzees infected with SIVcpz. Nature 2009; 
460: 515–9. Available at: https://doi.org/10.1038/nature08200. 
12. Sharp PM, Robertson DL, Gao F HB. Origins and diversity of human 
immunodeficiency viruses. AIDS 1994; 8: 
13. McMillan GC. Fatal Inclusion-Disease Pneumonitis in an Adult. Am J 
Pathol 1947; 23: 995–1003. Available at: 
https://www.ncbi.nlm.nih.gov/pubmed/19970975. 
14. Faria NR, Rambaut A, Suchard MA, et al. The early spread and epidemic 
ignition of HIV-1 in human populations. Science (80- ) 2014; 346: 56 LP – 61. 
Available at: http://science.sciencemag.org/content/346/6205/56.abstract. 
15. Coovadia HM, Hadingham J. HIV/AIDS: global trends, global funds and 
delivery bottlenecks. Global Health 2005; 1: 13. Available at: 
https://doi.org/10.1186/1744-8603-1-13. 
16. Huet T, Cheynier R, Meyerhans A, Roelants G, Wain-Hobson S. Genetic 
organization of a chimpanzee lentivirus related to HIV-1. Nature 1990; 345: 
356–9. 
17. Hirsch VM, Olmsted RA, Murphey-Corb M, Purcell RH, Johnson PR. An 



        

147 
 

African primate lentivirus (SIVsm) closely related to HIV-2. Nature 1989; 339: 
389–92. 
18. Gao F, Yue L, White AT, et al. Human infection by genetically diverse 
SIVSM-related HIV-2 in west Africa. Nature 1992; 358: 495–9. 
19. Kawamura M, Yamazaki S, Ishikawa K, Kwofie TB, Tsujimoto H, Hayami 
M. HIV-2 in west Africa in 1966. Lancet (London, England) 1989; 1: 385. 
20. Ariën KK, Vanham G, Arts EJ. Is HIV-1 evolving to a less virulent form in 
humans? Nat Rev Microbiol 2007; 5: 141. Available at: 
https://doi.org/10.1038/nrmicro1594. 
21. da Silva ZJ, Oliveira I, Andersen A, et al. Changes in prevalence and 
incidence of HIV-1, HIV-2 and dual infections in urban  areas of Bissau, 
Guinea-Bissau: is HIV-2 disappearing? AIDS 2008; 22: 1195–202. 
22. Gurtler LG, Hauser PH, Eberle J, et al. A new subtype of human 
immunodeficiency virus type 1 (MVP-5180) from Cameroon. J Virol 1994; 68: 
1581–5. 
23. Simon F, Mauclere P, Roques P, et al. Identification of a new human 
immunodeficiency virus type 1 distinct from group M and group O. Nat Med 
1998; 4: 1032–7. 
24. Plantier J-C, Leoz M, Dickerson JE, et al. A new human immunodeficiency 
virus derived from gorillas. Nat Med 2009; 15: 871–2. 
25. Peeters M, D’Arc M, Delaporte E. Origin and diversity of human 
retroviruses. AIDS Rev 2014; 16: 23–34. 
26. Hemelaar J, Gouws E, Ghys PD, Osmanov S. Global trends in molecular 
epidemiology of HIV-1 during 2000-2007. AIDS 2011; 25: 679–89. 
27. Santos AF, Soares MA. HIV Genetic Diversity and Drug Resistance. 
Viruses 2010; 2: 503–31. Available at: 
https://www.ncbi.nlm.nih.gov/pubmed/21994646. 
28. Lau KA, Wong JJL. Current Trends of HIV Recombination Worldwide. 
Infect Dis Rep 2013; 5: e4–e4. Available at: 
https://pubmed.ncbi.nlm.nih.gov/24470968. 
29. Geretti AM. HIV-1 subtypes: epidemiology and significance for HIV 
management. Curr Opin Infect Dis 2006; 19: 1–7. 
30. Kandathil AJ, Ramalingam S, Kannangai R, David S, Sridharan G. 
Molecular epidemiology of HIV. Indian J Med Res 2005; 121: 333–44. 
31. Joint United Nations Programme on HIV/AIDS (UNAIDS). UNAIDS DATA 
2019. 2018. Available at: 
https://www.unaids.org/sites/default/files/media_asset/2019-UNAIDS-
data_en.pdf. 
32. Joint United Nations Programme on HIV/AIDS (UNAIDS). Ending AIDS: 
ProgressTowards the 90-90-90 Target. 2017. 
33. Joint United Nations Programme on HIV/AIDS (UNAIDS). Fact sheet – 
Latest statistics on the status of the AIDS epidemic. 2017. Available at: 
http://www.unaids.org/sites/default/files/media_asset/UNAIDS_FactSheet_e
n.pdf. 
34. United Nations General Assembly. 60/262. Political Declaration on 
HIV/AIDS. 2006. Available at: 
http://data.unaids.org/pub/report/2006/20060615_hlm_politicaldeclaration_ar
es60262_en.pdf. 
35. Sonigo P, Alizon M, Staskus K, et al. Nucleotide sequence of the visna 
lentivirus: relationship to the AIDS virus. Cell 1985; 42: 369–82. Available at: 



        

148 
 

http://www.sciencedirect.com/science/article/pii/S009286748580132X. 
36. Geretti AM. Immunodeficiency Virus ( HIV ). eLS 2017: 1–13. 
37. Pancera M, Majeed S, Ban Y-EA, et al. Structure of HIV-1 gp120 with 
gp41-interactive region reveals layered envelope architecture and basis of 
conformational mobility. Proc Natl Acad Sci U S A 2010; 107: 1166–71. 
38. Arthur LO, Bess JWJ, Sowder RC 2nd, et al. Cellular proteins bound to 
immunodeficiency viruses: implications for pathogenesis and vaccines. 
Science 1992; 258: 1935–8. 
39. Barre-Sinoussi F. HIV as the cause of AIDS. Lancet (London, England) 
1996; 348: 31–5. 
40. Balasubramaniam M, Freed EO. New insights into HIV assembly and 
trafficking. Physiology (Bethesda) 2011; 26: 236–51. 
41. Paillart J-C, Shehu-Xhilaga M, Marquet R, Mak J. Dimerization of retroviral 
RNA genomes: an inseparable pair. Nat Rev Microbiol 2004; 2: 461. Available 
at: https://doi.org/10.1038/nrmicro903. 
42. Division of AIDS NI of A and ID. HIV Sequence Compendium 2018. 2018. 
43. Wills JW, Craven RC. Form, function, and use of retroviral gag proteins. 
AIDS 1991; 5: 639–54. 
44. Fassati A. HIV infection of non-dividing cells: a divisive problem. 
Retrovirology 2006; 3: 74. Available at: https://doi.org/10.1186/1742-4690-3-
74. 
45. Muriaux D, Darlix J-L. Properties and functions of the nucleocapsid protein 
in virus assembly. RNA Biol 2010; 7: 744–53. Available at: 
https://pubmed.ncbi.nlm.nih.gov/21157181. 
46. Paxton W, Connor RI, Landau NR. Incorporation of Vpr into human 
immunodeficiency virus type 1 virions: requirement for the p6 region of gag 
and mutational analysis. J Virol 1993; 67: 7229–37. 
47. Dussupt V, Sette P, Bello NF, Javid MP, Nagashima K, Bouamr F. Basic 
residues in the nucleocapsid domain of Gag are critical for late events of  HIV-
1 budding. J Virol 2011; 85: 2304–15. 
48. Rosen CA, Pavlakis GN. Tat and Rev: positive regulators of HIV gene 
expression. AIDS 1990; 4: A51. 
49. Zack JA, Arrigo SJ, Weitsman SR, Go AS, Haislip A, Chen IS. HIV-1 entry 
into quiescent primary lymphocytes: molecular analysis reveals a labile, latent 
viral structure. Cell 1990; 61: 213–22. 
50. Yang H, Nkeze J, Zhao RY. Effects of HIV-1 protease on cellular functions 
and their potential applications in antiretroviral therapy. Cell Biosci 2012; 2: 
32. Available at: https://www.ncbi.nlm.nih.gov/pubmed/22971934. 
51. Parkin NT, Chamorro M, Varmus HE. Human immunodeficiency virus type 
1 gag-pol frameshifting is dependent on downstream mRNA secondary 
structure: demonstration by expression in vivo. J Virol 1992; 66: 5147–51. 
52. Li X, Krishnan L, Cherepanov P, Engelman A. Structural biology of 
retroviral DNA integration. Virology 2011; 411: 194–205. 
53. Craigie R. HIV Integrase, a Brief Overview from Chemistry to 
Therapeutics. J Biol Chem  2001; 276: 23213–6. Available at: 
http://www.jbc.org/content/276/26/23213.short. 
54. Capon DJ, Ward RH. The CD4-gp120 interaction and AIDS pathogenesis. 
Annu Rev Immunol 1991; 9: 649–78. 
55. Federau T, Schubert U, Flossdorf J, Henklein P, Schomburg D, Wray V. 
Solution structure of the cytoplasmic domain of the human immunodeficiency 



        

149 
 

virus  type 1 encoded virus protein U (Vpu). Int J Pept Protein Res 1996; 47: 
297–310. 
56. Simon JH, Miller DL, Fouchier RA, Malim MH. Virion incorporation of 
human immunodeficiency virus type-1 Vif is determined by  intracellular 
expression level and may not be necessary for function. Virology 1998; 248: 
182–7. 
57. Malim MH. Natural resistance to HIV infection: The Vif-APOBEC 
interaction. C R Biol 2006; 329: 871–5. 
58. Wei P, Garber ME, Fang SM, Fischer WH, Jones KA. A novel CDK9-
associated C-type cyclin interacts directly with HIV-1 Tat and mediates its 
high-affinity, loop-specific binding to TAR RNA. Cell 1998; 92: 451–62. 
59. Hope TJ, Klein NP, Elder ME, Parslow TG. trans-dominant inhibition of 
human immunodeficiency virus type 1 Rev occurs through formation of 
inactive protein complexes. J Virol 1992; 66: 1849–55. 
60. Wu L, Gerard NP, Wyatt R, et al. CD4-induced interaction of primary HIV-
1 gp120 glycoproteins with the chemokine receptor CCR-5. Nature 1996; 384: 
179–83. 
61. Alkhatib G. The biology of CCR5 and CXCR4. Curr Opin HIV AIDS 2009; 
4: 96–103. Available at: https://pubmed.ncbi.nlm.nih.gov/19339947. 
62. Brenchley JM, Price DA, Schacker TW, et al. Microbial translocation is a 
cause of systemic immune activation in chronic HIV infection. Nat Med 2006; 
12: 1365–71. 
63. Campbell EM, Hope TJ. HIV-1 capsid: the multifaceted key player in HIV-
1 infection. Nat Rev Microbiol 2015; 13: 471. Available at: 
https://doi.org/10.1038/nrmicro3503. 
64. Michael NL, Moore JP. Viral phenotype and CCR5 genotype. Nat Med 
1999; 5: 1330. Available at: https://doi.org/10.1038/70878. 
65. Adler G, Valjevac A, Skonieczna-Żydecka K, et al. Frequency of CCR5Δ32 
allele in healthy Bosniak population. Bosn J basic Med Sci 2014; 14: 150–4. 
Available at: https://pubmed.ncbi.nlm.nih.gov/25172974. 
66. Melikyan GB, Markosyan RM, Hemmati H, Delmedico MK, Lambert DM, 
Cohen FS. Evidence that the transition of HIV-1 gp41 into a six-helix bundle, 
not the bundle configuration, induces membrane fusion. J Cell Biol 2000; 151: 
413–23. 
67. Ambrose Z, Aiken C. HIV-1 uncoating: connection to nuclear entry and 
regulation by host proteins. Virology 2014; 454–455: 371–9. Available at: 
http://www.sciencedirect.com/science/article/pii/S0042682214000488. 
68. Dharan A, Bachmann N, Talley S, Zwikelmaier V, Campbell EM. Nuclear 
pore blockade reveals that HIV-1 completes reverse transcription and  
uncoating in the nucleus. Nat Microbiol 2020. 
69. Geretti AM. HIV/AIDS: Antiretroviral Drugs. eLS 2020: 1–17. Available at: 
https://doi.org/10.1002/9780470015902.a0028523. 
70. Jayappa KD, Ao Z, Yao X. The HIV-1 passage from cytoplasm to nucleus: 
the process involving a complex exchange between the components of HIV-1 
and cellular machinery to access nucleus and successful integration. Int J 
Biochem Mol Biol 2012; 3: 70–85. 
71. Bukrinsky MI, Sharova N, Dempsey MP, et al. Active nuclear import of 
human immunodeficiency virus type 1 preintegration complexes. Proc Natl 
Acad Sci U S A 1992; 89: 6580–4. 
72. Freed EO. HIV-1 replication. Somat Cell Mol Genet 2001; 26: 13–33. 



        

150 
 

73. Sherman PA, Dickson ML, Fyfe JA. Human immunodeficiency virus type 
1 integration protein: DNA sequence requirements for cleaving and joining 
reactions. J Virol 1992; 66: 3593 LP – 3601. Available at: 
http://jvi.asm.org/content/66/6/3593.abstract. 
74. Jegede O, Babu J, Di Santo R, McColl DJ, Weber J, Quinones-Mateu M. 
HIV type 1 integrase inhibitors: from basic research to clinical implications. 
AIDS Rev 2008; 10: 172–89. 
75. Jordan A, Defechereux P, Verdin E. The site of HIV-1 integration in the 
human genome determines basal transcriptional activity and response to Tat 
transactivation. EMBO J 2001; 20: 1726–38. 
76. Pornillos O, Ganser-Pornillos BK. Maturation of retroviruses. Curr Opin 
Virol 2019; 36: 47–55. Available at: 
http://www.sciencedirect.com/science/article/pii/S1879625719300227. 
77. Troyer RM, McNevin J, Liu Y, et al. Variable fitness impact of HIV-1 escape 
mutations to cytotoxic T lymphocyte (CTL) response. PLoS Pathog 2009; 5: 
e1000365. 
78. Leslie AJ, Pfafferott KJ, Chetty P, et al. HIV evolution: CTL escape 
mutation and reversion after transmission. Nat Med 2004; 10: 282–9. 
Available at: https://doi.org/10.1038/nm992. 
79. Hu W-S, Hughes SH. HIV-1 reverse transcription. Cold Spring Harb 
Perspect Med 2012; 2. 
80. Jetzt AE, Yu H, Klarmann GJ, Ron Y, Preston BD, Dougherty JP. High 
rate of recombination throughout the human immunodeficiency virus type 1 
genome. J Virol 2000; 74: 1234–40. 
81. Katz RA, Skalka AM. Generation of diversity in retroviruses. Annu Rev 
Genet 1990; 24: 409–45. 
82. Patel P, Borkowf CB, Brooks JT, Lasry A, Lansky A, Mermin J. Estimating 
per-act HIV transmission risk: a systematic review. AIDS 2014; 28: 1509–19. 
Available at: https://www.ncbi.nlm.nih.gov/pubmed/24809629. 
83. Centers for Disease Control (CDC). HIV Transmission Ctrs. for Disease 
Control & Prevention. 2015. 
84. Joint United Nations Programme on HIV/AIDS. On the Fast-Track to end 
AIDS; 2016–2021 Strategy. 2015. 
85. Zagury D, Bernard J, Leibowitch J, et al. HTLV-III in cells cultured from 
semen of two patients with AIDS. Science (80- ) 1984; 226: 449 LP – 451. 
Available at: http://science.sciencemag.org/content/226/4673/449.abstract. 
86. Tindall B, Evans L, Cunningham P, et al. Identification of HIV-1 in semen 
following primary HIV-1 infection. AIDS 1992; 6. Available at: 
https://journals.lww.com/aidsonline/Fulltext/1992/09000/Identification_of_HIV
_1_in_semen_following_primary.6.aspx. 
87. Hughes JP, Baeten JM, Lingappa JR, et al. Determinants of per-coital-act 
HIV-1 infectivity among African HIV-1-serodiscordant couples. J Infect Dis 
2012; 205: 358–65. 
88. Quinn TC, Wawer MJ, Sewankambo N, et al. Viral load and heterosexual 
transmission of human immunodeficiency virus type 1.  Rakai Project Study 
Group. N Engl J Med 2000; 342: 921–9. 
89. Baeten JM, Kahle E, Lingappa JR, et al. Genital HIV-1 RNA predicts risk 
of heterosexual HIV-1 transmission. Sci Transl Med 2011; 3: 77ra29. 
90. Rodger AJ, Cambiano V, Bruun T, et al. Sexual Activity Without Condoms 
and Risk of HIV Transmission in Serodifferent Couples When the HIV-Positive 



        

151 
 

Partner Is Using Suppressive Antiretroviral Therapy. JAMA 2016; 316: 171–
81. 
91. Rodger AJ, Cambiano V, Bruun T, et al. Risk of HIV transmission through 
condomless sex in serodifferent gay couples with the HIV-positive partner 
taking suppressive antiretroviral therapy (PARTNER): final results of a 
multicentre, prospective, observational study. Lancet (London, England) 
2019; 393: 2428–38. 
92. Ananworanich J, Chomont N, Eller LA, et al. HIV DNA Set Point is Rapidly 
Established in Acute HIV Infection and Dramatically Reduced by Early ART. 
EBioMedicine 2016; 11: 68–72. Available at: 
https://www.ncbi.nlm.nih.gov/pubmed/27460436. 
93. Lindback S, Thorstensson R, Karlsson AC, et al. Diagnosis of primary HIV-
1 infection and duration of follow-up after HIV exposure. Karolinska Institute 
Primary HIV Infection Study Group. AIDS 2000; 14: 2333–9. 
94. Stacey AR, Norris PJ, Qin L, et al. Induction of a striking systemic cytokine 
cascade prior to peak viremia in acute  human immunodeficiency virus type 1 
infection, in contrast to more modest and delayed responses in acute hepatitis 
B and C virus infections. J Virol 2009; 83: 3719–33. 
95. Pincus JM, Crosby SS, Losina E, King ER, LaBelle C, Freedberg KA. 
Acute human immunodeficiency virus infection in patients presenting to an 
urban urgent care center. Clin Infect Dis 2003; 37: 1699–704. 
96. An P, Winkler CA. Host genes associated with HIV/AIDS: advances in 
gene discovery. Trends Genet 2010; 26: 119–31. 
97. Keele BF, Giorgi EE, Salazar-Gonzalez JF, et al. Identification and 
characterization of transmitted and early founder virus envelopes in primary 
HIV-1 infection. Proc Natl Acad Sci U S A 2008; 105: 7552–7. 
98. Cohen MS, Shaw GM, McMichael AJ, Haynes BF. Acute HIV-1 Infection. 
N Engl J Med 2011; 364: 1943–54. Available at: 
https://www.ncbi.nlm.nih.gov/pubmed/21591946. 
99. Maartens G, Celum C, Lewin SR. HIV infection: epidemiology, 
pathogenesis, treatment, and prevention. Lancet (London, England) 2014; 
384: 258–71. 
100. Janeway CA, Travers P, Walport M SM. The mucosal immune system. 
Immunobiology: The Immune System in Health and Disease. 5th ed. New 
York: Garland Science; 2001. 
101. Paiardini M, Müller-Trutwin M. HIV-associated chronic immune 
activation. Immunol Rev 2013; 254: 78–101. Available at: 
https://pubmed.ncbi.nlm.nih.gov/23772616. 
102. Ho DD, Neumann AU, Perelson AS, Chen W, Leonard JM, Markowitz M. 
Rapid turnover of plasma virions and CD4 lymphocytes in HIV-1 infection. 
Nature 1995; 373: 123–6. 
103. Douek DC, Brenchley JM, Betts MR, et al. HIV preferentially infects HIV-
specific CD4+ T cells. Nature 2002; 417: 95–8. 
104. Chun T-W, Stuyver L, Mizell SB, et al. Presence of an inducible HIV-1 
latent reservoir during highly active antiretroviral therapy. Proc Natl Acad Sci 
1997; 94: 13193 LP – 13197. Available at: 
http://www.pnas.org/content/94/24/13193.abstract. 
105. Saksena NK, Wang B, Zhou L, Soedjono M, Ho YS, Conceicao V. HIV 
reservoirs in vivo and new strategies for possible eradication of HIV from the 
reservoir sites. HIV AIDS (Auckl) 2010; 2: 103–22. Available at: 



        

152 
 

https://pubmed.ncbi.nlm.nih.gov/22096389. 
106. Ho Y-C, Shan L, Hosmane NN, et al. Replication-competent noninduced 
proviruses in the latent reservoir increase barrier to HIV-1 cure. Cell 2013; 
155: 540–51. 
107. Pollack RA, Jones RB, Pertea M, et al. Defective HIV-1 Proviruses Are 
Expressed and Can Be Recognized by Cytotoxic T Lymphocytes, which 
Shape the Proviral Landscape. Cell Host Microbe 2017; 21: 494-506.e4. 
Available at: https://www.ncbi.nlm.nih.gov/pubmed/28407485. 
108. Goujard C, Bonarek M, Meyer L, et al. CD4 cell count and HIV DNA level 
are independent predictors of disease progression after primary HIV type 1 
infection in untreated patients. Clin Infect Dis 2006; 42: 709–15. 
109. Phillips A, Pezzotti P. Short-term risk of AIDS according to current CD4 
cell count and viral load in antiretroviral drug-naive individuals and those 
treated in the monotherapy era. AIDS 2004; 18: 51–8. 
110. Piatak MJ, Saag MS, Yang LC, et al. High levels of HIV-1 in plasma 
during all stages of infection determined by competitive PCR. Science 1993; 
259: 1749–54. 
111. Lyles RH, Munoz A, Yamashita TE, et al. Natural history of human 
immunodeficiency virus type 1 viremia after seroconversion and proximal to 
AIDS in a large cohort of homosexual men. Multicenter AIDS Cohort Study. J 
Infect Dis 2000; 181: 872–80. 
112. Arnaout RA, Lloyd AL, O’Brien TR, Goedert JJ, Leonard JM, Nowak MA. 
A simple relationship between viral load and survival time in HIV-1 infection. 
Proc Natl Acad Sci U S A 1999; 96: 11549–53. 
113. Farahani M, Novitsky V, Wang R, et al. Prognostic Value of HIV-1 RNA 
on CD4 Trajectories and Disease Progression Among Antiretroviral-Naive 
HIV-Infected Adults in Botswana: A Joint Modeling Analysis. AIDS Res Hum 
Retroviruses 2016; 32: 573–8. Available at: 
https://pubmed.ncbi.nlm.nih.gov/26830351. 
114. Avettand-Fènoël V, Hocqueloux L, Ghosn J, et al. Total HIV-1 DNA, a 
Marker of Viral Reservoir Dynamics with Clinical Implications. Clin Microbiol 
Rev 2016; 29: 859 LP – 880. Available at: 
http://cmr.asm.org/content/29/4/859.abstract. 
115. Rutsaert S, De Spiegelaere W, Van Hecke C, et al. In-depth validation of 
total HIV-1 DNA assays for quantification of various HIV-1 subtypes. Sci Rep 
2018; 8: 17274. Available at: https://doi.org/10.1038/s41598-018-35403-6. 
116. Ruggiero A, De Spiegelaere W, Cozzi-Lepri A, et al. During Stably 
Suppressive Antiretroviral Therapy Integrated HIV-1 DNA Load in Peripheral 
Blood is Associated with the Frequency of CD8 Cells Expressing HLA-
DR/DP/DQ. EBioMedicine 2015; 2: 1153–9. Available at: 
http://dx.doi.org/10.1016/j.ebiom.2015.07.025. 
117. Fischl MA, Richman DD, Grieco MH, et al. The efficacy of azidothymidine 
(AZT) in the treatment of patients with AIDS and AIDS-related complex. A 
double-blind, placebo-controlled trial. N Engl J Med 1987; 317: 185–91. 
118. Brook I. Approval of Zidovudine (AZT) for Acquired Immunodeficiency 
Syndrome: A Challenge to the Medical and Pharmaceutical Communities. 
JAMA 1987; 258: 1517. Available at: 
https://doi.org/10.1001/jama.1987.03400110099035. 
119. Larder BA, Kemp SD. Multiple mutations in HIV-1 reverse transcriptase 
confer high-level resistance to zidovudine (AZT). Science 1989; 246: 1155–8. 



        

153 
 

120. Gendelman HE, McMillan J, Bade AN, Edagwa B, Kevadiya BD. The 
Promise of Long-Acting Antiretroviral Therapies: From Need to Manufacture. 
Trends Microbiol 2019; 27: 593–606. 
121. Kilby JM, Eron JJ. Novel therapies based on mechanisms of HIV-1 cell 
entry. N Engl J Med 2003; 348: 2228–38. 
122. Dorr P, Westby M, Dobbs S, et al. Maraviroc (UK-427,857), a potent, 
orally bioavailable, and selective small-molecule inhibitor of chemokine 
receptor CCR5 with broad-spectrum anti-human immunodeficiency virus type 
1 activity. Antimicrob Agents Chemother 2005; 49: 4721–32. 
123. Hartley O, Klasse PJ, Sattentau QJ, Moore JP. V3: HIV’s switch-hitter. 
AIDS Res Hum Retroviruses 2005; 21: 171–89. 
124. Shafer RW, Schapiro JM. HIV-1 drug resistance mutations: an updated 
framework for the second decade of HAART. AIDS Rev 2008; 10: 67–84. 
125. Zdanowicz MM. The pharmacology of HIV drug resistance. Am J Pharm 
Educ 2006; 70: 100. Available at: 
https://www.ncbi.nlm.nih.gov/pubmed/17149429. 
126. Singh K, Marchand B, Kirby KA, Michailidis E, Sarafianos SG. Structural 
Aspects of Drug Resistance and Inhibition of HIV-1 Reverse Transcriptase. 
Viruses 2010; 2: 606–38. 
127. Goody RS, Muller B, Restle T. Factors contributing to the inhibition of 
HIV reverse transcriptase by chain-terminating nucleotides in vitro and in vivo. 
FEBS Lett 1991; 291: 1–5. 
128. Kohlstaedt LA, Wang J, Friedman JM, Rice PA, Steitz TA. Crystal 
structure at 3.5 A resolution of HIV-1 reverse transcriptase complexed with an 
inhibitor. Science 1992; 256: 1783–90. 
129. Hsiou Y, Ding J, Das K, Clark  AD J, Hughes SH, Arnold E. Structure of 
unliganded HIV-1 reverse transcriptase at 2.7 å resolution: implications of 
conformational changes for polymerization and inhibition mechanisms. 
Structure 1996; 4: 853–60. Available at: 
http://www.sciencedirect.com/science/article/pii/S0969212696000913. 
130. Wensing AMJ, van Maarseveen NM, Nijhuis M. Fifteen years of HIV 
Protease Inhibitors: raising the barrier to resistance. Antiviral Res 2010; 85: 
59–74. 
131. Coffin JM. HIV population dynamics in vivo: implications for genetic 
variation, pathogenesis, and therapy. Science 1995; 267: 483–9. 
132. Perelson AS, Ribeiro RM. Modeling the within-host dynamics of HIV 
infection. BMC Biol 2013; 11: 96. Available at: https://doi.org/10.1186/1741-
7007-11-96. 
133. Mesplède T, Wainberg MA. Integrase Strand Transfer Inhibitors in HIV 
Therapy. Infect Dis Ther 2013; 2: 83–93. Available at: 
https://www.ncbi.nlm.nih.gov/pubmed/25134473. 
134. Frentz D, Boucher CAB, Assel M, et al. Comparison of HIV-1 genotypic 
resistance test interpretation systems in predicting virological outcomes over 
time. PLoS One 2010; 5: e11505. 
135. Mariette J, Noirot C, Klopp C. Assessment of replicate bias in 454 
pyrosequencing and a multi-purpose read-filtering tool. BMC Res Notes 2011; 
4: 149. Available at: https://doi.org/10.1186/1756-0500-4-149. 
136. Kozarewa I, Ning Z, Quail MA, Sanders MJ, Berriman M, Turner DJ. 
Amplification-free Illumina sequencing-library preparation facilitates improved 
mapping and assembly of (G+C)-biased genomes. Nat Methods 2009; 6: 291–



        

154 
 

5. Available at: https://doi.org/10.1038/nmeth.1311. 
137. White KL, Chen JM, Feng JY, et al. The K65R reverse transcriptase 
mutation in HIV-1 reverses the excision phenotype  of zidovudine resistance 
mutations. Antivir Ther 2006; 11: 155–63. 
138. Boyer PL, Sarafianos SG, Arnold E, Hughes SH. Selective excision of 
AZTMP by drug-resistant human immunodeficiency virus reverse 
transcriptase. J Virol 2001; 75: 4832–42. 
139. Stanford University HIV Drug Resistance Database [online]. Major HIV-
1 Drug Resistance Mutations. 2019. 
140. Marcelin A-G, Delaugerre C, Wirden M, et al. Thymidine analogue 
reverse transcriptase inhibitors resistance mutations profiles and association 
to other nucleoside reverse transcriptase inhibitors resistance mutations 
observed in the context of virological failure. J Med Virol 2004; 72: 162–5. 
141. Miller MD. K65R, TAMs and tenofovir. AIDS Rev 2004; 6: 22–33. 
142. Stockdale AJ, Saunders MJ, Boyd MA, et al. Effectiveness of Protease 
Inhibitor/Nucleos(t)ide Reverse Transcriptase Inhibitor–Based Second-line 
Antiretroviral Therapy for the Treatment of Human Immunodeficiency Virus 
Type 1 Infection in Sub-Saharan Africa: A Systematic Review and Meta-
analysis. Clin Infect Dis 2017; 66. Available at: 
https://academic.oup.com/cid/advance-
article/doi/10.1093/cid/cix1108/4767830. 
143. Miller V, Stark T, Loeliger AE, Lange JMA. The impact of the M184V 
substitution in HIV-1 reverse transcriptase on treatment  response. HIV Med 
2002; 3: 135–45. 
144. Ohtaka H, Muzammil S, Schon A, Velazquez-Campoy A, Vega S, Freire 
E. Thermodynamic rules for the design of high affinity HIV-1 protease 
inhibitors with adaptability to mutations and high selectivity towards unwanted 
targets. Int J Biochem Cell Biol 2004; 36: 1787–99. 
145. Shafer RW, Kantor R, Gonzales MJ. The Genetic Basis of HIV-1 
Resistance to Reverse Transcriptase and Protease Inhibitors. AIDS Rev 
2000; 2: 211–28. 
146. Doherty KM, Nakka P, King BM, et al. A multifaceted analysis of HIV-1 
protease multidrug resistance phenotypes. BMC Bioinformatics 2011; 12: 477. 
Available at: https://doi.org/10.1186/1471-2105-12-477. 
147. De Luca A, Flandre P, Dunn D, et al. Improved darunavir genotypic 
mutation score predicting treatment response for patients infected with HIV-1 
subtype B and non-subtype B receiving a salvage regimen. J Antimicrob 
Chemother 2016; 71: 1352–60. Available at: 
https://pubmed.ncbi.nlm.nih.gov/26825119. 
148. Nijhuis M, van Maarseveen NM, Lastere S, et al. A Novel Substrate-
Based HIV-1 Protease Inhibitor Drug Resistance Mechanism. PLOS Med 
2007; 4: 1–12. Available at: https://doi.org/10.1371/journal.pmed.0040036. 
149. Zhang YM, Imamichi H, Imamichi T, et al. Drug resistance during 
indinavir therapy is caused by mutations in the protease gene and in its Gag 
substrate cleavage sites. J Virol 1997; 71: 6662–70. Available at: 
https://www.ncbi.nlm.nih.gov/pubmed/9261388. 
150. Mammano F, Trouplin V, Zennou V, Clavel F. Retracing the evolutionary 
pathways of human immunodeficiency virus type 1 resistance to protease 
inhibitors: virus fitness in the absence and in the presence of drug. J Virol 
2000; 74: 8524–31. 



        

155 
 

151. Geretti AM, Armenia D, Ceccherini-Silberstein F. Emerging patterns and 
implications of HIV-1 integrase inhibitor resistance. Curr Opin Infect Dis 2012; 
25: 677–86. 
152. European AIDS Clinical Society (EACS) Guidelines. European AIDS 
Clinical Society. Guidelines v10.0. 2019. Available at: 
https://www.eacsociety.org/files/2019_guidelines-10.0_final.pdf. 
153. Department of Health and Human Services. Panel on Antiretroviral 
Guidelines for Adults and Adolescents. Guidelines for the Use of Antiretroviral 
Agents in Adults and Adolescents with HIV. 2020. Available at: 
http://www.aidsinfo.nih.gov/ContentFiles/AdultandAdolescentGL.pdf. 
154. World Health Organization. Updated recommendations on first-line and 
second-line antiretroviral regimens and post-exposure prophylaxis and 
recommendations on early infant diagnosis of HIV: Interim guidance. 2018. 
Available at: https://www.who.int/hiv/pub/guidelines/ARV2018update/en/. 
155. Cihlar T, Fordyce M. Current status and prospects of HIV treatment. 
Netherlands; 2016. 
156. Department of Health and Human Services. Guidelines for the Use of 
Antiretroviral Agents in Adults and Adolescents with HIV. 2019. Available at: 
https://files.aidsinfo.nih.gov/contentfiles/lvguidelines/AdultandAdolescentGL.
pdf. 
157. Geretti AM, White E, Orkin C, et al. Virological outcomes of boosted 
protease inhibitor-based first-line ART in subjects harbouring thymidine 
analogue-associated mutations as the sole form of transmitted drug 
resistance. J Antimicrob Chemother 2019; 74: 746–53. 
158. World Health Organization. Updated recommendations on first-line and 
second-line antiretroviral regimens and post-exposure prophylaxis and 
recommendations on early infant diagnosis of HIV. 2018. Available at: 
http://apps.who.int/bookorders. 
159. Ciaffi L, Koulla-Shiro S, Sawadogo AB, et al. Boosted protease inhibitor 
monotherapy versus boosted protease inhibitor plus lamivudine dual therapy 
as second-line maintenance treatment for HIV-1-infected patients in sub-
Saharan Africa (ANRS12 286/MOBIDIP): a multicentre, randomised, parallel, 
open-la. lancet HIV 2017; 4: e384–92. 
160. Arribas JR, Horban A, Gerstoft J, et al. The MONET trial: 
darunavir/ritonavir with or without nucleoside analogues, for patients with HIV 
RNA below 50 copies/ml. AIDS 2010; 24. Available at: 
https://journals.lww.com/aidsonline/Fulltext/2010/01030/The_MONET_trial__
darunavir_ritonavir_with_or.8.aspx. 
161. Valantin MA, Lambert-Niclot S, Flandre P, et al. Long-term efficacy of 
darunavir/ritonavir monotherapy in patients with hiv-1 viral suppression: Week 
96 results from the MONOI ANRS 136 study. J Antimicrob Chemother 2012; 
67: 691–5. 
162. Antinori A, Clarke A, Svedhem-Johansson V, et al. Week 48 efficacy and 
central nervous system analysis of darunavir/ritonavir monotherapy versus 
darunavir/ritonavir with two nucleoside analogues. AIDS 2015; 29. Available 
at: 
https://journals.lww.com/aidsonline/Fulltext/2015/09100/Week_48_efficacy_a
nd_central_nervous_system.9.aspx. 
163. Paton NI, Stöhr W, Arenas-Pinto A, et al. Protease inhibitor monotherapy 
for long-term management of HIV infection: a randomised, controlled, open-



        

156 
 

label, non-inferiority trial. Lancet HIV 2015; 2: e417–26. Available at: 
https://doi.org/10.1016/S2352-3018(15)00176-9. 
164. Pulido F, Arribas JR, Delgado R, et al. Lopinavir-ritonavir monotherapy 
versus lopinavir-ritonavir and two nucleosides for maintenance therapy of HIV. 
AIDS 2008; 22. Available at: 
https://journals.lww.com/aidsonline/Fulltext/2008/01110/Lopinavir_ritonavir_
monotherapy_versus.1.aspx. 
165. Nunes EP, Santini de Oliveira M, Mercon M, et al. Monotherapy with 
Lopinavir/Ritonavir as maintenance after HIV-1 viral suppression: results of a 
96-week randomized, controlled, open-label, pilot trial (KalMo study). HIV Clin 
Trials 2009; 10: 368–74. 
166. Meynard J-L, Moinot L, Landman R, et al. Week 96 efficacy of 
lopinavir/ritonavir monotherapy in virologically suppressed patients with HIV: 
a randomized non-inferiority trial (ANRS 140 DREAM). J Antimicrob 
Chemother 2018; 73: 1672–6. 
167. Meynard J-L, Bouteloup V, Landman R, et al. Lopinavir/ritonavir 
monotherapy versus current treatment continuation for maintenance therapy 
of HIV-1 infection: the KALESOLO trial. J Antimicrob Chemother 2010; 65: 
2436–44. 
168. Castagna A, Spagnuolo V, Galli L, et al. Simplification to 
atazanavir/ritonavir monotherapy for HIV-1 treated individuals  on virological 
suppression: 48-week efficacy and safety results. AIDS 2014; 28: 2269–79. 
169. Kharsany ABM, Karim QA. HIV Infection and AIDS in Sub-Saharan 
Africa: Current Status, Challenges and Opportunities. Open AIDS J 2016; 10: 
34–48. Available at: https://www.ncbi.nlm.nih.gov/pubmed/27347270. 
170. Mbirimtengerenji ND. Is HIV/AIDS epidemic outcome of poverty in sub-
saharan Africa? Croat Med J 2007; 48: 605–17. Available at: 
https://www.ncbi.nlm.nih.gov/pubmed/17948947. 
171. World Health Organization. Summary Country Profile on HIV/AIDS 
Treatment Scale up, Geneva. 2005. Available at: 
https://www.who.int/3by5/support/june2005_cmr.pdf. 
172. Geubbels E, Bowie C. Epidemiology of HIV/AIDS in adults in Malawi. 
Malawi Med J 2006; 18: 111–33. Available at: 
https://pubmed.ncbi.nlm.nih.gov/27529006. 
173. Franco E, Bagnato B, Marino MG, Meleleo C, Serino L, Zaratti L. 
Hepatitis B: Epidemiology and prevention in developing countries. World J 
Hepatol 2012; 4: 74–80. Available at: 
https://www.ncbi.nlm.nih.gov/pubmed/22489259. 
174. World Health Organization. Guidelines for the prevention, care and 
treatment of persons with chronic hepatitis B infection. 2015. Available at: 
http://apps.who.int/iris/bitstream/10665/154590/1/9789241549059_eng.pdf. 
175. Lozano R, Naghavi M, Foreman K, et al. Global and regional mortality 
from 235 causes of death for 20 age groups in 1990  and 2010: a systematic 
analysis for the Global Burden of Disease Study 2010. Lancet (London, 
England) 2012; 380: 2095–128. 
176. Sherman KE, Peters MG, Thomas D. Human immunodeficiency virus 
and liver disease: A comprehensive update. Hepatol Commun 2017; 1: 987–
1001. Available at: https://www.ncbi.nlm.nih.gov/pubmed/30838978. 
177. World Health Organization. Hepatitis B Fact Sheet. 2019. Available at: 
https://www.who.int/news-room/fact-sheets/detail/hepatitis-b. 



        

157 
 

178. Gerlich WH. Medical virology of hepatitis B: how it began and where we 
are now. Virol J 2013; 10: 239. 
179. Tang LSY, Covert E, Wilson E, Kottilil S. Chronic Hepatitis B Infection: A 
Review. JAMA 2018; 319: 1802–13. 
180. Koumbi L. Current and future antiviral drug therapies of hepatitis B 
chronic infection. World J Hepatol 2015; 7: 1030–40. Available at: 
https://pubmed.ncbi.nlm.nih.gov/26052392. 
181. Andreatta KN, Goodman DD, Miller MD, White KL. Reduced viral fitness 
and lack of cross-class resistance with integrase strand transfer inhibitor and 
nucleoside reverse transcriptase inhibitor resistance mutations. Antimicrob 
Agents Chemother 2015; 59: 3441–9. Available at: 
https://pubmed.ncbi.nlm.nih.gov/25824231. 
182. British HIV Association. British HIV Association guidelines for the 
treatment of HIV-1-positive adults with antiretroviral therapy 2015 (2016 
interim update). 2016. Available at: 
https://www.bhiva.org/file/RVYKzFwyxpgiI/treatment-guidelines-2016-
interim-update.pdf. 
183. Parkin DM, Sitas F, Chirenje M, Stein L, Abratt R, Wabinga H. Part I: 
Cancer in Indigenous Africans--burden, distribution, and trends. Lancet Oncol 
2008; 9: 683–92. 
184. Jemal A, Bray F, Forman D, et al. Cancer burden in Africa and 
opportunities for prevention. Cancer 2012; 118: 4372–84. Available at: 
https://doi.org/10.1002/cncr.27410. 
185. Matthews PC, Geretti AM, Goulder PJR, Klenerman P. Epidemiology and 
impact of HIV coinfection with hepatitis B and hepatitis C viruses in Sub-
Saharan Africa. J Clin Virol 2014; 61: 20–33. 
186. World Health Organization. Global hepatitis report, 2017. 2017. Available 
at: www.who.int/hepatitis/publications/global- hepatitis-report2017/en/ 
(accessed May 13, 2017). 
187. Leumi S, Bigna JJ, Amougou MA, Ngouo A, Nyaga UF, Noubiap JJ. 
Global burden of hepatitis B infection in people living with HIV: a systematic 
review and meta-analysis. Clin Infect Dis 2019. 
188. World Health Organization. WHO-UNICEF estimates of HepB-B3 
coverage 2017. 2017. Available at: 
http://apps.who.int/immunization_monitoring/globalsummary/timeseries/tswu
coveragehepb3.html. 
189. Rouet F, Chaix M-L, Nerrienet E, et al. Impact of HIV-1 genetic diversity 
on plasma HIV-1 RNA Quantification: usefulness  of the Agence Nationale de 
Recherches sur le SIDA second-generation long terminal repeat-based real-
time reverse transcriptase polymerase chain reaction test. J Acquir Immune 
Defic Syndr 2007; 45: 380–8. 
190. Ngo-Malabo ET, Ngoupo T PA, Zekeng M, et al. A cheap and open HIV 
viral load technique applicable in routine analysis in a resource limited setting 
with a wide HIV genetic diversity. Virol J 2017; 14: 224. Available at: 
https://www.ncbi.nlm.nih.gov/pubmed/29137673. 
191. Schutten M, Peters D, Back NKT, et al. Multicenter Evaluation of the New 
Abbott RealTime Assays for Quantitative Detection of Human 
Immunodeficiency Virus Type 1 and Hepatitis C Virus RNA. J Clin Microbiol 
2007; 45: 1712–7. Available at: https://jcm.asm.org/content/45/6/1712. 
192. Geretti AM, Patel M, Sarfo FS, et al. Detection of Highly Prevalent 



        

158 
 

Hepatitis B Virus Coinfection among HIV-Seropositive Persons in Ghana. J 
Clin Microbiol 2010; 48: 3223–30. Available at: 
https://jcm.asm.org/content/48/9/3223. 
193. Ruggiero A, Cozzi-Lepri A, Beloukas A, et al. Factors associated with 
persistence of plasma HIV-1 RNA during long-term continuously suppressive 
firstline antiretroviral therapy. Open Forum Infect Dis 2018; 5: 1–9. 
194. World Health Organization. WHO Prequalification of In Vitro Diagnostics 
PUBLIC REPORT Product: Xpert® HIV-1 Qual Assay WHO reference 
number: PQDx 0259-070-00. 2017. 
195. Cepheid. Xpert® HIV-1 Viral Load. 2018. Available at: 
http://www.cepheid.com/en/cepheid-solutions/clinical-ivd-tests/virology/xpert-
hiv-1-viral-load. 
196. ANRS AC11 Resistance Study Group. PCR and Sequencing 
Procedures: HIV-1. 2015. Available at: 
http://www.hivfrenchresistance.org/ANRS-procedures.pdf. 
197. Boom R, Sol CJ, Heijtink R, Wertheim-van Dillen PM, van der Noordaa 
J. Rapid purification of hepatitis B virus DNA from serum. J Clin Microbiol 
1991; 29: 1804–11. Available at: 
https://www.ncbi.nlm.nih.gov/pubmed/1774300. 
198. Villa G, Phillips RO, Smith C, et al. Drug resistance outcomes of long-
term ART with tenofovir disoproxil fumarate in the absence of virological 
monitoring. J Antimicrob Chemother 2018; 73: 3148–57. Available at: 
https://doi.org/10.1093/jac/dky281. 
199. Cunningham E, Chan YT, Aghaizu A, et al. Enhanced surveillance of 
HIV-1 drug resistance in recently infected MSM in the UK. J Antimicrob 
Chemother 2017; 72: 227–34. 
200. Jair K, McCann CD, Reed H, et al. Validation of publicly-available 
software used in analyzing NGS data for HIV-1 drug resistance mutations and 
transmission networks in a Washington, DC, Cohort. PLoS One 2019; 14: 
e0214820. 
201. Dalmat RR, Makhsous N, Pepper GG, et al. Limited Marginal Utility of 
Deep Sequencing for HIV Drug Resistance Testing in the Age of Integrase 
Inhibitors Caliendo AM, ed. J Clin Microbiol 2018; 56. Available at: 
https://jcm.asm.org/content/56/12/e01443-18. 
202. University S. HIVdb Program. Algorithm, Genotypic Resistance 
Interpretation. Available at: https://hivdb.stanford.edu/hivdb/by-mutations/. 
203. Stamatakis A. RAxML version 8: a tool for phylogenetic analysis and 
post-analysis of large phylogenies. Bioinformatics 2014; 30: 1312–3. Available 
at: https://pubmed.ncbi.nlm.nih.gov/24451623. 
204. Jin G, Nakhleh L, Snir S, Tuller T. Maximum likelihood of phylogenetic 
networks. Bioinformatics 2006; 22: 2604–11. Available at: 
https://doi.org/10.1093/bioinformatics/btl452. 
205. Thompson JD, Higgins DG, Gibson TJ. CLUSTAL W: improving the 
sensitivity of progressive multiple sequence alignment through sequence 
weighting, position-specific gap penalties and weight matrix choice. Nucleic 
Acids Res 1994; 22: 4673–80. 
206. Tamura K, Stecher G, Peterson D, Filipski A, Kumar S. MEGA6: 
Molecular Evolutionary Genetics Analysis version 6.0. Mol Biol Evol 2013; 30: 
2725–9. Available at: https://www.ncbi.nlm.nih.gov/pubmed/24132122. 
207. Wensing AM, Calvez V, Ceccherini-Silberstein F, et al. 2019 update of 



        

159 
 

the drug resistance mutations in HIV-1. Top Antivir Med 2019; 27: 111–21. 
208. Prange R, Nagel R, Streeck RE. Deletions in the hepatitis B virus small 
envelope protein: effect on assembly and secretion of surface antigen 
particles. J Virol 1992; 66: 5832–41. 
209. UNAIDS. FACT SHEET – GLOBAL AIDS UPDATE 2019. 2019. 
Available at: https://www.unaids.org/sites/default/files/media_asset/2019-
UNAIDS-data_en.pdf. 
210. Boender TS, Sigaloff KCE, McMahon JH, et al. Long-term Virological 
Outcomes of First-Line Antiretroviral Therapy for HIV-1 in  Low- and Middle-
Income Countries: A Systematic Review and Meta-analysis. Clin Infect Dis 
2015; 61: 1453–61. 
211. Achhra AC, Mwasakifwa G, Amin J, Boyd MA. Efficacy and safety of 
contemporary dual-drug antiretroviral regimens as first-line treatment or as a 
simplification strategy: a systematic review and meta-analysis. Lancet HIV 
2016; 3: e351–60. Available at: 
http://www.sciencedirect.com/science/article/pii/S2352301816300157. 
212. Llibre JM, Hung CC, Brinson C, et al. Efficacy, safety, and tolerability of 
dolutegravir-rilpivirine for the maintenance of virological suppression in adults 
with HIV-1: phase 3, randomised, non-inferiority SWORD-1 and SWORD-2 
studies. Lancet 2018; 391: 839–49. Available at: 
http://dx.doi.org/10.1016/S0140-6736(17)33095-7. 
213. Seang S, Schneider L, Nguyen T, et al. Darunavir/ritonavir monotherapy 
at a low dose (600/100 mg/day) in HIV-1-infected  individuals with suppressed 
HIV viraemia. J Antimicrob Chemother 2018; 73: 490–3. 
214. Antinori A, Lazzarin A, Uglietti A, Palma M, Mancusi D, Termini R. 
Efficacy and safety of boosted darunavir-based antiretroviral therapy in HIV-
1-positive patients: results from a meta-analysis of clinical trials. Sci Rep 2018; 
8: 5288. Available at: https://www.ncbi.nlm.nih.gov/pubmed/29588457. 
215. Arribas JR, Girard P-M, Paton N, et al. Efficacy of protease inhibitor 
monotherapy vs. triple therapy: meta-analysis of data from 2303 patients in 13 
randomized trials. HIV Med 2016; 17: 358–67. 
216. Oyugi, JH, Byakika-Tusiime, J, Charlebois, ED, Kityo, C, Mugerwa, R, 
Mugyenyi, P & Bangsberg D. Multiple validated measures of adherence 
indicate high levels of adherence to generic HIV antiretroviral therapy in 
resource limited setting. Journal of Acquired Immune Deficiency Syndrome. J 
Acquir Immune Defic Syndr 2004; 36: 1100–2. 
217. Villa G, Phillips RO, Smith C, et al. Drug resistance outcomes of long-
term ART with tenofovir disoproxil fumarate in the absence of virological 
monitoring. J Antimicrob Chemother 2018: 1–10. 
218. Smith F, Hammerstrom T, Soon G, et al. A Meta-analysis to Assess the 
FDA DAVP’s TLOVR Algorithm in HIV Submissions. Drug Inf J 2011; 45: 291–
300. Available at: https://doi.org/10.1177/009286151104500309. 
219. Levey AS, Stevens LA, Schmid CH, et al. A new equation to estimate 
glomerular filtration rate. Ann Intern Med 2009; 150: 604–12. 
220. Rodger AJ, Cambiano V, Bruun T, et al. Sexual Activity Without Condoms 
and Risk of HIV Transmission in Serodifferent Couples When the HIV-Positive 
Partner Is Using Suppressive Antiretroviral TherapyHIV Transmission in 
Serodifferent Couples Using Suppressive ARTHIV Transmission in 
Serodifferent. JAMA 2016; 316: 171–81. Available at: 
https://doi.org/10.1001/jama.2016.5148. 



        

160 
 

221. Thompson JA, Kityo C, Dunn D, et al. Evolution of Protease Inhibitor 
Resistance in Human Immunodeficiency Virus Type 1 Infected Patients 
Failing Protease Inhibitor Monotherapy as Second-line Therapy in Low-
income Countries: An Observational Analysis Within the EARNEST 
Randomized Trial. Clin Infect Dis 2018. Available at: 
https://academic.oup.com/cid/advance-
article/doi/10.1093/cid/ciy589/5060946. 
222. Mekuria LA, Prins JM, Yalew AW, Sprangers MAG, Nieuwkerk PT. Sub-
optimal adherence to combination anti-retroviral therapy and its associated 
factors according to self-report, clinician-recorded and pharmacy-refill 
assessment methods among HIV-infected adults in Addis Ababa. AIDS Care 
2017; 29: 428–35. 
223. Sangeda RZ, Mosha F, Prosperi M, et al. Pharmacy refill adherence 
outperforms self-reported methods in predicting HIV therapy outcome in 
resource-limited settings. BMC Public Health 2014; 14: 1035. Available at: 
https://doi.org/10.1186/1471-2458-14-1035. 
224. Orrell C, Cohen K, Leisegang R, Bangsberg DR, Wood R, Maartens G. 
Comparison of six methods to estimate adherence in an ART-naïve cohort in 
a resource-poor setting: which best predicts virological and resistance 
outcomes? AIDS Res Ther 2017; 14: 20. Available at: 
https://www.ncbi.nlm.nih.gov/pubmed/28376815. 
225. Boender TS, Sigaloff KCE, Mcmahon JH, et al. Long-term Virological 
Outcomes of First-Line Antiretroviral Therapy for HIV-1 in Low- and Middle-
Income Countries : A Systematic Review and Meta-analysis. 2015; 61: 1453–
61. 
226. Guichet E, Aghokeng A, Serrano L, et al. Short Communication: High 
Viral Load and Multidrug Resistance Due to Late Switch  to Second-Line 
Regimens Could Be a Major Obstacle to Reach the 90-90-90 UNAIDS 
Objectives in Sub-Saharan Africa. AIDS Res Hum Retroviruses 2016; 32: 
1159–62. 
227. Hamers RL, Sigaloff KCE, Wensing AM, et al. Patterns of HIV-1 drug 
resistance after first-line antiretroviral therapy (ART) failure in 6 sub-saharan 
african countries: Implications for second-line ART strategies. Clin Infect Dis 
2012; 54: 1660–9. 
228. Lam EP, Moore CL, Gotuzzo E, et al. Antiretroviral Resistance After First-
Line Antiretroviral Therapy Failure in Diverse HIV-1 Subtypes in the SECOND-
LINE Study. AIDS Res Hum Retroviruses 2016; 32: 841–50. 
229. Tenores Study Group. Global epidemiology of drug resistance after 
failure of WHO recommended first-line regimens for adult HIV-1 infection: a 
multicentre retrospective cohort study. Lancet Infect Dis 2016; 16: 565–75. 
230. Villabona-Arenas CJ, Eymard-Duvernay S, Aghokeng A, et al. Short 
Communication: Nucleoside Reverse Transcriptase Inhibitors with Reduced 
Predicted Activity Do Not Impair Second-Line Therapy with Lopinavir/Ritonavir 
or Darunavir/Ritonavir. AIDS Res Hum Retroviruses 2018; 34: 477–80. 
231. Arribas JR, Girard PM, Paton N, et al. Efficacy of protease inhibitor 
monotherapy vs. triple therapy: Meta-analysis of data from 2303 patients in 13 
randomized trials. HIV Med 2016; 17: 358–67. 
232. Noguera-Julian M, Cozzi-Lepri A, Di Giallonardo F, et al. Contribution of 
APOBEC3G/F activity to the development of low-abundance drug-resistant 
human immunodeficiency virus type 1 variants. Clin Microbiol Infect 2016; 22: 



        

161 
 

191–200. Available at: 
http://www.sciencedirect.com/science/article/pii/S1198743X15009039. 
233. Neogi U, Shet A, Sahoo PN, et al. Human APOBEC3G-mediated 
hypermutation is associated with antiretroviral therapy failure in HIV-1 subtype 
C-infected individuals. J Int AIDS Soc 2013; 16: 18472. 
234. Dauwe K, Staelens D, Vancoillie L, Mortier V, Verhofstede C. Deep 
Sequencing of HIV-1 RNA and DNA in Newly Diagnosed Patients with 
Baseline Drug Resistance Showed No Indications for Hidden Resistance and 
Is Biased by Strong Interference of Hypermutation. J Clin Microbiol 2016; 54: 
1605–15. 
235. Imamichi H, Dewar RL, Adelsberger JW, et al. Defective HIV-1 proviruses 
produce novel protein-coding RNA species in HIV-infected patients on 
combination antiretroviral therapy. Proc Natl Acad Sci 2016; 113: 8783–8. 
Available at: http://www.pnas.org/lookup/doi/10.1073/pnas.1609057113. 
236. Lambert-Niclot S, Flandre P, Valantin MA, et al. Factors associated with 
virological failure in HIV-1-infected patients receiving darunavir/ ritonavir 
monotherapy. J Infect Dis 2011; 204: 1211–6. 
237. Lambert-Niclot S, Flandre P, Valantin M-A, et al. Resistant minority 
species are rarely observed in patients on darunavir/ritonavir monotherapy. J 
Antimicrob Chemother 2012; 67: 1470–4. 
238. Dunn DT, Stöhr W, Arenas-Pinto A, Tostevin A, Mbisa JL, Paton NI. Next 
generation sequencing of HIV-1 protease in the PIVOT trial of protease 
inhibitor monotherapy. J Clin Virol 2018; 101: 63–5. Available at: 
https://doi.org/10.1016/j.jcv.2018.02.003. 
239. Charpentier C, Montes B, Perrier M, Meftah N, Reynes J. HIV-1 DNA 
ultra-deep sequencing analysis at initiation of the dual therapy dolutegravir + 
lamivudine in the maintenance DOLULAM pilot study. J Antimicrob 
Chemother 2017; 72: 2831–6. 
240. Imamichi H, Smith M, Adelsberger JW, et al. Defective HIV-1 proviruses 
produce viral proteins. Proc Natl Acad Sci U S A 2020; 117: 3704–10. 
241. Kletenkov K, Hoffmann D, Böni J, et al. Role of Gag mutations in PI 
resistance in the Swiss HIV cohort study: bystanders or contributors? J 
Antimicrob Chemother 2017; 72: 866–75. Available at: 
http://dx.doi.org/10.1093/jac/dkw493. 
242. Kempf DJ, King MS, Bernstein B, et al. Incidence of resistance in a 
double-blind study comparing lopinavir/ritonavir plus stavudine and 
lamivudine to nelfinavir plus stavudine and lamivudine. J Infect Dis 2004; 189: 
51–60. 
243. Kovalevsky AY, Tie Y, Liu F, et al. Effectiveness of nonpeptide clinical 
inhibitor TMC-114 on HIV-1 protease with highly drug resistant mutations 
D30N, I50V, and L90M. J Med Chem 2006; 49: 1379–87. 
244. Kim E-Y, Bhattacharya T, Kunstman K, et al. Human APOBEC3G-
mediated editing can promote HIV-1 sequence diversification and accelerate 
adaptation to selective pressure. J Virol 2010; 84: 10402–5. Available at: 
https://www.ncbi.nlm.nih.gov/pubmed/20660203. 
245. Piantadosi A, Humes D, Chohan B, McClelland RS, Overbaugh J. 
Analysis of the Percentage of Human Immunodeficiency Virus Type 1 
Sequences That Are Hypermutated and Markers of Disease Progression in a 
Longitudinal Cohort, Including One Individual with a Partially Defective Vif. J 
Virol 2009; 83: 7805–14. Available at: https://jvi.asm.org/content/83/16/7805. 



        

162 
 

246. Banke S, Lillemark MR, Gerstoft J, Obel N, Jorgensen LB. Positive 
selection pressure introduces secondary mutations at Gag cleavage sites  in 
human immunodeficiency virus type 1 harboring major protease resistance 
mutations. J Virol 2009; 83: 8916–24. 
247. van Maarseveen NM, Andersson D, Lepšík M, et al. Modulation of HIV-
1 Gag NC/p1 cleavage efficiency affects protease inhibitor resistance and viral 
replicative capacity. Retrovirology 2012; 9: 29. Available at: 
https://www.ncbi.nlm.nih.gov/pubmed/22462820. 
248. Teto G, Tagny CT, Mbanya D, et al. Gag P2/NC and pol genetic diversity, 
polymorphism, and drug resistance mutations in  HIV-1 CRF02_AG- and non-
CRF02_AG-infected patients in Yaoundé, Cameroon. Sci Rep 2017; 7: 14136. 
249. Sutherland KA, Goodall RL, McCormick A, et al. Gag-Protease 
Sequence Evolution Following Protease Inhibitor Monotherapy Treatment 
Failure in HIV-1 Viruses Circulating in East Africa. AIDS Res Hum 
Retroviruses 2015; 31: 1032–7. Available at: 
https://doi.org/10.1089/aid.2015.0138. 
250. Datir R, El Bouzidi K, Dakum P, Ndembi N, Gupta RK. Baseline PI 
susceptibility by HIV-1 Gag-protease phenotyping and subsequent virological 
suppression with PI-based second-line ART in Nigeria. 2019. Available at: 
https://dx.doi.org/10.1093/jac/dkz005. 
251. Malet I, Roquebert B, Dalban C, et al. Association of Gag cleavage sites 
to protease mutations and to virological response in HIV-1 treated patients. J 
Infect 2007; 54: 367–74. 
252. Garcia-Diaz A. An investigation of the role of HIV-1 Gag mutations in 
failure of protease inhibitors. PhD thesis (University College London, London). 
2012. Available at: 
http://discovery.ucl.ac.uk/1353185/5/Ana_phd_16072012v5_no pictures.pdf. 
253. Funderburg NT, Andrade A, Chan ES, et al. Dynamics of immune 
reconstitution and activation markers in HIV+ treatment-naive  patients treated 
with raltegravir, tenofovir disoproxil fumarate and emtricitabine. PLoS One 
2013; 8: e83514. 
254. Li JZ, Segal FP, Bosch RJ, et al. Antiretroviral Therapy Reduces T-cell 
Activation and Immune Exhaustion Markers in Human Immunodeficiency 
Virus Controllers. Clin Infect Dis 2019. Available at: 
https://doi.org/10.1093/cid/ciz442. 
255. Nabatanzi R, Bayigga L, Ssinabulya I, et al. Low antigen-specific CD4 T-
cell immune responses despite normal absolute CD4 counts after long-term 
antiretroviral therapy an African cohort. Immunol Lett 2014; 162: 264–72. 
256. Wada NI, Jacobson LP, Margolick JB, et al. The effect of HAART-induced 
HIV suppression on circulating markers of inflammation and immune 
activation. AIDS 2015; 29: 463–71. 
257. French MA, King MS, Tschampa JM, da Silva BA, Landay AL. Serum 
Immune Activation Markers Are Persistently Increased in Patients with HIV 
Infection after 6 Years of Antiretroviral Therapy despite Suppression of Viral 
Replication and Reconstitution of CD4+ T Cells. J Infect Dis 2009; 200: 1212–
5. Available at: https://doi.org/10.1086/605890. 
258. World Health Organization. Guideline on when to start antiretroviral 
therapy and on pre-exposure prophylaxis for HIV. 2015. Available at: 
https://apps.who.int/iris/bitstream/handle/10665/186275/9789241509565_en
g.pdf?sequence=1. 



        

163 
 

259. World Health Organization. Antiretroviral therapy for HIV infection in 
adults and adolescents: recommendations for a public health approach. 2010. 
260. World Health Organization. Consolidated guidelines on the use of 
antiretroviral drugs for treating and preventing HIV infection. 2013. Available 
at: 
http://apps.who.int/iris/bitstream/handle/10665/85321/9789241505727_eng.p
df?sequence=1. 
261. Hunt PW. HIV and inflammation: mechanisms and consequences. Curr 
HIV/AIDS Rep 2012; 9: 139–47. 
262. Sereti I, Krebs SJ, Phanuphak N, et al. Persistent, Albeit Reduced, 
Chronic Inflammation in Persons Starting Antiretroviral Therapy in Acute HIV 
Infection. Clin Infect Dis 2017; 64: 124–31. 
263. Hileman CO, Kinley B, Scharen-Guivel V, et al. Differential Reduction in 
Monocyte Activation and Vascular Inflammation With Integrase Inhibitor-
Based Initial Antiretroviral Therapy Among HIV-Infected Individuals. J Infect 
Dis 2015; 212: 345–54. 
264. Kroeze S, Wit FW, Rossouw TM, et al. Plasma Biomarkers of Human 
Immunodeficiency Virus–Related Systemic Inflammation and Immune 
Activation in Sub-Saharan Africa Before and During Suppressive Antiretroviral 
Therapy. J Infect Dis 2019; 220: 1029–33. Available at: 
https://doi.org/10.1093/infdis/jiz252. 
265. Public Health England. HIV in the United Kingdom: Towards Zero HIV 
transmissions by 2030 - 2019 report. 2019. 
266. Hintzen RQ, Lens SM, Lammers K, Kuiper H, Beckmann MP, van Lier 
RA. Engagement of CD27 with its ligand CD70 provides a second signal for T 
cell activation. J Immunol 1995; 154: 2612–23. 
267. Nolte MA, van Olffen RW, van Gisbergen KPJM, van Lier RAW. Timing 
and tuning of CD27-CD70 interactions: the impact of signal strength in setting 
the balance between adaptive responses and immunopathology. Immunol 
Rev 2009; 229: 216–31. 
268. Denoeud J, Moser M. Role of CD27/CD70 pathway of activation in 
immunity and tolerance. J Leukoc Biol 2011; 89: 195–203. 
269. Duggleby RC, Shaw TNF, Jarvis LB, Kaur G, Gaston JSH. CD27 
expression discriminates between regulatory and non-regulatory cells after  
expansion of human peripheral blood CD4+ CD25+ cells. Immunology 2007; 
121: 129–39. 
270. Tesselaar K, Xiao Y, Arens R, et al. Expression of the murine CD27 
ligand CD70 in vitro and in vivo. J Immunol 2003; 170: 33–40. 
271. Al Sayed MF, Ruckstuhl CA, Hilmenyuk T, et al. CD70 reverse signaling 
enhances NK cell function and immunosurveillance in CD27-expressing B-cell 
malignancies. Blood 2017; 130: 297 LP – 309. Available at: 
http://www.bloodjournal.org/content/130/3/297.abstract. 
272. Huang J, Jochems C, Anderson AM, et al. Soluble CD27-pool in humans 
may contribute to T cell activation and tumor immunity. J Immunol 2013; 190: 
6250–8. 
273. Burchill MA, Tamburini BA, Kedl RM. T cells compete by cleaving cell 
surface CD27 and blocking access to CD70-bearing APCs. Eur J Immunol 
2015; 45: 3140–9. Available at: https://pubmed.ncbi.nlm.nih.gov/26179759. 
274. Castañeda DM, Salgado DM, Narváez CF. B cells naturally induced 
during dengue virus infection release soluble CD27, the plasma level of which 



        

164 
 

is associated with severe forms of pediatric dengue. Virology 2016; 497: 136–
45. Available at: 
http://www.sciencedirect.com/science/article/pii/S0042682216301817. 
275. Yazdanbakhsh M, Sartono E, Kruize YCM, et al. Elevated levels of T cell 
activation antigen CD27 and increased interleukin-4 production in human 
lymphatic filariasis. Eur J Immunol 1993; 23: 3312–7. Available at: 
https://doi.org/10.1002/eji.1830231238. 
276. Torres B, Guardo AC, Leal L, et al. Protease inhibitor monotherapy is 
associated with a higher level of monocyte activation, bacterial translocation 
and inflammation. J Int AIDS Soc 2014; 17: 19246. Available at: 
https://www.ncbi.nlm.nih.gov/pubmed/25280865. 
277. Invitrogen. Human sCD27 Instant ELISA Kit. 2019. Available at: 
https://assets.thermofisher.com/TFS-
Assets/LSG/manuals/MAN0016654_286INST_Hu-sCD27-ELISA_UG.pdf. 
278. Estébanez M, Stella-Ascariz N, Mingorance J, et al. Inflammatory, 
procoagulant markers and HIV residual viremia in patients receiving protease 
inhibitor monotherapy or triple drug therapy: a cross-sectional study. BMC 
Infect Dis 2014; 14: 379. Available at: https://doi.org/10.1186/1471-2334-14-
379. 
279. Arribas J, Hill A, Xi N, van Delft Y, Moecklinghoff C. Interleukin-6 and C-
reactive protein levels after 3 years of treatment with  darunavir/ritonavir 
monotherapy or darunavir/ritonavir + two nucleoside reverse transcriptase 
inhibitors in the MONET trial. J Antimicrob Chemother 2012; 67: 1804–6. 
280. Hyun J, McMahon RS, Lang AL, et al. HIV and HCV augments 
inflammatory responses through increased TREM-1 expression and signaling 
in Kupffer and Myeloid cells. PLOS Pathog 2019; 15: e1007883. Available at: 
https://doi.org/10.1371/journal.ppat.1007883. 
281. BenMarzouk-Hidalgo OJ, Torres-Cornejo A, Gutierrez-Valencia A, Ruiz-
Valderas R, Viciana P, López-Cortés LF. Higher Activation in CD4(+) T Cells 
But Similar Viral Control Among HIV/Hepatitis C  Virus-Coinfected Patients on 
a Simplification Monotherapy. AIDS Res Hum Retroviruses 2016; 32: 6–11. 
282. Corbeau P, Reynes J. Immune reconstitution under antiretroviral therapy: 
the new challenge in HIV-1 infection. Blood 2011; 117: 5582–90. Available at: 
https://doi.org/10.1182/blood-2010-12-322453. 
283. Mehraj V, Ramendra R, Isnard S, et al. CXCL13 as a Biomarker of 
Immune Activation During Early and Chronic HIV Infection. Front Immunol 
2019; 10: 289. Available at: 
https://www.frontiersin.org/article/10.3389/fimmu.2019.00289. 
284. Samuel M, Jose S, Winston A, et al. The effects of age on associations 
between markers of HIV progression and markers of metabolic function 
including albumin, haemoglobin and lipid concentrations. HIV Med 2014; 15: 
311–6. Available at: https://www.ncbi.nlm.nih.gov/pubmed/24245861. 
285. Loomba R, Rowley A, Wesley R, et al. Systematic review: the effect of 
preventive lamivudine on hepatitis B reactivation during chemotherapy. Ann 
Intern Med 2008; 148: 519–28. 
286. Gatanaga H, Hayashida T, Tanuma J, Oka S. Prophylactic effect of 
antiretroviral therapy on hepatitis B virus infection. Clin Infect Dis 2013; 56: 
1812–9. 
287. Falade-Nwulia O, Seaberg EC, Snider AE, et al. Incident Hepatitis B 
Virus Infection in HIV-Infected and HIV-Uninfected Men Who Have Sex With 



        

165 
 

Men From Pre-HAART to HAART Periods: A Cohort Study. Ann Intern Med 
2015; 163: 673–80. Available at: 
https://www.ncbi.nlm.nih.gov/pubmed/26457744. 
288. Heuft MM, Houba SM, van den Berk GEL, et al. Protective effect of 
hepatitis B virus-active antiretroviral therapy against primary hepatitis B virus 
infection. AIDS 2014; 28: 999–1005. 
289. Shilaih M, Marzel A, Scherrer AU, et al. Dually Active HIV/HBV 
Antiretrovirals as Protection Against Incident Hepatitis B  Infections: Potential 
for Prophylaxis. J Infect Dis 2016; 214: 599–606. 
290. UNAIDS. UNAIDS Data 2017. 2017. Available at: 
http://www.unaids.org/sites/default/files/%0Amedia_asset/20170720_Data_b
ook_2017_en.pdf. 
291. World Health Organization. World Health Organisation. Guidelines on 
hepatitis B and C testing. 2017. Available at: 
http://apps.who.int/iris/bitstream/10665/254621/1/9789241549981-
%0Aeng.pdf. 
292. Stockdale AJ, Geretti AM. Chronic hepatitis B infection in sub-Saharan 
Africa: a grave challenge and a great hope. Trans R Soc Trop Med Hyg 2015; 
109: 421–2. 
293. Breakwell L, Tevi-Benissan C, Childs L, Mihigo R, Tohme R. The status 
of hepatitis B control in the African region. Pan Afr Med J 2017; 27: 17. 
294. World Health Organization. Global and country estimates of 
immunization coverage and chronic HBV infection. Available at: 
http://whohbsagdashboard.com/#global-strategies. 
295. Coffie PA, Egger M, Vinikoor MJ, et al. Trends in hepatitis B virus testing 
practices and management in HIV clinics across sub-Saharan Africa. BMC 
Infect Dis 2017; 17: 706. Available at: 
https://www.ncbi.nlm.nih.gov/pubmed/29143625. 
296. Kouanfack C, Aghokeng AF, Mondain A-M, et al. Lamivudine-resistant 
HBV infection in HIV-positive patients receiving antiretroviral therapy in a 
public routine clinic in Cameroon. Antivir Ther 2012; 17: 321–6. 
297. Aoudjane S, O’Connor J, Chaponda M, et al. Hepatitis B Virus Sub-
genotype A1 Infection Is Characterized by High Replication Levels and Rapid 
Emergence of Drug Resistance in HIV-Positive Adults Receiving First-line 
Antiretroviral Therapy in Malawi. Clin Infect Dis 2014; 59: 1618–26. Available 
at: https://doi.org/10.1093/cid/ciu630. 
298. Spearman CW, Afihene M, Ally R, et al. Hepatitis B in sub-Saharan 
Africa: strategies to achieve the 2030 elimination targets. lancet Gastroenterol 
Hepatol 2017; 2: 900–9. 
299. Public Health England. Investigation for hepatitis B infection. 2018. 
300. Centers for Disease Control (CDC). Hepatitis B surface antigen in serum. 
2013. Available at: https://wwwn.cdc.gov/nchs/data/nhanes/2011- 
2012/labmethods/hepbd_g_met_hepatitis-b-surface-antigen.pdf. 
301. Schweitzer A, Horn J, Mikolajczyk RT, Krause G, Ott JJ. Estimations of 
worldwide prevalence of chronic hepatitis B virus infection: a systematic 
review of data published between 1965 and 2013. Lancet (London, England) 
2015; 386: 1546–55. 
302. Bigna JJ, Amougou MA, Asangbeh SL, et al. Seroprevalence of hepatitis 
B virus infection in Cameroon: a systematic review and meta-analysis. BMJ 
Open 2017; 7. Available at: https://bmjopen.bmj.com/content/7/6/e015298. 



        

166 
 

303. Shimakawa Y, Toure-Kane C, Mendy M, Thursz M, Lemoine M. Mother-
to-child transmission of hepatitis B in sub-Saharan Africa. Lancet Infect Dis 
2016; 16: 19–20. Available at: https://doi.org/10.1016/S1473-3099(15)00469-
7. 
304. Martel N, Cotte L, Trabaud M-A, et al. Probable corticosteroid-induced 
reactivation of latent hepatitis B virus infection in an HIV-positive patient 
involving immune escape. J Infect Dis 2012; 205: 1757–61. 
305. Manegold C, Hannoun C, Wywiol A, et al. Reactivation of hepatitis B virus 
replication accompanied by acute hepatitis in patients receiving highly active 
antiretroviral therapy. Clin Infect Dis 2001; 32: 144–8. 
306. Clark SJ, Creighton S, Horner M, et al. Reactivation of latent hepatitis B 
virus infection with HIV-related immunosuppression. Int J STD AIDS 2006; 17: 
67–9. 
307. Nebbia G, Garcia-Diaz A, Ayliffe U, et al. Predictors and kinetics of occult 
hepatitis B virus infection in HIV-infected persons. J Med Virol 2007; 79: 1464–
71. 
308. Arribas JR, Clumeck N, Nelson M, Hill A, van Delft Y, Moecklinghoff C. 
The MONET trial: week 144 analysis of the efficacy of darunavir/ritonavir 
(DRV/r) monotherapy versus DRV/r plus two nucleoside reverse transcriptase 
inhibitors, for patients with viral load < 50 HIV-1 RNA copies/mL at baseline. 
HIV Med 2012; 13: 398–405. 
309. Katlama C, Valantin MA, Algarte-Genin M, et al. Efficacy of 
darunavir/ritonavir maintenance monotherapy in patients with HIV-1 viral 
suppression: a randomized open-label, noninferiority trial, MONOI-ANRS 136. 
AIDS 2010; 24: 2365–74. 
310. Garg H, Sarin SK, Kumar M, Garg V, Sharma BC, Kumar A. Tenofovir 
improves the outcome in patients with spontaneous reactivation of hepatitis B 
presenting as acute-on-chronic liver failure. Hepatology 2011; 53: 774–80. 
311. Sherman KE, Peters MG, Thomas D. Human immunodeficiency virus 
and liver disease: A comprehensive update. Hepatol Commun 2017; 1: 987–
1001. Available at: http://doi.wiley.com/10.1002/hep4.1112. 
312. Paul S, Dickstein A, Saxena A, et al. Role of surface antibody in hepatitis 
B reactivation in patients with resolved infection and hematologic malignancy: 
A meta-analysis. Hepatology 2017; 66: 379–88. 
313. Salpini R, Colagrossi L, Bellocchi MC, et al. Hepatitis B surface antigen 
genetic elements critical for immune escape correlate with hepatitis B virus 
reactivation upon immunosuppression. Hepatology 2015; 61: 823–33. 
314. Weinberger KM, Bauer T, Bohm S, Jilg W. High genetic variability of the 
group-specific a-determinant of hepatitis B virus surface antigen (HBsAg) and 
the corresponding fragment of the viral polymerase in chronic virus carriers 
lacking detectable HBsAg in serum. J Gen Virol 2000; 81: 1165–74. 
315. Martin CM, Welge JA, Shire NJ, et al. Genomic variability associated with 
the presence of occult hepatitis B virus in HIV co-infected individuals. J Viral 
Hepat 2010; 17: 588–97. 
316. Cuestas ML, Rivero CW, Minassian ML, et al. Naturally occurring 
hepatitis B virus (HBV) variants with primary resistance to antiviral therapy 
and S-mutants with potential primary resistance to adefovir in Argentina. 
Antiviral Res 2010; 87: 74–7. 
317. Mello FCA, Martel N, Gomes SA, Araujo NM. Expression of Hepatitis B 
Virus Surface Antigen Containing Y100C Variant Frequently Detected in 



        

167 
 

Occult HBV Infection. Hepat Res Treat 2011; 2011: 695859. Available at: 
https://www.ncbi.nlm.nih.gov/pubmed/21331286. 
318. Martin CM, Welge JA, Rouster SD, Shata MT, Sherman KE, Blackard JT. 
Mutations associated with occult hepatitis B virus infection result in decreased  
surface antigen expression in vitro. J Viral Hepat 2012; 19: 716–23. 
319. Fritzsche C, Becker F, Hemmer CJ, et al. Hepatitis B and C: neglected 
diseases among health care workers in Cameroon. Trans R Soc Trop Med 
Hyg 2013; 107: 158–64. 
320. Molton J, Smith C, Chaytor S, et al. Seroprevalence of common vaccine-
preventable viral infections in HIV-positive adults. J Infect 2010; 61: 73–80. 
321. Awerkiew S, Daumer M, Reiser M, et al. Reactivation of an occult 
hepatitis B virus escape mutant in an anti-HBs positive, anti-HBc negative 
lymphoma patient. J Clin Virol 2007; 38: 83–6. 
322. Avettand-Fenoel V, Thabut D, Katlama C, Poynard T, Thibault V. Immune 
suppression as the etiology of failure to detect anti-HBc antibodies in patients 
with chronic hepatitis B virus infection. J Clin Microbiol 2006; 44: 2250–3. 
Available at: https://www.ncbi.nlm.nih.gov/pubmed/16757632. 
323. Anastasiou OE, Widera M, Verheyen J, et al. Clinical course and core 
variability in HBV infected patients without detectable  anti-HBc antibodies. J 
Clin Virol 2017; 93: 46–52. 
324. Gessoni G, Beggio S, Barin P, et al. Significance of anti-HBc only in blood 
donors: a serological and virological study after hepatitis B vaccination. Blood 
Transfus 2014; 12 Suppl 1: s63-8. 
325. Palmer S, Maldarelli F, Wiegand A, et al. Low-level viremia persists for 
at least 7 years in patients on suppressive antiretroviral therapy. Proc Natl 
Acad Sci 2008; 105: 3879 LP – 3884. Available at: 
http://www.pnas.org/content/105/10/3879.abstract. 
326. Murray AJ, Kwon KJ, Farber DL, Siliciano RF. The Latent Reservoir for 
HIV-1: How Immunologic Memory and Clonal Expansion Contribute to HIV-1 
Persistence. J Immunol 2016; 197: 407–17. 
327. Siliciano JD, Kajdas J, Finzi D, et al. Long-term follow-up studies confirm 
the stability of the latent reservoir for HIV-1 in resting CD4+ T cells. Nat Med 
2003; 9: 727–8. 
328. Richman DD, Margolis DM, Delaney M, Greene WC, Hazuda D, 
Pomerantz RJ. The challenge of finding a cure for HIV infection. Science 2009; 
323: 1304–7. 
329. Cory TJ, Schacker TW, Stevenson M, Fletcher C V. Overcoming 
pharmacologic sanctuaries. Curr Opin HIV AIDS 2013; 8. Available at: 
https://journals.lww.com/co-
hivandaids/Fulltext/2013/05000/Overcoming_pharmacologic_sanctuaries.7.a
spx. 
330. Vitoria M, Ford N, Doherty M, Flexner C. Simplification of antiretroviral 
therapy: a necessary step in the public health response to HIV/AIDS in 
resource-limited settings. Antivir Ther 2014; 19 Suppl 3: 31–7. 
331. Diaco ND, Strickler C, Giezendanner S, Wirz SA, Tarr PE. Systematic 
De-escalation of Successful Triple Antiretroviral Therapy to Dual Therapy with 
Dolutegravir plus Emtricitabine or Lamivudine in Swiss HIV-positive Persons. 
EClinicalMedicine 2018; 6: 21–5. Available at: 
https://doi.org/10.1016/j.eclinm.2018.11.005. 
332. de Miguel Buckley R, Montejano R, Stella-Ascariz N, Arribas JR. New 



        

168 
 

Strategies of ARV: the Road to Simplification. Curr HIV/AIDS Rep 2018; 15: 
11–9. 
333. Vidal F, Domingo JC, Guallar J, et al. In vitro cytotoxicity and 
mitochondrial toxicity of tenofovir alone and in combination with other 
antiretrovirals in human renal proximal tubule cells. Antimicrob Agents 
Chemother 2006; 50: 3824–32. 
334. Unsal AB, Mattingly AS, Jones SE, et al. Effect of Antiretroviral Therapy 
on Bone and Renal Health in Young Adults Infected With HIV in Early Life. J 
Clin Endocrinol Metab 2017; 102: 2896–904. Available at: 
https://doi.org/10.1210/jc.2017-00197. 
335. Woodward CLN, Hall AM, Williams IG, et al. Tenofovir-associated renal 
and bone toxicity. HIV Med 2009; 10: 482–7. 
336. Grigsby IF, Pham L, Mansky LM, Gopalakrishnan R, Mansky KC. 
Tenofovir-associated bone density loss. Ther Clin Risk Manag 2010; 6: 41–7. 
Available at: https://www.ncbi.nlm.nih.gov/pubmed/20169035. 
337. Jaoko W, Kredo T. Boosted protease inhibitor (PI) monotherapy for 
treating HIV/AIDS. Cochrane Database Syst Rev 2017; 2017: CD008171. 
Available at: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6483500/. 
338. Arribas JR, Doroana M, Turner D, Vandekerckhove L, Streinu-Cercel A. 
Boosted protease inhibitor monotherapy in HIV-infected adults: outputs from 
a pan-European expert panel meeting. AIDS Res Ther 2013; 10: 3. Available 
at: https://www.ncbi.nlm.nih.gov/pubmed/23347595. 
339. El Bouzidi K, Collier D, Nastouli E, Copas AJ, Miller RF, Gupta RK. 
Virological efficacy of PI monotherapy for HIV-1 in clinical practice. J 
Antimicrob Chemother 2016; 71: 3228–34. Available at: 
https://doi.org/10.1093/jac/dkw265. 
340. Rabi SA, Laird GM, Durand CM, et al. Multi-step inhibition explains HIV-
1 protease inhibitor pharmacodynamics and resistance. J Clin Invest 2013; 
123: 3848–60. 
341. Curran A, Monteiro P, Domingo P, et al. Effectiveness of ritonavir-
boosted protease inhibitor monotherapy in the clinical setting: same results as 
in clinical trials? The PIMOCS Study Group. J Antimicrob Chemother 2014; 
69: 1390–6. Available at: https://doi.org/10.1093/jac/dkt517. 
342. Gupta R, Hill A, Sawyer AW, Pillay D. Emergence of drug resistance in 
HIV type 1-infected patients after receipt of first-line highly active antiretroviral 
therapy: a systematic review of clinical trials. Clin Infect Dis 2008; 47: 712–22. 
343. Jordan MR, Winsett J, Tiro A, et al. HIV Drug Resistance Profiles and 
Clinical Outcomes in Patients with Viremia Maintained at Very Low Levels. 
World J AIDS 2013; 3: 71–8. Available at: 
https://www.ncbi.nlm.nih.gov/pubmed/25664219. 
344. Tchouwa GF, Eymard-Duvernay S, Cournil A, et al. Nationwide 
Estimates of Viral Load Suppression and Acquired HIV Drug Resistance in 
Cameroon. EClinicalMedicine 2018; 1: 21–7. Available at: 
http://www.sciencedirect.com/science/article/pii/S2589537018300038. 
345. Hosseinipour MC, Kumwenda JJ, Weigel R, et al. Second-line treatment 
in the Malawi antiretroviral programme: high early mortality, but good 
outcomes in survivors, despite extensive drug resistance at baseline. HIV Med 
2010; 11: 510–8. 
346. Boyd MA, Moore CL, Molina J-M, et al. Baseline HIV-1 resistance, 
virological outcomes, and emergent resistance in the SECOND-LINE trial: an 



        

169 
 

exploratory analysis. lancet HIV 2015; 2: e42-51. 
347. Johnston V, Cohen K, Wiesner L, et al. Viral suppression following switch 
to second-line antiretroviral therapy: associations with nucleoside reverse 
transcriptase inhibitor resistance and subtherapeutic drug concentrations prior 
to switch. J Infect Dis 2014; 209: 711–20. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



        

170 
 

APPENDIX 
APPENDIX 1: Protocol Document 

MANET: Monotherapy in Africa, New Evaluations of Therapy 
Protocol Number:  CUI_001; Design and Phase:  Open-label randomised 
pilot feasibility study (IIIb); Study Drug:  TMC114, darunavir 
SUMMARY OF STUDY PROTOCOL 
The aim of this pilot study is to assess the feasibility, efficacy and safety of 
Darunavir/ritonavir 800/100 mg once daily (DRV/r) monotherapy as a switch-
maintenance strategy for patients receiving second-line ART at Yaoundé 
Central Hospital (YCH) in Cameroon. HIV-infected adults receiving second-
line antiretroviral therapy (ART) for ≥3 months with 2 nucleos(t)ide reverse 
transcriptase inhibitors (NRTIs) plus either lopinavir/ritonavir (LPV/r) or 
atazanavir/ritonavir (ATV/r) will undergo plasma HIV-1 RNA (“viral”) load 
testing. Those with a viral load below 50 copies/ml (<50 cps/ml) will undergo 
a repeat test ideally 4-6 weeks later (allowed up to 16 weeks); if the viral load 
is confirmed as <50 cps/ml the patient will be invited to join the randomised 
phase of the study. Patients (n=150) will be randomised 1:2 to either continue 
the current triple ART regimen (n=50) or switch to DRV/r monotherapy 
(n=100). The study will assess feasibility by measuring the number of patients 
on 2NRTIs plus LPV/r (or ATV/r) that have a viral load <50 cps/ml (viral load 
monitoring is not routinely available at YCH); the number of eligible patients 
that consent to recruitment (experiences of HIV clinical trials is very limited at 
YCH); and the number of patients that once recruited are retained into follow-
up (loss to follow-up is a problem in HIV services across sub-Saharan Africa). 
From an efficacy and safety perspective, the primary end-point will be viral 
load suppression <400 cps/ml at week 24; secondary end-points will be viral 
load suppression <50 cps/ml at week 12 and week 24, safety, tolerability, and 
emergence of protease inhibitor (PI) drug-resistance. Patients who 
discontinue DRV/r before week 24 will be retained in observation until week 
24. Patients randomised to the DRV/r arm who are still on DRV/r at week 24 
will continue observational follow-up to week 48. Those who discontinue 
DRV/r after week 24 and before week 48 will be retained in observation until 
week 48. After week 48, patients will return to local standard of care. In 
addition to routine samples to measure efficacy and safety, additional blood 
samples will be collected for a pharmacokinetics (PK) and pharmacogenomics 
sub-study to correlate plasma concentrations of DRV to outcomes. 
Furthermore at recruitment, peripheral blood mononuclear cells (PBMC) will 
be collected for HIV-1 drug resistance testing to detect mutants archived at 
the time of first-line ART failure and for measuring HIV DNA load. A cost-
effectiveness analysis will test the hypothesis that savings can be achieved 
by switching to DRV/r monotherapy without affecting quality of care. Recruited 
subjects who at week 12, 24, 36 or 48 show a viral load >50 cps/ml will 
undergo confirmation of viraemia and managed according to the viral load 
level: 1) ≤400 cps/ml: re-enforce adherence; continue to monitor; 2) >400 to 
1000 cps/ml: re-introduce the NRTIs if in the DRV/r monotherapy arm; 
continue to monitor if in the triple ART arm (as per standard of care); 3) >1000 
cps/ml: change therapy (recommended third-line ART in Cameroon is with 2 
NRTIs plus DRV/r 600/100 twice daily). Subjects with a screening viral load 
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≥50 cps/ml will undergo clinical, medication and adherence review, and 
management according to local standard of care. 
STUDY DRUG 
DRV/r (800mg/100mg) will be administered orally once daily with food. 
 
LOCATIONS OF TRIAL 
Yaoundé Central Hospital (YCH) and Chantal Biya International Reference 
Center for HIV/AIDS Research on Prevention and Treatment (CIRCB), 
Yaoundé, Cameroon.  
 
SPONSOR 
University of Liverpool 
 
FINANCIAL SUPPORT 
University of Liverpool  
Janssen Pharmaceuticals (Providing funding and product [funder]) 
 
RATIONALE 
DRV/r has shown excellent efficacy in ART-experienced and ART-naïve 
patients when co-administered with other antiretroviral drugs (Mills 2009, 
Madruga 2007). In these randomised comparisons, DRV/r showed superior 
activity to LPV/r. In the Artemis trial, ART-naïve patients were randomised to 
DRV/r (800/100mg once daily) or LPV/r each in combination with 2 NRTIs 
(Mills 2009). Over 192 weeks once daily DRV/r was noninferior and 
statistically superior in virological response to LPV/r, and with a more 
favourable gastrointestinal profile (Orkin 2012). In the Titan trial of ART-
experienced patients randomised to DRV/r (twice daily) or LPV/r plus 
optimised background therapy, at week 48, significantly more DRV/r than 
LPV/r treated patients had a viral load <400 cps/ml (77% vs. 68%); there was 
also a reduced risk of emerging protease and NRTI resistance in the DRV/r 
arm at the time of virological failure (Madruga 2007). Furthermore, once daily 
DRV/r (800/100mg) was non-inferior in virological response to twice daily 
DRV/r (600/100mg) at 48 weeks in ART-experienced patients with no DRV 
resistance mutations, and with a more favourable lipid profile (Cahn 2011). 
Similar supporting data have been reported in ART-experienced patients with 
suppressed HIV-1 RNA while on a twice daily ritonavir-boosted protease (PI/r) 
regimen who were switched to once daily DRV/r (Goshn 2012). In this study 
patients had previously experienced a median of 2 (1-5) PIs. 
 
The efficacy of once daily DRV/r monotherapy has been demonstrated in 
patients suppressed on their previous regimen and without prior failure 
(Arribas 2010, Katlama 2010). The MONET study demonstrated non-inferior 
efficacy of once daily DRV/r monotherapy compared with a triple regimen 
containing DRV/r +2NRTIs at the primary endpoint at 48 weeks (Arribas 
2010). Although patients on DRV/r monotherapy experienced more frequent 
episodes of viral load rebound >50 cps/ml during the 144 weeks of follow-up, 
these were usually between 50 and 400 cps/ml and often resolved 
spontaneously without intervention. Importantly, we and others recently 
demonstrated that treatment simplification to DRV/r monotherapy is not 
associated with significant increases in cellular HIV-1 DNA load over up to 144 
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weeks of follow-up compared with continuing triple therapy with DRV/r + 
2NRTIs (Geretti 2012; Lambert-Niclot 2012). In routine clinical practice, 
simplification to once daily DRV/r monotherapy has been shown to be safe 
and effective in previously treated patients with suppressed HIV-1 RNA 
(Santos 2012). In the study by Santos et al. patients had previously received 
a median of 5 (3-9) ART lines. There are no studies of DRV/r monotherapy in 
sub-Saharan Africa. 
 
Monotherapy with a PI/r is currently not standard-of-care, but has been 
included in some treatment guidelines, such as the European AIDS Clinical 
Society (EACS) guidelines, as a treatment option in suppressed patients 
without prior failure to PIs (EACS 2011; Calza 2012). Data informing the use 
of PI/r monotherapy as second-line treatment are limited. A recent study 
evaluated responses to LPV/r monotherapy among 123 adults in resource-
limited settings (5 sites in Africa and Asia) (Bartlett 2012). Patients were 
receiving NNRTI-based first-line therapy with a viral load of 1000-200,000 
cps/ml. The primary endpoint was remaining on LPV/r monotherapy without 
virological failure at week 24. Overall 87% of patients met the primary 
endpoint. Thus, in this pilot study conducted in diverse settings, 
LPV/r monotherapy demonstrated promising activity as second-line 
treatment. In a recent study from Thailand however, patients experiencing 
virological failure (viral load >1000 cps/ml) on first-line NNRTI-based therapy 
showed higher response rates with LPV/r + 2NRTIs compared with LPV/r 
monotherapy (Bunupuradah 2012). Over 48 weeks, the proportions with viral 
load suppression <50 cps/ml were 83% vs. 61% respectively; baseline viral 
load was predictive of subsequent treatment failure. These findings are 
consistent with the observation that LPV/r monotherapy is suboptimal for 
inducing viral load suppression in patients with detectable viraemia (Calza 
2012). It should be noted that here we are proposing a simplification study of 
patients who are already virologically suppressed on their current triple ART 
regimen.  
 
Patients in Cameroon currently have access to LPV/r. However given that the 
World Health Organisation (WHO) has recently recommended ATV/r, the trial 
will allow patients who may have been receiving ATV/r by the time the trial 
starts. The vast majority of patients receiving 2 NRTIs + LPV/r at the centre 
are on second-line therapy, having experienced failure of a first-line regimen 
consisting of 2 NRTIs plus either nevirapine or efavirenz. Switching to second-
line therapy is generally based upon a confirmed viral load >5000 cps/ml (two 
measurements within 4 weeks), a fall in CD4 cell counts or clinical 
deterioration. There is no routine virological monitoring subsidized by the 
government at the centre, although patients able to pay can undergo viral load 
testing. Thus, prior to changing from first- to second-line ART, patients usually 
experience prolonged virological failure and may be expected to start second-
line therapy with extensive NRTI resistance (Marcelin 2006; Gupta 2008).  
 
In a study from Cameroon, among 75 patients experiencing virological or 
immunological failure of first- or second-line ART, 80% had resistance to at 
least one antiretroviral drug, mostly to the NRTIs (80%) and the NNRTIs 
(76%), which are the recommended components of first-line regimens in the 
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country (Charpentier 2011). The patients showed multiple mutations affecting 
all NRTIs, including those included in recommended second-line regimens. 
Therefore we propose that the activity of the second-line regimen containing 
2 NRTIs + LPV/r (or in the future ATV/r) is mostly related to that of the PI/r. 
The study will investigate the emergence of PI resistance in patients who 
experience confirmed viral load rebound >50 cps/ml during the trial. The 
plasma PK of DRV will also be determined, with the aim of gathering data that 
can be correlated with treatment outcomes. 
 
Objectives 
 
The aim of this pilot study is to assess the feasibility, efficacy and safety of 
DRV/r monotherapy as a maintenance strategy for patients receiving second-
line ART and showing a suppressed HIV viral load. The feasibility assessment 
is critical to enable the design of a larger multicentre study. The assessment 
will address: 1) the number of patients receiving second-line therapy at YCH 
who have a viral load <50 cps/ml (viral load testing is not routinely available 
at YCH to provide estimates); 2) the number of eligible patients willing to be 
randomised to monotherapy; 3) retention into follow-up after recruitment. In 
addition, the study will have the following efficacy and safety objectives: 
 
Primary virological objective 
x To evaluate efficacy in terms of the percentage of subjects who have 

plasma HIV-1 RNA levels <400 cps/ml after 24 weeks of follow-up 
following a switch to DRV/r monotherapy vs. continuing triple therapy 
containing 2 NRTIs + LPV/r (or ATV/r) (FDA Snapshot method). 

Secondary objectives 
1. To compare the percentage of subjects who have plasma HIV-1 RNA 

levels <50 cps/ml after 12 weeks of follow-up following a switch to DRV/r 
monotherapy vs. continuing triple therapy containing 2 NRTIs + LPV/r (or 
ATV/r), using the TLOVR method. 

2. To compare the percentage of subjects who have plasma HIV-1 RNA 
levels <50 cps/ml after 24 weeks of follow-up following a switch to DRV/r 
monotherapy vs. continuing triple therapy containing 2 NRTIs + LPV/r (or 
ATV/r), using the TLOVR method. 

3. To evaluate and compare safety and tolerability of DRV/r monotherapy 
versus triple therapy over 24 weeks. 

4. To observe the efficacy, safety and tolerability of DRV/r monotherapy from 
week 24 to week 48. 

5. To evaluate and compare the loss of treatment options with DRV/r 
monotherapy versus triple therapy at week 24 and evaluate the loss of 
treatment options with DRV/r from week 24 to week 48, as defined by 
treatment-emergent PI resistance mutations in patients experiencing 
confirmed viral load rebound >50 cps/ml. 

6. To evaluate DRV (and ritonavir) plasma levels in patients receiving DRV/r 
monotherapy with the aim of correlating findings to treatment outcomes. 
The primary aim for this analysis is to assess the relationship between 
DRV exposure and virological responses (including both confirmed and 
transient episodes of viral load rebound >50 cps/ml) in patients on DRV/r 
monotherapy. Secondary aims are: i) to assess major covariates of DRV 
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exposure, in particular weight, gender, liver function; ii) to correlate the PK 
findings to host genetic predictors of drug metabolism. 

7. To investigate the presence of archived HIV drug resistance in HIV DNA 
present within PBMC collected at the time of recruitment and measure the 
HIV DNA load in the same sample to determine how it relates to virological 
responses. 

8. To perform a cost-effectiveness analysis of switching to DRV/r 
monotherapy versus continuing triple therapy. 

Hypothesis 
We propose that maintenance therapy with DRV/r monotherapy is a feasible, 
effective and safe treatment option for patients receiving second-line ART in 
Yaoundé. 
 
Feasibility  
We propose that within six months of opening the study to recruitment, 250 
patients will be identified at YCH that have a viral load <50 cps/ml (confirmed 
over two tests  
4-6 and up to 16 weeks’ apart) while receiving 2 NRTIs + LPV/r (or ATV/r); 
that 200 will meet the other eligibility criteria; and that 150 will consent to 
recruitment. Of 150 recruited patients, we hypothesise that 128 (85%) will be 
retained into follow-up over at least 24 weeks. Such data would confirm the 
feasibility of running a larger trial.  
 
Efficacy  
The primary efficacy hypothesis for this study is that, after 24 weeks of 
randomised treatment, the percentage of subjects taking DRV/r monotherapy 
with a viral load <400 cps/ml is similar to the percentage in the triple therapy 
arm containing 2 NRTIs + LPV/r (or ATV/r). Secondary efficacy hypothesis are 
that after 12 and 24 weeks of randomised treatment the percentage of 
subjects taking DRV/r monotherapy with a viral load <50 cps/ml is similar to 
the percentage in the triple therapy arm containing 2 NRTIs + LPV/r (or ATV/r). 
 
Safety  
Secondary hypotheses are that DRV/r monotherapy is safe over 48 weeks, 
and that it offers a reduced risk of diarrhoea and blood lipid abnormalities than 
2 NRTIs plus LPV/r during 24 weeks of randomised observation. 
 
Study design 
This is a 24-week, single-centre, open-label, randomised pilot feasibility 
(Phase III) trial to assess feasibility, safety and efficacy of DRV/r 800/100 mg 
once daily as monotherapy for patients with a suppressed HIV viral load while 
receiving second-line ART with 2 NRTIs plus LPV/r (or ATV/r). A total of 150 
HIV-infected subjects treated for at least 3 months with 2 NRTIs + LPV/r (or 
ATV/r) will undergo viral load testing (screening 1); if the viral load is <50 
cps/ml the patients will undergo a repeat viral load ideally 4-6 weeks later 
(screening 2; documented results obtained up to 16 weeks previously will be 
accepted). Those with confirmed viral load suppression will be invited to join 
the randomised phase of the study. This will consist of randomisation to 24 
weeks treatment with either monotherapy with DRV/r or continuation of triple 
therapy containing 2 NRTIs + LPV/r (or ATV/r) in a ratio of 2:1. Subjects with 
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hepatitis B infection or a current CD4 count <100 cell/mm3 will be excluded. 
After week 24, patients randomised to DRV/r monotherapy will continue 
observational follow-up to week 48. Any patient discontinuing DRV/r prior to 
the end of the study will continue observation until week 24 (for 
discontinuations prior to week 24) or until week 48 (for discontinuations after 
week 24).  
 
The trial will include a 4-6 week (up to 16 weeks) screening period to 
determine and confirm viral load suppression <50 cps/ml, a 24 week treatment 
period, and either a 12 weeks follow-up visit or phone call for patients 
randomised to continuing triple therapy, or a 24 week observation period for 
patients randomised to DRV/r monotherapy, followed by a follow-up visit or 
phone call 4 weeks later.  
 
An independent Data Monitoring Committee (DMC) has been commissioned 
for this study. One formal DMC review of the interim analysis results will occur 
when all subjects have had at least 12 weeks of treatment or discontinued 
earlier. There are no a priori stopping guidelines defined. The DMC will make 
recommendations to the Trial Steering Committee regarding the continuation, 
modification or termination of the trial, based on their review of the efficacy 
and safety data. The interim report will also be submitted to the Ethics 
Committees in the UK and in Cameroon. 
 
SUBJECT SELECTION 
Inclusion  

1. Subjects with documented HIV-1 infection. 
2. Male or female aged > 21 years old. 
3. Subjects receiving ART with 2 NRTIs + LPV/r (or ATV/r) for at least 3 months 

at the time of screening 1. 
4. Current CD4 >100 cells/mm3 (documented at screening 2) 
5. Plasma HIV-1 RNA <50 copies/ml at screening 1 confirmed ideally 4-6 weeks 

later at screening 2 (two results must be documented; a first result obtained 
up to 16 weeks earlier will be accepted). 

6. Subjects can comply with the protocol requirements. In particular, subjects 
should be willing to be followed up at least until week 24 (discontinuation prior 
to week 24) and for the DRV/r arm up to week 48 (discontinuation after week 
24) even if they discontinue randomized treatment.   

7. Subjects who have voluntarily signed and dated the consent form. 
 
Exclusion  

1. Clinical or laboratory evidence of significantly decreased hepatic function or 
decompensation, irrespective of liver enzyme levels (liver insufficiency). 

2. Co-infection with hepatitis B (HBsAg positive). 
3. Grade 3 or 4 laboratory abnormality as defined by DAIDS, including 

haemoglobin ≤8mg/dL; platelets ≤50 000/mm3; estimated creatinine clearance 
≤60mL/ minute, AST; ALT and alkaline phosphatase >3 times the upper limit 
of normal; and total bilirubin >2.5 times the upper limit of normal; with the 
following exceptions unless clinical assessment foresees an immediate health 
risk to the subject: 
¾ Pre-existing diabetes or asymptomatic glucose grade 3 or 4 elevations. 
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¾ Asymptomatic triglyceride or cholesterol elevations of grade 3 or 4. 
4. Presence of any currently active AIDS defining illness (Category C conditions 

according to the CDC Classification System for HIV Infection 1993) with the 
following exceptions: 
¾ Stable cutaneous Kaposi’s Sarcoma (i.e., no internal organ involvement 

other than oral lesions) that is unlikely to require any form of systemic 
therapy during the study. 

¾ Wasting syndrome due to HIV infection. 
Note: An AIDS defining illness that is not clinically stabilized for at least 30 
days will be considered as currently active. 

5. Pregnant or breastfeeding women. 
6. Active substance abuse, including alcohol or recreational drugs. 
7. Any clinically significant disease (e.g., tuberculosis, cardiac dysfunction, 

pancreatitis, acute viral infections) or life threatening disease in the previous 
14 days, or findings during screening of medical history or physical 
examination that, in the investigator’s opinion, would compromise the 
subject’s safety or outcome of the study. 

8. Any medical or psychiatric condition which, in the opinion of the investigator, 
could compromise the subject's safety or adherence to the trial protocol. 

9. Previously demonstrated clinically allergy or hypersensitivity to any of the 
excipients of the investigational medication (DRV). 
Note: DRV is a sulfonamide. Subjects who have previously experienced a 
sulfonamide allergy will be allowed to enter the trial. To date, no potential for 
cross sensitivity between drugs in the sulfonamide class and DRV has been 
identified in subjects participating in phase II trials. 

10. Participation in any other clinical trials that involve administration of 
antiretrovirals or other drugs within the last 4 weeks and during the 
participation in this trial. 
 
Prohibitions and Restrictions  
Potential subjects must be willing to adhere to the following prohibitions and 
restrictions during the course of the study to be eligible for participation.  
 
There are no adequate and well-controlled studies with DRV in pregnant 
women. Studies in animals showed no teratogenic potential in rats, mice and 
rabbits. An absence of any effect on fertility, teratogenicity and pre- and post-
natal development with DRV treatment can be stated, but only in so far as the 
relative exposure levels were only comparable to human. Therefore, patients 
randomized to DRV will be advised to avoid pregnancy while on the drug by 
using contraceptive measures including the use of condoms to prevent HIV 
transmission. Furthermore, women should not breast-feed when taking DRV, 
as the effects to their newborn child are unknown. It is not known if DRV is 
excreted in human milk but there is indication that DRV is excreted in milk in 
rats. For details on the existing data with regard to the reproductive toxicity of 
DRV, please see the current Investigator’s Brochure. 
 
Subjects should not take any medications that are contra-indicated with DRV/r 
(see below and also refer to up to date product label). 
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Patients receiving 2 NRTIs + LPV/r will not be allowed to switch from LPV/r to 
ATV/r during the trial. 
 
Dosage and Administration 
 
Eligible patients will be randomised (2:1) to either: 

a) DRV/r 800/100mg once daily monotherapy (n=100).  
b) Continuation of current triple therapy with 2 NRTIs plus LPV/r (or ATV/r) 

(n=50). 
 

DRV/r will be administered orally as two 400mg tablets darunavir and one 
100mg tablet ritonavir within 30 minutes after completion of a meal. The intake 
of drugs in the triple therapy arm will be according to the local prescribing 
information. Full reference to SPC should be made. Description of reasonable 
foreseeable risks and discomfort from DRV/r are indicated in the risk section. 
Also refer to unforeseeable risks to subject embryo or foetus. 
CONCOMITANT THERAPY  
The following medications are disallowed for the duration of this study:  

x Investigational agents (from 90 days before screening onwards); 
x Experimental vaccines; 

Note: Approved vaccines are allowed if they are given at least 4 weeks before 
a viral load measurement. 

x Systemic dexamethasone (topical formulations are allowed); 
x Stimulants: amphetamines, amphetamine derivatives; 
x Herbal supplements: all products containing Hypericum perforatum (St John's 

Wort); 
x Antibiotics: rifampin, rifapentine, telithromycin; 
x Anticonvulsants: phenobarbital, phenytoin, carbamezepine; 
x Antiarrhythmics: bepridil, flecainide, propafenone, systemic lidocaine, 

quinidine, mexilitine, disopyramide, amiodarone; 
x Anticoagulants: warfarin; 
x Calcium channel blockers: felodipine, nifedipine, nicardipine; 
x Immunosuppressants: cyclosporin, rapamycin, tacrolimus, sirolimus; 
x Antihistamines: astemizole, terfenadine; 
x Prokinetic: cisapride; 
x Antipsychotics: pimozide; 
x Ergot derivatives: dihydroergotamine, ergonovine, ergometrine, ergotamine, 

methylergonovine; 
x Benzodiazepines: midazolam, triazolam; 
x Narcotic analgesics: meperidine (pethidine); 
x Lipid lowering agents and HMG-CoA reductase inhibitors: pravastatin, 

lovastatin, simvastatin; 
x Antifungals: systemic use of ketaconazole, or itraconazole at  > 200 mg/day. 

 
 
Should a patient develop TB while on the study drug, one of two management 
options will be available: 1) Switch back to standard of care and use rifampicin; 
2) continue on study drug using rifabutin (150 mg three times a week) instead 
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of rifampicin. As rifabutin is now becoming available at low cost across Africa, 
the second option will be possible.  
 
EVALUATIONS 
Feasibility 
1. Proportion of patients with viral load <50 copies/ml at screening 1 and 

screening 2 
2. Proportion of eligible patients that consent to enter the study 
3. Proportion of recruited patients retained into follow-up for at least 24 weeks 

and up to 48 weeks 
Efficacy  

x Plasma HIV-1 RNA load measurement at screening 1, screening 2, study 
entry (baseline), week 4 (retrospective), week 12, week 24, and for DRV/r 
monotherapy arm alone week 36 and week 48 (CIRCB).  
 
Note: Results of viral load testing at screening 1, week 24 for both arms and 
at week 36 and 48 for the DRV/r monotherapy arm will be returned to the clinic 
within 4 weeks of sampling. Week 12 viral load results will be retained for study 
use. 

 
x Drug-resistance testing of plasma HIV-1 RNA on 2nd sample for confirmed 

viral load rebound >50 cps/ml at any time during the study (CIRCB and UoL). 
 
Pharmacokinetics (PK) and Pharmacogenomics (UoL) 

x Drug levels in plasma for DRV and ritonavir at baseline, week 4, week 12, and 
week 24 will be compared in patients remaining virologically suppressed 
relative to those who experience transient or confirmed viral load rebound >50 
cps/ml during the study. Blood samples will be taken at trough – defined as 
20-28 hours post dose. If this is not possible (due to dosing – i.e., at night and 
patients come to clinic in the morning) sampling will be taken 10-14 hours post 
dose. Plasma will be obtained and stored frozen. 

x Covariate analyses will explore associations between important PK 
parameters (trough, AUC, CL/F) and covariates such as age, weight, ethnicity, 
sex, co-morbidities, co-medications.  

x Rich (“intensive”) PK sampling (7 samples over 24h – at 0, 2, 4, 6, 8, 12, 24 
h) will be undertaken in 10 patients who volunteer for (opt-in) this sub-study.  

x In a subset of patients willing to provide consent (opt-in), host genetic 
predictors of antiretroviral drug metabolism will be investigated using plasma-
recovered DNA. Specifically, in patients receiving DRV/r monotherapy, 
identification of subpopulations at particular risk of high or low DRV plasma 
concentrations is important, and genomic DNA will be analysed for host 
genetic predictors of antiretroviral drug exposure. These will include 
polymorphisms in CYP3A5/ ABCB1, ABCC1, 2, 4 and 10, and SLCO family 
(including SLCO 3A1). 
 
Any stored blood may be used by the investigators for further exploratory work 
following approval by the relevant committee bodies.  
 
Archived drug resistance and HIV DNA load 
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Presence of HIV-1 drug resistance mutations in reverse transcriptase and 
protease will be assessed in HIV-1 DNA recovered from PBMC collected at 
recruitment. HIV DNA load will be measured in PBMC by real-time PCR. 
 Safety  
Safety evaluations will include clinical laboratory assessments performed by 
CIRCB, physical examinations including evaluation of vital signs, and the 
reporting of adverse events (AEs). 
 
All AEs, whether serious or non-serious, will be recorded. Serious safety 
events will be reported from the time a signed and dated informed consent 
form is obtained until completion of the last study-related procedure (may 
include contact for follow-up of safety). Please refer to the Study Safety 
Reporting Standard Operating Procedure.  
 
Safety laboratory assessments (e.g. haematology, biochemistry, urinalysis) 
will be performed at Centre Pasteur du Cameroun. Planned assessments are: 
 
Hematology: Haemoglobin, white blood cell (WBC) with differential, platelet 
counts. 
 
Biochemistry: Sodium, potassium, creatinine (with EGFR), glucose, aspartate 
aminotransferase (AST), alanine aminotransferase (ALT), alkaline 
phosphatase, total bilirubin, cholesterol/LDL/HDL, triglycerides. 
 
Urinalysis: dipstick. 
 
Immunology: CD4 cell count. 
 
Serology: Hepatitis B surface antigen (HBsAg) 
  
Pregnancy test: at baseline and other visits for women of childbearing 
potential. Women who become pregnant during the trial will be offered the 
option to continue to DRV/r and re-introduce two NRTIS, or return to standard 
of care. Pregnancies occurring on DRV/r and their related outcomes will be 
recorded. 
Additional tests will be performed as indicated by clinical or laboratory findings. 

END-POINTS 
Feasibility end-points: Percentage of screened subjected that have a HIV 
viral load <50 cps/ml at both screening 1 and screening 2; percentage of 
patients with a suppressed viral load that meet other eligibility criteria; 
percentage of eligible patients who consent to recruitment; percentage of 
recruited patients who remain in follow-up for at least 24 weeks and up to 48 
weeks.  

Primary efficacy end-point 
x Percentage of subjects who have plasma HIV-1 RNA levels <400 cps/ml after 

24 weeks of follow-up following a switch to DRV/r monotherapy versus 
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continuing triple therapy containing 2 NRTIs + LPV/r (or ATV/r) (FDA 
Snapshot method). 
 
Secondary end-points 

x Percentage of subjects who have plasma HIV-1 RNA levels <50 cps/ml after 
12 weeks of follow-up following a switch to DRV/r monotherapy versus 
continuing triple therapy containing 2 NRTIs + LPV/r (or ATV/r), using the 
TLOVR method. 

x Percentage of subjects who have plasma HIV-1 RNA levels <50 cps/ml after 
24 weeks of follow-up following a switch to DRV/r monotherapy versus 
continuing triple therapy containing 2 NRTIs + LPV/r (or ATV/r), using the 
TLOVR method. 

x Safety and tolerability of DRV/r monotherapy versus triple therapy over 24 
weeks. 

x Observed efficacy, safety and tolerability of DRV/r monotherapy from week 24 
to week 48. 

x Loss of treatment options with DRV/r monotherapy versus triple therapy at 
week 24, and loss of treatment options with DRV/r from week 24 to week 48, 
as defined by treatment-emergent protease drug-resistance mutations in 
patients experiencing confirmed viral load rebound  >50 cps/ml. 
 
Additional analyses 

x DRV (and ritonavir) plasma levels in patients receiving DRV/r monotherapy 
and pharmacogenomics of antiretroviral drug metabolism. 

x HIV-1 drug resistance and HIV DNA load in PBMC collected at recruitment. 
x Cost-effectiveness analysis of switching to DRV/r monotherapy versus 

continuing triple therapy.        
  
STATISTICAL METHODS 
Sample Size Determination 
This is a pilot feasibility study and no formal sample size calculations are 
included. The number of patients has been calculated as sufficient to give 
estimates of feasibility that will guide the design of a larger study. 
 
Interim Analysis 
There is an interim analysis planned for this study, which will occur after all 
subjects have completed their 12 week visit after randomisation or 
discontinued earlier. The second analysis will occur at week 24 after 
randomisation, after all subjects have either completed the week 24 follow-up 
visit, or discontinued earlier. A further analysis will be performed after all 
patients randomised to DRV/r monotherapy have completed the week 48 
follow-up visit, or discontinued earlier. 
 
Efficacy Analysis  
All statistical tests will be interpreted at the one-sided 2.5% significance level 
or at the 5% two-sided significance level, unless specified differently. The 
analysis will be performed by treatment phase. The main focus will be the 
comparison between DRV/r monotherapy and the triple therapy with 2 NRTIs 
plus LPV/r (or ATV/r). 
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A per-protocol and an intent-to-treat population will be defined as: 
x The intent-to-treat (ITT) population will be defined as the set of all subjects 

who were randomized and who have taken at least one dose of trial 
medication, regardless of their compliance with the protocol. 

x The per-protocol population will be defined as the set of all randomized 
subjects who have taken at least one dose of trial medication, and who did not 
take other protease inhibitors (both treatment arms) for more than one week 
before virological failure or NRTIs (DRV/r monotherapy arm only) for more 
than one week before virological failure. 
 
The primary population will be the ITT population. The per-protocol population 
will also be analyzed to investigate the impact of exclusion of major protocol 
violations listed above on the conclusions. 
 

� The primary efficacy objective is to evaluate the efficacy of DRV/r 
monotherapy versus continuing triple therapy, with respect to confirmed 
virological response, defined as plasma HIV-1 RNA <400 cps/ml at 24 weeks. 

� As a secondary efficacy and safety objectives, the following will be evaluated: 
x The efficacy of DRV/r monotherapy versus triple therapy, with respect to 

confirmed virological response, defined as plasma HIV-1 RNA <50 cps/ml 
at 12 and 24 weeks using a “switch included” endpoint.  For this analysis, 
all subjects who discontinue randomized medication will be followed up on 
their subsequent treatment, and their last HIV-1 RNA levels will be included 
in the analysis. 

x The safety and tolerability of DRV/r monotherapy versus triple therapy over 
24 weeks. 

x The number of subjects in the DRV/r monotherapy arm which needed to 
be re-started on NRTIs and the number of days on monotherapy. 

x The immunological response in terms of change in the CD4 cell count from 
baseline over 24 weeks of DRV/r monotherapy versus triple therapy.  

x The development of new drug-resistance mutations in the protease gene 
in patients who experience confirmed HIV-1 RNA rebound >50 cps/ml at 
any time during the study. 

x To observed the efficacy, safety and tolerability of DRV/r monotherapy 
from week 24 to week 48. 

 
Criteria for end-points  
Primary antiviral activity parameter: 
x Virological response: percent of subjects with confirmed plasma viral load 

<400 cps/ml at week 24.  
x Subjects who discontinue randomized study medication will be considered 

as non-responders after discontinuation. For the primary analysis, 
discontinuation will mean stopping treatment with DRV/r for at least 30 
consecutive days in the monotherapy arm, or stopping all NRTI treatment 
in the triple therapy arm for at least 30 consecutive days.  

x A subject with an intermediate missing viral load measurement will be 
considered as a responder if the subject’s viral load was <400 cps/ml in the 
preceding and the subsequent visit, in all other cases the subject will be 
considered as a non-responder. 
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Pharmacokinetic analysis 
Covariate analyses will explore associations between important PK 
parameters (trough, AUC, CL/F) and covariates such as age, weight, ethnicity, 
sex, co-morbidities, co- medications.  
 
Resistance analysis 
There will be no formal statistical testing of this parameter. 
 
HIV DNA load analysis 
Covariate analysis will explore the association between HIV DNA load and 
other covariates and outcomes. 
 
Safety Analyses  
There will be no formal statistical testing of safety parameters in the trial. 
 
Medical Resource Usage and Health Economics  
The cost of antiretrovirals will be calculated for each treatment arm, using 
prices from the Clinton Health Access Initiative.  The cost of diagnostic tests 
(HIV-1 RNA, CD4 cell counts, resistance testing) will also be calculated, plus 
the number of outpatient and inpatient visits.  The combined costs will be used 
to estimate the total cost of treatment and care in the two treatment arms. 
 
Patient management 
Results of viral load testing at screening 1 and week 24 for both arms and at 
week 36 and 48 for the DRV/r monotherapy arm will be returned to the clinic 
within 4 weeks of sampling. For study purposes, patients showing a viral load 
≥50 cps/ml at week 12, 24, 36 or 48 will undergo confirmation of viraemia 
within 2-4 weeks and if this is confirmed the recommended management 
strategies are indicated below: 
 
 
Confirmed HIV viral 
load 

DRV/r monotherapy 
arm 

Triple therapy arm 

≥50 and ≤400 cps/ml Adherence review, 
continue 

Adherence review, 
continue 

>400 and <1000 cps/ml Re-introduce 2 NRTIs, 
continue DRV/r 

Adherence review, 
continue 

≥1000 cps/ml1 Return to standard of 
care2 

Standard of care2 

11000 copies/ml is the cut-off for defining virological failure in the Cameroon 
HIV Treatment Guidelines. 
2The Cameroon HIV Treatment Guidelines recommend a third-line regimen of  
2 NRTIs plus DRV/r dosed as 600/100 twice daily.  
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Screen  
1 

Screen  
2 

Baseline Randomised 
Period 

End of  
study 

Observed period End of  
study 

 
Continue  
arm 

Switch arm 

WEEK - 4 to -16 -1-4 0 4 8 12 16 20 24 36 28 31 36 40 44 48 52 
Date of visit; subject ID X X X X  X   X    X   X  
Subject contact details X X X X  X   X    X   X  
Demographics (age, gender) X X                
Informed consent  X                
Inclusion/Exclusion criteria X X                
Continue to next visit? X X X X  X   Xa    X     
Primary reason for discontinuation X X X X  X   X    X   X  
Medical & Surgical History  X                
History of HIV Disease  X                
ART history  X                
Concomitant Therapy & Procedures   X X X  X   X    X   X  
Childbearing potential  X                
Pregnancy test (urine)  X  X  X   X    X   X  
Randomization   X               
Dispense antiretroviral drugs   X X X X X X Xa  X X X     
Drug accountability (pill count)    X X X X X X  X X X   X  
Physical Examination & Vital Signs  X  X  X   X    X   X  
Subject statusb          X       X 
Well-being questionnaire   X X  X   X    X   X  
M-MASRI adherence questionnaire   X X  X   X    X   X  
Sample collection X X  X  X   X    X   X  
FBC   X  X  X   X    X   X  
Full biochemistry 1b           X            
Full biochemistry 2c  X       X       X  
Glucose  X       X       X  
Partial biochemistryd    X         X   X  
Urinalysis  X  X  X   X    X   X  
HBV status X                 
HIV viral load  X X    X   X    X   X  
PK sampling    X  X   X         
CD4 cell count  X       X       X  
Adverse Events   X  X  X   X    X   X  
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Screen  
1 

Screen  
2 

Baseline Randomised 
Period 

End of  
study 

Observed period End of  
study 

 
Continue  
arm 

Switch arm 

WEEK - 4 to -16 -1-4 0 4 8 12 16 20 24 36 28 31 36 40 44 48 52 
Plasma storage  X X  X  X   X    X   X  
PBMC storage  X                
Serum storage X                 
Study termination         Xe       X  
End of study follow-up visit/call          X       X 
 
aSwitch arm only; bFull biochemistry 1: ALT, AST, Total bilirubin, Creatinine, Sodium, Potassium, Calcium, Cholesterol, HDL, 
LDL, Triglycerides; bFull biochemistry 2: As in full biochemistry 1 + Alkaline Phosphatase; cPartial biochemistry: ALT, AST, 
Creatinine; dSubject status: Inclusion/Exclusion criteria, Medical and Surgical Events, HIV-related events, AIDS defining 
diagnosis, antiretroviral therapy intake; eContinue arm only. 
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Patient Study Number: CUI-_/__/___ 
CONSENT FORM 
Title of Project: MANET STUDY         Name of Researcher: Dr 
Charles Kouanfack 
 
   Please initial box 
 
1. I have read and understood the information sheet dated 

17/12/2014 (version 7) for the above study. I have had the 
opportunity to consider the information, ask questions and 
have had these answered satisfactorily. 

 

2. I understand that my participation is voluntary and that I am 
free to withdraw at any time without giving any reason, 
without my medical care or legal rights being affected. 

 

3. I understand that relevant sections of my medical notes and 
data collected during the study may be looked at by 
individuals from Yaoundé Central Hospital, CIRCB, and the 
University of Liverpool that are part of the study team, where 
it is relevant to my taking part in this research.  
I give permission for these individuals to have access to my 
records. 

 

4. I agree to take part in the above study.  

5. I understand that research on the samples I have given may 
also include analysis of genetic markers of drug levels. I 
understand that it is up to me to decide if I wish to volunteer 
for this part of the research, or decline it while still taking 
part in the rest of the study. 

 

6. I agree to take part in the above genetic markers study. 
 

 

7. I understand that the researchers are looking for volunteers 
for a “rich” drug levels study. I understand that it is up to me 
to decide if I wish to volunteer for this research, or decline it 
while still taking part in the rest of the study.  

 

8. I agree to take part in the “rich” samples drug level study.  

9. I understand that left over samples from this study will be 
stored for 5 years and that other tests will be done only for 
research purposes and only after approval. 

 
 
 
 

10. I agree to my samples being stored for other tests if other 
research is approved 

 

  
 
___________________________  _____________
 _____________________ 
Name of Patient    Date   Signature 
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APPENDIX 2: ADHERENCE FORM; MANET 
 

Pill count:  
 
1. Study ID:  CUI-_/__/___ Sex: F ☐  M ☐   First name initial  __ Surname 
initial __ 
2. Has patient brought bottles from last prescription?  Yes ☐      No ☐ 
 Pill count [HIV drugs only]:  

 
No.  Drug 

name 
Dosage details No. of pills given No. of pills 

counted 

Example Darunavir 800 mg once 
daily 

1 bottle of 60 tablets 0 

Example Ritonavir 100 mg once 
daily 

1 bottle of 30 tablets 0 

1.     
2.     
3.     
4.     

 
4. Actioned required?   Yes ☐      No ☐        If yes inform Study Doctor 
5. Person completing the form: ______________    6. Date: __/__/____ dd/mm/yyyy 
File in MANET ADHERENCE FOLDER 
------------------------------------------------------------------------------------------------------------------

------------ 
1. Study ID:  CUI-_/__/___ Sex: F ☐  M ☐   First name initial  __ Surname 
initial __ 
2. Has patient brought bottles from last prescription?  Yes ☐      No ☐ 
 Pill count [HIV drugs only]:  

 
No.  Drug 

name 
Dosage details No. of pills given No. of pills 

counted 

Example Darunavir 800 mg once 
daily 

1 bottle of 60 tablets 0 

Example Ritonavir 100 mg once 
daily 

1 bottle of 30 tablets 0 

1.     
2.     
3.     
4.     

 
4. Actioned required?   Yes ☐      No ☐        If yes inform Study Doctor 
5. Person completing the form: ______________    6. Date: __/__/____ dd/mm/yyyy 
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Adherence Questionnaire 
Clinical Team please complete the shadowed sections before handing the 
questionnaire to the patient 
 
Subject ID:  CUI-_/__/___   Visit date:  __/__/____ 
(dd/mm/yyyy) 
Your most recent prescription was: 
Drug Number of pills for each 

dose 
How many doses each day 

[                                              ] [__________] [__________] 
[                                              ] [__________] [__________] 

 
 
Many people find it hard to always remember their pills. For example some 
people get busy and forget to carry their pills with them; some people find it 
hard to take their pills according to all the instructions, such as "with food", 
"always at the same time"; some people decide to skip pills to avoid side 
effects or to just not take pills that day. We need to understand what people 
are really doing with their pills. Please tell us what you are actually doing. Don't 
worry about telling us you don't take all your pills. We need to know what is 
really happening, not what you think we want to hear. Please answer a few 
questions: 
 
                                                              Which of the following medications 
have you taken within the last 30 days? 
 

Drug A  [                                 ] ☐  Drug C  [                                    
] 

☐ 

Drug B  [                                 ] ☐  Drug D  [                                    
] 

☐ 

 
Now please put an "X" on the line below at the point showing your best 
guess about how much of each drug you have taken in the last three to four 
weeks. We would be surprised if this was 100% for most people. For example, 
if you take Darunavir: 0% means you have taken no Darunavir, 50% means 
you have taken half your doses of Darunavir, and 100% means you 
have taken every single dose of Darunavir. 
 
 
 A1. Drug A                            [                                           ] 
 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%  
             
  

 
B1.  How about Drug B?      [                                           ] 

 

 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%  
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APPENDIX 3: ETHICAL CLEARANCE  
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APPENDIX 4: NON-COMMERICAL MATERIAL TRANSFER AGREEMENT 
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BETWEEN: The University of Liverpool, The Foundation Building, 765 
Brownlow Hill, Liverpool, L69 7ZX   (the “University”); 

AND: The Chantal Biya International Reference Centre for Research 
on Prevention and Management of HIV/AIDS (CIRCB)  (the 
“Provider”); 

Upon: Professor Anna Maria Geretti (the “Principal Investigator”), an 
employee of the University, requesting plasma (the “Material”) 
for use at the University’s premises in the project entitled The 
MANET: Monotherapy in Africa – Evaluations of New Therapy 
(the “Purpose”). The Provider confirms it  is willing to supply the 
Material subject to the following terms. 

It is agreed by the parties as follows: 

1. DEFINITIONS AND INTERPRETATIONS 

1.1. “Confidential Information” means all information including without 
limitation all ideas, techniques, processes, know-how, routines, 
specifications, formulae, drawings, methods and other knowledge 
concerning the Material and the use of the Material in any Replicates 
or Derivates. 

1.2. "Derivative" means any material created from the Material that is 
substantially modified but still represents a non-severable 
improvement to or amendment of the Material.  

1.3. "Intellectual Property" shall mean patent applications, patents, 
trademarks, service marks, registered designs, domain names, 
applications for any of the foregoing, trade and business names, 
unregistered trademarks and service marks, know-how, copyrights, 
rights in designs, rights in databases, rights in inventions, rights in 
improvements and rights of the same or similar effect or nature, in any 
part of the world. 

1.4. "Replicate" means any biological or chemical material representing 
substantially unmodified copy of all or part of the Material. 

2. USE OF THE MATERIALS 

2.1. The Material is to be used solely for the Purpose.  

2.2. The Provider shall retain all right and title in and to the Material 
supplied under this Agreement which shall not be distributed or 
released to any person other than the Principal Investigator and co-
workers working under the supervision of the Principal Investigator.   

2.3. The Provider agrees that ownership of any Intellectual Property rights 
arising from use of the Material or any Replicates or Derivatives 
thereof by the University shall vest in the University and the Provider. 
The Provider shall execute all such documents and do all such things 
as the University may request, at the University’s expense, to ensure 
that such Intellectual Property rights vest in the University and the 
Provider.  
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2.4. The University acknowledges and agrees that the Material or 
Replicates or Derivatives are not intended for use in humans or 
animals. 

2.5. The University agrees to comply with all restrictions on export from the 
United Kingdom and re-export from other countries as required by law 
for the Material, Replicates and Derivatives. Regarding transfers of 
Material, Replicates, or Derivatives to destinations outside the United 
Kingdom:  

2.5.1. The University assumes all risk and responsibility in connection 
with complying with applicable foreign law and regulations 
concerning the import, handling, transportation, storage, use, and 
misuse or other wrongdoing with respect to the Material, 
Replicates or Derivatives.  

2.6. The Provider may at its discretion provide technical assistance and 
information with respect to the Material, Replicates or Derivatives as 
well as other products and procedures associated with use of the 
Material, Replicates or Derivatives.  

3. PUBLICATIONS 

3.1. The University will acknowledge the Provider as the source of the 
Material, Replicates or Derivatives in any and all publications that 
reference their use.  

4. CONFIDENTIALITY 

4.1. The University shall not disclose any part of the Confidential 
Information to any third party without the written permission of the 
Provider, except where the Confidential Information comes into the 
public domain without breach of this Agreement by the University; the 
University was lawfully in possession of the Confidential Information 
prior to the date of this Agreement; is disclosed with the prior written 
approval of the Provider; is obtained lawfully from a third party entitled 
to disclose the same; is required to be disclosed by law or by order of 
a court of competent jurisdiction. 

4.2. The University shall only disclose the Confidential Information to its 
employees or agents who need to know the same for the Purpose and 
the University maintains that such employees and agents are obliged 
by obligations of confidentiality no less stringent than those contained 
in this Agreement.  

4.3. The Provider acknowledges that this Agreement does not intend to 
prevent publication by the University of the results produced through 
completion of the Purpose, and the Provider may only reasonably 
object to publication by the University if the proposed publication 
contains Confidential Information belonging to it. 

4.4. The University shall apply no lesser security or degree of care than 
that which it applies to its own confidential or proprietary information. 

5. INDEMNITY AND LIABILITY 
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5.1. The University acknowledges that the Material is experimental in 
nature and the Material and Confidential Information is provided by the 
Provider without any representation, condition or warranty 
whatsoever. There is no representation, condition or warranty given by 
the Provider that the Material or Confidential Information will be fit for 
the particular purpose required by the Recipient. 

5.2. The University shall indemnify the Provider, its directors, employees 
and representatives from any reasonable loss (with the exception of 
consequential and/or indirect losses), claim, damage, injury, expense 
or other liability resulting from the University’s possession, use, 
storage, transport or disposal of the Material except to the extent that 
such reasonable loss, claim, damage, injury, expense or other liability 
is caused or contributed to by the negligence of the Provider. 

6. GENERAL 

6.1. The Provider warrants that it has received the relevant ethical approval 
to obtain the Material and that the subjects who have provided the 
Material did so with informed consent.  

6.2. This Agreement shall come into force on the date of the last signature 
to the Agreement, and shall expire 5 years from that date. Either party 
may terminate this Agreement upon 30 days written notice to the other. 

6.3. The University may terminate this Agreement immediately upon 
written notice to the Provider if the Provider breaches any of the terms 
of this Agreement. Failure by the University to immediately terminate 
the Agreement upon notice of such a breach shall not constitute an 
acceptance of the breach or a waiver of the University’s right to 
terminate the Agreement for the breach in future. 

6.4. If any provision of this Agreement is declared void or unenforceable by 
a Court of competent jurisdiction it shall be severed from the 
Agreement and the remaining provisions shall continue to the fullest 
extent permitted by law. 

6.5. Nothing in this Agreement creates a relationship of employment, 
agency or partnership between the parties. 

6.6. The Provider shall not be entitled to assign this Agreement without the 
express written permission of the University. 

6.7. This Agreement contains the entire agreement between the parties.  
No amendments or modifications to this agreement will be of any effect 
unless in writing signed by authorised representatives of both parties. 

6.8. This Agreement is subject to the laws of England and both parties 
hereby submit to the exclusive jurisdiction of the English Courts. 

Signed by and on behalf of The University of 
Liverpool acting by a duly authorised 
signatory: 

  

 

Name:  Anna Maria Geretti   

Date: 21/05/2013 
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Signed by and on behalf of The Chantal Biya 
International Reference Centre (CIRCB) 
acting by a duly authorised signatory:  

Name: Charles Koufanack   

Date: 21/05/2013  
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Appendix 5: Other relevant training/qualifications 
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