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ABSTRACT 

 

Antiretroviral drug resistance is a major contributing factor in treatment failure. 

Resistance to drugs develops as a result of mutations within the proteins targeted by 

drugs. Different HIV-1 subtypes follow different paths to resistance, differ in codon 

sites critical to resistance and also differ in viral fitness and sequence analysis of an 

antiretroviral-target region provides information on presence of resistance and 

genetic divergence from conventionally used reference sequences. The objective of 

this study was to determine the pattern and prevalence of HIV-1 subtypes and HIV-1 

drug resistance among ARV-treated women from the Pumwani cohort based in 

Nairobi, Kenya.  

 

This was a cross-sectional, laboratory-based retrospective study involving genotypic 

characterization of HIV-1 RNA from stored plasma samples obtained from persons 

enrolled in an ART programme for over six months. Viral RNA was extracted from 

84 archived plasma samples. A region of the reverse transcriptase gene (697bp) was 

amplified by nested polymerase chain reaction (PCR) and sequenced using v3.1 

BigDye® Terminator™ technology. Sequence alignment and phylogenetic analyses 

were performed in Genetyx® and Treeview® using ClustalW and referenced to The 

Los Alamos and Stanford HIV databases.  

 

Sixty sequences were available for analyses. Sequence alignment and phylogenetic 

analysis showed 58 isolates (96.7%) to be subtype A1 and 2 isolates (3.3%) to be 

subtype D. Five isolates (8.3%) had virus population with reverse transcriptase 



 xv

inhibitor-associated resistance mutations. Of the 5, 3 were infected with subtype A1 

virus and 2 with subtype D virus. Complete class resistance was identified in 2 

isolates (3.3%).  Minor mutations and polymorphisms were detected in all the 60 

isolates that were analysed. HIV-1 subtype A1 dominates in this population while 

ARV- associated resistance mutations occurred in 8.3% of the patients, a low 

prevalence for a treated population. As sex workers are classified as a high risk group 

in HIV transmission, there is an urgent need to incorporate antiretroviral resistance 

monitoring protocols among HIV prevention programmes at both cohort and national 

level.
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CHAPTER ONE 

INTRODUCTION  

In the early 1980s, a number of gay men in New York and California suddenly began 

to develop rare opportunistic infections and cancers such as Kaposi's sarcoma and 

Pneumocystis carinii pneunomia that seemed stubbornly resistant to any treatment 

(Hymes et al., 1981). Signs of the syndrome that would later be named Acquired 

Immune Deficiency Syndrome (AIDS) had however been recorded as early as 1978 

among gay men in the US and Sweden and heterosexuals in Tanzania and Haiti 

(Aegis 1998).In 1983, Luc Montagnier's research team in Paris provided evidence 

linking a retrovirus to AIDS. The following year, further data from Robert Gallo's 

group in the United States provided convincing evidence that this retrovirus, later 

named Human Immunodeficiency Virus (HIV) was the cause of AIDS (Fauci, 2008).  

HIV belongs to the lentivirus genus of the family Retroviridae. It is transmitted as 

single-stranded, positive-sense, enveloped RNA virus. There are two strains of HIV 

known to exist: HIV-1 and HIV-2. HIV-1 is the virus that was initially discovered 

and termed lymphadenopathy-associated virus (LAV). It is more virulent, has a 

higher transmissibility rate, and is the cause of the majority of HIV infections 

globally. HIV-2 is less transmissible and is largely confined to West Africa. (Reeves 

and Doms, 2002) The purported origin of HIV-1 is the Common Chimpanzee while 

HIV-2 is thought to have originated from the Sooty Mangabey (Gao et al., 1999). 

1.1 HIV-1 structure 

HIV is roughly spherical with a diameter of approximately 120 nm (McGovern et al., 

2002). It is composed of two copies of positive single-stranded RNA that codes for 
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the virus's nine genes enclosed by a conical capsid composed of 2,000 copies of the 

viral protein p24 (Kuiken et al., 2008). The single-stranded RNA is tightly bound to 

nucleocapsid proteins, p7 and the enzymes reverse transcriptase, protease, 

ribonuclease and integrase. A matrix composed of the viral protein p17 surrounds the 

capsid. This is in turn, surrounded by the viral envelope composed of two layers of 

phospholipids. Embedded in the viral envelope are proteins from the host cell and 

about 70 copies of a complex HIV protein that protrudes through the surface of the 

virus particle (Kuiken et al., 2008).This protein, known as Env, consists of a cap 

made of three glycoprotein (gp) 120 molecules, and a stem consisting of three gp41 

molecules that anchor the structure into the viral envelope (Chan et al., 1997). This 

glycoprotein complex enables the virus to attach to and fuse with target cells to 

initiate the infectious cycle. 

 

The RNA genome consists of at least 7 structural landmarks (LTR, TAR, RRE, PE, 

SLIP, CRS, INS) and nine genes encoding 19 proteins. Gag, pol, and env are 

structural genes while tat, rev, nef, vif, vpr, and vpu are regulatory genes for proteins 

that control the ability of HIV to infect cells, replicate and cause disease (Kuiken et 

al., 2008). In some strains of HIV, a mutation causes the production of an alternate 

accessory protein, tev, from the fusion of tat, rev, and env (Peterlin and Trono, 2003). 

 

1.2 HIV-1 replication cycle 

The replication cycle of HIV-1 involves five major steps; a) attachment and fusion, 

b) reverse transcription, c) integration, d) transcription and translation, e) assembly, 

maturation and budding (Fig. 1.1).  
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Viral entry to the host cell begins with attachment of the HIV envelope glycoprotein 

(gp120) to the CD4 T-cell receptor (Briz et al., 2006). This interaction produces a 

conformational change in gp120, which allows it to bind to the chemokine co-

receptor, either CCR5 or CXCR4. CCR5 and CXCR4 bind the V3 region of HIV 

gp120. Further conformational changes in gp120 occur after CCR5 or CXCR4 

binding, allowing the HIV envelope gp41 fusion peptide to insert into the cellular 

membrane, causing the virion to fuse with the host membrane (Lewis et al., 2008).  

 

Once the HIV virion enters the cell cytoplasm, it is uncoated and the viral RNA 

genome undergoes reverse transcription into proviral DNA. Viral uncoating involves 

cellular factors and the viral proteins matrix protein p17, Nef and Vif (Sierra et al., 

2005). The proviral DNA becomes part of the pre-integration complex, which enters 

the nucleus (Este and Telenti, 2007) through the nuclear pore (Le Rouzic and 

Benichou, 2005).  

 

The proviral DNA is then incorporated (integrated) into the host-cell genome using 

the HIV integrase enzyme (Savarino, 2006). This process involves recognition of 

specific sequences within the long terminal repeats (LTRs) of viral cDNA by the 

integrase protein, followed by colinear insertion into chromosomal DNA, resulting in 

the formation of the provirus (Ferguson et al., 2002). Following integration into the 

host chromosome, the integrated provirus serves as the template for the synthesis of 

the viral RNAs that ultimately encode the full complement of structural, regulatory, 

and accessory proteins used to direct virus replication (Freed, 2001). 
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The integrated DNA provirus is transcribed into mRNA, which is then spliced into 

smaller pieces.Transcription of viral RNAs is achieved through the RNA polymerase 

II enzyme. The smaller spliced units are exported from the nucleus into the 

cytoplasm, where they are translated into the regulatory proteins Tat and Rev. As the 

newly produced Rev protein accumulates in the nucleus, it binds to viral mRNAs and 

allows unspliced RNAs to leave the nucleus, where they are otherwise retained until 

spliced (Pollard and Malim, 1998). HIV viral polyproteins are then expressed using 

host cell machinery. At this stage, the structural proteins Gag and Env are produced 

from the full-length mRNA. 

 

Assembly of new HIV-1 virions begins at the plasma membrane of the host cell. The 

env polyprotein (gp160) goes through the endoplasmic reticulum and is transported 

to the Golgi complex where it is cleaved by protease and processed into the two HIV 

envelope glycoproteins gp41 and gp120. These are transported to the plasma 

membrane of the host cell where gp41 anchors the gp120 to the membrane of the 

infected cell. The gag (p55) and gag-pol (p160) polyproteins associate with the inner 

surface of the plasma membrane along with the HIV genomic RNA as the forming 

virion begins to bud from the host cell (McNicholl and McNicholl, 2006). Maturation 

either occurs in the forming bud or in the immature virion after it buds from the host 

cell. During maturation, HIV proteases cleave the polyproteins into individual 

functional HIV proteins and enzymes. The various structural components then 

assemble to produce a mature HIV virion (Gelderblom, 1997).  

 

 



 5

 

 

                                                                                                       
Figure 1.1. The HIV-1 replication cycle. (Source: NIAID, 2009) 
 

1.3 Antiretroviral drugs  

Currently available antiretroviral classes include nucleoside reverse transcriptase 

inhibitors (NRTIs), non-nucleoside reverse transcriptase inhibitors (NNRTIs), 

protease inhibitors (PIs), fusion inhibitors, CCR5 inhibitors and integrase inhibitors. 
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These agents target such major steps in the HIV life cycle as attachment, entry, 

reverse transcription, integration, protein processing and maturation (Dau and 

Holodniy, 2009). 

 

1.3.1 Nucleoside Reverse Transcriptase Inhibitors  

Nucleoside Reverse Transcriptase Inhibitors (NRTIs) also known as nucleoside 

analogs, target the HIV enzyme reverse transcriptase. They act as alternative substrates 

competing with physiological nucleosides from which differ by only a minor 

modification in the ribose molecule (Hoffmann and Mulcahy, 2007). The hydroxy (-

OH) group in the 3′ position is replaced by another group that is unable to form the 5′ 

to 3′ phosphodiester linkage essential for DNA elongation thus acting as chain 

terminators in the synthesis of proviral DNA (Mitsuya and Broder, 1986). NRTIs are 

absorbed unchanged and are only activated when three phosphates are attached by 

intracellular phosphorylation in a stepwise process. It is the triphosphate derivative that 

is efficacious (Hoffmann and Mulcahy, 2007). Nucleoside analogs were the first drugs 

to be used in HIV treatment and include such agents as zidovudine (AZT/ZDV), 

emtricitabine (FTC), lamivudine (3TC), abacavir (ABC) and tenofovir (TDF).Side 

effects in NRTIs are rare when using individual drugs. Fatigue, nausea, vomiting, 

diarrhea, headache, insomnia, myalgia are common in to AZT and ABC therapy. 

Peripheral polyneuropathy, very rarely pancreatitis, lactic acidosis and anaemia are 

associated with 3TC. Hypersensitivity reactions (HSR) in 2 to 8 %, usually within the 

first six weeks have been seen in ABC. 
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1.3.2 Non-Nucleoside Reverse Transcriptase Inhibitors 

Non-Nucleoside Reverse Transcriptase Inhibitors (NNRTIs) were first described in 

1990 and target the reverse transcriptase enzyme. NNRTIs bind directly and 

noncompetitively to the enzyme at a position in close proximity to the substrate 

binding site for nucleosides (Grob, 1992; Merluzzi, 1990). The resulting complex 

blocks the catalyst activated binding site of the reverse transcriptase. This, in turn, 

can bind fewer nucleosides, slowing polymerization down significantly (Warnke et 

al., 2007). In contrast to NRTIs, NNRTIs do not require activation within the cell. 

Agents in this group include nevirapine, delavirdine and efavirenz. A rash, usually 

occurring within the first six weeks is common in NNRTI and further treatment is 

normally possible. Headache, diarrhoea have also been recorded. Central nervous 

system symptoms; nightmares, confusion, dizziness, somnolence, abnormal thinking, 

depression, impaired concentration, insomnia, and depersonalization occur frequently 

in EFV therapy. These symptoms usually resolve after a few weeks. 

 

1.3.3 Protease Inhibitors   

The HIV protease cuts the viral gag-pol polyprotein into its functional subunits thus 

allowing maturation of the HIV virion. This process takes place in the final stages of 

the HIV life cycle. Protease inhibitors (PIs) prevent proteolytic splicing resulting in 

release of structurally disorganized and non-infectious virus particles (Warnke et al., 

2007). The ten PIs  presently available for the treatment of HIV infections are 

saquinavir, ritonavir, indinavir, nelfinavir, amprenavir, lopinavir, atazanavir, 

fosamprenavir, tipranavir and darunavir (De Clercq, 2009).Moderate gastrointestinal 

complaints such as diarrhoea and dyslipidemia are common side effects in PI 
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therapy. Dyslipidemia is not as pronounced in Darunavir as in other PIs. 

Development of a rash in 20% % of Fosamprenavir recipients has been reported in 

the first 2 weeks. 

 

1.3.4 Integrase Inhibitors 

Integrase inhibitors block the integrase enzyme which incorporates viral copy DNA 

into the cellular DNA. Raltegravir is the first integrase inhibitor to be approved for 

use in antiretroviral treatment–experienced adult patients with viral resistance 

(Cocohoba and Dong, 2008). Raltegravir blocks HIV replication by inhibiting 

essential strand-transfer activities of integrase. Raltegravir has also been studied in 

treatment-naïve patients and was found to be non-inferior to an efavirenz-based 

regimen (Dau and Holodniy, 2009).Anaemia, kidney damage, depression, 

hyperglycaemia, changes in body fat distribution, allergic reactions such as a rash, 

hives, itching, swelling of the mouth or throat, wheezing, or difficulty breathing have 

been reported as side effects in raltegravir therapy although the occur rarely.  

 

1.3.5 Cell Entry Inhibitors 

Binding of HIV to the CD4 receptor, binding to co-receptors and fusion of virus and 

host cell membranes are the three crucial steps for entry of HIV into the host CD4+ T 

cell. Every step of HIV entry can theoretically be inhibited. All three possible drug 

classes targeting these steps, namely attachment inhibitors, co-receptor antagonists 

and fusion inhibitors (FIs) a therefore be summarized as entry inhibitors (Mitsuya 

and Broder, 1986). 
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i. Co-receptor Inhibitors  

Co-receptor inhibitors (CRIs) interact with the co-receptors CCR5 receptors on 

immune cells, blocking their use as a co-receptor for cell entry by HIV (Hunt and 

Romanelli, 2009). The CCR5 antagonist maraviroc is the only CRI licensed presently 

(Hammer et al., 2008). Ideally, CRIs should include a combination of a CCR5 

antagonist and a CXCR4 antagonist so as to block both X4 and R5 HIV strains. The 

major problem with maraviroc is that it is only active against R5 HIV strains. In a 

mixed population of X4/R5 HIV strains the drug has been shown to stimulate the 

selection of X4 strains (De Clercq, 2009).The most common maraviroc adverse 

events are diarrhoea, nausea, fatigue and headache. 

More severe adverse events may include CNS adverse effects, rash and 

aminotransferase elevations. 

 

ii. Fusion Inhibitors 

Fusion inhibitors block gp41, a viral surface protein, preventing the conformational 

change necessary to allow fusion of viral and cell membranes, thereby preventing 

entry of viral nuclear material into the cell (De Clercq, 2009). Enfuvirtide is the first, 

and thus far the only, fusion inhibitor to be approved by the FDA. It binds to the HR1 

region of gp41 and blocks the formation of the 6-helix bundle necessary for fusion 

(Warnke et al., 2007).Common adverse drug reactions associated with enfuvirtide 

therapy include: injection site reactions (pain, hardening of skin, erythema, nodules, 

cysts, itch experienced by nearly all patients, particularly in the first week), 

peripheral neuropathy, insomnia, depression, cough, dyspnoea, anorexia, arthralgia, 

infections (including bacterial pneumonia) and/or eosinophilia. Various 
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hypersensitivity reactions occur infrequently (0.1–1% of patients), symptoms of 

which include rash, fever, nausea, vomiting, chills, rigors, hypotension, elevated 

hepatic transaminases (Rossi, 2006). 

 

1.4 Statement of the problem 

Antiretroviral therapy is currently the major means of delaying HIV-1 progression to 

AIDS and    prolonging the lives of infected individuals whose CD4+ T cell counts 

decline below 200 cells/µl of blood. Unfortunately, the HIV virion is prone to 

mutations that render it resistant to one or several antiretroviral drugs. It therefore 

becomes necessary to change the regimen with every treatment failure and with 

every new regimen a possibility of developing novel resistance mutations exists, 

narrowing a patient’s options for therapy. New drugs on the other hand are not 

developed and/or approved for use as fast as they are rendered ineffective for some 

drug resistant HIV strains. 

 

1.5 Justification 

The lack of adequate information on the antiretroviral drug resistance patterns of 

HIV strains prevalent in Kenya may in future negatively affect the rational use of 

antiretroviral therapy. The current HIV treatment regimens in use in the country are 

modelled based on HIV-1 subtype B, a strain prevalent in Europe and America but 

rare in Kenya. Evidence is accumulating of different resistance patterns of non-

Subtype B viruses. Similarly, there are reports of a gradual shift of the HIV-1 

subtypes prevalent in Kenya from the traditional pure subtypes towards recombinant 

forms. The effect of such newly emerging variants on antiretroviral treatment is 
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unknown. A commercial sex worker population may harbour the most diverse strains 

of HIV in the country as the high risk lifestyle of the group presents fertile ground for 

virus mixing and possibly generation and transmission of unique genotypes. This 

study aims to map the genotypic resistance profiles of the HIV variants from patients 

receiving antiretroviral treatment in the Pumwani sex worker cohort. This 

information will contribute to the development of an in-country guideline for 

identification of HIV antiretroviral resistance strains to guide options for treatment of 

HIV/AIDS  patients. 

 

1.6 Hypotheses 

 

 1.6.1 Null hypothesis 

There is low prevalence of HIV-1 drug resistant mutations among ARV-experienced 

subjects in the Pumwani sex worker cohort. 

 

    1.6.2 Alternative hypothesis 

There is a high prevalence of HIV-1 drug resistant mutations among ARV-

experienced subjects in the Pumwani sex worker cohort. 

 

1.7 Objectives 

 

    1.7.1 General objective 

To determine HIV-1 subtype distribution and prevalence of HIV drug resistant 

mutations among ARV-treated patients in the Pumwani sex worker cohort. 
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    1.7.2 Specific objectives 

1. To determine HIV-1 subtypes present in the Pumwani sex worker cohort. 

2. To determine prevalence of antiretroviral drug genotypic mutations in the 

Pumwani sex worker cohort. 
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CHAPTER TWO 

LITERATURE REVIEW 

 

2.1 Development of drug resistance 

Antiretroviral (ARV) resistance is a major factor contributing to treatment failure 

(Richmann, 2001) and develops when viral replication continues in the presence of 

selective drug pressure. It may result from impotent regimens, suboptimal adherence, 

pharmacological hurdles or ineffectively treated compartments. Long-term HIV 

chemotherapy with persistent treatment failure and frequent antiretroviral drug 

changes is often associated with the accumulation of drug-resistance mutations that 

confer increased phenotypic resistance and lead to the clinically undesirable selection 

of multidrug-resistant HIV-1 strains (Richmann, 2004; Phillips et al., 2005) 

 

HIV-1 drug resistance can be acquired (developing in a person receiving 

antiretroviral treatment) or transmitted (occurring because a virus with drug-

resistance mutations was transmitted to a drug-naive person). HIV-1 drug resistance 

can be transmitted both horizontally and vertically and Lwembe et al. (2007), while 

studying a group of Non-subtype B infected children found that vertically transmitted 

reverse transcriptase inhibitor (RTI) resistance mutations can persist for years, even 

in the absence of drug pressure. Acquired drug resistance results from the generation 

of genetic variation in the population of viruses within a person followed by the 

selection of drug-resistant variants during therapy. The Kisumu breastfeeding study 

established that even infants born to and breastfed by mothers on ARV are at risk of 

developing resistance to ARVs taken by their mothers. This is especially so if 
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commencement of treatment of the infant was delayed or ignored altogether (Thomas 

et al., 2004).  Development of such resistant strains is critical and detrimental to HIV 

therapy because transmission to treatment-naive populations directly translates into 

reduced treatment options for populations.  

 

Resistance to drugs typically develops as a result of mutations within the genes 

encoding the proteins targeted by that particular drug. This enables the virus to gain 

the ability to replicate in the presence of the drug i.e. sufficient viral suppression is 

not induced. In HIV, the replication and mutation rates and the virions’ ability to 

integrate into the host genome and remain dormant confer the ability to develop 

resistance to therapy very rapidly. Up to 10 billion virions may be produced daily in 

an untreated host, with a half life as short as 6 hours. These spontaneous mutations 

are attributed to HIV RNA lack of a proof-reading mechanism/activity owing to the 

lack of the 39-59 exonuclease activity in the reverse transcriptase gene (Havlir and 

Richman, 1996). With an estimated replication rate of 107 to 108 rounds per day per 

virion, an average of one mutation at each position in the HIV-1 genome occurs 

during each replication cycle (O’Neil et al., 1998). Greater than 50% of the viral 

population is cleared and replaced daily (Fu-jie et al., 2006). It is therefore suggested 

that at least one drug resistance mutation could occur daily to generate a 

distinguishable quasispecies that could emerge as a dominant strain when exposed to 

selective drug pressure (Paolucci et al., 2001). Even if a drug resistant strain accounts 

for only a small minority in the overall viral population, selective pressure from 

antiretroviral therapy will favour replication and propagation of the resistant strain. 
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Primary mutations in the drug target gene usually alters the binding of the drug to its 

target while secondary mutations increase the level of resistance by improving viral 

fitness of a virus carrying a primary mutation. While some mutations will result in 

resistance just to a single drug e.g. M184V in the gene encoding reverse transcriptase 

confers 100-1000-fold loss of susceptibility to lamivudine (Turner et. al., 2003), 

other mutations may result in resistance to more than one drug or an entire class of 

drugs, a phenomenon referred to as cross-resistance. This has been extensively 

documented in non-nucleoside reverse transcriptase inhibitors (NNRTIs); the K103N 

mutation in the gene encoding reverse transcriptase for instance, confers resistance to 

all three NNRTIs (nevirapine, efavirenz and delavirdine). This mutation prevents 

formation of a hydrophobic binding pocket, reducing binding affinity between drug 

and virus (Deeks, 2001). Since the three drugs bind to the same site, cross-resistance 

results easily (Hsiou et al., 1997). Resistance to protease inhibitors (PIs) commonly 

results from an accumulation of mutations and therefore takes longer to develop 

(Deeks, 2001); this is referred to as the genetic barrier. 

 

2.2 The impact of antiretroviral roll-out 

One of the direct results of antiretroviral roll-out has been the tremendous expansion 

of ART in Africa and other low income nations in recent years. Marked efforts to 

scale up ART have been documented in countries such as Kenya, Uganda, Rwanda, 

Zambia, Malawi, Botswana, Namibia and South Africa (UNAIDS, 2006; Libamba et 

al., 2005). 
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 On December 1st  2003, the World Health Organization (WHO) and the Joint United 

Nations Program On HIV/AIDS (UNAIDS) unveiled the 3 by 5 plan to avail 

antiretroviral drugs to 3 million HIV positive persons by the end of 2005 in 

developing countries with the ultimate goal of providing access to ART to all those 

that need it. The United States President’s Emergency Plan for AIDS Relief 

(PEPFAR) was also launched in 2003 to combat HIV/AIDS through support of 

treatment, prevention and care programs in 15 countries namely Botswana, Cote 

d’Ivore, Ethiopia, Guyana, Haiti, Kenya, Mozambique, Namibia, Nigeria, Rwanda, 

South Africa, Tanzania, Uganda, Vietnam and Zambia. These countries collectively 

represent approximately 15% of HIV infection worldwide (PEPFAR, 2008). By 

September of 2008, over 2 million persons in the focus nations had received ART 

through the PEPFAR programme. The UNAIDS reports that the number of people 

receiving antiretroviral drugs in low- and middle-income countries has increased ten-

fold in only six years, reaching 3 million people (2.1 million of these in Sub-Saharan 

Africa) by end of 2007 (UNAIDS, 2008). In Kenya, ART coverage rose 

progressively from under 5% (2004), 12% (2005), 28% (2006) to nearly 40% by end 

of 2007 (UNAIDS, 2008). By the end of September 2008, 229,700 people were on 

ART through the PEPFAR programme in Kenya. 

The primary goals of antiretroviral therapy include maximal and durable suppression 

of viral load, preservation of immunologic function as well as reduction of morbidity 

and mortality as a result if HIV. By lowering viral load, antiretroviral drugs have an 

important role in lowering risk of transmission as it is well established that the lower 

the viral load, the less infectious a patient is (Kamps and Hoffmann, 2007). A 

prospective study of 415 discordant couples in Uganda showed that 90 new 
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infections occurred over a period of 30 months, none from an infected partner with 

viral load below 1500 cells/ml. the risk of infection increased with every log of viral 

load by a factor of 2.45 (Qiunn et al., 2000). Patients are most infective therefore 

during the acute HIV infection stage, when the virus replicates extensively in the 

absence of detectable immune response (Kamps and Hoffmann, 2007). 

Mathematical models have been used to demonstrate that while the above goals 

would be achieved there would be a downside to ART-rollout in Africa, that is, an 

increase in development, transmission and prevalence of drug resistant HIV strains 

(Blower and Farmer, 2003). It has been well established that over time ART fails to 

suppress HIV-1 replication in 15-50 % of individuals (Starr et al., 1999; DeGruttola 

et al., 2000; Demeter et al., 2001; Krogtad et al., 2002; Fletcher et al., 2000). 

 

2.3 HIV drug resistance in Africa 

As far back as 2000, studies carried out as part of the UNAIDS Drug Access 

Initiative revealed the development of high levels of resistance in African countries 

that had pioneered antiretroviral use in the continent. Seventy eight percent of 

Ugandans on 3TC had virus resistant to the drug while 57% of Ivorians treated 

displayed resistance to one or more drugs (PRNewswire, 2000). A study by 

Eshlemann et al. (2001) associated the emergence of resistance to Non-Nucleoside 

Reverse Transcriptase Inhibitors with single dose Nevirapine for prevention of 

vertical transmission of HIV, in Uganda. Drug resistance has also been demonstrated 

on evaluation of small cohorts in Cote d’ Ivoire (Adje et al., 2001), Zimbabwe 

(Kantor et al., 2002) and in Uganda (Wiedle et al., 2001). In Uganda, Richard et al., 
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(2004) demonstrated a 52% prevalence rate in 50 subjects through a cross sectional 

study. 

 

Studies in the early years of the ART roll-out that showed a rise HIV-1 drug 

resistance among drug-naïve patients indicated a trend that would potentially threaten 

any advances brought about by ART. In Botswana where ART is available to persons 

with CD4+ T counts below 300 cells/ml, development of mutations conferring 

resistance to protease inhibitors among drug naïve patients was estimated at 4% 

(Bussmann et al., 2002). A study in Nigeria of subtypes G and A/G recombinants 

however showed absence of primary mutations in isolates of treatment-naïve 

individuals but showed a high percentage of background secondary mutations (Lar et 

al., 2007). Although use of NRTIs, NNRTIs and PIs was still a feasible option with 

this group, there was an increased risk of development and transmission of resistance 

especially where adherence and proper administration were disregarded.  

 

In Kenya drug resistance in drug naïve patients rose from 1% in 2002 to over 5% in 

2003 following ART coverage of only 12-17% of the population that required 

therapy (Ndembi et al. 2008). A more recent study on Kenyan children infected with 

non-subtype B HIV-1 revealed major drug resistance mutations in 33.3% of the 

population, before treatment (Lwembe et al., 2007) suggesting a rising prevalence in 

drug resistance among drug naïve Kenyans. A study on nevirapine treated mothers in 

Kenya’s Rift Valley revealed 27.8% ARV-associated drug resistance mutations, 

11.1% of which were specific to nevirapine (Kiptoo et al., 2008) again suggesting 
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transmission within drug naïve populations. This study also found that 8.3% of these 

mothers transmitted HIV-1 infection to their infants.  

 

2.4 ARV treatment guidelines 

The public health approach to ART scale-up in resource-limited settings is aimed at 

supporting the development of treatment programmes that can reach as many people 

as possible providing a wider access to ART. Among the key tenets of this approach 

are the standardization and simplification of ARV regimens as documented in the 

2006 revision of the World Health Organization ART guidelines. The latest revision 

to the guidelines (2008) also aims to achieve maximum suppression of virus with 

minimal toxicity and maximum simplicity, all with a goal of promoting adherence 

and minimizing resistance (Roehr, 2008). As a result of such HIV treatment 

guidelines, a 2006 evaluation has noted that almost all high-burden countries had 

adopted or adapted the WHO treatment guidelines to frame their respective national 

recommendations (Beck et al., 2006). Consequently, almost all the 3 million people 

currently on ART are started on WHO-recommended first-line regimens delivered in 

accordance with a public health approach. In accordance to this guideline, the cohort 

that involved in this study was started on two NRTIs and one NNRTI usually 

lamivudine (3TC) / stavudine (d4T) / zidovudine (AZT) and nevirapine (NVP) / 

efavirenz (EFV), of course with minor adjustments to suit each individual. 

 

Development of current guidelines incorporated considerations for newly approved 

drugs (since the last ARV guideline review in 2006) and the greater understanding 

for disease pathology achieved in the last few years. These new drugs are   
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1. Maraviroc, the first drug that targets the CCR5 co-receptor, 

2. Raltegravir, the first integrase inhibitor that supports the change in 

recommendations that emphasizes full virologic suppression and 

3. Etravirine, a second generation NNRTI that has shown clear activity against 

NNRTI-resistant viruses. 

 

Recommendations to start therapy in any patient with symptomatic HIV disease 

regardless of CD4+ T cell count and /or viral load and in asymptomatic patients with 

CD4+ T cell count less than 200 cells/ µl remain unchanged from the previous 

revision. The current guidelines however move more aggressively toward earlier 

initiation of therapy prior to decline in CD4+ T cell count to less than 350 cells/ µl. 

Therapy may be considered in patients with CD4+ T cell counts of 500 cells/ µl and 

above where there are comorbidities (correlates of faster HIV disease progression) 

e.g. High viral load or rapid decline in CD4+ T cell counts, in which case the decision 

should be individualized, high risk of cardiovascular disease, co-infection with 

hepatitis B or C and occurrence of HIV- associated neuropathy (Hammer et al., 

2008). 

 

Current guidelines strongly recommend that resistance testing be conducted on all 

patients as part of their baseline work-up. There is however little change in 

recommendations for initial regimen in patients not infected with resistant virus 

although there is a stronger emphasis to individualize regimen especially in the 

presence of comorbid conditions (Roehr, 2008). These recommendations require that 

the first-line regimen for adults and adolescents contain two NRTIs plus one NNRTI 
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or a ritonavir-boosted protease inhibitor. This recommendation is based on available 

evidence, clinical experience and programmatic feasibility for the wider introduction 

of ART in resource-limited settings. Regimens based on combination of two NRTIs 

plus one NNRTI are efficacious, are generally less expensive than other regimens, 

have generic formulations (Calmy et al., 2006), are often available as fixed-dose 

combinations and do not require a cold chain. There are however disadvantages to 

these which include different drug half-lives which complicate ART stopping 

procedures, the fact that a single mutation is associated with resistance to some drugs 

(3TC and the NNRTIs), and cross-resistance within the NNRTI class. 

 

The thiacytadine analogues (3TC or FTC) are pivotal to first-line regimens. 3TC or 

FTC should be used with a companion nucleoside or nucleotide analogue, the choices 

here being AZT, TDF, ABC or d4T.  

Abacavir (ABC) should however be used in regimen with caution due to recent 

findings that show  hypersensitivity to the drug , lower efficacy in patients with high 

viral load (100,000 copies/ml) and increased risk of cardiovascular disease (Rauch et 

al., 2006; Mallal et al., 2008; Smith et al., 2008). The preferred NRTI backbone is 

composed of AZT or TDF combined with either 3TC or FTC. Didanosine (ddI) is an 

adenosine analogue NRTI recommended to be reserved for second-line regimens and 

finally an NNRTI, either EFV or NVP, should be added (WHO, 2006).  

 

An additional benefit of the two NRTIs plus one NNRTI combination is that they 

preserve the more potent class (protease inhibitors [PIs]) for second-line treatments. 

The second-line regimen has to involve drugs that retain activity against the patient’s 
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virus strain and should ideally include a minimum of three active drugs, one of them 

drawn from at least one new class, in order to increase the likelihood of treatment 

success and minimize the risk of cross-resistance. The PI class is therefore most 

frequently reserved for second-line treatments, preferably supported by two new 

NRTIs. 

 

Regimen may be changed to decrease toxicity, avoid adverse drug interactions and/or 

improve convenience and adherence, as long as potency of the regimen is maintained 

and subsequent drug interactions are managed appropriately. As such, first line 

failure of NNRTI-based regimen should be treated with two active NRTIs plus a 

ritonavir-boosted PI or the newly introduced second generation NNRTI, etravirine 

(Hammer et al., 2008). Change resulting from failure in PI-based regimen is 

complicated by genetic barriers such as the number of accumulated resistance points 

necessary for a patient to resist a drug. In early resistance, changing the NRTI 

component to two active drugs is sufficient to save regimen but in later resistance, 

darunavir (a second generation PI) and tipranavir are more effective for salvage 

therapy (Hammer et al., 2008). For heavily treated populations, enfurvitide remains 

an important option but it is generally and gradually being substituted with maraviroc 

and raltegravir. 

 

2.5 Indicators of drug resistance 

The two initial indicators of development of resistance to ART are rising plasma viral 

RNA concentrations (viral load) and declining CD4+ T cell counts (Collazos et al., 

2006). Ideally, viral suppression is considered successful if less than 50copies/ml of 
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HIV RNA (considered undetectable) occur in blood after six months of treatment 

while CD4+ T cell counts above 200 cells/µl or 500 cells/ µl (depending on study), 

are defined as an indicator of success. The CD4+ T cell count remains the strongest 

predictor of HIV-related complications, even after the initiation of therapy. The 

baseline pretreatment value is informative: lower CD4+ T cell counts are associated 

with smaller and slower improvements in counts. However, precise thresholds that 

define treatment failure in patients starting at various CD4+ T cell levels are not yet 

established (Garcia et al., 2004). As a general rule, new and progressive severe 

immunodeficiency is demonstrated by declining longitudinal CD4+ T cell counts  

 

Reasonable working definitions of immunological failure according to the 2006 

Revision of the WHO ART guidelines are: 

  (1) CD4+ T cell count below 100 cells /mm3 after six months of therapy 

  (2) A return to, or a fall below, the pre-therapy CD4+ T cell baseline after six 

months of therapy or 

  (3) A 50% decline from the on-treatment peak CD4+ T cell value (if known). 

The first six months on ART are therefore very critical because clinical and 

immunological improvement should manifest but are not always apparent and drug 

toxicities may emerge. Some patients fail to respond as expected or may even exhibit 

clinical deterioration initially. These issues combine to present specific challenges for 

clinical management and it is important to allow sufficient time on therapy before 

judging effectiveness of ART. Numerous studies such as Garcia et al., 2004 and The 

Plato Collaboration, 2004 have used six months as minimal time after which to 

assess ART failure / success. 
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In most patients, CD4+ T cell counts rise with the initiation of therapy and immune 

recovery. This may continue for many years into effective therapy, although this may 

be blunted if the baseline CD4+ T cell count is very low. However, even patients with 

CD4+ T cell counts below 10 cells/ mm3 can achieve an effective CD4 recovery, 

given sufficient time after the initiation of ART. Some patients may never have CD4+ 

T cell counts that exceed 200 cells /mm3 and thus never leave the zone of severe 

immunosuppression; however, they may have drastic clinical improvement. In those 

who achieve a substantial peak response, a subsequent progressive decline in CD4+ T 

cell counts in the absence of intercurrent illness indicates immunological failure. The 

baseline CD4+ T cell count and the trend of the CD4 response assessed by regular 

six-monthly CD4+ T cell counts are thus needed to best characterize and define 

immunological failure. In a minority of patients with advanced disease and low CD4+ 

T cell counts when therapy is initiated, the CD4+ T cell counts may not rise or may 

fall slightly, even with clinical improvement. 

 

Usually with increasing viral load, CD4+ T cell counts fall concurrently indicating 

virological and immunological failure respectively. A large cohort study has shown 

however, that CD4+ T cell counts do not drop as long as the viral load remains above 

10000 copies/ml or at least 1.5 logs below the individual set point (Ledergerber et al., 

2004). Maintenance of viral load below 50copies/ml has however been shown in 

numerous studies not to necessarily hinder development of resistance mutations in 

the virus, as replication is not halted (Hoffman and Mulcahy, 2006). Resistance 

mutations albeit fewer and minor ones, may thus be detectable in patients on ART 

and without any observable virological and / or immunological failure. 
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2.6 Viral fitness and antiretroviral resistance 

Resistance mutations in such treated patients may be of consequence to eventual 

clinical progression of the patient and possible development of full resistance owing 

to such key factors as i.) the fact that mutations alter viral fitness ii.) viral fitness is 

consequential to virological and immunological fitness and iii.) there are mutations 

that have been shown to promote the phenomenon of cross-resistance. 

Mutations alter viral fitness or viral replicative capacity and viral pathogenicity 

(Deeks et al., 2001; Prado et al., 2005). It was reported that virus with the protease 

inhibitor D30N mutation replicated 30% slower in vivo, than wildtype virus whereas 

mutants with L90M are less fit than wild -type but usually outgrow D30N mutants 

(Martinez-Picado, 1999). The emtricitabine (3TC) resistance-associated mutations at 

codon 184 are clearly associated with reduced fitness (Miller et al., 2003). 

HIV-1 fitness may be useful for predicting clinical outcome in both drug-naive and in 

drug-experienced patients (De Luca, 2006). Reduced replicative capacity has been 

clearly linked to long-term improvements in CD4+ T cell counts even in the presence 

of detectable viral load. A study of 191 drug-naive subjects recently diagnosed with 

HIV-1 infection revealed that viral replication capacity was associated with CD4+ T 

cell count at study entry and over time, both before and after treatment initiation 

(Barbour et al., 2002).In a study of patients with low-level (less than 5000 copies/ml) 

virological failure  being treated with protease inhibitor-based therapy, a significantly 

greater replication capacity  was found among patients with declining CD4+ T cell 

counts than among patients with stable or increasing CD4+ T cell counts (Sufka et 

al., 2003) suggesting an inverse relationship between replication capacity and CD4+ 
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T cell count. The baseline replication capacity was the strongest predictor of an 

increase in CD4+ T cell count from pre-study nadir to study baseline in multivariate 

models of an analysis of 207 patients (Haubrich et al., 2002) enrolled in the 

California Collaborative Treatment Group (CCTG 575) trial. The fitness cost 

associated with the development of antiretroviral resistance is probably responsible 

for the sustained immunological benefit that is often observed in patients with failure 

of HAART and virological breakthrough ((De Luca, 2006). 

The decline in HIV-1 fitness is however not a short-term phenomenon. A number of 

mutations have been found to restore viral fitness of drug-resistant mutants.  In the 

reverse transcriptase gene, S68G (Garcia-Lerma et al., 2000) and M230I (Matsumi et 

al., 2003) have been associated with recovery of viral fitness in the presence of other 

mutations that impair fitness while several mutations in the protease gene, including 

substitutions at codons 10I, 63P, 71V and 77I (Markowitz et al., 1995; Nijhuis et al.; 

1999) compensate for the fitness loss associated with major protease-resistance 

mutations. 

There is a high degree of cross resistance among nucleoside analogs. Some mutations 

such as the thymidine analog mutations M41L, L210W, and T215Y selected for by 

the NRTIs zidovudine (ZDV) and stavudine (D4T) confer cross resistance to all 

NRTIs (Fu-jie et al., 2006). The NNRTI single mutation, K103N confers high level 

cross-resistance to this drug class (Brenner, 2000) while the mutations V82A/F/T/S, 

I84V, and L90M have been shown to confer broad cross-resistance to most PIs 

(Vandamme, 2004).Cross resistance limits the future of any rescue intervention(s) in 

the event of development of full resistance. 



 27

2.7 Drug specific resistance mutations 

Gonzales et al. (2003), Rhee et al. (2005) and Svicher et al. (2006) have described 

reverse transcriptase inhibitor (RTI) resistance-associated mutations and have 

contributed to data available for mutations known to be concentrated on codons 1–

240 of the reverse transcriptase gene. Cane et al. (2007) extended the dataset to 

include the region encompassing codons 240–400 in their study aimed at identifying 

accessory mutations associated with high levels of resistance to reverse transcriptase 

inhibitors (RTI). Cane et al. (2007) however acknowledged that it is unlikely that the 

accessory mutations they described have a significant influence on the degree of 

susceptibility to particular drugs compared with the primary resistance mutations 

(occurring on codons 1-240), so their relevance to algorithms for predicting the drug 

resistance phenotype will likely be limited. Analysis of secondary mutations could 

however play a future role in the prediction of the replicative capacity of the virus.  

Resistance mutations to protease inhibitors (PIs) emerge rapidly when these drugs are 

administered at inadequate doses or as part of suboptimal regimens. Generally, high-

level resistance to PIs results from the sequential accumulation of amino acid 

substitutions in the viral protease gene, along pathways that usually vary between 

different PI drugs (Kaplan et al., 1994; Ridky and Leis, 1995). The selective 

advantages conferred by PI resistance mutations depend upon the nature of the drug, 

its local concentration and the impact of the mutation on infectivity. Due to the 

observation that drug concentrations in vivo are subject to uneven tissue distribution 

and can vary overtime, parameters leading to the emergence of PI-resistant strains 

remain poorly defined (Mammano et al., 2000). 



 28

Interpretation of Protease mutants is complicated by the extensive polymorphisms 

found in the protease gene of HIV-I isolates from untreated patients. In one study, 

variation was noted in nearly 48 per cent of Protease codons compared with the 

consensus (wildtype) sequence (Kozal et al., 1996). The significance of these 

polymorphisms in determining treatment outcome remains uncertain, since most 

studies have not found any correlation between the presence of these polymorphisms 

and virologic response, or the rate at which PI resistance emerges. Some HIV-I 

subtypes have naturally occurring polymorphisms or mutations that are associated 

with resistance. For example, M36I is very common in subtype C and other non-

subtype B isolates. Accumulation of multiple mutations can contribute to cross-

resistance, and an understanding of the mechanisms involved is important for 

establishing effective treatment strategies in patients who stop responding to regimen 

containing PIs (Roberts et al., 1998; Winters et al., 1998). In one report, four amino 

acid substitutions associated with indinavir therapy, M46I, L63P, V82T and I84V, 

were required for cross-resistance to other PIs, including saquinavir and amprenavir 

(Harrigan et al., 2005). Another study involving more than 6000 clinical samples 

showed phenotypic cross-resistance in 59-80 per cent of samples with HIV-I 

resistance to at least one PI (Hertogs et al., 2000). The predominant genotypic 

change in viruses with resistance to at least one PI involved codons 10, 36,46, 54, 71, 

77, 82 and 90 of the protease gene. Viruses that were cross-resistant to all four PIs 

displayed higher frequencies of changes at these positions, and also at positions 48 

and 84 (Hertogs et al., 2000). Thus, along with single amino acid changes coding for 

drug resistance, cross-resistance with protease and RT inhibitors presents a complex 

challenge to antiretroviral therapy (Potter et al., 2004). 
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enfuvirtide (Fuzeon or T-20), a fusion inhibitor approved by FDA in 2003 functions 

by binding a region of the HIV envelope glycoprotein gp41 and preventing viral 

fusion with the target cell membrane (Wolf, 2006).The gp41 genome bears regions of 

high variability as well as highly conserved regions. Resistance mutations develop 

rapidly against T-20 but they seem to reduce viral fitness (Lu, 2002; Menzo, 2004). 

Loss of efficacy is accompanied by appearance of mutations at the T-20 binding site, 

the Heptad Repeat 1 (HR1) region of gp41. Mutations particularly in positions 36-46 

emerge most frequently with substitutions at positions 36, 38, 40, 42, 43 and 45. 

Decrease in susceptibility is higher where double mutations such as G36S + L44M 

occur, as opposed to single mutations (Wolf, 2006) 

No clear evidence of primary resistance to HIV-1 fusion inhibitors have been shown 

so far. Peuchant et al., (2007) thus investigated the possibility of genotypic resistance 

in an antiretroviral–naïve French cohort and were able to show beginnings of 

incidence of primary resistance toT-20. The group found two individuals with T-20 

resistance out of a study population of 55. While one of these individuals bore a 

mutation (G36D HR1) only to T-20, the second bore an N24D HR1 mutation as well 

as multiple reverse transcriptase and protease mutations. 

Several studies have attempted to determine the prevalence of HIV drug resistance to 

the different antiretroviral drug classes. Richman et al. (2004) while basing their 

results on sensitivity assays found that 72-80% of patients receiving Highly Active 

Antiretroviral Therapy (HAART) exhibited resistance to one or more classes. 

Resistance to any two classes was put at 48% and at 13% to any other ARV classes. 

Prevalence of drug resistance with ARV class seems to be influenced by the 
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availability and distribution of that class of ARV as evidenced by a 7 year 

surveillance study conducted in Japan. Prevalence of NRTI resistance was 44% 

before start of HAART and rose to 54% the year that HAART was introduced while 

protease inhibitor resistance increased from 0% to 41% in the same period. In the 

final two years of the study, PI resistance frequency decreased while prevalence of 

NNRTI resistance rose from 5% to 18%. In these final two years, PIs in HAART 

were being increasingly replaced with efavirenz, an NNRTI (Sugiura et al., 2004). A 

similar finding was reported in Kampala by Spacek et al., (2006). The study was 

carried out in an urban clinic where patients paid for their own medicine likely 

resulting in poor compliance. A high frequency of NNRTI drug resistance was 

detected relative to resistance to PI because most patients had their regimens 

designed around an NNRTI backbone as it was more affordable than a PI based 

regimen. 

2.8 Monitoring and measuring HIV drug resistance    

It is in the background of the continually mutating strains with increased adaptability 

and transmissibility to drug naïve populations especially due to increased overall 

drug pressure in the treated population that The World Health Organization (WHO) 

and the International AIDS Society (IAS) came together to develop the Global HIV 

Drug Resistance Surveillance Network (HIVResNet). The mandate of this network is 

to track HIV drug susceptibility, provide information necessary to develop effective 

treatment strategies, support and complement programs aimed at increasing 

antiretroviral therapy availability and assist in implementing strategies to prevent 

drug resistance. The collaboration also aims to promote the transfer of technology of 

drug resistance testing methodologies to developing countries. 
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WHO through HIVResNet has also put in place recommendations for measures to 

monitor HIV Drug Resistance (HIVDR) transmission as well as emergence in treated 

populations. For the latter, the organization recommends selection of national ART 

sentinel sites that serve the purpose of evaluating the success of ART programmes in 

minimizing the emergence of HIVDR in the first year of ART through monitoring of 

viral loads and CD4+ T cell counts and genotyping of any HIVDR mutations that 

may arise. These sentinel sites also serve to evaluate ART programme factors 

associated with HIVDR prevention. WHO also suggests that countries also routinely 

measure relevant variables associated with HIVDR prevention, including prescribing 

practices, adherence, appointment-keeping and ARV drug pick-up by patients, and 

drug supply continuity. These serve as early warning indicators for both acquired 

HIVDR and by extension transmission into treatment-naïve populations (WHO, 

2006). 

 

Phenotypic resistance, genotypic resistance and clinical resistance are useful terms 

when measuring HIV drug resistance. Phenotypic resistance is the ability of HIV to 

grow in spite of the presence of ARV, genotypic resistance refers to mutations in the 

HIV genome resulting in diminished susceptibility or response to ARV and clinical 

resistance refers to diminished clinical response despite application of antiretroviral 

therapy (Sen et al., 2006). Currently established assays available address phenotypic 

and genotypic resistance. Phenotypic assays currently available involve direct 

quantification of drug sensitivity. They involve generation of a recombinant HIV-1 

with the patients HIV-1 protease and reverse transcriptase region being incorporated 

into an HIV-1 backbone replacing the corresponding wildtype regions (Kellam and 



 32

Larder, 1995; Sen et al., 2006). Selective drug pressure is applied by increasing ARV 

concentration and viral replication of the recombinant is compared to that of the 

wildtype. Phenotypic tests that are currently commercially available include 

PhenoScript™, Antivirogram™ and PhenoSense™. 

 

Genotypic assays involve analysis of mutations associated with resistance. These are 

determined either by direct sequencing of amplified HIV genome or through 

hybridization methods. Tests currently available commercially include Viroseq ™, 

HIV-1 TrueGene™ and GenoSure™. These assays are about half as costly as the 

phenotypic assays and also less lengthy. A disadvantage of both phenotypic and 

genotypic assays however is that a minimum amount of virus (usually 

1000copies/ml) is necessary to perform the test (Wolf, 2006).These tests can also 

detect resistance only if 10-20% of an individual’s virus population is resistant 

(Cairns, 2008) and therefore fail to detect drug resistance in one third or more of all 

newly diagnosed patients. These commercial based kit assays can also not detect 

minor quasispecies that are 20-30% less than the circulating population (Lecossier et 

al., 2005; Palmer, 2005). This can however be rectified by use of newer more 

sensitive laboratory-based assays that are however much more expensive and less 

readily available in a clinical setting e.g. real-time PCR (Palmer et al., 2005), 

LigAmp assay (Metzner at al., 2005) and single genome sequencing (Shi et al., 2004; 

Flys et al., 2005). 

 

These tests are critical in guiding a clinician when designing start-up regimen or 

salvage regimens. Several clinical studies have been conducted determine the utility 
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of such tests with conflicting outcome. In a study conducted within the French trial 

group ‘Agence Nationale de Recherche sur le SIDA’ (ANRS 088-NARVAL), 

genotypic and phenotypic tests were compared and revealed no significant 

differences (Meynard et al., 2002). The Clinical Efficacy of Resistance Testing 

(CERT) study on the other hand, found that the phenotypic test was beneficial while 

genotypic tests were of no benefit (Wegner et al., 2004). The general consensus 

however is that genotypic assay data in clinical management shows great benefit in 

virologic and immunologic response (Sen et al., 2006). 

 

In addition to being expensive and largely unavailable in developing countries, these 

assays for measuring and monitoring HIV-1 drug resistance are developed for HIV-1 

subtype B and are often inaccurate in measuring resistance in HIV-1 Non-B 

subtypes. Some secondary protease inhibitor mutations for instance, are more 

common in Non-B viruses while M36I a wildtype for subtype C would be interpreted 

as a resistance mutation for subtype B (Lar et al., 2007). 

 

HIV drug resistance is a very dynamic phenomenon both influenced and complicated 

by numerous factors of the host, the virus and the interaction between the host and 

the virus. HIV-1 subtype diversity and dual infection with HIV are among key issues 

that have generated great interest in research. 

 

2.9 HIV-1 drug resistance and HIV-1 subtype divergence 

A notable hallmark of HIV-1 virus is its genetic diversity owing to its capacity to 

evolve rapidly.  This results in an expansion of various distinct subtypes that tend to 



 34

show geographical clustering (Fig. 2). Three main groups of HIV-1 (Major, New and 

Outlier), have developed worldwide. M accounts for 90% of all HIV/AIDS cases 

reported (Renfijo et al., 2002). This group has further been classified into 9 clades / 

subtypes A-D, F-H, J, K and currently, 43 circulating recombinant forms CRFs 

(Los Alamos, 2009), while numerous intersubtype unique recombinant forms (URFs) 

either in one patient or a cluster of epidemiologically closely related patients are 

increasingly being detected (Camacho and Vandamme, 2007). 

 

The B subtype is found in Europe and North America most frequently though due to 

migration, by 2004 at least 25% of all new infections were Non-subtype B African 

and Asian variants (Wainberg, 2004). While the A subtype is distributed in Eastern 

Africa, the C subtype occurs in Eastern and Southern Africa and has created recent 

epicentres of the HIV-1 pandemic by uncontrolled spread in Southern Africa, the 

Indian sub-continent  and China (Wainberg, 2004; Janssens et al., 1997; Piot and 

Bartos, 2002; Weniger et al., 1994). The D subtype is limited to Eastern and Central 

Africa with sporadic cases in Southern and Western Africa. The E subtype has never 

materialized alone but has been found as an A/E mosaic in Central Africa, Thailand, 

China and The Philippines while subtype H is found only in West Africa and subtype 

J also extensively in Western Africa (Wainberg, 2004; Piot et al., 2002). Additional 

subtypes, CRFs and URFs are continually being discovered and migration among 

populations continually shapes patterns of subtype distribution (Irwin et al., 1997).   
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Figure 2.1 Global HIV-1 subtype distribution (Source: IAVI, 2006) 

 

Viral diversity is greatest in Sub-Saharan Africa (Louwagie et al., 1995) with all the 

clades and their attending CRFs and URFs being represented as well the HIV-2 

strain. In Kenya, subtype A1 is dominant in Central, Western and Coast provinces 

while in the Northern border region subtypes occur in different proportions. Subtype 

C represents 42%, subtype A1 represents 43% and subtype D represents 15% of 

circulating HIV-1(Khamadi et al., 2004). Belda et al. (1997), reported 73% subtype 

A distribution and 6.7% for subtypes C and D, each within Nairobi. 
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Non-B subtypes, CRFs and URFs show some differences from subtype B variants. 

They follow different pathways to resistance, differ in codon sites critical to 

resistance e.g. positions 106 and 210 on reverse transcriptase and 82 in protease, 

differ in binding affinities for PIs in vitro and viral fitness (Camacho, 2005; Frater  et 

al., 2002; De Wit et al., 2004). Mutations in Non-B subtypes appear in sites not 

linked to resistance on subtype B e.g. M89I/V and D35N/G (Abecasis et al., 2005; 

Al-Hawajri et al., 2005). 

 

Available evidence however suggests that virtually all HIV-1 subtypes display 

similar sensitivity to ARVs, at least in the short term (Spira et al., 2003) but there are 

studies that show that viruses from some subtypes or geographical clusters may 

occasionally have greater propensity to develop resistance against certain drugs. For 

instance, the Y181C mutation in HIV-1 group O and Y181I in HIV-2 render these 

variants resistant to all NNRTIs (Quinones-Mateu et al., 1998; Descamps et al., 

1995; Descamps et al., 1997; Tantillo et al., 1994). Subtype F in a less absolute 

manner shows resistance to TIBO, a non-commercialized NNRTI but is sensitive to 

other NNRTI (Apetrei et al., 1998). In a Zimbabwean cohort, while subtypes C and 

B appeared similar in ARV sensitivity, some subtype C isolates showed natural 

resistance due to a G190A polymorphism in the reverse transcriptase gene (Loemba 

et al., 2002; Brenner et al., 2003). One of the best known subtype–dependent 

mutation quirks involves frequent selection of D30N mutation by nelfinavir- treated 

subtype B variants but a preference for L90M by Non-B variants (Grossman, 2004). 

Palmer et al. (1998) reported clade D isolates with diminished drug sensitivity 
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compared to clades A, B, C and D which demonstrated comparable levels of 

sensitivity. 

 

Camacho (2005) suggested that response to entry inhibitors may differ greatly from 

one subtype to another because the gene encoding HIV-1 envelope varies by 25% 

from subtype to subtype. Conversely, HIV-1 pol is 2-3 times less divergent mainly 

because it encodes crucial replication enzymes; integrase, reverse transcriptase and 

protease which if excessively mutated would render the virus non-infectious. HIV-1 

pol divergence is important in HIV-1 drug resistance because most ARVs target this 

region (Wainberg, 2004). It follows that variations in this region may affect 

susceptibility to ARVs and influence development of resistance. 

 

Genetic diversity is clearly a critical issue in addressing HIV-1 drug resistance 

considering that HIV-1 diagnostic tools and drugs currently in use target subtype B 

and are used even in Non-subtype B variants where effectiveness has been shown to 

differ.              

 

2.10 HIV-1 drug resistance and HIV-1 superinfection 

The past few years have seen several reports of people infected with more than one 

HIV-1 strain. Dual infection is used as a blanket term for superinfection and 

coinfection. Superinfection refers to infection with a second strain of HIV after 

seroconversion following initial infection with a different HIV strain. Coinfection 

refers to infection prior to seroconversion, with two or more differing strains of HIV-

1 at the same or at nearly the same time (Edmondson and Pearson, 2005). 
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Superinfection/ re-infection is a concern in HIV-1 drug resistance due to the 

possibility of viral recombination between a drug resistant strain and a drug sensitive 

strain which could hinder therapy or  result in recombination between two or more 

drug resistant strains leaving the patient with even fewer options for therapy. Such 

dual infections result in improved viral fitness of the infecting population as manifest 

by increased viral load, lower CD4+ T cell counts and faster progression to AIDS 

(Gottlieb et al., 2004; Smith et al., 2004). Smith et al. (2004) reported an individual 

infected with a drug sensitive clade B virus and later superinfected with another clade 

B virus resistant to two classes of ARVs whose viral load increased by approximately 

10000 copies/ml with a 150 times decrease in CD4+ T cell counts within 6 months. 

 

HIV-1 triple infections are possible and four cases had been reported globally by end 

of 2007 (van der Kuyl and Cornelissen, 2007). A Cameroonian woman with a group 

O virus, subtype D and an A/G recombinant was reported by Takehisa et al. (1997; 

1999). Gerhardt et al. (2005) reported a Tanzanian woman with two strains that were 

subtype A and a subtype C strain while Pernas et al. (2006) reported a Spanish man 

infected with three different subtype B strains. A Dutch man who was infected with 

two subtype B strains and a CR10-AE recombinant over a period of three years post 

seroconversion was reported by Gottlieb et al., (2007). Though these cases are few, 

they serve as an indicator that such events are not entirely impossible especially in a 

high risk population such as the one being studied in this research. 
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CHAPTER THREE 

MATERIALS AND METHODS 

 

3.1 Study design 

This study was a cross-sectional laboratory-based retrospective study involving 

genotypic characterization of HIV RNA from archived (stored) plasma samples. This 

plasma was obtained during routine examination of persons enrolled in the 

“Comprehensive Studies of Mechanisms of HIV Resistance in Nairobi, Kenya”. 

 

3.2 Study site 

The study was carried out in both the Centre for Virus Research (CVR)-KEMRI, the 

University of Nairobi/University of Manitoba collaborative group laboratories 

(Nairobi) and Medical Microbiology laboratories, University of Manitoba 

(Winnipeg). 

 

3.3 Study population 

This study involved individuals drawn from a commercial sex worker cohort based in 

the Majengo slum, Nairobi and managed by the University of Nairobi/University of 

Manitoba collaborative HIV group. The cohort was established well over two 

decades ago to study the epidemiology and biology of various sexually transmitted 

infections. 
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3.3.1 Sample - size determination 

The prevalence of HIV drug resistance strains among drug naïve patients is estimated 

at 5% in Kenya (Ndembi et al., 2008). The minimum size of the sample required was 

therefore determined by the formula below (Cochran, 1963); 

 n    =          z 2α/2.pq 

                      e2 

Whereby; 

n is the minimum sample size required 

p is the estimated prevalence (5 %) 

q is 1 less p (1-p) 

e is the degree of precision(sampling error), which is 5 %  

α is the level of significance (95%) 

z is the standard normal deviate that corresponds to 95% confidence interval 

  Therefore, n =      (1.96) 2 × 0.95/2 × 0.05(0.95) 

                                                      

       (0.05) 2 

                                     3.8416 × 0.475 × 0.475 

                                                                =   35 

         0.0025 
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3.3.2 Inclusion criteria  

 Samples obtained from individuals enrolled in the study “Comprehensive 

Studies of Mechanisms of HIV Resistance in Nairobi, Kenya”. 

 Samples obtained from individuals in the cohort, undergoing ARV treatment 

for six months or more, upon collection of the plasma sample. 

 

3.3.3 Exclusion criteria  

 Samples obtained from individuals in the cohort, undergoing ARV treatment 

for less than six months upon collection of the plasma sample. 

 

One hundred and thirty eight (138) samples were available before applying the 

exclusion and inclusion criteria. After application of the exclusion and inclusion 

criteria, 84 samples were available for study. A census sampling method (Israel, 

1992) was applied so that all the 84 samples were included in this study.  

 

3.4 Laboratory procedures 

 

      3.4.1 RNA isolation from plasma 

RNA isolation was carried out using plasma previously archived / stored at -80 º C. 

Plasma was concentrated using Microcon®   centrifugal filter devices (Millipore 

Corporation, Bedford, MA), according to the manufacturer’s instructions. This 

concentrate was then resuspended in 140 µl PBS and RNA the isolated using The 

QIAamp® Viral RNA Mini Kit (Qiagen Inc., Cahtsworth, CA), in accordance to the 

manufacturer’s protocol. The RNA so obtained was stored at -80 º C. 
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     3.4.2 Complementary DNA synthesis 

Complementary DNA (cDNA) was synthesised using The High Capacity cDNA 

Reverse Transcription kit (Applied Biosystems, foster City, CA) following the 

manufacturer’s guidelines. The maximum amount of RNA was used for each 

reaction. The reverse transcription product was stored at -20 º C until use. 

 

      3.4.3 Polymerase chain reaction (PCR) 

PCR reactions were carried out using The High Specificity PCR system (Invitrogen 

Corporation, Carlsbad, CA). A region of the pol-RT gene corresponding to nt 2480– 

nt 3180 of HIV-1 HXB2 was amplified by nested PCR with primer pairs, RT18 (5’-

GGAAACCAAAAAT GATAGGGGGAATTGGAGG-3’) and KS104 (5’-

TGACTTGCCCAATTTAGTTTTCCCACTAA-3’)in the first round, and KS101 (5’-

GTAGGACCTACACCTGTTCAACATAATTGGAAG-3’) and KS102 (5’-

CCCATCCAAAGAAATGGAGGAGGTTCTTTCTGATG-3’) in the second round 

(Songok et al., 2004). Amplification was done with a hold at of 95 º C for 2 min., 35 

cycles of 95 º C for 30 sec., 55 º C for 30 sec., and 72 º C for 1 min. and a final 

extension at 72 º C for 10 min. Confirmation of amplification of the 697bp long 

segment was carried out by ethidium bromide staining of samples electrophoresed on 

1.5 % agarose gel. Visualization and pictures were taken using The Gel Doc™ system 

(Bio-Rad Laboratories, Hercules, CA). 

 

      3.4.4 Sequencing 

Sequencing PCR was performed using BigDye® Terminator v3.1 cycle sequencing 

kit (Applied Biosystems, foster City, CA) following the manufacturer’s instructions. 
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Purification of the PCR product was performed using BigDye® XterminatorTM 

purification kit (Applied Biosystems, foster City, CA) also following the 

manufacturer’s guidelines. 

All sequencing was done using BigDye®  v3.1 sequencing technology (Applied 

Biosystems, foster City, CA) in a 16 capillary 3130xl Genetic Analyzer (Applied 

Biosystems, foster City, CA) 

 

      3.4.5 Experimental controls  

Distilled water was used as a blank control, an HIV- free sample as a negative 

control, and an RNA sample isolated from cultured HIV-1 Subtype B infected cells 

as a positive control to monitor cross-contamination. 

 

3.5 Analyses 

 

3.5.1 General sequence analysis  

Sequence Scanner® version 1.0 (Applied Biosystems, Foster City, CA) was used for 

initial visualisation of resultant sequences. Visual inspection of the sequence peaks 

was done and inadequate sequences were discarded to remove any discrepancies. 

Genetyx™ software was used to align sequences so generated. 

 

3.5.2 HIV-1 resistance mutation analysis 

RT nucleotide sequences generated from the procedures elucidated above (697bps) 

were translated into the corresponding amino acids and submitted to the Stanford 

HIV drug resistance database (http://hivdb.stanford.edu ) and in the National Centre 
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for Biotechnology Information- Genbank Database 

(http://www.ncbi.nlm.nih.gov/Genbank/) for evaluation and identification mutations 

as well as interpretation of resistance. Resistance mutations so identified were also 

manually compared to those in the International AIDS Society-USA (IAS-USA), 

2008 list (Johnson et al., 2008). 

 

3.5.3 Subtype analysis 

The National Centre for Biotechnology Information (NCBI) subtyping program 

(http://www.ncbi.nih.gov/projects/genotyping/formpage.cgi), the HIV Blast tool 

(http://www.hiv.lanl.gov/content.hiv-db/BASIC_BLAST/basic_blast.html) and the 

REGA HIV-1 Subtyping tool ( http://www.bioafrica.net/subtypetool/ )  were used for 

initial rapid subtype screening before confirmation by phylogenetic analysis using 

reference sequences from The Los Alamos website 

(http://www.hiv.lanl.gov/content.hiv-db/SUBTYPE_REF/align.html) . The 

subsequent detailed phylogenetic analysis was done in Treeview® and Molecular 

Evolutionary Genetics Analysis (MEGA) version 4.0 softwares, using Clustal W. A 

Neighbour Joining (NJ) tree based on the bootstrapped Kimura 2-parameter method 

was generated. 

 

3.6 Ethical Considerations 

Informed consent for demographic and behavioural surveys, as well as biological 

sampling was previously obtained from all study participants in the cohort. A consent 

form so used appears in the appendix. This study did not involve direct contact with 

subjects as archived plasma samples obtained from persons enrolled in the 
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“Comprehensive Studies of Mechanisms of HIV Resistance in Nairobi, Kenya” were 

used. Clearance to carry out this study was sought from and granted by the KEMRI 

Scientific Steering Committee (Ref: ESACIPAC/SCC/2873) and the KEMRI Ethical 

Review Committee (Ref: KEMRI/RES/7/3/1). All clinical investigations were 

conducted according to the Principles of Helsinki Declaration. 

 

3.7 Data storage  

All data besides being recorded in hard copy was stored in a computer hard drive, 

portable disks (USB stick(s), CD-ROM). The University of Nairobi / University of 

Manitoba HIV collaborative group also manages a database for all ongoing and 

previous studies to which access is highly restricted and data generated from this 

research was archived in this database. 

 

 

 

 

 

 

 

 

 

 

 

 



 46

CHAPTER FOUR 

RESULTS 

 

4.1 Patient treatment history 

Following laboratory procedures 60 samples were available for analyses. All patients 

studied were on a NRTI/ NNRTI combination therapy except for ML2572 who was 

on a NRTI/ NNRTI/ PI combination therapy (Appendix II). CD4+ T cell count taken 

at sample point ranged from 43 cells/ml to 704 cells/ml (Fig. 4.1). The length of time 

each patient was on ARV treatment ranged from 24 weeks to 149 weeks; an average 

of 88 weeks(Fig. 4.2). 

 

4.2 Subtype distribution 

Sequence alignment and phylogenetic analysis showed 58 isolates (97%) to be HIV-1 

subtype A1 while 2 isolates (3%) were HIV-1 subtype D (Table 4.1). Isolates that 

were found to be HIV-1 subtype AI showed further diverse sub-clustering in the 

Neighbour-Joining tree (Fig. 4.3) indicating divergence within the HIV-1 subtype A1 

among the patients. 

 

      Table 4.1   Summary of subtype and genotype distribution 
 

 Subtype A1 Subtype D  

Wildtype 55 0 55 (91.6%) 

Mutant 3 2 5 (8.3%) 

 58 (96.7%) 2 (3.3%) 60 
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Figure 4.1 CD4+ T cell counts for patients at sample collection 
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Figure 4.2 Length of time on ARV treatment for each patient at the point of 

sample collection. 
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Figure 4.3 Neighbour-Joining tree of the pol-RT gene corresponding to nt 2480– 

nt 3180 of HIV-1 HXB2 of 60 HIV-1 sequences. Study samples are indicated by an 

ML number. The reference sequences are highlighted. 

Subtype D 

Subtype A1 
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4.3 Drug-associated resistance mutations  

Of the 60 isolates available for analyses, 55 (91.6%) were found to be wildtype while 

5 (8.3%) showed mutations conferring resistance to reverse transcriptase inhibitors 

(Table 4.1) indicating an HIV-1 drug resistance prevalence rate of 8.3%. Of the 5 

isolates found to have RTI-associated resistance mutations, 3 (5%) were found to be 

infected with HIV-1 subtype A1 while 2 (3.3%) were found to be infected with HIV-

1 subtype D (Table 4.1). Genotypic evidence of mutation points, relative to a 

consensus HIV-1 subtype B sequence is indicated in figure 4.4. 

 

4.4 Resistance patterns in relation treatment regimen 

Complete class resistance to NNRTI was identified in 2 isolates (3.3%), ML1935 and 

ML2572; both of them of HIV-1 subtype D. These 2 isolates at the same time 

showed resistance to some drugs from the NRTI class. Complete class resistance to 

the NRTI class was not observed in any isolate. Two isolates (3.3%), both if HIV-1 

subtype A1 (ML1756, ML2661) were susceptible to all drugs in the NNRTI class 

while 1 isolate (ML1932) representing 1.7% was susceptible to all NRTI (Table 4.2). 

All patients with RTI-associated mutations showed evidence of resistance to at least 

one drug in their treatment regimen (Table 4.2). 

 

4.5 Minor mutation and polymorphisms 

Minor mutations and polymorphisms were detected in all the 60 isolates that were 

analysed. K11T, K20R, V21I, V35T, T39R/I, V60I, K122E, D123S, K173A/V, 

Q174K, V179I, G196E, T200V, Q207A/E/L/D and R211S/H/K were present in over 

50% of the isolates. V60I was present in all (100%) of the isolates (figure 4.5).  
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Table 4.2 Important characteristics of 5 isolates with ARV-associated drug 

resistance mutations.  

 

Patient 
ID 

ART at 
study point 

Lengt
h of 
time 
on  
ART 
(wks) 

HIV-1 
Subtyp
e 

RTI 
resistanc
e 
mutatio
ns 

Drugs for 
which 
mutations 
compromi
se efficacy 
Class: 
NRTI 

Drugs for 
which 
mutations 
compromi
se efficacy 
Class: 
NNRTI 

ML1756 NVP/d4T 
30/3TC 

34 A1 T2I5S ABC, 
AZT, d4T, 
ddI, TDF 

None 

ML1932 NVP/d4T 
40/3TC 

141 A1 G190A None NVP, ETR, 
EFV 

ML1935 NVP/d4T 
40/3TC 

60 D M184V, 
Y181C 

3TC, ABC, 
FTC 

All (DLV, 
EFV, ETR, 
NVP) 

ML2572 TDF/KALET
RA/ 
AZT 

51 D D67N, 
V118I, 
M184V, 
K101E, 
Y181C, 
G190A 

3TC, ABC, 
AZT, d4T, 
ddI, FTC 

All (DLV, 
EFV, ETR, 
NVP) 

ML2661 NVP/d4T 30/ 
3TC 

34 A1 D67A d4T, 3TC, 
AZT 

None 

 

Drugs whose efficacy was compromised and were part of patient’s regimen are 

underlined and highlighted in bold-type. 
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consensus       LNFPISPIETVPVKLKPGMDGPKVKQWPLTEEKIKALVEICTEMEKEGKISKIGPENPYN 60 
ML2572          LNFPISPIETVPVKLKPGMDGPKVKQWPLTKEKIEALTEICTEMEKEGKISRIGPENPYN 60 
ML1935          LNFPISPIKTVPVKLKPGMDGPKVKQWPLTEEKIKALTEICTDMEKEGKISRIGPENPYN 60 
ML1756          FDFPISPIETVPVTLKPGMDGPRINQWPLTEEKIKALTEICTEMEKEGKISKIGPENPYN 60 
ML2661          LNFPISPIETVPVTLKPGMDGPRIKQWPLTEEKIKALTEICREMEKEGKISKIGPENPYN 60 
ML1932          LNFPISHIETVPVKLKPGMDGPKVKQWPLTEEKIKALTEICTEMEKEGKISKIGPENPYN 60 
                ::**** *:****.********:::*****:***:**.*** :********:******** 
consensus       TPVFAIKKKDSTKWRKLVDFRELNKRTQDFWEVQLGIPHPAGLKKKKSVTVLDVGDAYFS 120 
ML2572          TPIFAIKKKNSTKWRKLVDFRELNKRTQDFWEVQLGIPHPAGLEKKKSVTVLDVGDAYFS 120 
ML1935          TPIFAIKKKDSTKWRKLVDFRELNKRTQDFWEVQLGIPHRAGLKKKKSVTVLDVGDAYFS 120 
ML1756          TPIFAIKKKDSTKWRKLVDFRELNKRTQDFWEVQLGIPHPAGLKKKKSVTVLDVGDAYFS 120 
ML2661          TPIFAIKKKASTKWRKLVDFRELNKRTQDFWEVQLGIPHPAGLKKKKSVTVLDVGDAYFS 120 
ML1932          TPIFAIKKKDSTKWRKLVDFRELNKRTQDFWEVQLGIPHPAGLKKKKSVTVLDVGDAYFS 120 
                **:****** ***************************** ***:**************** 
consensus       VPLDEDFRKYTAFTIPSINNETPGIRYQYNVLPQGWKGSPAIFQSSMTKILEPFRKQNPD 180 
ML2572          IPLDENFRKYTAFTIPSINNETPGIRYQYNVLPQGWKGSPAIFQSSMTKILEPFRKQNPE 180 
ML1935          VPLDEDFRKYTAFTIPSINNETPGIRYQYNVLPQGWKGSPAIFQSSMTKILEPFRKQNPE 180 
ML1756          VPLDESFRKYTAFTIPSINNETPGIRYQYNVLPQGWKGSPAIFQSSMTKILEPFRAKNPE 180 
ML2661          VPLDESFRKYTAFTIPSINNETPGIRYQYNVLPQGWKGSPAIFQSSMTKILEPFRAKNPD 180 
ML1932          VPLDESFRKYTAFTIPSTNNETPGIRYQYNVLPQGWKGSPAIFQSSMTKILEPFRSKNPE 180 
                :****.*********** ************************************* :**: 
consensus       YQYMDDLYVGIVISDLEIGQHRTKIEELRQHLLVGPTPVNIIGRNLLTQIGCT 233 
ML2572          CQYVDDLYVAMVISDLEIGQHRAKIEELREHLNG---DFHTSKNNLLTQIGCT 230 
ML1935          CQYVDDLYVGMVISDLEIGQHRAKIEELREHLLN--VGITTPDKNFVDSDWLS 231 
ML1756          YQYMDDLYVGVIISDLEIEQHRVKIEELRAHLLT--LGIFYTRQKFVDPVLVV 231 
ML2661          YQYMDDLYVGIIISDLEIEQHRVKIEELRAHLLR--WGFTTPDKNFVDPDWLS 231 
ML1932          YQYMDDLYVAIIISDLEIGQHRTKVEELRDHLLS--WGLTTPDKK-VDPDWLS 230 
                 **:*****.::****** ***.*:**** **      .    .: :       

    

Figure 4.4 Genotypic evidence of mutations conferring resistance to reverse 

transcriptase inhibitors detected in 5 isolates.  
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Figure 4.5 Major RTI-associated mutations, other minor mutations and 

polymorphisms detected in the 60 HIV-1 isolates. 
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CHAPTER FIVE 

DISCUSSION 

 

5.1 Subtype distribution 

This study, by use of sequence subtyping and phylogenetic analyses of the pol-RT 

region corresponding to nt 2480 to nt 3180 of the HIV-1 HXB2 virus, explores 

genetic diversity in this group of women under study. HIV-1 subtype A1 was found 

to be predominant in the group at 97%, while HIV-1 subtype D was observed in 3% 

of the women (Fig.4.1). This is consistent with previous studies that have shown 

HIV-1 subtype A to be the predominantly circulating subtype in various regions in 

Kenya, and the country as a whole (Dowling et al., 2002; Khamadi et al., 2004; 

Lihana et al., 2006; Land et al., 2008; Khoja et al., 2008). Yang et al. in 2004 found 

HIV-1 subtype A1 to be most predominant in Western Kenya, followed by HIV-1 

subtype D and this was when analyses were carried out on both the gag-p24 and env-

gp41 regions.  

 

There are a few studies on HIV-1 subtype distribution that have been carried out 

within the Pumwani cohort. Following evaluation of complete HIV-1 RNA 

sequences, Fang et al. (2001) found that 60% of the samples were purely HIV-1 

subtype A, 10% were purely subtype D ad 30% were intersubtype recombinants. 

Land et al. (2008) reported 50% pure HIV-1 subtype A and 50% were unique 

intersubtype recombinants C/D, A2/C/D, A1/D, A1/C/G and A1/C/D. In both studies 

just as in this study, HIV-1 subtype A predominates. Intersubtype recombinants 

represent an important and significant proportion of the study population in both 



 55

studies by Fang et al. (2001) and Land et al. (2008). An examination of subtype 

distribution between 1986 and 2000 in Kenya showed an increase in the number of 

circulating recombinant viruses (Rainwater et al., 2005). Recombination analyses 

would therefore be useful in extending the dataset in the Majengo cohort, in any 

follow-up studies. 

 

5.2 Minor mutations 

Additional mutations other than those designated by the International AIDS Society 

(IAS) have been associated with exposure to ARVs (Cane et al., 2007). The number 

of changes in the RT gene relative to consensus increases from a median of 4 in 

untreated individuals to 14 in heavily treated individuals (Gonzales et al., 2003). 

Populations with numerous minor mutations that may have influence or no influence 

on the main/major ART-associated mutations do occur among both drug naive and 

ARV-treated populations and may have either an inverse or a direct correlation to 

resistance (Saracino et al., 2006). 

 

Minor mutations and polymorphisms were detected in all the 60 isolates that were 

analysed. V60I was present in all (100%) of the isolates. K11T, K20R, V21I, V35T, 

T39R/I, V60I, K122E, D123S, K173A/V, Q174K, V179I, G196E, T200V, 

Q207A/E/L/D and R211S/H/K were present in over 50% of the isolates. Others 

present in lower frequencies were IL2, P4H, E6Q/A/G, K22N, Q23L, E28K, E40D, 

K23R, K49R, I50M, R78G, D86G, L92I, H96P, P97R, K102R, T107P, D113E, 

T131P, P133L, S134G, I1357, N136T, E138G, T146S, S162G, E169D, F171L, 
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D177E, I178M/V, R199T, I202V, E203G, E204G, R206N, H208R, L209A, L210X, 

W212V, F214X/L/I and T215X. 

 

K49R, V60I, V179I, Q207A/E/K/D, R211S/K, F214Q/K/T/N/ L and F177E have 

been identified as subtype B-associated naturally occurring polymorphisms (Nyombi 

et al., 2008). In non-B subtypes, mutations at positions T200, Q174, K173, D123, 

K122, V60, T39, V35 and K20 have been identified in both treated and drug naïve 

populations (Kantor and Katzenstein, 2003; Cerqueira et al., 2004).    Mutations at 

these positions are therefore transmissible and this could explain the high frequency 

of these mutations observed in this study. V60I has also been identified as a 

polymorphic amino acid residue in specifically both HIV-1 subtypes A and D and 

this therefore could further account for its occurrence in all the isolates studied. 

Q207A and R211S have identified in HIV-1 subtype A and K49R in HIV-1 subtype 

D (Nyombi et al., 2008). While K49R was identified in both subtype D isolates, it 

also occurred in 2 subtype A isolates. The mutation at position 207 in both subtype D 

isolates was Q207E while other variations Q207A//L/D occurred in the subtype A 

isolates. 

 

 In a study to verify possible association of previously unreported RT mutations with 

a decrease of phenotypic susceptibility to RTIs, mutations at positions K20, T39, 

V35, K122, D123, K173, Q174, V179, T200, Q207 and R211 were identified 

(Saracino et al.,2006). These mutations occurred more frequently in the treated 

population than in the drug naïve population. Ngonzales et al. (2003) also identified 

mutations at positions K20 and K43 as being associated with previous use of RTIs. A 
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correlation has been found between the presence of K20R and the use of lamivudine 

while T39R was associated with the previous use of AZT and with the development 

of thymidine analog resistance (Saracino et al., 2006). Fifty nine of sixty patients in 

this study were on lamivudine and K20R occurred in 54 isolates, correlating with the 

findings by Saracino et al., (2006). Five patients in this study were on AZT and while 

they all had a mutation at position T39, 32 patients that were not treated with AZT 

also showed the same mutation. 

 

Positions I135, D133 and K43 are traditionally conserved and are only polymorphic 

in the presence of drug pressure ((Florance et al., 2003). These positions play a role 

in viral enzymatic activity with which such polymorphisms may interfere. These 

mutations were observed only in a single isolate each. This is probably because they 

are naturally selected against in order to preserve viral enzymatic integrity. 

Conducting viral fitness studies on these isolates would therefore be useful in 

establishing the effect of these mutations. 

 

5.3 Prevalence of ART-associated mutations                                                                                       

HIV-1 drug resistance in Kenya has been observed at 5% in drug naïve populations 

(Ndembi et al., 2008). In this study population, 8.3% drug resistance prevalence was 

observed. This prevalence is low relative to previous studies on treated populations in 

Kenya which have reported prevalence of resistance mutations that is much higher 

(Kiptoo et al., 2008; Lwembe et al., 2007). Antiretroviral therapy was introduced 

into this population only recently (late 2005, early 2006) and this could account for 

the much lower prevalence observed. 
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The isolates studied were collected at different times in the treatment courses 

individual patients, ranging from 34 weeks to 149 weeks on treatment. The length of 

time on treatment however did not appear to have an influence on the number of drug 

resistance mutations in the isolates (table 4.2). This is despite findings that show that 

prevalence of drug resistance rises with increase in the length of time of exposure to 

ART (Grant et al., 2002; Lucas et al., 2004; Vaclavikova et al., 2005; Li et al., 

2007). 

 

5.4 Significance of specific mutations 

A total of seven mutation points (at codons 67, 101 118, 181, 184, 190 and 215) were 

identified in the 5 isolates. G190A, M184V and Y181C were each identified in two 

isolates while the rest T215S, D67N, V118I, K101E and D67A were detected in only 

one isolate each. G190A, Y181C and K101E compromise NNRTI efficacy while 

T215S, V118I, D67N, D67A and M184V compromise NRTI efficacy.  Presence of 

the revertant mutation I/S at position 215 suggests suboptimal therapeutic regimens 

that are unable to prevent development of resistance (Wagner et al., 2000). V118I is 

considered a strong marker of HIV-1 disease progression (Zaccarelli et al., 2007) and 

was observed in subject ML2572 who has since been deceased. Owing to such a 

small sample size however it is not possible to identify mutation(s) most selected for 

in this population; another reason is that this was a one point-in-time study rather 

than a follow-up study. 

 

There are two resistance pathways described for NNRTI; the K103N, V106M, 

Y188L pathway and the L100I, V106A, Y181C/A, G190A/S, M230L pathway. All 
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three isolates ML1932, ML1935, ML2572 that showed NNRTI resistance in this 

study follow the latter pathway, the pathway most often found to be associated with 

nevirapine (NVP) therapy (Deforche et al., 2008). Nevirapine made up part of the 

ART regimen for ML1932 and ML1935.  

 

5.5 Resistance and ARV regimen 

All patients with RTI-associated mutations showed evidence of resistance to at least 

one drug in their treatment regimen (table 4.2). 

 

While ML1756 was on NVP, d4T and 3TC, she showed evidence of resistance to the 

NRTIs ABC, AZT, d4T, ddI and TDF. The RTI-associated resistance mutation 

T215S found in ML1756 is known to confer low level resistance to AZT and d4T 

and could potentially confer low level resistance to ABC and TDF.  

 

Patient ML1932 was on NVP, d4T and 3TC and had the RTI-associated resistance 

mutation resistance mutation G190A which confers low level resistance to ETR, 

intermediate resistance to EFV and high level resistance to NVP. The patient showed 

compromised efficacy to NVP, ETR and EFV. 

 

Patient ML1935 was being treated with NVP, d4T and 3TC and had the RTI-

associated resistance mutations M184V and Y181C. M184V confers high level 

resistance to the NRTIs 3TC and FTC and low level resistance to ABC and ddI. 

Y181C confers high level resistance to DLV and NVP and low level resistance to 
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EFV. ML1935 was found to be resistant to the NRTIs 3TC, ABC, FTC and all 

NNRTIs (DLV, EFV, ETR and NVP). 

 

Patient ML2572 was on TDF, AZT and the protease inhibitor, KALETRA. She had 

the RTI-associated resistance mutations D67N, V118I, M184V, K101E, Y181C and 

G190A. K101E confers low level resistance to EFV and ETR, and intermediate 

resistance to DLV and NVP. V118I confers low level resistance to 3TC. M184V 

confers high level resistance to the NRTIs 3TC and FTC and low level resistance to 

ABC and ddI. Y181C confers high level resistance to DLV and NVP and low level 

resistance to NVP. D67N confers low level resistance to ABC, AZT, d4T and ddI 

while G190A confers low level resistance to ETR, intermediate resistance to EFV 

and high level resistance to NVP. ML2572 was found to be resistant to the NRTIs 

3TC, ABC, AZT, d4T, ddI and FTC and all NNRTIs (DLV, EFV, ETR and NVP). 

ML2572 was therefore susceptible only to TDF, among the RTIs. 

 

Patient ML2661 as on NVP, d4T and 3TC and had the RTI-associated resistance 

mutations D67A. Although A is an atypical mutation at codon 67, it could potentially 

confer low level resistance to d4T. ML2661 showed resistance to 3TC and d4T. 

 

Complete class resistance to NNRTI was observed in ML1935, ML2572. According 

to a study conducted within the REACH cohort of San Francisco, California, NNRTI 

resistance occurs most often at lower levels of adherence to ART (Bangsberg et al., 

2004; Orofino et al., 2004). This, coupled with the occurrence of mutations that have 
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been associated with suboptimal therapeutic regimens as mentioned above, suggests 

that adherence to ART in this population should be monitored closely. 
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CHAPTER SIX 

CONCLUSIONS AND RECOMMENDATIONS 

 

6.1 Conclusions 

HIV-1 subtype A1 occurred in 97% of the patients studied while HIV-1 subtype D 

occurred in 3% of the patients studied. There was evidence high divergence observed 

among the subtype A1 isolates.  

   

Resistance mutations occurred in 8.3% of patients studied. This is a low prevalence 

for a treated population compared to reports from previous studies. The prevalence 

rate in this study is however highly significant as the population studied poses a high 

risk of transmitting to the general population. 
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6.2 Recommendations 

This population needs to be followed up in a longitudinal study in order to clearly 

map the HIV-1 drug resistance characteristics. These studies should involve detailed 

evaluation of host factors such as adherence as well as viral factors. 

 

Baseline genotypic resistance testing for all persons enrolling in the cohort is 

recommended in order to determine the prevalence of HIV-1 drug resistance in the 

naïve population and also as a guide for clinicians when designing regimen. 

 

There is an urgent need to incorporate antiretroviral resistance monitoring protocols 

among HIV-1 prevention programs nationally in order to monitor risk of 

transmission. 

 

 

 

 

 

 

 

 

 

 

 

 



 64

REFERENCES 

Abecasis AB, Deforche K, Bacheler LT. (2005). Lack of reduced susceptibility to PIs 

in wild-type non-B subtypes and detection of hypersusceptibility to nelfinavir in 

HIV-1 patients infected with CRF02-AG. Third European HIV Drug Resistance 

Workshop. March 30-April 1, 2005. Athens. Abstract 28. Poster 5.2   

Adje C, Cheingsong R, Roels TH, Maurice C,  Djomand G, Verbiest W, Hertogs 

K, Larder B, Monga B, Peeters M, Eholie S, Bissagene E, Coulibaly M, 

Respess R, Wiktor SZ, Chorba T, Nkengasong JN. (2001). High prevalence of 

genotypic and phenotypic HIV-1 drug-resistant strains among patients receiving 

antiretroviral therapy in Abidjan, Cote D’Ivoire. JAIDS. 26:501–506.  

      Aegis (1998). Timeline: A brief history of AIDS/HIV [Online at > 

http://www.aegis.com/topics/timeline/--  < accessed June, 2009]        

Al-Hawajri N, Gault E, Alloui C. (2005). Polymorphism and drug-selected mutations 

in the protease and reverse transcriptase genes of HIV-1 in naive and multi-

treated patients isolates from the Seine-Saint-Denis district in France: differences 

between B and non-B subtypes. Third European HIV Drug Resistance Workshop. 

March 30-April 1, 2005. Athens. Abstract 30. Poster 5.4. 

Apetrei C, Descamps D, Collin G, Loussert-Ajaka I, Damond F, Duca M, Simon F, 

Brun-Vézinet F. (1998). Human immunodeficiency virus type 1 subtype F 

reverse transcriptase sequence and drug susceptibility. J Virol. 72:3534–3538.  



 65

Bangsberg DR, Guzman D, Riley ED, Clark R, Deeks SG. (2004).Non-nucleoside 

reverse transcriptase inhibitor (NNRTI) resistance occurs at lower levels of 

adherence than Protease Inhibitor (PI) resistance. Int Conf AIDS. 2004 Jul 11-16; 

15: abstract no. WePeB5820. 

Barbour JD, Hecht FM, Wrin T. (2004). Higher CD4+ T cell counts associated with 

low viral pol replication capacity among treatment-naive adults in early HIV-1 

infection. J Infect Dis. 190: 251–256.  

Beck EJ, Vitoria M, Mandalia S, Crowley S, Gilks CF, Souteyrand Y. (2006). 

National adult antiretroviral therapy guidelines in resource-limited countries: 

concordance with 2003 WHO guidelines? AIDS. 20:1497-502. 

 

Belda FJ, Mwachari C, Hawken M, Barlow KL, Clewley JP. (1997). HIV-1 

Subtypes in Nairobi, Kenya. J Acquir Immun Def Syndr and Hum Retrovir. 16(1): 

63-64 

 

Blower S, Farmer P. (2003). Predicting the public health impact of antiretrovirals: 

preventing HIV in developing countries. AIDScience. 3:11  

Brenner B, Turner D, Oliveira M, Moisi D, Detorio M, Carobene M, Marlink RG, 

Schapiro J, Roger M, Wainberg MA. (2003). A V106M mutation in HIV-1 

clade C viruses exposed to efavirenz confers cross-resistance to non-nucleoside 

reverse transcriptase inhibitors. AIDS. 17: 1-5.  



 66

Brenner B, Wainberg MA, Salomon H, Rouleau D, Dascal A, Spira B, Sekaly R-P, 

Conway B, Routy JP and Investigators of the Quebec Primary Infection 

Study.  (2000). Resistance to antiretroviral drugs in patients with primary HIV-1 

infection. Intern J Antimicrobl Agents. 16 (4): 429-434 

Briz V, Poveda E, Soriano V. (2006). HIV entry inhibitors: mechanisms of action and 

resistance pathways. J Antimicrob Chemother 57 (4): 619-27 

Bussmann H, Novitsky V, Westner W. (2002). Frequeny of drug resistance mutations 

among HIV-1 C infected drug-naïve patients in Botswana. Presented at: 14th 

International AIDS conference, Barcelona. Abstract TuPeB4607  

Cairns G. (2008).BHIVA: Current tests may miss a third of HIV resistance in 

treatment-naïve. [Online at > http://www.aidsmap.com/en/news/2603F65B-

C2B8-41A6-9208-1C9D6E23E9A0.asp  > accessed June 2008] 

Calmy A, Pinoges L, Szumilin E, Zachariah R, Ford  N, Ferradini L on behalf of 

Médecins sans Frontières. (2006).Generic fixed-dose combination antiretroviral 

treatment in resource-poor settings: multicentric observational cohort. AIDS. 

20:1163–1169. 

Camacho R. (2005). Resistance and viral subtypes. Third European HIV Drug 

Resistance Workshop. March 30-April 1, 2005. Athens. HIV Subtype Diversity 

in Drug Resistance The 20 Faces of HIV 



 67

Camacho RJ, Vandamme AM. (2007).Antiretroviral resistance in different HIV-1 

subtypes: impact on therapy outcomes and resistance testing interpretation 

.Current Op HIV and AIDS. 2:123–129 

 

Cane P., Green H, Fearnhill E, Dunn D on behalf of the UK collaborative group 

on HIV Drugs. (2007). Resistance Identification of accessory mutations 

associated with high-level resistance in HIV-1 reverse transcriptase AIDS 

21:447–455  

Cerqueira DM, Ramalho ED, Oliveira CP, Silva RR, Franchini M , Felipe MSS, 

Martins CRF.  (2004). HIV-1 subtypes and mutations associated to antiretroviral 

drug resistance in human isolates from Central Brazil. Braz. J. Microbiol.  35 

(3): 187-192 

      Chan DC, Fass D, Berger JM, Kim PS. (1997). Core Structure of gp41 from the HIV 

Envelope Glycoprotein.  Cell 89: 263–73 

Cochran WG. (1963). Sampling Techniques, 2nd Ed., New York: John Wiley and 

Sons, Inc. 

Cocohoba J, Dong BJ. (2008). Raltegravir: The First HIV Integrase Inhibitor.Clinical 

Therapeutics 30(10): 1747-1765 

Collazos J, Knobel H,Casado JL. (2006). CD4 count and viral load time-courses in 

patients treated with highly active antiretroviral therapy and association with the 

CDC staging system. HIV Medicine.7 (8): 504-513 



 68

Dau B, Holodniy M. (2009). Novel Targets for Antiretroviral Therapy: Clinical 

Progress to Date. Drugs 69 (1): 31-50 

De Clercq E. (2009). Anti-HIV drugs: 25 compounds approved within 25 years after 

the discovery of HIV. Intern J Antimicrobl Agents 33(4):307-320. Epub 2008 

Dec 23. 

De Luca A. (2006). The impact of resistance on viral fitness and its clinical 

implications In Antiretroviral Resistance in Clinical Practice. Goretti M, Ed; 

Mediscript Medical Publishers; pp 26-34 

Deeks, SG. (2001). Nonnucleoside Reverse Transcriptase Inhibitor Resistance. J 

Acquir Immun Def Syndr. 26 (S1):S25-S33  

Deforche K, Camacho RJ, Grossman Z, Soares MA, Van Laethem K, Katzenstein 

DA on behalf of the non-B workgroup. (2008). Bayesian network analyses of 

resistance pathways against efavirenz and nevirapine. AIDS. 22: 2107–2115 

Deeks SG, Wrin T, Liegler T. (2001). Virologic and immunologic consequences of 

discontinuing combination antiretroviral drug therapy in HIV infected patients 

with detectable viremia. N Engl J Med. 344: 472–480 

De Wit S, Boulme R, Poll B, Schmit J-C, Clumeck. N. (2004). Viral load and CD4 

cell response to protease inhibitor-containing regimens in subtype B versus non-

B treatment-naive HIV-1 patients. AIDS.18:2330-2331. 

 



 69

DeGruttola V, Dix L, D'Aquila R,Holder D, Phillips A, Ait-Khaled M, Baxter J. 

(2000). The relation between baseline HIV drug resistance and response to 

antiretroviral therapy: re-analysis of retrospective and prospective studies using a 

standardized data analysis plan. Antivir Ther. 5: 41-48.  

 

Demeter LM, Hughes MD, Coombs RW. (2001). Predictors of virologic and clinical 

outcomes in HIV-1-infected patients receiving concurrent treatment with 

indinavir, zidovudine, and lamivudine. AIDS Clinical Trials Group Protocol 320. 

Ann Intern Med. 135: 954-964.  

 

Descamps D, Collin G, Letourneur F. (1997). Susceptibility of human 

immunodeficiency virus type 1 group O isolates to antiretroviral agents: in vitro 

phenotypic and genotypic analyses. J Virol. 71: 8893–8898. 

Descamps D, Collin G, Loussert-Ajaka I, Saragosti S, Simon F, Brun-Vezinet F. 

(1995). HIV-1 group O sensitivity to antiretroviral drugs. AIDS. 9: 977–978.  

Dowling WE, Kim B, Mason CJ, Wasunna KM, Alam U, Elson L, Birx DL, Robb 

ML., McCutchan FE, Carr JK. (2002). Forty-one near full-length HIV-1 

sequences from Kenya reveal an epidemic of subtype A and A-containing 

recombinants. AIDS 16:1809–1820. 

 

Edmondson E, Pearson C on behalf of Centre for AIDS Prevention Studies 

(CAPS), University of California, San Francisco. (2005). Factsheet: What do 

we know about HIV superinfection? 



 70

Eshleman SH, Mracna M, Guay LA, Deseyve M, Cunningham S, Mirochnick M. 

(2001). Selection and fading of resistance mutations in women and infants 

receiving nevirapine to prevent HIV-1 vertical transmission (HIVNET 012). 

AIDS. 15: 1951–1957. 

Este JA, Telenti A. (2007). HIV entry inhibitors. Lancet 370 (9581): 81-88 

Fang G, Weiser B, Rowland-Jones S, Plummer F, Chen CH, Anzala AO, Bwayo J, 

Oyugi J, Kuiken C, Gaschen B, Kitchen C, Paxinos E, Burger H. (2001). 

Characterization of complete HIV-1 RNA sequences from highly exposed 

Kenyan women: recombination and resistance. 8th Conf Retrovir Oppor Infect 

Conf Retrovir Oppor Infect 8th 2001 Chic Ill. 2001 Feb 4-8; 8: 101 (abstract no. 

201). 

      Fauci AS. (2008). 25 years of HIV. Nature 453: 289-290 

 

Ferguson MR, Rojo DR, Von Lindern JJ, O'brien WA. (2002). HIV-1 Replication 

Cycle. Clin Lab Med.    22(3): 611-635 

 

FDA. (2009). US Food and Drug Administration Consumer Information: Antiretroviral 

drugs used in the treatment of HIV infection.  Online at 

http://www.fda.gov/ForConsumers/byAudience/ForPatientAdvocates/HIVandAI

DSActivities/ucm118915.htm  > accessed June, 2009 

 



 71

Fletcher CV, Kawle SP, Kakuda TN, Anderson PL, Weller D, Bushman LR, 

Brundage RC, Remmel RP. (2000). Zidovudine triphosphate and lamivudine 

triphosphate concentration-response relationships in HIV-infected persons. AIDS. 

14:2137-2144. 

Florance A, Vavro C, St. Clair M, Irlbeck D. (2003). Genotypic associations with 

non-nucleoside reverse transcriptase inhibitor susceptibility in circulating 

recombinant forms of HIV-1 strains in North and South America. Twelfth 

International HIV Drug Resistance Workshop, Los Cabos, Mexico.12th Intl HIV 

Drug Res Workshop 2003; abstract 111 

Freed EO. (2001). HIV-1 Replication. Som Cell Mol Gen. 26(6):13-33 

Fu-jie Z, Au M, Haberer J, Yan Z. (2006) .Overview of HIV drug resistance and its 

implications for China. Chinese Med Journl 119(23):1999-2004 

Flys T, Nissley DV, Claasen CW, Jones D, Shi C, Guay LA. (2005). Sensitive Drug-

Resistance Assays Reveal Long-Term Persistence of HIV-1 Variants with the 

K103N Nevirapine (NVP) Resistance Mutation in Some Women and Infants after 

the Administration of Single-Dose NVP: HIVNET 012. J Infect Dis. 192:24-9. 

Frater AJ, Dunn DT, Beardall AJ, Ariyoshi K, Clarke JR,  McClure MO, Weber 

JN. (2002). Comparative response of African HIV-1-infected individuals to 

highly active antiretroviral therapy. AIDS. 16:1139-1146. 

Gao F, Bailes E, Robertson DL, Chen Y, Rodenburg CM, Michael SF, Cummins 

LB, Arthur LO, Peeters M, Shaw GM, Sharp PM, Hahn BH. (1999). Origin 



 72

of HIV-1 in the Chimpanzee Pan troglodytes troglodytes". Nature 397 (6718): 

436–441. 

Garcia F, De Lazzari E, Plana M,Castro P, Mestre G. (2004). Long-term CD4+ T-

cell response to highly active antiretroviral therapy according to baseline CD4+ 

T-cell count. JAIDS. 36(2):702-713. 

Garcia-Lerma JG, Gerrish PJ, Wright AC. (2000). Evidence of a role for the Q151L 

mutation and the viral background in development of multiple 

dideoxynucleoside-resistant human immunodeficiency virus type 1. J Virol. 74: 

9339–9346.  

Gelderblom HR. (1997). Fine structure of HIV and SIV In Los Alamos National 

Laboratory (ed.). HIV Sequence Compendium. Los Alamos, New Mexico: Los 

Alamos National Laboratory. pp. 31–44.  

 

Gerhardt M, Mloka D, Tovanabutra S, Sanders-Buell E, Hoffmann O, Maboko L, 

Mmbando D, Birx DL, McCutchan FE, Hoelscher M. (2005). In-depth, 

longitudinal analysis of viral quasispecies from an individual triply infected with 

late-stage human immunodeficiency virus type 1, using a multiple PCR primer 

approach. J Virol 79: 8249-8261. 

 

Gonzales MJ, Wu TD, Taylor J, Belitskaya I, Kantor R, Israelski D. (2003). 

Extended spectrum of HIV-1 reverse transcriptase mutations in patients receiving 

multiple nucleoside analog inhibitors. AIDS 17:791–799. 

 



 73

Gottlieb GS, Nickle DC, Jensen MA, Wong KG, Grobler J, Li F. (2004). Dual HIV-

1 infection associated with rapid disease progression. The Lancet. 363: 619-622. 

Gottlieb GS, Nickle DC, Jensen MA, Wong KG, Kaslow RA, Shepherd JC, 

Margolick JB, Mullins JI. (2007). HIV type 1 superinfection with a dual-tropic 

virus and rapid progression to AIDS: a case report. Clin Infect Dis. 45(4):501-

509.  

Grant RM, Hecht FM, Warmerdam M, Liu L, Liegler T, Petropoulos CJ, 

Hellmann NS, Chesney M, Busch MP, Kahn JO. (2002). Time trends in 

primary HIV-1 drug resistance among recently infected persons. JAMA. 

288(2):239-241. 

Grob PM, Wu JC, Cohen KA. (1992). Nonnucleoside inhibitors of HIV-1 reverse-

transcriptase: nevirapine as a prototype drug. AIDS Res Hum Retroviruses. 8:145-

152. 

Grossman Z, Paxinos EE, Averbuch D, Maayan S, Parkin NT, Engelhard D. (2004). 

Mutation D30N is not preferentially selected by human immunodeficiency virus 

type 1 subtype C in the development of resistance to nelfinavir. Antimicrob 

Agents Chemother 48: 2159-2165. 

 

Hammer SM, Eron JJ Jr,  Reiss P, Schooley RT, Thompson MA, Walmsley S, 

Cahn P, Fischl MA, Gatell JM, Hirsch MS, Jacobsen DM, Montaner JS, 

Richman DD, Yeni PG, Volberding PA, International AIDS Society-USA. 

(2008). Antiretroviral Treatment of Adult HIV Infection: 2008 Recommendations 



 74

of the International AIDS Society–USA Panel. J American Med Ass. 300(5):555-

570 

 

Harrigan PR, Hogg RS, Dong WWY, Yip B, Wynhoven B. (2005). Predictors of 

HIV drug-resistance mutations in a large antiretroviral-naive cohort initiating 

triple antiretroviral therapy. J Infect Dis. 191:339–347. 

Haubrich R, Wrin T, Hellmann N. (2002). Replication capacity (RC) as a predictor 

of immunologic and virologic benefit despite virologic failure of an antiretroviral 

regimen. Antivir Ther. 7(1): S133.  

Havlir DV, Richman DD. (1996).Viral dynamics of HIV: implications for drug 

development and therapeutic strategies. Ann Intern Med. 124: 984-994 

Hertogs K, Bloor S, Kemp SD, Van den Eynde C, Alcorn TM, Pauwels R. 

(2000).Phenotypic and gcnotypic analysis of clinical HIV-I isolates reveals 

extensive protease inhibitor cross-resistance: a survey of over 6000 samples. 

AIDS 14:1203-1210. 

Hoffmann C, Mulcahy F. (2006). ART 2006 In HIV Medicine 2006. Hoffman, C., 

Rockstroh, J.K., Kamps, B.S., Eds; Flying Publishers, New York; Ed 15, pp 89-

271. 

Hoffmann C, Mulcahy F. (2007). ART 2007 In HIV Medicine 2007. Hoffman, C., 

Rockstroh, J.K., Kamps, B.S., Eds; Flying Publishers, New York; Ed 15, pp 89-

271  

 



 75

Hsiou Y, Ding J, Das K. (1997). Novel mechanism of drug resistance due to 

Lys103Asn mutation suggested by crystal structures of unliganded and inhibitor-

bound Lys103Asn HIV-1 RT Antiviral Ther.2:23-28 

Hunt JS, Romanelli F. (2009).Maraviroc, a CCR5 Coreceptor Antagonist That Blocks 

Entry of Human Immunodeficiency Virus Type 1. Pharmacotherapy 29(3): 295-

304 

Hymes KB, Greene JB, Marcus A. (1981). Kaposi's sarcoma in homosexual men: A 

report of eight cases. Lancet 2:598-600. 

International AIDS Vaccine Initiative.  (2006).  IAVI Report  

Irwin KL, Pau CP, Lupo D and the Bronx Lebanon HIV Serosurvey Team. 

(1997). Presence of human immunodeficiency virus (HIV) type 1 subtype A 

infection in a New York community with high HIV prevalence: a sentinel site for 

monitoring HIV genetic diversity in North America. Centers for Disease Control 

and Prevention - Bronx Lebanon HIV Serosurvey Team. J Infect Dis 176:1629–

1633. 

 

Israel GD. (1992). Determining Sample Size. Florida Cooperative Extension Service, 

University of Florida. Fact Sheet PEOD-6 

 

Janssens W, Buve A, Nkengasong JN. (1997).The puzzle of HIV-1 subtypes in 

Africa. AIDS. 11:705–712. 

 



 76

Johnson VA, Brun-Vezinet F, Clotet B, Gunthard HF, Kuritzkes DR, Pillay D, 

Schapiro JM, Richman DD. (2008). Update of the Drug Resistance Mutations 

in HIV-1: Spring 2008. Topics HIV Med. 16(1): 62-68 

 

Kamps BS, Hoffmann C. (2007). Introduction In HIV Medicine 2007. Hoffman, C., 

Rockstroh, J.K., Kamps, B.S., Eds; Flying Publishers, New York; Ed 15, pp 23-

32  

 

Kantor R, Katzenstein D. (2003). Polymorphism in HIV-1 Non-subtype B Protease 

and Reverse Transcriptase and its Potential Impact on Drug Susceptibility and 

Drug Resistance Evolution. AIDS Rev. 5:25-35 

 

Kantor R,  Shafer RW, Mutetwa S, Zijenah L, Johnston E, Lloyd R, Von Lieven 

A, Israelski D, Katzenstein DA. (2002). HIV-1 subtype C reverse transcriptase 

and protease genotypes in Zimbabwean patients failing antiretroviral therapy. 

AIDS Res Hum Retroviruses 18:1407–1413. 

Kaplan AH, Michael SF, Wehbie RS, Knigge MF, Paul DA, Everitt L. (1994). 

Selection of multiple human immunodeficiency virus type 1 variants that encode 

viral proteases with decreased sensitivity to an inhibitor of the viral protease. 

Proc Natl Acad Sci USA. 91: 5597-1601. 

Kellam P, Larder BA. (1995). Retroviral recombination can lead to linkage of reverse 

transcriptase mutations that confer increased zidovudine resistance. J 

Virol.69:669-74 



 77

Khamadi SA, Lihana RW, Ochieng W, Lwembe R, Kiptoo MK, Kinyua J, Lagat 

N, Muriuki J, Mwangi J, Oishi I, Ichimura H, Mpoke S, Songok EM. (2004). 

HIV-1 subtypes in the northern border region of Kenya. Int Conf AIDS. 2004. Jul 

11-16; 15: abstract no. TuPeA4373.  

Khoja S, Ojwang P, Khan S, Okinda N, Harania R, Ali S. (2008). Genetic Analysis 

of HIV-1 Subtypes in Nairobi, Kenya. PLoS ONE. 3(9) e3191 

Kiptoo M, Ichimura H, Lwembe R, Ng’ang’a Z, Mueke J, Kinyua J, Lagat N, 

Okoth F, Songok EM. (2008). Prevalence of Nevirapine-Associated Resistance 

Mutations after Single Dose Prophylactic Treatment among Antenatal Clinic 

Attendees in North Rift Kenya. AIDS Res and Hum Retroviruses 24(12): 1555-

1559 

Kozal MJ, Shah N. Shen N, Yang R, Fucini R. Merigan TC. (1996). Extensive 

polymorphisms observed in HIV-I clade B protease gene using high-density 

oligonucleotide arrays. Nat Med. 2: 753-759. 

Krogstad P, Lee S, Johnson G. (2002). Nucleoside-analogue reverse-transcriptase 

inhibitors plus nevirapine, nelfinavir, or ritonavir for pretreated children infected 

with human immunodeficiency virus type 1. Clin Infect Dis. 34:991-1001.  

 

Kuiken C, Leitner T, Foley B, Hahn B, Marx P, McCutchan F, Wolinsky S, 

Korber B. (2008). Landmarks of the genome In HIV Sequence Compendium. 

2008. Los Alamos National Laboratory, Eds: Los Alamos National Laboratory 

Theoretical Biology and Biophysics, Los Alamos, New Mexico.  



 78

Kumar S, Tamura K, Nei M. (2004). MEGA3: Integrated software for Molecular 

Evolutionary Genetics Analysis and sequence alignment. Briefs Bioinfors. 

5(2):150–163.  

Land AM., Ball TB, Luo M, Rutherford J, Sarna C, Wachihi C, Kimani J,  

Plummer FA. (2008). Full-Length HIV Type 1 Proviral Sequencing of 10 

Highly Exposed Women from Nairobi, Kenya Reveals a High Proportion of 

Intersubtype Recombinants. AIDS Res and HumRetroviruses. 24(6): 865-873 

Lar P, Lar N, Bemis K, Jelpe J, Enzyguirre L, Ayuba L, Zella D, Kanki P, Carr 

JK, Blattner W, Abimiku AG. (2007). HIV subtype and drug resistance patterns 

among drug naïve persons in Jos, Nigeria. African J Biotech. 6 (16):1892-1897. 

Le Rouzic E, Benichou S. (2005).The Vpr protein from HIV-1: distinct roles along the 

viral life cycle. Retrovirology. 2:11. 

Lecossier D, Shulman NS, Morand-Joubert L, Shafer RW, Joly V, Zolopa AR. 

(2005). Detection of minority populations of HIV-1 expressing the K103N 

resistance mutation in patients failing nevirapine. J Acquir Immune Defic 

Syndr.38: 37-42.   

Ledergerber B and the PLATO Collaboration. (2004). Predictors of trend in CD4-

positive T-cell count and mortality among HIV-1-infected individuals with 

virological failure to all three antiretroviral-drug classes. The Lancet. 364(9428): 

51-62  



 79

Lewis M, Mori J, Simpson P. (2008).Changes in V3 loop sequence associated with 

failure of maraviroc treatment in patients enrolled in the MOTIVATE 1 and 2 

trials [abstract no. 871]. 15th Conference on Retroviruses and Opportunistic 

Infections; 2008 Feb 8-11; Boston (MA) 

Li X, Xing H, Wang Z, SX, Wang L, Cheng H. (2007). Study of HIV-1 Drug 

Resistance in Patients Receiving Free Antiretroviral Therapy in China. 

Virologica Sinica. 22 (3):233-240 

Libamba E, Makombe S, Harries AD, Chimzizi R, Salaniponi FM, Schouten EJ, 

Mpazanje R. (2005). Scaling up antiretroviral therapy in Africa: learning from 

tuberculosis control programmes-the case of Malawi. Intern J  Tubercul  and 

Lung Dis. 9(10):1062-1071. 

Lihana RW, Khamadi SA, Kiptoo MK, Kinyua JG, Lagat N, Magoma GN. (2006). 

HIV type 1 subtypes among STI patients in Nairobi: a genotypic study based on 

partial pol gene sequencing. AIDS Res Hum Retroviruses. 22(11):1172-1177 

Loemba, H, Brenner B, Parniak MA, Ma'ayan S, Spira B, Moisi D, Oliveira M, 

Detorio M, Wainberg MA. (2002). Genetic divergence of human 

immunodeficiency virus type 1 Ethiopian clade C reverse transcriptase (RT) and 

rapid development of resistance against non-nucleoside inhibitors of RT. 

Antimicrob Agents Chemother.  46: 2087-2094.  

Los Alamos HIV Sequence Database. Jan., 2009. The Circulating Recombinant 

Forms (CRFs).  Online at <  



 80

http://www.hiv.lanl.gov/content/sequence/HIV/CRFs/CRFs.html. > Accessed 

March 10, 2009 

Louwagie J, Janssens W, Mascola J, Heyndrickx L, Hegerich P, van der Groen G, 

McCutchan FE, Burke DS. (1995). Genetic diversity of the envelope 

glycoprotein from human immunodeficiency virus type 1 isolates of African 

origin. J Virol. 69:263-71. 

Lucas GM., Gallant JE, Moore RD. (2004). Relationship between drug resistance 

and HIV-1 disease progression or death in patients undergoing resistance testing. 

AIDS. 18:1539–1548  

Lu J, Sista P, Cammack N, Kuritzkes D. (2002). Fitness of HIV-1 clinical isolates 

resistant to T-20 (enfuvirtide).Antiviral therapy. 7:S56 

Lwembe R, Ochieng W, Panikulam A, Mongoina CO, Palakudy T, Koizumi Y, 

Kageyama S, Yamamoto N, Shioda T, Musoke R, Owens M, Songok EM, 

Okoth FA, Ichimura H. (2007). Anti-retroviral drug resistance-associated 

mutations among non-subtype B HIV-1-infected Kenyan children with treatment 

failure. J Med Virol. 79(7):865-72 

Mallal S, Phillips E, Carosi G, Molina J-M, Workman C for the PREDICT-1 

Study Team. (2008). HLA-B*5701 Screening for Hypersensitivity to Abacavir. 

N Engl J Med. 358(6):568-579. 

 



 81

Mammano F, Trouplin V, Zennou V, Clavel F. (2000). 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. 74: 

8524-31. 

Markowitz M, Mo H, Kempf DJ. (1995). Selection and analysis of human 

immunodeficiency virus type 1 variants with increased resistance to ABT-538, a 

novel protease inhibitor. J Virol. 69: 701–706.  

Martinez-Picado J, Savara AV, Sutton L, D'Aquila RT. (1999). Replicative fitness 

of protease inhibitor-resistant mutants of human immunodeficiency virus type 1. 

J Virol. 73: 3744–3752.  

Matsumi S, Kosalaraksa P, Tsang H. (2003). Pathways for the emergence of multi-

dideoxynucleoside-resistant HIV-1 variants. AIDS. 17: 1127–1137.  

McGovern SL, Caselli E, Grigorieff N, Shoichet BK. (2002). A common mechanism 

underlying promiscuous inhibitors from virtual and high-throughput screening. J 

Med Chem.  45 (8): 1712–1722. 

McNicholl IR, McNicholl JJ. (2006). On the horizon: promising investigational 

antiretroviral agents. Curr Pharm Des 12 (9): 1091-1003 

Menzo S, Castagna A, Monachetti A, Hasson H, Danise A, Carini E, Bagnarelli P, 

Lazzarin A, Clementi M. (2004). Resistance and replicative capacity of HIV-1 

strains selected in vivo by long-term enfuvirtide treatment. New Microbiol. 

27:51-61 



 82

Merluzzi VJ, Hargrave KD, Labadia M. (1990). Inhibition of HIV-1 replication by a 

non-nucleoside reverse transcriptase inhibitor. Science. 250:1411–1413. 

Metzner KJ, Rauch P, Walter H, Boesecke C, Zollner B, Jessen H. (2005). 

Detection of minor populations of drug-resistant HIV-1 in acute seroconverters. 

AIDS. 19:1819-1825 

Meynard JL, Vray M, Morand-Joubert L, Race E, Descamps D, Peytavin G. 

(2002). Phenotypic or genotypic resistance testing for choosing antiretroviral 

therapy after treatment failure: A randomized trial. AIDS.16:727-36. 

Miller M, White KL, Petropoulos C, Parkin NT. (2003).Decreased replication 

capacity of HIV-1 clinical isolates containing K65R or M184V RT mutations. 

10th Confe Retrov Opportun Infect, 2003, Boston, Abstr. 616. 

Mitsuya H, Broder S. (1986). Inhibition of the in vitro infectivity and cytopathic effect 

of human T-lymphotropic virus III/ lymphadenopathy associated virus (HTLV 

III/LAV) by 2,3-dideoxynucleosides. Proc Natl Acad Sci USA. 83:1911-1915. 

Ndembi N, Abraha A, Pilch H, Ichimura H, Mbanya D, Kaptue L, Salata R, Arts 

EJ. (2008). Molecular Characterization of Human Immunodeficiency Virus Type 

1 (HIV-1) and HIV-2 in Yaoundé, Cameroon: Evidence of Major Drug 

Resistance Mutations in Newly Diagnosed Patients Infected with Subtypes Other 

than Subtype B. J Clin Microbiol. 46(1): 177–184. 

 



 83

NIAID (2009) Understanding basic HIV biology page  Online at < 

http://www3.niaid.nih.gov/topics/HIVAIDS/Understanding/Biology/hivReplicati

onCycle.htm > accessed June, 2009 

Nijhuis M, Schuurman R, de Jong D. (1999). Increased fitness of drug resistant HIV-

1 protease as a result of acquisition of compensatory mutations during suboptimal 

therapy. AIDS. 13: 2349–2359 

Nyombi BM, Holm-Hansen C, Kristiansen KI, Bjune G, Müller F. (2008). 

Prevalence of reverse transcriptase and protease mutations associated with 

antiretroviral drug resistance among drug-naïveHIV-1 infected pregnant women 

in Kagera and Kilimanjaro regions, Tanzania. AIDS Res and Ther 5:13 

 

O'Neil PK, Yu H, Sun G, Dougherty JP, Preston BD; (1998). Mutation rate of the 

HIV-1 genome after a single cycle of replication. Keyst Symp Mol Cell Biol Keyst 

Symp Mol Cell Biol. 1998 Mar 13-19; 97 (abstract no. 4067).  

Orofino GC, Bolgiani M, Carosella S, Di Garbo A, Caramello P, Fontana S. 

(2004). Resistance to NNRTI and relationship with adherence. Int Conf AIDS. 

2004 Jul 11-16; 15: abstract no. WePeB5755. 

Palmer S, Alaeus A, Albert J, Cox S. (1998). Drug susceptibility of subtypes A, B, C, 

D, and E HIV type 1 primary isolates. AIDS Res Hum Retroviruses. 14:157-62. 

Palmer S, Kearney M, Maldarelli F, Halvas EK, Bixby CJ, Bazmi H. (2005). 

Multiple, Linked Human Immunodeficiency Virus Type 1 Drug Resistance 



 84

Mutations in Treatment-Experienced Patients Are Missed by Standard Genotype 

Analysis. J Clin Microbiol. 43:406-13 

Palmer S, Wiegand AP, Maldarelli F, Bazmi H, Mican JM, Polis M. (2003). New 

real-time reverse transcriptase-initiated PCR assay with single-copy sensitivity 

for human immunodeficiency virus type 1 RNA in plasma. J Clin Microbiol. 

41:4531-6. 

Paolucci S, Baldanti F, Campanini G, Zavattoni M, Cattaneo E, Dossena Lu, 

Gerna G. (2001). Analysis of HIV drug-resistant quasispecies in plasma, 

peripheral blood mononuclear cells and viral isolates from treatment-naive and 

HAART patients. J. Med. Virol. 65:207-217. 

 

Pernas M, Casado C, Fuentes R, Perez-Elias MJ, Lopez-Galindez C. (2006). A 

dual superinfection and recombination within HIV-1 subtype B 12 years after 

primoinfection. J Acquir Immun Defic Syndr. 42:12-18 

 

Peterlin BM, Trono D. (2003). Hide, shield and strike back: how HIV-infected cells 

avoid immune eradication. Nature Revs Immunol  3: 97-107   

 

Peuchant O, Capdepont S, Ragnaud JM, Aurillac-Lavignolle V, Thiébaut R, 

Fleury H, Masquelier B; ANRS CO3 Aquitaine Cohort. (2007). Primary 

resistance to enfuvirtide (T20) in recently HIV-1 infected, antiretroviral-naive 

patients from the ANRS Aquitaine Cohort. 1: Antivir Ther. 12(4):559-562. 



 85

Phillips AN, Dunn D, Sabin C for the UK Collaborative Group on HIV Drug 

Resistance, UK CHIC Study Group. (2005). Long term probability of detection 

of HIV-1 drug resistance after starting antiretroviral therapy in routine clinical 

practice. AIDS 19:487–494. 

Piot P, Bartos M. (2002).The epidemiology of HIV and AIDS. In: Essex M, Mboup D, 

Kanki PJ, Marlink PJ, Tou SR, editors. AIDS in Africa, 2nd ed. New York. pp. 

200–217. 

 

Pollard VW, Malim MH. (1998). The HIV-1 Rev protein. Annu. Rev. Microbiol. 52: 

491–532.  

 

Potter SJ, Chew CB, Steain M, Dwyer DE, Saksena NK. (2004). Obstacles to 

successful antiretroviral treatment of HIV-1 infection: Problems & perspectives. 

Indian J Med Res 119: 217-237 

Prado JG, Parkin NT, Clotet B. (2005). HIV type 1 fitness evolution in antiretroviral-

experienced patients with sustained CD4+ T cell counts but persistent virologic 

failure. Clin Infect Dis. 41: 729–737. 

PRNewswire (2000). Virco identifies emerging HIV drug resistance in Africa. [Online 

at < http://www.aegis.org/news/pr/2000/PR000741.html.  > Accessed June, 2007] 

 

Quinn TC, Wawer MJ, Sewankambo N. (2000). Viral load and heterosexual 

transmission of HIV type 1. N Engl J Med. 342: 9219.  

 



 86

Quinones-Mateu ME, Albright JL, Mas A, Soriano V, Arts EJ. (1998) .Analysis of 

pol gene heterogeneity, viral quasispecies, and drug resistance in individuals 

infected with group O strains of human immunodeficiency virus type 1. J Virol. 

72: 9002–9015. 

 

Rainwater S, DeVange S, Sagar M, Ndinya-Achola J, Mandaliya K, Kreiss JK, 

Overbaugh J. (2005). No evidence for rapid subtype C spread within an 

epidemic in which multiple subtypes and intersubtype recombinants circulate. 

AIDS Res Hum Retroviruses. 21:1060-1065. 

 

Rauch A, Nolan D, Martin A, Mckinnon E, Almeida C, Mallal S. (2006). 

Prospective genetic screening decreases the incidence of abacavir 

hypersensitivity reactions in the Western Australian HIV cohort study. Clin Infect 

Dis. 43(1):99-102. 

 

Reeves JD, Doms RW. (2002). Human Immunodeficiency Virus Type 2. J. Gen. 

Virol. 83(6): 1253–1265 

 

Renjifo B, Essex M. HIV-1 subtypes and recombinants. In: Essex M, Mboup S, Kanki 

PJ, Marlink PJ, Tlou SD, editors. AIDS in Africa, 2nd Ed. New York: 2002. pp. 

138–157. 

 

Rhee SY, Fessel WJ, Zolopa AR, Hurley L, Liu T, Taylor J. (2005). HIV-1 protease 

and reverse-transcriptase mutations: correlations with antiviral therapy in subtype 



 87

B isolates and implications for drug-resistance surveillance. J Infect Dis. 

192:456–465. 

 

Richard N, Juntilla M, Abraha A, Demers K, Paxinos E, Galovich J. (2004). High 

prevalence of antiretroviral resistance in treated Ugandans infected with non–

subtype B human immunodeficiency virus type 1. AIDS Res Hum Retroviruses. 

20: 355–364. 

 

Richman DD, Morton SC, Wrin T, Hellmann N , Berry S, Shapiro MF, Bozzette, 

SA. (2004). The prevalence of antiretroviral drug resistance in the United States. 

AIDS. 18:1393–1401. 

 

Richman DD. (2001). HIV chemotherapy. Nature. 410: 995–1001. 

 

Richman DR, Morton SC, Wrin T, Hellman N, Berry S, Shapiro MF, Bozette S. 

(2004).The prevalence of antiretroviral drug resistance in the United States. 

AIDS. 18:1393-1402. 

Ridky T, Leis J. (1995). Development of drug resistance to HIV-I protease inhibitors. 

J Biol Chem. 270: 29621-3. 

Roberts NA, Craig JC, Sheldon J. (1998). Resistance and cross-resistance with 

saquinavir and other HIV protease inhibitors: theory and practice. AIDS. 12: 453-

460 

 



 88

Roehr B. (2008). New HIV Treatment Guidelines Issued; Medscape Medical News for 

Aug 4, 2008. [Online at < http://www.medscape.com/viewarticle/578530 > 

Accessed 14th Sept. 2008] 

 

Rossi S (Ed.) (2006). Australian Medicines Handbook 2006. Adelaide: Australian 

Medicines Handbook 

Saracino A, Monno L, Scudeller L, Cibelli DC, Tartaglia A, Punzi G, Torti C, Lo 

Caputo S, Mazzotta F, Scotto G, Carosi G, Angarano G. (2006) Impact of 

Unreported HIV-1 Reverse Transcriptase Mutations on Phenotypic Resistance to 

Nucleoside and Non-Nucleoside Inhibitors. J Med Virol 78:9–17 

Savarino A. (2006) A historical sketch of the discovery and development of HIV-1 

integrase inhibitors. Expert Opin Investig Drugs 15 (12): 1507-1522  

Sen S, Tripathy SP, Paranjape RS. (2006). Antiretroviral drug resistance testing. J 

Postgrad Med. 52:187-193 

Shi C, Eshleman SH, Jones D, Fukushima N, Hua L, Parker AR. (2004). LigAmp 

for sensitive detection of single-nucleotide differences. Nat Met. 1:141-147 

Sierra S, Kupfer B, Kaiser R. (2005). Basics of the virology of HIV-1 and its 

replication. J Clinical Virol 34: 233–244 

Smith DM, Wong JK, Hightower GK,   Ignacio CC, Koelsch KK, Daar ES, 

Richman DD, Little SJ. (2004). Incidence of HIV superinfection following 

primary infection. J American Med Ass. 292(10): 1177-1178  



 89

Smith K, Fine D, Patel P. (2008). Efficacy and safety of abacavir/lamivudine 

compared to tenofovir/ emtricitabine in combination with once-daily 

lopinavir/ritonavir through 48 weeks in the HEAT study. 15th Conf Retrov 

Opporc Infect; February 3-6, 2008; Boston, MA. Abstract 774 

 

Songok EM, Lwembe RM, Kibaya R, Kobayashi K, Ndembi N, Kita K, Vulule J, 

Oishi I, Okoth F, Kageyama S, Ichimura H. (2004).Active generation and 

selection for HIV intersubtype A/D recombinant forms in a coinfected patient in 

Kenya. AIDS Res Hum Retroviruses. 20:255–258. 

 

Spacek LA., Shihab HM., Kamya MR., Mwesigire D, Ronald A, Mayanja H, 

Moore RD, Bates M, Quinn TC. (2006). Response to Antiretroviral Therapy in 

HIV-Infected Patients Attending a Public,Urban Clinic in Kampala, Uganda. 

Clinical Infect Dis. 42:252–259 

Spira S, Wainberg MA, Loemba H, Turner D, Brenner BG. (2003).  Impact of 

clade diversity on HIV-1 virulence, antiretroviral drug sensitivity and drug 

resistance. J  Antimicrob Chemother. 51: 229-240  

Starr SE, Fletcher CV, Spector SA, Yong FH, Fenton T, Brundage RC. (1999). 

Combination therapy with efavirenz, nelfinavir, and nucleoside reverse- 

transcriptase inhibitors in children infected with human immunodeficiency virus 

type 1. Pediatric AIDS Clinical Trials Group 382 Team. N Engl J Med. 

341:1874-1881.  



 90

Sufka SA, Ferrari G, Gryszowka VE. (2003). Prolonged CD4+ cell/virus load 

discordance during treatment with protease inhibitor-based highly active 

antiretroviral therapy: immune response and viral control. J Infect Dis. 187: 

1027–1037.  

Sugiura W, Matsuda M, Chiba T, Nishizawa M, Kakizawa J, Ueda T, Hamatake 

M, Fujino M, Yamada K, Yamamoto N. (2004).Changes in prevalence and 

patterns of drug resistant mutations in Japan: Summary of nationwide HIV-1 drug 

resistance surveillance Study (1996 to 2002). Int Conf AIDS. 2004 Jul 11-16; 15: 

abstract no. WePeA5659.  

Svicher V, Sing T, Santoro MM, Forbici F, Rodriguez-Barrios F, Bertoli A. 

(2006). Involvement of novel human immunodeficiency virus type 1 reverse 

transcriptase mutations in the regulation of resistance to nucleoside inhibitors. J 

Virol. 80:7186–7198. 

 

Takehisa J, Zekeng L, Ido E, Yamaguchi-Kabata Y, Mboudjeka I, Harada Y, 

Miura T, Kaptu L, Hayami M.(1999). Human immunodeficiency virus type 1 

intergroup (M/O) recombination in Cameroon. J Virol. 73:6810-6820. 

 

Takehisa J, Zekeng L, Miura T, Ido E, Yamashita M, Mboudjeka I, Gurtler LG, 

Hayami M, Kaptue L. (1997). Triple HIV-1 infection with group O and Group 

M of different clades in a single Cameroonian AIDS patient.  J Acquir Immune 

Defic Syndr Hum Retrovirol. 14:81-82.  

 



 91

Tantillo C, Ding J, Jacobo-Molina A. (1994). Locations of anti-AIDS drug binding 

sites and resistance mutations in the three-dimensional structure of HIV-1 reverse 

transcriptase. Implications for mechanisms of drug inhibition and resistance. J 

Mol Biol. 243:369–387. 

The President’s Emergency Plan for AIDS Relief (PEPFAR). 2008 Country Profile: 

Kenya 

The World Health Organization. (2006).Antiretroviral therapy for HIV infection in 

adults and adolescents in resource-limited settings: Towards universal access 

recommendations for a public health approach. 2006 revision 

Thomas TK, Amornkul PN, Bell AJ, Otieno R, Oziemkowska M, Vulule J, 

Bulterys M, Fowler MG, Slutsker L, DeCock KM, Kombo AO. (2004).The 

Kisumu breastfeeding study: A phase II trial of highly active antiretroviral 

therapy (HAART) to reduce mother-to-child HIV-1 transmission during 

breastfeeding in resource-poor settings. Int Conf AIDS. 2004 Jul 11-16; 15: 

abstract no. ThPeB7041     

Turner D, Brenner B, Wainberg MA. (2003). Multiple Effects of the M184V 

Resistance Mutation in the Reverse Transcriptase of Human Immunodeficiency 

Virus Type 1. Clinicl Diagnos Lab Immunol. 10(6): 979-981   

UNAIDS. (2006). Fact sheet: Antiretroviral therapy in Sub-Saharan Africa.  

 

UNAIDS. (2008). Report on the global AIDS epidemic 



 92

Van der Kuyl AC, Cornelissen MC. (2007). Identifying HIV-1 dual infections. 

Retrovirology. 4:67-79 

Vandamme AM, Sonnerborg A, Ait-Khaled M. (2004). Updated European 

recommendations for the clinical use of HIV drug resistance testing. Antivir Ther. 

9:829-848. 

Václavíková J, Weber J, Machala L, Reinis M, Linka M, Brůcková M, Vandasová 

J, Stanková M, Konvalinka J.(2005). Long-term analysis of the resistance 

development in HIV-1 positive patients treated with protease and reverse 

transcriptase inhibitors: correlation of the genotype and disease progression. Acta 

Virol. 49(1):29-36.  

Wainberg MA. (2004). HIV-1 subtype distribution and the problem of drug 

Resistance. AIDS. 18(3):S63–S68  

Warnke D, Barreto J, Temesgen Z. (2007). Antiretroviral Drugs. J. Clin. Pharmacol. 

47: 1570-1580 

Wegner SA, Brodine SK, Mascola JR, Tasker SA, Shaffer RA, Starkey MJ. 

(2000). Prevalence of genotypic and phenotypic resistance to anti-retroviral drugs 

in a cohort of therapy-naïve HIV-1 infected US military personnel. AIDS. 

14(8):1009-1015 

Wegner SA, Wallace MR, Aronson NE, Tasker SA, Blazes DL, Tamminga C. 

(2004) Long-term efficacy of routine access to antiretroviral-resistance testing in 



 93

HIV type 1-infected patients: Results of the clinical efficacy of resistance testing 

trial. Clin Infect Dis. 38:723-30 

Weidle PJ,  Kityo CM, Mugyenyi P, Downing R, Kebba A, Pieniazek D. (2001). 

Resistance to antiretroviral therapy among patients in Uganda. JAIDS 26(5):495–

500. 

 

Weniger BG, Takebe Y, Oui CY, Yamazaki S. (1994) The molecular epidemiology 

of HIV in Asia. AIDS  8(2): S13–S28. 

 

Wilson JW. (2000). A Physician's Primer to Antiretroviral Drug Resistance Testing. 

AIDS Read. 10(8):469-478. 

Winters MA, Schapiro JM, Lawrence J, Merigan TC. (1998) Human 

immunodeficiency virus type 1 protease genotypes and in vitro protease inhibitor 

susceptibilities of isolates from individuals who were switched to other protease 

inhibitors after long-term saquinavir treatment. J Virol. 72:5303-5306. 

Wolf E. HIV resistance testing In HIV Medicine 2006. Hoffman, C., Rockstroh, J.K., 

Kamps, B.S., Eds; Flying Publishers, New York 2006; Ed 15, pp 321-351  

Yang C, Li M, Shi YP, Winter J, van Eijk AM, Ayisi J. (2004) Genetic diversity and 

high proportion of intersubtype recombinants among HIV type 1-infected 

pregnant women in Kisumu, western Kenya. AIDS Res and HumRetroviruses. 

20(5):565-574. 



 94

Zaccarelli M, Tozzi V, Lorenzini P, Forbici F, Narciso P, Ceccherini-Silberstein F, 

Trotta MP, Bertoli A, Liuzzi G, Marconi P, Mosti S, Perno CF, Antinori A. 

(2007) The V118I mutation as a marker of advanced HIV infection and disease 

progression. Antivir Ther. 12(2):163-168.  

 

 

 

 

 

 

 

 

 

 

 

 

 



 95

APPENDIX I: CONSENT FORM 

Comprehensive Studies of Mechanisms of HIV Resistance in Nairobi, 
Kenya 
 
Majengo Research Clinic 
     
Resurvey: Patient Information and Consent Form 
 
This information will be communicated orally in English, Swahili or other Kenyan 
dialect of potential participant’s preference. 
 
Investigators:   
Dr. Charles Wachihi,    University of Nairobi, tel. 714851, PO Box 19676, Nairobi, 
Kenya 
Dr. Joshua Kimani,    University of Nairobi, tel. 714851, PO Box 19676, Nairobi, 
Kenya 
Dr. Jessie Kwatampora University of Nairobi, tel. 714851, PO Box 19676, Nairobi, 
Kenya 
Dr. Samson Barasa   University of Nairobi, tel. 714851, PO Box 19676, Nairobi, 
Kenya 
Dr. Walter Jaoko,    University of Nairobi, tel. 714851, PO Box 19676, Nairobi, 
Kenya 
Dr. T. Blake Ball   University of Manitoba, 730 William Ave. Winnipeg, MB, 
Canada 1-(204) 789-3202 
Dr. Francis Plummer University of Manitoba, 730 William Ave. Winnipeg, MB, 
Canada 1-(204) 789-             2000 
Dr. Joanne Embree,  University of Manitoba, 730 William Ave. Winnipeg, MB, 
Canada 1-(204) 789-3630 
Dr. Keith R. Fowke,  University of Manitoba, 730 William Ave. Winnipeg, MB, 
Canada 1-(204) 789-3818 
Dr. Rupert Kaul,  University of Toronto, 1 King's College Toronto, ON, Canada 
1-(204) 416-978-8607 
Dr Richard Lester University of Nairobi/ University of Manitoba. PO Box 19676, 
Nairobi, Kenya. 
Dr Solomon Mpoke Kemri (ITROMID) P.O.Box 54840-00200, Nairobi-Kenya. 
(020)-2711255 
Background information 

The University of Nairobi and its collaborators from Canada have been working for 
many years to fight the epidemics of AIDS and other sexually transmitted infections 
that we are facing in Kenya.  This basic science research program is conducting 
studies to determine the relationship between immunity and susceptibility to sexually 
transmitted infections (STI) with the goal of developing vaccines or treatments for 
STIs.  You are being asked to participate in this study because you are: 

 
a) At a very high risk of acquiring an STI or are already infected with an STI 

or 
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b) At a low risk of acquiring an STI; or 
 
c) The relative of a person in group a) or b). 

The purpose of this research program is to determine if there are factors that could 
protect individuals from acquiring sexually transmitted infections (STI) especially 
HIV. It is important to keep free of other sexually transmitted diseases, as the 
presence of these infections may increase your risk of becoming infected with HIV.  
If you have an STI, you should seek treatment for it as quickly as possible.  However, 
sometimes you may have an STD and not know it, because you may not have any 
symptoms and thus advised to visit the clinic monthly for free check ups. 

 
Why Is This Study Being Done? 

This study is being done to find out why some people are more or less likely to get 
the Human Immunodeficiency Virus (HIV), the virus that causes AIDS.  There is 
more and more evidence that the immune system in some people is able to protect 
them against infection with HIV.  Since most people get HIV through sexual 
exposure to an HIV infected partner, the first contact with the virus occur in the 
genital tract, the vagina and cervix in women.  We know from some of our previous 
work that some women, who seem to be protected against HIV, have a special type 
of immune 
 response that it not present in women who get HIV.  The purpose of this study is to 
try to find out the targets of this immune response in the vagina, uterus and cervix 
and to try to find out what is special about the immune system of these few 
individuals.  This work may be helpful in eventually making a vaccine for HIV. 
 
To help you understand what is involved in the study a drawing of the vagina, cervix 
and uterus of the female genital tract is shown below. 
 
Fallopian Tube 
 
  
 
 
  Uterus (womb) 
 
Ovary  Cervix 
 
 
 
  Vagina 
   

 
 
How Many People Will Take Part in the Study 
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About 3000 participants mainly women will take part in this study. 
 

What Is Involved in the Study? 

You have been invited to voluntarily participate in this study because all are at risk of 
becoming infected with STDs and HIV. Some sexual behavior especially among sex 
workers or those who use sex as an income generating activity exposes those 
involved or their partners to a higher risk of contracting HIV. If you agree to 
participate in the study, you will be given additional counseling, advised on 
appropriate STIs prevention strategies and requested to practice safer sex. You can 
also choose to leave sex work at any time but you will be asked to return to the clinic 
every month for free check ups.  Again, the results of these tests will be ready after 
one week or less, and you will be informed of the results and given the correct 
treatment if you have an infection.  You will also be encouraged to come to the clinic 
for examination and treatment at any other time that you feel ill.  If you forget to 
return to the clinic for one of your scheduled visits, a clinic staff member will contact 
you by phone, SMS or send one of your friends to remind you of the missed 
appointment. All study participants will also be encouraged to either retest for 
HIV or recheck their CD4/CD8 profiles depending on HIV infection status every 
three months.  In addition, we will store specimens from your blood for future 
studies of the genes involved in resistance and susceptibility to HIV and other 
infections. 
 
Clinic visits 
First visit and semi-annual visits (All study participants) 
1. We will ask you general questions about your life, about problems you are 

having, and about your sexual history. 
2. The doctor will examine your body, including your female parts. 
3. Swab and washing from your vagina to look for germs and to collect samples for 

studying your immune response. 
4. Swab from your cervix to look from germs and to collect samples for studying 

your immune response. 
5. A thin plastic tube will be placed in your cervix (opening to your womb) to get 

some of the mucous your cervix makes. 
6. Urine to look for germs. 
7. Three tablespoons of blood will be taken for testing syphilis, and HIV and for 

studying your immune response.  We will inform you of your results at your one 
month visit.  We also will test your spouse for 0the HIV virus free of charge if 
he/she wishes.   

 
Monthly visits  
1. Questions will be asked about you, and what problems you are having. 
2. If you have any complaints the doctor will examine your body, including your 

female parts. 
3. Every third month all study participants will be encouraged to either retest for 

HIV or recheck their CD4/CD8 profiles depending on individuals HIV infection 
status.   
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Follow-up visits (All study participants) 
1. You will be asked to return 3 to 7 days after every visit to be given you 

laboratory results. 
2. You will be treated for new infections, free of charge. 
 
How Long Will I Be in the Study? 

The study will last 5 years.  Although we would appreciate if you stayed in the study 
for the entire period you may choose to leave the study at any time without any 
penalty to you. 
 
What Are the Risks of the Study? 

Risk of blood and cervical collection 
 
This study requires the use of your blood.  In order to get the blood we will need to 
insert a needle into a vein in your arm so that the blood can be removed.  There will 
be some pain associated with the needle stick but this will be only for a short period 
of time.  There may be some bruising around the needle site and, although we will 
sterilize the site to minimize infection, there is a very minimal risk of infection at the 
site.  There is also some discomfort associated with taking specimens from your 
cervix. 
 
HIV test 
Non-physical risks: 

1. If you are HIV positive, learning so may cause you to become depressed.  We 
will counsel you about your HIV test results if you are negative or positive.  
If you are HIV positive, we have antiretrovirals in the clinic to manage your 
condition.  We will also test one boyfriend for HIV virus if he wants. 

 
Risks of taking antibiotics / Antiretrovirals 
If we find that you have an STD or AIDS we will provide you with the appropriate 
treatment.  With any drug there is some potential for side effects.  For the antibiotics/ 
antiretrovirals you might receive, the following side effects are possible. 

Very likely: 
1. Sick to your stomach 
2. Headache 
3. Metallic taste in mouth 
4. Diarrhea 
5. If a woman - infection of your vagina by yeast (a white discharge with 

itching).  If this happens, we will give you medicine to put inside your 
vagina to treat the yeast infection. 

 Less likely but serious: 
1. Less than 1 person in 100 will have a severe allergic reaction to one of the 

antibiotics/ antiretrovirals. 
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Are There Benefits to Taking Part in the Study? 

The benefits that you will get from this study are that you will be examined regularly, 
and if you are found to have an STD or AIDS, you will receive appropriate and 
effective medication.  Medical care will also be provided for other illnesses that you 
might have.  You will also be informed about what you are suffering from, and you 
will be informed about the future implications of these STDs and of HIV.  
 
What about Confidentiality? 

Efforts will be made to keep your personal information confidential.  We will record 
your information only by a special number assigned to you.  The number will only be 
known to the clinic staff and yourself. 

 
Organizations that may inspect and/or copy your research records for quality 
assurance and data analysis include groups such as: the researchers, members of the 
local and international ethics teams and the National Institutes of Health in the 
United States of America.  The research results will be published, but your identity 
will remain secret.  
 
What Are My Rights as a Participant? 

Taking part in this study is voluntary. You may choose not to take part or may leave 
the study at any time. Leaving the study will not result in any penalty or loss of 
benefits to which you are entitled.  If the participation in the study results in you 
becoming ill, the study team will provide you with medical care for the problem for 
free. 
 
Although you will not be paid to participate in the study, you will be offered a 
small payment of two hundred shillings (KSh 200) for the resurvey visits only to 
compensate you for your transportation to the clinic. 

 
We will also provide you with any new information and findings from the study that 
may affect your health, welfare, or willingness to stay in this study. 
 
All information that is obtained will be kept strictly confidential, and your identity 
will not be known, except to those providing your medical care. 
 
At the end of every year, we will be holding baraza’s at the different clinics to give 
progress reports and share any new findings from the study with all members of the 
different clinics. 
 
WHOM DO I CALL IF I HAVE QUESTIONS OR PROBLEMS? 

For questions about the study or a research-related injury, call or contact Dr. Wachihi 
any one of the researchers named above at the Medical Microbiology Annex at the 
University of Nairobi   
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For questions about your rights as a research participant, contact Professor Bhatt, 
who is the chairperson of the Ethical Review Committee at the University of Nairobi, 
by calling 725452, or make an appointment to see her in the Department of 
Medicine, at the University of Nairobi. 
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Statement of Consent: 
 
I have read the attached written information and / or received verbal information on 
the above study. I have been given the opportunity and time to have any questions 
about the research answered to my satisfaction. I consent to take part in the study and 
I am aware that my participation is entirely voluntary. I understand that I may 
withdraw at any time without giving a reason and without this affecting my future 
care. 
 
By signing this information and consent form I agree that my personal data, may be 
used as described in this consent form and may be consulted by qualified 
representatives from sponsor the Ethics Committee or the health authorities.  
 
I understand that the following (check the box only if you fully understand and agree 
with each statement): 
 
 the goals of this research program are to study resistance and susceptibility to 

sexually transmitted infections 
 
 enrolment is completely voluntary and I can withdraw from the study at any 

time 
 
 blood, cervical and vaginal specimens will be required for this study and may 

be used for genetic studies 
 
 any blood specimens previously collected may be used for this study 

 
a portion of my blood, cervical and vaginal specimens will be stored for future 
studies of the genes involved in resistance and susceptibility to HIV and other 
infections. 

 
 
I am willing to participate in the study. 
 
Name of Study Participant______________________________________________ 
 
Signature/Thumb print:  __________________________________  Date: 
______________ 
 
For clinic staff: 
 
I, _________________________________, have explained the nature and purpose of 

the above study to _____________________________________________________ 

Name of Clinic Staff:  
___________________________________________________ 
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Signature:  __________________________________  Date: ______________ 
 
 
Assigned Study Number / Clinic Number  ____ ____ ____  
 
 
 Standards of Medical Care for Participants in the Research Clinics 
 
This document outlines the standard of medical care for all participants in the Majengo, 
MCH Pumwani, Kindred, Kibera and Korogocho cohorts, regardless of HIV-1 serostatus.  It 
should be emphasized that any member of the said cohorts may freely decline to take part in 
any cohort substudy, and that this decision will in no way affect their access to this standard 
of care. All care outlined is provided free of charge, thereby significantly improving health 
care access and outcomes for all members of the cohorts...  The nature of the medical care 
will vary depending on HIV-1 serostatus of the participants, as outlined below.   
 

1. General medical care for all participants, regardless of HIV-1 status. 
 HIV and STD prevention services: provision of the male condom, and 

peer-based and clinic-based counseling regarding safer sexual practices. 
 Family planning services as directed in the Kenyan National Family 

Planning Guidelines 
 Rapid and effective treatment of sexually transmitted diseases in 

accordance with the Kenya National Guidelines for the Syndromic 
Management of Sexually Transmitted Diseases 

 Medical care for acute and chronic illnesses, both infectious and non-
infectious   

 Access to diagnostic testing in haematology, biochemistry, infectious 
diseases, immunology, radiology 

 Prompt referral for specialist consultation and hospitalization when 
indicated 

2. Management of Opportunistic Infections in HIV-1 Infected Participants. 
 Primary Prophylaxis: Trimethoprim-Sulphamethoxazole (Septrin): all 

participants with a CD4+ T cell count <200/mm3 or on Anti-TB must 
use Septrin for prevention of PCP, toxoplasmosis and bacterial 
infections (bacterial pneumonia, bacteremias, some bacterial diarrhoea), 
according to National AIDS/STD Control Program (NASCOP) 
Guidelines. 
However, all HIV infected individuals with CD4+ <350 should be 
encouraged to use Septrin according to the latest WHO guidelines 
(2006) 

 Secondary Prophylaxis: Septrin: offered to all participants regardless 
of CD4+ T cell count after an episode of PCP, toxoplasmosis, or severe 
bacterial infection. Fluconazole: provided for secondary prevention of 
Cryptococcus 

Treatment 
 Herpes. simplex/Herpes zoster infection: acyclovir 
 Candidiasis (oral, esophageal, vaginal): nystatin, clotrimazole, 

Fluconazole 
 Tuberculosis (pulmonary or extra pulmonary): referral to National 

TB Programme 
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 Toxoplasmosis: referral for inpatient therapy 
 Cryptococcus: referral for inpatient therapy  
 PCP: Septrin (with prednisolone, if severe) 
 Kaposi’s Sarcoma: ARV and referral to Clinical Oncologist 

 
3. Antiretroviral therapy. 
Antiretroviral therapy rollout in Kenya is supported and directed by NASCOP and The 
Ministry of Health. Kenya is a recipient of ARVs and infrastructure support through the 
Presidents Emergency Plan for AIDS Relief (PEPFAR) a US government international 
development initiative. 

 
 ARV drugs and infrastructure support has been secured by the University of 

Manitoba from NASCOP/PEPFAR and CDC PEPFAR to provide HIV basic and 
ARV care for all cohorts members who are eligible as per the “Guidelines for 
Antiretroviral Drug Therapy in Kenya” (NASCOP-2005 edition). Such medical 
treatment and its requisite follow-up, integrated with the above standard of care, 
will also be provided at no cost. 
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APPENDIX II: PATIENT TREATMENT INFORMATION, HIV-1 CLADE 

AND MUTATION DATA 

 

 

 

 Patien
t ID    

ART at study 
point 

Length 
of 
time 
on  
ART 
(wks) 

CD4 
at 
study 
point 

HIV-1 
Subtype 

RTI-
associated 
resistance 
mutations 

Other 
Mutations 

1. ML005 NVP/3TC/D4T40 140 
 

410 
 

A1 - K11T, K20R, 
V21I, V35T, 
T39R, V60I, 
K122E,D123S, 
K173A,Q174K, 
V179I,G196E, 
T200V, Q207A 

2. ML024 STOCRINE/3TC/D4
T30 

138 
 

665 A1 - I2L, K11T, 
K20R, V21I, 
V35T, T39R, 
V60I, K122E, 
D123S,K173A, 
Q174K,V179I, 
G196E, T200V 

3. ML199 NVP/D4T30/3TC 70 
 

336 
 

A1 - K11T, K20R, 
V21I, V35T, 
T39R, V60I, 
K122E,D123S, 
K173A,Q174K, 
V179I,G196E, 
T200V, Q207A 

4. ML1295 STOCRINE/3TC/D4
T30 
 

137 
 

419 
 

A1 - K11T, K20R, 
V21I, V35T, 
T39R, V60I, 
K122E,D123S, 
K173A,Q174K, 
V179I,G196E, 
T200V,Q207A, 
R211S 

5. ML1316 NVP/3TC/D4T40 
 

95 
 

394 
 

A1 - K11T, K20R, 
V21I, V35T, 
I50M, V60I, 
K122E,D123S, 
S134G,K173A, 
Q174K,D177E, 
I178M,V179I, 
G196E,T200V, 
Q207A, R211S 

6. ML1349 NVP/3TC/D4T30 
 

84 
 

331 
 

A1 - K11T, K20R, 
V21I, V35T, 
T39R, V60I, 
K122E,D123S, 
K173A,Q174K, 
V179I,G196E, 
T200V,Q207A, 
R211S 

7. ML1410 NVP/AZT/3TC 
 

63 
 

336 
 

A1 - K11T, K20R, 
V21I, V35T, 
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V60I, K122E, 
D123S,K173A, 
Q174K,D177E, 
I178M,V179I, 
G196E,T200V, 
Q207A, R211S 

8. ML1423 NVP/3TC/AZT 
 

120 
 

401 
 

A1 - K11T, K20R, 
V21I, V35T, 
V60I, R78G, 
K122E,D123S, 
K173A,Q174K, 
I178M,V179I, 
G196E,T200V, 
Q207A 

9. ML1427 NVP/D4T40/3TC 
 

66 
 

297 
 

A1 - K11T, K20R, 
V21I, V35T, 
T39R, V60I, 
K122E,D123S, 
K173A,Q174K, 
V179I,G196E, 
T200V,Q207A, 
R211S 

10. ML1450 NVP/3TC/D4T40 
 

138 
 

375 A1 - K11T, K20R, 
V21I, V35T, 
T39IKRT, 
V60I, K122E, 
D123S,K173A, 
Q174K,V179I, 
G196E,T200V, 
Q207A, R211S 
 

11. ML1497 NVP/3TC/D4T40 
 

106 
 

133 
 

A1 - E6AEGV, 
K11T, K20R, 
V21I, 
Q23LPQR, 
V35T, K43R, 
V60I, K122E, 
D123S,K173A, 
Q174K,D177E, 
I178V,V179I, 
G196E,T200V,
R206N,Q207L, 
H208R, L209A 

12. ML1592 NVP/3TC/D4T40 
 

106 429 A1 - K11T, K20R, 
V21I, K22N, 
V35T, V60I, 
K122E,D123S, 
K173A,Q174K, 
D177E,I178V, 
V179I,G196E, 
T200V,Q207A, 
R211S 

13. ML1756 NVP/d4T 30/3TC 34 276 
 

A1 NRTI: T215S 
NNRTI: None 

K11T, K20R, 
V21I, K22N, 
V35T, V60I, 
K122E,D123S, 
K173A,Q174K, 
D177E,I178V, 
V179I,G196E, 
T200V, Q207A 

14. ML1777 NVP/AZT/3TC 
 

25 
 

355 
 

A1 - K11T, K20R, 
V21I, V35T, 
V60I, H96P, 
K122E,D123S, 
K173A,Q174K, 
I178V,V179I, 
G196E,T200V, 
Q207A,R211S, 
F214X 

15. ML1802 NVP/3TC/D4T30 
 

115 
 

181 
 

A1 - K11T, K20R, 
V21I, V35T, 
T39R, V60I, 



 106

K122E,D123S, 
K173A,Q174K, 
D177E,G196E, 
T200V,Q207A, 
R211S 

16. ML1805 STOCRINE/3TC/D4
T40 
 

134 
 

284 A1 - E6Q, K11T, 
K20R, V21I, 
V35T, T39R, 
V60I, K122E, 
D123S,K173A, 
Q174K,V179I, 
G196E,T200V, 
Q207A, R211S 

17. ML1840 STOCRINE/3TC/D4
T30 
 

130 
 

612 A1 - K11T, K20R, 
V21I, V35T, 
T39R, V60I, 
K122E,D123S, 
K173A,Q174K, 
V179I,G196E, 
T200V, Q207A 

18. ML1852 NVP/3TC/D4T30 
 

149 
 

380 
 

A1 - K11T, K20R, 
V21I, V35T, 
T39R, V60I, 
K122E,D123S, 
K173A,Q174K, 
V179I,G196E, 
T200V,E203G, 
Q207A, R211S 

19. ML1875 NVP/D4T30/3TC 
 

51 
 

424 
 

A1 - K11T, K20R, 
V21I, V35T, 
T39R, V60I, 
K122E,D123S, 
K173A,Q174K, 
V179I,G196E, 
T200V, Q207A 

20. ML1899 NVP/3TC/VIREAD 106 431 
 

A1 - K11T, K20R, 
V21I, V35T, 
T39R, V60I, 
K122E,D123S, 
K173A,Q174K, 
V179I,G196E, 
T200V,Q207A, 
R211S 

21. ML1932 NVP/d4T 40/3TC 
 

141 407 A1 NRTI: None 
NNRTI: 
G190A 

P4H, V35T, 
V60I, K122E, 
D123S,I135T, 
K173S,Q174K, 
D177E,V179I, 
I202V,Q207D, 
R211S, F214L 

22. ML1956 NVP/D4T30/3TC 
 

50 287 A1 - K11T, K20R, 
V21I, V35T, 
T39R, V60I, 
Q91, H96P, 
K122E,D123S, 
K173A,Q174K, 
V179I,G196E, 
T200V,Q207A, 
R211S 

23. ML1957 NVP/3TC/D4T30 147 228 
 

A1 - K11T, K20R, 
V21I, V35T, 
T39R, V60I, 
D123S,K173A, 
Q174K,I178M, 
V179I,G196E, 
T200V,Q207A, 
R211S 

24. ML1970 NVP/D4T30/3TC 
 

26 
 

402 A1 - K20R, V35T, 
E40D, K49R, 
V60I, K122E, 
D123N,I135T, 
E169D,K173V, 
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Q174K,D177E, 
V179I,T200A, 
Q207A, R211S 

25. ML2000 NVP/3TC/D4T40 
 

138 
 

511 A1 - K11T, K20R, 
V21I, V35T, 
V60I, L92I, 
K102R,T107P, 
D113E,K122E, 
D123S,S134G, 
N136T,E138G, 
Y146S,K173A, 
Q174K,D177E, 
I178V,V179I, 
G196E,T200V, 
Q207A, R211S 

26. ML2037 NVP/3TC/D4T40 
 

139 
 

433 
 

A1 - K11T, K20R, 
V21I, V35T, 
V60I, K122E, 
D123S,K173A, 
Q174K,D177E, 
G196E,T200V, 
Q207A, R211S 

27. ML2102 NVP/3TC/D4T30 
 

119 111 A1 - K11T, K20R, 
V21I, V35T, 
T39R, V60I, 
K122E,D123S, 
K173A,Q174K, 
V179I,G196E, 
T200V,Q207A, 
R211S 

28. ML2122 NVP/3TC/D4T30 
 

88 
 

266 
 

A1 - K11T, K20R, 
V21I, V35T, 
V60I, K122E, 
D123S,K173A, 
Q174K,I178V, 
V179I,G196E, 
T200V,Q207A, 
R211S 

29. ML2137 3TC/TDF/STOCRIN
E 
 

128 
 

208 
 

A1 - K11T, K20R, 
V21I, V35T, 
V60I, K122E, 
D123S,K173A, 
Q174K,V179I, 
G196E,T200V, 
Q207A, R211S 

30. ML2151 EFV/D4T30/3TC 
 

53 
 

180 
 

A1 - V35K, V60I, 
K122E,D123N, 
I135T,K173L, 
Q174K,T200A, 
Q207A, R211H 

31. ML2169 NVP/3TC/D4T30 
 

147 
 

167 
 

A1 - K11T, K20R, 
V21I, V35T, 
T39R, V60I, 
K122E,D123S, 
K173A,Q174K, 
V179I,G196E, 
T200V 

32. ML2244 NVP/TDF/3TC 
 

81 
 

286 
 

A1 - K11T, K20R, 
V21I, V35T, 
T39R, V60I, 
V108A,K122E, 
D123S,K173A, 
Q174K,V179I, 
G196E, T200V 

33. ML2261 NVP/D4T30/3TC 
 

28 
 

222 A1 - E6A, K11T, 
K20R, V21I, 
V35T, T39R, 
V60I, T107P, 
K122E,D123S, 
S134G,Y146S, 
K173A,Q174K, 
G196E,T200V, 
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Q207A, R211S 
34. ML2278 NVP/D4T30/3TC 

 
65 
 

468 A1 - K11T, K20R, 
V21I, V35T, 
T39R, V60I, 
K122E,D123S, 
K173A,Q174K, 
D177E,G196E, 
T200V,Q207A, 
R211S 

35. ML2288 NVP/3TC/TDF 
 

84 
 

605 
 

A1 - K11T, K20R, 
V21I, V35T, 
T39R, V60I, 
K122E,D123S, 
Y146C,K173A, 
Q174K,V179I, 
G196E,T200V, 
Q207A, R211S 

36. ML2349 NVP/D4T40/3TC 
 

71 406 
 

A1 - K11T, K20R, 
V21I, V35T, 
T39R, V60I, 
K122E,D123S, 
I132M,K173A, 
Q174K,V179I, 
G196E,T200V, 
Q207A, R211S 

37. ML2426 NVP/D4T30/3TC 
 

71 
 

174 
 

A1 - K11T, K20R, 
V21I, V35T, 
T39R, V60I, 
D123S,K173A, 
Q174K,V179I, 
G196E,T200V, 
Q207A 

38. ML2478 NVP/D4T30/3TC 
 

46 
 

281 
 

A1 - K11T, K20R, 
V21I, V35T, 
T39R, V60I, 
K122E,D123S, 
K173A,Q174K, 
V179I,G196E, 
T200V,Q207A, 
R211S 

39. ML2490 NVP/D4T30/3TC 
 

35 
 

210 
 

A1 - K11T, K20R, 
V21I, V35T, 
V60I, K122E, 
D123S,K173A, 
Q174K,V179I, 
G196E,T200V, 
Q207A, R211S 

40. ML2531 NVP/D4T40/3TC 
 

53 
 

256 
 

A1 - K11T, K20R, 
V21I, V35T, 
T39R, V60I, 
K122E,D123S, 
K173A,Q174K, 
V179I,G196E, 
T200V,E204G, 
Q207A, R211S 

41. ML2537 NVP/AZT/3TC 
 

66 
 

148 
 

A1 - K11T, K20R, 
V21I, V35T, 
T39R, V60I, 
K122E,D123S, 
F171L,K173A, 
Q174K,V179I, 
G196E, T200V 

42. ML254 NVP/3TC/D4T30 
 

115 
 

302 A1 - K11T, K20R, 
V21I, V35T, 
V60I, K122E, 
D123S,K173A, 
Q174K,V179I, 
G196E,T200V, 
Q207A, R211S 

43. ML2572 TDF/KALETRA/AZT 51 157 
 

D NRTI: D67N, 
V118I, 
M184V 

E28K, K32E, 
V35T, K49R, 
V60I, K122E, 
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NNRTI: 
K101E, 
Y181C,G190A 

D123N,D177E, 
I178M,T200A, 
Q207E,L210X, 
R211K, 
T215X, D218V 

44. ML2576 NVP/D4T30/3TC 
 

31 
 

43 A1 - V35T, K49R, 
V60I, K122E, 
I135T,T139K, 
S162G, 
K173S,Q174K, 
V179I,T200A, 
Q207A, R211K 

45. ML2661 NVP/d4T 30/ 3TC 34 319 
 

A1 NRTI: D67A 
NNRTI: None 

K11T, K20R, 
V21I, V35T, 
T39R, V60I, 
K122E,D123S, 
K173A,Q174K, 
V179I,G196E, 
T200V, Q207A 

46. ML2681 AZT/D4T30/3TC 
 

31 
 

342 
 

A1 - K11T, K20R, 
V21I, V35T, 
V60I, T107P, 
K122E,D123S, 
T131P,P133L, 
S134G,N136T, 
T139P,Y146S, 
K173A,Q174K, 
I178V,V179I, 
G196E,T200V, 
Q207A,R211S, 
F214X 

47. ML2756 NVP/D4T30/3TC 
 

29 
 

402 A1 - K11T, K20R, 
V21I, V35T, 
T39R, V60I, 
D123S,K173A, 
Q174K,I178M, 
V179I,G196E, 
T200V 

48. ML2761 NVP/D4T30/3TC 
 

31 
 

216 
 

A1 - E6AEGV, 
K11T, K20R, 
V21I, 
Q23LPQR, 
V35T, T39R, 
V60I, K122E, 
D123S,K173A, 
Q174K,D177E, 
G196E,T200V, 
Q207A 

49. ML2790 STOCRINE/D4T30/
3TC 
 

24 
 

704 A1 - K11T, K20R, 
V21I, V35T, 
T39R, E40K, 
V60I, K122E, 
D123S,T139A, 
K173A,Q174K, 
G196E,T200V, 
Q207D, R211S 

50. ML412 NVP/D4T30/3TC 
 

49 379 A1 - K11T, K20R, 
V21I, V35T, 
T39R, V60I, 
K122E,D123S, 
K173A,Q174K, 
V179I,G196E, 
T200V, Q207A 

51. ML602 STOCRINE/3TC/D4
T40 

139 
 

426 A1 - K11T, K20R, 
V21I, V35T, 
T39R, V60I, 
K122E,D123S, 
K173A,Q174K, 
V179I,G196E, 
T200V, 
Q207A, R211S 

52. ML768 NVP/3TC/D4T40 143 388 A1 - K11T, K20R, 
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  V21I, V35T, 
V60I, K122E, 
D123S,K173A, 
Q174K,D177E, 
V179I,G196E, 
T200V,Q207A, 
R211S 

53. ML874 NVP/3TC/D4T40 
 

136 
 

144 A1 - K11T, K20R, 
V21I, V35T, 
T39R, V60I, 
K122E,D123S, 
K173A,Q174K, 
V179I,G196E, 
T200V 

54. ML890 NVP/3TC/D4T40 
 

96 
 

687 A1 - K11T, K20R, 
V21I, E28K, 
V35T, T39R, 
V60I, K122E, 
D123S,N136D, 
K173A,Q174K, 
V179I,G196E, 
T200V, Q207A 

55. ML915 NVP/3TC/D4T40 
 

129 
 

147 A1 - K11T, K20R, 
V21I, V35T, 
T39R, V60I, 
K122E,D123S, 
K173A,Q174K, 
D177E,G196E, 
R199T,T200V, 
Q207A,R211S, 
D218A 

56. ML058 STOCRINE/3TC/D4
T30 
 

143 
 

439 A1 - K11T, K20R, 
V21I, V35T, 
T39R, V60I, 
K122E,D123S, 
K173A,Q174K, 
V179I,G196E, 
T200V,Q207A, 
R211S 

57. ML1500 NVP/3TC/AZT 
 

118 
 

564 A1 - K11T, K20R, 
V21I, V35T, 
T39R, V60I, 
D86G, K122E, 
D123S,K173A, 
Q174K,D177E, 
G196E,T200V, 
Q207D, R211S 

58. ML1935 NVP/d4T 40/3TC 
 

60 103 D NRTI: M184V 
NNRTI: 
Y181C 

E6K, V35T, 
E40D, K49R, 
V60I, P97R, 
K122E,D177E, 
I178M,T200A, 
Q207E,R211N, 
W212V, F214I 
 

59. ML2468 NVP/D4T30/3TC 
 

46 
 

279 A1 - V35T, V60I, 
K122E,D123N, 
K173S,Q174K, 
D177E,V179I, 
Q207A, R211S 

60. ML2493 NVP/D4T30/3TC 
 

68 
 

319 A1 - K11T, K20R, 
V21I, V35T, 
V60I, K122E, 
D123S,K173A, 
Q174K,D177E, 
I178M,V179I, 
G196E,T200V, 
Q207A,R211S, 
F214X 


