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ABSTRACT 

 

Multi-drug resistant (MDR) HIV-1 infection remains a challenge in individuals with extensive 

antiretroviral treatment (ART) experience, in terms of high mortality and probability of onward 

transmission. New therapeutic options within old drug and new drug classes are therefore 

essential. This study sought to determine coreceptor usage and T20 resistance associated 

mutations in patients failing salvage therapy from clinics around Botswana, through 

characterizing gp120 V3 loop and gp41 of the viral envelop. Thirty-eight blood samples from 

deep salvage patients were included in this analysis. Gp41 and gp120 V3 regions of HIV-1 

envelope were amplified. Drug resistance mutations were analyzed according to the IAS-USA 

2017 reference mutation lists. Coreceptor usage was determined using PSSM and Geno2Pheno 

using a false positive rate (FPR) of 10%. Among 38 participants, 34(89%) GP41 sequences and 

25(68%) gp120 V3 loop sequences were obtained. Major T20 resistance mutation G36S and 

minor mutations E137K, and S138A were observed at a 2.9% frequency each, occurring in 

different sequences. Polymorphisms N42S(70.6%), L54M(61.8%), A67T(32.4%), I69V(97.1%), 

V72I(61.8%), E119Q(88.2%), N125S(44.1%), S129D(32.4%), S129N(29.4%), L130T(67.7%), 

H132Y(97.1%), S133R(44.1%), I135L(100%), Q147K(61.8%), E148D(91.2%), E151A(70.6%), 

K154S(55.9%), A156N(38.2) and S157N(61.8%) were detected in Heptad repeat 1 (HR1) and 

heptad repeat 2  (HR2) of gp41. CXCR4 coreceptor associated use, mutation L34M in gp41 HR1 

was detected in 2 samples (5%). Analysis of coreceptor usage showed (17/25) 64% use of CCR5, 

and a (9/25) 36% use of the CXCR4 coreceptor. A moderately high proportion of treatment 

experienced (salvage) participants had CXCR4 coreceptor using strains (X4 variants). X4 

variants are associated with disease progression and ultimately death in absence of treatment. 

The use of maraviroc in Botswana would require coreceptor tropism testing. Non T20 treatment 

experience in Botswana reduces the prevalence of the major mutations that confer resistance to 

the drug. T20 is therefore a potential alternative drug for patients failing salvage therapy in 

Botswana.  
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CHAPTER 1: INTRODUCTION 

1.1 Background of the study 

Botswana is the second highly HIV burdened country globally (Bussmann et al., 2005; 

Farahani et al., 2014; Gaolathe et al., 2016) with a reported prevalence rate of 25.2% in adults 

(15-49 years) in 2016 (Gaolathe et al. 2016). Botswana has a generalized HIV epidemic (HIV 

infections are not restricted to a specific groups of people) (Marukutira et al. 2018), with HIV-1 

subtype C (HIV-1C) being the most prevalent HIV infection (Bussmann et al. 2005).  A total of 

380 000 individuals were living with HIV in 2016, with 14 000 being new infections. Overall a 

total of 4 100 individuals died due to HIV related infections and there were 61 000 orphans due 

to the pandemic (UNAIDS 2016). Marukutira et al (2018) states that the current prevalence of 

HIV in Botswana is at 18.5% with a 1.34% annual incidence. In the verge of fighting the high 

prevalence of HIV, Botswana became one of the first African countries to initiate the national 

HIV/AIDS treatment program in 2002 (Farahani et al., 2014; Gaolathe et al., 2017), and to 

introduce Integrase Strand Transfer Inhibitors (INST) to its arsenal of Antiretroviral (ARV) 

regimens which is currently being used as part of first line Highly Active Antiretroviral Therapy 

(HAART) salvage therapy, and also adopted  the test and treat policy in 2016 (Marukutira et al., 

2018; Botswana MoH, 2016).  

Treatment guidelines currently in use in Botswana are inclusive of combinations of 

Nucleoside Reverse Transcriptase Inhibitors (NRTI‟s), Non-Nucleoside Reverse Transcriptase 

Inhibitors (NNRTI‟s), Integrase Strand Transfer Inhibitors (INST‟s), and Protease Inhibitors 

(PI‟s) for the management of HIV infections in pediatrics and adults (Table 1.1). Treatment 

combinations for second line treatment are based on drug resistance test results of the patients 

(Botswana MoH 2016) which are recommended for guiding the selection of active drugs (Imaz, 
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Falc and Ribera, 2011). When patients develop multi drug resistance (MDR) and do not respond 

to standard therapy for a long time, treatment options become limited, and they need to be put on 

salvage therapy (also known as rescue therapy/ last resort therapy) 

http://www.aidsinfonet.org/fact_sheets/view/408, https://aidsinfo.nih.gov/understanding-hiv-

aids/glossary/643/salvage-therapy, https://aac.org/aachealth-library/salvage-treatment-for-hiv/.  

In cases of salvage therapy failure patients require alternative regimens that can suppress viral 

loads and maintain them for long periods of time (Gantner et al. 2016). Development of newer 

and more potent antiretroviral agents like entry inhibitors (CCR5 antagonist and fusion 

inhibitors) gives therapeutic options for HIV-1C infected patients failing  therapy (Del Rio, 

2006; Imaz, Falc and Ribera, 2011).   

 

Table 1.1 A and B: Botswana treatment guidelines for infants and adults used since 2016 

Table 1.1 A: Current treatment guidelines for pediatrics in Botswana 

Age/weight            1
st
 Line                           1

st
 Line Modifications                   2

nd
 Line  

                                                                        for toxicities                          

< 1month                       AZT/ 3TC/NVP (Switch infants           ABC or NVP Rash                       Based on resistance testing 
results 

                                     to ABC/3TC/ALU at 3months).                 CBV/ALU                               and consultation with HIV specialist 

 

> 1 month to 3years       ABC/3TC/ALU                                        CBV/ALU                             Based on resistance testing results 

                                                                                                                                                      and consultation with HIV 

specialist 

  

> 3 years (<40kg)           ABC/3TC/ENF                                       ABC Rash                               Based on resistance testing results 

                                                                                                                                                      and consultation with HIV 
specialist 

                                                                                                 CBV/EFV                                                           

                                                                                            CNS Toxicities 

http://www.aidsinfonet.org/fact_sheets/view/408
https://aidsinfo.nih.gov/understanding-hiv-aids/glossary/643/salvage-therapy
https://aidsinfo.nih.gov/understanding-hiv-aids/glossary/643/salvage-therapy
https://aac.org/aachealth-library/salvage-treatment-for-hiv/
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                                                                                            ABC/3TC/ALU      

 

 

Table 1.1B: Current treatment guidelines for adults and adolescents (Including pregnant women) 

in Botswana 

Age/Weight               1
st
 Line         1

st
 Line Modifications                   2

nd
 Line 

   All adults and                 Truvada and            TDF renal toxicity w/o                 Based on resistance testing results            

   adolescents (> 40kg)       Dolutegravir           CDV risk: ABC/3TC/DTG           and consultation with HIV specialist   

                                                                                                                                           

                                                                           

                                                                           TDF renal toxicity and  

                                                                           insufficiency with CDV  

                                                                           risk or DTG toxicity: 

                                                                           Discuss with specialist 

 

 

     Source: Botswana MoH, (2016) 

 

Entry inhibitors,  Maraviroc (MVC), a Chemokine receptor 5 (CCR5) coreceptor 

antagonist and Enfuvirtide (T20, Fuzeon), a fusion inhibitor have recently been approved by the 

Food and Drug Administration (FDA)  and have offered clinicians ability to design regimens 

with three fully active drugs for multi class drug resistant HIV-1 infections (Cortez and 

Maldarelli 2011). CCR5 antagonists prevent entry of HIV into the host cell by binding to and 

stabilizing the CCR5 coreceptor in a conformation that prevents it from interacting with gp120 

V3 loop (Cortez and Maldarelli, 2011; Recordon-Pinson et al., 2010). Mutations on the crown of 

the gp120V3 loop, whose occurrence is associated with disease progression, gives the HIV virus 
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ability to switch from using the CCR5 coreceptor which is used by the virus at initial infection to 

using the Chemokine receptor 4 (CXCR4) coreceptor, reducing the potential of MVC as 

alternative therapy (Dimonte et al., 2011; Lin et al., 2011; Shen et al., 2016; Zhang et al., 2010). 

Fusion inhibitors competitively bind to the HR1 domain of gp41 preventing the formation of a 

six-helix bundle required for the fusion process thus preventing fusion of the host cell and viral 

membrane (Qian, Morris-Natschke and Lee, 2009; Ismael et al., 2014), however, naturally 

occurring Enfuvirtide (T20) resistance associated mutations would reduce the efficacy of HIV-1 

inhibition by T20 (Ismael et al. 2014). Polymorphism variances within the Heptad repeat 1 

(HR1) and Heptad repeat 2 (HR2) domains of gp41 have also previously been reported in 

Mozambique (Ismael et al. 2014) and Korea (Jang et al. 2014). 

1.2 Problem Statement 

Previous studies have demonstrated that specific mutations in gp41 and gp120 V3 of 

MDR HIV variants reduce efficacy of T20 and MVC respectively, in the inhibition of HIV 

(Aquaro et al., 2006; Pessoa et al., 2011; Svicher et al., 2014; Jang et al., 2014). The 

understanding of the HIV envelop interactions with the host cell coreceptors is mostly based on 

HIV-1 subtype B (HIV-1B) studies though a majority of infections worldwide, including in 

Botswana are due to HIV-1 subtype C (HIV-1C) (Lin et al., 2012). 

1.3 Justification 

 To our knowledge, no study has been done to determine if multi class drug resistant 

HIV-1C variants infecting highly disease progressed patients not responsive to salvage therapy 

exhibit naturally occurring gp41 and gp120 V3 loop mutations conferring resistance to entry 

inhibitors. This research was aimed at determining coreceptor usage by multi class drug resistant 
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strains, identifying naturally occurring gp41 and gp120 V3 loop mutations associated with 

resistance to entry inhibitors, and gp41 polymorphism variations of heptad repeat 1 and 2 

domains in MDR HIV-1C isolates from salvage therapy failing patients. We therefore 

characterized gp41 and gp120 V3 loop of the viral envelop for mutations that confer resistance to 

entry inhibitors, identified polymorphism variances of HR1 and HR2 of gp41 and determined the 

associations of patient demographics and clinical parameters (age, gender, viral load, and CD4 

counts) on coreceptor usage. 

1.4 Objectives  

1.4.1 Main objective 

 To characterise the gp41 and gp120 V3 loop of HIV 1C multi-drug resistant strains in 

salvage patients failing combination Dolutegravir (cDTG). 

1.4.2 Specific Objectives 

 To determine HIV-1C viral coreceptor usage in treatment experienced patients in 

Botswana.  

 To identify gp41 and gp120 V3 loop mutations associated with resistance to T20 and 

MVC respectively. 

 To determine the associations of age, gender, viral load, and CD4 counts on 

Coreceptor Usage. 
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CHAPTER 2: LITERATURE REVIEW 

2.1The burden of HIV 

Acquired immunodeficiency syndrome (AIDS) was discovered in 1981 when an 

increasing number of young homosexual men presented unusual opportunistic infections and a 

rare malignancy (Sharp and Hahn, 2011; Weiss 2013). Human immunodeficiency virus (HIV), 

the causative agent of AIDS is said to have originated from non-human primates in Sub-Saharan 

Africa as Simian immunodeficiency virus (SIV) and evolved into HIV as it was transmitted from 

primates to humans (Sharp and Hahn, 2011). A total of 76.1 million (65.2million - 88 million)  

have been infected with HIV since its discovery (Africa and Africa, 2016; Weiss, 2013), and 35 

million (28.9 million - 41.5 million) people have since died of HIV related illnesses. In the year 

2016 alone 36.7 million (34.5m adults, 2.1m children <15 years, and 17.8m women 15
+ 

years) 

people were living with HIV with 1.8 million new infections (UNAIDS., 2016), and a record of 1 

million people died from HIV related illnesses (UNAIDS.,2017). Sub-Saharan Africa is 

responsible for 43% of new infections globally and carries the highest HIV burden with 19.4 

million people in the region infected. Botswana is the second highly HIV infected country 

globally (Gaolathe et al. 2016) after Swaziland (UNICEF 2013).  

2.1 Molecular Epidemiology 

HIV type 1 (HIV-1) is the most common in humans (Sharp and Hahn, 2011). HIV-1 is 

divided into four quite distinct lineages: M, N, O and P groups. Among the four groups, Group 

M predominates and is largely responsible for the HIV-1 epidemic in most of the world. Group 

O is largely confined to Africa (Hartley, 2005) whilst group P has also been found only in 
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Africa. Group M has been reported to evolve into distinct phylogenetic subtypes A1, A2, B, C, 

D, F1, F2, G, H, J, K and also some circulating recombinant forms (CRFs) which consist of more 

than one subtype. Even though there are so many subtypes, the highest diversity of HIV is found 

in West-Central Africa where it originated. Only subtypes A, B, C, D, CRF01_AE and 

CRF02_AG have managed to increasingly spread and expand with 90% of the epidemic 

(Woodman and Williamson, 2009). In West and Central Africa subtype A and CRF_ A/G are the 

most common. Subtype B is mostly found in Europe, America, Japan and Australia. Subtype C is 

the most prominent subtype accounting for half of all the infections in the world, it is mostly 

found in Southern and East Africa, India and Nepal. Subtype D is also found in East and Central 

Africa (Hoy and Hahn, 2011).    

2.2 Virology of HIV 

HIV is a retrovirus (virus that carries out reverse transcription), (Hardin et al., 2012) 

comprising a single stranded positive-sense ribonucleic acid (RNA) genome of about 9.7 

kilobases (Hoy and Lewin, 2004). This genome consists of nine genes (gag, env, pol, tat, rev, 

vpu, vif, vpr and nef) that encode proteins that may be grouped into structural (gag and env), 

catalytic (pol), regulatory (tat and rev) and accessory (vpu, vif, vpr and nef). The gene products 

play an important role in the viral life cycle: env gene generates an envelope subunit that consists 

of two non- covalently linked membrane proteins glycoprotein (gp) 120 which is the outer 

protein, and gp41 which anchors the glycoprotein complex to the surface of the virion and is 

essential for HIV binding and entry into the host cell (Hoy and Lewin, 2004).  

  Gp120 is structurally divided into highly variable (V) and constant (C) regions (Figure1). The 

variable region comprises of the V1, V2, V3, V4 and V5 regions which play major roles in 

infectivity, transmission and resistance to neutralization (Cenci et al., 2012). Studies on HIV-1B 
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and HIV-1C have proved that the most variable region is V1 and amongst its roles is to protect 

the CD4 binding site from neutralizing antibodies (Cenci et al., 2012). The V2 region is less 

variable than V1 and its role is to bind Dendritic Cell Specific Intercellular adhesion molecule-3- 

Grabbing Non-integrin (DC-SIGN). DC-SIGN binds to different microorganisms by recognizing 

high-mannose-containing glycoproteins on their envelopes and most commonly those that 

functions as receptors for viruses like HIV. Binding to DC-SIGN is an important process for HIV 

infection as the binding can promote HIV to infect T-cells from dendritic cells (Geijitenbeek et 

al., 2000). The V3 region loop has been shown to bind to coreceptor CCR5 to initiate infection 

and can acquire specific mutation that allow the use of the CXCR4 coreceptor (Cenci et al., 

2012; Le et al., 2015; Zhang et al., 2010). The roles of V4 and V5 have not been clearly 

identified but it is thought that they could play a role in envelope conformation and glycan 

packing (Cenci et al., 2012) 

 

Figure 2.1: HIV-1 envelope glycoprotein structure domains. Precursor gp160 contains the signal 

peptide (SP), which is cleaved during translation. The remaining precursor is cleaved into the 

surface subunit (gp120) and transmembrane subunit (gp41) in the Golgi complex at the furin site 

indicated. Gp120 contains five variable domains (V1-V5) and five constant domains (C1-C5). 

Gp41 consists of an extracellular domain, containing the fusion peptide (FP), heptad-repeats 
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(HR1 and HR2), and the membrane-proximal external region (MPER), a transmembrane domain 

(TMD), and a cytoplasmic tail (CT). An enlarged representation of the gp41 CT is shown to 

highlight several motifs: the internalization signal YSPL, the Kennedy sequence (ks), the 

amphipathic α-helices LLP-1, -2, -3, and a C-terminal dileucine motif (LL) involved in 

endocytosis and intracellular distribution of Env (Checkely et al., 2011). 

2.3 Transmission  

HIV-1 spreads by sexual, percutaneous, and perinatal routes, however, 80% of adults 

acquire HIV-1 following exposure at mucosal surfaces at the genital area, and AIDS is thus 

primarily a sexually transmitted disease (Sharp and Hahn, 2011). It has been shown that despite a 

swarm of closely related viruses present in the donor, there is a genetic bottleneck associated 

with transmission so that only a limited number of variants get transmitted to the recipient (Hoy 

and Lewis., 2004). Previous studies have shown that approximately 80% of productive infections 

were a result of a single virus or a single virus infected cell (Woodman and Williamson, 2009). 

2.4 Pathogenesis of HIV-1 

The HIV-1 infection causes a slow decline in CD4
+ 

T- cells over time. Once a threshold 

of approximately 200× 10
9 

CD4 cell/l is passed immune deficiency and virally-induced tumors 

are increasingly likely to occur (Weber, 2001).  HIV-1 has been found to first affect mucosal 

Langerhans‟ cells. Mucosa membranes are linings of endodermal origin covered in epithelium 

which are involved in absorption and secretion. The well understood mechanism that HIV-1 

infection uses in mucosal surfaces is whereby the free infectious virions are bound to DC- SIGN 

on the surfaces of mucosal Langerhans cells (mLC) (Weber, 2001). This occurs by the virion 

interlocking with the DC-SIGN and migrating within the vaginal mucosa. Then the virus that is 

bound to mLc moves away from the mucosal surface and comes close to the CD4
+ 

T- cell where 
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the infection will occur. The DC-SIGN bound virus will then infect CD4
+ 

/CCR5
+
 T-cells which 

will move to their regional lymph nodes. The HIV-1 infected T- cells stay in the regional lymph 

until certain replication amount is reached and the bursting of plasma viremia occurs (Weber, 

2001).  

The virus will then widely spread out through the body and the level of the viral RNA 

can be detected by quantitative RT- PCR. This is termed primary infection and is associated with 

symptoms like fever, rash and painful lymphadenopathy. The HIV-1 infection is further 

characterized by prolonged asymptomatic period which is associated with slow decline in CD4
+ 

T- lymphocytes. There is also an increase in the amount of the virus detected in plasma 

signifying a direct relationship between viral replication and CD4
+
 T- cell destruction. The late 

disease stage is whereby the HIV- specific cellular immunity is exhausted and CD4 count is 

<200 × 10
9
/L (Weber, 2001).   

2.5 HIV life cycle and drug interactions 

The HIV entry process entails viral proteins gp120 binding to the CD4 and its third 

variable loop (gp120 V3 loop) further binding to a chemokine coreceptor (CCR4 or CXCR4) of 

the host cell. After coreceptor binding glycoprotein 41 (gp41) undergoes conformational changes 

that puts viral and host membranes at juxta position, creating a pore to allow viral capsid to be 

deposited into the host cell hence initiating infection. (Zhang et al., 2010; Le et al., 2015). Viral 

RNA is reverse transcribed into cDNA which is transported to the cell‟s nucleus where it is 

integrated into host DNA by the enzyme integrase creating a provirus. Viral cDNA is transcribed 

and translated into viral proteins, including the viral RNA, which are assembled into 

noninfectious virus that bud off the host. Enzyme protease then cleaves the long protein chains 
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that form the noninfectious virus and small proteins combine to form infectious viral particles 

(Nolan et al. 2009) 

 

Fig 2.2 Life cycle of HIV and different drug responsible for the inhibition of the HIV virus 

interactions. 

Source: WHO (2017), Tsibris (2007) 

The Food and Drug Administration (FDA) approved more than 25 HIV medications from 

different drug classes: the Nucleoside Reverse Transcriptase Inhibitors (NRTI‟s), Non-

Nucleoside Reverse Transcriptase Inhibitors(NNRTI‟s), Integrase Strand Transfer Inhibitors 

(INST‟s), and Protease Inhibitors (PI‟s) which suppress viral replication by inhibiting enzymes 

involved in viral replication and the entry inhibitors (Fusion inhibitors and CCR5 antagonists) 

(Chesna and Fellner 2017). CCR5 antagonists prevent viral replication by binding the CCR5 
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coreceptor preventing its interaction with the V3 loop. Fusion inhibitors prevent fusion of the  

viral and host cell membranes thus preventing infection (Pang, et al., 2009) 

2.6 Drug resistance, a challenge in the management of HIV 

Drug resistance poses a major challenge in the treatment of HIV as it occurs in a 

substantial proportion of treated patients and accumulates over time on therapy (Green et al., 

2012). Drug-resistant variants are transmitted when new infections occur, effectively multiplying 

the individual drug failures and creating a growing public health concern. Although its frequency 

has reduced with the introduction of better tolerated regimens, resistance is still reported in 7–

15% of patients initiating first line antiretroviral therapy (Cortez and Maldarelli 2011) and 

treatment options are limited for highly ART experienced salvage  patients harboring viruses 

with past drug-resistance-associated mutations (DRAMs) who are currently controlled under 

ineffective treatment (Gantner et al. 2016). Exhaustion of  therapeutic options results in HIV-1 

disease progression and death (Cortez and Maldarelli 2011). Risk of Disease progression is 

associated with the emergence of viruses that have acquired the ability to use the CXCR4 (X4 

variants) coreceptor (Lin et al., 2011; Zhang et al., 2010). X4 variants are more virulent and are 

associated with an accelerated rate of  CD4+ T cell loss and a relatively rapid progression to 

AIDS and death (Zhang et al. 2010).  

Previous studies on HIV-1B have shown X4 frequencies of 30-50% (Lin et al., 2011). 

Lin et al (2011) observed a 15% frequency of CXCR4 coreceptor usage in HIV-1B treatment 

naive patients while Arruda et al (2014) observed 21.4%. Green et al, (2012) observed X4 or 

(R5X4)/mixed (R5, X4) (D/M)-tropic viruses 54.3% of HAART-failing and 9.4% of HAART- 

naive children. HIV-1C is said not to switch coreceptor usage as much as HIV-1B thus variations 

in the coreceptor usage results are affected by difference in HIV subtypes (Lin et al., 2011).     
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Previous studies by Ismael et al (2014) and Jang et al (2014) observed low frequencies of 

T20 associated mutations and low to high frequencies of polymorphisms of gp41 with the HR2 

region showing greater variability. Ismael et al (2014) observed the minor T20 associated 

mutation S138A more prevalent in HIV-1C variants without mutations of HR1. Variations in 

results obtained by Ismael et al (2014) and Jang et al (2014) could be because the study by 

Ismael et al (2014) focused on both, treatment experienced and treatment naive patients while 

Jang et al (2014) focused on treatment naive patients. Ismael et al (2014) reported a 74% 

frequency of polymorphism L34M, 13% for L130I, and 31% for S129T, further identifying 

E148D, E151D, E119E, Q147K and A156N at high frequencies in HIV naive patients which was 

consistent with Jang et al (2014). Jang et al (2014) reported polymorphism L34M at a 1.2% 

frequency which was less than the 74% frequency reported by Ismael et al (2014). Variations of 

the frequencies of the same polymorphisms arise as a consequence of different subtypes and 

treatment experience. Polymorphism L34M is said to be most frequent in non subtype-B variants 

(Jang et al., 2014).  
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CHAPTER 3: MATERIALS AND METHODS 

3.1 Study Site 

The study was carried out at Botswana Harvard HIV Reference Laboratory (BHHRL), an 

affiliation of Botswana Harvard AIDS Initiative Partnership (BHP) which is situated at the heart 

of Princess Marina Hospital, Gaborone, Botswana, corner North Ring and Notwane Road.    

 

3.2 Study Design and Study Population 

A cross sectional analysis was done on 38 consecutive, non-selected, highly treatment 

experienced HIV-1C infected patients failing salvage therapy, who were under clinical 

monitoring at the Infectious Disease Control Centre Princess Marina Hospital (IDCC PMH). All 

patients had multiple HAART failures and were currently on cDTG which there were non-

responsive to. 

3.3 Sample collection and storage 

Blood samples were anonymously collected at IDCC PMH during 2015 and also in 2017. 

Blood sample processing to buffy coat was done at the Botswana Harvard HIV Reference 

Laboratory (BHHRL) where each buffy coat sample was labelled with the same patient 

identification number (PID) on the blood sample. Samples were stored at -70°C. 
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3.4 Materials 

Refer to appendices 1, 2 and 3. 

3.5 Methods 

3.5.1 Determination of coreceptor usage, naturally occurring gp41 Polymorphisms and T20 

associated mutations 

3.5.1.1 Isolation of Viral DNA from buffy Coat Samples of the 38 HIV-1C Infected Patients  

Deoxyribonucleic Acid (DNA) was extracted from 200µl buffy coat using the QIAGEN 

DNA Blood Extraction Kit (Qiagen, Hilden, Germany) according to the manufacturer‟s 

instructions. Extraction was done commercially using the EZI QIAGEN extraction machine. 

3.5.1.2 Amplification of the Isolated viral genome Using Nested PCR 

Nested PCR was performed for the amplification of isolated HIV genome using the 

KAPA kit. First round PCR targeted the near full length of genome using the outer primers 

OFM19 forward primer (For) 5‟-CGACCTAAGGCAAGCTTTATTGAGGCTTA-3‟ and SK145 

reverse primer (Rev) Rev 5‟-AGTGGGGGGACATCAAGCAGCCAT-3‟. Working in a clean 

room, master mix reagents were thawed while in ice for 20 to 30 minutes, briefly spun before use 

and kept in ice for the whole process. For 38 samples with a PCR reaction mixture of 25µl for 

each sample, master mix was prepared by pipetting 473µl dH2O, 76µl dNTP, 190µl 5X 

PrimeSTAR GXL Buffer, 19µl 5X PrimeSTAR GXL DNA Polymerase and 19µl of each primer 

(0.2uM) into an aliquot tube and mixing by flicking the tube, then aliquoting 20µl into each well 

of the reaction plate. Working under a lamina flow 5µl of template DNA (Isolated DNA) from 
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each sample was pipetted into the reaction mixture and mixed by pipetting up and down, then 

PCR reaction plate was covered. PCR was performed with a thermocycler using the following 

steps: 40 cycles of denaturation at 98°C for 10 seconds, annealing at 62°C for 15 seconds and 

final elongation at 68°C for 9 minutes, holding at 4°C until reaction plate was taken storage at -

20°C. 

Second round PCR targeted the gp41 and the gp120 regions separately.  For both gp41 

and gp120 master mix was prepared as mentioned above. PCR reaction mixture of 25µl 

contained 1µl of first round PCR products that were used as template, 15.5µl dH2O, 2µl dNTP, 

5µl 5X PrimeSTAR GXL Buffer (2mM MgCl2), 0.5µl 5X PrimeSTAR GXL DNA Polymerase 

and 0.5µl (0.2µM) of each primer. Inner primers for the amplification of gp41 were gp41A (For) 

5‟TAGGAGCTTTGTTCCTTGGGTTC-3‟ and gp41B (Rev) 

5‟GGTGAATATCCCTGCCTAACTCTATT-3‟. PCR was performed using the following steps: 

Initial denaturation at 97°C for 7minutes, 10 cycles of 94°C for 10 seconds, 52,5°C for 30 

seconds, and 68°C for 2 minutes, 35 cycles of 94°C for 10 seconds, 53°C for 30 seconds, 68°C 

for 2 minutes increasing by 10 seconds each cycle, and final elongation at 69°C for 5 minutes, 

holding at 4°C until products were stored at 20℃. Inner primers used for gp120 were ED5 (For)  

5‟-ATGGGATCAAAGCCTAAAGCCATGTG-3‟ and ED12 (Rev) 

5‟AGTGCTTCCTGCTGCTCCCAAGAACCCAAG-3‟. PCR was performed using the 

following steps: 25 cycles of denaturation at 98°C for 10 seconds, annealing at 57°C for 15 

seconds, and extension at 68°C for 2 minutes, holding at 4°C. Amplicons were stored at -20℃. 

3.5.1.3 Quantification of Amplified Viral DNA 

DNA quantification was done using 1% agarose gel electrophoresis. For each gel run one 

litre of 1X TBE buffer was prepared from 10X stock by diluting 100ml of 10X TBE with 900ml 
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of distilled water. Agarose gel was prepared by weighing 10g of agarose powder and dissolving 

it in 100ml of 1X TBE buffer. The solution was heated to boiling point while slowly swilling the 

beaker at regular intervals until solution was clear. Gel solution was cooled down by running 

tape water on the beaker to about 60°C and was slowly poured into the gel stand with a comb 

and allowed to set at room temperature for 30 minutes. Electrophoresis tank was filled to the full 

mark with 1X TBE buffer and the comb was removed from the gel. Eight micro litres of 

molecular weight maker (DNA ladder) was loaded on the first well. For each specimen, 

including the negative control, 5µl of the PCR products were mixed with 3µl of loading dye and 

pipetted into the wells. Gel was run for 30-45 minutes from a negative to a positive current at 

high voltage. Gel was viewed using ultra violet light machine and the pictures were saved.   

3.5.1.4 PCR Product Purification 

Amplified PCR products were purified using the QIAquick Purification Kit (Qiagen, 

Hilda, Germany). According to the manufacturer instructions, 100µl of PB buffer was added to 

20µl of second round PCR products and mixed by pipetting up and down. QIAquick spin 

columns equaling the number of amplified samples were placed in 2ml collection tubes and 

labelled with sample identification numbers. Each DNA sample was pipetted into the silica 

membrane of the QIAquick columns to bind the DNA and then centrifuged at 13 000rps for 30 

seconds. Flow through was discarded and the QIAquick placed in the same collection tube. To 

wash, 75µl of Buffer PE was pipetted to the QIAquick column and centrifuged at 13 000rps for 

30 seconds. Again, flow trough was discarded and the QIAquick column placed back in the same 

collection tube. Column was centrifuged for an additional 1 minute then placed in a clean 1.5ml 

micro-centrifuge tube. To elute DNA, 30µl of Buffer EB (10mM Tris-Cl, pH 8.5) was pipetted to 

the centre of the QIAquick membrane and allowed to stand for 1 minute, column was then 
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centrifuged at 13 00rps for 1 minute and the QIAquick membrane column discarded. Purified 

DNA was stored at -20℃ before sequencing cycle was done. 

 

 

3.4.1.5 Sequencing Cycle PCR 

Sequencing cycle PCR was performed for all purified samples using BigDye terminator 

v.3.1 Cycle Sequencing Kit: Applied Biosystems. PCR was performed for a 10µl reaction 

mixture which contained 3.8µl dH2O, 3µl BigDye 5X Sequencing Buffer, 1µ BigDye 

Terminator, 0.2µl (10uM) primer and a 2µl aliquot of each purified DNA template. Two 

different overlapping sequence specific primers were used for each sample (forward and reverse 

primer). PCR was performed using the following steps: 25 cycles of denaturation at 96°C for 10 

seconds, annealing at 50°C for 5 seconds, and extension at 60°C for 4 minutes, holding at 4℃ꝏ 

until taken for sequence clean up. 

3.5.1.6 Sequence Clean Up  

Zymo Research Sequence Clean up Kit was used for the sequence clean up, 240μl of 

Sequencing Binding Buffer was added to 10μl sequencing reaction and mixed by pipetting up 

and down. Mixture was transferred to a Zymo-Spin 96 Plate mounted onto a Collection Plate and 

centrifuged at 4000 x g for 2 minutes. In each well of the Zymo-spin plate 300 µl Sequencing 

Wash Buffer was added. Plate was centrifuged at 4000 x g for 5 minutes. Zymo-spin 96 well 

plate was placed on top of the 96 well collection plate, 20 µl of 20% formamide solution was 

then pipetted to each column matrix of the filter plate, then centrifuged at 4000 x g for 2 minutes 

to elute the DNA.  
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3.5.1.7 Sequencing and Sequence base editing  

Pure DNA was sequenced using the ABI Prism 3130XL Genetic Analyzer: Applied 

Biosystems according to manufacturer‟s instructions. Obtained gp41 and gp120 raw sequence 

base editing was done in Sequencer 5.0 sequencing software. Base editing was done to determine 

if base representing peaks (blue- C, red-T, Green-A, and Black-G) matched sequence bases. 

Where there were mixed bases (double peaks or more) it was checked to see if the peaks were 

true and represented by the correct mixed base. After base editing, contigs were formed and 

saved in FASTA format.  

3.5.1.8 Multiple Sequence Alignment, Sequence Editing and Phylogenetic Analysis 

Multiple sequence alignment was done against HIV-1B reference sequence (HxB2) using 

ClustalX algorithm using the following protocol: Pairwise Alignment (Gap Opening 

Penalty=15, Gap Extension Penalty=6.66), Multiple Alignment (Gap Opening Penalty=15, Gap 

Extension Penalty=6.66), DNA Weight Matrix=IUB, Transition Weight=0.5, Delay Divergent 

Cutoff=30%. Aligned sequences were manually edited in BioEdit software (Hall; 2011). Edited 

gp41 and gp120 sequences were used to create phylogenetic trees using the MEGA software 

using the following protocol; Distance Estimation (Pairs of taxa, Maximum Composite 

Likelihood, Uniform Rates, Complete Deletion for Missing Data) and Neighbor-Joining 

Algorithm (Maximum Composite Likelihood, Uniform Rates, Complete Deletion for Missing 

Data). Sequences were analyzed for homology which was used to determine if no two or more 

sequences obtained where possibly from the same individual.  

3.5.1.9 HIV subtype verification 

Obtained sequences were subtyped to verify if they are type C using the NCBI HIV and 

REGA (Abecasis et al. 2010) viral subtyping tools. Sequences were uploaded to the software‟s 

and subtype results were obtained.    
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3.5.2 Characterization of gp41 

3.5.2.1 Analysis for Naturally Occurring Polymorphisms and T20 Resistance Associated 

Mutations 

Mutation analysis was done in BIOEDIT using aligned gp41 sequences. International 

AIDS Society United States (IAS USA) 2017 HIV Resistance Mutation Update Report was used 

as a reference to determine T20 resistance causing mutations G36D/S, I37V, V38A/M/E, Q39R, 

Q40H, N42T, and N43D in gp41 Heptad Repeat 1 (HR1) domain for major resistance causing 

mutations. Sequences were also analyzed for minor mutations N126K, E137K, and S138A in the 

Heptad repeat 2 (HR2) domain of gp41 that cause resistance to T20 when found in association 

with certain mutations in HR1 (De Feo and Weiss, 2012; Jang et al., 2014; Pessoa et al., 2011). 

GP41 mutations associated with CXCR4 coreceptor use were determined by identifying the 

mutation A30T and L34M in the gp41 sequences (Thielen et al. 2011).   

3.5.3 Characterization of gp120 V3 Loop 

  3.5.3,1 Prediction of Coreceptor Usage 

Viral DNA gp120 sequences in FASTA format were used for the analysis of coreceptor 

usage using Geno2Pheno (g2p). G2P assigns a score from 0% -100% called a False Positive Rate 

(FPR), which presents probability of sequence being R5 (Dimonte et al. 2012). According to g2p 

coreceptor FPR is the probability of classifying an R5 virus falsely as X4. Samples with a ≤10% 

FPR were regarded as CXCR4 using and the ones with an FPR >10% were regarded as CCR5 

using (according to the European Consensus group on clinical management of HIV-1 tropism 

testing (10% FPR). Sequences with an FPR >10% were predicted as R5 variants, and the ones 

with ≤10% FPR as X4. V3 loop sequences were extracted from aligned gp120 sequences and 

used for the analysis of coreceptor usage in PSSMsinsi. PSSM gives a score of 0 or 1, where 

sequences with a score of 0 are regarded as CCR5 using variants and those with a 1 are regarded 

as CXCR4 using. The 11/24/25 rule, the insertion or deletion mutations before and after the 
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GPGQ motif of the V3 sequences were also used for coreceptor use analysis.  The 11/24/25 and 

11/25 rules determine positively charged amino acids in position 11, 24 and 25 of the V3 loop 

amino acid sequences. Combination of positively charged amino acids in these positions 

determine CXCR4 using strains (Dimonte et al., 2012; Shen et al., 2016).  Comparison of 

coreceptor use results was done across results obtained from g2p, PSSM, 11/24/25 rule, 11/25 

rule and the insertion or deletion mutations as verification of correct results.  

3.6 Determining the Associations of Age, Gender, viral load, and CD4 count with 

Coreceptor Usage 

Fisher‟s exact test was used to assess the association between gender and the co-receptor 

used. Mann-Whitney test was used to assess the association between the co-receptor used and 

continuous independent variables such as age, viral load and CD4 count. 
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CHAPTER 4: RESULTS 

4.1 Determining Coreceptor Usage and naturally occurring gp41 Polymorphisms and T20 

associated mutations  

4.1.1 Viral isolation, amplification and quantification  

  Viral DNA was isolated from 38 buffy coat samples and amplified using nested PCR.          

Results are shown in Figure 4.1 and 4.2 below:   

4.1.1.1 Quantification of gp120 amplicons 

Fig 4.1: Gel electrophoresis results showing amplified gp120 amplicons (about 1,2kb). 
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Molecular weight marker (Ladder) is represented by L, N is the negative control and numbers 1-

38 represents the patient‟s samples. Each band is representative of an amplified DNA sample. 

Samples 3,5,6,7,16, 21, 28, 31, 32, 34, 36 and 38 did not amplify (refer to appendix 4 for PID‟s). 

4.1.1.2 Quantification of gp41 amplicons 

Fig 4.2: Gel electrophoresis results showing some of the amplified gp41 amplicons (about 

2.5kb). L represents the molecular weight marker (Ladder), N is the negative control and 

numbers 1-38 represents the patient‟s samples. Each band is representative of an amplified DNA 

sample. Samples 6,18, 32 and 38 did not amplify (refer to appendix 4 for PID‟s). 

  

4.1.2 Multiple sequence alignment (MSA) of the HIV-1 sequences 

Alignment of gp41 and gp120 sequences against HIV-1B (HxB2) reference strain 

deduced homology between the sequences and HxB2, this verified that obtained sequences were 

from an HIV species. V3 loop sequences were extracted from the gp120 sequences after MSA 
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giving 105bp for all sequences. (Refer to appendix 5 and 6 for gp41 and gp120 V3 loop sequence 

chromatograms).  

 

 

4.1.3 Phylogenetic analysis of the HIV-1 sequences 

Isolates were analyzed by phylogenetics to confirm if there were no different samples obtained 

from the same individual.  All sequences from gp41 and gp120 V3 loop regions were found to be 

phylogenetically distinct from each other, therefore no different samples were from the same 

patient. All sequences clustered with the HIV-1C subtype [Fig 4.6 and 4.7].  

 

 

Fig 4.5: Phylogenetic Tree based on alignment of 500 base pairs (bp) of gp41 region nucleotide 

sequences of isolates from salvage patients failing therapy, compared with HIV-1B (HxB2) 
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reference strain. Tree was created using MEGA software: Distance Estimation (Pairs of taxa, 

Maximum Composite Likelihood, Uniform Rates, Complete Deletion for Missing Data) and 

Neighbor-Joining Algorithm (Maximum Composite Likelihood, Uniform Rates, Complete 

Deletion for Missing Data) 

 

Figure 4.6: Phylogenetic Tree based on alignment of 105 base pairs (bp) of gp120 V3 region 

nucleotide sequences of isolates from salvage patients failing therapy compared with HIV-1B 

(HxB2) reference strain. Tree was created using MEGA software: Distance Estimation (Pairs of 

taxa, Maximum Composite Likelihood, Uniform Rates, Complete Deletion for Missing Data) 

and Neighbor-Joining Algorithm (Maximum Composite Likelihood, Uniform Rates, Complete 

Deletion for Missing Data)  

4.1.4 HIV-1 subtype verification using NCBI HIV and REGA subtyping tools 

All samples belonged to HIV-1 subtype C. 
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4.2 Characterization of gp41 

4.2.1 Mutation Analysis for Naturally Occurring gp41 Polymorphisms and T20 Resistance 

Associated Mutations 

A CXCR4 use associated mutation L34M of gp41 HR1 was found in 7.7% (2/26) of the 

isolates. One isolate was determined to be an X4 variant (50%) and the other a R5 variant by 

g2p, PSSM, and the 11/24/25 rule. Major mutation G36S, and minor mutations E137K and 

S138A were observed in different isolates [Figure 8]. Polymorphisms were observed in both 

HR1 and HR2 of gp41 with a greater variability observed in HR2. Polymorphisms N42S, L54M, 

A67T, I69V, and V72I, were noted in HR1 and E119Q, N125S, S129D, S129N, L130T, H132Y, 

S133R, I135L, Q147K, E148D, E151A, K154S, A156N, and S157N in HR2 domains [Figure 9].  

 

 

Figure 4.7: Frequency of naturally occurring major and minor T20 resistance associated 

mutations in T20 patients. All obtained mutations (G36S, E137K and S138A) showed a 2.9% 

prevalence rate.  
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Figure 4.8: Frequency of polymorphisms of the HR1 and HR2 domains of gp41. 

4.3 Characterization of gp120 V3 loop 

4.3.1 Coreceptor analysis using Geno2Pheno(g2p) and PSSM 

Coreceptor analysis by Geno2pheno showed a 64% (16/25) prevalence rate of R5 

variants and 36% (9/25) X4 variants at a Falls Positive Rate (FPR) of 10%. PSSM showed the 

same coreceptor use variation as Geno2pheno for the same sequences [Table 4.8].   
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Fig 4.9: Prevalence of the CCR5 and CXCR4 coreceptor using variants by triple drug resistant 

strains. Analysis done using the geno2pheno (FPR-10%) and PSSM software. 

 

4.3.2 Coreceptor analysis by the 11/24/25 Rule 

Positively charged amino acids at positions 11 and/or 24 and/or 25 of the V3 loop denote 

an X4 variant, this is the so called 11/24/25 rule. Of the nine X4 variants 6 (66.7%) were found 

to have a positively charged amino acid residues on at least one of the positions 11, 24 and 25 of 

the 9 (22.2%) had a deletion at either position 11 or 24. All R5 variants had no positive amino 

acid residues or deletions at these positions.  

 

4.3.3 Coreceptor Analysis Using the Insertion/ Deletion Rule 

The amino acid sequences of the V3 loops were aligned and variations in the GPGQ 

motif (within the V3 loop) were found. All R5 (17/17, 100%) and 66.7% (6/9) X4 variants 

presented a GPGQ crown motif. The remaining X4 presented GRGQ (1/9; 11.1%), GPGR (1/9, 

11.1%) and 1(11.1%) had an insertion (L) mutation after the motif. A double amino acid deletion 
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prior to the GPGQ was noted in 2 variants (2/26, 7.7%), both of which were determined to be 

X4.  

4.4 Effects of patients demographic (age and gender) and clinical parameters (viral load 

and CD4 count) on Coreceptor Use 

4.4.1 Patients Demographics and Data 

For the 25 patients analyzed for coreceptor usage 13(52%) were female, mean age 

40.5(20-62) and 48% male, mean age 32.8(21-55). Overall mean age was 36.8(20-55) years. 

Viral load (VL) counts were collected for 22/25 patients (88%), their median HIV-1 RNA load 

was 16651(128-359601) copies/ml. CD4 counts were available for 13/25patients (52%) and had 

a median CD4 count of 333 (128-2580) cells/µl. Full demographics and data on Table 4.1 and 

4.2. The empty boxes represent absence of data.  

Table 4.1: Demographics for the patients under study. 

PID                 Gender         Age         Viral Load            CD4 count               Coreceptor usage 

WO89219          M                22             2616                     140                                   CCR5  

WO89247          M                21             1065                     231                                   CCR5 

WQ65255          F                  -               35447                    -                                       CCR5 

WQ65261          F                  -               2816                      -                                       CCR5 

WQ65277          -                   -               75887                    -                                       CCR5 

WQ65300          M               45              946                        -                                       CCR5 

WQ65550          M               45              128                        -                                       CCR5 

WQ65627          F                18               3692                      -                                      CCR5 

WQ89281          M               55              214799                 367                                   CCR5 

WQ92824           -                  -                    -                         -                                     CCR5 

WO92830          M                40             359601                 234                                   CCR5  

WQ93973           F                33              36063                  380                                    CCR5  
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ZC05802            F                49                     -                       -                                      CCR5 

ZC05913            F                 20              78412                    -                                      CCR5 

ZC06234            F                 34              114102                254                                   CCR5 

Table 4.1 Continued 

 

ZF09248            M                53               3690                    670                                  CXCR4 

WQ65283          F                  -                 33891                    -                                     CXCR4 

WQ82998          M                25               17906                  204                                  CXCR4 

WQ86227          M                42               15396                  473                                  CXCR4 

WQ89902          F                 53               1741                    2580                                CXCR4 

WQ93484          M                29               94857                  730                                  CXCR4 

WQ93656          F                 42                  -                        333                                  CXCR4 

WQ97513          F                 20               78412                      -                                   CXCR4 

XT24684           F                 40               1079                    128                                  CXCR4 
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Table 4.2: CCR5 and CXCR4 specific mean and median for age, viral load and CD4 count 

 

 CCR5(n =16) CXCR4 

 Age Viral load CD4 count Age Viral load CD4 count 

Mean 36.35 66376.00 326.19 40.22 30993.13 741.22 

Median 36.65 35755.00 326.00 42.00 17906.00 730.00 

 

4.4.2: Gender Distribution of Coreceptor Used 

   There was no statistically significant difference between male and female on the co-receptor used 

(unadjusted odds ratio (OR) = 2.0, 95% Confidence interval 0.35 to 11.4; p = 0.669.) 

 

 

 

 

Fig 4.10: Gender distribution of co-receptor used  
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4.4.3: Assessing the Median Difference Between CCR5 and CXCR4 on Age, Viral Load and 

CD4 Count 

There were no statistically significant differences in the median of age (p = 0.443) and 

viral load (0.760) between CCR5 and CXCR4 [Table 4.3]. However, there was statistically 

significant difference in the median of CD4 count between CCR5 and CXCR4 (p = 0.037) [Table 

4.3].  

Table 4.3: Mann-Whitney test results to assess the median difference between CCR5 and 

CXCR4 on age, viral load and CD4 count 

 Co-receptor Used Mean Rank Sum of Ranks Z score P value 

Age 

CCR5 (n = 16) 12.16 194.50 -0.767 0.443 

CXCR4 (n = 9) 14.50 130.50   

Viral load 

CCR5(n = 16) 13.34 213.50 -0.311 0.760 

CXCR4(n = 9) 12.39 111.50   

CD4count 

CCR5(n = 16) 10.69 171.00 -2.147 0.037 

CXCR4 (n = 9) 17.11 154.00   

CHAPTER 5: DISCUSSION  

This study sought to determine coreceptor usage by MDR HIV strains, identify naturally 

occurring gp41 and gp120 V3 loop mutations associated with resistance to entry inhibitors, 

identify gp41 polymorphism variations of heptad repeat 1 and 2 domains and determine the 

associations of patients demographics (age and gender) and clinical parameters (viral load and 

CD4 count) on coreceptor usage in isolates from patients failing salvage therapy. Our results 

showed a moderately high proportion of X4 variants in multi-drug resistant strains of salvage 

patients failing treatment in Bots. X4 variants are highly virulent and increase the risk of 

acquiring opportunistic infections (OI), leading to disease progression and death. High X4 rates 
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reduce the potential use of CCR5 antagonists as alternative therapy (Le et al,.2015). In analyzing 

gp41 HR1 and HR2 the study showed low frequencies of major and minor T20 resistance 

associated mutations distributed between different individuals. Non-experience to T20 reduces 

the occurrence of T20 resistance associated mutations, increasing the potential use of fusion 

inhibitors for the control and management of HIV in patients who are non-responsive to their 

current treatment (Jang et al,.2014) Polymorphisms at different variances were observed in HR1 

and HR2 domain of gp41 HR1, with HR2 presenting higher variations in mutations and 

polymorphisms. 

Previous studies suggested that there were lower frequencies of X4 variants in HIV-1C 

infection compared to HIV-1B where patients with highly progressed disease show a ≥50% 

CXCR4 coreceptor usage (Lin et al. 2011). Phuphuakrat et al (2014) reported that R5 variants 

were harbored by 80–90% of treatment naive HIV-1 infected patients and 50–60% of treatment 

experienced. According to Lin et al (2011) the overall prevalence of R5X4 and X4 variants 

among ART naive HIV-infected patients in Botswana was considered lower than 15%. Our study 

showed a 36% switch to using the CXCR4 coreceptor in highly treatment experienced HIV-1C 

patients which is consistent with results from Green et al (2012). In this study we observed the 

polymorphism at high frequencies: E119Q (88.2%), Q147K (61.8%) and A156N (38.3%) which 

is consistent with the study by Ismael et al (2014). Specific mutations of the V3 loop are 

responsible for giving the virus ability to switch coreceptor usage from CCR5 to CXCR4 (Tsibris 

2007). This limits the efficacy of CCR5 antagonists in the treatment of variants that have 

acquired the ability to use the CXCR4 coreceptor as the use of  CCR5 antagonists on R5X4 

variants leads to the emergence of X4 variants that are more virulent and are associated with 

disease progression (Abbate et al., 2011).  
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This study was limited by the fact that coreceptor prediction identified only X4 and R5 

variants and not R5X4, however this did not have an effect on the outcome of the coreceptor 

results because geno2pheno identifies R5X4 variants as X4.  As T20 use becomes more 

common, patients are becoming core-infected and superinfected with HIV variants already 

resistant to T20 (Carmona et al., 2005). A study in France, revealed a 6% prevalence of T20 

resistant strains in treated patients, with plasma RNA  >1,000 copies/ml  and suggested that it 

could potentially be the transmission source of T20-resistant viruses (Peuchant et al., 

2007).  Single mutations G36D/S, V38A/M, Q40H, N42S/T/D/E, N43D/K/S, L44M and L45M 

cause a 5 to 10 fold susceptibility to T20, and double mutations of HR1 G36S/L44M, 

G36S/V38M, V38A / N42D, V38A / N42T , V38E / N42S , N42T / N43S and N42T/N43K have 

highest level of T20 susceptibility reduction with some showing an average reduction of 100 fold 

(Peuchant et al., 2007).  

The low prevalence of T20 resistance mutations in T20 naive individuals may suggest 

that the virus replication capacity may select for the occurrence of T20 mutations even without 

exposure to the drug.  In this study we observed minor mutations E137K and S138A, which are 

said to reduce the efficacy of T20 in inhibiting viral replication when found in association with 

major T20 resistance mutations (Ismael et al., 2014). Mutation S138A in association with 

mutations in HR1 position 42 and 43 increase the resistance levels to 3 fold by disturbing the 

interaction of HR1 and HR2, subsequently influencing the fusion and inhibitory properties of 

T20 (Ismael et al., 2014, Jang et al., 2014). A study by Ismael et al (2014) states that minor 

mutation G36S might still contribute to causing resistance to T20 even when not found in 

associations will other mutations. Overall low prevalence of T20 resistance associated mutations 
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in Botswana is with regards to no experience to the drug. T20 therefore can be used as an 

alternative drug for patients failing salvage therapy in Botswana.  

Polymorphisms of the HR1 domain, N42S (observed variation of 70.6% in this study), 

and L54M (observed variation of 61.8% in this study) have previously been associated with 

increased susceptibility to T20 (Aquaro et al., 2006). HR2 domain polymorphisms S129N is also 

associated with decreased susceptibility to T20 (Ismael et al., 2014), a 32.4% frequency of 

S129N was observed  in this study. Polymorphisms E148D, E151D, E119Q, Q147K, and A156N 

have previously been reported in T20 naive and experienced patients at a high. The genetic 

diversity of the multi drug resistant strains leaves the requirement of continuous assessment of 

the variants for diagnosis, primary drug resistance and vaccination. There is still need to 

determine the impact imposed by the described major and minor mutations and polymorphisms 

on HIV 1C variants and their response to T20 therapy.  

This study demonstrates that multi-class drug resistant variants of HIV-1C have the 

ability to switch coreceptor usage at a frequency more or less constant with that observed in 

multi-class drug resistant HIV-1B infections. Therefore, the knowledge of viral coreceptor usage 

may contribute to selection of appropriate coreceptor antagonists as alternative drugs for patients 

who are not responsive to treatment. The study also demonstrates the natural genetic diversity of 

gp41 as mutations and polymorphisms, from which it can be determined if fusion inhibitors can 

be used as alternative therapy for patients infected with multi-class drug resistant HIV variants.  

In summary this study shows a moderately high frequency of X4 variants, low frequencies of 

T20 resistance associated mutations and gp41 polymorphisms in multi-class drug resistant 

variants infecting salvage patients failing therapy.  
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5.2 RECOMMENDATIONS 

In order to fight off drug resistance, reduce the high morbidity and mortality rates of HIV 

and work towards achieving the 90-90-90 targets set by the UNAIDS the Ministry of Health in 

Botswana should consider increasing the available therapeutic options. MVC and T20 can be 

adopted as alternative therapy for patients who are failing treatment and can as well be used for 

first and second line treatment.  Because of the high frequency of CXCR4 using variants in 
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highly treatment experienced patients in Botswana, tropism testing should be done prior to 

initiating therapy with MVC and during the course of treatment by the drug so as to determine if 

patients are eligible for the drug. Administration of drugs effective in therapy would mean 

efficient management of the HIV infection. Single genome sequencing can be employed for the 

determination of coreceptor usage by multi drug resistant variants so that low levels of R5X4 and 

X4 variants can be determined in order to avoid misuse of Maraviroc by preventing emergence 

of X4 variants during treatment. Studies should also be done to determine levels of R5X4 and X4 

variants that can be tolerated and kept under suppression for a long time by CCR5 antagonists. 

Gp41 has a great genetic variation and would require studies that would determine the effects of 

the naturally occurring mutations and polymorphisms to treatment by T20.  

 

 

 

 

 

 

5.3 CONCLUSIONS 

Entry inhibitors can be used as alternative therapy for patients failing salvage therapy. 

Moderately high frequency of X4 variants in highly treatment experienced patients who are 

failing salvage therapy would mean use of MVC in Botswana requires tropism testing prior to 

use of the drug and during course of treatment with the drug.  Non T20 treatment experience in 
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Botswana reduces the prevalence of the major mutations that confer resistance to the drug. T20 is 

therefore a potential alternative drug for patients failing salvage therapy in Botswana.  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

APPENDICES 

Appendix 1 

 

 Reagents, Buffers and Solutions 

Items/ Reagent Manufacturer/Solution 
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Molecular weight marker KAPA Biosystems, South Africa 

Agarose   

Primers (OFM12, SK145, 

GP41A, GP41B, ED5, ED12) 

Inqaba Biotec, South Africa 

10X TBE Buffer 890mM Tris base, 890mM Borate, 20Mm EDTA(Ph8.0) 

6X Agarose gel loading dye 0.2% Bromophenol blue, 0.2% Xylene, cyanol 25% glycerol  

RNAses  

DNAses  

Formamide solution 90% in DMSO-d6 (99.9 atom % D) 

Ethidium bromide  

Ethanol 100% Ethanol 

 

 

 

 

 

 

Appendix 2 

 

 Kits 

Kit Supplier 
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KAPA KAPA Biosystems, South Africa 

QIAquick Purification Kit  Qiagen, Hilda, Germany 

 BigDye terminator v.3.1 Cycle Sequencing Kit  Thermo Fisher Scientific 

Zymo Research Sequence Clean up Kit Zymo Research 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix 3 

 

 Equipment and Consumables 

Equipment Consumables 
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Themocycler 

UV Machine  

Electrophoresis Tanks 

Electrophoresis Machine  

3130XL ABIprism Genetic Analyzer 

Lamina Flow  

Micro pipettes (p10, p20, p200, p1000) 

Centrifuge 

Vortex  

Spinner  

Balance scale 

96 Well PCR Reaction Plates 

PCR reaction Plate Covers 

Ependorf Tubes 

Kleenix Paper 

Disposable Glooves 

Aliquot tubes 

Pipette Tips (10µl, 20µl, 200µl and 1000µl) 

Fine Tip Permanent Markers 

 

 

 

 

 

 

 

Appendix 4 

Sample 

Number PID 

1 WQ65550 

2 WQ86227 
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3 WQ65627 

4 WQ65277 

5 WQ65299 

6 WQ65283 

7 XT24517 

8 WQ82998 

9 WQ93478 

10 WQ65261 

11 WQ65300 

12 WQ93484 

13 WQ89902 

14 WQ92824 

15 WQ65255 

16 WQ65594 

17 WQ65588 

18 XT24684 

19 WQ92830 

20 WQ93656 

21 WQ93967 

22 WQ93973 

23 ZC05913 

24 ZC05935 

25 ZC06234 

26 ZC05668 

27 ZC05652 

28 ZC06373 

29 ZC05452 

30 WQ97513 

31 ZC05802 

32 WQ97529 

33 WQ89281 

34 WR08912 

35 WO89247 

36 WO89219 

37 ZF09248 

38 ZF09610 
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