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Abstract 

Background: Antiretroviral therapy (ART) was rolled out in South Africa in the public sector 

in 2004 and the treatment coverage has increased over the years to 56% in 2016. The increased 

treatment coverage has the potential to increase the level of HIV drug resistance. Drug 

resistance presents a major challenge to the management of HIV infection through 

antiretroviral therapy at the population level. The aim of this study was to determine the impact 

of the public sector antiretroviral therapy rollout on the prevalence of HIV drug resistance in 

South Africa and the factors associated with drug resistance. 

Methodology: A cross-sectional analytical study was used to determine the prevalence of drug 

resistance before and after ART rollout. The study population was HIV infected South Africans 

(infected between 1996 and 2011) who were not on antiretroviral therapy. The study sample 

was therapy naïve HIV infected South Africans who participated in published studies 

conducted between 1996 and 2011. HIV DNA sequences and associated data (participants’ 

age, gender, geographic location and estimated year of HIV infection) were accessed through 

the Los Alamos HIV Database. The database contains all HIV DNA sequences and associated 

data from all published studies and the data was freely accessible. A descriptive analysis was 

carried out on the data to determine characteristics of the study sample. Drug resistance 

mutations were detected using Calibrated Population Resistance Program on the Stanford 

University HIV Drug Resistance database. The output from the Calibrated Population 

Resistance Program analysis were used to determine the prevalence of drug resistance 

mutations. 

Results: There were 1701 DNA sequences obtained from the Los Alamos HIV Database for 

the three gene regions targeted by ART (reverse transcriptase, protease and integrase). Of these, 

604 (35,5%) were for reverse transcriptase, 794 (46,7%) were for protease and 303 (17,8%) 

were for integrase. There was overrepresentation of DNA sequences from female participants 

(91%). There was no significant difference in the prevalence of drug resistance mutations 

between 1996-2004 (before ART rollout) and 2005-2011 (after ART rollout) in all the drug 

classes. There was also no association between drug resistance and age as well as gender. 

Conclusion: The data from this study suggest that the public sector rollout of ART did not 

result in an increase in the prevalence of drug resistance mutations in therapy naïve HIV-

infected South Africans. There is need for further studies, which have a wider coverage of the 

South African population.  
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Chapter 1: Introduction 

1.1 Background 

In South Africa, antiretroviral therapy (ART) was rolled out nationally in the public sector in 

2004 and since then there has been considerable coverage of treatment as well as increasing 

drug combinations (Johnson, 2012). The public rollout was made possible through bilateral 

and multilateral human immunodeficiency virus (HIV) treatment financing such as the Global 

Fund and the US President's Emergency Plan for AIDS Relief (PEPFAR) (Bateman, 2002; 

Nattrass, 2006). Being the country with the largest population of HIV-infected people globally, 

the national response to HIV in South Africa has great implications on the global response to 

the epidemic (UNAIDS, 2016a). For example, if a large proportion of HIV-infected people in 

South Africa are receiving treatment, this translates to a large proportion of infected people 

globally who are receiving treatment (Muula, 2008). However, the increased treatment 

coverage comes with an increased risk of antiretroviral drug resistance due to increased chance 

of nonadherence. The extent of drug resistance accumulation since the introduction of ART in 

South Africa is unclear (Johnson, 2012). Drug resistance is the ability of a disease agent to 

resist the effects of a drug against it. Several studies have examined the prevalence of drug 

resistance mutations in South Africa (Nwobegahay et al., 2012, Parikh et al., 2013, Hunt et al., 

2012, Parboosing et al., 2011) but their major limitation has been the fact that they looked at 

small samples, from specific regions and populations, and the results may not be generalizable 

to represent the national prevalence of HIV drug resistance.  

While antiretroviral treatment is the best option for the management of HIV infection, the 

development of drug resistance presents a challenge to effective health care and prevention of 

transmission of the virus (Tanser et al., 2013). Antiretroviral drugs target specific steps in the 

HIV lifecycle and due to the virus’ ability to change rapidly (high mutation rate), it can change 

to forms that are not recognised by the antiretroviral drugs (Roberts et al., 1988). To put this 

into perspective, an HIV infected individual typically produces over ten billion viruses per day 

and the key protein in the virus’ replication is prone to making errors such that numerous 

viruses harbouring any given mutation can be produced per day (Roberts et al., 1988). As a 

result, viral variants that harbour drug resistant mutations can outgrow other variants. The net 

effect of this is that the drugs become less effective or completely ineffective (Clutter et al., 

2016) .  
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In terms of resources, the South African government spent about R4.2 billion on antiretroviral 

drugs between 2014 and 2015 (Venter et al., 2016) which is a considerable burden to the 

healthcare system. Despite the vast amount of resources dedicated to combating HIV, the 

national prevalence among antenatal clients remains high (27% in 2011) (Massyn, 2013). In 

some parts of the country such as the KwaZulu-Natal province, the prevalence of HIV in 

pregnant women over 18 years was as high as 52% in 2011 (Abdool Karim et al., 2012). A 

recent study reported a population-weighted HIV prevalence of 36,6% in the province with a 

66,6% prevalence in women aged 35-39 years (Kharsany et al., 2018).  Recently, UNAIDS 

reported a national HIV prevalence of 12% for South Africa in 2015 (UNAIDS, 2016a). 

Although ART has been made available, the national coverage is still low with 40% of eligible 

patients receiving treatment in 2011 (Johnson, 2012) which increased to 56% in 2015 

(UNAIDS, 2016a). While antiretroviral therapy has the advantage of preventing the 

development of AIDS in HIV infected individuals and reducing their chances of transmitting 

the virus, the emergence of drug resistance in circulating viral strains will pose an additional 

challenge to combating the HIV/AIDS pandemic in the country (Johnson, 2012). Individuals 

infected by drug resistant viruses fail treatment (have high viral loads and low CD4 counts). 

This will increase their chances of infecting other people with the drug resistant HIV strains, 

thereby offsetting the benefits of antiretroviral therapy (Clutter et al., 2016). In addition, to 

treatment failure, treatment of patients with resistant viruses will have an additional 

disadvantage to them, as they will suffer from the side effects of the drugs (Clutter et al., 2016).  

In order to minimise the spread and negative impact of HIV drug resistance on the treatment 

and management of HIV, there is need for surveillance and resistance testing (WHO, 2015b) . 

The most effective way would be to conduct point of care testing for HIV drug resistance. Point 

of care refers to the simple testing that takes place at the bedside and the results are obtained 

rapidly as compared to the historical practice where testing is confined to the laboratory (Kost, 

1995). The major limitation to point of care resistance testing in low-income countries is the 

cost factor. The low-income countries, such as those in sub-Saharan Africa, are already 

struggling to increase coverage of ART due to limited resources (e.g., South Africa has 40% 

of eligible patients on treatment) (Johnson, 2012). This underscores the need for the 

determination of population level drug resistance prevalence in order to assess the effectiveness 

of the currently used regimens, as well as guide possible future treatment regimens. 

Drug resistance mutations are classified by the World Health Organization (WHO) into three 

categories based on their prevalence. These are; low prevalence (<5%), moderate prevalence 
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(5-15%) and high prevalence (>15%) (Jordan et al., 2012). The ART program is said to be 

optimally functioning when the national prevalence of drug resistance is below 5% (Jordan et 

al., 2012). When the prevalence is moderate (5-15%), the WHO recommends public health 

intervention such as increased prevention programs to reduce transmission of drug resistant 

viruses, examination of ART practices which include adherence, and increased support to 

treatment programs (Jordan et al., 2012). In the event of drug resistance prevalence of more 

than 15%, the WHO strongly advises that the first line regimens be changed (Jordan et al., 

2012). 

Concerns that large-scale antiretroviral therapy programs in Africa would result in the 

widespread emergence and circulation of drug resistant viruses were expressed very early in 

the development of such programs in Africa (Stevens et al., 2004, Popp and Fisher, 2002). 

These concerns arose from the assessment of challenges such as limited resources which would 

cause drug ‘stockouts’ as well as drug toxicity. It is important to investigate whether the 

prevalence of drug resistance has changed from the period prior to introduction of ART and 

whether factors such as age, geographical location and gender are associated with drug 

resistance in the South African population. 

1.2 Problem Statement 

South Africa has the largest ART programme globally, accounting for 20% of people on ART 

in the world (UNAIDS, 2016a). Drug resistance in HIV infected individuals presents a major 

challenge to the management of HIV infection through ART at the population level. In 

particular, individuals infected with resistant HIV strains do not respond to treatment and 

therefore are unable to control their viral loads and maintain high CD4 counts (Cohen et al., 

2011). This, in turn, increases their chances of infecting other people, resulting in increased 

incidence and prevalence of HIV infections (Li et al., 2011). Drug resistance also threatens the 

effectiveness of pre-exposure prophylaxis (PrEP) where antiretroviral drugs are used to prevent 

infection in high risk individuals (Wood and Montaner, 2011, Cohen et al., 2011). PrEP has 

been shown to be very effective at reducing HIV infection both sexually and through injection 

drug use, reducing the risk of HIV infection by up to 90% (Cohen, 2018). At the population 

level, drug resistance will have the effect of reducing the benefits of ART, such as increasing 

the life expectancy of infected individuals and reducing HIV incidence and prevalence. In 

2016, the World Health Organisation (WHO) announced new HIV treatment guidelines for 

universal testing and treatment whereby all individuals diagnosed with HIV infection have to 

be put on ART immediately (UNAIDS, 2016b). The overall goal is to end AIDS by 2030. This 
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is a welcome strategy in that it minimises the damage that untreated HIV cause to the immune 

system during the early phases of infection and significantly improves the quality of life of the 

infected individuals (UNAIDS, 2016b). Getting infected individuals onto treatment early and 

while they are still well reduces the likelihood of symptoms and illness developing. However, 

there is a possibility that it could result in increased drug resistance in circulating viruses. Due 

to the increased period of time that infected individuals have to be on treatment when they 

initiate treatment early, and lack of drug resistance monitoring capacity in low-income 

countries, there is a risk that early treatment could drive the emergence of resistant viruses in 

early infection which will increase the prevalence of drug resistance at the population level 

(Clutter et al., 2016). This will increase the cost of treatment due to the need for alternative 

drugs once resistance develops (Johnson et al., 2017). 

Knowledge of the drug classes that drive resistance and those where resistance does not easily 

develop in the South African population is necessary for the effective management of the HIV 

epidemic. Antiretroviral drugs are classified according to the steps they target in the viral 

lifecycle. Due to the genetic diversity of HIV globally (Volberding and Deeks, 2010), there is 

need to determine which classes of drugs the viral strain (known as subtype) circulating in a 

specific region is able to easily develop resistance to and which classes are less prone to the 

development of resistance. Analysis of the HIV drug resistance patterns over a period of time 

(for example, more than a decade) will give an idea of which drugs and drug classes drive 

resistance in a given population. This knowledge will inform policy-makers on which drugs 

and drug classes to include in the treatment regimen for the country. The most effective 

management of HIV would be to include drugs where the circulating strains in the country 

cannot easily develop resistance to. That is, the viruses within the population cannot readily 

mutate to develop resistance. 

1.3 Rationale 

This study proposed to investigate the change in prevalence of drug resistance mutations in the 

South African population over a period of 16 years starting from the pre-ART era (1996-2004) 

well into the current age of combination therapy (2005-2011). The study assessed the 

distribution of drug resistance in South Africa by gender, age, and geographical location. An 

evaluation of the factors associated with accumulation of drug resistance provides useful 

information on what intervention strategies need to be put in place to combat the problem of 

drug resistance. It also provides information on the prevalence of drug resistance and the drugs 

or drug classes that are driving this resistance, and therefore guide treatment policy. For 
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example, if a specific drug or drug class predominantly drives HIV drug resistance in the South 

African population, it may be more effective to exclude it from the first line treatment regime 

in order to reduce development of resistance.  

If the problem of drug resistance is not given enough attention and careful consideration, it 

could result in failure to manage the HIV epidemic through ART and worsen the already 

overwhelming situation in South Africa and the sub-Saharan region in general. Studies of the 

nature of this one are valuable to assess the true extent of the problem of drug resistance and 

the factors that are associated with it.  

In addition, it will not be possible to conduct studies of this nature in future as the current 

treatment guidelines stipulate that HIV-infected individuals have to be put on treatment as soon 

as they test positive (test and treat). As a result, it will be very difficult to determine the level 

of transmitted drug resistance as everyone will be on ART (i.e., if resistance is detected in an 

infected individual who is on treatment, it is difficult to determine whether the resistance 

developed due to current treatment or it was transmitted). From a public health perspective, 

knowing the source of resistance would be important to enable the necessary interventions. 

1.4 Aim and objectives 

1.4.1Aim 

The aim of this study was to describe the prevalence of HIV drug resistance in South Africa 

from 1996 to 2011 and determine the factors associated with drug resistance. 

1.4.2 Objectives 

a) To determine the prevalence of HIV drug resistance before ART rollout (1996-2004) 

and after ART rollout (2005-2011). 

b) To determine the drug resistance by ARV class. 

c) To determine if there is an association between drug resistance and selected risk factors 

over time. 

1.5 Summary 

In order to determine the effect of ART rollout on drug resistance prevalence, this study 

assessed the patterns of HIV drug resistance in South Africa to all the major drug classes over 

a period spanning the pre-ART era well into the era of combination antiretroviral therapy 

(1996-2011), retrospectively. The study participants were therapy-naïve HIV-infected South 
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Africans whose HIV sequence data as well as geographic (province), gender and age 

information was available through the Los Alamos HIV Database (www.hiv.lanl.gov). The 

results from this study provide useful information on which drugs and drug classes are driving 

HIV drug resistance in South Africa and will inform treatment strategies. 
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Chapter 2: Literature Review 

2.1 Introduction 

This chapter is a review of the literature relevant to this study. It starts with exploring the global 

HIV epidemic and the advances that have been made in the management of HIV through 

antiretroviral therapy. It goes further to describe the different classes of antiretroviral drugs and 

the mechanisms through which HIV develops drug resistance as well as the factors associated 

with drug resistance.  

2.2 HIV epidemic 

Since its identification as the cause of AIDS, HIV has emerged as a major global pandemic 

which had claimed more than 35 million lives by 2016 (UNAIDS, 2017). An estimated 36.7 

million people were living with the virus in 2016, including 1.8 million children (UNAIDS, 

2017). HIV has infected some 77.3 million people since the start of the epidemic and in 2017 

alone, 940 000 people died from AIDS-related illnesses (UNAIDS, 2018). The sub-Saharan 

African region remains the worst affected with an estimated 25.5 million individuals who were 

living with HIV in 2016, constituting 67% of infected people globally (UNAIDS, 2017). South 

Africa had 7.1 million HIV infected people in 2016, making it the country with the highest 

number of infected individuals (UNAIDS, 2017).  

Despite the dire situation, global statistics have shown some improvement (UNAIDS, 2018). 

For example, the number of new HIV infections per year has decreased from 3 million in 2001 

to 1.8 million in 2017 (UNAIDS, 2018). This has been enabled by several strategies aimed at 

reducing HIV transmission which include, among others, the test and treat approach, increased 

testing and wider treatment coverage (UNAIDS, 2018). Recently, the World Health 

Organisation (WHO) announced new guidelines for ART which stipulate that treatment should 

be initiated when an individual tests positive for HIV (previously it was CD4 count below 500) 

(UNAIDS, 2016b). In 2017, approximately 75% of infected people knew their HIV status and 

of these, 79% were accessing treatment. Of those accessing treatment, 81% were virally 

suppressed suggesting that they had very little probability of transmitting the virus (UNAIDS, 

2018). This is remarkable progress towards the ‘Fast-Track’ strategy of ending AIDS by 2030 

(UNAIDS, 2018). The Fast-Track strategy targets that by 2020, 90% of infected people should 

know their HIV status and of these, 90% should be on treatment and of those on treatment, 

90% should be virally suppressed (the so called 90-90-90 target). By 2030, 95% of infected 
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people should know their HIV status and of these, 95% should be on treatment and of those on 

treatment, 95% should be virally suppressed (UNAIDS, 2018). 

The introduction of antiretroviral therapy (ART) in the mid-1990s resulted in dramatic and 

sustained declines in HIV related morbidity and mortality among those with access to treatment 

(Palella et al., 1998, Tanser et al., 2013). Since then, increasingly potent and effective drugs 

and drug classes continue to be developed (Palella et al., 1998). Although in 2009 and 2010 

history was made with the first evidence of protective efficacy in an HIV vaccine trial (Rerks-

Ngarm et al., 2009) and microbicide trial (Abdool Karim et al., 2010), respectively, an effective 

vaccine or cure is still not in sight. In South Africa, ART was only rolled out publicly in 2004 

and the treatment coverage has increased markedly since then (Johnson, 2012). In 2015, 85% 

of HIV infected South Africans knew their HIV status (Johnson et al., 2017). However, on 56% 

of those who knew their HIV status were on ART and 78% of those on treatment were virally 

suppressed (Johnson et al., 2017). 

2.3 HIV subtype distribution 

The viral strains assessed in this study were all subtype C which is the predominant strain in 

the Southern Africa region (van Loggerenberg et al., 2008). HIV has three main groups; group 

M (major), group O (outlier), and group N (non-M/ non-O) (Robertson et al., 2000). Recently, 

a new group that is distinct from the other HIV-1 groups has been identified and named group 

P (Plantier et al., 2009). HIV-1 M infections account for over 95% of HIV infections worldwide 

(McCutchan, 2000) and Group M has been further sub-divided into 9 genetic subtypes named 

subtypes A, B, C, D, E, F, G, H, J and K. HIV-1 subtype C is the predominant HIV-1 lineage 

driving the global HIV epidemic, accounting for approximately 50% of all infections 

(Hemelaar et al., 2006). In South Africa, nearly all HIV infections result from subtype C with 

a few isolated cases of other subtypes (van Loggerenberg et al., 2008). This is quite different 

from Western countries such as the USA were subtype B is the predominant HIV strain.  

2.4 HIV replication and antiretroviral drugs 

HIV depends on human cells for its replication (Wyatt and Sodroski, 1998). The virus contains 

unique genes that encode various proteins crucial for the virus’ structure and function. 

Antiretroviral drugs target these proteins and the associated steps in the lifecycle of the virus 

(Shafer, 2006). The most important viral targets are the virus’ enzymes which catalyse steps in 

the cycle of the virus. The antiretroviral drugs act by inhibiting specific stages of the viral cycle 

while having minimal adverse effects on the functioning of the human cells.  
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Table 1: Classes of antiretroviral agents 

Class Abbreviation Mechanism of 

action 

Specific action 

Nucleoside reverse 

transcriptase 

inhibitors 

NRTIs Reverse 

transcriptase 

inhibition 

Nucleic acid analogues  

mimic the normal  

building blocks of DNA,  

preventing transcription  

of viral RNA to DNA 

Non-nucleoside 

reverse 

transcriptase 

inhibitors 

NNRTIs Reverse 

transcriptase 

inhibition 

Alter the conformation of  

the catalytic site of  

reverse transcriptase and  

directly inhibit its action 

Protease inhibitors PIs Protease 

inhibition 

Inhibit the final  

maturation stages of HIV  

replication, resulting in  

the formation of  

non-infective viral  

particles 

Integrase inhibitors InSTIs Inhibition of viral 

integration 

Prevent the transfer of  

proviral DNA strands into  

the host chromosomal  

DNA 

Entry inhibitors - Entry inhibition Bind to viral gp41 or  

gp120 or host cell CD4+  

or chemokine (CCR5)  

receptors 

[Source:(Meintjes et al., 2017)] 

In order to put the mechanisms of action of antiretroviral drugs into perspective, here is a brief 

basic description of the HIV life cycle: The HIV envelope protein (viral coat) binds to the CD4 

receptor on the surface of the human cells (Wyatt and Sodroski, 1998). This is followed by the 

binding of the HIV envelope to a second co-receptor called CCR5. Following binding of the 

virus to the receptors on the human cell, the virus fuses with the human cell allowing the 

contents of the virus to be released into the human cell (Arthos et al., 2008, Chan and Kim, 

1998). One of the viral enzymes, reverse transcriptase, converts the virus’ genetic material 

(RNA) to DNA which is then integrated into the human genome by another viral enzyme 

known as integrase. When the human cell synthesises its own protein using its genetic material, 

the virus’ proteins are also synthesised as the viral DNA has now become part of the human 

cell’s DNA (Wyatt and Sodroski, 1998). Another viral enzyme, protease, then processes the 

synthesised viral proteins which then assemble into the virus particles which bud off the cell 

and infect other cells and the cycle continues. A single infected cell can produce thousands of 

new viruses making the replication of HIV exponential (Wyatt and Sodroski, 1998). The three 
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HIV enzymes, reverse transcriptase, protease and integrase are the primary targets of 

antiretroviral drugs although there are drugs which target other steps in the viral cycle (Shafer, 

2006).  

There are several classes of antiretroviral drugs which are currently in use for treatment of HIV. 

These drugs are classified based on what phase in the viral cycle they target in order to inhibit 

the replication of the virus (Shafer, 2006). The classes are; nucleoside reverse transcriptase 

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

inhibitors (PIs), entry inhibitors and integrase inhibitors (InSTIs) (Shafer, 2006). The table 

below summarises the classes of antiretroviral drugs; 

The different classes of HIV drugs are summarised in Table 2 below.  

Table 2: Antiretroviral drugs and their classes 

Class Drugs 

NRTIs Abacavir (ABC) 

Didanosine (ddl) 

Emtricitabine (FTC) 

Lamivudine (3TC) 

Stavudine(d4T) 

Tenofovir (TDF) 

Zidovudine (AZT, ZDV) 

NNRTIs Delavirdine (DLV) 

Efavirenz (EFV) 

Etravirine (ETR) 

Nevirapine (NVP) 

Rilpivirine (RPV) 

PIs Atazanavir (ATV) 

Darunavir ( ORV) 

Fosamprenavir (FPV) 

lndinavir (IDV  

Lopinavir ( LPV) 

Nelfinavir (NFV) 

Ritonavir (RTV) 

Saquinavir (SQV) 

Tipranavir (TPV) 

InSTIs Raltegravir (RAL) 

Elvitegravir (EVG) 

Dolutegravir (DTG) 

Entry inhibitors Maraviroc (MVC) 

[Source: (Shafer, 2006)]  
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2.5 HIV drug resistance 

The high replication rate of HIV coupled with the fact that one of the key enzymes in the 

replication cycle of the virus, reverse transcriptase, makes a lot of errors, the virus is able to 

change rapidly to forms that are not recognized by antiretroviral drugs. Because HIV can easily 

become resistant to treatment with a single drug, this has necessitated the use of combinations 

of drugs for treatment in order to delay the appearance of resistance (WHO, 2015b). Typical 

drug combinations contain two NRTIs (backbone) and one NNRTI or PI or InSTI (base). 

Treatment failure occurs when an infected person on treatment is unable to control the virus. 

Once a patient begins to fail treatment with the first regimen, known as the first line, they are 

put on a second regimen (second line) and eventually on a third regimen (third line) upon failure 

of second line treatment (WHO, 2015b). Combination antiretroviral therapy is effective since 

it is able to suppress the HIV replication (Lange, 1995). The low replication significantly 

reduces the risk of resistance development due to the suppressed spontaneous generation of 

viruses that are resistant to all the three drugs.  

2.6 Treatment guidelines in South Africa  

In 2013, the South African government introduced new treatment guidelines (Health, 2015). 

These guidelines were in line with the international guidelines (WHO, 2015b) where the first 

line contains two NRTI drugs as the backbone and one NNRTI or PI or InSTI as the base. The 

drugs are given fixed-dose combination (FDC) pills (Health, 2015). These guidelines were 

revised in 2017 (Meintjes et al., 2017). The most commonly used FDC is made up of the regular 

three drugs used in the first line regimen (TDF, FTC and EFV) (Table 3). The FDC pills help 

to improve the adherence and therefore minimise the risk of drug resistance due to non-

adherence. The regimens for South Africa as defined by the national Department of Health are 

shown in Table 3 below. 

Table 3: South African ART regimens for adults and adolescents (Source: (Meintjes et al., 

2017))  
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2.7 Drug resistance prevalence in developed countries 

The global prevalence of HIV drug resistance has been increasing due to the rollout of ART in 

low to middle-income countries (Gupta et al., 2012). In 2012, the global prevalence had 

increased to 9% from 6.9% in 2010 (Gupta et al., 2012). There are no clear differences in drug 

resistance prevalence between developed and developing countries with some developed 

countries having higher prevalences while others have lower than developing countries (WHO, 

2017).  

In Canada, the prevalence of drug resistance has been reported for various regions with the 

Alberta Province having a prevalence of 12% (Ragonnet-Cronin et al., 2013). Ragonnet-Cronin 

et al. (2013), conducted a surveillance study in Alberta Province, Canada where they genotyped 

remnant blood from newly diagnosed HIV infections from 2007 to 2010. This moderate 

prevalence was partly explained by the high coverage of HIV treatment in the country at the 

time. Canada introduced universal HIV treatment earlier than most countries and 70% of 

infected people were diagnosed and 80% of these were accessing treatment (Nosyk et al., 

2014). A study conducted by Yerly and colleagues (2007) reported that Switzerland had a 

transmitted drug resistance prevalence of 7.7% which was generally stable for the 10-year 

period between 1996-2005.  

2.8 Drug resistance trends in South Africa and other African countries 

In Africa, drug resistance has been on the rise and is largely driven by resistance to NNRTIs 

(Gupta et al., 2012). This has significantly impacted the resistance levels globally (WHO, 

2017). 

A study carried out in Lusaka, Zambia, to assess the baseline drug resistance in patients who 

were initiating first-line therapy in 2007-2008 reported a 6% prevalence of drug resistance 

(Hamers et al., 2010). A recent study conducted in Uganda reported that the prevalence of drug 
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resistance in Kampala was 7% while it was 3% in Mbarara (another part of the country) (Lee 

et al., 2014). 

In South Africa, there have been conflicting reports on the prevalence of HIV drug resistance 

mutations based on where the studies were carried out. For example, one study conducted on 

patients enrolling into antiretroviral therapy at a hospital in Limpopo Province reported a drug 

resistance prevalence of 9.3% in drug naïve patients (Nwobegahay et al., 2012) while a cross-

sectional study of reproductive-aged women in KwaZulu-Natal reported a prevalence of 7.4% 

(Parikh et al., 2013). Only one study has assessed drug resistance over time through a literature 

review data mining study to determine temporal trends in transmitted drug resistance in South 

Africa (Manasa et al., 2012). The study reported on the annual prevalence of HIV drug 

resistance mutations in South Africa over a 10-year period between 2000-2010 (Manasa et al., 

2012). The study reported that the drug resistance prevalence over those 10 years was 

consistently below 5% with only one exception, 2002, when it was 6.7%. The major limitation 

of this study, however, was the fact that the authors’ selected and analysed data from studies 

that reported on drug resistance. However, they could have also included data from other 

studies which enrolled treatment-naïve participants to increase their sample size. This approach 

excluded data from other studies even though the patients were treatment-naïve. 

Recently, a cross-sectional study assessed the prevalence of drug resistance across South Africa 

in patients initiating treatment (Steegen et al., 2016). The study assessed samples representative 

of the number of patients receiving antiretroviral treatment in each province between March 

2013 and October 2014. The results from the study showed a moderate drug resistance 

prevalence of 9%. 

2.9 Factors associated with HIV drug resistance 

There are several factors that are associated with the development of HIV drug resistance 

which range from health system associated to socio-economic factors (Weinstock et al., 2004, 

Volberding and Deeks, 2010, Lockman et al., 2010, Bennett et al., 2008). Some of the factors 

associated with HIV drug resistance are outlined below. 

2.9.1 Health system factors 

As more HIV-infected people gain access to ART in developing countries, there is an increased 

chance of accumulation of drug resistance in circulating viruses in the population. Resistance 

occurs mainly due to lack of adherence by the patients or due to insufficient drug levels in the 

patient’s system as a result of underlying genetic factors (Volberding and Deeks, 2010, 
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Lockman et al., 2010). Another cause for the emergence of drug resistance is the use of 

inadequate regimens such as single or double therapy instead of triple therapy (Volberding and 

Deeks, 2010). In addition, interactions between HIV drugs and other drugs may result in 

reduced amounts of antiretroviral drugs in the body system thereby triggering resistance 

(Volberding and Deeks, 2010). For example, there needs to be pre-treatment assessment of the 

drugs to be taken by patients who are co-infected with HIV and tuberculosis (TB). Another 

contributing factor to the development of drug resistance is the prevention of mother-to-child 

transmission (PMTCT) strategy. PMTCT generally involves a single dose of one drug (such as 

nevirapine) to pregnant women (Barth et al., 2008). This has been reported to result in 

nevirapine-resistance in 40-60% of mothers as well 40-50% of infected babies (Barth et al., 

2008). However, this has now changed with the new PMTCT guidelines published by WHO 

in 2015 which recommended that all pregnant women living with HIV be immediately 

provided with lifelong treatment (WHO, 2015a). 

Unlike in developed countries where there is individualisation of ART through resistance 

testing before ART initiation and close viral load and CD4 count monitoring (Williams et al., 

2012, Vandamme et al., 2011, Gill et al., 2010), there is no baseline resistance testing in 

developing countries, including South Africa, to guide therapy and as a result there is an 

increased risk of patients failing therapy due to the fact that they would have been infected with 

a viral strain which is already resistant to the therapy that they are put on (Lessells et al., 2013). 

This is a major driver of circulating drug resistant viruses in developing countries.  

During the early days of HIV treatment, before the highly active antiretroviral therapy era, 

there were high levels of drug resistance due to the use of mono and dual therapy in developed 

countries (Weinstock et al., 2000, Weinstock et al., 2004, Resistance, 2001, Grant et al., 2002, 

Little et al., 2002, Cane et al., 2005, Wensing et al., 2005). 

2.9.2 Other factors 

There are also socio-economic factors that the literature suggests may contribute to the 

development of HIV drug resistance. These include missed drug collections by patients due to 

family obligations and travel costs (El-Khatib et al., 2011, Bennett et al., 2008, Mills et al., 

2006). Other factors that influence the transmission of HIV drug resistance include the 

population being studied, access to antiretroviral therapy, risk behaviours, mode of 

transmission and the viral strain circulating in the population (Pillay, 2004, Sagir et al., 2007). 

http://etd.uwc.ac.za/



15 

 

These factors result in nonadherence to treatment which increases the risk of the development 

of resistance.  

Some previous studies have reported associations between HIV drug resistance and age 

(Bianco et al., 2011, Lucas et al., 2002, Hinkin et al., 2004)as well as gender (Kan et al., 2017, 

Goedecke et al., 2013, Sabin et al., 2008). The association between drug resistance is mainly 

attributed to nonadherence to treatment in older people due to cognitive impairment which 

results in them forgetting to take their drugs according to protocol (Hinkin et al., 2004). 

Females have been shown to have higher odds of developing drug resistance compared to males 

(Kan et al., 2017, Goedecke et al., 2013, Sabin et al., 2008). This has been attributed the 

differences in the pharmacokinetics of the drugs between the two genders. Females have been 

documented to have higher drug concentrations in their blood compared to males despite taking 

similar amounts of drug (Cressey and Lallemant, 2007). This is thought to result in greater drug 

toxicity in females which may play a role in nonadherence, leading to drug resistance. 

2.10 Summary 

The extent to which drug resistance has accumulated in the South African HIV-infected 

population is not well established. While several studies have assessed the prevalence of drug 

resistance in South Africa, they were focused on specific study populations and their findings 

cannot be generalised nationally due to several differences that exist within South Africa such 

as socio-economic backgrounds and demographic genetic backgrounds (Nwobegahay et al., 

2012, Parikh et al., 2013). This underscores the need for a study that includes a diverse sample 

from the country so as to overcome some of the limitations of the previous studies. Results 

from such a study would generally be more representative of the national picture.  
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Chapter 3: Methodology 

3.1 Introduction 

This chapter describes the design for the study and how the data was obtained from the Los 

Alamos HIV database (www.hiv.lanl.gov). The validity and limitations of the study are 

explained and the methods that were used to conduct the data analyses are described. Lastly, 

the ethics considerations that were taken into account are outlined and the fact that ethics 

approval was obtained from the University of the Western Cape Biomedical Research Ethics 

Committee. 

3.2 Study Design 

In this retrospective study, the investigation occurred after both the exposure and the outcome 

of interest occurred, and the study sought to establish the association between the exposure and 

the outcome. In this study, the secondary data on the exposures (i.e., age, gender, estimated 

year of infection) was utilised to determine their association with the occurrence of drug 

resistance. The study is a cross-sectional study. The advantage of this type of study is that it 

enables the establishment of association between exposure and outcome (Beaglehole et al., 

1997). 

3.3 Population and Sampling 

The population of interest in this study was all HIV-infected individuals in South Africa who 

were estimated to have been infected from 1996 to 2011 and were not on ART. The study 

sample comprised of treatment naïve HIV-infected individuals who had the following data 

available on the Los Alamos HIV Database (www.hiv.lanl.gov);  

a) HIV (RNA) sequence data for the Polymerase gene  

b) Estimated date/year of infection 

c) Age 

d) Gender 

e) Geographic location 

The participants with the above data available were representative of the documented HIV-

infected individuals in South Africa during the period of interest, the data came from studies 

published in international journals (www.hiv.lanl.gov). The study participants were stratified 

into two groups based on their estimated infection date/year (1996-2004 and 2005-2011). As 
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the aim of the study was to estimate the prevalence of transmitted drug resistance in treatment 

naïve individuals both before and after the introduction of antiretroviral treatment in the public 

sector, this stratification was very useful in determining whether there was accumulation of 

drug resistance mutations after treatment rollout. Ideally, it would have been much better to 

stratify the participants for each year of estimated infection but this would result in low 

numbers of those with available data (www.hiv.lanl.gov). Therefore, stratifying the 

participants into these two groups provided enough participants in each stratum for statistical 

analyses. The dates selected (1996 – 2011) gave roughly the same amount of data prior to ART 

rollout (1996-2004) and after ART rollout (2005-2011). 

3.4 Data Collection 

This study utilised data available on the Los Alamos HIV Database (www.hiv.lanl.gov) where 

all available information on HIV related publications that generated DNA sequences is stored, 

including DNA sequences, treatment history, infection or sampling dates, gender, age and 

sexually transmitted infections (STIs). It is a requirement for researchers to submit the data 

before publication in most international journals (Kuiken et al., 2003). The database made use 

of all HIV sequences that were published from South Africa from 1996 to 2011, which have 

additional data available such as year of infection, age, gender, and location. The data was be 

freely accessed through the Los Alamos HIV database (www.hiv.lanl.gov) , thereby 

eliminating the need to generate the sequence and other relevant data which would have been 

a costly and time-consuming process. The bulk of the data will primarily come from four 

studies conducted in the country (van Loggerenberg et al., 2008, Abdool Karim et al., 2010, 

Gray et al., 2014, Kiepiela et al., 2007).  

 

The data which was used in this study was primarily from four main published studies;  

1) the Centre for the AIDS Programme of Research in South Africa (CAPRISA) Acute 

Infection study (CAPRISA 002) which was aimed at identifying acute HIV infection and 

investigating the role of viral and immunological factors in acute and early HIV-1 infections 

(van Loggerenberg et al., 2008),  

2) the CAPRISA 004 study which assessed the effectiveness of a 1% tenofovir gel microbicide 

in preventing HIV infection (Abdool Karim et al., 2010),  

3) the HIV Vaccine Trial Network (HVTN) 503 study which tested the efficacy of an HIV 

vaccine (Gray et al., 2014), and  
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4) the Sinikhithemba Study designed to assess immune responses in HIV infected individuals 

in KwaZulu-Natal (Kiepiela et al., 2007).  

The most important outcome variable for this study was the prevalence of HIV drug resistance 

before and after public sector antiretroviral therapy rollout in South Africa. To describe drug 

resistance prevalence, the important data was the HIV DNA sequence data for the Pol gene 

from the infected participants. The most important exposure variables in this study were; 1) 

year of infection, 2) geographic location of the participant, 3) age, and 4) gender. The year of 

infection was important as the period assessed in the study spanned from pre-ART to the ART 

era and the treatment coverage generally increased with time. It was, therefore, likely that the 

circulation of drug resistant viruses would increase with the availability of treatment. Age and 

gender are important exposure variables as these could indicate differences in susceptibility to 

drug resistant forms of HIV by age or gender.  

The data analysed in this study was obtained from the Los Alamos HIV Database 

(https://www.hiv.lanl.gov). DNA sequences for the three HIV genes (reverse transcriptase, 

protease and integrase) that are targeted by antiretroviral drugs were selected on the database’s 

Sequence Search Interface (Figure 1). The following fields were selected;  

1) Virus – HIV-1 

2) Sampling country – South Africa 

3) Sampling year – 1996-2011 

4) Subtype - C (the predominant subtype in South Africa) 

5) Only drug naïve sequences 

6) Genomic region – Reverse transcriptase, Protease, Integrase 

The sequences were quality checked manually using the BioEdit program and sequences of 

low quality (i.e., incomplete, mixtures etc.) were removed from the dataset.  
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Figure 1: Snapshot of the Search Interface on the Los Alamos HIV Database. Sequences 

were selected based on the fields highlighted in yellow. 
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3.5 Detection of drug resistance mutations 

The DNA sequences from each of the groups (1996-2004 and 2005-2011) will be uploaded 

onto the Calibrated Population Resistance Program on the Stanford University HIV Drug 

Resistance database (Shafer, 2006). The online software scans uploaded HIV DNA sequences 

for known drug resistance mutations and provides a summary of the detected mutations in a 

tabular format detailing the mutation and the drug associated with the mutation. Once the 

sequences have been loaded, the software will be prompted to run the drug resistance detection.  

3.6 Validity and Reliability 

This study used data from studies from South Africa which recruited ART naïve participants 

with an estimated year of infection which fell within the period of interest (1996 – 2011). The 

use of published data from different parts of the country was a fair representation of the study 

population. Potential bias arose from the fact that most of the studies from which the data in 

this study will emanate from, predominantly recruited women (e.g., the CAPRISA 002 and 

CAPRISA 004 studies). However, as the most important outcome variable was the prevalence 

of HIV drug resistance and the participants in these studies where the data came from were 

predominantly heterosexual, it was reasonable to assume that the prevalence of drug resistance 

in women was the same as in men. Some study participants had more than one DNA sequence 

for the Pol gene available in the Los Alamos HIV Database due to the different nature of the 

parent studies. Including all the DNA sequences in this study would have posed a measurement 

bias due to re-sampling. In order to eliminate this bias, only one DNA sequence (earliest 

available) was used in this study.  

3.7 Data Analysis 

3.7.1 Descriptive analysis  

In order to determine the characteristics of the sample used in the study, the data was sorted 

into two groups. Data downloaded from the Los Alamos HIV Database (www.hiv.lanl.gov) 

was grouped by period of infection (1996-2004 and 2005-2011). The number of participants, 

age range and geographic distribution of the participants was calculated for the dataset. 

3.7.2 Determination of prevalence of drug resistance 

The output from the Calibrated Population Resistance Program analysis was used to determine 

the prevalence of drug resistance mutations for each of the groups (1996-2004 and 2005-2011) 

(i.e., the proportion of study participants who have at least one drug resistant mutation in each 
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group). The prevalence of drug resistance before antiretroviral therapy rollout (1996-2004) was 

compared to that after the rollout (2005-2011) to determine the effect of antiretroviral roll-out 

on the prevalence of circulating HIV drug resistance mutations by a Mann-Whitney U test. The 

Fishers Exact Test was used to determine the associations between drug resistance and 

associated risk factors (age, gender, geographical location). For all prevalence calculations, 

95% confidence intervals were calculated. The statistical analyses were performed using 

GraphPad Prism 6.  

3.8 Generalizability 

The results of this study give an indication of whether antiretroviral treatment resulted in the 

circulation of drug resistant forms of HIV and the factors associated with it. Even though there 

are some biases in the data (e.g., over-representation of women in the study), the results of the 

study can be generalized to the study population. The groups to which the results can be 

generalized are; 

1) the South African population, 

2) the different locations where the study participants were recruited from. 

3.9 Ethics 

The data used in this study was published in accredited international journals. The studies 

where the data came from have all gone through ethical clearance from their respective 

institutions as this is a requirement for the data to be deposited onto the database. 

As the study utilised information obtained through a publicly accessible database, there was no 

need for informed consent from participants in this study (this would have been obtained in the 

parental studies as these have been approved by the respective Ethics Committees of the 

relevant institutions). The data on the Los Alamos HIV Database (www.hiv.lanl.gov) is freely 

available and researchers are allowed to use it in their studies with no permission or approval 

from those who run it and make it available. The database is publicly funded with Federal funds 

from the National Institute of Allergy and Infectious Diseases, National Institutes of Health, 

Department of Health and Human Services (www.hiv.lanl.gov). Ethics approval was sought 

for this study from University of the Western Cape Biomedical Research Ethics Committee 

(BMREC). 
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3.10 Summary 

This study utilised secondary data obtained from the Los Alamos HIV Database 

(www.hiv.lanl.gov) to determine the prevalence of HIV drug resistance in South Africa prior 

to the public ART rollout (1996-2004) and after public ART rollout (2005-2011). DNA 

sequences from the database were analysed using the Calibrated Population Resistance 

Program on the Stanford University HIV Drug Resistance database (Shafer, 2006) to detect 

drug resistance mutations. The effect of ART rollout was determined by comparing the drug 

resistance prevalence prior to ART rollout and after ART rollout. The data from the study 

should be fairly generalizable as the study makes use of all published data from therapy-naïve 

HIV-infected people. The next chapter describes the results from the analyses. 

4. Results 

4.1 Introduction 

The participants in this study were antiretroviral therapy-naïve HIV-infected South Africans 

whose HIV sequence data was available on the Los Alamos HIV database (www.hiv.lanl.gov). 

In order to determine the trend in prevalence of HIV drug resistance in South Africa before and 

after the public rollout of antiretroviral therapy, the DNA sequences were analysed for the 

presence of known drug resistance mutations and associations between drug resistance 

mutations and antiretroviral therapy rollout, age and gender were determined.  

4.2 Summary of the data 

DNA sequences for the three genes (reverse transcriptase, protease and integrase) that are 

targeted by antiretroviral drugs were selected on the database’s Sequence Search Interface. 

After quality control, there were a total of 1701 DNA sequences for the three genes; 604 

(35,5%) reverse transcriptase, 794 (46,7%) protease and 303 (17,8%) integrase sequences 

(Table 4). 

The data obtained from the Los Alamos HIV database (www.hiv.lanl.gov) was from six of the 

nine provinces of South Africa (Gauteng, KwaZulu-Natal, Mpumalanga, Western Cape, 

Limpopo, and Free State) (Table 4). There was no data available from Eastern Cape, North 

West and Northern Cape provinces. For all the three genes of interest, most of the data was 

from the KwaZulu-Natal province with 928 (54,6%) sequences (355 [20,1%] reverse 

transcriptase, 329 [19,3%] protease and 244 [26,2%] integrase). There was an uneven 

distribution of data from the other provinces with some of the provinces having more data for 
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specific genes than others. For example, the Free State province had more data for reverse 

transcriptase (231 [38,2%] sequences) while there were 31 (3,9%) protease sequences and no 

integrase sequences from the same province. Similarly, there were 246 (31%) protease 

sequences from Gauteng while for reverse transcriptase and integrase there were 10 (1,6%) and 

57 (18,8%) sequences, respectively (Table 4).  

There was more data from females as compared to males. For reverse transcriptase, there were 

27 (4,5%) sequences from males and 577 (95,5%) (from females). Of the 794 protease 

sequences, 93 (11,7%) were from males while 701 (88,3%) were from females. Similarly, for 

the integrase gene, 31 (10,2%) sequences were from males while 272 (89,8%) sequences were 

from females (Table 4).   
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Table 4: DNA sequence data for reverse transcriptase, protease and integrase genes from the provinces of South Africa from 1996-2011 

stratified by gender. 

  Reverse Transcriptase Protease Integrase 

Province Male Female Total Male Female Total Male Female Total 

Gauteng 5 5 10 2 244 246 9 48 57 

KwaZulu-Natal 22 333 355 34 295 329 21 223 244 

Mpumalanga 0 2 2 2 11 13 0 0 0 

Western Cape 0 2 2 55 120 175 1 1 2 

Limpopo 0 4 4 0 0 0 0 0 0 

Free State 0 231 231 0 31 31 0 0 0 

Total 27 577 604 93 701 794 31 272 303 
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Of the 604 reverse transcriptase sequences, there were 302 (50%) (23 [7,6%] male and 279 

[92,4%] female) sampled prior to ART introduction (pre-ART) and 302 (50%) (4 [1,3%] male 

and 298 [98,7%] female) sampled post-ART introduction (Table 5). Most of the pre-ART 

sequence data was from KwaZulu-Natal province which had 294 (97,4%) sequences (18 

[6,1%] male and 276 [93,9%] female) while most of the post-ART data was from the Free State 

province which had 231 (76,5%) sequences (all female) (Table 5). 

For protease, there were 378 (47,6%) sequences from the pre-ART period (68[18%] male and 

310 [82%] female) and 416 (52,4%) sequences from the post-ART period (25 [6%] male and 

391 [94%] female) (Table 6). Similar to the reverse transcriptase data, most of the pre-ART 

data for protease was from the KwaZulu-Natal province which 238 (63%) sequences (22 

[9,2%] male and 216 [90,8%] female). Western Cape province had 99 (26,2%) sequences 

which were almost evenly balanced between males and females (43 [43,4%] and 56 [56,6%], 

respectively). The majority of post-ART data came from Gauteng province with 236 (56,7%) 

sequences (all female) (Table 5).  

Of the 303 integrase sequences, 246 [81,2%] (23 [9,3%] male and 223 [90,7%] female) were 

from the pre-ART period while only 57 (18,8%) were from the post-ART period (Table 7). 

The pre-ART sequences were predominantly from the KwaZulu-Natal province with 237 

96,3%) sequences (18 [7,6%] male and 219 [92,4%] female) while the post-ART data was 

mainly from Gauteng province with 50 87,7%) sequences (five [10%] male and 45 [90%] 

female) (Table 5).  

4.3 Prevalence of drug resistance mutations in South Africa between 1996-2011 

The overall prevalence of HIV drug resistance in South Africa during the period 1996-2011 

was calculated from the dataset. In order to determine if the prevalence varied by geographical 

location, the data was stratified by province. 

 

  

http://etd.uwc.ac.za/



26 

 

Table 5: Distribution of DNA sequences for reverse transcriptase, protease and integrase from South African provinces before (pre-ART: 1996-

2004) and after (post-ART: 2005-2011) ART rollout stratified by gender. The percentages indicated are relative to the total number of DNA 

sequences (male and female) for the respective gene pre- or post-ART. 

Province 

Reverse Transcriptase Protease Integrase 

Pre-ART Post-ART Pre-ART Post-ART Pre-ART Post-ART 

Male Female Male Female Male Female Male Female Male Female Male Female 

Gauteng 
5 

(1,6%) 
3 (1%) 0 2 (0,7%) 3 (0,8%) 

7 

(18,5%) 
0 

236 

(56,7%) 

4 

(1,6%) 

3 

(1,2%) 

5 

(8,8%) 

45 

(78,9%) 

KwaZulu-

Natal 

18 

(6%) 

276 

(91,4%) 

4 

(1,3%) 

57 

(18,9%) 

22 

(5,8%) 

216 

(57,1%) 

11 

(2,6%) 

80 

(19,2%) 

18 

(7,3%) 

219 

(89%) 

3 

(5,3%) 
4 (7%) 

Mpumalanga 0 0 0 2 (0,7%) 0 0 
2 

(0,5%) 

11 

(2,6%) 
0 0 0 0 

Western Cape 0 0 0 2 (0,7%) 
43 

(11,4%) 

56 

(14,8%) 

12 

(2,9%) 

64 

(15,4%) 

1 

(0,4%) 

1 

(0,4%) 
0 0 

Limpopo 0 0 0 4 (1,3%) 0 0 0 0 0 0 0 0 

Free State 0 0 0 
231 

(76,5%) 
0 

31 

(8,2%) 
0 0 0 0 0 0 

Total 23 279 4 298 68 310 25 391 23 223 8 49 
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For the period 1996-2011, the period prevalence of drug resistance mutations in reverse 

transcriptase was 7,5% (Table 6). Non-nucleoside reverse transcriptase inhibitor (NNRTI) drug 

resistance mutations contributed the majority of detected mutations with 37/604 (6,1%, 95% 

CI: 4,5-8,3) individuals presenting with at least one nucleoside reverse transcriptase inhibitor 

(NRTI) resistance mutation (Table 6). NRTI drug resistance was much lower with only 12/604 

(12%, 95% CI: 1,1-3,4) study participants presenting with at least one NRTI resistance 

mutation (Table 6). The two provinces, which contributed most of the reverse transcriptase 

sequences were KwaZulu-Natal with 355/604 (59%) and Free State with 231/604 (38%) (Table 

6). KwaZulu-Natal had a higher overall frequency of drug resistance mutations (8,5%) 

compared to Free State (5,6%) although this difference was not statistically different (p=0,3; 

data not shown). The frequency of NNRTI drug resistance mutations for the two provinces 

were more comparable (6,2% for KwaZulu-Natal and 5,6% for Free State). KwaZulu-Natal 

had higher NRTI drug resistance mutations 10/355 (2,8%, 95% CI: 1,5-5,1) compared to Free 

State which had 1/231 (0,4%, 95% CI: 1,02-2,4) and the difference between the two was 

statistically significant (p=0.05; Fishers exact test), suggesting that resistance to this class of 

drugs might vary by province.  

The prevalence of drug resistance to protease inhibitors between 1996-2011 was 2,3% (95% 

CI: 1,4-3,6) representing a low level of resistance (Table 7). Most of the study participants who 

contributed protease data were from Gauteng with 246/794 (31%), KwaZulu-Natal with 

329/794 (41%) and Western Cape with 175/794 (22%). The prevalence of protease drug 

resistance varied among these three provinces with KwaZulu-Natal having the highest 

prevalence of 3,3% (95% CI: 1,9-5,9) while Gauteng had 1,6% (95% CI: 0,6-4,1) and Western 

Cape had the lowest of 0,6% (95% CI: 0,03-3,2).  
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Table 6: Prevalence of reverse transcriptase drug resistance mutations for South African provinces with 95% confidence interval between 1996 

and 2011 for the different reverse transcriptase inhibitor drugs (NRTI and NNRTI). 

Province 

*RT sequences  

N 

Any *DRM  

N (%) Any *DRM (95% CI) 

*NRTI  

N (%) *NRTI (95% CI) 

*NNRTI  

N (%) *NNRTI (95% CI) 

Gauteng 10 0 (0%) 0-27,8 0 (0%) 0-27,8 0 (0%) 0-27,8 

KwaZulu-Natal 355 30 (8,5%) 8,4-16,3  10 (2,8%) 1,5-5,1 22 (6,2%) 4,1-9,2  

Mpumalanga 2 1 (50%)  2,6-97,4  0 (0%) 0-82,2  1 (50%)  2,6-97,4 

Western Cape 2 1 (50%) 2,6-97,4  1 (50%) 2,6-97,4  1 (50%) 2,6-97,4  

Limpopo 4 0 (0%)  0-49,0  0 (0%) 0-49,0   0 (0%) 0-49,0  

Free State 231 13 (5,6%)  3,3-9,4 1 (0,4%) 0,02-2,4  13 (5,6%)  3,3-9,4 

Total 604 45 (7,5%) 5,6-9,8  12 (2%)  1,1-3,4 37 (6,1%) 4,5-8,3  

*RT – Reverse transcriptase 

DRM – Drug resistance mutations 

NRTI – Nucleoside reverse transcriptase  

NNRTI - Non-nucleoside reverse transcriptase 
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Table 7: Prevalence of protease drug resistance mutations in South Africa between 1996 and 

2011 

Province 

*PR sequences  

N 

PR *DRM  

N (%) 

PR *DRM  

(95% CI) 

Gauteng 246 4 (1,6%) 0,6-4,1 

KwaZulu-Natal 329 11 (3,3%) 1,9-5,9 

Mpumalanga 13 0 (0%) 0-22,8 

Western Cape 175 1 (0,6%) 0,03-3,2 

Free State 31 2 (6,5%) 1,1-20,7 

Total 794 18 (2,3%) 1,4-3,6 

*PR – Protease 

DRM – Drug resistance mutations 

For integrase, the drug resistance prevalence was a moderate 5% (95% CI: 3,0-5,0) (Table 8). 

The KwaZulu-Natal province had an integrase drug resistance prevalence of 5,3% (95% CI: 

3,1-5,3) while Gauteng had 3,5% (95% CI: 0,6-12,0). The two provinces (KwaZulu-Natal and 

Gauteng) contributed more than 99% of the integrase data in this study. 

Table 8: Prevalence of integrase drug resistance mutations in South Africa between 1996 and 

2011 

Province 

*INT sequences 

(n) 

INT *DRM 

(n) 

INT *DRM 

(%) 

INT *DRM (95% 

CI) 

Gauteng 57 2 3,5 0,6-12,0 

KwaZulu-

Natal 244 13 5,3 3,1-5,3 

Western 

Cape 2 0 0 0-82,2 

Total 303 15 5,0 3,0-5,0 

*INT – Integrase 

DRM – Drug resistance mutations 

In order to determine the effect of ART rollout in 2004 on the level of drug resistance in 

therapy-naïve individuals in South Africa, the frequency of drug resistance mutations prior to 

the introduction of ART (1996-2004) and after the introduction of ART (2005-2011) were 

compared. The prevalence of drug resistance to reverse transcriptase inhibitors (combined 

NRTI and NNRTI) from 1996-2004 was 7,9% compared to 7% post-ART introduction (Figure 

2a). The difference between pre-ART and post-ART reverse transcriptase drug resistance was 

not statistically significant (p>0,99; Fishers exact test). NRTI drug resistance prior to ART 

introduction was 2,6% compared to 1,3% post-ART (p=0.62; Fishers exact test) (Figure 2b). 
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For NNRTI drug resistance, there was a slight increase between pre- and post-ART prevalence 

(5% vs. 6,2%) although this was not significant (p>0,99; Fishers exact test) (Figure 2c).  

There was also no significant difference between the frequency of protease drug resistance 

between 1996-2004 (2,9%) and 2005-2011 (1,9%) (p>0,99; Fishers exact test; Figure 2d). 

Integrase drug resistance increased from 4,9% (1996-2004) to 5,3% from (2005-2011) (Figure 

2e). This was also not statistically significant (p>0,99; Fishers exact test). 

 

Figure 2: Comparison of prevalence of drug resistance mutations Pre- and post-ART. 

a) Prevalence of drug resistance mutations to reverse transcriptase inhibitors in the Pre- (1996-

2004) and Post-ART (2005-2011) period. b) Prevalence of drug resistance mutations to 

nucleoside reverse transcriptase inhibitors (NRTI) in the Pre- (1996-2004) and Post-ART 
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(2005-2011) period. c) Prevalence of drug resistance mutations to non-nucleoside reverse 

transcriptase inhibitors (NNRTI) in the Pre- (1996-2004) and Post-ART (2005-2011) period. 

d) Prevalence of drug resistance mutations to protease inhibitors in the Pre- (1996-2004) and 

Post-ART (2005-2011) period. e) Prevalence of drug resistance mutations to integrase 

inhibitors in the Pre- (1996-2004) and Post-ART (2005-2011) period. DRM- denotes drug 

resistance mutation negative and DRM+ denotes drug resistance positive. The p-values shown 

are for Fishers exact test. 

The association between age and drug resistance was assessed by comparing the prevalence of 

drug resistance for participants under the age of 29 (median age) and those aged 29 and over 

(Tables 4.6 and 4.7). The ages of the study participants ranged from 19 to 39 years. Overall, 

there was no association between age and drug resistance mutations in all the three classes of 

antiretroviral drugs before (Table 9) and after the introduction ART (Table 10). 

Table 9: Pre-ART comparison of drug resistance mutations by age group 

Resistance Mutations <29 Years N (%) >29 Years N (%) p-value  

(Fishers exact test) 

*DRM- DRM+ DRM- DRM+   

Reverse transcriptase 131 

(92,9%) 

10 

(7,1%) 

147 

(91,3%) 

14 

(8,7%) 

0.67 

Protease 197 

(96,6%) 

7 

(3,4%) 

170 

(97,7%) 

4 

(2,3%) 

0.56 

Integrase 92 

(96,8%) 

3 

(3,2%) 

142 

(96,6%) 

5 

(3,4%) 

>0,99 

*DRM – Drug resistance mutations 

Table 10: Post-ART comparison of drug resistance mutations by age group 

Resistance Mutations <29 Years N (%) >29 Years N (%) p-value  

(Fishers exact test) 

*DRM- DRM+ DRM- DRM+   

Reverse transcriptase 127 

(94,1%) 

8 

(5,9%) 

154 

(92,2%) 

13 

(7,8%) 

0.65 

Protease 219 

(98,6%) 

3 

(1,4%) 

189 

(97,4%) 

5 

(2,6%) 

0.48 

Integrase 23 

(100%) 

0 

(0%) 

31 

(91,2%) 

3 

(8,8%) 

0.27 

*DRM – Drug resistance mutations 

The association between drug resistance mutations and gender was assessed by comparing the 

prevalence of drug resistance in males and females in the different drug classes before (Table 

11) and after (Table 12) ART rollout). There was no significant difference in prevalence of 
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drug resistance mutations between male and female participants during the pre-ART era (Table 

11) and in the post-ART (Table 12) period. However, there were more female participants in 

the study compared to males (1550 vs. 151: 91%). 

Table 11: Pre-ART comparison of drug resistance mutations by gender 

Resistance Mutations Male N (%) Female N (%) p-value  

(Fishers exact test) 

DRM- DRM+ DRM- DRM+   

Reverse 

transcriptase 

21 

(91,3%) 

2 

(8,7%) 

257 

(92,1%) 

22 

7,9%) 

0.70 

NRTI 23 

(100%) 

0 

(0%) 

271 

(97,1%) 

8 

(2,9) 

>0,99 

NNRTI 21 

(91,3%) 

2 

8,7%) 

264 

(94,6%) 

15 

(5,4%) 

0.38 

Protease 67 

(98,5%) 

1 

(1,5%) 

300 

(96,8%) 

10 

(3,2%) 

0.70 

Integrase 22 

(95,6%) 

1 

(4,4%) 

212 

(95,1%) 

11 

(4,9%) 

>0,99 

*DRM – Drug resistance mutations 

Table 12: Post-ART comparison of drug resistance mutations by gender 

Resistance Mutations Male N (%) Female N (%) p-value  

(Fishers exact test) 

DRM- DRM+ DRM- DRM+   

Reverse transcriptase 4 

(100%) 

0 

(0%) 

277 

(93%) 

21 

(7%) 

>0,99 

NRTI 4 

(100%) 

0 

(0%) 

294 

(98,7%) 

4 

(1,3%) 

>0,99 

NNRTI 4 

(100%) 

0 

(0%) 

279 

(93,6%) 

19 

(6,4%) 

>0,99 

Protease 24 

(96%) 

1 

(4%) 

384 

(98,2%) 

7 

(1,8%) 

0.40 

Integrase 8 

(100%) 

0 

(0%) 

46 

(93,9%) 

3 

(6,1%) 

>0,99 

*DRM – Drug resistance mutations 

4.4 Summary 

There were 1701 DNA sequences analysed in this study for the three genomic regions targeted 

by antiretroviral drugs (reverse transcriptase, protease and integrase). There was over-

representation of data from females as well as data from the KwaZulu-Natal Province. This is 

mainly due to the fact that most of the studies carried out in the country were intervention 

studies aimed at reducing HIV incidence among females and the KwaZulu-Natal province 
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being the region with the highest prevalence of HIV in the country. Overall, there was no 

increase in the prevalence of drug resistance mutations in the drug-naïve HIV-infected 

population after the public sector rollout of ART in 2004. The prevalence of drug resistance 

mutations in the South African population seems to be driven by the high prevalence of non-

nucleoside reverse transcriptase inhibitor mutations. Also, there was no association between 

drug resistance mutations and age or gender both pre-ART and post-ART. 

 

  

http://etd.uwc.ac.za/



34 

 

Chapter 5: Discussion 

This study sought to determine the prevalence of drug resistance mutations in the drug-naïve 

HIV-infected South African population before and after public ART rollout. Several studies 

have previously assessed the prevalence of drug resistance in South Africa (Nwobegahay et al., 

2012, Parikh et al., 2013, Hunt et al., 2012, Parboosing et al., 2011, Manasa et al., 2012, Steegen 

et al., 2016). However, some of the limitations of these studies has been the small sample sizes, 

the fact that the samples were from one region of the country (Nwobegahay et al., 2012, Parikh 

et al., 2013, Hunt et al., 2012, Parboosing et al., 2011), they examined drug resistance to only 

one class of drugs (Manasa et al., 2012) or that they were cross-sectional in nature (Steegen et 

al., 2016). This study utilised DNA sequence data available on the Los Alamos HIV database 

which is a publicly available resource for researchers to access data from published studies 

(www.hiv.lanl.gov). The utilisation of data from the Los Alamos HIV Database gives this study 

a wide coverage of South Africa, a modest sample size and cover a long period of time (1996-

2011). 

Drug resistance poses a serious threat to the management of HIV infection using ART (Cohen 

et al., 2011, Li et al., 2011). Assessing the extent of drug resistance in treatment-naïve 

individuals has huge public health benefits on several fronts. Firstly, it gives an indication of 

whether the current drug regimens being used in the country are effective as high prevalence 

would indicate low adherence or easy development of resistance. Secondly, it has now been 

established through basic science research that there is selection of virus strains with specific 

characteristics during sexual transmission of HIV; the so-called ‘transmission bottleneck’ 

(Shaw and Hunter, 2012, Joseph et al., 2015). Due to the high mutation rate of HIV, an infected 

individual harbours several variants of the virus at any given time. During sexual transmission, 

it is believed that only a single variant is able to establish infection in the newly infected 

individual due to the barrier posed by the immune system (Shaw and Hunter, 2012). Once 

infection has been established, the genetically homogeneous viral population then diversifies 

through mutation (Shaw and Hunter, 2012, Joseph et al., 2015). Therefore, the prevalence of 

drug resistance in treatment-naïve individuals will indicate whether there is preferential 

transmission of drug resistant viruses which will need to be addressed at public health level. 

The data from this study largely came from the KwaZulu-Natal province with 55% of the DNA 

sequences. This is due to the fact that most published studies assessing different biological 

correlates of HIV infection have been carried out this province. While this introduces a bias 

towards the region in the results, the KwaZulu-Natal province is the province with the highest 
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prevalence of HIV infection in South Africa and is considered the epicentre of the HIV 

pandemic globally (Kiepiela, 2014). This suggests that findings in KwaZulu-Natal represent 

the region with the highest incidence and prevalence of HIV in the country and are therefore 

relevant to any public health interventions. In addition to having most of the samples coming 

from KwaZulu-Natal, there were also more females (91%) in this study compared to males. 

This is because most of the published studies were designed to come up with intervention 

strategies to reduce infection in women, particularly young women (Abdool Karim et al., 

2010). Given the fact that the HIV epidemic in South Africa is driven by heterosexual 

transmission, the results in women can be generalised to the population (Kiepiela, 2014). There 

was a fairly balanced percentage of samples from the pre-ART era (1999-2004) and post-ART 

era (2005-2011).  

The study assessed the prevalence of drug resistance mutations for each of the drug classes in 

the South African population between 1996-2011. There was a moderate level of 7,5% 

prevalence (Jordan et al., 2012) of drug resistance in the reverse transcriptase gene, which was 

largely driven by non-nucleoside reverse transcriptase inhibitors (NNRTIs) which had a 

prevalence of 6,1%. Nucleoside reverse transcriptase inhibitor (NRTI) resistance had a 

prevalence of 2%. This pattern is consistent with that reported in a recently published study, 

which was a cross-sectional survey of the different South African provinces in 2016 where 

NNRTI resistance had a prevalence of 8,3% while NRTI resistance had a prevalence of 2,5% 

(Steegen et al., 2016). Furthermore, it is widely acknowledged that resistance from NNRTIs is 

the major driver of the prevalence of HIV drug resistance globally (Tang and Shafer, 2012).  

There was no significant change in the prevalence of drug resistance mutations to reverse 

transcriptase inhibitors between the pre-ART (1996-2004) and post-ART (2005-2011) eras. 

However, there was an increase in NNRTI drug resistance from low level 5% to a moderate 

level 6,2% although this was not statistically significant. Mechanistically, it remains unclear 

why there is a high prevalence of drug resistance to NNRTIs (Tang and Shafer, 2012). Some 

studies have pointed to the possibility that drug resistance mutations to NNRTIs generally do 

not reduce the virus’ ability to replicate efficiently (i.e., come at a low fitness cost to the virus) 

and are, therefore, more tolerated (Jain et al., 2011). On the other hand, drug resistance 

mutations to NRTIs compromise the virus’ ability to replicate (Jain et al., 2011). In the latter 

case, development of drug resistance for the virus becomes a balance between its ability to 

replicate efficiently and ‘escaping’ recognition by the drug. 
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While the prevalence of drug resistance mutations to protease inhibitors was at a low level 

2,3% (Jordan et al., 2012) during the period covered in this study (1996-2011), comparison of 

the prevalence in the pre-ART period to that during the post-ART era showed a decrease in the 

prevalence although this decrease was not statistically different. The levels of drug resistance 

mutations to protease inhibitors observed in this study are consistent with those recently 

reported by Steegen and others (Steegen et al., 2016). The national cross-sectional study 

reported a protease inhibitor drug resistance prevalence of 2%(Steegen et al., 2016). This 

suggests that the prevalence of protease inhibitor drug resistance has not changed appreciably 

due to the introduction of ART as the prevalence during the pre-ART period is comparable to 

the post-ART period.  

The prevalence of drug resistance mutations to integrase inhibitors was 5% for the period 1996-

2011. This is on the borderline between low and moderate level of resistance (Jordan et al., 

2012). The resistance to integrase inhibitors in the pre-ART era was 4,9% and it marginally 

increased to 5,3% in the post-ART era. It is quite interesting to note that there were drug 

resistance mutations to integrase inhibitors prior to ART roll-out (1999-2004) as the first drug 

in this class of antiretrovirals, raltegravir, was only approved in 2007 (Hicks and Gulick, 2009). 

The presence of drug resistance mutations to integrase inhibitors prior to their introduction 

could be a result of the natural variation of HIV. HIV has a high mutation rate (i.e., it changes 

at a high rate) which is caused by its error prone replication mechanism (Peeters and Sharp, 

2000). In fact, the variation in HIV is one of the major challenges in the development of an 

effective vaccine to the virus as it is difficult to have a vaccine that will target all possible forms 

of the virus (Peeters and Sharp, 2000). To put this into perspective, the influenza virus is so 

variable such that every year there is need for a new vaccine (Khan et al., 2017). However, the 

variation of the influenza virus globally is equivalent to the variation of HIV in one infected 

individual (Peeters and Sharp, 2000). The presence of drug resistance mutations to integrase 

inhibitors suggests a genetic predisposition of the virus to developing resistance and is a major 

threat to the use of ART in managing HIV infection and prevention of transmission. 

There was no association between drug resistance and age in this study. Some previous studies 

reported differences between age and HIV treatment adherence (Bianco et al., 2011, Lucas et 

al., 2002, Hinkin et al., 2004). While older people were found to be more likely to be adherent 

to treatment, they are more prone to non-adherence due to being cognitively impaired than 

younger study participants (Hinkin et al., 2004). The lack of association between drug 

resistance and age observed in this study could have been due to the narrow range in age of the 
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study participants (19-39 years). Due to the current test and treat guidelines, it is likely that 

there will be a growing population of HIV-infected aged people and there is need for studies 

focusing on the association between age and the development of drug resistance. 

This study did not find any association between drug resistance and gender. However, this 

result is unlikely to be a true representation of the reality in the country. Females comprised 

91% of the study participants and there was limited data from males. Previous studies have 

reported gender differences in HIV drug resistance patterns (Kan et al., 2017, Goedecke et al., 

2013, Sabin et al., 2008). The differences were attributed to factors such as barriers to treatment 

adherence and physiological differences between males and females. 

Despite the advantages that this study has which include a modest sample size, access to DNA 

sequence data from several independent studies from different regions in South Africa and the 

fact that the data spans a wide period, there are several limitations. The major limitation of the 

study comes from the fact that the secondary analysis of data generated by other researchers 

limits the control of the parameters under study. There was a disproportionate distribution of 

samples across specific regions (provinces) of the country with some of the provinces not being 

represented in the study. This makes it difficult to generalise the results of the study to the 

national level. However, it is quite important that the province with the highest HIV prevalence 

in the country was over-represented in the study, suggesting the results could represent the 

‘worst case scenario’. The other limitation of the study comes from the fact that there was an 

over-representation of female participants, making it impossible to determine whether there is 

a significant difference in the prevalence of drug resistance mutations between males and 

females. However, due to the fact that the HIV epidemic in South Africa is driven by 

heterosexual transmission, it is unlikely that the prevalence of drug resistance is different 

between males and females.  

Another limitation was the lack of data quality control when using secondary data generated 

by other researchers. However, the data that was utilised in this study comes from studies 

published in reputable international journals and has undergone rigorous checks to ensure its 

integrity (www.hiv.lanl.gov). It would have also been much better to stratify the participants 

for each year of estimated infection, but this would result in low numbers of those with 

available data. 
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Chapter 6: Conclusion and Recommendations 

This study observed that the public-sector rollout of ART in 2004 did not result in an increase 

in the prevalence of HIV drug resistance mutations in the treatment-naïve population. The drug 

resistance level was low to moderate according to the World Health Organisation (WHO) 

classification of drug resistance levels (Jordan et al., 2012). These findings suggest that there 

is minimal risk of treatment failure in newly infected individuals once they are put on therapy. 

This is especially important given the new guidelines where treatment has to be initiated upon 

diagnosis of HIV infection (WHO, 2016b). While the new strategy is envisaged to significantly 

reduce the morbidity and mortality in HIV infected people and to contribute towards the 

ambitious goal of eliminating AIDS disease by 2030, it has the potential to increase the level 

of drug resistance, which could have a negative impact (Philips et al., 2017). Findings from 

this study suggest that the risk of this happening is minimal. However, there is need to ensure 

treatment adherence in order to further reduce the development of drug resistance. 

The natural variation of HIV presents a risk to the management of HIV infection through ART 

as there was a low level of resistance mutations to integrase inhibitors prior to their 

introduction. This might negatively affect the prospects of using integrase inhibitors as part of 

first line regimen in HIV treatment on the African continent. Considerations for the use of 

integrase inhibitors for first line treatment are driven by the fact that they offer simpler dose 

schedules and have fewer side effects (Yombi and Pozniak, 2016). However, the fact that the 

viral strain predominant in South Africa (HIV subtype C) appears to be genetically predisposed 

to developing resistance to this class of antiretrovirals suggests that they might not be an 

effective option for first line treatment of HIV, at least in the Southern Africa region where 

HIV subtype C is predominant. This also points to the need for more studies characterising 

HIV infections on the African continent, as findings from studies conducted in Western 

countries may not always be generalizable to the African population. 

The fact that the prevalence of HIV drug resistance appears to be driven by the resistance to 

NNRTI drugs suggests that there may be need to start thinking about introducing other drug 

classes in first line regimen if this trajectory of resistance patterns continues. There is also need 

to come up with cost-effective methods of detecting drug resistance before commencement of 

ART, which would ensure that the individuals initiating therapy are resistant to the treatment 

that they are put on. 

http://etd.uwc.ac.za/



39 

 

The absence of data and underrepresentation of several provinces of South Africa in the Los 

Alamos HIV database suggests that there is need for HIV studies to be expanded to cover other 

regions of the country. This also applies to the low number of data available for males in the 

database. A broad coverage of the country’s population will likely result in appropriate 

interventions in the fight against HIV.  
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