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4 Introduction and Background 
The 8th Southern African HIV/TB drug resistance and monitoring workshop held on 21-22 
November 2013 in Bloemfontein, South Africa, provided an excellent opportunity to 
clinicians, clinical virologists, nurses, medical students, pharmacists, rehabilitation specialists 
and researchers involved in the treatment of patients with HIV and TB in Southern Africa to 
exchange ideas and learn from international academics.  The more than 200 delegates were 
from both the private and public health care sectors, as well as from sponsors, research 
councils and pharmaceutical companies. 

The distribution of attending disciplines to the workshop: 

 

 

 

 

 

 

 

 

The unidentified category includes nurses, doctors, therapists and scientists from South Africa and 
other countries who were not adequately identified to be categorized otherwise. 

 

The workshop, hosted by the Southern African Treatment and Resistance Network (SATuRN) 
and Amsterdam Institute for Global Health and Development (AIGHD) through PASER (Pan-
African Studies to Evaluate Resistance), focused on anti-retroviral (ARV) treatment 
programmes and clinical case management in the developing world, including South Africa, 
Zambia, Zimbabwe, Uganda, Nigeria, Kenya, Botswana and Brazil.  

The countries represented at the workshop were from Africa, Europe and North and South 
America and is depicted in the map: 
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Workshops like these, aiming to enhance clinical care of HIV infected patients, also have the 
advantage to eventually translate research data, clinical information and laboratory results 
into applicable clinical policies and programmes.  The emphasis of this event was on the 
emerging problem of HIV drug resistance, especially in the Southern African region, the 
epicentre of the HIV/AIDS pandemic and host of the largest antiretroviral treatment 
programme worldwide.   

HIV drug resistance develops when the virus undergoes microevolution (accumulating 
mutations) causing the virus to become tolerant to the therapy.  HIV is a retrovirus and it 
uses an enzyme (reverse transcriptase: RT) to synthesize DNA from its RNA genome.  HIV 
has one of the highest known mutation rates among organisms.  Its RT lacks proof reading 
mechanisms meaning mistakes introduced while replicating the genome are not rectified 
and can possibly remain as mutations.  Some of these changes in the genome might offer 
the virus enhanced fitness in the presence of drugs, and through selection under pressure of 
the drugs the virus can become tolerant (resistant) to the specific drug regimen.  The 
mutated virus (with a higher fitness advantage over the other virions under pressure of the 
drugs) escapes while the others are eliminated by the drugs.  The mutated virus has an 
opportunity to replicate in the presence of drugs (to which it is resistant) and establish a 
new population of resistant viruses within the patient.   

Currently all individual antiretrovirals eventually can lead to resistant HIV.  In an effort to 
counteract this phenomenon, drug cocktails of 3 different ARVs are used to treat HIV 
infected patients. The ultimate goal is to keep viral load (number of virus particles per ml of 
blood) undetectably low, the hallmark of ART success and recommended by WHO guidelines 
as such.  Furthermore, drugs are switched to different regimens when resistance develops 
and the choice of the next regimen is based (among others) on the specific mutations that 
are detected in the resistant virus.  The first line regimen and timing of treatment is of the 
utmost importance to eliminate the virus up front as best possible.  Sustained adherence is 
crucial in preventing escape mutants from developing.  The WHO recognises the importance 
of successful first-line treatments as it is known to affect the virus’ future response to other 
treatment.   

Both days offered balanced programmes of keynote presentations, panel discussions, 
clinical case presentations and lectures on drug resistance related topics.  Discussions were 
encouraged and stimulated by ample time for questions and responses.  The highly 
acclaimed international experts present at the workshop contributed to interesting and 
instructive sessions.   
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5 Executive Summary 
Thursday 21 November 2013 

Dr Cloete van Vuuren, a key figure within SATuRN, and Infectious Diseases Specialist at the 
Medical School of the University of the Free State, welcomed everybody to the workshop. 

Some of the sponsors gave overviews of their roles and crucial financial commitments 
regarding HIV treatment, resistance testing and the SATuRN-PASER interaction.  They 
include the Executive Manager – strategic research initiatives of the South African Medical 
Research Council, Dr Niresh Bhagwandin, and Mr Ronald Goldberg, the coordinator of the 
regional HIV/AIDS programme of the Embassy of the Kingdom of the Netherlands in 
Pretoria.  

Prof de Oliviera, a geneticist from the Wellcome Trust Africa Centre for Health and 
Population Studies at the University of KwaZulu-Natal and the director of SATuRN, described 
SATuRN’s vision which has four cornerstones: to develop advanced yet affordable HIV & TB 
drug resistance diagnostics, implement it at primary health care clinics in resource limited 
settings, create a collaborative system for surveillance, and research and capacity building.  
The SATuRN open access HIV and TB Drug Resistance and Clinical Management Case Book, 
available through SATuRN’s website (www.bioafrica.net), has reached “best seller” status 
with more than 10 000 copies distributed to health care workers. 

SATuRN’s vision is supported by the acquisition of a highly advanced sequencer (ABI 3500) 
by the Department of Medical Microbiology and Virology at the University of the Free State, 
funding it in partnership with the provincial department of health, the Medical Research 
Council (MRC) and the Delegation of the European Union to South Africa.  Dr Dominique 
Goedhals, a prominent figure in SATuRN and Senior Pathologist (Clinical Virology) in this 
Department, explained the impact of the ABI 3500 and the importance of external funders 
to build capacity. 

Prof Tobias Rinke de Wit contributed an overview of the PASER programme in 6 African 
countries with 13 clinical sites.   Both acquired and transmitted HIV drug resistance are 
monitored.  Pre-treatment HIV drug resistance has a negative impact on all aspects of HIV 
infection and treatment, with viral load (VL) testing essential in this fight.  The SATuRN-
PASER collaboration will include the expansion of clinical and laboratory databases on 
African HIV drug resistance, strengthened joint training programs, advice for African HIV 
clinicians, advocacy of HIVDR, a focus on more affordable HIVDR tests, and joint research 
options (implying an increase in available data) with coordinated grant proposal writing. 

The first keynote presentation was by Prof Mark Wainberg, a Canadian AIDS researcher and 
the Director of the McGill University AIDS Centre at the Montreal Jewish General Hospital 
and Professor of Medicine and of Microbiology at McGill University.  He demonstrated the 
intricate interplay between HIV resistance mutations and the impact of the chronological 
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order of these occurrences on clinical outcomes, where the choice of first and second line 
regimens heavily impacts.  A new integrase inhibitor (dolutegravir) currently shows promise 
to remain resistance free should it be introduced as first line therapy.  However, more 
information should be awaited on dolutegravir before used as first line drug of choice in 
South Africa. 

Dr Catherine Orrell from the Desmond Tutu HIV Foundation in Cape Town delivered the 
second keynote presentation on adherence challenges and how to address it in the low 
resource Southern Africa.  Successful in the shorter term are peer driven pre-treatment 
education and support, as well as monthly food supplementation.  Electronic reminders’ 
impact is enhanced by interaction from the care giver.  Nurses and peer-counsellors are as 
successful in maintaining adherence as doctors and professional counsellors.  Adherence is 
improved by focussing on medication factors, service/provide and patient factors.  The 
number of older people living with HIV, requiring more attention as the numbers grow, was 
discussed.  Depo-preparations may be a future solution for adherence.  The care of 
counsellors was discussed. 

An update on the Botswana National ART programme, by Dr Ava Avalos, gave an overview 
of the country’s failure management protocol.  She discussed two clinical cases which 
emphasised co-morbidities: cervical carcinoma and hypertension treatment.  The financial 
sustainability of this programme is under pressure and resistance should be kept to a 
minimum to maintain patients on first line therapy.  Adherence is thus key to the financial 
sustainability. 

The third keynote presentation was by Prof Deenan Pillay, the newly appointed head of the 
Africa Centre for Health and Population Sciences, University of KwaZulu-Natal, and 
professor of Virology at the University College London.  The utility of resistance testing is 
determined by optimal use of viral load tests, the availability of therapies, and the health 
system infrastructure and costs thereof.  Successful implementation of antiretroviral 
therapy programmes rests on timely treatment and good adherence to minimize 
transmission of the virus (the treatment as prevention approach) rather than only HIV drug 
resistance testing.  

Dr Pascale Ondoa, Dr Cissy Kityo and Dr Raph Hamers gave feedback from the PASER 
network group, following on Prof Tobias Rinke de Wit’s introduction on the PASER activities.  
Dr Ondoa, a viro-immunologist at the Amsterdam Institute for Global Health and 
Development, discussed antiretroviral therapy (ART) after 24 months of ART in the PASER 
cohort, with focus on the failing patients.  Data was obtained from 13 sites in 6 countries.  
Thrity-seven percent of patients failing after 12 months still failed at 24 months and 52% of 
those were at sites where they had access to viral load determinations.  Barriers to the 
utilization of laboratory tools need to be identified and addressed in this cohort.   
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An update on the Uganda leg of the MARCH study, monitoring HIV drug resistance in 
children, was presented by Dr Cissy Kityo.  The study measures baseline HIVDR prevalence in 
children initiating first- or second-line ART, monitors virological response to treatment, 
determines prevalence and patterns of HIVDR in children with detectable viral load and 
identifies risk factors for virologic failure and HIVDR.  Data generated up to October 2013 
portrayed that < 35% of ART coverage in most African regions is aimed at children.  NNRTI 
and NRTI resistance are the most commonly encountered.  PMTCT exposure, maternal ART 
use and breastfeeding may be important risk factors for baseline HIVDR.  A concern is that 
extensive resistance (46% multiple TAMs) is found at the time of switching to another 
regimen due to delayed switching, which might be due to fear of exhausting treatment 
options in children.  Extensive surveys and surveillance programs are necessary to identify 
risk factors for HIVDR and to inform pediatric guidelines. 

Dr Raph Hamers from the Amsterdam Institute for Global Health and Development focused 
on transmitted drug resistance (mostly driven by NNTRI mutations) which has increased as 
treatment programmes expanded.  Pre-treatment HIVDR doubles the risk of virological 
failure and further acquired drug resistance during the first year of treatment.  However, 
routine viral load monitoring reduces the chance of new HIV infections with drug resistant 
strains.  The current thought trend is to start treatment early in the infection, even as soon 
as during the acute phase.  Concerns exists that this might lead to increased incidence of 
transmitted drug resistance (TDR) and data does support this.  This negative aspect is, 
however, outweighed by the gain in prevention of new infections by early treatment.  TDR is 
furthermore curbed by timely switching to second line therapy upon virological failure. 

A panel discussion of a clinical case review completed the afternoon of Day 1.  Dr Jan-Loot 
Pretorius from the Department of Internal Medicine, Faculty of Health Sciences of the 
University of the Free State, and currently enrolled in a residency programme in Infectious 
Diseases, presented an interesting case of a gastrointestinal infection by Mycobacterium 
avium complex, the impact on HIV drug use and other clinical implications. 

Friday 22 November 2013 

A delightful and informative lecture by Prof Vernon Louw, Head of the Department of 
Medicine, Faculty of Health Sciences at the University of the Free State, served as a 
welcome on Friday 22 November 2013 – Day 2 of the workshop.  Prof Louw has an interest 
in philately and used the depiction of HIV/AIDS and related subjects on stamps to touch on 
subjects like the history of HIV, the discoverers of the virus, the fact that the illness knows 
no favourites, co-infections, the problem of orphans, the emotional impact of the disease, 
the fight against the spread of the virus, routes of transmission, HIV testing, the United 
Nations Millennium Development Goals, HIV drugs, vaccine development and South Africa’s 
aim for zero transmission. 

Dr Raph Hamers then gave a short summary of the previous day’s programme.   
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The World Health Organisation’s leading representative in the area of HIV drug resistance, 
Dr Silvia Bertagnolio, was responsible for the fourth keynote lecture.  The new WHO 
guidelines were discussed with emphasis on the changes in HIVDR surveillance since 2004. 
The current aims are to quantifying the magnitude of HIVDR, making results nationally 
representative, focusing on ART programme functioning, incorporating ad-hoc surveys and 
routine viral load and drug resistance data, integrating the early warning indicators into the 
routine management and quality improvement of the HIV programmes.  The WHO 
guidelines will be available in 2014, supported by projected cost effectiveness to guide 
decision making regarding surveillance programmes.  South Africa has recently adopted 
even more ambitious guidelines in this respect, with routine drug resistance testing for all 
South Africans who fail 2nd line treatment. 

The last keynote lecture, Prospects for an HIV cure: Hype and Hope, by Prof John Frater from 
the Nuffield Department of Medicine at Oxford University, rested upon issues also 
considered by his CHERUB (Collaborative HIV eradication of viral reservoirs: UK Biomedical 
Research Centers) group in their search for a cure.  A cure may be sterilizing (as was seen in 
the Berlin patient) or functional (as demonstrated by the Mississippi baby) or may even 
refer to long term post treatment control of the virus.  The establishment of reservoirs is a 
barrier to a cure. The “kicking and killing” approach tries to release the virus from its latent 
form to then be attacked with ARVs.  Current interest in this category lies with Histone 
Deacetylase Inhibitors (HDACi), PMA – Protein Kinase C agonists and Methylation inhibitors. 
Another approach is early treatment policies with associated post treatment control as in 
the SPARTAC trial demonstrating that early treatment diminishes the reservoir.  In the 
VISCONTI (Viro-Immunologic Sustained Control after Treatment Interruption) cohort in 
France, patients treated within 10 weeks of the acute infection and continued on treatment 
for at least one year had undetectable VLs during treatment and VLs < 400 cps/mL for at 
least 12 months after treatment interruption.   

Dr Theresa Rossouw, a prominent SATuRN network HIV Clinician and Researcher at the 
Department of Immunology, University of Pretoria, spoke on immune activation in HIV.  The 
causes, the consequences, and the potential treatment implications were discussed.  
Sustained immune activation is due to a number of reasons, among others the massive 
CD4+ T cell depletion with subsequent loss of control as well as pro-inflammatory cytokines.  
This depletion allows bacterial translocation which contributes to the systemic immune 
activation.  A vicious cycle of immune activation and HIV replication is thus kept active.  The 
consequences are senescence and exhaustion of CD8 T cells, loss of lymphnode 
architecture, and cytokine dysregulation.  The aging immune system has clinical 
consequences similar to those in the elderly.  The immune activation contributes to higher 
mortality as well as the development of drug resistance.  Although treatment with ARVs 
represents the best “deactivator” of the immune system, it is not 100% successful in that 
aspect. 
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PhD candidate Amin Hassan gave an update on the HIV-1 acquired and transmitted drug 
resistance in a specific clinic in the Kilifi District, Kenya (2008 to 2011).  He found low levels 
of transmitted drug resistance (compromising NRTIs and PIs), viremia and acquired drug 
resistance, in contrast to transmitted HIVDR recorded by the PASER program in Mombasa, 
just 50 km away from Kilifi.  It was concluded that the TDR approach previously 
recommended by WHO has its limitations in representativeness of geographical regions.  
The age group 15.0 to 34.9 years had higher levels of acquired drug resistance which 
prompted a recommendation for youth friendly ART support and initiatives.  Continued 
surveillance for transmitted and acquired HIVDR is recommended as essential information is 
still scarce in the rural areas of Kenya.  Adherence support should be prioritized and 
strengthened to ensure minimization of these issues.   

Dr Henry Sunpath, Head of Medicine at the McCord Hospital in Durban, KwaZulu-Natal 
(KZN) spoke on Individual level early warning indicators for virological failure (independent 
of adherence).  The McCord cohort forms part of the South African ART resistance cohort 
studies (SARCS).  HIV drug resistance programmes will benefit from an ability to predict the 
patients likely to experience virologic failure, even before starting and while on treatment.  
The WHO criteria recommend specific markers as early warning signs 
(http://www.who.int/hiv/pub/meetingreports/ewi).  Suggested individual level criteria are 
pharmacy refill data/clinic visits, pill counts/self-reported adherence, clinical risk factors, 
baseline minority drug resistance, and psychosocial risk factors.  Barriers to clinical care will 
impact on adherence and ultimately on drug resistance and should thus be managed.  The 
Durban cohort revealed financial insecurity among women and automobile ownership 
among men as further risk factors for virological failure.   

During the afternoon sessions of Friday (Day 2 of the workshop) Dr Cloete van Vuuren 
presented a case study of a man being treated since 2002, using the input from a panel of 
experts to tease out the pitfalls and expected side effects associated with long term use of 
antiretroviral therapy.  This case demonstrates the necessity of commitment from all parties 
involved: patient and care givers, the importance of perseverance, the problems with 
multiple drugs and their interactions (the patient is currently taking 10 different kinds of 
drugs per day) as well as the problems associated with accelerated ageing seen more and 
more in the HIV infected population with their increased survival rate. 

Dr Elna van der Ryst presented the talk Adherence, Exposure and ARV resistance –lessons 
from the maraviroc MERIT study.  She was the lead developer of maraviroc while working 
for Pfizer; currently she is an independent consultant Clinical Virologist.  Non-adherence is 
one of the major parameters driving the emergence of HIV drug resistance, but not 
expected in the closely controlled environment of a clinical trial.  During Study 1026 (a 2b/3 
phase study) resistance testing was performed on all virologic failures in the ESTA-censored 
dataset, with sufficient virus load at the time of failure to perform a valid resistance test 
(≥500 copies/mL).   Non-adherence was discovered through PK evaluations.  Data from 
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patients with at least one BLQ value was separated out (denoting at least 48 hours of missed 
doses prior to sample being taken).  When patients with VF with no resistance were plotted 
out, 6 fell on the BLQ curve, while a further 3 had very low exposures (Cavg <100ng.ml).  In 
contrast, no patients with M184V had BLQ values.  Consistent with poor adherence, patients 
with BLQ values are likely to fail with MVC-sensitive virus (and no NRTI mutations).  
Adherence information is critical in understanding/interpreting exposure response data and 
warrants appropriate collection especially in HIV treatment. 

The late afternoon session was dedicated to a mixed bag of HIV drug resistance topics 
spanning the spectrum from testing technologies to failure of second line therapy in Nigeria.  
Four speakers shared the podium for the afternoon.  Dr Michelle Bronze from the HIV Drug 
Resistance Laboratory at the University of the Witwatersrand/ National Health Laboratory 
Services in Johannesburg, presented her work on Affordable Resistance Test for Africa (ART-
A).  The ARTA-HIVDRultralight drug resistance assay targets a short length of the reverse 
transcriptase area of the genome (amino acids 41 – 238 of RT) harboring all major RT 
inhibitor resistance mutation positions, providing all relevant susceptibility data for first-line 
regimen failures.  A small amplicon is generated and sequenced and the assay is flexible 
with respect to equipment choices (open platform) and includes the option of dried blood 
spot (DBS) or plasma as sample type (extending the access of testing to more remote 
settings).  Field evaluations in Uganda (with subtype A and D prevalent), and South Africa & 
Zimbabwe (high subtype C prevalence) ensured reproducibility.  The cost of the HIV drug 
resistance test could be more than halved by the ARTA-HIVDRultralight assay.   

Failure to second-line therapy in Nigeria does not result in total loss of WHO recommended 
drug regimens, was the title of Dr Nicaise Ndembi’s talk.  NNRTI resistance is expanding 
across Africa with a shift towards tenofovir (TDF) to become the standard of first-line care 
worldwide.  In the Nigerian patients failing TDF first-line regimens the M184V was found to 
be common in patients whether previously on tenofovir or not.  The TAM mutations were 
present in patients on stavudine or zidovudine.  Unexpectedly the K65R and associated 
mutations were seen in 13 patients (4.6%) not on tenofovir, especially those on stavudine 
(11 of 13).  The most common NNRTI resistance mutations were Y181C and K103N.  
Significant associations between subtypes and certain mutations were found.  Encouragingly 
complete loss of treatment options was very rare after failure to second-line treatment in 
Nigeria.  Exhaustive loss of treatment options occurred in less than one third of patients and 
can be partially avoided by providing third-line regimens. 

Dr Michelle Gordon from the HIV pathogenesis programme at the University of KwaZulu-
Natal spoke on Protease Cleavage Sites in Gag and Drug Resistance.  Protease inhibitors (PI) 
mimic the natural substrate, binding to protease, but not cleaved, preventing cleavage of 
the natural substrate (Gag and GagPol precursor polyproteins).  Protease resistance 
mutations appear to enlarge the binding site which affects the PIs but not the natural 
substrate.  Replicative capacity of the virus is inhibited, inducing selection for compensatory 
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changes in either protease itself or its substrate (Gag polyprotein).  The question whether 
Gag mutations has an effect on PIs was investigated.  Cleavage, however, is determined by 
3D protein folding of Gag and exposure time on the protein surface in a geometrically 
favourable orientation.  Mutations causing p2/NC variation probably only cause small 
changes to the overall tertiary protein folding of Gag.   

The final presentation of the workshop was delivered by Dr Kim Steegen, the laboratory 
manager of HIV Drug Resistance Laboratory at the University of the Witwatersrand/ 
National Health Laboratory Services in Johannesburg, South Africa.  Her talk, Technology 
Advances in HIV Drug Resistance Testing, gave an overview of what phenotyping and 
genotyping is and the pro’s and con’s of these techniques.  There are commercial 
phenotypic assays available and in-house assays may also be considered.  For the 
genotyping procedure the viral genetic RNA is transcribed into cDNA.  The mutation 
patterns in the translated RT and protease genes are interpreted via rules-based algorithms 
and/or making use of expert opinions to determine whether the mutated virus will have 
resistance to specific drugs.  Commercial kits are available. In-house (“home-brew”) assays 
may be used but must be validated and approved if used for patient management.   She 
touched on Ultra-deep and Ultra-wide sequencing as well. 

Genotyping is usually of best use early in the treatment phase, and phenotyping later when 
more complex mutations are suspected.  Ultra deep sequencing (detecting very low 
frequency HIV-1 variants) and ultra-wide sequencing (detecting specific mutations in more 
than 48 patients per sequence run) are newer technologies.  The ultra-wide sequencing 
technique is able to cut cost dramatically and is being investigated as possible tool to 
increase capacity to cope with the expected increase in HIVDR testing in South Africa (ART 
guidelines NDoH, Apr 2013).  
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6 Thursday 21 November 2013 
6.1 Welcome 
Dr Cloete van Vuuren, a key figure within SATuRN, Head of the Department of Medicine at 3 
Military Hospital and an Infectious Diseases Specialist at the Medical School of the 
University of the Free State, opened the workshop with welcoming words to all present.   

6.2 South African Medical Research Council 
Dr Niresh Bhagwandin, Executive Manager – strategic research initiatives of the South 
African Medical Research Council, gave an overview of the role of this council in the search 
for successful treatment regimens for the HIV pandemic.  Funding from the council and the 
EU is crucial for the sustained fight through knowledge and inventions against this modern 
day plague.  The financial support from these institutions is acknowledged with great 
appreciation.  Their aim towards setting up a HIV drug resistance network finds 
embodiment in the current workshop and other similar ventures. 

The chair of the first session, Prof Tulio de Oliveira, introduced the first group of speakers 
coming from the ranks of sponsors, the SATuRN and the PASER networks.  Prof de Oliveira is 
a geneticist from the Wellcome Trust Africa Centre for Health and Population Studies at the 
University of KwaZulu-Natal and the director of SATuRN.   

6.3 Sponsor presentation: Embassy of the Kingdom of 
the Netherlands 

Mr Ronald Goldberg gave the view of the Embassy of the Kingdom of the Netherlands on 
PASER and HIV drug resistance in Southern Africa.  Mr Goldberg is the coordinator of the 
regional HIV/AIDS programme of the Embassy in Pretoria.  This sponsor is focused on 
regional collaboration and the mining of innovative ideas to translate drug resistance data 
and research into policies for the regional management of this ever increasing problem.  
Innovative ideas would include such as the idea to not have free condoms available in Clinics 
only (as many males avoid Clinics, especially those that have adherence problems and risky 
behaviour), but rather where the need for a condom might arise on short notice (as in a 
bar).  It was also shown that ensuring that teenagers have cash in their pockets diminishes 
the frequency with which they would approach “sugar daddys” to offer sexual services to 
obtain money.  This translates into fewer HIV infections.  Mr Goldberg finds it essential that 
drug resistance data be translated into understandable messages for policy makers.  
Collaboration between PASER, SATuRN and the Embassy of the Kingdom of the Netherlands 
should create opportunities for such messages to be relayed to policy makers.  The financial 
implications of these policies should also be well researched and managed.  Taking the 
South African historical background regarding HIV infections and treatment into account, he 

20 
 



comments that the use of garlic would not be considered an innovative treatment option, 
but he does acknowledge that the use of garlic in copious amounts would lead to a lessor 
chance of any interactions that might lead to the transmission of HIV. 

6.4 SATuRN advances in 2013 
Prof de Oliveira’s overview of the SATuRN advances in 2013 under the MRC European 
Commission Programme indicated four cornerstones supporting SATuRN’s vision for the 
future: to develop advanced yet affordable HIV & TB drug resistance diagnostics, implement 
it at primary health care clinics in resource limited settings, create a collaborative system for 
surveillance, and research and capacity building.   

  

 

Roland van Geer Ambassador of the EU to 
South Africa, authors (Tulio de Oliveira, 
Richard J Lessels, and Theresa Rossouw) 
and Ronnie Anderson of University of 
Pretoria. 

 

 

Prof de Oliveira makes it known that the SATuRN HIV and TB Drug Resistance and Clinical 
Management Case Book has reached “best seller” status with more than 10 000 copies 
distributed to health care workers.  It is also used for medical training and in non-
governmental institutions.  SATuRN keeps costs as low as possible through collaboration 
with academic institutions and the National Department of Health, maintaining databases 
for public use at the Africa centre and through the MRC.  It focuses on capacity building and 
education.  More than 2500 health care workers have already been trained through multiple 
workshops.  Open access books are written and made available through SATuRN and its 
website is informative and educational (www.bioafrica.net). 

ADVANACED  
DIAGNOSTICS 

PHC 
CLINICS 

SURVEILLANCE 
& RESEARCH 

COLLABORATION  &  
CAPACITY BUILDING 
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6.5 ABI 3500 sequencer 
Many of the cornerstones of the SATuRN vision for the future are echoed in the acquisition 
of a highly advanced sequencer (ABI 3500) by the Department of Medical Microbiology and 
Virology at the University of the Free State, funding it in partnership with the provincial 
department of health, the Medical Research Council (MRC) and the Delegation of the 
European Union to South Africa.  Dr Dominique Goedhals, also a prominent figure in 
SATuRN and Senior Pathologist (Clinical Virology) in the Department of Medical 
Microbiology and Virology, explained the advantages of such an advanced instrument in 
resistance diagnostics and the implications for patient care in the field of HIV and TB 
treatment.  She emphasised the importance of external funders for building capacity in 
terms of staff training and equipment in the academic centres to allow patients in the state 
sector access to HIV resistance genotyping. 

6.6 PASER involvement in Africa 
The final contributor to the first session, Prof Tobias Rinke de Wit, gave an overview of 
PASER’s involvement in Africa in terms of number of sites, drug regimens within the 
research sphere of PASER, and HIV subtypes and drug resistance profiles encountered via 
the PASER research projects.   

 

The PASER sites in Africa (6 countries with 13 clinical sites) 

PASER-M studies monitor acquired HIV drug resistance whereas PASER-S studies are 
surveillance studies for transmitted HIV drug resistance.  Pre-treatment HIV drug resistance 
has grave implications for the patient as the risk of virological failure and further acquired 
drug resistance doubles in the first year of treatment for these patients. Furthermore, they 
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have a slower immunological recovery (depicted by the CD4 count) in the first year, 
compared to patients without 
pre-treatment resistance. 

 

 

 

 

 

 

Viral load testing proves essential to prevent unnecessary switching between drug 
regimens.  Lack of VL testing leads to the development of more HIV drug resistance. 

PASER also contributes to capacity building through regional workshops and on-site training. 

Prof Rinke de Wit’s  vision for future collaboration between PASER and SATuRN include the 
expansion of clinical and laboratory databases on African HIV drug resistance, strengthened 
joint training programs for African HIV clinicians, strengthened joint advocacy of HIVDR 
through presentations at multifaceted forums, improved advice to African HIV clinicians 
regarding treatment of patients who are failing ART, a coordinated development, validation 
and marketing of more affordable HIVDR tests, and further emphasis on research through 
improved joint research options (implying an increase in available data) with coordinated 
grant proposal writing. 

6.7 First Keynote Presentation: Is understanding HIV 
drug resistance still relevant? 
Prof Mark Wainberg (Director of the McGill University AIDS Centre) 

The first keynote presentation followed on this, delivered by Prof Mark Wainberg.  Prof 
Wainberg is a Canadian AIDS researcher and the Director of the McGill University AIDS 
Centre at the Montreal Jewish General Hospital and Professor of Medicine and of 
Microbiology at McGill University.  He was co-developer of the widely used drug lamivudine 
(3TC).  He posed the question: “Is understanding drug resistance still relevant?”  During his 
talk he demonstrated the intricate interplay between the resistance mutations and how the 
chronological order of these incidents impacts clinical outcomes like the ability to suppress 
the virus or not.  The choice of first and second line regimens are heavily implicated in the 
specific mutations that develop.  Resistance to the non-nucleoside reverse transcriptase 
inhibitors are on the rise in the post HAART era.  Two randomised controlled double-blind 
studies (ECHO and THRIVE) demonstrated some of these observations.  Rilpivirine in 
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combination with TDF/FTC (ECHO) or 2N(t)RTIs (THRIVE) were compared with efavirenz with 
the same combinations.  Rilpivirne did better in terms of adverse events, but in cases of very 
high viral load, efavirenz out-performed rilpivirine in terms of time to loss of virological 
response.  The resistance mutations from the pooled trials revealed an association of the 
E138K mutation with M184I in the rilpivirne leg, whereas the E138K mutation was not seen 
in the efavirenz leg; rather K103N and M184V/I.  The replicative capacity was restored to 
that of wild type (WT) when the combination of E138K and M184I existed.  The N348I 
mutation in the reverse transcriptase prevented the E138K mutation.  Thus, should this 
mutation exist from previous treatment regimens, and rilpivirine be used in a subsequent 
regimen, the E138K mutation will not appear and allow replicative capacity to be restored. 

He also discussed a new integrase inhibitor (dolutegravir) which currently shows promise to 
remain resistance free should it be introduced as first line therapy.  The SPRING study 
demonstrated that dolutegravir is non-inferior to raltegravir at 48 weeks of treatment in 
terms of virological suppression.  The SINGLE study compared dolutegravir plus ABC/3TC 
with Atripla plus ABC/3TC.  Dolutegravir was statistically suprerior to Atripla in terms of the 
proportion of patients with viral loads < 50cps/mL at week 48 of treatment, and it achieved 
the virological suppression faster than Atripla.  The FLAMINGO study compared dolutegravir 
with darunavir and once again dolutegravir was superior to darunavir in terms of virological 
suppression at 48 weeks as well as the fact that it achieved the suppression faster than 
darunavir.  No mutations were associated with dolutegravir when used as first line therapy 
and no mutations were elicited by other drugs used in the triple regimen with dolutegravir 
over a 2-year period of treatment.  Resistance mutations selected in vitro with dolutegravir 
are: R263K or G118R plus H51Y.  R263K and G118R confer low-level resistance against 
dolutegravir, e.g. 2.5-6-fold.  The addition of H51Y to either R263K or G118R increases 
resistance against DTG but also further decreases viral fitness.  These findings help to 
explain why resistance against dolutegravir in integrase inhibitor-naïve patients has not 
been observed. 

During the discussion that followed Prof Wainberg urged South Africa not to wait before 
implementing dolutegravir as preferred first line therapy.  This could also imply no 
transmission of any resistant viruses, and this drug could be used in the treatment as 
prevention strategy.  However, Prof De Oliveira cautioned that similar expectations were 
held for protease inhibitors which did not realize.  More information should be awaited 
before decisions are made regarding dolutegravir as first line drug of choice in South Africa. 
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6.8 Second Keynote Presentation: Addressing adherence 
challenges – what does the evidence say? 
Dr Catherine Orrell from the Desmond Tutu HIV Foundation in Cape Town 

Dr Catherine Orrell from the Desmond Tutu HIV Foundation in Cape Town delivered the 
second keynote presentation on adherence challenges and how to address it in Southern 
Africa, a low resource setting (Addressing adherence challenges – what does the evidence 
say?).  Adherence is extremely important because antiretroviral therapy options are limited.  
Good adherence will ensure maintaining the patient on first-line therapy for longer as 
resistance will not develop readily.  First-line (usually NNRTI-based) is easier to take; with 
reduced adverse effects and is cheaper (R95/month).  Second-line (usually protease 
inhibitor-based) increases both tablet burden and dosing times; is less well tolerated and 
more expensive (R338/month).  At failure of second-line therapy the cost of genotyping may 
have to be added as well as higher costs of salvage therapy.  Maintaining people on first-line 
is crucial to programmatic success; thus minimising and delaying impact of resistance.  
Barriers to adherence include ETOH/substance abuse, depression, memory, side effects of 
medication, pill burden/dosing frequency, adolescence, transportation to clinic, food 
security, stigma, stock-outs and substitutions, unfriendly service.  From peer reviewed 
literature it is evident that Africa is doing better in terms of adherence than the Western 
world.  The measures that work in the resource restricted environment includes peer driven 
pre-treatment education and peer support which works in the shorter term.  Monthly food 
supplementation has a positive impact.  Electronic reminders do help but is even better with 
some interaction from the care giver.  Nurses and peer-counsellors are as successful in 
maintaining adherence as doctors and professional counsellors.  Issues which can be 
concentrated on to improve adherence can be categorized into medication factors (e.g. 
once daily dosing, fixed dose combinations), service/provider factors (explain things in one-
on-one sessions, adherence support and counselling, reminder devices and communication 
technologies; measure adherence e.g. self-reported adherence, pharmacy refill data), 
patient factors (supporting those groups with higher risk for non-adherence e.g. children 
and adolescents).   

Reminder devices include pill boxes and Wisepill, which is a South African 
invention allowing real-time adherence monitoring by GPRS. This is useful in 
TB and HIV.  The cost is R120 – R200/annum (plus purchase cost).   

Some of the discussion focused on the growing number of older people living 
with HIV and whom will require more attention as the numbers grow.  Other 
questions included whether depo-preparations may be considered.  The care 
of counsellors was shown to be imported and discussed.  Dr Orrell indicated 
that DOTS does not work for HIV treatment, but a discussion lead to a decision 
that DOTS on the short term in specific patients might be useful. 

Wisepill 
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6.9 Sustaining the Botswana National ART Programme 
Dr Ava Avalos 

An update on the Botswana National ART programme was given by Dr Ava Avalos with an 
overview of that country’s failure management protocol.  HIV incidence in Botswana has 
dropped dramatically since 1995 from 4.3% to a current 1.3%.  First line treatment has 
shifted towards tenofovir based regimens.  Third line treatment has been available since 
2002.  The Botswana failure management protocol is aggressive.  Viral load monitoring is 
done 3 months after initiation and every 6 months thereafter.  At the first out of range VL, 
the VL is repeated and clinicians must determine the possible causes of treatment failure 
(drug-drug interactions, adherence, concurrent illness, recent vaccination, inadequate 
dosage, tolerability, malabsorption, TB).  If the confirmatory VL is elevated, the patient must 
return with an adherence partner for intensive adherence counselling.  ART clinics are 
required to establish ART Failure Management Team which include the ART clinic director or 
responsible medical officer/nurse, the clinicians and nurses who are interested in advanced 
HIV care, the ART clinic pharmacists or pharm techs and the counsellors and social workers.  
Clinical management of all patients suspected or confirmed with virologic failure should be 
discussed among the team members to determine the best recommendations for follow up 
care.  Whenever necessary, HIV specialists are consulted.  Treatment switch to second line 
ART is determined at the discretion of the treating physician.  Patients suspected to have 
2nd line failure with a confirmatory out-of-range VL must have a blood sample sent for 
resistance testing, while remaining on sub-optimal regimens until results are returned. 
However, if resistance testing results are not available within 8 weeks – clinicians may 
empirically begin a 3rd line regimen with approval of an HIV Specialist.  When the resistance 
test returns, clinicians and HIV Specialist determine the optimal 3rd line treatment regimen. 

She further discussed two clinical cases which put emphasis on the issues of the co-
morbidities cervical carcinoma and hypertension treatment.  The financial sustainability of 
the Botswana National ART programme is under pressure and keeping patients on first line 
therapy will lessen the cost of antiretroviral therapy.  Resistance to first line regimens 
should thus be kept to a minimum.  Adherence is the key to the financial sustainability. 

6.10 Third Keynote Presentation: HIV drug resistance- 
impact and significance in the context of generalised 
epidemics 
Prof Deenan Pillay: professor of Virology at the University College London 

The third keynote presentation was by Prof Deenan Pillay, the newly appointed head of the 
Africa Centre for Health and Population Sciences, University of KwaZulu-Natal, and professor of 
Virology at the University College London.  He discussed the impact and significance of HIV 
drug resistance in the context of generalised epidemics.  Without virological monitoring, 
therapy will fail.  The utility of resistance testing is determined by optimal use of viral load tests, 
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the availability of therapies, and the health system infrastructure and costs thereof.  
Resistance mutations appear in a stepwise fashion during virological failure, with a slow 
increase towards baseline levels of the viral load.  Even with multidrug resistance, the viral 
load might not return to the original levels.  First line choices determine the mutations that 
will develop which in turn determine the possibilities for second line treatments.  Without 
viral load monitoring, making use of clinical parameters only, survival will be hugely 
compromised. 

 

Transmitted drug resistance is also on the increase and will have an impact on initial 
therapy.  From 25 cohorts representing > 10 000 patients, 9.5% harbored a virus with ≥ 1 
mutation.  Only 49.8% of these patients received a fully active regimen, unavoidably leading 
to poor virological response and further acquired resistance.   

Resistance testing is not essential for the 
successful implementation of antiretroviral 
therapy programmes.  As the overall impact of 
drug resistance in the population is determined by 
the overall incidence, it is essential to treat and 
have good adherence to minimize incidence.  The 
impact of treatment as prevention within the 
context of other preventative measures 
investigated, is shown here. 
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Models predict a dramatic impact on HIV incidence should there be universal testing and 
immediate treatment with 
ART.   

 

 

 

 

 

 

Expansion of ART treatment in South Africa to treatment at diagnosis with improvement in 
access to care should not lead to an increase in drug resistance. 

 

During the discussion Prof Pillay repeated: Resistance testing is important but more 
important is that the patient should swallow the medication. 

6.11 Feedback from the PASER Network 
The first afternoon session of Day 1 of the workshop was dedicated to feedback from the 
PASER network group.  Dr Pascale Ondoa, Dr Cissy Kityo and Dr Raph Hamers each 
presented a topic after Prof Tobias Rinke de Wit’s introduction on the PASER activities.   

6.11.1 The outcome of antiretroviral therapy (ART) after 24 months of ART in the PASER 
cohort 

Dr Ondoa, a viro-immunologist at the Amsterdam Institute for Global Health and 
Development, gave a review of the outcome of antiretroviral therapy (ART) after 24 months 
of ART in the PASER cohort, with focus on the patients that fail treatment.  Data was 
obtained from 13 sites in 6 countries.  It was found that 37% of patients that fail after 12 

Cambiano et al   AIDS (in press) 
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months of therapy still fail at 24 months and 52% of those were at sites where they had 
access to viral load determinations.  Barriers to the utilization of laboratory tools need to be 
identified and addressed in this cohort.   

6.11.2 Paediatric HIVDR: the case of Uganda (MARCH) 
An update on the Uganda leg of the MARCH study, aiming at monitoring HIV drug resistance 
in children, was presented by Dr Cissy Kityo.  It has as objectives to measure baseline HIVDR 
prevalence in children initiating first- or second-line ART, to monitor virological response to 
treatment, to determine prevalence and patterns of HIVDR in children with detectable viral 
load and to identify risk factors for virologic failure and HIVDR.  Dr Kityo could conclude 
from the data generated up to October 2013 that there are important barriers to care 
remaining for children, reflected in the fact that < 35% of ART coverage in most African 
regions are for children.  She found that NNRTI resistance is the most commonly 
encountered with resistance mutations K103N and Y181C; the most prevalent mutations 
conferring resistance to NRTIs are M184V and TAMs.  Furthermore, besides PMTCT 
exposure, maternal ART use and breastfeeding may be important risk factors for baseline 
HIVDR.  A concern is the fact that extensive resistance (46% multiple TAMs) is found at the 
time of switching to another regimen due to delayed switching.  It might be due to fear of 
exhausting treatment options in children.  According to the WHO criteria, the level of pre-
treatment HIV drug resistance (HIVDR) seen in children in this cohort is moderate, which 
calls for extensive surveys to identify risk factors.  HIVDR is underreported in children, 
demanding surveillance programs to inform pediatric guidelines. 

6.11.3 Pretherapy HIV drug resistance: what is next? 
Dr Raph Hamers from the Amsterdam Institute for Global Health and Development focused 
on transmitted drug resistance.  This phenomenon has increased as treatment programmes 
expanded and is mostly driven by NNTRI mutations.  Pre-treatment HIVDR doubles the risk 
of virological failure and further acquired drug resistance during the first year of treatment.  
However, routine viral load monitoring reduces the chance of new HIV infections with drug 
resistant strains.  The current thought trend is to start treatment early in the infection, even 
as soon as during the acute phase.  (This echoes the modelling predictions seen in Prof 
Pillays keynote address).  Concerns exists that this might lead to increased incidence of 
transmitted drug resistance (TDR) and data does support this.  This negative aspect is, 
however, outweighed by the gain in prevention of new infections by early treatment.  TDR is 
furthermore curbed by timely switching to second line therapy upon virological failure. 

The discussion following on this talk touched on the fact that models may be 
misrepresenting real-life situations.  Models should translate into proper patient care, and 
where change is needed it is usually activists enforcing change and not models. 
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6.12 Clinical Case 1 
Dr Jan-Loot Pretorius 

A panel discussion of a clinical case review completed the afternoon of Day 1.  Dr Jan-Loot 
Pretorius from the Department of Internal Medicine, Faculty of Health Sciences of the 
University of the Free State, and currently enrolled in a residency programme in Infectious 
Diseases, presented an interesting case of a patient with gastrointestinal symptoms, turning 
out to be Mycobacterium avium complex.  With the help of the panel and audience 
interaction the treatment and pitfalls of such a case was discussed.   
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7 Friday 22 November 2013 
7.1 Welcome: HIV and AIDS in Philately 

Prof Vernon Louw 
A delightful and informative lecture by Prof Vernon Louw, Head of the Department of 
Medicine, Faculty of Health Sciences at the University of the Free State, served as a 
welcome on Friday 22 November 2013 – Day 
2 of the workshop.  

 

Prof Louw has an interest in philately and used the depiction of HIV/AIDS and related 
subjects on stamps to touch on subjects like the history of HIV, the discoverers of the virus, 
the fact that the illness knows no favourites, co-infections, the problem of orphans, the 
emotional impact of the disease, the fight against the spread of the virus, routes of 
transmission, HIV testing, the United Nations Millennium Development Goals, HIV drugs, 
vaccine development and South Africa’s aim for zero transmission. 

 

 

 

 

 

 

 

 

 

First postage stamp – 1 May 1840 
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Dr Raph Hamers then gave a short summary of the previous day’s programme.   

7.2 Fourth Keynote Presentation: New WHO guidelines 
on HIVDR 
Dr Silvia Bertagnolio, WHO 

The World Health Organisation’s leading representative in the area of HIV drug resistance, 
Dr Silvia Bertagnolio, was responsible for the fourth keynote lecture.  Much have changed 
since the previous WHO HIV drug resistance guidelines were established in 2004.  Access to 
medication has improved with 10 million people receiving ART worldwide.  The percentage 
of ART coverage is not 100%, but 115 countries do have some coverage. 

 

She gave an overview of the new WHO guidelines for HIV drug resistance surveillance elaborating on 
the changes in HIVDR surveillance since 2004.  The current aims are to quantifying the magnitude of 
HIVDR, making results nationally representative, focusing on ART programme functioning, 
incorporating ad-hoc surveys and routine viral load and drug resistance data, integrating the early 
warning indicators into the routine management and quality improvement of the HIV programmes.  
This approach should make the surveillance programme suitable for all types of epi settings (low-
level, concentrated, generalized, mixed and hyper-endemic epidemics).  The surveillance programme 
should at least answer the question whether first and second line regimens, pre-exposure 
prophylaxis and post-exposure prophylaxis are effective given the population-level prevalence of 
HIVDR.  The parameters to be surveyed should include early warning indicators, pre-treatment 
HIVDR, acquired HIVDR, HIVDR in infants younger than 18 months and transmitted HIVDR.   

ART coverage    
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Table 1: HIVDR surveillance in a nutshell: populations and public health relevance 

 

Early warning indicators are important as they are the link between population-level surveillance 
and clinic-specific results.  The package of indicators include: on-time pill pick up (population level 
measure of adherence to ART); retention in care (now defined as the UNGASS and PEPFAR retention 
indicators); pharmacy stock outs of routinely dispensed drugs, dispensing practices monitoring 
dispensing of mono- or dual therapy and VL suppression.  The detailed revisions of HIVDR EWIs may 
be found on the WHO HIVDR homepage (www.who.int/hiv/drugresistance). 

When monitoring pre-treatment HIVDR, it should be kept in mind that HIVDR among initiators with 
prior ARV exposure is GREATER than among initiators without exposure.  E.g. among 2500 people 
initiating ART HIVDR in individuals with prior ARV exposure was 28.7%, compared to HIVDR in 
individuals without prior ARV exposure at 5.7%. (PASER, Lancet Infectious Diseases 2012).  
Combining the two groups results in an average that applies to no one and to everyone and 
inaccurate conclusions and inappropriate policy making may result.  A sample of 30 clinics with 360 
eligible patients should be adequate to make the correct deductions. 

During surveillance for acquired drug resistance, both viral load suppression outcomes and drug 
resistance outcomes are relevant.  The prevalence of VL suppression (VL<1000 c/mL) among 
individuals sampled as well as adjusted for non-retention should both be seeked.  HIV drug 
resistance prevalence among individuals with VL>1000 c/ml and prevalence for all individuals 
sampled, are relevant outcomes.  An early (12-24 months) and late (36+ months) time point will 
bring useful information for programme success.   

In the surveillance of children < 18 months of age, the history of exposure to PMTC drug regimens 
should be taken into consideration.  Overall, among PMTCT-exposed and unexposed children <18 
months, NNRTI resistance can be as high as 63%.  In Zimbabwe and Swaziland unexpectedly high 
HIVDR prevalence levels was seen, up to 23% in children supposed to be unexposed to PMTCT and 
50% if exposure was “unknown”.  It must be kept in mind that the history of exposure to PMTCT is 
an inaccurate marker for being at high risk of failing on NNRTI-based ART regimens.  Fewer children 
are infected under PMTCT, but higher resistance is seen among those infected despite of PMTCT.   
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Surveillance for transmitted HIV drug resistance is especially relevant in setting where high pre-
treatment HIVDR is observed and/or where PEP/PrEP is adopted as national policy.  

The WHO guidelines for the methods and standards to use for routine data will be available in 2014.  
The cost effectiveness thresholds associated with different policies are being investigated and 
should support decision making regarding surveillance programmes.  South Africa has recently 
adopted even more ambitious guidelines in this respect, with routine drug resistance testing for all 
South Africans who fail 2nd line treatment. 

7.3 Fifth Keynote Presentation: Prospects for an HIV 
cure: Hype and Hope 
Prof John Frater, Oxford University 

The last keynote lecture, Prospects for an HIV cure: Hype and Hope, was presented by Prof John 
Frater from the Nuffield Department of Medicine at Oxford University where he is a Researcher.  His 
message rested upon issues also considered by the CHERUB (Collaborative HIV eradication of viral 
reservoirs: UK Biomedical Research Centers) group - of which he forms part - in their search for a 
cure.  These include:  What is ‘cure’? Is there a proof of principle regarding a cure? Is the 
“kicking and killing” approach one to consider? What are the implications embedded in an 
early treatment policy?  A cure may be a sterilizing cure (as was seen in the Berlin patient) 
or a functional cure (as demonstrated by the Mississippi baby) or may even refer to long 
term post treatment control of the virus.  One of the main barriers to a cure is the 
establishment of reservoirs and the “kicking and killing” approach tries to release the virus 
from its latent form and then attack it through means of ARVs.  Current interest in this 
category lies with Histone Deacetylase Inhibitors (HDACi), PMA – Protein Kinase C agonists 
and Methylation inhibitors.   

 

 

 

 

Figure 1: the working 
mechanism of one of the anti-
latency drugs, histone 
deacetyloase inhibitors (HDAC) 
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A trial is scheduled to start in 2014 in the UK in patients with primary HIV infection during 
which these patients will start on early ART, be vaccinated against HIV and be treated with 
HDACi’s.  The control arm will be standard of care and the primary outcome will be the 
change in reservoir size.  Early treatment policies with associated post treatment control 
forms part of the search for a cure.  During the SPARTAC trial it was demonstrated that early 
treatment diminishes the size of the reservoir.   

 

 

 

 

 

 

 

 

 

 

In a French cohort of patients treated early after acute infection, the VISCONTI cohort, 
patients treated within 10 weeks of the acute infection and continued on treatment for at 
least one year had undetectable viral loads during treatment and viral loads < 400 cps/mL 
for at least 12 months after treatment interruption.  VISCONTI is the acronym for Viro-
Immunologic Sustained Control after Treatment Interruption.  Interestingly, from a study 
published in PLOS Pathogens (2011) it stems that rebound virus after treatment interruption 
resembles episomal virus rather than provirus, implicating this as the possible source of 
replenishment. 

The subsequent discussion revealed concern for the long term toxicity and oncogenic 
potential of HDAC inhibitors.  The Mississipi baby data might also be misleading as it is stil 
controversial whether the child was truly infected.  It might also be true that many babies 
are able to clear the virus though natural means without the scientific population being 
aware of it until now.  Further concern was expressed about the potential ability of the 
drugs to “awaken” endogenous retroviruses.  The reason for the current interest in these 
drugs already known for a while was explained as the fact that they are currently more 
specific than previously.  Ideas around vaccines were that a “reservoir” vaccine should 
rather be sought instead of a therapeutic vaccine. 

Chronic infection (n=135) 

Acute infection (n=22) 

Log 
HIV 
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7.4 Immune activation in HIV 
Dr Theresa Rossouw 

Dr Theresa Rossouw, HIV Clinician and Researcher at the Department of Immunology at the 
University of Pretoria and a prominent clinician participating in the SATuRN network, 
presented a lecture on immune activation in HIV.  Her discussion focused on the causes for 
the immune activation, the consequences of these events, and the potential treatment 
implications.  The cause for the sustained immune activation is the anti HIV immune 
response involving both cellular and immune components, which is constantly driven by the 
antigen stimulation and HIV proteins (e.g. gp120 and nef).  Antigen stimulation can be from 
HIV or other viruses (e.g. CMV and EBV).  The anti-HIV immune response leads to viral 
reactivation, and both phenomena lead to systemic immune activation.  Viral reactivation is 
further fueled from the massive CD4+ T cell depletion caused by the HIV infection, which 
leads to an inability to control viruses with the subsequent reactivation of latent viruses 
such as CMV and EBV.  The inflammatory process may contribute to viral reactivation 
through pro-inflammatory cytokines.  The CD4+ T cell depletion also allows bacterial 
translocation which contributes to the systemic immune activation.   

 

A vicious cycle of immune activation and HIV replication is kept active through these means.  
The consequences are senescence and exhaustion of CD8 T cells, loss of lymphnode 
architecture, and cytokine dysregulation.  This leads to an aging immune system with clinical 
consequences similar to those seen in the elderly.  The immune activation contributes to 
higher mortality as well as the development of drug resistance.  Although treatment with 
ARVs represents the best “deactivator” of the immune system, it is not 100% successful in 
that aspect. 

Input from the audience was that the important role of diet cannot be overemphasized as 
immune modulator.  Smoking should also be discontinued for optimal immune functioning.  
It was also mentioned that in spite of the translocation of microbial products over the gut 
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mucosa, surprisingly few Gram neg sepsis is seen in these patients.  Africa was mentioned as 
a milieu with more co-infections, thus more immune activation probably leading to more 
complications and non-AIDS conditions. 

7.5 HIVDR in Kenya 
Dr Amin Hassan 

PhD candidate Amin Hassan gave an update on the HIV drug resistance in a specific clinic in 
the Kilifi District, Kenya.  He described HIV-1 acquired and transmitted drug resistance over 
the period 2008 to 2011.  His analysis of the data painted a picture of low levels of 
transmitted drug resistance and viremia and acquired drug resistance similar to other 
settings in Kenya.  1.1% of patients in this cohort had transmitted drug resistance mutations 
(compromising NRTIs and PIs).  A concerning 25% of patients had a detectable viral load.  
Thirteen percent had acquired drug resistance.  The 40% acquired drug resistance in the age 
group 15.0 to 24.9 years and 20% in the age group 25.0 to 34.9 years prompted a 
recommendation for youth friendly ART support and initiatives.  Continued surveillance for 
transmitted and acquired HIVDR is recommended as essential information is still scarce in 
the rural areas of Kenya.  Adherence support should be prioritized and strengthened to 
ensure minimization of acquired and transmitted drug resistance.   

7.6 Individual level early warning indicators 
Dr Henry Sunpath 

The next presentation was by Dr Henry Sunpath.  Dr Sunpath is the Head of Medicine at the 
McCord Hospital in Durban, KwaZulu-Natal (KZN) and he spoke on Individual level early 
warning indicators for virological failure (independent of adherence).  Amidst the huge need 
for antiretroviral therapy and the emerging problem of drug HIV drug resistance, his 
question was whether we can predict which patients are likely to experience virologic 
failure, even before starting and while on treatment.  This ability should be used to prevent 
these patients from experiencing virologic failure.  He gave and overview of previously 
published data on the McCord cohort (part of the South African ART resistance cohort 
studies (SARCS)), spoke on the early warning indicators at an individual level, reported on 
other challenges in KZN, and highlighted the main aspects of a future research project.  The 
McCord cohort showed a clear link between poor adherence and virological failure during 
the first 12 months of the study, but this effect disappeared towards 24 months.  A possible 
explanation is that once virus replication is suppressed, lapses in adherence might be less 
critical.  It might also be a survival effect.  Pharmacy refill data displayed an increase in 
adherence after change to 2nd line therapy with a subsequent decline.  Currently the WHO 
recommends certain criteria as early warning sign criteria for the development of HIV drug 
resistance.  These criteria will also give an idea of the level of functionality of the clinic.  
They include prescribing practices, lost to follow-up (LTFU) at 12 months after start of ART, 
retention on 1st line ART at 12 months or VL undetectable, timely ARV pickup, ARV 
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appointments, ARV shortages, adherence, baseline HIVDR.  Suggested individual level 
criteria are pharmacy refill data/clinic visits, pill counts/self-reported adherence, clinical risk 
factors, baseline minority drug resistance, and psychosocial risk factors.  Barriers to clinical 
care will impact on adherence and ultimately on drug resistance.  Those identified in South 
Africa include poverty/economic barriers (transportation, food Insecurity, disability grants, 
poor social support), institutional barriers (long wait times, negative staff experiences, poor 
health literacy, limited substance abuse treatment and mental health facilities), 
sociocultural barriers (perceived stigmatization, influence of charismatic churches, 
traditional healers, gender inequalities) and political barriers (migration, controversy over 
provision of HIV treatment, unfavorable policies).  The proposed individual early warning 
indicators based on the WHO recommendations are, age, gender, faith, family member 
HIV+, treatment supporter, clinic recommendation, current regimen (if suppressed on ART; 
d4T does worse), fluconazole use.  While the patient is on ART, these can be supplemented 
with depression, unsafe sex practices (risky behavior), clinic experience, fatigue, diarrhea, 
rash, lipodystrophy, current CD4 count, ARV reminders, and adherence.  Pharmacy refills 
and pill counts on their own are inadequate.  Furthermore, a tailored account of EWI can 
give rise to a tailored response to the problem of virological failure.  The Durban cohort 
revealed other indicators as well.  Financial insecurity among women and automobile 
ownership among men were identified as further risk factors for virological failure.  In this 
setting, a combination of pharmacy refill and self-report adherence questions had the 
highest diagnostic accuracy, although this needs to be further investigated before it can be 
made applicable to other settings.   

The subsequent discussion was on the implications of the finding that automobile 
ownership is a risk factor for virological failure.  It might possibly indicate affluence allowing 
a more risky lifestyle. 

7.7 Clinical Case Study 2  
Dr Cloete van Vuuren 

The afternoon sessions of Friday (Day 2 of the workshop) was started by Dr Cloete van 
Vuuren, Head of the Department of Medicine at 3 Military Hospital and an Infectious 
Diseases Specialist at the Medical School of the University of the Free State.  He presented a 
case study of a man being treated since 2002, using the input from a panel of experts to 
tease out the pitfalls and expected side effects associated with long term use of 
antiretroviral therapy.  The patient had 5 changes in his drug regimen over the course of 11 
years to compensate for co-morbidities like depression, two myocardial infarcts, the 
development of drug resistance (M184V and Y188L mutations) and grossly elevated 
cholesterol and trigliseride levels.  He also developed diabetes mellitis, decided to take up 
smoking after a previous cessation in spite of an in situ stent for aorta stenosis and the 
second myocardial infarct.  His regimen changed from an NNRTI-based regimen to a 
protease inhibitor based regimen, which he currently still uses.  His viral load is at about 
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100cps/mL after a virological failure during 2007 when the viral load reached 10 000 
cps/mL.  His CD4 count steadily increased from <200 cells/µL to a current 1800 cells/µL.  
This case demonstrates the necessity of commitment from all parties involved: patient and 
care givers, the importance of perseverance, the problems with multiple drugs and their 
interactions (the patient is currently taking 10 different kinds of drugs per day) as well as the 
problems associated with accelerated ageing seen more and more in the HIV infected 
population with their increased survival rate. 

7.8 Adherence, Exposure and ARV resistance –lessons 
from the maraviroc MERIT study 
Dr Elna van der Ryst 

Dr Elna van der Ryst presented the next talk titled Adherence, Exposure and ARV resistance 
–lessons from the maraviroc MERIT study.  Dr Van der Ryst was the lead developer of 
maraviroc while working for Pfizer; currently she is an independent consultant Clinical 
Virologist.  Non-adherence is one of the major parameters driving the emergence of HIV 
drug resistance, but not expected in the closely controlled environment of a clinical trial.  
During Study 1026 (a 2b/3 phase study) patients were randomized in a 1:1 fashion to either 
maraviroc (MVC 300mg bd)+Combivir (AZT+3TC) or Efavirenz (EFV 600mg qd)+ Combivir 
(AZT+3TC). The first patient visit was in November 2004, the primary analysis at week 48 
and the secondary analysis at week 96.  A more sensitive assay to detect CXCR4-using virus 
was developed during the course of the trial and applied to the 721 original patients dosed 
during the trial.  The new assay, ESTA (Enhanced Sensitivity Tropism Assay), replaced the 
original Trofile assay in June 2008.  Use of ESTA would decrease failures with emergence of 
CXCR4-using virus and about 15% of the original patients were reclassified that did have 
CXCR4-using virus instead of purely CCR5-using virus.  Similar baseline characteristics for the 
original Tofile and new ESTA populations were maintained.  In the ESTA analysis population, 
the lower bound of the CI for the 48-week treatment differences for both the <400 and <50 
copies/mL endpoints, were above the –10% non-inferiority margin.  Durability of 
maraviroc’s virologic response was demonstrated and faster and larger increases in CD4+ 
cell counts on maraviroc were maintained through week 96.  Furthermore, patients who 
discontinued maraviroc were able to achieve viral suppression, similar to patients who 
discontinued efavirenz.  Resistance testing was done at the time of failure.  Phenotypic 
testing was used to assess resistance to maraviroc, detecting both CXCR4-using viruses and 
CCR5-tropic virus resistant to maraviroc.  Resistance to efavirenz, lamivudine and zidovudine 
was assessed genotypically.  Of the 20 patients with virologic failure and CCR5-tropic virus, 
11 had no reverse transcriptase mutations of which 9 had evidence of poor adherence.  This 
evidence included PK analyses data of previous trials on maraviroc as well as the dose-
response analysis of the ESTA censored subset of patients using the below the limit of 
quantification (BLQ) of maraviroc as a marker for possible poor adherence.  Data from a 
previous trial with maraviroc clearly showed that no BLQ levels were seen at 48 hours after 
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300 mg bd dosing.  BLQ values suggest at least 3 missed 12 hourly doses prior to the clinic 
visit.  The exposure-response curves for maraviroc in the 1026 trial were not as expected 
and subjects with maraviroc BLQ values were mainly responsible for driving this relationship 
for MVC in the MERIT study.  As would be expected, patients with BLQ values are likely to 
fail with MVC-sensitive virus (and no NRTI mutations).  For the patient adherence is crucial 
in maintaining viral suppression and prevention of resistance mutations, but for the 
pharmaceutical company developing the drug, knowledge of adherence during trials is 
critical in understanding/interpreting exposure response data and warrants appropriate 
collection especially in HIV treatment.   

The late afternoon session was dedicated to a mixed bag of HIV drug resistance topics 
spanning the spectrum from testing technologies to failure of second line therapy in Nigeria.  
Four speakers shared the podium for the afternoon.   

7.9 Affordable Resistance Test for Africa (ART-A) 
Dr Michelle Bronze 

Dr Michelle Bronze presented her work on Affordable Resistance Test for Africa (ART-A). Dr 
Bronze is from the HIV Drug Resistance Laboratory at the University of the Witwatersrand/ 
National Health Laboratory Services in Johannesburg, South Africa.  The ART-A project was 
developed to address the increasing need for affordable drug resistance testing in resource 
limited settings within an era of expansion of access to cART even in resource limited 
settings.  In this project, private, academic and civil society stakeholders joined forces to 
develop an affordable, comprehensive HIV drug resistance protocol applicable to all patients 
by a network of clinics, hospitals and laboratories in Africa.  The public-private consortium 
launched the ART-A project on the 1st of January 2008.  Participating parties are 
PharmAccess, Centre for Poverty Related Communicable Diseases, Universitair Medisch 
Centrum (Utrecht), Centre de Recherche Public and Virco from Europe and from South 
Africa the Contract Laboratory Services and WITS Health Consortium. 

Timely detection of VF can reduce the complexity of HIVDR mutation patterns.  Thus, a 
novel approach was followed to identify virological failure and then detect key HIVDR 
mutations.  This approach had to be affordable and reproducible in different centres.  An 
HIV drug resistance assay was designed to target a short length of the reverse transcriptase 
area of the genome (amino acids 41 – 238 of RT) harboring all major RT inhibitor resistance 
mutation positions, thus providing all relevant susceptibility data for first-line regimen 
failures.  It implies a smalle amplicon is amplified and sequenced.  Furthermore, the assay is 
flexible with respect to equipment choices (open platform) and includes the option of dried 
blood spot (DBS) or plasma as sample type.  To ensure reproducibility in different centres, 
field evaluations were conducted in Uganda where subtype A and D are prevalent, and 
South Africa & Zimbabwe (high subtype C prevalence) by the ART-A team.  The assay is 
called ARTA-HIVDRultralight.  Plasma and DBS sampling extends the access of testing to more 
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remote settings.  Apart from the two step approach of determining an initial viral load, this 
assay can also be used as a stand-alone option.  This would involve screening patients for 
virological failure with a qualitative outcome (a >1000 RNA copies/ml cut-off for plasma 
samples, and a >5000 RNA copies/ml cut-off for DBS), followed by referral to a Tier 1 
laboratory with the available infrastructure for HIVDR testing using the ARTA-HIVDRultralight if 
indicated.  The cost of the HIV drug resistance test could be more than halved by the ARTA-
HIVDRultralight assay.  This study highlights the importance of validating assays where they are 
to be used.  Costing in one country is not equivalent to all countries, and assays originally 
designed to be used on plasma require further “tweaking” to increase assay sensitivity for 
use on DBS.  

7.10 Failure to second-line therapy in Nigeria does not 
result in total loss of WHO recommended drug 
regimens 
Dr Nicaise Ndembi 

Failure to second-line therapy in Nigeria does not result in total loss of WHO recommended 
drug regimens was the title of Dr Nicaise Ndembi’s talk.  NNRTI resistance is expanding 
across Africa with a shift towards tenofovir (TDF) to become the standard of first-line care 
worldwide.  The drug resistance mutation patterns from Nigerian patients failing TDF first-
line regimens were sought during the study being described by Dr Ndembi.  M184V was 
found to be common both in pateints exposed to tenofovir and in those not exposed.  The 
TAM mutations were present in patients on stavudine or zidovudine.  As expected the K65R 
and associated mutations were seen in the tenofovir-exposed group, but surprisingly also in 
13 patients (4.6%) not on tenofovir, especially those on stavudine (11 of 13).  The most 
common NNRTI resistance mutations were Y181C and K103N.  Subtypes were determined 
during the study and after controlling for time on therapy, total number of mutations, and 
regimen, significant associations between subtypes and certain mutations were found.  The 
predominant subtypes in this cohort of Nigerian patients failing 1st line ART were G and 
CRF02_AG, with variation along a north-south axis.  An encouraging finding was that 
complete loss of treatment options was very rare after failure to second-line treatment in 
Nigeria.  Exhaustive loss of treatment options occurred in less than one out of three patients 
and can be partially avoided by providing third-line regimens. 

7.11 Protease Cleavage Sites in Gag and Drug Resistance 
Dr Michelle Gordon 

Dr Michelle Gordon from the HIV pathogenesis programme at the University of KwaZulu-
Natal focused on protease inhibitors in her talk on Protease Cleavage Sites in Gag and Drug 
Resistance.  The important protease enzyme is a homo-dimer (two polypeptide chains each 
with 99 residues).  Its activity is required for the generation of mature infectious virus 
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particles through cleavage of Gag and GagPol precursor polyproteins.  Protease inhibitors 
(PI) mimic the natural substrate, binding to protease, but not cleaved due to their 
hydroxyethylene or dihydropyrone ring (tipranavir) as central scaffold.  This blocking of 
proteases prevents it from cleaving the natural substrate.  Protease resistance mutations 
appear to enlarge the binding site which affects the PIs but not the natural substrate.  These 
mutations has a fitness cost for the virus as it inhibits replicative capacity, and inducing 
selection for compensatory changes in either protease itself or its substrate (Gag 
polyprotein).  The question whether Gag mutations has an effect on PIs was investigated.  
Through the use of software packages it was determined that no correlation exists between 
PR activity and AA sequence (sequence independent mechanism), and there was no 
correlation with RC results or docking results.  Cleavage is determined by 3D protein folding 
of Gag and the protease is only able to cleave sequences which are exposed on the protein 
surface for a sufficient length of time and in a geometrically favourable orientation.  
Mutations causing p2/NC variation probably only cause small changes to the overall tertiary 
protein folding of Gag.   

7.12 Technology Advances in HIV Drug Resistance 
Testing 
Dr Kim Steegen 

The final presentation of the workshop was delivered by Dr Kim Steegen, the laboratory 
manager of HIV Drug Resistance Laboratory at the University of the Witwatersrand/ 
National Health Laboratory Services in Johannesburg, South Africa.  Her talk, Technology 
Advances in HIV Drug Resistance Testing, gave an overview of what phenotyping and 
genotyping is and the pro’s and con’s of these techniques.  Phenotyping is a direct assay 
which measures the ability of the virus to grow in the presence of various concentrations of 
antiretroviral drugs.  In contrast, genotyping is an indirect assay which detects drug 
resistance mutations that are present in the relevant viral genes.  These mutations are then 
correlated to phenotypic outcomes.  The peripheral blood mononuclear cell (PBMC) assays, 
where the virus from a specific patient is cultured with PBMCs, infection of cells allowed and 
with subsequent exposure to the antiviral drugs of interest, has largely been replaced by 
recombinant assays.  Here the gene of interest from the patient virus is amplified and 
transferred into a vector, which is then exposed to the drugs.  Available commercial assays 
include Antivirogram (Virco), PhenoSense (Monogram), and Phenoscript (VIRalliance).  In-
house assays are also an option.  During the genotyping procedure plasma obtained from a 
patient is used to extract the viral genetic RNA, which is transcribed into cDNA.  The reverse 
transcriptase and protease gene segments are sequenced and translated into amino-acids.  
This is compared to the wild type reference virus to ascertain whether any mutations 
affecting the amino-acids were detected.  The mutation patterns are then interpreted via 
rules-based algorithms and/or making use of expert opinions to determine whether the 
mutated virus will have resistance to specific drugs.  TruGene (Siemens) and ViroSeq 
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(Abbott/Celera) are available FDA approved commercial kits.  In-house (“home-brew”) 
assays may be used but must be validated and approved if used for patient management.   

Both phenotyping and genotyping have advantages and drawbacks.    

Phenotyping Genotyping 
Advantages Disadvantages Advantages Disadvantages 

 Direct measure of 
drug susceptibility 

 Longer TAT 
 

 Relatively short TAT 
 

 Does not directly 
measure 
susceptibility 

 
 Quantitative  Complex technology, 

BSL3 required 
  Sometimes difficult to 

interpret results 
 Can immediately test 

new drugs targeting 
the gene of interest 

 More expensive than 
genotypic assays 

 Relatively 
inexpensive 

 Not all patterns of 
resistance mutations 
are known (e.g. new 
drugs and 
combinations) 

 Useful in complicated 
cases (complex drug 
history) 

 Available in fewer 
labs 

 More readily 
available 

 Generally qualitative 

  Clinical cutoff values 
for drug resistance 
not clearly defined 
for all drugs 

 Covers all mutations 
in gene of interest 

 Subjectivity in 
mixture detection 

Genotyping is usually of best use early in the treatment phase, and phenotyping later when 
more complex mutations are suspected.  The cost and complexity of genotyping assays can 
be reduced by looking for point mutations or to genotype shorter regions (as was seen in 
the ART-A project).  Ultra deep sequencing (detecting very low frequency HIV-1 variants) 
and ultra wide sequencing (detecting specific mutations in more than 48 patients per 
sequence run) are newer technologies.  The ultra-wide sequencing technique is able to cut 
cost dramatically and is being investigated as possible tool to increase capacity to cope with 
the expected increase in HIVDR testing in South Africa (ART guidelines NDoH, Apr 2013). 

The post-talk questions pertained to the envisaged collaboration between the private and 
public laboratories to unite in the effort to cope with the expected increase in HIVDR 
testing. 
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