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Summary

The human immunodeficiency virus (HIV) was discovered in the early 
1980’s as the causative agent of AIDS (acquired immunodeficiency 

syndrome). HIV infects cells of the immune system, specifically CD4+ 
T-lymphocytes and macrophages, resulting in destruction of the cells leading 
to a compromised immune system and making the infected individual 
vulnerable to opportunistic infections. Since the first reported cases in 1981, 
HIV has spread globally, resulting in the death of over 35 million people. The 
global HIV-1 epidemic has been estimated to include 34.0 million infected 
adults and children by the end of 2011. Approximately 69% of the total global 
infections are people residing in Sub-Saharan Africa.  

The treatment for HIV consists of combination antiretroviral therapy (cART). 
The starting therapy, or first-line therapy, used in resource-limited settings 
(RLS) is a combination of two nucleoside reverse transcriptase inhibitors 
(NRTIs) and one non-NRTI (NNRTI). If the first-line therapy is no longer 
effective patients can be switched to a second-line regimen generally 
consisting of a boosted protease inhibitors (PI) and two NRTIs. The cost 
and availability of first-line therapy has been greatly improved as a result of 
international lobby by HIV/AIDS activists and changes in health protocols, 
with more than 6.6 million infected individuals receiving therapy by the send 
of 2011.  In general, the availability of second-line regimens is rather limited 
in RLS due to the cost of those regimens remaining high.

The initial signs of treatment failure are reflected by an increase in the virus 
concentration detected in the plasma of the patient, which can be measured 
using a viral load (VL) test. A common cause for treatment failure may be the 
emergence of virus variants which have become resistant to the treatment. 
Resistance is conferred by mutations in the viral enzymes that are targeted 
by the antiviral drugs. These mutations can be screened for using HIV drug 
resistance (HIVDR) genotyping. Other indicators of treatment failure are a 
decrease in target cells, measured by CD4 count, and clinical evaluation for 
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“AIDS-defining illnesses”.  

VL tests, HIVDR genotyping and CD4 counts are regularly performed for 
patients in resource-rich settings (RRS). However, VL testing and HIVDR 
genotyping are complex and costly to perform, and as such are not standard 
in RLS, where patients generally only receive clinical evaluation. Additionally, 
patient plasma, which is the gold standard for performing these tests, is 
bioharzardous and requires specialised handling and storage, adding to the 
cost of complexity of testing in RLS. An alternative sample type to plasma 
dried blood spots (DBS), which are easier to collect, transport and store. 
Whereas the cost of treatment has greatly improved, the cost of treatment 
monitoring has not followed suit.  

Affordable Resistance Test for Africa: ARTA
Established in 2008, the ARTA project is a private-public consortium headed 
up by the PharmAccess Foundation, a non-profit organisation affiliated with 
the Center for Poverty-related Communicable Diseases of the Academic 
Medical Centre (AMC) in Amsterdam. The collaborators involved in the project 
include the University Medical Centre Utrecht (UMCU) in the Netherlands, 
the Centre de Recherche Public de la Santé in Luxembourg, the University 
of the Witwatersrand and Contract Laboratory Services in Johannesburg, 
South Africa, and Janssen Diagnostics BVBA (formerly Virco BVBA) in 
Belgium. The ARTA project aimed to develop more affordable HIV treatment 
monitoring applications, including VL monitoring and HIVDR genotyping, 
which can be universally applied in RLS. 

Thesis outcomes
We developed and evaluated a simple virological failure screening assay 
(VFA) that classifies a sample as either above or below a treatment success 
threshold that is compatible for application with DBS (Chapter 2). The VFA is 
an internally controlled assay based on an open-platform real-time PCR. The 
evaluation of the VFA for plasma and DBS samples determined the lower 
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limit of detection to be 1.00E+03 and 5.00E+03 RNA copies/ml, respectively, 
which meets the current WHO guidelines for detecting therapy failure. In 
addition to development, the system was successfully assessed in RLS 
settings in regional and reference laboratories in Uganda (Chapter 2) and 
South Africa (Chapter 4). 

Taking into consideration that the majority of HIV infected individuals receive 
first-line cART, a low cost HIVDR genotyping assay targeting the region 
of reverse transcriptase (RT) harbouring all major RT inhibitor resistance 
mutation positions was developed and applied clinically for HIVDR 
determination in first-line therapy failure (Chapter 3).  The RT-only assay 
uses only a single RT-PCR with primers carefully designed and selected to 
cover all major HIV-1 group-M subtypes and circulating recombinant forms 
(CRFs). Subsequent sequencing is performed using only a single forward 
and a single reverse primer. Decreasing the number of reactions required for 
amplification and sequencing in turn decreases the overall cost of the assay 
as well as minimizes assay complexity, hands-on time, contamination risk, 
and turnaround time. The assay has demonstrated a genotyping success 
rate of 95% and 84% with a VL of ≥5.00E+03 and ≥1.00E+03 RNA copies/
ml, respectively. The successful use of the assay has been demonstrated in 
reference laboratories in Uganda (Chapter 3) and South Africa (Chapter 4). 
The assay is also suited for use with DBS as the short fragment size ensures 
reliable amplification even for samples that have been exposed to ambient 
temperatures for up to two weeks during transport and storage, (Chapter 8). 

In Chapter 5 we describe the development and evaluation of an assay for 
assessing protease (PR) and RT drug resistance using a single-fragment 
nested RT-PCR approach for more in depth studies on first- and second-
line drug resistance, an alternative to commercial PR-RT based HIVDR 
genotyping assays. The assay displays sensitivity and specificity for the major 
HIV-1 group-M subtypes and CRFs at the highest success range compared 
to any other published alternative assays (~98%).The assay is universally 
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applicable with equal specificity for group M HIV-1 subtypes with a sensitivity 
of 1.00E+03 RNA copies/ml for plasma and DBS samples. Application of the 
assay in RLS based studies has been successful, both for plasma (Chapter 
6) and DBS samples (Chapter 7). 

Toward virological monitoring in RLS: The ARTA Algorithm
The components of the ARTA project described in this thesis fits together in an 
algorithm that may be applicable for HIV virological monitoring of HIV infected 
individuals in RLS. Using DBS sampling and pragmatic approaches to VL 
monitoring and HIVDR genotyping, such as those described in this thesis, 
there can be improvement of HIV treatment monitoring and surveillance in 
RLS.


