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Thus the HIV DR needs to focus on prevention and then 

diagnostic capacity to 1st provide VL monitoring for early 

& appropriate drug Mx and 2nd HIV DR testing for both 

surveillance and clinical Mx 



The global 

consequences 

of the HIV 

epidemic 
There is evidence that 

supports a decline in global 

incidence both by UNAIDS  

 

The corrected GBD analysis 

estimates the global 

prevalence lower than that of 

UNAIDS 

 

With both methods showing a 

decline in HIV related deaths. 
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Global HIV incidence (A), prevalence (B), and mortality 

(C), 1990—2013, for all ages and both sexes combined 

Shaded areas are 95% uncertainty intervals. 



2014 epidemiology graphs and charts 

Increasing ART coverage 

Source: UNAIDS  



Source: UNAIDS / Lohse et al / Hoog et al / May et al / Hogg et al 





Standardised national eligibility criteria for starting ART regimens for adults and adolescents have been 

set in SA 

Fast tracking of specific population groups e.g pregnant women, children under 2, etc.  

Source: SA ART Guidelines, NDoH 

SA has an algorithm that includes viral load assessment as a ARV 
monitoring parameter. 
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Lancet Infect Dis 2016  
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Lancet Infect Dis 2016  

• 1926 patients from 36 

countries with treatment 

failure between 1998 and 

2015.  

• Prevalence of tenofovir 

resistance was highest in 

sub-Saharan Africa 

(370/654 [57%]). 

• Pre-ART CD4 cell count 

was the covariate most 

strongly associated with 

the development of 

tenofovir resistance (odds 

ratio [OR] 1·50, 95% CI 1·27–

1·77 for CD4 cell count <100 

cells per μL). 
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Lancet 2012; 380: 1250–58 



Prevalence of drug resistance in treatment-naive trial 

participants with HIV-1, by time since antiretroviral 

rollout 
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(A) East Africa.                                          (B) Southern Africa. 

Every circle is a study and the size of the circle is proportional to the precision of the estimate 

from the individual study, with sizes comparable within individual graphs only. The trend line is 

predicted prevalence. 

Lancet 2012; 380: 1250–58 



Prevalence of major drug-resistance mutations that confer resistance to 

non-nucleoside reverse transcriptase inhibitors, by time since 

antiretroviral rollout in east Africa 
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Lancet 2012; 380: 1250–58 

The trend line is 

predicted 

prevalence 

Size of circle is proportional to the 

precision of the estimate from the 

individual study 



Prevalence of HIV-1 primary drug-resistance in antiretroviral-naive individuals in the PASER-M cohort by region and drug class 

People with at least one drug-resistance mutation shown as proportion of all people by region and drug class. Regions a... 

Raph L  Hamers , Carole L  Wallis , Cissy  Kityo , Margaret  Siwale , Kishor  Mandaliya , Francesca  Conradie , Mariette... 

HIV-1 drug resistance in antiretroviral-naive individuals in sub-Saharan 

Africa after rollout of antiretroviral therapy: a multicentre observational 

study 

The Lancet Infectious Diseases, Volume 11, Issue 10, 2011, 750 - 759 

http://dx.doi.org/10.1016/S1473-3099(11)70149-9 
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Summary of Studies Describing Human Immunodeficiency Virus (HIV) 

Drug Resistance to Second-Line Therapy From Resource-Limited 

Settings  

 

19 JID 2013:207 (Suppl 2) • Hosseinipour et al  

 



The strategy needs to be simple 

With the aim of having 90% of infected individuals on Rx 

and 90% of these viralogically suppressed we need to 

prevent HIV DR from developing: 
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i) EWI that looks at prevention of DR 

ii) HIV DR surveys that monitor 

systematically the emergence of DR at 

a public health level and inform new 

regimens in the future 

iii) Expansion of VL monitoring will ID 

virological failure promptly and trigger 

drug changes following adherence 

counseling 

iv) DR testing for clinical management 

v) Data driven monitoring of DR at a 

national level 

vi) Maintain a national working group 



The rationale for an HIVDR testing strategy 

• Previously there was no coordinated national strategy for the surveillance of 
HIVDR  

 

• The main goal of such a strategy would be to reduce HIV drug resistance 
across South Africa by both preventing the emergence of resistance and 
reducing the transmission of resistant strains. This can be done through the:  

 
– Establishment and implementation of a national HIVDR surveillance strategy as 

the foundation to guide programme decision making 

 

– Standardization of HIVDR testing practices (clinical and laboratory) 

 

– Gradual introduction of resistance testing into clinical practice and integration 
with clinical management guidelines 

 

– Development of a national Drug Resistance database for improved monitoring, 
evaluation and reporting 

 

– Identification of gaps in research Prevention, surveillance and monitoring of HIV drug resistance are critical to the 

success of clinical and public health HIV/AIDS programmes in South Africa 
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Integrating drug resistance surveillance into the overall ART 

programme is the key to a sustainable strategy 

 The national HIVDR monitoring and prevention strategy must be integrated 
into the national HIV care and treatment strategy 

 

 
Coordination, analysis 

and  
interpretation of 

national  
HIVDR data in the 

context  
of the entire treatment 

programme  

Real-time monitoring 
of HIVDR 

 development to 
assess treatment 

 strategies in terms  
of HIVDR prevention 

Support optimal use  
of available ARVs and 

 guide population-
based selection 

 of current regimens 
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The strategy rests on 4 key pillars: 
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Prevention, attention to early warning indicators, capacitation of HIVDR for individual  
patient management, 

 strengthening surveillance and prompt reporting on national data 

Prevention of DR 
 

EWI 

(VL 
monito-

ring 

“3rd 90”) 

HIV DR 

Clinical 

Mx 

HIVDR 

Surveill-
ance 

Data 
Manage-

ment 

MnE 

Reporting 



Early Warning 
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The WHO early warning indicators 

Early Warning Indicator Target 

1. On-time pill pick-up <80% 

80 -90% 

>90% 

2. Retention in care <75% retained after 12 months of ART 

75 – 85% retained after 12 months of ART 

>85% retained after 12 months of ART 

3. Pharmacy stock-outs <100% of a 12-month period with no stock-outs 

100% of a 12-month period with no stock-outs 

4. Dispensing practices >0% dispensing of mono- or dual therapy 

0% dispensing of mono- or dual therapy 

5. Viral load suppression at 12 months <70% viral load suppression after 12 months of 

ART 

70 – 85% viral load suppression after 12 months 

of ART 

>85% viral load suppression after 12 month of 

ART 

RED: Poor performance, below the desired level; 

AMBER: Fair performance, not yet at desired level; 

GREEN: Excellent performance, achieving desired level 

WHO global strategy for surveillance and monitoring of HIVDR 2012 26 



The strategy rests on 4 key pillars: 
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Prevention, attention to early warning indicators, capacitation of HIVDR for individual  
patient management, 

 strengthening surveillance and prompt reporting on national data 

Prevention of DR 
 

EWI 

HIV DR 

Clinical 

Mx 

HIVDR 

Surveill-
ance 

Data 
Manage-

ment 

MnE 

Reporting 



Clinical Care 



From patient to public health :  

Expanding HIVDR testing in order to better manage HIV in 

the South African context  

• There are 5 HIVDR testing laboratories in the country, with a total estimated testing capacity 

of ~3000 tests/annum, with the majority of the diagnostic testing conducted by two NHLS 

laboratories, namely Charlotte Maxeke, Johannesburg and Tygerberg, Stellenbosch 

laboratories 

 

• The testing capacity needs to be increased from 3000 tests/annum to ~100 000 

tests/annum 

 

• This goal can only be reached by both increasing the number of labs that can perform 

HIVDR testing with the adequate trained personnel and by looking at new testing platforms 

which can increase the throughput 

 

• Global Fund Phase 1 has focused on increasing the testing capacity at the existing labs in 

Johannesburg and Stellenbosch 

 

• Phase 2 of the Global Fund proposal aims to further increase the capacity by strengthening 

3 existing facilities in strategic areas of high prevalence to ensure national coverage 
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Objective 3: To develop adequate capacity to address the 

increasing need for HIVDR testing, clinical interpretation 

and management 

• The use of genotypic resistance testing to 
guide the switch to second-line and third-
line ART regimens for adults needs to be a 
cost-effective strategy in the context of the 
SA national ART programme  

 

• This will need to be coupled with specific 
training on the interpretation of assay 
results  

– This will take place initially by referral to 
specialized centers that will manage second 
and third-line failures 

 

• Resistance testing will be increasingly 
required to inform clinical- decision making 
for children, who are particularly vulnerable  

 

• HIVDR testing is becoming more affordable 
and more accessible with developments in 
technology and with the expansion of 
laboratory capacity within the country 

 

Opportunity: 

 

To build the capacity 
in the public health 
system to integrate 
genotypic resistance 
testing into existing 
clinical management 
algorithms 
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Conclusion:  

The analytical sensitivity of all three platforms approaches that of standard qPCR 

assays.  

Although all platforms were able to detect pathogens at the levels tested, there were 

several noteworthy differences.  

Roche-454 Titanium platform produced consistently longer reads, even when 

compared with the latest chemistry updates for the PGM platform.  

MiSeq platform produced consistently greater depth and breadth of coverage 

Ion Torrent was unequaled for speed of sequencing…. 



Next Generation Sequencing platforms 
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The strategy rests on 4 key pillars: 
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Prevention, attention to early warning indicators, capacitation of HIVDR for individual  
patient management, 

 strengthening surveillance and prompt reporting on national data 

Prevention of DR 
 

EWI 

HIV DR 

Clinical 

Mx 

HIVDR 

Surveill-
ance 

Data 
Manage-

ment 

MnE 

Reporting 



Surveillance 
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Pre-treatment HIVDR surveys 

Integration of Elements of Global Strategy 
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To monitor the drug resistance patterns in South Africa 

through surveillance 

• Increasing concerns about HIV drug resistance make the monitoring of 
resistance to ARV on a population basis a high priority 

 

• Minimizing drug resistance on a programmatic level is of national 
importance 

 

•  HIV drug resistance surveillance and monitoring systems provide HIV drug 
resistance information for the following purposes: 

 
– To enable education and prevention programmes to address increasing rates or 

high prevalence of drug resistance 

 

– To support rational use of antiretroviral drugs by treatment programme planners 
and individual clinicians 

 

– To support the development and revision of treatment guidelines  

 

– To provide a resource for addressing important questions on HIV drug resistance 
patterns and spread 
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HIVDR testing for individual clinical management 

• The South African Antiretroviral Treatment Guidelines (2013) state that 

only patients failing 2nd line therapy should be managed by an expert panel, 

using HIVDR testing 

 

• The switch to a third line therapy should be expert and HIVDR testing based 

decision and requires supervised care 

 

• The 2012 southern African ARV drug resistance testing guidelines do 

not recommend resistance testing in HIV-infected adults upon diagnosis or 

ART initiation 

 

• However, baseline resistance testing is recommended for children who have 

been exposed to ART for prevention of mother-to-child-transmission therapy 

and subsequently become HIV-infected 

 

• Resistance testing is also recommended after virological failure of first- and 

second-line ART regimens 
37 



Using HIVDR testing to inform guidelines and improve 

broad-scale HIV management  

• Surveillance HIVDR data acquired from sentinel surveillance in the country 

will directly inform policy makers on appropriate ART guidelines 

 

• HIVDR data generated from routine testing of patients failing 2nd line ART 

will be informative to assess the: 

 

– Ongoing trend analysis of HIVDR 

– Optimizes strategies for 3rd line and salvage regimens 

38 



Surveillance of HIVDR: Transmitted DR 
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Surveillance of HIVDR: Acquired DR 

Global fund survey 

• Nation-wide sentinel surveillance survey 

representative sample based on ART 

coverage per province  

• To assess the HIVDR prevalence and 

specific resistance patterns in patients  

– Adult patients failing 1st line regimens 

(NNRTI based): n=900  

– Adult patients failing 2nd line regimens 

(PI-based): n= 450 

– Adult patients initiating ARVs: n=336 

– < 18mo EID + (WHO PPS Protocol) 

• Strengthen lab capacity across 2 sites initially 

and a further  3 in phase 2 

KZN pilot ADR survey 

• To estimate the proportion of adult patients 

failing 1st-line ART after 1 year and after 2 

years on treatment, and the proportion of 

paediatric patients failing first-line ART at 15 

ART clinics in KZN 

• To describe the patterns of HIV DRM in 

patients with detectable viral load 

• To provide representative data about 

HIVDR in KZN Province to guide provincial 

and national HIVDR strategy 

• Cross sectional 

• 3120 specimens (1766 collected to date) 

• VL and genotype if >1000cpm 
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Surveillance of HIVDR: Pre-treatment 
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The strategy rests on 4 key pillars: 
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Prevention, attention to early warning indicators, capacitation of HIVDR for individual  
patient management, 

 strengthening surveillance and prompt reporting on national data 

Prevention of DR 
 

EWI 

HIV DR 

Clinical 

Mx 

HIVDR 

Surveill-
ance 

Data 
Manage-

ment 

MnE 

Reporting 
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Big Data management 



Objective 4: Strengthen the monitoring and evaluation of 

the HIVDR strategy by establishing a central data 

repository and reporting and epidemiological analysis 

• Comprehensive, accurate and robust analyses of HIV drug resistance data are 
essential for guiding ART policies 

 

• One of the key components of a successful national plan for HIV drug resistance is 
to have a central database that can curate, store, analyze and distribute resistance 
data in an accurate and timely manner 

 

• To establish a centralized database, consideration needs to be given to the following: 
– The need to define the minimum standard information to be reported to the central database from are a 

number of drug resistance database systems available in SA 

 

– The need to define the frequency with which the minimum information is uploaded 

 

–  A memorandum of operation and access policy to be developed for each database 

 

– The working group to prepare regular reports to the NDoH on the levels of resistance and impact on first-, 
second- and third-line regimens 

 

– Development of dashboards for purposes of easy programme monitoring which allows the identification of  
drug resistance hot spots 
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Using surveillance data to inform public health decisions 

• Data management , generation of reports and 

assessment of the public health implications of the 

analysis. 

• There will be an agreed set of minimum standards  
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Putting the right systems in place: Data management and 

monitoring and evaluation 

• e.g. dashboards will be generate to view and interrogate the data. 

HIV-1 drug resistance in ARV-naive populations. The dashboard is a compendium of 
published virus sequences from 32,290 persons, 213 studies according to region, year 
and subtype. Of these studies, 13 are from South Africa, showing transmitted drug 
resistance level ranging from 0% to <10% 46 


