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ABstRAct

Roll-out of antiretroviral treatment for HIV in sub-Saharan Africa has been accompanied 
by rising rates of drug resistance. Raph Hamers and colleagues call for improved patient 
management and population based drug resistance surveillance to be integrated into 
national treatment programmes.
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Since its introduction 16 years ago, combination antiretroviral therapy for HIV infection 
has saved millions of lives. In sub-Saharan Africa, the region with the highest HIV/AIDS 
burden, high level political commitment and substantial international funding have led 
to an unparalleled scale-up of access to treatment over the past eight years [1]. More 
than five million Africans infected with HIV are receiving antiretroviral therapy today—
nearly half of those who are in immediate need [1]. However, little attention has been 
paid to the potential emergence and spread of drug resistant HIV and its public health 
implications. Drug resistant HIV variants selected for during treatment failure (acquired 
resistance) have the potential to limit the response to subsequent treatment and con-
stitute a reservoir for onward transmission to newly infected individuals (transmitted 
resistance). Drug resistant HIV may severely restrict therapeutic options, and treatment 
costs will greatly increase when more people need second and third line antiretroviral 
regimens. It is therefore important for national HIV treatment programmes to monitor 
and manage mounting drug resistant HIV.

HiV DRug ResistAnce

In developed countries, management of combination antiretroviral therapy is based 
on individualised specialist care that includes frequent monitoring of plasma viral load 
to detect treatment failure, drug resistance testing to guide regimen choices, and a 
wide armamentarium of antiretroviral drugs (table 1) [2]. In Europe and North America, 
HIV sequential mono and dual therapies of nucleoside reverse transcriptase inhibitors 
(NRTIs), initially led to high levels of acquired and transmitted resistance [3-5] but careful 
management and use of more potent antiretroviral regimens have seen levels of trans-
mitted resistance stabilising or declining [6-8].

By contrast, for resource limited countries the World Health Organization has developed 
a public health approach based on a decentralised service delivery, empirical first and 
second line antiretroviral regimens, and clinical or immunological definitions of treat-
ment failure in the absence of monitoring of plasma viral load (table 1) [9]. Standard first 
line regimens include a dual NRTI backbone and a non-NRTI [9]. Second line regimens 
combine a ritonavir boosted protease inhibitor with two unused or recycled NRTIs [9], 
although availability may still be restricted [1].

Although the roll-out of antiretroviral treatment in sub-Saharan Africa used triple 
therapy from the onset, national health systems in many African countries have serious 
deficiencies that may exacerbate the development of drug resistance. These include the 
widespread use of low cost, substandard regimens (such as stavudine as part of first 
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line treatment [10] and single dose nevirapine for prevention of mother to child HIV 
transmission); restricted access to monitoring of plasma viral load [11, 12]; treatment 
interruptions because of drugs supplies running out [13, 14]; suboptimal long term 
adherence [15]; and frequent drug-drug interactions (such as nevirapine with rifampicin 
in patients co-infected with tuberculosis) [16].

Recent studies in the region have reported increasing levels of transmitted drug resis-
tance, mostly to non-NRTIs, as treatment has scaled up [17-19]. The rise in resistance to 
non-NRTIs is of particular concern because this drug class constitutes the foundation of 
current first line treatment regimens and prevention of mother to child transmission [9, 
20]. The PASER-M study in six African countries estimated that the rate of transmitted 
drug resistance increases at 38% a year after roll-out of antiretroviral therapy [19], and 
that pre-therapy resistance more than doubles the risk of first line failure and of the fur-
ther acquisition of drug resistance mutations in the first year of treatment [21]. Notably, 
we observed alarmingly high (9-12%) levels of transmitted drug resistance in Uganda 
[19], where antiretroviral treatment was introduced well ahead of nearby countries. With 
the establishment of the national HIV treatment programme and drug price reductions 

table 1. Differences in approaches to providing combination antiretroviral therapy between developing 
and developed countries

Developing countries Developed countries

Treatment model WHO public health approach Specialist driven, individualised patient 
management

Choice of regimen WHO recommended empirical first line 
(2NRTIs+non-NRTI) and second line 
(bPI+2 unused/recycled NRTIs) therapies; 
restricted drug options, routine drug 
resistance testing not available.

Wide armamentarium of antiretroviral 
drugs

Individualised therapies by routine 
use of drug resistance testing before 
starting or switching treatment

Therapeutic monitoring 
and diagnosis of 
treatment failure

WHO definitions of treatment failure 
using clinical criteria and, if available, 
CD4 cell counts. HIV viral load testing not 
generally available.
Frequent unnecessary switching and 
prolonged failure

Close HIV viral load monitoring and 
timely regimen switching

Resources and 
infrastructure

Shortage of health professionals, limited 
training, deficient adherence counselling, 
inconsistent drug supply, weak 
enforcement of quality standards

Specialist care, intensive adherence 
counselling, continuous availability of 
drugs

Antiretroviral history Roll-out since 2004-5 has used triple 
therapy

Widespread use of sequential mono and 
dual therapies before 1996

Widespread use of single dose nevirapine 
for prevention of vertical HIV transmission

Since 1996, triple therapy, individualised 
regimens and close viral load 
monitoring

NRTI, nucleos(t)ide reverse-transcriptase inhibitor; bPI, ritonavir boosted protease inhibitor.
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in 2000, an estimated 10,000 patients were already receiving antiretroviral drugs by the 
end of 2002 [22], albeit with frequent interruptions for reasons of cost [14].

monitoRing ViRAL LoAD

An important challenge for antiretroviral programmes is how to identify patients in 
whom treatment is failing so that they can be switched promptly to second line therapy. 
Despite estimates that 10-24% of patients have detectable plasma viral load during 
first line therapy [21, 23], reported switching rates have been relatively low [1], partly 
because of the poor sensitivity of clinical and immunological criteria to detect therapy 
failure [12]. Additionally, the poor specificity of clinical and immunological criteria may 
lead to up to half of switches being unnecessary, which exhausts drug options and aug-
ments costs [12]. Given that the cost of second line drugs is more than double that of 
first line drugs [24], for every patient that is switched unnecessarily at least one patient 
will be held back from accessing life-saving antiretroviral treatment.

Although the benefits of routine monitoring plasma viral load in avoiding unnecessary 
switches [12] and accumulation of drug resistance [11, 12] are increasingly being ac-
knowledged, its cost effectiveness in resource limited settings is still debated. Since any 
resources used for laboratory monitoring could divert funds away from expanding access 
to treatment, it is critical to establish optimal cost effective management. We recently 
established that routine monitoring of either CD4 cell counts or plasma viral load can 
save 15-30% of the cost of long term antiretroviral treatment in sub-Saharan Africa by 
averting the high costs of unnecessary switching to second line therapy [25]. Monitoring 
of plasma viral load has the added advantages of supporting adherence (as lapses are 
quickly apparent) [26] and identifying patients at risk of developing drug resistance [27] 
or transmitting HIV [28]. Studies in developed countries have suggested that there is 
limited benefit from continued measurements of CD4 cell counts in patients who have 
suppressed viral load [29, 30]. We therefore propose that antiretroviral programmes in 
sub-Saharan Africa should monitor plasma viral load rather than CD4 cell counts (once 
CD4 has risen above 200 cells/μL, when prophylaxis for opportunistic infections is no 
longer indicated). CD4 cell counts should be used only to establish eligibility for starting 
antiretroviral treatment and to determine the need for prophylaxis for opportunistic 
infections.

Scaling-up plasma viral load testing in Africa is feasible because recent technological 
advances have reduced test costs, simplified sample storage and shipment through the 
use of dried blood spots, and produced simpler and easy to maintain real-time poly-
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merase chain reaction machines [31]. As test prices go down, the potential savings from 
laboratory monitoring will increase further.

Access to ALteRnAtiVe DRug Regimens

No matter how vigorous and successful the efforts to combat HIV drug resistance might 
be, given that the numbers of patients receiving antiretroviral drugs in sub-Saharan 
Africa are growing, increasing numbers will experience therapy failure. This necessitates 
improved access to alternative drugs with different modes of action and without cross re-
sistance to NRTIs and non-NRTIs. Current WHO guidelines recommend ritonavir boosted 
atazanavir or liponavir as the preferred protease inhibitors for second line therapy [9]. 
Observational studies in Africa have shown that empirical boosted protease inhibitor 
based regimens can successfully resuppress HIV even in patients with extensive NRTI re-
sistance [32, 33]. Clinical trials are underway to further assess the use of boosted protease 
inhibitors and integrase inhibitors in second line therapy and the potential for nucleoside 
sparing regimens. A recent meta-analysis suggested that failure of second line treatment 
was usually due to suboptimal adherence rather than development of resistance to pro-
tease inhibitors, which have a high genetic barrier to resistance [34]. Optimal long term 
support for adherence will therefore be critical because therapeutic options beyond 
second line regimens are prohibitively expensive for most African countries.

suRVeiLLAnce of DRug ResistAnce

To protect the sustained effectiveness of antiretroviral regimens, population based drug 
resistance assessment should be routinely integrated into the national HIV treatment 
programmes. Donors and technical agencies need to work with the national public health 
authorities to establish surveillance networks for tracking drug resistant HIV and sharing 
information with health professionals, policy makers, and researchers. WHO has initiated 
the Global HIV Drug Resistance Network (HIVResNet), which has developed a global 
strategy that aims to assess the emergence and transmission of drug resistance and 
to inform treatment guidelines [35]. More than 25 African countries have implemented 
one or more HIV drug resistance surveys [35], and the first WHO HIV drug resistance 
global report will be published in July. Additional initiatives, including the PharmAccess 
African Studies to Evaluate Resistance (PASER) network [36] and the Southern African 
Treatment and Resistance Network (SATuRN), have contributed by collecting resistance 
data, building laboratory capacity, and providing education. However, progress is being 
jeopardised by a decline in international donor support for surveillance.
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QuALitY of cARe AnD uniVeRsAL Access

A recent study estimated that spending $14.2bn during 2011-20 to keep HIV/AIDS pa-
tients alive is expected to save 18.5 million life years and yield as much as $34bn through 
increased labour productivity, averted orphan care, and deferred medical treatment for 
opportunistic infections and end of life care [37]. In addition to the large health gains, 
the economic benefits of antiretroviral treatment are likely to exceed programme costs 
within ten years.

Clearly, the strengthening of national HIV treatment programmes to expand access to 
treatment while minimising the development of resistance is a global priority. It is thus 
disappointing that the first casualty of the global financial crisis seems to have been the 
goal of universal access, with international funding agencies losing political will. The ex-
penditure of the US President’s Emergency Plan for AIDS Relief (PEPFAR) has levelled off 
since 2009 and the Global Fund to Fight AIDS, Tuberculosis, and Malaria has recently said 
it will fund only the continuation of essential prevention, treatment, and care services 
that are currently financed. This development will not only affect access but increase 
drug resistance through a rise in treatment interruptions, under-dosing, drug sharing, 
and the use of counterfeit drugs.

concLusion

Rising drug resistant HIV in sub-Saharan Africa is a potential threat to the worldwide con-
trol of HIV/AIDS. National HIV treatment programmes should continue to expand access 
to antiretroviral drugs but also ensure quality in order to preserve treatment options for 
tomorrow. They need to ensure robust supply chains, improved diagnostic laboratory 
capacity, introduction of low cost viral load technologies, and the implementation of 
resistance surveillance (Box). Investment in such infrastructure now will be critical in the 
medium to long term.

Box. Steps to counter rising HIV drug resistance in sub-Saharan Africa
• Robust supply chains.
• Routine monitoring of viral load to ensure appropriate and timely switching.
• Access to second and third line drug regimens.
• Solid framework for surveillance of drug resistance.
• Continued international funding support to reach the goal of universal and sustainable access.

With declining international funding, the most efficient use of available resources will be 
critical. Mathematic modelling and economic analyses are needed to provide strategic 
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information to establish the optimal use of diagnostics and drugs and to determine 
funding priorities. There is no room for complacency. Without cumulative resistance 
surveillance data and commitment on the part of WHO, international funding agen-
cies, and national governments to address programmatic challenges, emerging drug 
resistance has the potential to curb, and even reverse, further progress on breaking the 
HIV epidemic.

AcknowLeDgment

The authors acknowledge the support of Amsterdam Institute for Global Health and 
Development, PharmAccess Foundation, and Joint Clinical Research Centre.

Funding

RLH and TFRW are supported by grants from the Ministry of Foreign Affairs of the 
Netherlands in partnership with Stichting AidsFonds (12454) and from NWO/WOTRO-
NACCAP (W.07.05.204.00). CK is supported by an EDCTP Senior Fellowship (TA 08 40200 
022). The funders had no role in the study design; data collection, data analysis, data 
interpretation; decision to publish; or writing of the report.

Contributors

RLH wrote and revised the report. All authors contributed to intellectual content, helped 
to revise the report, and approved the final version. RLH is the guarantor.



Viewpoint 315

RefeRences

 1. World Health Organization, Joint United Nations Programme on HIV/AIDS. Global HIV/AIDS 
response: epidemic update and health sector progress towards universal access: progress report 
2011. www.who.int/hiv/pub/progress_report2011/hiv_full_report_2011.pdf. 2011.

 2. Department for Health and Human Services. Panel on antiretroviral guidelines for adults and ado-
lescents. Guidelines for the use of antiretroviral agents in HIV-1-infected adults and adolescents. 
2011.

 3. Grant RM, Hecht FM, Warmerdam M, Liu L, Liegler T, Petropoulos CJ, et al. Time trends in primary 
HIV-1 drug resistance among recently infected persons. JAMA 2002; 288: 181-8.

 4. Little SJ, Holte S, Routy JP, Daar ES, Markowitz M, Collier AC, et al. Antiretroviral-drug resistance 
among patients recently infected with HIV. N Engl J Med 2002; 347: 385-94.

 5. Wensing AM, van de Vijver DA, Angarano G, Asjo B, Balotta C, Boeri E, et al. Prevalence of drug-
resistant HIV-1 variants in untreated individuals in Europe: implications for clinical management. 
J Infect Dis 2005; 192: 958-66.

 6. Vercauteren J, Wensing AM, van de Vijver DA, Albert J, Balotta C, Hamouda O, et al. Transmission 
of drug-resistant HIV-1 is stabilizing in Europe. J Infect Dis 2009; 200: 1503-8.

 7. Wheeler WH, Ziebell RA, Zabina H, Pieniazek D, Prejean J, Bodnar UR, et al. Prevalence of transmit-
ted drug resistance associated mutations and HIV-1 subtypes in new HIV-1 diagnoses, US—2006. 
Aids 2010; 24: 1203-12.

 8. Cane P, Chrystie I, Dunn D, Evans B, Geretti AM, Green H, et al. Time trends in primary resistance to 
HIV drugs in the United Kingdom: multicentre observational study. BMJ 2005; 331: 1368.

 9. World Health Organization. Antiretroviral therapy for HIV infection in adults and adolescents: 
recommendations for a public health approach—2010 revision. http://whqlibdoc.who.int/pub-
lications/2010/9789241599764_eng.pdf.

 10. Wainberg MA, Zaharatos GJ, Brenner BG. Development of antiretroviral drug resistance. N Engl J 
Med 2011; 365: 637-46.

 11. Hosseinipour MC, van Oosterhout JJ, Weigel R, Phiri S, Kamwendo D, Parkin N, et al. The public 
health approach to identify antiretroviral therapy failure: high-level nucleoside reverse transcrip-
tase inhibitor resistance among Malawians failing first-line antiretroviral therapy. AIDS 2009; 23: 
1127-34.

 12. Sigaloff KC, Hamers RL, Wallis CL, Kityo C, Siwale M, Ive P, et al. Unnecessary antiretroviral treat-
ment switches and accumulation of HIV resistance mutations; two arguments for viral load 
monitoring in Africa. J Acquir Immune Defic Syndr 2011; 58: 23-51.

 13. Pasquet A, Messou E, Gabillard D, Minga A, Depoulosky A, Deuffic-Burban S, et al. Impact of 
drug stock-outs on death and retention to care among HIV-infected patients on combination 
antiretroviral therapy in Abidjan, Cote d’Ivoire. PLoS One 2010; 5: e13414.

 14. Oyugi JH, Byakika-Tusiime J, Ragland K, Laeyendecker O, Mugerwa R, Kityo C, et al. Treatment 
interruptions predict resistance in HIV-positive individuals purchasing fixed-dose combination 
antiretroviral therapy in Kampala, Uganda. AIDS 2007; 21: 965-71.

 15. Sethi AK, Celentano DD, Gange SJ, Moore RD, Gallant JE. Association between adherence to 
antiretroviral therapy and human immunodeficiency virus drug resistance. Clin Infect Dis 2003; 
37: 1112-8.

 16. Boulle A, van Cutsem G, Cohen K, Hilderbrand K, Mathee S, Abrahams M, et al. Outcomes of ne-
virapine- and efavirenz-based antiretroviral therapy when coadministered with rifampicin-based 
antitubercular therapy. JAMA 2008; 300: 530-9.



316 Chapter 16

 17. Price MA, Wallis CL, Lakhi S, Karita E, Kamali A, Anzala O, et al. Transmitted HIV type 1 drug resis-
tance among individuals with recent HIV infection in east and southern Africa. AIDS Res Hum 
Retroviruses 2010; 27: 5-12.

 18. Aghokeng AF, Kouanfack C, Laurent C, Ebong E, Atem-Tambe A, Butel C, et al. Scale-up of antiret-
roviral treatment in Cameroon is accompanied by increasing HIV-1 drug resistance mutations in 
drug-naive patients. AIDS 2011; 25: 2183-8.

 19. Hamers RL, Wallis CL, Kityo C, Siwale M, Mandaliya K, Conradie F, et al. HIV-1 drug resistance in 
antiretroviral-naive individuals in sub-Saharan Africa after rollout of antiretroviral therapy: a 
multicentre observational study. Lancet Infect Dis 2011; 11: 750-9.

 20. World Health Organization. Antiretroviral drugs for treating pregnant women and preventing HIV 
infection in infants in resource-limited settings: towards universal access: recommendations for a 
public health approach. Geneva, 2010.

 21. Hamers RL, Schuurman R, Sigaloff KC, Wallis CL, Kityo C, Siwale M, et al. Effect of pretreatment 
HIV-1 drug resistance on immunological, virological, and drug-resistance outcomes of first-line 
antiretroviral treatment in sub-Saharan Africa: a multicentre cohort study. Lancet Infect Dis 2011; 
12: 307-17.

 22. World Health Organization. Scaling up antiretroviral therapy: experience in Uganda. Case study, 
2003. www.who.int/hiv/amds/case3.pdf.

 23. Barth RE, van der Loeff MF, Schuurman R, Hoepelman AI, Wensing AM. Virological follow-up of 
adult patients in antiretroviral treatment programmes in sub-Saharan Africa: a systematic review. 
Lancet Infect Dis 2009; 10: 155-66.

 24. Clinton HIV AIDS initiative. ARV pricelist 2011. www.clintonfoundation.org/what-we-do/clinton-
hiv-aids-initiative/information-center-resources.

 25. Hamers RL, Sawyer AW, Tuohy M, Stevens WS, Rinke de Wit TS, Hill AM. Laboratory monitoring 
for management of HIV treatment can save cost by preventing unnecessary regimen switching: 
sub-Saharan Africa. 19th conference on retroviruses and opportunistic infections. Abstract 664. 
Seattle, WA, USA, 5-8 March 2012.

 26. Wilson D, Keiluhu AK, Kogrum S, Reid T, Seriratana N, Ford N, et al. HIV-1 viral load monitoring: an 
opportunity to reinforce treatment adherence in a resource-limited setting in Thailand. Trans R 
Soc Trop Med Hyg 2009; 103: 601-6.

 27. Gupta RK, Hill A, Sawyer AW, Cozzi-Lepri A, von Wyl V, Yerly S, et al. Virological monitoring and 
resistance to first-line highly active antiretroviral therapy in adults infected with HIV-1 treated 
under WHO guidelines: a systematic review and meta-analysis. Lancet Infect Dis 2009; 9: 409-17.

 28. Cohen MS, Chen YQ, McCauley M, Gamble T, Hosseinipour MC, Kumarasamy N, et al. Prevention of 
HIV-1 infection with early antiretroviral therapy. N Engl J Med 2011.

 29. Phillips AN, Youle M, Lampe F, Sabin CA, Hill A, Ransom D, et al. CD4 cell count changes in in-
dividuals with counts above 500 cells/mm and viral loads below 50 copies/ml on antiretroviral 
therapy. AIDS 2002; 16: 1073-5.

 30. Ledergerber B, Lundgren JD, Walker AS, Sabin C, Justice A, Reiss P, et al. Predictors of trend in 
CD4-positive T-cell count and mortality among HIV-1-infected individuals with virological failure 
to all three antiretroviral-drug classes. Lancet 2004; 364: 51-62.

 31. Stevens WS, Scott LE, Crowe SM. Quantifying HIV for monitoring antiretroviral therapy in 
resource-poor settings. J Infect Dis 2010; 201(suppl 1): S16-26.

 32. Sigaloff KC, Hamers RL, Wallis CL, Kityo C, Siwale M, Ive P, et al. Second-line antiretroviral treat-
ment successfully re-suppresses drug-resistant HIV-1 after first-line failure: prospective cohort in 
sub-Saharan Africa. J Infect Dis 2012; 205: 1739-1744.



Viewpoint 317

 33. Hosseinipour MC, Kumwenda JJ, Weigel R, Brown LB, Mzinganjira D, Mhango B, et al. Second-line 
treatment in the Malawi antiretroviral programme: high early mortality, but good outcomes in 
survivors, despite extensive drug resistance at baseline. HIV Med 2010; 11: 510-8.

 34. Fernandez-Montero JV, Barreiro P, Soriano V. HIV protease inhibitors: recent clinical trials and 
recommendations on use. Expert Opin Pharmacother 2009; 10: 1615-29.

 35. Bennett DE, Bertagnolio S, Sutherland D, Gilks CF. The World Health Organization’s global strategy 
for prevention and assessment of HIV drug resistance. Antivir Ther 2008; 13(suppl 2): 1-13.

 36. Hamers RL, Straatsma E, Kityo C, Wallis CL, Stevens WS, Sigaloff KC, et al. Building capacity for the 
assessment of HIV drug resistance: experiences from the PharmAccess African Studies to Evaluate 
Resistance network. Clin Infect Dis 2012; 54: (suppl 4): S261-5.

 37. Resch S, Korenromp E, Stover J, Blakley M, Krubiner C, Thorien K, et al. Economic returns to invest-
ment in AIDS treatment in low and middle income countries. PLoS One 2011; 6: e25310.


