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As HIV treatment programs in sub-Saharan Africa 
mature, there are rising concerns about the long-term 
sustainability and quality of these programs. Increasing 
levels of HIV drug resistance have been measured in 
sub-Saharan Africa, and could jeopardize long-term 
treatment success. 

This thesis presents the results of prospective cohort 
studies in adults and children, assessing the quality of 
HIV treatment programmes and the emergence of HIV 
drug resistance in sub-Saharan Africa. 
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InTRODuCTIOn

The human immunodeficiency virus (HIV) epidemic remains a major global health 

burden. In 2014, more than 36.9 [34.3-41.4] million people were living with HIV 

worldwide [1]. Access to antiretroviral treatment has changed the HIV epidemic drasti-

cally. Because of this treatment, HIV-positive people can now live long and healthy 

lives. An estimated 7.8 million HIV-related deaths were averted between 2000 and 

2014 [2]. As of June 2015, an estimated 15.8 million people had accessed to treatment, 

which is an exponential increase from 200,000 people in 2002 [3]. More than 11 mil-

lion people access HIV treatment in sub-Saharan Africa, the region that carries the 

largest HIV-burden. Increasing levels of HIV drug resistance in sub-Saharan Africa 

could jeopardize the long-term treatment success [4–6]. As HIV treatment programs 

in sub-Saharan Africa mature, there are rising concerns about the long-term sustain-

ability and quality of these programs.

HIV: the human immunodeficiency virus 

HIV is a retrovirus, belonging to the genus Lentiviridae which is characterised by a 

long incubation period (lentus = slow). There are two types of HIV: HIV-1, which 

is most common globally, and HIV-2 which is less pathogenic and mostly found in 

west-Africa [7]. HIV-1 can be divided in four groups: M, N, O, and P. HIV-1 group M 

is responsible for the global epidemic, and is the virus generally referred to as simply 

‘HIV’. HIV-1 group M can be divided into nine different subtypes: A, B, C, D, E, F, 

G, H, J and K. These subtypes can also form hybrid viruses, known as circulating 

recombinant forms (CRFs). For example CRF02_AG is a subtype A/G recombinant, 

which is circulating widely in West and Central Africa [8,9]. Subtype B is the pre-

dominant subtype in Western Europe, Australia and North America. As a result, most 

HIV research has focused on subtype B, while it is responsible for only 12% of the 

infections worldwide. In contrast, less is known about other subtypes like A and C, 

which are frequently found at a global scale and the dominant subtypes found in 

sub-Saharan Africa [1,10]. 

HIV is an enveloped virus, enclosing viral enzymes, a capsid and core with two 

single RNA strands. The viral enzymes are involved in HIV replication: reverse tran-

scriptase, converting RNA to DNA; integrase, integrating the viral DNA into the host 

DNA; and protease, cleaving the viral proteins (Figure 1). Every HIV virion produces 

~100,000,000,000 new virions per day [11]. The replication of HIV through reverse 

transcriptase is error-prone. With each life cycle, at least one random mutation in 

the HIV genome occurs. This creates a large pool of different versions of HIV, so 
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called ‘quasispecies’. The process of continuous viral alteration complicates drug and 

vaccine development. 

HIV can be transmitted from one person to the other through body fluids [12]. The 

most common ways of transmission are sexual intercourse, needle sharing, using 

unsterilized medical equipment, occupational exposure (e.g. needlestick injury), or 

through blood transfusion. Additionally, vertical transmission of HIV from mother to 

child can occur during pregnancy, delivery and through breastmilk [13]. 

After infection, HIV replicates within and destroys cells of the human immune system, 

which are mostly CD4+ T-cells, macrophages and dendritic cells. Early HIV-infection 

is often asymptomatic, or characterised by flu-like symptoms for about a week, often 

going unnoticed. This is followed by an asymptomatic period of on average 8-10 

years [14]. Without treatment, the immune system will deteriorate, leading to the most 

advanced stage of infection: acquired immunodeficiency syndrome (AIDS). When 

a person has AIDS, the level of CD4+ T cells has become dangerously low and the 

immune system is no longer able to fight off (opportunistic) infections, eventually 

leading to death. 

HIV treatment: combination antiretroviral therapy 

HIV was discovered as the cause of AIDS in 1983 [15,16]. In 1987, the first antiretroviral 

(ARV) drug became available on the market: azidothymidine (AZT), which is a nucleo-

side reverse transcriptase inhibitor (NRTI). Despite the impressive survival benefit of 

HIV-positive people taking AZT, the effect was of limited duration as HIV developed 

resistance against the drug [17]. The new ARVs prescribed as mono- or duo-therapy 

also lost their effect due to the development of drug resistance. 

In 1996, the introduction of highly active antiretroviral therapy (HAART; currently 

referred to as ART) drastically improved the life-expectancy of HIV-positive people 

[16]. New drug classes, non-nucleoside reverse transcriptase inhibitors (NNRTI) and 

protease inhibitors (PI), were developed, each targeting different viral enzymes in-

volved in HIV replication (Figure 1). ART, consisting of a triple-therapy combination 

of three different ARVs from two different drug classes, was able to suppress HIV 

replication for a long time with minimum development of drug resistance [16]. After 

the introduction of NNRTI- and PI-based ART, new ARV drug classes have been devel-

oped: integrase inhibitors, fusion/entry inhibitors and maturation inhibitors.
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HIV treatment in sub-Saharan Africa: the public health approach

While the year 1996 was a turning point for HIV-positive people living in resource-rich 

settings, ARVs were not available nor affordable in Africa at that time. By the end of 

2001, 40 million people were estimated to be living with HIV worldwide; 25.8 million 

were living in sub-Saharan Africa. Three million people died of AIDS in that same 

year [18]. The impact of the epidemic reverted society’s development, as the estimated 

infection rates continued to rise, and life-expectancy continued to fall. Therefore, 

the 2001 United Nations General Assembly Special Session on HIV/AIDS called for 

urgent global action in the ‘Declaration of Commitment on HIV/AIDS’ [19]. At that 

time, HIV treatment guidelines were directed at resource-rich settings and based on 

individual patient management. Medical doctors could prescribe every ARV avail-

able, and high-end laboratory technology was available to closely monitor treatment 

response. This personalised approach was not feasible in resource-limited settings 

such as sub-Saharan Africa, where doctors and laboratory capacity were (and still are) 

limited. This prompted the development of the ‘public health approach’ to providing 

HIV treatment by the World Health Organization (WHO) in 2002. [20–29]. 
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Figure 1. HIVreplicationanddrugtargets.

AdaptationofillustrationbyThomasSplettstoesser(www.scistyle.com).
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Key elements of the public health approach include task-shifting to lower-level health 

care workers, administration of standard ART regimens and minimal laboratory moni-

toring [20]. It has allowed the rapid scale-up of access to ART to millions of people, 

with efficient use of resources. However, the lack of laboratory monitoring within this 

approach has raised concern that treatment failure could go unnoticed.

Treatment monitoring

HIV/AIDS disease progression and ART success can be measured through clinical, 

immunological and viral load monitoring. Clinical monitoring is the assessment of 

clinical symptoms, and/or opportunistic infections. Immunological monitoring as-

sesses the CD4+ T cell count (in short, CD4 count), which is a measure of immune 

function. Viral load monitoring comprises the quantification of the HIV RNA load 

in copies per millilitre plasma. This is a direct measurement of the number of viral 

copies in the blood. Typically, virological failure is the first sign of treatment failure 

(Figure 2). When the viral load in the body increases, the immune system suffers the 

consequences and the CD4 count will decrease, eventually leading to immunological 

failure. Subsequently, a person will soon suffer new or recurrent clinical event(s), 

which is defined as clinical failure. The 2002- 2015 WHO definitions of treatment 

failure are summarized in the Table 1 [21–29]. 

Historically, the public health approach relies on clinical monitoring which allows 

drug resistance mutations to accumulate before clinical failure is diagnosed (Figure 2). 
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While viral load monitoring is increasingly being recommended as the preferred ART 

monitoring tool [21–29], it is often unavailable in resource limited settings, increasing 

the chance that drug resistance may develop [30]. 

Specific issues in children

Vertical transmission of HIV is preventable, and effective interventions have virtually 

eliminated new HIV infections in children in resource-rich settings [31]. The preven-

tion of mother-to-child transmission (PMTCT) consists of a collection of measures to 

prevent perinatal HIV transmission [32]: routine HIV testing for all pregnant women; 

reduction of the maternal viral load through short-course ARVs or ART during preg-

nancy and delivery; elective caesarean delivery; and the use of formula feeding or 

Table 1. Summary of theWorld Health Organization antiretroviral treatment guidelines for a public

healthapproach.

2002 2003 2006 2010 2013 2015

Whentostart

Adults
CD4counts≤200cells/mm3 CD4counts≤350

cells/mm3

CD4counts≤500
cells/mm3 All

Children
All:age-specificCD4criteria

<2yearsold:all;
2-5yearsold:≤750
cells/mm3or25%

<5yearsold:all All

Whattostart

Adults NNRTI+2NRTI

Children NNRTI+2NRTI
<3yearsold:PI+2NRTI;
≥3yearsold:NNRT+2NRTI

Switchto

Adults

PI+2NRTI

PI+2NRTI

Children
StayonPI+
2NRTI,adherence
counselling

<3yearsold:
INI+2NRTI;
≥3yearsold:
PI+2NRTI

Treatmentmonitoring

Adults Clinicalandimmunologicalmonitoring,
targetedviralloadmonitoringifavailable

Routineviralloadmonitoring
Children

Diagnosisoftreatmentfailure

Clinical NeworrecurrentWHOstage4condition

Immunological CD4belowbaseline;or50%fallformpeakvalue;
orpersistentCD4<100cells/mm3

CD4belowbaseline;
orpersistentCD4<100cells/mm3

Virological No
recommendation

VL≥10,000
cps/ml

VL≥5,000cps/ml VL≥1,000cps/ml

INI,integraseinhibitor;NNRTI,non-nucleosidereversetranscriptaseinhibitor;NRTI,nucleosidereverse

transcriptaseinhibitor;PI,proteaseinhibitor;VL,viralload;WHO,WorldHealthOrganization.
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following strict breastfeeding guidelines. For HIV-exposed infants, a short course 

of ARVs is administered, followed by virological testing for early infant diagnosis. 

Through PMTCT, the risk of perinatal transmission of HIV can be reduced from 15-45% 

without intervention, to <2% with optimal PMTCT in resource-rich settings [32–34]. 

Despite the success of PMTCT, an estimated 2.6 [2.4-2.8] million children were living 

with HIV globally in 2014, the majority (90%) of whom live in sub-Saharan Africa [1]. 

Although HIV-infection in children follows a similar pattern as in adults, children face 

specific challenges. The persistence of maternal antibodies in children under 18 months 

means a virological diagnostic test (DNA PCR) is required which is not readily avail-

able in resource-limited settings. This makes HIV diagnosis in this age group difficult. 

Without ART, over one-third of children will die before reaching two years of age [35]. 

Therefore, early HIV diagnosis and immediate ART initiation has been recommended 

by the WHO since 2010; irrespective of clinical or immunological status (see Table 1) 

[26–28]. However, in 2015 only an estimated 32% [30-34%] of HIV-infected children 

have access to treatment, compared to 41% [38-46%] of the adult population [1]. 

When a child has been diagnosed and is enrolled in HIV care, only limited paediatric 

ARV drug options and formulations are available [36]. Some children have been ex-

posed to ARVs through PMTCT before initiation of ART, which increases their chances 

of having already acquired drug resistant HIV strains and in turn, limits their treatment 

options. The fact that children rapidly change their body weight makes correct dosing 

challenging, increasing the risk of treatment failure and of developing drug resistance. 

HIV-infected children also have higher viral loads and faster disease progression 

compared to adults [37]. Furthermore, children rely on their caregivers for adherence 

and retention in care [38,39].

+ =

+ =

reservoir of 
drug resistant HIV

Transmitted
drug resistance

Acquired drug resistance
Resistance that HIV developed 
under drug pressure in the patient

Pretreatment drug resistance
Patients who start treatment
with a drug resistant HIV

risk 
factors

poor (initial)
response to
ART

poor
response 
to ART

Onward transmission 
of drug resistant HIV

Figure 3. HIVdrugresistance.

ART,antiretroviraltherapy
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Drug resistance

HIV drug resistance refers to the ability of HIV to replicate in the presence of drugs 

that usually suppress its replication [4]. HIV drug resistance can impede the successful 

suppression of HIV by ART [40]. Several mutations in the viral reverse transcriptase, 

protease, integrase and envelope have been found to be associated with a poor re-

sponse to ART [41,42]. Drug resistant HIV can be acquired or transmitted (Figure 3). 

Acquired drug resistance occurs in HIV-positive people who are taking ARV drugs, 

for example ART or ARVs for PMTCT. Often in the context of insufficient drug levels, 

HIV continues residual viral replication and builds up drug-resistant variants through 

a process of selection and mutation. Transmitted drug resistance occurs when previ-

ously uninfected people become newly infected with these drug-resistant viruses. 

Pretreatment drug resistance refers to drug resistance in those who are about to initi-

ate ART. Several factors lead to the development of HIV drug resistance: viral factors, 

drug specific factors, patient factors and programmatic factors [4,43]:

1.	 Viral	factors
Due to the high replication rate and error-prone transcription by HIV, drug resistant 

variants are created on a daily basis. Pretreatment drug resistance is associated with 

increased risk of virological failure, and further development of drug resistance [44,45]. 

The risk of virological failure and drug resistance development may also vary across 

HIV subtypes [46,47].

2.	 Drug	specific	factors	
Some ARVs have a higher genetic barrier than others. In drugs with a low genetic 

barrier (such as NNRTIs), one mutation can be enough to develop drug resistance, 

compared to drugs with a high genetic barrier (such as PIs), requiring multiple muta-

tions. Also, side effects (nausea, diarrhoea) caused by ARVs can be a reason for poor 

adherence or malabsorption of the drugs. Furthermore, drug-drug interaction can 

cause suboptimal ARV drug levels, for example rifampicin for tuberculosis treatment 

interacts with ARVs [48]. 

3.	 Patient	factors
Suboptimal adherence is one of the main reasons for suboptimal drug levels, which 

in turn leads to virological failure and the emergence of drug resistance [49]. HIV-

associated stigma and fear might negatively affect adherence and retention in care. 

Adherence and timely clinic attendance are especially challenging for children, who 

depend on their caregiver [50]. 
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4.	 Programmatic	factors
Suboptimal program functioning can increase the risk of drug resistance [51,52]. Drug 

stock-outs and limited human resources can affect adherence and retention in care. 

Lack of adequate treatment monitoring in the WHO public health approach can lead 

to delayed switch practices. Drug resistance mutations will accumulate when treat-

ment failure is diagnosed late and ART regimen switches are delayed; particularly in 

the absence of viral load monitoring.

RATIOnAlE FOR THIS THESIS

Due to the increased availability of ART for HIV in sub-Saharan Africa, there are rising 

concerns about the long-term sustainability of these ART programs. Increased levels 

of pretreatment HIV drug resistance have already been measured in sub-Saharan Af-

rica and jeopardize treatment success [4,5,30,53–57]. This thesis presents data on the 

long(er)-term effects of HIV treatment in sub-Saharan Africa. We aimed to assess the 

issues pertinent to the next challenge of large-scale ART programs: access to quality 

HIV care for adults and children. 

The research objectives of this thesis are:

o To assess factors associated with the timing of HIV treatment initiation in children.

o To evaluate the prevalence and predictors of pretreatment HIV drug resistance in 

children.

o To summarize long-term HIV suppression rates in adults and children on first-line 

ART in low- and middle-income countries. 

o To assess the long(er)-term effects of pretreatment HIV drug resistance on morbid-

ity, mortality and ART regimen switches in adults. 

o To assess the remaining HIV drug susceptibility after failing standard first- and 

second-line ART in adults and children. 

Research setting 

PASER, Pan African Studies to Evaluate Resistance (formerly known as PharmAccess 

African Studies to Evaluate Resistance) was established in 2006 as a multi-country 

capacity building and research program, for the assessment and prevention of HIV 

drug resistance in sub-Saharan Africa. PASER was established in coordination with 

WHO’s HIV drug resistance prevention strategy and contributes to the WHO Global 

HIV Drug Resistance Network (HIVResNet), a global network advising WHO on the 

control and surveillance of HIV drug resistance [59]. While WHO focussed on the 

public sector, PASER chose to focus on the private sector (profit and not-for-profit) 
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to complement WHO efforts. The primary PASER objectives were to build capacity in 

the monitoring and surveillance of HIV drug resistance in Africa, and to disseminate 

information, perform advocacy and realize policy support (coordinated with WHO 

HIVResNet). PASER was coordinated by PharmAccess Foundation and the Amsterdam 

Institute for Global Health and Development.

The PASER network and its sister network TASER in Asia (TREAT Asia Asian Studies 

to Evaluate Resistance) were part of the bi-regional network called LAASER (Linking 

Asian and African Societies for an Enhanced Response to HIV/AIDS), with the primary 

aim to build capacity on the surveillance and monitoring of HIV drug resistance [58]. 

Lagos University Teaching Hospital
Lagos, Nigeria

Joint Clinical Research Center
Kampala, Fort Portal & Mbale, Uganda

Lusaka Trust Hospital
Lusaka, Zambia

KARA Clinic
Lusaka Zambia

Coptic Hospital
Lusaka, Zambia

Themba Lethu Clinic
Johannesburg, South Africa

University of the Witwatersrand
Johannesburg, South Africa

Muelmed Hospital
Pretoria, South Africa

Acts Clinic
White River, South Africa

Newlands Clinic
Harare, Zimbabwe

Coast Province General Hospital
Mombasa, Kenya

Master Hospital
Nairobi, Kenya

Uganda Virus Research Institute
Entebbe, Uganda

Figure 4. ThePASERnetwork.
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Over the past several years, the PASER program on African adults has been supple-

mented with a similar studies on paediatric ART and HIV drug resistance: Monitoring 

Antiretroviral Resistance in Children (MARCH).

The	PASER	cohort
The PASER-Monitoring observational cohort enrolled HIV-positive adults in thirteen 

public and private clinical sites in six countries: Kenya, Nigeria, South Africa, Uganda, 

Zambia and Zimbabwe (Figure 4). At each site, 240 HIV-positive adults were enrolled 

when initiating standard first-line ART, or when switched to second-line ART because 

off presumed first-line treatment failure. A total of ~3000 participants were followed 

prospectively and received routine HIV care according to national guidelines, which 

were in line with the WHO HIV treatment guidelines; see Table [21–29]. 

The	MARCH	cohort
The aim of MARCH was to strengthen the capacity of HIV drug resistance monitoring 

in children, and to optimize care and treatment guidelines for paediatric ART pro-

grammes in sub-Saharan Africa. The MARCH cohort was a prospective, multi-centre, 

observational cohort study of 460 HIV-infected children under 12 years of age at 

clinical sites already participating in the established PASER network (Figure 4). PASER 

and MARCH were conducted using harmonized study protocols. In 2010, the MARCH 

cohort enrolled 360 children when initiating first-line ART, or switching to second-line 

ART at three clinical sites of the Joint Clinical Research Centre in Uganda. At each site 

in Kampala, Fort Portal and Mbale, 120 children ≤12 years of age were enrolled. In 

2012, the MARCH cohort enrolled an additional 100 children initiating first-line ART at 

the Lagos University Teaching Hospital in Nigeria. All children received routine care 

according to national guidelines which were in line with WHO guidelines; see Table 

[21–29].

OuTlInE OF THIS THESIS

Part I of this thesis describes pretreatment challenges of HIV-infected children in 

sub-Saharan Africa. First, we assess the reasons for late entrance into HIV care, with 

advanced disease, among children in Uganda (Chapter 2). Next, we assess the preva-

lence and patterns of pretreatment HIV drug resistance in children from both Uganda 

(Chapter 3) and Nigeria (Chapter 4). Furthermore, we summarize the published lit-

erature on prevalence of pretreatment HIV drug resistance in children in sub-Saharan 

Africa (Chapter 4). 
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Part II describes the long-term outcomes of first-line ART. We systematically review 

the long-term virological suppression rates in HIV-infected children (Chapter 5) and 

adults (Chapter 6) receiving first-line ART in low- and middle-income countries. Ad-

ditionally, we assess the effect of pretreatment HIV drug resistance on mortality, pro-

gression to AIDS and switches to second-line ART in adults on first-line ART (Chapter 

7).

Part III examines the potential future ARV drug options for people who are failing 

standard first- and second-line ART. First, we describe the remaining drug susceptibil-

ity in both adults and children experiencing continued virological failure on first-line 

ART (Chapter 8). Next, we describe the risk of virological failure on second-line ART 

and quantify the need for and requirements of third-line ART (Chapter 9). 

In the epilogue, we pay tribute to the work of the late Professor Joep Lange (Chapter 

10). His efforts were fundamental in enabling access to ART in Africa and Asia, and he 

was one of the co-initiators of the PASER cohort. 
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ABSTRACT

Although the advantages of early infant HIV diagnosis and treatment initiation are well 

established, children often present late to HIV programs in resource-limited settings. 

We aimed to assess factors related to the timing of treatment initiation among HIV-

infected children attending three clinical sites in Uganda. Clinical and demographic 

determinants associated with early disease (WHO clinical stage 1-2) or late-disease 

(stage 3-4) stage at presentation were assessed using multilevel logistic regression. 

Additionally, semi-structured interviews with caregivers and health workers were 

conducted to qualitatively explore determinants of late-disease stage at presentation. 

Of 306 children initiating first-line regimens, 72% presented late. Risk factors for late 

presentation were age below 2 years old (OR 2.83, p=0.014), living without parents 

(OR 3.93, p=0.002), unemployment of the caregiver (OR 4.26, p=0.001), lack of peri-

natal HIV prophylaxis (OR 5.66, p=0.028), and high transportation costs to the clinic 

(OR 2.51, p=0.072). Forty-nine interviews were conducted, confirming the identified 

risk factors and additionally pointing to inconsistent referral from perinatal care, 

caregivers’ unawareness of HIV symptoms, fear and stigma as important barriers. The 

problem of late disease at presentation requires a multi-factorial approach, addressing 

both health system and individual-level factors.



31

BarrierstoinitiationofpediatricHIVtreatmentinUganda

InTRODuCTIOn 

Despite the effectiveness of antiretroviral prophylaxis for the prevention of mother-to-

child transmission (PMTCT) of HIV, approximately 370,000 children were newly infected 

with HIV in 2009. An estimated 2.5 million children are currently infected with HIV 

worldwide, of whom 2.3 million reside in sub-Sahara Africa [1]. HIV-infected infants have 

much higher rates of disease progression and mortality than adults or older children, 

even with a relatively high percentage of CD4 T-lymphocytes [2,3]. Without treatment, 

over 50% of HIV-infected children are estimated to die before the age of two [4].

Despite the increased mortality in young infants, children in resource-limited settings 

generally initiate ART at an older age and with advanced disease [4,5]. In 2008, the 

CHER trial in South Africa demonstrated a 76% mortality reduction among infants in 

whom antiretroviral treatment (ART) was initiated before 12 weeks of age, regardless 

of HIV-symptoms or immunodeficiency, compared with those deferring therapy [6]. 

Based on these important findings, the World Health Organization (WHO) guidelines 

currently recommend that all HIV-infected children under the age of two should initi-

ate treatment [7]. The WHO estimates that only 32% of HIV-infected children in East 

Africa requiring ART are currently treated [8]. 

Although government policies and efforts by international donors seek to make anti-

retrovirals (ARVs) freely available to children through national ART programs, other 

factors are holding back further scale-up of pediatric ART in Africa. A wide array of 

such factors or barriers has been put forward in the literature including health system 

and personal level barriers [9,10]. The development of new strategies to overcome 

these barriers is essential to reduce child morbidity and mortality, thereby contributing 

to the achievement of the Millennium Development Goal 4 [11]. However, limited 

structured research has been performed and there is little setting-specific insight into 

health care barriers. 

The Joint Clinical Research Centre (JCRC) is a main provider of HIV care and treatment 

in Uganda. It was founded in 1990 as a strategic partnership with the Ministry of Health 

and Makerere University Medical School. The national JCRC network – consisting of 

more than 50 clinical sites – has over 20 years of experience with ART, from conduct-

ing clinical trials to nationwide roll-out programs since 2003. This study describes 

the characteristics of children initiating HIV care at three JCRC clinical sites based in 

Kampala, Fort Portal and Mbale. Drawing on both quantitative and qualitative data 

sources, we aimed to identify the most important factors influencing the timing of 

pediatric ART initiation. 
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METHODS 

Population, setting and study design

We used an observational study design with a mixed methodology. This allowed us 

to triangulate findings from both participants and methods, and generate a deeper 

understanding of the barriers to initiation of pediatric HIV care. The present study was 

performed as part of the Monitoring Antiretroviral Resistance in Children (MARCH) 

observational cohort, monitoring HIV-infected children (below 12 years old) initiating 

ART at three JCRC sites. The clinical sites in Kampala, Fort Portal and Mbale are Re-

gional Centers of Excellence and provide ART for both adults and pediatric patients. 

The Kampala site, based in the national capital, houses JCRC headquarters and mainly 

serves an urban population. The sites in Fort Portal and Mbale are located in district 

capitals, serving the Rwenzori region in Western Uganda and the entire Eastern region 

of Uganda, respectively [12]. People attending these two clinical sites come from both 

urban and rural areas (Table 1). 

The sample-size was calculated based on the MARCH study objective to monitor HIV 

drug resistance. This cross-sectional, observational sub-study aims to identify the most 

important factors influencing the timing of pediatric ART initiation at the three sites. 

Potential participants were informed of the study and screened for eligibility by the 

study staff at each clinic. All children that initiated ART were included; previous use 

of ARVs for the purpose of therapy (i.e. ART or mono/duo therapy) was an exclusion 

criterion. Previous use of ARVs for PMTCT was allowed. The ethical committees of 

Table 1. CharacteristicsoftheJointClinicalResearchCentre(JCRC)sites.

Kampala FortPortal Mbale

Location Nationalcapital Districtcapital Districtcapital

Populationa 1,659,600 47,100 91,800

Catchmentarea Urban Urbanandrural Urbanandrural

HIVprevalenceb 5-9.9% 5-9.9% 5-9.9%

NumberofadultsincareatJCRC
(%oftotal)c

15306(85.7) 5880(87.3) 3027(85.7)

NumberofchildrenincareatJCRC
(%total)c

2553(14.3) 858(12.7) 506(14.3)

NumberofadultsreceivingARTatJCRC
(%ofadultsincare)c

6096(39.8) 2575(43.8) 2505(82.8)

NumberofchildrenreceivingARTatJCRC
(%ofchildrenincare)c

888(34.8) 340(39.6) 349(69.0)

aSource:UgandaBureauofStatistics(UBOS)2011.
bSource:UNAIDSEpidemiologicalFactsheetUganda2009.
cSource:MonitoringandEvaluationrecordsatJCRC,2011.
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JCRC and the Academic Medical Center of the University of Amsterdam approved 

the study protocol. The parent(s)/guardian(s) of all eligible children provided written 

informed consent. Children above the age of eight who were aware of their HIV status 

provided written informed assent. Routine socio-demographic, clinical and laboratory 

data were collected using electronic case report forms, which were aggregated in a 

web-based data system. Whenever possible, the health status and medication use of 

the mother was also captured. 

Quantitative methods

Group comparisons for categorical data were performed using the chi-square test, and 

for continuous data using the student’s t-test. Nutritional status was assessed by means 

of the WHO Child Growth Standards: WHO Anthro version 3.2.2 (age 0-5) and WHO 

Reference 2007 for height and weight (age 5-19) [13,14]. Severe immunodeficiency 

was classified according to the WHO guidelines: CD4 cell percentage <25% or CD4 

cell count <1500 cps/mm3 below 12 months old; CD4 cell percentage <20% or CD4 

cell count <750 cps/mm3 between 12-35 months old; CD4 cell percentage <15% or 

CD4 cell count <350 cps/ mm3 above 35 months old [15]. WHO clinical staging was 

used to define early-disease stage or late-disease stage at presentation: children in 

stage 1 (asymptomatic) or 2 (mild symptoms) were considered to have early-disease 

stage, and children in stage 3 (advanced symptoms) or 4 (severe symptoms) were 

considered to have late-disease stage [16]. 

Multivariate logistic regression analysis with random intercepts was used to examine 

risk factors for late-disease stage at presentation, while accounting for clustering 

of observations within sites. Results are expressed as odds ratios (ORs) with 95% 

confidence intervals (CIs) and p-values, with two-sided p-values <0.05 considered 

statistically significant. A sensitivity analysis was performed, excluding children with 

unknown source of HIV infection. All analyses were performed with Stata version 10 

(StataCorp LP, TX, USA). 

Qualitative methods 

Qualitative semi-structured interviews with both JCRC health workers and caregivers 

of children attending JCRC clinical sites were conducted to explore participants views 

of key findings from the quantitative results, such as the late (disease stage) presenta-

tion of children for ART. Interviews consisted of open-ended questions to explore 

perceived barriers to ART initiation. Topics covered in the interview were the referral 

system, quality of care, HIV testing and treatment protocols, characteristics of the care-

giver, transport to the clinic, pharmacy and laboratory facilities. Pilot interviews were 

held with three local physicians; questions were adapted if necessary to ensure that 
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they were appropriate for all participants. A separate questionnaire aimed at health 

workers, testing ART guideline knowledge, was developed in collaboration with a 

pediatric infectious disease specialist. 

Interviews were conducted by the first author (TSB) in July 2011 at the three clinical 

sites. All caregivers of children below 12 years of age were identified by the doctor 

or counselor during a regular follow-up visit. Data were collected until the saturation 

point [17] was reached; we are therefore confident that the findings presented are 

internally valid. All health workers - pediatricians, clinicians, nurses, counselors and 

adherence officers - involved in pediatric HIV care at JCRC where interviewed at all 3 

clinics, to maximize health worker representation and internal validity. 

All interviews took place in private settings where other people could not hear the 

respondents’ answers. For interviews with caregivers, a local trained counselor as-

sisted with translation and/or interpretation of questions. Interviews were recorded 

and transcribed in English. Using the framework approach for qualitative analysis [17], 

key issues and themes emerging from the data were identified, and responses were 

compared and contrasted among the different groups of study participants. Findings 

from the qualitative study were interpreted using the Andersen’s Behavioral Model of 

Health Services Use [18–20]. 

RESulTS

Quantitative results

Participant	characteristics	
Between January 2010 and May 2011, 310 children initiating first-line ART were en-

rolled in the MARCH study (92 from Kampala, 113 from Fort Portal and 105 from 

Mbale). After excluding a protocol violation (n=1) and children with missing data on 

eligibility criteria (n=3), 306 participants were included in the analysis. The median 

age was 4.8 years and 50% (n=152) were boys (Table 2). The reported source of HIV 

infection was mother-to-child transmission (MTCT) in 284 (93%) participants. In 22 

(7%) children, the source of infection was unknown. HIV-status was known for 208 

(68%) of their mothers, of whom 195 (94%) were HIV-infected, 1 (0.5%) was uninfected 

and 12 (6%) were unaware their HIV status. Among the HIV-infected mothers, 45% 

were on ART, 49% were not on ART, and for the remainder ART usage was unknown.
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Table 2. Clinicalanddemographiccharacteristicsofthe‘MonitoringofAntiretroviralResistanceinChil-

dren’cohortparticipants.

Overall

StudySite

P-valueKampala FortPortal Mbale

n=306
(100)

n=91
(29.7)

n=112
(36.6)

n=103
(33.7)

Sex Male 152(49.8) 43(47.3) 55(49.1) 54(52.9) 0.719

Age,medianyears(IQR) 4.8(2.2-8.6) 4.0(1.5-8.5) 4.2(1.9-8.5) 5.8(3.0-8.7) 0.127

Agegroups <2 years old 76(24.8) 32(35.2) 29(25.9) 15(14.6) 0.005

2-5 years old 84(27.5) 18(19.8) 37(33.0) 29(28.2)

5-12 years old 146(47.7) 41(45.1) 46(41.1) 59(57.3)

Ageat(first)confirmed
HIV+test

Median (IQR) 3.7(1.6-6.8) 3.0(1.3-7.2) 3.3(1.1-6.8) 4.5(2.7-6.8) 0.264

WHOclinicalstage Stage 3 and 4 221(72.2) 36(39.6) 92(82.1) 93(90.3) <0.001

HIV-TBco-infection Pulmonary 
tuberculosis

31(10.1) 18(19.8) 6(5.4) 7(6.8) 0.001

Severe
immunodeficiencya

CD4 count-for-
age

67(31.0) 36(40.0) 9(21.4) 22(26.2) 0.047

CD4%-for-age 102(51.3) 57(63.3) 18(42.9) 27(40.3) 0.008

Viralload,medianlog10
cps/mL(IQR)c

5.0(4.4-5.5) 5.2(4.7-5.6) 5.1(4.2-5.5) 4.7(4.1-5.3) 0.001

MainreasonforART
initiationd

HIV diagnosis 
<24 months

30(9.8) 20(22.0) 9(8.0) 1(1.0) <0.001

Immunological 
status

102(33.3) 55(61.4) 25(22.3) 22(21.4)

WHO clinical 
stage

174(56.9) 16(17.6) 78(69.6) 80(77.7)

TimebetweenHIVtest
andARTinitiation,
mediandays(IQR)

<2 years old 43(19-85) 40(18-66) 48(23-103) 43(26-86) 0.299

2-5 years old 97(26-400) 117(34-309) 197(29-546) 64(15-180) 0.302

5-12 years old 258(29-802) 242(28-634) 296(35-757) 216(21-848) 0.474

PMTCTexposed Yes 14(4.6) 11(12.1) 3(2.7) - <0.001

DrugsforPMTCT Single dose NVP 9(2.9) 6(6.6) 3(2.7) - 0.025

NVP 4(1.3) 4(4.4) - - 0.008

AZT 2(0.7) 2(2.2) - - 0.093

Unknown 1(0.3) 1(1.1) - - 0.306

Breastfeeding Yes 24(7.9) 10(11.1) 12(10.7) 2(1.9) 0.023

“Isthereenoughfood
inthehousehold?”

Yes 300(98.0) 87(95.6) 110(98.2) 103(100.0) 0.087

Dataarepresentedasn(%)unlessotherwiseindicated.
aSevereimmunodeficiency,definedasCD4percentage<25%orCD4count<1500cps/mm3below12

monthsold,CD4percentage<20%orCD4count<750cps/mm3between12-35monthsoldandCD4

percentage<15%orCD4count<350cps/mm3above35monthsold.
bCD4countbasedonn=218,CD4percentagebasedonn=201.
cViralloadbasedonn=184.
dMainreasonforinitiationasindicatedbyclinician.
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At first presentation, 72% of participants were in WHO clinical stage 3 or 4 (40% in 

Kampala, 82% in Fort Portal and 90% in Mbale). Severe immunodeficiency according 

to a decreased CD4 cell count-for-age was present in 31% of children and in 51% when 

based on CD4 cell percentage-for-age. Severe immunodeficiency was more prevalent 

in Kampala compared to Fort Portal and Mbale (Table 2). There was a poor correlation 

between clinical staging and immunological status: of children in clinical stage 3 or 

4, 47% also had severe immunodeficiency according to CD4 cell percentage-for-age.

In children below 5 years of age, the prevalence of weight-for-age z-score < -2 standard 

deviation (SD) was 43%; height-for-age z-score <-2 SD was found in 62% (Table 3). 

Of children in clinical stage 3 or 4, 70% had HIV-related malnutrition. The nutritional 

status of children did not differ significantly between the clinical sites. 

Table 3. Nutritionalstatusofthe‘MonitoringofAntiretroviralResistanceinChildren’cohortparticipants

atpresentation.

n=306

Underweight(WAZ<-2SD) < 5 years old 42.7(34.6-50.7)

5-12 years old 24.5(15.2-33.7)

Severeunderweight(WAZ<-3SD) < 5 years old 26.1(18.9-33.3)

5-12 years old 12.8(5.5-20.0)

Stunting(HAZ<-2SD) < 5 years old 62.0(53.9-70.1)

5-12 years old 39.0(30.4-47.5)

Severestunting(HAZ<-3SD) < 5 years old 40.0(31.8-48.2)

5-12 years old 18.4(11.5-25.3)

Wasting(WHZ<-2SD) < 5 years old 21.7(14.9-28.4)

5-12 years old NA

Severewasting(WHZ<-3SD) < 5 years old 7.0(2.7-11.3)

5-12 years old NA

BMI-for-agez-score(<-2SD) < 5 years old 16.3(10.2-22.3)

5-12 years old 8.6(3.6-13.7)

Mid-upperarmcircumferencen(%)a ≤ 13.5 cm 55(37.9)

Data are presented as percentage with 95% confidence interval (CI) unless otherwise indicated. No

significantdifferenceswerefoundbetweenclinicalsites.ReferencedatausedareWHOAnthroversion

3.2.2,January2011forage0-5andReference2007forage5-19[13,14,49].33z-scoreswereexcluded

fromanalysisbecauseofbiologicalimplausibility(WAZn=9,HAZn=19,WHZn=3,BMI-for-agen=2).
aMid-upperarmcircumferenceonlyapplicableforchildren1-5yearsold(n=148).

WAZ,weight-for-agez-score,HAZ,height-for-agez-score,WHZ,weight-for-heightz-score,BMI,bodymass

index(inkg/m2).
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Table 4. Riskfactorsforlatediseasestageatpresentation(WHOstage3or4).

Univariateanalysis Multivariateanalysis

OR 95%CI P-value OR 95%CI P-value

Sex Female 1

Male 0.99 0.56-1.74 0.963

Agegroup 5-12 years old 1 1

2-5 years old 1.20 0.60-2.41 0.612 1.90 0.85-4.22 0.117

0-2 years old 1.45 0.72-2.92 0.303 2.83 1.23-6.50 0.014

Currentlivingsituation With both parents 1 1

With one parent 1.39 0.71-2.73 0.340 2.05 0.96-4.35 0.062

With siblings/relatives/other 
caregiver/in institution

2.46 1.14-5.31 0.021 3.93 1.65-9.38 0.002

Primarycaregiver Mother 1

Father 0.80 0.22-2.94 0.738

Grandparent 3.07 1.06-8.92 0.039

Other relative / friend 0.92 0.45-1.91 0.826

Institution 3.09 0.54-17.64 0.203

Mother’shealthstatus Healthy 1

Sick 1.66 0.49-5.60 0.416

Deceased 1.59 0.71-3.58 0.260

Unknown 1.10 0.28-4.24 0.894

Father’shealthstatus Healthy 1

Sick 1.27 0.43-3.74 0.660

Deceased 1.78 0.82-3.85 0.142

Unknown 2.17 0.81-5.81 0.122

Highestlevelof
educationofthe
caregiver

Illiterate 1

Literate / primary school 0.77 0.32-1.83 0.550

Secondary school 0.55 0.21-1.44 0.223

Post-secondary school 0.49 0.17-1.45 0.197

Occupationofthe
caregiver

Wage-employed 1 1

Self-employed 1.82 0.78-4.26 0.166 2.50 1.00-6.28 0.051

None/at home/student 3.24 1.43-7.34 0.005 4.26 1.75-10.35 0.001

PMTCTexperienced Yes 1 1

No 5.07 1.24-20.79 0.024 5.66 1.21-26.51 0.028

TimebetweenHIV+
diagnosisandART
initiation

0-31 days 1

> 30 days 0.93 0.50-1.73 0.818

Transportationtime < 1 hour 1

1 hour or more 0.85 0.45-1.58 0.606
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Risk	Factors	for	Late	Disease	Stage	at	Presentation:	Quantitative	Results	
Compared to children with early-disease stage at presentation, children with late-

disease stage at presentation were more likely to be younger, to have an unemployed 

caregiver and to have higher transportation costs. They were less likely to be living 

with both parents or to have a history of uptake of PMTCT services (Table 4). Late-

disease stage at presentation was not associated with sex, the caregiver’s health status 

or education, transportation time, time between HIV-positive diagnosis and ART 

initiation or waiting time at the clinic. The sensitivity analysis, excluding 22 children 

in whom MTCT was not confirmed, yielded similar associations (data not shown). 

Qualitative Results

Participant	Characteristics
Interviews were conducted with 19 health workers and 30 caregivers. Twenty-one 

caregivers were HIV-infected, six were uninfected and three reported they were un-

aware of their status. Among the HIV-infected caregivers, sixteen caregivers were in 

care at JCRC and the remaining caregivers were in care at another clinic. Five health 

workers were specialized pediatricians; others were clinicians (n=2), nurses (n=6), 

counselors (n=4) or adherence officers (n=2) with pediatric training. The caregivers 

included those of children participating in the MARCH study and those of other clinic 

attendants aged 0-12 years old. All but four adults accompanying a child to the clinic 

were the primary caregivers. The caregivers were mostly self-employed; six were 

unemployed. 

Table 4. Riskfactorsforlatediseasestageatpresentation(WHOstage3or4).(continued)

Univariateanalysis Multivariateanalysis

OR 95%CI P-value OR 95%CI P-value

Transportationcosts 1st quartile 
(UGX a 500-1500)

1 1

2nd quartile 
(UGX 1500-3000)

1.07 0.51-2.23 0.857 0.96 0.43-2.14 0.915

3rd quartile 
(UGX 3000-4000)

0.89 0.34-2.33 0.818 0.85 0.30-2.38 0.756

4th quartile 
(UGX 4000-15000)

2.09 0.85-5.15 0.108 2.51 0.92-6.85 0.072

Waitingtimeatclinic < 2 hours 1

2 hours or more 0.83 0.35-1.98 0.676

Multilevel univariate andmultivariate logistic regression analysiswith random intercepts to examine

factors associatedwith late-diseaseatpresentation (WHOstage3or4), accounting forclusteringof

observationswithinsites.
aUGX500»$0.18;UGX,UgandaShilling.
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Health	System	Factors:	Resources	and	Organization
Kampala is the only site with a separate pediatric outpatient clinic. All sites have access 

to local laboratory facilities (including HIV-DNA PCR testing for infants <18 months 

of age), first- and second-line ARVs, and ready-to-use therapeutic food products (i.e. 

Plumpy’nut). According to the physician respondents, the clinic’s capital and labor 

resources are sufficient to take care of all children attending the clinic. Occasional 

stock-outs of specific drugs or fixed-dose combinations were reported, in which case 

drugs are borrowed from other clinics or doctors prescribe different formulations to 

reconstruct the same regimen. When pharmacy stocks are low, ARV prescriptions are 

given for one month at a time rather than the regular three months. 

All doctors were aware that ART should be initiated in infants below the age of two 

years, irrespective of CD4 count or clinical condition. The general consensus among 

health workers was that enough qualified personnel are available at the clinic, al-

though the workload is high. There was often insufficient time for thorough counsel-

ing, which can result in longer waiting times for patients and caregivers attending the 

clinic. Health workers evaluated the pediatric HIV care delivered at JCRC as better in 

comparison to other clinics. However, health workers also noted that it is necessary to 

spread information about the clinic in the community.

“When we sit here and wait for people to come, we can wait for a long 

time. We have to go out there and tell about the available services so 

they can choose to come”

Female counselor, Mbale.

Health workers reported that many children are referred to JCRC after visiting private 

clinics, local hospitals and sometimes traditional healers or herbalists for recurrent 

infections. There are no antenatal care (ANC) services at JCRC, and therefore only 

HIV-infected pregnant women who are already attending the JCRC adult clinic are 

immediately linked with pediatric care. Referral from external ANC clinics is limited. 

In Fort Portal, the regional general hospital offering ANC is adjacent to the JCRC clinic, 

which facilitates referral of HIV-infected pregnant women. 

Family-centered care is not routinely offered at JCRC, but health workers encourage 

parents to bring their other children and family members. Disclosure issues play a 

role as health workers construct a family tree of the HIV status of the family members 

and ask to bring in any children with unknown status. When children and caregivers 

come for HIV testing, they receive a ticket with a number to match their test results. By 

using this method, people are assured of anonymous testing, thereby reducing fear of 
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disclosure. Health workers’ recommendations for improving access to care are listed 

in the Box 1. 

i ImproveantenatalcareattendanceandlinkagetoARTclinics.

ii Involvemenduringantenatalcare.

iii Increaseawarenessofcareandtreatmentservices.

iv ImprovecommunityoutreachforHIV.

Box 1. Healthworkers’recommendationstoimprovetimelyaccesstoARTforchildren.

Population	Factors:	Living	Situation	and	Transport
Both health workers and caregivers reported that children without parents are living 

under poorer conditions and present later in care. When the mother is receiving HIV 

care, the child is more likely to present early. The effect of living in an institution (e.g. 

orphanage) can go both ways. Some institutions bring their children early because 

they recognize the importance of HIV testing and can provide transport; others have 

fewer resources and do not prioritize HIV testing. Health workers pointed out that 

caregivers’ financial constraints and lack of employment are important barriers to ac-

cess health care. More highly educated caregivers seem to visit earlier, but taking time 

off work can be an obstacle. Some caregivers fear to disclose to their employers, and 

thus have a hard time justifying their absence to attend clinic visits. The unemployed 

have more time, but lack the money to visit the clinical sites. 

“When the caregiver is employed, they have the advantage of money 

for transport, but they can be too busy at work to come. For the 

unemployed it is difficult to pay for transport.”

Female counselor, Fort Portal.

Transportation costs are prohibitively high when considered in comparison to the 

need for food. Furthermore, having to travel long distances to reach the clinic makes 

it difficult for people to leave and return home within one day, especially when no 

or limited public transport is available. This problem was more frequently reported in 

Fort Portal and Mbale compared to Kampala. 

“To some people transportation costs matter. For the ones living in the 

villages; they do not have the income, but they do have time.”

HIV-positive mother of a five-year-old boy, Fort Portal.

“My daughter lived in the villages and it was too far for her. That is 

why I am taking care of her daughter now. The mother is dead now. 

Just being a housewife, raising money for transport is hard.”

HIV-negative grandmother of a ten-year-old girl, Mbale.
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Population	Factors:	Knowledge,	Stigma	and	Fear
According to health workers, many women are delivered by traditional birth atten-

dants, and are not tested for HIV during pregnancy. This increases the likelihood that 

a child’s infection remains unnoticed; the child may only be tested after becoming 

clinically ill or after the loss of one or both parents. Caregivers have often visited other 

clinics for the child’s frequent infections before enrolling at the JCRC clinic. Health 

workers described that health-seeking behavior among caregivers can be delayed due 

to lack of knowledge or denial of HIV symptoms. Caregivers also reported that HIV 

is something people do not think about, or do not want to think about. They are 

often not ready to disclose their or their child’s HIV status to others. Health workers 

recommended involving men more actively in ANC, in order to improve the uptake 

of PMTCT measures and enrolment of HIV-exposed children in pediatric HIV care. 

“Men need more involvement, include men to PMTCT, now only very 

few come. They are the biggest decision makers in the home. This 

would strengthen adherence too.” 

Female pediatric counselor, Fort Portal.

Health workers explained that sensitization campaigns by means of radio and adver-

tisements were helpful to spread information about HIV prevention and care, and 

decrease stigma. At the same time, they acknowledge stigma experienced by caregiv-

ers remains an important barrier to care. 

“HIV is not a taboo anymore. There used to be a lot of stigma, in the 

‘90 and early ‘00. There’s been a lot of sensitization for HIV. You see 

more and more people test and seek care.”

Male doctor, Mbale.

“HIV is not a taboo anymore, but there’s stigma. People don’t want to 

associate with HIV. They fear to come to the clinic because someone 

might see them, which affects adherence. Stigma also delays the start 

of ART.”

Female counselor, Fort Portal.

Fear was a major factor reported by caregivers as a barrier to visiting ART clinics. 

People fear to be seen at the clinic and fear that other people get to learn about their 

HIV status. Fear of disclosure appeared to be more common in the smaller towns 

compared to the city, as evidenced by the responses from both health workers and 

caregivers.
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“I never got married and feared to tell my mother. She is harsh and 

will tell everybody to stigmatize me. Nobody knows about my and my 

daughter’s HIV status. They discriminate you, even at work.”

HIV-positive mother of a three-year-old girl, Mbale.

DISCuSSIOn

This mixed-methods study examined factors influencing the timing of ART initiation 

among children attending HIV clinics in Uganda. Even though ART is now free and 

widely available in Uganda, 72% of the children in this study presented with advanced 

HIV disease at their initial visit. The main risk factors for this late-disease stage at pre-

sentation identified in our study - from both quantitative and qualitative data - included 

lack of HIV-specific perinatal care, living without parents, financial constraints of the 

caregiver, caregivers’ unawareness of HIV symptoms, stigma and fear. Our study adds 

insight into the challenges of identifying HIV-infected infants and children sooner 

and recruiting them into care. In the setting of the JCRC network of HIV treatment 

sites in Uganda, linkage to the ANC systems and psychosocial support are recognized 

as priorities to improve pediatric access. Even though JCRC sites are at the high-end 

with respect to resources, infrastructure, staff and available diagnostics, late-disease 

stage at presentation was a frequent and important problem among children initiating 

ART. The barriers identified in our study are therefore likely of national relevance and 

applicable to other HIV clinics in Uganda.

Health system factors

The linkage between ANC and pediatric ART clinics was found to be inconsistent. 

This lack of coordination across services is similar to previous studies investigating 

barriers to timely pediatric ART initiation in resource-limited settings [21,22]. Failure 

to diagnose HIV in pregnancy, to provide PMTCT services and to follow-up the 

HIV-exposed infant represent missed chances for prevention of HIV transmission. As 

previous research has also shown, integrating antenatal services, PMTCT, early infant 

diagnosis, and pediatric HIV care greatly improves outcomes for HIV-infected infants 

in resource-limited settings [23–27].

As ANC is not performed at JCRC, this challenge could be addressed by closer col-

laboration between JCRC’s Centers of Excellence and outside ANC providers. HIV-

infected women should be routinely referred to have their infants tested post-delivery 

and actively followed-up to ensure they receive the results. Health workers at JCRC 

have suggested collaborating with traditional birth attendants to reach women who 

do not visit regular ANC service centers. Additionally, improving male involvement in 
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ANC was proposed, as men could be decision-makers in seeking care for the child. 

Studies have shown that male attendance in ANC is a cost-effective strategy to increase 

PMTCT uptake, and is associated with reduced MTCT and infant mortality [28–30]. 

We examined the time between HIV test and ART initiation and found that it was 

increased in older children. It is possible that the first HIV-positive test was performed 

outside of JCRC, with a subsequent referral delay for ART initiation. Secondly, chil-

dren might have been tested at JCRC in early-disease stage and started ART later when 

immunological or WHO stage criteria were met. This is in line with the high numbers 

of children in care at JCRC in whom ART is not yet initiated (Table 1). Regression 

analysis showed that lag time between the first HIV diagnosis and ART initiation was 

not a significant risk factor for late-disease stage at presentation. 

Although the clinics in Fort Portal and Mbale have similar resources as the Kampala 

clinic, the latter was found to have a higher percentage of early-disease stage pre-

senters. The clinic’s urban setting likely contributes to improved accessibility and 

stigma was reported less frequently in the qualitative study compared to the other 

sites. Health workers at all JCRC clinics were well-trained and consistently adhered to 

current pediatric HIV guidelines. The clinics could give more attention to community 

outreach and active case finding in order to increase parents’ awareness and to iden-

tify HIV-infected children before the onset of symptoms. Community outreach could 

be targeted specifically at the most vulnerable children, such as those in orphanages. 

Alternatively, outreach could be performed by screening infants at immunization clin-

ics [31]. 

Rates of underweight and stunted children were alarmingly high, which concurs with 

previous reports among HIV-infected children in Uganda [32,33]. Malnutrition was 

a common clinical stage 3 or 4 defining symptom, and therefore timely referral to 

HIV care is perhaps the most critical nutritional intervention. JCRC routinely provides 

therapeutic foods. Additionally, nutritional education for caregivers and sufficient 

supply of micronutrients are important to decrease rates of underweight and stunting 

[34].

Population factors

When examining individual-level barriers to care, the child’s living situation was 

found to be an important determinant. This corresponds with earlier studies in which 

orphans were more likely to initiate ART at an older age with lower baseline CD4 

levels and more advanced WHO staging [35,36]. In addition, unemployment of the 

caregiver and high travel costs were risk factors for late-disease stage at presentation 
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in quantitative analysis. The qualitative interviews in our study confirmed these socio-

economic factors as important barriers, especially in the smaller towns. Prior stud-

ies from Uganda and other resource-limited settings have reported similar findings, 

suggesting that interventions such as community outreach, transportation refunds, 

home-based ART distribution or outreach clinics in orphanages might be useful in 

overcoming these issues [37–41]. 

Other personal factors observed in the interviews were caregivers’ unawareness of 

HIV symptoms, stigma and fear, confirming that these personal beliefs discourage 

people from seeking ART [10,21]. In addition to lack of knowledge of HIV symptoms, 

unawareness of free HIV services also impedes timely presentation [42]. Media cam-

paigns designed to inform people about ANC, HIV testing and free ART for children, 

could be improved at relatively low cost [43,44]. 

One of this study’s strengths was the mixed method approach by which quantitative 

data could be contextualized and confirmed by qualitative study. Methodological tri-

angulation increased the credibility of the findings and enhanced comprehensiveness 

of the study, creating a deeper understanding of the barriers to initiation of pediatric 

HIV care [45-48]. A limitation of the study is the cross-sectional design, making it dif-

ficult to establish causal relations in the quantitative analysis. In the qualitative study, 

there is a risk of socially desirable answers during the interviews. 

Finally, different types of selection bias may have affected our study. First, late-disease 

stage at presentation could have been overestimated as many children were referred 

to JCRC after visiting other clinics; the disease stage at presentation in the referring 

clinics was not part of our study. Second, our study did not take into account the 

HIV-infected children that died before reaching the clinic. Seeing as the median age 

was over 4 years old in our cohort, this population consisted of mostly medium and 

slow progressors. Younger children appeared to be a risk factor for late-disease stage 

at presentation but this finding is subject to survival bias and should be interpreted 

accordingly. Additionally, other risk factors identified might not apply to children with 

fast disease progression. The specific barriers experienced by these children and their 

caregivers should be evaluated in longitudinal studies of HIV-exposed children.

In conclusion, although first-line ART has become widely available for HIV-infected 

children in Uganda, this alone does not ensure timely access. The problem of 

late-disease stage at presentation requires a multi-factorial approach, prioritizing 

community and orphanage outreach programs and linkage of ANC systems to ART 

providers. Knowledge of these factors and their potential solutions is important in 
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order to help health workers and ART program planners to create interventions to 

reach HIV-infected infants as early as possible and avoid preventable child mortality.

ACknOwlEDgEMEnTS

The authors are grateful to all study participants and their caregivers, doctors and 

nurses, and support staff at JCRC and PharmAccess Foundation. At JCRC, they specifi-

cally thank Annet Nandudu, James Nkalubo, Isaac Egau, and Lincoln Mugarura from 

Kampala; Mary Kiconco, Michael Owor, Christine Matama, and Florence Nambaziira 

from Fort Portal; Mary Abwola, Fred Senono, Ronald Namisi, and Sylivia Nakusi from 

Mbale. At PharmAccess, the authors thank Cees Hesp for database design. Addition-

ally, they thank Dr. Maiza Campos Ponce for critical review and support, Dr. Colleen 

M. Doak for assistance in interpreting nutritional status of the participants, and Dr. 

Sally Theobald for the review of the qualitative methods. The MARCH study is an 

initiative of JCRC and PharmAccess Foundation and funded by the European & De-

veloping Countries Clinical Trials Partnership (EDCTP). The first author would like to 

thank Kees and Anneke Storm for funding the qualitative data collection. The funders 

had no role in the study design, data collection, data analysis, data interpretation, 

decision to publish, or writing of the paper. The content of this paper is solely the 

responsibility of the authors and does not necessarily represent the official views of 

any of the institutions mentioned above.

FunDIng SOuRCE

The MARCH study is an initiative of JCRC and PharmAccess Foundation, and funded 

by the European & Developing Countries Clinical Trials Partnership (EDCTP). 



46

Chapter2

REFEREnCES 

 1. UNAIDS.Globalreport:UNAIDSreporton

theglobalAIDSepidemic2010.2010.

 2. DunnD,WoodburnP.Short-termriskofdis-

easeprogressioninHIV-1-infectedchildren

receivingnoantiretroviraltherapyor

zidovudinemonotherapy:ameta-analysis.

Lancet.2003Nov15;362(9396):1605-11.

 3. DiazC,HansonC,CooperER,ReadJS,

WatsonJ,MendezHA,etal.Disease

progressioninacohortofinfantswith

verticallyacquiredHIVinfectionobserved

frombirth:theWomenandInfants

TransmissionStudy(WITS).JAcquir

ImmuneDeficSyndrHumRetrovirol.1998

Jul1;18(3):221-8.

 4. NewellML,CoovadiaH,Cortina-BorjaM,

RollinsN,GaillardP,DabisF.Mortalityof

infectedanduninfectedinfantsbornto

HIV-infectedmothersinAfrica:apooled

analysis.TheLancet.20042004/10/8/;

364(9441):1236-43.

 5. SutcliffeCG,vanDijkJH,BoltonC,Persaud

D,MossWJ.Effectivenessofantiretroviral

therapyamongHIV-infectedchildrenin

sub-SaharanAfrica.TheLancetinfectious

diseases.2008Aug(1473-3099).

 6. ViolariA,CottonMF,GibbDM,BabikerAG,

SteynJ,MadhiSA,etal.Earlyantiretroviral

therapyandmortalityamongHIV-infected

infants.TheNewEnglandJournalof

Medicine.2008Nov20;359(21):2233-44.

 7. WorldHealthOrganization.Antiretroviral

therapyofHIVinfectionininfantsand

children:towardsuniversalaccess:recom-

mendationsforapublichealthapproach

-2010revision.2010.

 8. WorldHealthOrganization,UNICEF,

UNAIDS.Towardsuniversalaccess:Scaling

uppriorityHIV/AIDSinterventionsinthe

healthsector.2010.

 9. AhouaL,AyikoruH,GnauckK,OdaruG,

OdarE,Ondoa-OnamaC,etal.Evaluation

ofa5-yearprogrammetopreventmother-

to-childtransmissionofHIVinfection

inNorthernUganda.JournalofTropical

Pediatrics.2010Feb;56(1):43-52.

 10. YeapAD,HamiltonR,CharalambousS,

DwadwaT,ChurchyardGJ,GeisslerPW,

etal.FactorsinfluencinguptakeofHIV

careandtreatmentamongchildren

inSouthAfrica‚aqualitativestudyof

caregiversandclinicstaff.AIDSCare.2010

Sept;22(9):1101-7.

 11. UnitedNations.TheMillenniumDevelop-

mentGoalsReport2010.NewYork:UN

DepartmentofEconomicandSocialAffairs

2010.

 12. JCRC.JointClinicalResearchCentre-

AboutUs.[Website]Kampala2011[cited

13July2011];Availablefrom:http://www.

jcrc.org.ug/aboutus.html.

 13. deOnisM,OnyangoA,BorghiE,SiyamA,

NishidaC,SiekmannJ.Developmentofa

WHOgrowthreferenceforschool-aged

childrenandadolescents.BullWorld

HealthOrgan.2007(85):661-8.

 14. WorldHealthOrganization.Anthrofor

personalcomputers:Softwareforassessing

growthanddevelopmentoftheworld’s

children.version3.2.2,January2011.ed.

Geneva2011.

 15. WorldHealthOrganization.Antiretroviral

therapyofHIVinfectionininfantsans

children:towardsuniversalaccess.Recom-

mendationsforapublichealthapproach.

Geneva:WorldHealthOrganization2006.

 16. MinistryofHealth.UgandaClinicalGuide-

lines-NationalGuidelinesonManagement

ofCommonConditions.Kampala:Ministry

ofHealthRepublicofUganda2010.

 17. RitchieJ,LewisJ,O’ConnorW.Carrying

outQualitativeAnalysis.In:RitchieJ,Lewis

J,editors.QualitativeResearchPractice.

London:SAGE;2003.p.219-62.



47

BarrierstoinitiationofpediatricHIVtreatmentinUganda

 18. MkantaWN,UpholdCR.Theoreticaland

methodologicalissuesinconducting

researchrelatedtohealthcareutilization

amongindividualswithHIVinfection.AIDS

patientcareandSTDs.2006Apr;20(4):293-

303.

 19. AndersenR,NewmanJF.Societaland

individualdeterminantsofmedical

careutilizationintheUnitedStates.

MilbankMemFundQHealthSoc.1973

Winter;51(1):95-124.

 20. AndersenRM.Revisitingthebehavioral

modelandaccesstomedicalcare:does

itmatter?JHealthSocBehav.1995

Mar;36(1):1-10.

 21. PosseM,MeheusF,vanAstenH,vander

VenA,BaltussenR.Barrierstoaccessto

antiretroviraltreatmentindeveloping

countries:areview.TropMedIntHealth.

2008Jul;13(7):904-13.

 22. BraunM,KabueMM,McCollumED,Ahmed

S,KimM,AertkerL,etal.Inadequate

CoordinationofMaternalandInfant

HIVServicesDetrimentallyAffectsEarly

InfantDiagnosisOutcomesinLilongwe,

Malawi.JAcquirImmuneDeficSyndr.2011

Jan(1944-7884).

 23. CookRE,CiampaPJ,SidatM,BlevinsM,

BurlisonJ,DavidsonMA,etal.Predictors

ofsuccessfulearlyinfantdiagnosisofHIV

inaruraldistricthospitalinZambezia,

Mozambique.JAcquirImmuneDeficSyndr.

2008Apr(1944-7884).

 24. SpensleyA,SripipatanaT,TurnerAN,

HoblitzelleC,RobinsonJ,WilfertC.

Preventingmother-to-childtransmission

ofHIVinresource-limitedsettings:the

ElizabethGlaserPediatricAIDSFoundation

experience.AmJPublicHealth2009

Apr(1541-0048).

 25. DaviesMA,KeiserO,TechnauK,EleyB,

RabieH,vanCutsemG,etal.Outcomesof

theSouthAfricanNationalAntiretroviral

TreatmentProgrammeforchildren:the

IeDEASouthernAfricacollaboration.SAfr

MedJ.2009Oct(0256-9574).

 26. CherutichP,InwaniI,NduatiR,Mbori-

NgachaD.OptimizingpaediatricHIV

careinKenya:challengesinearlyinfant

diagnosis.BullWorldHealthOrgan.2008

Febr(0042-9686).

 27. HassanAS,SakwaEM,NabweraHM,

TaegtmeyerMM,KimutaiRM,SandersEJ,

etal.DynamicsandConstraintsofEarly

InfantDiagnosisofHIVInfectioninRural

Kenya.AIDSBehav.2011Jan(1573-3254).

 28. ByamugishaR,AstromAN,NdeeziG,

KaramagiCA,TylleskarT,TumwineJK.Male

partnerantenatalattendanceandHIV

testingineasternUganda:arandomized

facility-basedinterventiontrial.JIntAIDS

Soc2011Sept(1758-2652).

 29. AluisioA,RichardsonBA,BosireR,

John-StewartG,Mbori-NgachaD,Farquhar

C.MaleantenatalattendanceandHIV

testingareassociatedwithdecreased

infantHIVinfectionandincreasedHIV-free

survival.JAcquirImmuneDeficSyndr

2011Jan(1944-7884).

 30. BajunirweF,MuzooraM.Barrierstothe

implementationofprogramsforthe

preventionofmother-to-childtransmission

ofHIV:across-sectionalsurveyinrural

andurbanUganda.AIDSResTher2005

Oct(1742-6405).

 31. RollinsN,MzoloS,MoodleyT,Esterhuizen

T,vanRooyenH.UniversalHIVtesting

ofinfantsatimmunizationclinics:an

acceptableandfeasibleapproachforearly

infantdiagnosisinhighHIVprevalence

settings.AIDS.2009Sept(1473-5571).

 32. EngebretsenIM,TylleskarT,WamaniHS,

KaramagiCA,TumwineJK.Determinants

ofinfantgrowthinEasternUganda:a

community-basedcross-sectionalstudy.

BMCPublicHealth.2008Dec(1471-2458).

 33. NalwogaA,MaherD,ToddJ,KarabarindeA,

BiraroS,GrosskurthH.Nutritionalstatus



48

Chapter2

ofchildrenlivinginacommunitywith

highHIVprevalenceinruralUganda:a

cross-sectionalpopulation-basedsurvey.

TropMedIntHealth2010Apr(1365-3156).

 34. NdeeziG,TumwineJK,NdugwaCM,

BolannBJ,TylleskarT.Multiplemicronutri-

entsupplementationimprovesvitamin

BandfolateconcentrationsofHIV

infectedchildreninUganda:arandomized

controlledtrial.NutrJ.2011May(1475-

2891).

 35. NyandikoWM,AyayaS,NabakweE,Tenge

C,SidleJE,YiannoutsosCT,etal.Outcomes

ofHIV-infectedorphanedandnon-or-

phanedchildrenonantiretroviraltherapy

inwesternKenya.JAcquirImmuneDefic

Syndr2006Dec(1525-4135).

 36. KibonekaA,WangisiJ,NabiryoC,Tembe

J,KusemererwaS,Olupot-OlupotP,etal.

Clinicalandimmunologicaloutcomes

ofanationalpaediatriccohortreceiving

combinationantiretroviraltherapyin

Uganda.AIDS(London,England).2008Nov

30;22(18):2493-9.

 37. TullerDM,BangsbergDR,SenkunguJ,Ware

NC,EmenyonuN,WeiserSD.Transportation

costsimpedesustainedadherenceand

accesstoHAARTinaclinicpopulationin

southwesternUganda:aqualitativestudy.

AIDSandbehavior.2009Aug;14(4):778-84.

 38. KoenigSP,LeandreF,FarmerPE.Scaling-up

HIVtreatmentprogrammesinresource-

limitedsettings:theruralHaitiexperience.

AIDS.2004Jun(0269-9370).

 39. WeiserSD,TullerDM,FrongilloEA,

SenkunguJ,MukiibiN,BangsbergDR.

FoodInsecurityasaBarriertoSustained

AntiretroviralTherapyAdherencein

Uganda.PLoSONE.2010Apr;5(4):e10340.

 40. ApondiR,BunnellR,AworA,WamaiN,

Bikaako-KajuraW,SolbergP,etal.Home-

basedantiretroviralcareisassociatedwith

positivesocialoutcomesinaprospective

cohortinUganda.JAcquirImmuneDefic

Syndr.2007Jan(1525-4135).

 41. O’HareBAM,VenablesJ,NalubegJF,

NakakeetoM,KibirigeM,SouthallDP.

Home-basedcarefororphanedchildren

infectedwithHIV/AIDSinUganda.AIDS

Care.2005May;17(4):443-50.

 42. BonjourMA,MontagneM,Zambrano

M,MolinaG,LippunerC,WadskierFG,

etal.Determinantsoflatedisease-stage

presentationatdiagnosisofHIVinfection

inVenezuela:acase-casecomparison.AIDS

ResTher2008Apr(1742-6405).

 43. BertrandJT,AnhangR.Theeffectiveness

ofmassmediainchangingHIV/AIDS-

relatedbehaviouramongyoungpeoplein

developingcountries.WorldHealthOrgan

TechRepSer.2006(0512-3054).

 44. NoarSM,PalmgreenP,ChabotM,Dobran-

skyN,ZimmermanRS.A10-yearsystematic

reviewofHIV/AIDSmasscommunication

campaigns:Havewemadeprogress?J

HealthCommun2009Jan-Feb(1081-0730).

 45. JickTD.MixingQualitativeand

QuantitativeMethods:Triangulationin

Action.AdministrativeScienceQuarterly.

1979;24(4):602-11.

 46. CaseyD,MurphyK.Issuesinusing

methodologicaltriangulationinresearch.

NurseResearcher.2009;16(4):40-55.

 47. KnaflKA,BreitmayerBJ.Triangulationin

qualitativeresearch:Issuesofconceptual

clarityandpurpose.In:MorseJM,editor.

Qualitativenursingresearch:Acontempo-

rarydialogue(reved).ThousandOaks,CA

US:SagePublications,Inc;1991.p.226-39.

 48. SilvermanD.InterpretingQualitative

Data:MethodsforAnalysingTalk,Textand

Interaction.London:SAGE;2001.

 49. WorldHealthOrganization.PhysicalStatus:

theUseandInterpretationofAnthropom-

etry.ReportofaWHOExpertCommittee.

Geneva1995ContractNo.:854.







HIV drug resistance among children 
initiating first-line antiretroviral 
treatment in Uganda.

Cissy Kityo, Kim C.E. Sigaloff, T. Sonia Boender, Elizabeth Kaudha, Joshua Kayiwa, 
Victor Musiime, Andrew Mukuye, Mary Kiconco, Immaculate Nankya, 
Lillian Nakatudde-Katumba, Job C.J. Calis, Tobias F. Rinke de Wit, Peter Mugyenyi.

AIDS Research and Human Retroviruses.  

February 2016, ahead of print. 



52

Chapter3

ABSTRACT

Background

There are limited data on primary human immunodeficiency virus drug resistance 

(HIVDR) in pediatric populations. This study aimed to assess the prevalence of prima-

ry HIVDR and associated risk factors among children initiating first-line antiretroviral 

therapy (ART) in Uganda.

Methods

At three Ugandan clinics, children (age <12 years) requiring ART were recruited be-

tween January 2010 and August 2011. Before starting ART, blood was collected for 

viral load and pol gene sequencing. Drug resistance mutations were determined using 

the 2010 International AIDS Society–USA mutation list. Risk factors for HIVDR were 

assessed with multivariate regression analysis.

Results

Three hundred nineteen HIV-infected children with a median age of 4.9 years were 

enrolled. Sequencing was successful in 279 children (87.5%). HIVDR was present in 

10% of all children and 15.2% of children <3 years. Nucleoside reverse transcriptase 

inhibitors (NRTIs), non-NRTI (NNRTI), and dual-class resistance was present in 5.7%, 

7.5%, and 3.2%, respectively. HIVDR occurred in 35.7% of prevention of mother-

to-child transmission (PMTCT)–exposed children, 15.6% in children with unknown 

PMTCT history, and 7.7% among antiretroviral-naive children. History of PMTCT 

exposure [adjusted odds ratio (AOR): 2.6, 95% CI: 1.3–5.1] or unknown PMTCT status 

(AOR: 3.8, 95% CI: 1.1–13.5), low CD4 (AOR: 2.2, 95% CI: 1.3–3.6), current breastfeed-

ing (AOR: 7.4, 95% CI: 2.6–21), and current maternal ART use (AOR: 6.4, 95% CI: 

3.4–11.9) emerged as risk factors for primary HIVDR in multivariate analysis.

Conclusion

Pretreatment HIVDR is high, especially in children with PMTCT exposure. Protease 

inhibitor (PI)–based regimens are advocated by the World Health Organization, but 

availability in children is limited. Children with (unknown) PMTCT exposure, low 

CD4 count, current breastfeeding, or maternal ART need to be prioritized to receive 

PI-based regimens.
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InTRODuCTIOn

The rapid scale-up of antiretroviral therapy (ART) regimens for human immunodefi-

ciency virus (HIV), including prevention of mother-to-child transmission (PMTCT), in 

resource-limited countries is unprecedented [1–3]. With increased access to PMTCT, 

the total number of children being born with HIV has significantly decreased. How-

ever, those children who do become infected after PMTCT failure are at particular risk 

of HIV drug resistance (HIVDR), as a result of non–nucleoside reverse transcriptase 

inhibitors (NNRTIs) used in maternal or pediatric drug regimens [4,5]. Therefore, the 

World Health Organization (WHO) currently recommends initiating ART with a prote-

ase inhibitor (PI)–based regimen in all children younger than 3 years [6].

In Uganda, it is currently estimated that 200,000 children are HIV infected. Of those, 

70,000 (35%) are on ART, with the remaining number expected to start ART in the 

near future. Ugandan guidelines [7,8] recommend providing ART to all HIV-infected 

children younger than 15 years regardless of CD4 cell count. NNRTI-based regimens 

are used, while for children younger than 2 years with reported PMTCT exposure, 

ritonavir-boosted lopinavir (LPV/r)–based regimens are preferred (in contrast to the 

WHO 2013 consolidated ART guidelines [6]) due to costs and limited availability of 

PIs. At the time of enrolling participants in this study, the national recommended 

choice of ART combinations [9] was two nucleoside reverse transcriptase inhibitors 

(NRTIs) plus one NNRTI, either efavirenz or nevirapine, depending on CD4 count 

and CD4% threshold for different age categories. Efavirenz was only prescribed to 

children older than 3 years. For infants exposed to PMTCT and since August 2010 

for all PMTCT-exposed children up to 24 months of age [10], a PI-based regimen was 

prescribed.

The prevalence and patterns of HIVDR with or without PMTCT exposure history in 

routine programs have not been well described [11]. This is mainly due to the lack 

of laboratory facilities, affordability, and trained personnel for HIVDR testing [12,13]. 

Available data in the sub-Saharan settings indicate that use of single-dose nevirapine 

(sdNVP), male gender, lower baseline immunological profiles, poor adherence, and 

breastfeeding are important predictors of HIVDR among children who have started on 

treatment [12–14]. The data on factors associated with the presence of HIVDR besides 

previous exposure to antiretroviral (ARV) among children before ART initiation are 

sparse [15,16], yet baseline HIVDR is a critical indicator of the future success of ART as 

programs aim for universal access. The aim of this study was to evaluate the prevalence 

of and risk factors for primary HIVDR among newly diagnosed HIV-infected Ugandan 

children younger than 12 years. This was considered of particular importance in light 
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of the relatively longer history of ART in Uganda compared to other African countries 

and the observed high baseline HIVDR prevalence of 13.8% in its adult population 

[17].

MATERIAlS AnD METHODS

Study design and population

Data reported here are based on the baseline assessments of children enrolled into the 

MARCH (Monitoring Antiretroviral Resistance in Children) study in Uganda. The study 

was conducted as a multicenter prospective observational cohort of HIV-1–infected 

children who initiated on ART from early 2010 to August 2011 at the Joint Clinical 

Research Centre (JCRC) study sites based in Kampala (central region), Fort Portal 

(western region), and Mbale (eastern region). The JCRC and its Regional Centers of 

Excellence are the main providers of HIV care and treatment in Uganda, with more 

than 20 years of experience in providing ART, training in HIV care, conducting clinical 

trials, and undertaking nationwide rollout of programs in ART care. Site and cohort 

characteristics have been described elsewhere [18].

Potential participants were informed of the study and screened for eligibility by 

the study staff at each clinic. Children, aged up to 12 years who initiated ART, were 

included. Study participants were patients who attended the clinic as identified HIV-

infected patients from the Early Infant Diagnosis (EID) national program that only 

started in late 2009. The older children were mainly self-referrals brought in by parents 

or guardians, referrals from other healthcare facilities, HIV-infected children from the 

Centers’ diagnostic services, or children proactively sought by the Centers’ community 

outreach programs. This program was intended to identify HIV-infected children who 

were not accessing existing ART programs and link them to treatment.

For those starting first-line regimens, a history of ART (i.e., three-drug regimen or 

mono/duo therapy) was an exclusion criterion. However, children with previous use 

of ARVs for PMTCT were included. Children who were failing on first-line therapy and 

initiating second-line therapy were included in the study, although they are not part of 

this current cross-sectional analysis. The ethical committees of the JCRC, the Uganda 

National Council for Science and Technology, and the Academic Medical Center of 

the University of Amsterdam approved the study protocol. The parent(s)/guardian(s) 

of all eligible children provided written informed consent. Children older than 8 years 

who were aware of their HIV status provided written informed assent as per Ugandan 

research guidelines. Routine sociodemographic, clinical, and laboratory data were 
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collected using electronic case report forms, which were aggregated in a Web-based 

data system. Whenever available, the health status and medication use of the mother 

were also captured.

laboratory procedures

Routine laboratory results, including CD4 cell count and hemoglobin, were obtained 

from local laboratory records and/or clinical notes. Before initiation of ART, an ad-

ditional phlebotomy was performed, and EDTA-anticoagulated plasma specimens 

were stored at −80°C and batch shipped to the JCRC reference laboratory in Kampala 

for determination of reference HIV RNA, as well as genotypic resistance testing on 

all specimens with HIV RNA above 1,000 copies/ml. For HIV RNA determination, the 

COBAS AmpliPrep/COBAS TaqMan HIV-1 test (Roche, Branchburg, NJ) was used. 

For HIV-1 genotyping, an in-house sequencing method encompassing the whole of 

protease and codons 1–300 of reverse transcriptase with a Beckman Coulter CEQ 

8000 Analyzer (Beckman Coulter, Inc., Fullerton, CA) was used [19]. Sequences were 

assembled and manually edited using BioEdit version 7.0. All final sequences were 

submitted to the ViroScore database (Advanced Biological Laboratories SA, France) 

for data storage. Drug resistance mutations (DRMs) were scored according to the 2010 

International AIDS Society–USA list [20]. Subtypes were determined using the SCUEAL 

HIV-1 subtyping tool [21] and additional analysis with the REGA algorithm version 2.0 

[22] once required.

Statistical analysis

Group comparisons for categorical data were performed using the chi-square or Fish-

er’s exact tests and for continuous data using the Wilcoxon rank-sum test. Nutritional 

status was assessed by means of the WHO Child Growth Standards: WHO Anthro 

version 3.2.2 (age 0–5 years) and WHO Reference 2007 for height and weight (age 

5–19 years) [23–25]. Immunodeficiency for age was classified according to the 2010 

WHO guidelines; children were considered immunodeficient if they had a CD4 cell 

percentage <25% for those younger than 5 years and a CD4 cell count <350 cells/mm3 

for the ones older than 5 years [10]. A second immunodeficiency threshold using total 

lymphocyte count (TLC) was based on the 2006 WHO guidelines using the following 

cutoffs: TLC <4,000 cells/mm3 for those younger than 11 months, TLC <3,000 cells/

mm3 for those between 12 and 35 months, TLC <2,500 cells/mm3 for those between 36 

and 59 months, and TLC <2,000 cells/mm3 for those older than 5 years [26].

Univariate and multivariate logistic regression was performed to identify factors as-

sociated with the presence of at least one drug resistance mutation at initiation of first-

line ART. Explanatory variables considered in the analysis were age, sex, previous 
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ARV exposure (ARV naive, PMTCT exposed, or unknown), immunodeficiency for age, 

breastfeeding (past or current), maternal ART usage, maternal previous ARV use, WHO 

clinical stage, weight-for-age, height-for-age z-scores, and HIV RNA load. Explana-

tory variables that were associated with the outcome variables (p < .10) in univariate 

analysis were forwarded to the multivariate model using a step forward procedure. 

Biologically plausible interactions were examined. Results were expressed as ORs 

with 95% confidence intervals (CIs) and p values, with p < .05 regarded statistically 

significant. Analyses were performed using the statistical software package STATA 

version 10 (STATA Corp LP, College Station, TX). All statistical inferential frameworks 

were based on the two-sided p value, and statistical significance was based on the 5% 

error rate.

RESulTS

Between January 2010 and August 2011, 372 children at three JCRC sites were enrolled 

into the study, of which 319 initiated first-line ART regimens. Recruited patients had 

a median age of 4.9 years [interquartile range: 2.3–9.0], and half (49.8%) were female. 

Most children had history of prior breastfeeding (69.9%) or current breastfeeding at 

the time of screening (8.2%). Current ART use was reported by 81 (28.3%) mothers, 

and 17 (6.1%) mothers had received drugs for PMTCT for previous pregnancies and/or 

pregnancy of the child who participated in the MARCH study. Most children (83.5%) 

had no history of PMTCT exposure, and in 11.5% of children, PMTCT exposure was 

unknown. Of the children with unknown PMTCT exposure, 38% had lost both their 

parents. Among children with reported PMTCT history (n = 14, 5%), eight had received 

sdNVP and six had received extended-course prophylaxis. Thirty-seven (13.3%) chil-

dren were orphans, and 156 (55.9%) had mothers as their primary caregivers. Most 

(71.3%) patients had advanced disease (WHO stages 3 and 4) at screening, and CD4% 

or cell count for age was below treatment threshold (24–59 months CD4 < 750/CD4% 

<25% and >5 years CD4 ≤ 350) among 60.6%, according to the WHO 2010 guidelines 

[10].

Eighteen children had a viral load <1,000 copies/ml at baseline. HIV sequencing was 

successfully performed in 279 children (87.5%, Fig. 1). At baseline, the prevalence 

of any DRM was 28/279 (10.0%) among this population and 14/92 (15.2%) among 

children <3 years of age. Baseline characteristics are summarized in Table 1, stratified 

by the presence of any DRMs. Most (53.8%) patients had HIV-1 subtype A, 29.4% 

had HIV-1 subtype D, and 3.6% had HIV-1 subtype C or G, yet 13.3% had circulating 

recombinant forms or unique recombinant forms.
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Table S1 (Supplementary Data are available online at www.liebertpub.com/aid) 

and Figure 2 present the mutational patterns among the enrolled patients initiating 

first-line ART stratified by previous ARV exposure. Overall, any mutation was found 

in 10.0% of children: In children with PMTCT exposure, with unknown PMTCT his-

tory, or who reported ARV naive, HIVDR was present in 35.7%, 15.6%, and 7.7%, 

respectively. In children younger than 3 years, the overall rate of any HIVDR mutation 

was 15.2% (14/92): In young children with PMTCT exposure, with unknown PMTCT 

history, or who reported ARV naive, HIVDR was present in 38.5% (5/13), 20% (2/10), 

and 10.1% (7/69), respectively. NRTI mutations were detected among 16/279 (5.7%) 

patients—10 of whom were ARV-naive patients, three were PMTCT-exposed patients, 

and three patients had unknown ART exposure status. Thymidine analogue muta-

tions were detected among 8/279 (2.9%) patients—six of whom were ARV naïve, yet 

two had an unknown ART exposure. Most prevalent NRTI mutations found were 

M184V/I (n = 11) and K219Q (n = 4). NNRTI mutations were detected among 21/279 

(7.5%) patients—13 of whom were ARV-naive patients, four were PMTCT-exposed 

patients, and four patients had unknown ART exposure status. Most prevalent NNRTI 

372 enrolled from 3 sites 

369 inculded 

319 initiated first-line ART 

293 with viral load > 1000 copies/ml 

279 with successful sequence results;
28 with drug resistance mutation(s)

3 screening failures 

50 started second-line ART
after treatment failure

18 with viral load < 1000 copies/ml 
8 missing viral load results

 

14 with failure to amplify

Figure 1. Studyflowchart.

ART,antiretroviraltherapy.
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Table 1. BaselineCharacteristicsofChildrenInitiatingFirst-LineART,StratifiedbythePresenceofany

DrugResistanceMutations

Total
(n = 279)

NoDRM
(n = 251)

Atleastone
DRM(n = 28)

p

Age—median[IQR] 4.9[2.3–9.0] 5.0[2.4–9.1] 3.0[1.0–7.0] 0.037a

<2years 65(23.3) 55(21.9) 10(35.7) 0.101b

≥2years 214(76.7) 196(78.1) 18(64.3) 

Sex,female 139(49.8) 125(49.8) 14(50.0) 0.984b

WHOclinicalstage3or4 199(71.3) 182(72.5) 17(60.7) 0.191b

Weight-for-agez-scorec,d

Underweight(<−2SD) 82(35.5) 72(35.0) 10(40.0) 0.618b

Severe(<−3SD) 47(20.4) 40(19.4) 7(28.0) 0.314b

Height-for-agez-scorec,e

Stunting(<−2SD) 139(52.5) 120(50.4) 19(70.4) 0.049b

Severe(<−3SD) 81(30.6) 68(28.6) 13(48.2) 0.036b

CD4%(in<5-year-olds)f 19[11.8–27] 19[11.8–27] 20[13.9–26] 0.662a

CD4cellcount(in≥5year) 362.5[229–695] 404[249–695] 169[56–506] 0.076a

CD4%orcellforage,belowtreatment
threshold

106(39.4) 99(40.7) 7(26.9) 0.171b

Viralload(log10) 5.2[4.6–5.6] 5.1(4.6–5.6) 5.4(4.6–5.8) 0.459a

PreviousARVexposure

None/ARVnaive 233(83.5) 215(85.7) 18(64.3) 0.002b

PMTCTg 14(5.0) 9(3.6) 5(17.9) 

Unknown 32(11.5) 27(10.8) 5(17.9) 

Primarycaregiver

Mother 156(55.9) 136(54.2) 20(71.4 0.483h

Father 19(6.8) 18(7.2) 1(3.6) 

Bothparentsdied 37(13.3) 35(13.9) 2(7.1) 

Other 67(24.0) 62(24.7) 5(17.9) 

Breastfeeding

Yes,past 195(69.9) 181(72.1) 14(50.0) <0.001b

Yes,current 23(8.2) 15(6.0) 8(28.6) 

Noneoruknown 61(21.9) 55(21.9) 6(21.9) 

MothercurrentART

First-lineART 74(26.5) 61(24.3) 13(46.4) 0.021h

Second-lineART 5(1.8) 3(1.2) 2(7.1) 

None 160(57.3) 150(59.8) 10(35.7) 

Unknown 40(14.3) 37(14.7) 3(10.7) 

MotherpreviousART

Yes,PMTCT 17(6.1) 15(6.0) 2(7.1) 0.041h

Yes,ART 3(1.1) 1(0.4) 2(7.1) 
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mutations found were K103N (n = 11), Y181C (n = 9), and G190A (n = 6). Dual-class 

mutations were found among 9/279 (3.2%) patients.

Table 2 presents the demographic and clinical factors associated with HIVDR at initia-

tion of first-line ART in a multivariate analysis. At multivariable level, factors, which 

significantly were associated with the presence of any DRMs, were previous ARV ex-

posure, low CD4 count or percentage, breastfeeding status, and maternal ART status. 

Patients with prior PMTCT exposure were almost three times [adjusted OR (AOR): 2.6, 

95% CI: 1.3–5.1] more likely, yet patients with unknown ART exposure were almost 

four times (AOR: 3.8, 95% CI: 1.1–13.5) more likely, to have any DRMs compared to 

those with no previous ART exposure, controlling for age, sex, CD4 count or per-

centage, breastfeeding status, and maternal ART status. Patients with CD4 count or 

percentages below treatment thresholds were twice (AOR: 2.2, 95% CI: 1.3–3.6) more 

likely to have any DRMs compared to those with CD4 count or percentages above 

treatment thresholds, adjusting for age, sex, their previous ARV exposure, breastfeed-

ing status, and maternal ART status.

Table 1. BaselineCharacteristicsofChildrenInitiatingFirst-LineART,StratifiedbythePresenceofany

DrugResistanceMutations(continued)

Total
(n = 279)

NoDRM
(n = 251)

Atleastone
DRM(n = 28)

p

No 139(50.0) 124(49.4) 15(53.6) 

Unknown 120(42.9) 111(44.2) 9(32.1) 

HIV-1subtype

A 150(53.8) 136(54.2) 14(50.0) 0.848h

D 82(29.4) 74(29.5) 8(28.6) 

CorG 10(3.6) 9(3.6) 1(3.6) 

CRForURF 37(13.3) 32(12.8) 5(17.9) 

Datapresentedasn(%)ormedian[interquartilerange].
aWilcoxonrank-sumtest.
bChi-squaretest.
cSome%maynotaddupto100%becauseofmissingdataforsomeparticipants.
dWeight-for-agecalculatedforages0–10yearsonly,n=231.
eHeight-for-age,n=265.
fCD4%in<5-year-olds,n=135;CD4countin≥5-year-olds,n=134;treatmentthresholdbasedonWHO

2010guidelines.
gPMTCTconsistedofsingle-dosenevirapine(n=7),anextendedcourseofnevirapine(n=6),sometimes

incombinationwithzidovudine(n=2),orwasunknown(n=1).
hFisher’sexacttest.

ARV,antiretroviral;ART,antiretroviraltherapy;CRF,circulatingrecombinantform;DRM,drugresistance

mutation;PMTCT,preventionofmother-to-childtransmission;SD,standarddeviation;URF,uniquerecom-

binantform;WHO,WorldHealthOrganization.
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Compared to patients who had been breastfed in the past, patients who were still be-

ing breastfed at the time of study were seven times (AOR: 7.4, 95% CI: 2.6–21.0) more 

likely, yet patients whose breastfeeding status was unknown or who reported never to 

have breastfed were twice (AOR: 1.9, 95% CI: 1.5–2.3) more likely, to have any DRMs, 

after controlling for age, sex, their previous ARV exposure, CD4 count or percentage, 

and maternal ART status. Patients whose mothers were currently on ART were six 

times (AOR: 6.4, 95% CI: 3.4–11.9) more likely, whereas those whose mothers’ current 

ART status was unknown or whose mothers were reported to be deceased were 1.4 

times (1.4, 95% CI: 0.8–2.3) more likely, to have any DRMs compared to those whose 

mothers reported not to be taking any ART, after controlling for age, sex, CD4 count 

or percentage, breastfeeding status, and previous ARV exposure.

DISCuSSIOn

This study assessed HIVDR mutations among Ugandan HIV-infected children <12 

years of age initiating ART between January 2010 and August 2011. Given the study 

setup, the overall rate of HIVDR was 10.0% among all children and 15.2% among 

children <3 years old, with age significantly associated with having at least one DRM.
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The HIVDR rates in this study are much higher than previously reported rates of 

transmitted drug resistance (TDR) in Uganda and Cameroon for similar age groups 

[27,28] and lower than recent rates shown in younger children in Kenya, South Africa, 

and Zimbabwe with much higher PMTCT exposure rates, although using HAART 

[11,14,29]. As in adults, the TDR rate is expected to increase over time with increasing 

coverage and uptake of PMTCT. The finding of lower rates of HIVDR in a limited 

number of other African pediatric cohorts is explained by the fact that our cohorts 

represent relatively low percentages of children with previous PMTCT exposure (sd-

NVP). Moreover, HIVDR mutations might be archived [30–32] and not be detectable 

with the RNA-based technology of genotyping used since the average age of children 

Table 2. DemographicandClinicalFactorsAssociatedwithHIVDRatInitiationofFirst-LineART

No.of
sequences

No.with
anyDRM

Univariateanalysis Multivariateanalysis

OR(95%CI) p OR(95%CI) p

Age

≥5years 138 9 1.0

<5years 141 19 2.2(1.1–4.7) 0.034

Sex

Female 139 14 1.0

Male 140 14 1.0(0.5–2.0) 0.983

PreviousARVexposure

None 233 18 1.0 1.0

PMTCTexposed 14 5 6.6(1.0–42.1) 0.045 2.6(1.3–5.1) 0.006

Unknown 32 5 2.2(1.3–4.2) 0.015 3.8(1.1–13.5) 0.040

CD4countor%

Abovetreatmentthreshold 106 7 1.0 1.0

Belowtreatmentthreshold 163 19 1.9(1.5–2.3) <0.001 2.2(1.3–3.6) 0.002

Breastfeeding

Past 195 14 1.0 1.0

Current 23 8 6.9(1.7–27.5) 0.006 7.4(2.6–21.0) <0.001

None/unknown 61 6 1.4(0.9–2.3) 0.168 1.9(1.5–2.3) <0.001

MaternalART

None 86 6 1.0 1.0

CurrentART 79 15 3.1(1.4–7.1) 0.007 6.4(3.4–11.9) <0.001

Motherdeceased/unknown 114 7 0.9(0.5–1.4) 0.582 1.4(0.8–2.3) 0.195

Multivariatelogisticregressionwithrobuststandarderrors.Dataaregivenasoddsratio(95%CI).CD4

countor%treatmentthresholdbasedonWHO2010guidelines.MaternalpreviousARVuse,WHOclini-

calstage,weight-for-age,height-for-age,andHIVRNAloadatARTinitiationnotassociatedinunivariate

analysis.

CI,confidenceinterval;HIVDR,HIVdrugresistance.
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included in our studies is higher. The decline in mutations is a function of time since 

ART exposure and reported rates may be an underestimation.

Overall, a trend of increasing HIVDR was detected in children who were reportedly 

ART naive (7.7%) versus those with unknown ART exposure (15.6%) versus PMTCT-

exposed children (35.7%). Although higher rates were observed, similar trends were 

seen in children <3 years of age (92 of 279 children overall), with rates of 10.1%, 

20%, and 38.5%, respectively. These data support classifying children with unknown 

PMTCT exposure as PMTCT exposed. In addition, children with unknown exposure 

were more likely to be orphans, and ascertainment of PMTCT exposure was difficult.

Children who were currently breastfeeding or whose mothers were currently on ART 

at the time of enrollment were more likely to have DRMs. Children with no/unknown 

history of breastfeeding had higher odds of having baseline resistance compared to 

past history of breastfeeding; hence, this group of children should be considered as 

high risk for DRMs. These data also underscore the fact that taking breastfeeding his-

tory is difficult and not so reliable, especially in cases where the mother is deceased 

(26.5%). The average age at study entry was 3 years for patients with at least one DRM 

versus 5 years for those without DRMs. This further supports classifying these cat-

egories of children as a broader definition of ART/PMTCT exposed as they are likely 

to respond better to PI-based regimens. The WHO ART guidelines 2013 [6] recom-

mend lopinavir-based regimen for all children <3 years of age irrespective of PMTCT 

exposure. However, current Uganda guidelines [8] and other developing countries 

still have NNRTI-based regimen as the preferred first-line treatment for children aged 

<3 years and may be exposing many children younger than 3 years with known and 

unknown ARV exposure to suboptimal therapy.

HIVDR in ARV-naive children was higher among children <3 years, with overall and 

NNRTI-specific mutation rates of 10.1% and 7.3%, respectively, compared to 6.7% and 

4.9% among children ≥3 years. This rate is much lower compared to other settings, 

where NNRTI mutations were up to 24% in ART-naive children [11]. High rates of 

NNRTI mutations were observed in children with unknown history of PMTCT, with 

10% in children <3 years compared to 13.6% in children ≥3 years. Among all children 

not exposed to PMTCT (none and unknown), NNRTI mutations were detected among 

7.59% of children <3 years compared to 5.91% of children ≥3 years who would be 

started on a suboptimal NNRTI-based ART regimen. These data provide more sup-

port for the WHO recommendations for empiric PI-based first-line ART in children <3 

years.
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While PI-based regimens are considered the most appropriate regimen for infants and 

young children by the WHO, providing these regimens to all infants and children <3 

years in some resource-limited settings, such as Uganda, may be challenging. Cur-

rently, pediatric LPV/r is only available as a liquid formulation with a high alcohol 

content that tastes terrible with the potential for suboptimal adherence and requires 

cold chain until the point of dispensing. Pediatric HIV treatment is complicated, and 

dosing strategies change as the child grows from infancy to adolescence. Further-

more, LPV/r is costly, and administering this with TB treatment is complex. Efforts to 

overcome some of these obstacles include replacement of this liquid formulation with 

a more tolerable version that is palatable and does not require refrigeration. Possible 

formulations include sprinkles, minitabs, or granules that could be mixed with food 

or given with breast milk [33].

The most common mutation, which was present in 3.9% of the samples, was M184V, 

which confers resistance to the NRTI drugs lamivudine, emtricitabine, and abacavir 

but delays resistance to zidovudine and stavudine [34,35]. The most common NNRTI 

mutations were K103N (3.9%), Y181C (2.9%), and G190A (2.2%), which confer resis-

tance to efavirenz, nevirapine, and delavirdine. However, 3.2% of the children had 

dual-class resistance. These mutations are similar to what has been observed from 

other studies [11,27,29,36]. These findings suggest that genotypic resistance is fairly 

common among HIV-infected children starting ART in Uganda and may adversely af-

fect response to first-line treatment in addition to other risk factors, which are unique 

to children.

The study had some limitations. This study is different in approach from the newly 

recommended pediatric HIVDR surveys by the WHO [37] Specifically, the enrolled 

children were older (median age, 4.9 years) than recommended by the WHO (<18 

months) and are a survivor cohort since the majority of HIV children will die by age 2 

years if not treated with ARV drugs [38]. In addition, the majority of children recruited 

at this time were reportedly PMTCT unexposed (233/279, 83.5%), while this will be 

less likely the case in more recent pediatric HIV surveys when adoption of option 

B+ for PMTCT is more widespread. Given the age group and PMTCT exposure, cau-

tion should be applied when directly comparing these results with (future) pediatric 

HIVDR surveys according to the new WHO guidelines.

We recruited older children than most studies that have evaluated TDR in children, 

and the observed HIVDR may be an underestimate of the actual rates due to archived 

DRMs. More sensitive assays may be able to help address this issue. We were not able 

to determine drug resistance in the mothers to link the DRMs to the resistance patterns 



64

Chapter3

in their children. With revised pediatric guidelines and expansion of EID programs, 

increasingly younger children will be recruited on treatment in the future. However, 

current ART access for children is only 35% in sub-Saharan Africa [39], and there are 

still many older children who are yet to be put on treatment in the coming years as per 

the 2013 WHO guidelines. These data are relevant for their management and selection 

of optimal ART regimens. The patients in the study were recruited before the era of 

intensive PMTCT, with the majority of women using either sdNVP or double therapy 

and limited access to HAART for their general care. However, the study was able to 

show that PMTCT, maternal ART, and breastfeeding are still important risk factors for 

TDR in this cohort.

The strength of the study is that this is an observational study that recruited par-

ticipants who would normally be seeking for treatment at these ART centers, and 

therefore, these results are directly applicable to programs. Detailed demographic, 

clinical, and programmatic data were collected to determine TDR and related risk 

factors, and the study was conducted in at least three regions of the country making 

it more representative.

In conclusion, this study demonstrated that HIVDR is common, especially in HIV-

infected children of younger age and those exposed to ART through PMTCT, maternal 

ART, and breastfeeding. Even children with unknown PMTCT exposure had high rates 

of DRMs. This implies that just taking history of PMTCT does not clearly delineate 

children at risk of having DRMs. The broader definition of PMTCT exposure needs to 

include those children with unknown history as well as those with mothers on ART 

and/or current breastfeeding who need to be prioritized to receive PI-based regimens 

according to the new WHO guidelines.

In our setting, children without risk factors may still respond well to regimens without 

PIs, which is more practical to implement than PI-based regimens. Follow-up data 

from this cohort will show what the true outcome is of these children.

This study was done before the shift to option B/B+, and our results cannot predict 

resistance in this group. However, with rollout of option B+, the total number of 

infections should decrease with proper taking of drugs, and breakthrough infections 

possibly due to nonadherence of the mother may have more DRMs. However, when 

vertical transmission takes place in the presence of ARV drugs, the risk of HIVDR 

increases, as shown in this study. This highlights the need for in-depth evaluation and 

more extensive surveys among the infected children in the era of expanded PMTCT. 
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The availability of these data at relevant times would significantly inform clinical 

management and promote improved quality of life.
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ABSTRACT

Background 

HIV-infected children are at risk of HIV drug resistance (HIVDR) prior to antiretroviral 

treatment (ART) initiation. Data on pediatric HIVDR prevalence, especially from sub-

Saharan Africa, are scarce. 

Methods

HIV-1 infected antiretroviral drug (ARV)-naïve children ≤12 years were enrolled at 

the Lagos University Teaching Hospital, Nigeria. Pre-ART viral load and population 

based pol genotypic testing was performed. HIVDR mutations were identified using 

the World Health Organization list for transmitted drug resistance. We conducted a 

systematic review and meta-analysis on pre-treatment HIVDR prevalence in children 

in sub-Saharan Africa. 

Results

Thirteen of 82 (15.9%) ARV-naïve Nigerian children had pre-treatment HIVDR. All 

13 harbored non-nucleoside reverse-transcriptase inhibitor (NNRTI) mutations, of 

whom seven also had nucleoside reverse-transcriptase inhibitor (NRTI) resistance. 

No protease inhibitor (PI) mutations were detected. We included 16 studies from 

11 different African countries (2,057 children) in a meta-analysis. The pooled pre-

treatment HIVDR-prevalence among ARV-naïve children was 10.8% (95%CI: 4.4-17.1). 

Meta-regression showed an increase in prevalence from 0.6% (95%CI 0.6-5.4) in 2004 

to 36.2% (95%CI 25.5-46.9) in 2011 (p=0.05).

Conclusion 

One in six Nigerian children had HIVDR. This high rate corroborates with other African 

data, which indicate a significant pre-treatment HIVDR increase over the past decade. 

Our findings stress the importance of PI-based regimens in all children <3 years of 

age. Overcoming practical barriers to implement PI-based regimens, and introduction 

of a population-based HIVDR surveillance system among children should receive 

priority to ensure optimal treatment for HIV-infected children in sub-Saharan Africa.
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InTRODuCTIOn

Since the roll-out of antiretroviral treatment (ART) in sub-Saharan Africa in the begin-

ning of this millennium, ART coverage has increased substantially. Nearly 12 million 

people in low- and middle-income countries (LMIC) were receiving ART at the end of 

2013, including 740,000 children [1]. Coverage of prevention of mother-to-child trans-

mission (PMTCT) programs has also increased, and new PMTCT strategies, including 

lifelong ART for pregnant women (option B+), are currently being implemented [1].

The increased usage of ART, however, is likely to come at a cost, as the levels of HIV 

drug resistance (HIVDR) are expected to rise [2,3]. Due to the scale-up of PMTCT, the 

absolute number of children born with HIV will decrease. When PMTCT is unsuc-

cessful, however, children are prone to develop HIVDR, because of intra-uterine or 

perinatal exposure to antiretroviral drugs (ARV), usually containing a non-nucleoside 

reverse transcriptase inhibitor (NNRTI) [4,5]. 

The most recent World Health Organization (WHO) ART guidelines recommend all 

children under three years of age to start protease inhibitor (PI)-based treatment, re-

gardless of previous PMTCT exposure [6]. In Nigeria, as in many other LMIC, national 

guidelines recommend PI-based treatment only for children under three years who 

are known to be PMTCT-exposed, because of high costs and logistic barriers of PI-

treatment. All other children are recommended to start NNRTI-based treatment [7]. 

Determining the rate of resistance against NNRTIs will help answering the question to 

what extent this policy is still defendable. 

Monitoring pre-treatment HIVDR is especially important in children as they have 

fewer ART options than adults, and will require ART for more years. However, data 

on HIVDR in African children are scarce [8]. This study documents the prevalence 

of HIVDR before treatment initiation in ARV-naïve HIV-infected children in Lagos, 

Nigeria, the country with the second highest number of people living with HIV 

worldwide: 3.2 million, of whom 260,000 are children [9]. Additionally, we conducted 

a systematic review and meta-analysis of the literature on pre-treatment HIVDR in 

children in sub-Saharan Africa. The outcomes of this review put the findings of our 

study into perspective and estimate the extent and trends of HIVDR since large-scale 

implementation of ART in sub-Saharan Africa. 
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METHODS

Study design and population

This study forms part of the Monitoring Antiretroviral Resistance in Children (MARCH) 

cohort, an observational prospective cohort study conducted in Nigeria and Uganda. 

HIV-infected children, eligible for ART, were enrolled at the pediatric HIV clinic and 

through HIV screening at the emergency ward of the Lagos University Teaching Hos-

pital, Nigeria.

Inclusion criteria were: age ≤12 years, confirmed HIV-1 test (positive HIV antibody 

test if age >18 months, or positive HIV nucleic acid PCR if age ≤18 months), eligibil-

ity for initiation of first-line ART according to national guidelines (all HIV-infected 

children <2 years of age, CD4 count <750 cells/m3 in children 2-5 years, and CD4 

count <350 cells/ mm3 in children >5 years) [10], and written informed consent by 

the parent or guardian. If the child was eight years or older and had disclosed HIV 

status, assent was required. Exclusion criteria were: HIV-2 co-infection, anticipated 

non-compliance with the protocol, and current participation in another study or 

clinical trial. All children received routine care according to national pediatric HIV 

treatment guidelines [10]. Clinical and socio-demographic data of mother and child, 

and laboratory (hematology, immunology, virology) data of the child were collected 

on standardized case report forms. Previous PMTCT exposure was documented as 

reported in the child’s medical files or reported by the child’s caregiver. For the current 

analysis of our cohort study, we included only ARV-naïve children, that is, children 

without any prior exposure to ART or PMTCT. All data were source-data-verified by 

monitors and transferred to a study-specific database. Programmed queries were used 

to rule out common data errors and inconsistencies. 

laboratory methods

Before ART initiation, a study blood sample (6 mL EDTA tube) was collected for 

HIV viral load testing using the Roche Cobas AmpliPrep TaqMan® (Cobas Amplicor; 

Roche Diagnostics, Switzerland). If viral load was >1,000 cps/ml, population based 

sequencing of the HIV-1 pol gene was performed by the reference laboratory of the 

Institute of Human Virology in Abuja, Nigeria, using an in-house method and prim-

ers designed and optimized for subtype CFR02_AG and G. Genotypic sequence data 

were submitted to ViroScore® [11]. Major drug-resistance mutations were identified 

based on the 2009 WHO list for surveillance of transmitted resistance [12] using the 

Stanford Calibrated Population Resistance analysis tool[13]. Susceptibility of the pre-

scribed ART regimen was determined through calculation of the genotypic sensitivity 

score (GSS) using the Stanford algorithm (Version 7.0) [14]. Reduced susceptibility to 
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the prescribed regimen was defined as GSS <3; i.e. <3 fully susceptible drugs. HIV-1 

subtyping was performed using the REGA HIV-1 subtyping tool V3 [15]. The study has 

received ethical clearance from the Health Research & Ethics Committee of the Lagos 

University Teaching Hospital, and was conducted in compliance with Good Clinical 

Practice guidelines and the principles of the Declaration of Helsinki. All laboratory 

procedures were conducted according to Good Laboratory Practice guidelines.

Systematic review

A literature review was conducted to identify relevant studies reporting on the preva-

lence of pediatric pre-treatment HIVDR in sub-Saharan Africa. A search was done 

in Medline through PubMed using the search terms ‘transmitted’, ‘pre-treatment’, 

‘naïve’, or ‘primary’ in combination with ‘drug resistance’, ‘hiv’ and ‘child’ or ‘infant’. 

Additionally, the conference abstracts of the last two editions of the Conference on 

Retroviruses and Opportunistic Infections (2014-2015), the IAS (2013-2014), and the 

International Workshop on HIV Pediatrics (2013-2014) were electronically searched 

for relevant studies using the search term ‘resistance’. The references of retrieved stud-

ies were screened for any additional relevant articles using snowballing techniques. 

Article selection and data extraction was performed by two individual reviewers (RB 

and JC), and discrepancies were resolved by discussion between both reviewers.

We searched for original studies reporting pre-treatment HIVDR prevalence in chil-

dren with a median age ≤12 years, in any country in sub-Saharan Africa [16]. We ex-

cluded articles in which only a selection of specific mutations were genotyped, articles 

reporting a very small sample size (<20 patients), and articles in which HIVDR was 

not reported separately for children and adults. The HIVDR prevalence was extracted 

separately for PMTCT-exposed and -unexposed children, and by drug class (NNRTI, 

NRTI or PI), if reported. If only the HIVDR prevalence per drug class was reported, 

we used the prevalence of NNRTI resistance as a conservative estimate of the total 

HIVDR prevalence. 

Statistical analysis

Patient characteristics were summarized for children with and without pre-treatment 

HIVDR separately. Continuous variables were analyzed using a student’s t-test or 

Mann-Whitney U test, and categorical variables using a χ² test or Fisher’s exact test; 

95% confidence intervals were calculated using the exact method. Nutritional status 

was assessed using WHO Anthro (version 3.2.2, January 2011) for children <5 years 

and WHO Reference 2007 for children ≥5 years [17]. Weight-for-age z-scores and 

weight-for-height z-scores were only calculated for children <10 years and<5 years of 

age, respectively. 
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Univariate and multivariate logistic regression was performed to identify factors as-

sociated with pre-treatment HIVDR. Explanatory variables considered in the analysis 

were: age, sex, WHO clinical stage, nutritional status, hemoglobin level, immunode-

ficiency for age (defined as CD4 percentage<25% in children under five years of age, 

and CD4 count<350 cells/ml in children of five years and older), viral load, HIV-1 

Table 1. Populationcharacteristicsof90includedchildren

Total
NoHIVdrug

resistance
HIVdrug
resistance

N=90 % N=69 % N=13 %

Age Years (median, IQR) 4.6(1.8-8.4) 4.5(1.7-8.7) 4.8(2.5-6.3)

<18 months 19/90 21.1 15/69 21.7 3/13 23.1

<3 years 35/90 38.9 28/69 40.6 4/13 30.8

Sex Male 41/90 45.6 31/69 44.9 8/13 61.5

WHOclinicalstage III or IV 55/90 61.1 44/69 63.8 7/13 53.9

Nutritionalstatus Stunted, HAZ<-2 21/72 29.2 15/53 28.3 3/12 25.0

Wasted, WHZ<-2* 12/36 33.3 9/25 36 3/7 42.9

Underweight, WAZ<-2** 23/78 29.5 19/60 31.7 3/12 25.0

Hemoglobin g/dL (mean, SD) 9.8(1.5) 9.7(1.3) 10.7(2.2)

CD4+cellpercentage* % (median, IQR) 14.9(8.1-26.1) 16.2(8.3-26.9) 12.9(7.9-25.1)

CD4+cellcount*** cells/μL (median, IQR) 393(137-618) 370(137-662) 454(289-587)

HIVRNAload log10/ml (median, IQR) 5.2(4.7-5.9) 5.3(4.8-5.9) 5.0(4.4-5.6)

HIV-1subtype A 2/82 2.4 2/69 2.9 0/13 0.0

C 2/82 2.4 2/69 2.9 0/13 0.0

G 31/82 37.8 25/69 36.2 6/13 46.2

CRF02_AG 31/82 37.8 28/69 40.6 3/13 23.1

Other 16/82 19.5 12/69 17.4 4/13 30.8

MothercurrentlyonART Yes 46/77 59.7 37/64 57.8 6/13 64.3

ARTregimenchild AZT+3TC+EFV 4/90 4.4 3/69 4.4 0/13 0.0

AZT+3TC+NVP 78/90 86.7 59/69 85.5 13/13 100

ABC+3TC+NVP 7/90 7.8 7/69 10.1 0/13 0.0

Genotypicdatawereavailablefor82/90children.Drugresistancemutationswereidentifiedbasedon

the2009WHOlistforsurveillanceoftransmitteddrugresistance[12].HIV-1subtypingwasperformed

usingtheREGAHIV-1subtypingtoolV3[15].NutritionalstatuswasassessedusingWHOAnthro(version

3.2.2,January2011)forchildren<5yearsandWHOReference2007forchildren≥5years[17].Results

forhemoglobin,CD4count,CD4percentage,andHIVRNAloadwereavailablefor87,40,48,and82

children,respectively.

*Onlyforchildren<5yearsofage.

**Onlyforchildren<10yearsofage.

***Onlyforchildren≥5yearsofage.

ART,antiretroviral therapy;HAZ,Height foragez-score;WAZ,weight foragez-score;WHZ,weight for

heightz-score;WHO,WorldHealthOrganization.
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subtype, mother’s use of ART, current living situation of the child, and mother’s health 

status. If explanatory variables were associated with the outcome variables (p<0.10) 

in the univariate analysis, they were forwarded to the multivariate model using a step 

forward procedure. 

Meta-analysis of studies of the systematic review was conducted to pool the reported 

HIVDR prevalence using a random-effects model, because of expected heterogene-

ity among studies. Random-effects meta-regression was used to assess the reported 

HIVDR in the included studies by year of ART initiation and for PMTCT-exposed 

versus -unexposed children. The variance of the raw proportions was stabilized 

using a Freeman-Tukey arcsine square root transformation, and was subsequently 

back-transformed to the original scale. A two-sided p-value of ≤0.05 was considered 

significant. Data were analyzed using Stata 12® (StataCorp LP, TX, USA).

RESulTS

Between March 2012 and October 2013, 100 children were enrolled in the MARCH-

Nigeria cohort, of which 90 children were PMTCT-unexposed and were included 

in the analysis. Most (N=78; 86.7%) children started an ART regimen consisting of 

zidovudine/lamivudine/nevirapine (AZT+3TC+NVP) as a fixed-dose combination, 

and none started a PI-based regimen. The median age was 4.6 years (IQR 1.8-8.4), 

46% were male, and 61% were classified as WHO clinical stage III or IV (Table 1). The 

child’s primary caregiver was the mother for 70 (78%) of the children. The mother was 

sick in six (7%) and deceased in 15 (17%) cases, including five children (6%) of whom 

both parents died. The median viral load before treatment initiation was 160,000 cps/

ml (IQR 45,700-730,000); one child had a viral load <1,000 cps/ml. HIV-1 sequencing 

of the pol gene was successful in 82 of 89 children with viral load >1,000 cps/ml. The 

children with and without sequencing results did not differ significantly regarding sex, 

age, and clinical characteristics (data not shown). 

Thirteen of 82 (15.9% [95%CI: 9.5-25.3]) children had HIVDR; all 13 children carried 

NNRTI mutations, and seven (8.5%) also had NRTI mutations. No PI mutations were 

identified. G190A/S (n=7) and M184V/I (n=6), were the most prevalent mutations 

(Figure 1). For all 13 children with HIVDR, the drug regimen prescribed was predicted 

to be only partially active (mean GSS=1.5, SD 0.18). All 13 had mutations associated 

with high NVP resistance. For all seven children with NRTI mutations, these muta-

tions resulted in an only partially active regimen with regards to the NRTI backbone; 

five had mutations associated with 3TC resistance and three had thymidine analogue 
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mutations (TAMs). Children with HIVDR had a median of two mutations (range 1-7) 

per sequence. We did not find significant associations between sex, age, nutritional or 

immunological status, viral load, subtype, mother’s ART use, child’s living situation, or 

mother’s health status and the presence of HIVDR (data not shown).

Systematic review sub-Saharan Africa

We performed a literature search on pediatric pre-treatment HIVDR in sub-Saharan 

Africa. We retrieved 467 articles and 378 conference abstracts, of which we included 

16 studies: 11 articles, four conference abstracts and our current study in Nigeria (Fig-

ure 2), representing 2,057 children. Studies were performed between 2003 and 2012, 

in 11 African countries (three in east Africa, four in southern Africa, and four in west/

central Africa). The median age of the children included in the studies ranged from 3.7 

months to 8 years (Table 2). All studies except one [18] reported a higher prevalence 

of HIVDR towards NNRTI compared to NRTI. In that study, mothers were random-

ized to receive either NVP- or nelfinavir (NFV)-based triple therapy for PMTCT. All 

HIV-infected children in the NFV-arm developed NRTI resistance, but no NNRTI or PI 

resistance [18]. Only four studies reported data on PI mutations which were found in 

less than 2% of the cases (Supplementary Table S1). 

Random-effects meta-analysis yielded a pooled HIVDR prevalence of 28.1% (95%CI 

18.5-37.7) among PMTCT-exposed and unexposed children, with a high level of 

between-study heterogeneity (I2 =97.7 %). (Figure 3). The HIVDR prevalence was 

almost a fourfold higher in PMTCT-exposed compared to PMTCT-unexposed chil-

dren, 40.0% (95%CI 24.1-56.0) versus 10.3% (95%CI 4.2-16.4), respectively (p=0.009). 

In PMTCT-unexposed children, we found an increase in HIVDR prevalence by year of 

ART initiation from 0.6% (95%CI -1.8-3.0) in 2004 to 36.2% (95%CI 25.5-46.9) in 2011, 

p=0.05 (Figure 4).
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Figure 1. Drugresistancemutationsdetectedinthiscohort(n=82).

NNRTI,non-nucleosidereversetranscriptaseinhibitor;NRTI,nucleosidereversetranscriptaseinhibitor.

Retreived:
- 467 articles
- 378 conference abstracts

Abstracts screened:
- 31 articles
- 7 conference abstracts

Excluded on title:
- 436 articles
- 370 conference abstracts

Excluded on abstract:
- 10 articles
- 3 conference abstracts

Full articles screened:
- 21 articles

Excluded on full article:
- 10 articles

Screened for duplicates:
- 11 articles
- 4 conference abstracts

Duplicates excluded:
- 1 conference abstracts

Included in systematic review:
- 11 articles
- 4 conference abstracts

Include 1 conference abstract 
through snowballing

Figure 2. Flowdiagramofincludedarticlesandconferenceabstracts.
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DISCuSSIOn

In this study we found a high rate of 15.9% HIVDR among ARV-naïve children in La-

gos, Nigeria. This implies that, even in children that have never been exposed to any 

antiretroviral drug, almost one in six children carries HIVDR mutations. All 13 children 

with HIVDR consecutively received suboptimal treatment. Seven (8.5%) children had 

mutations associated with one of the NRTIs they were prescribed.

The high [19] pre-treatment HIVDR prevalence in this study could be due to direct 

transmission of drug resistant HIV from the mother to her child. The prevalence of 

pre-treatment HIVDR among women of child-bearing age at the same hospital in 

Lagos was 3.8% (95%CI 1.5-9.4%) in 2008-2009 in one of our previous cohorts [20], 
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Figure 3a. Pooledproportionsofpre-treatmentHIVdrugresistanceinchildreninsub-SaharanAfrica

(PMTCT-exposedandunexposedcombined),byyearoftreatmentinitiation.

I2=97.7%.

HIVDR,HIVdrugresistance;PMTCT,preventionofmother-to-childtransmission.
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and 2.9% in 2010-2012 in a study conducted in north central Nigeria [21]. We did not 

have data on HIVDR in the mothers of the children in our cohort, but it is possible that 

the rate of pre-treatment HIVDR among women of child-bearing age has risen over 

the past years [2,3]. 

Some of the children in our cohort who were reported to be ARV-naïve might actu-

ally have received PMTCT, as some mothers or caregivers might not recall perinatal 

PMTCT. This has been suggested before and confirms that caregiver’s report of PMTCT 

exposure might not be a reliable criterion to base treatment decisions on [6, 22]. Fur-

thermore, in this cohort of relatively old children (range 0.2-12.7 years), it is possible 

that children have been exposed to other ARVs than those for PMTCT and, as such, are 

not entirely ARV-naïve. In a study among adults in seven African countries, ARVs were 

found in the samples of 22% of the participants who reported to be ARV-naïve [23]. 

NOTE: Weights are from random effects analysis

Overall

Kuhn, 2014

Sigaloff, 2012

Author

2010

Towler, 2010

2007

Fokam, 2011

Van Zyl, 2010

2012

2009

2011

Kebe, 2014

Ceccarelli, 2012

Boender & Boerma

2004

10.27 (4.19, 16.36)

36.18 (25.82, 47.24)

7.90 (4.80, 11.70)

prevalence (95% CI)

0.63 (0.57, 5.39)

3.56 (0.13, 11.30)

2.86 (2.44, 22.70)

HIVDR

11.25 (0.49, 33.18)

10.69 (3.27, 21.67)

16.26 (9.16, 24.92)

27

18

with HIVDR

0

1

0

children

1

4

13

number of

75

233

children tested

39

40

8

number of

12

41

82

total

1

1

4

13

  
0 10 20 30 40 50 60 70 80 90
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yearoftreatmentinitiationinPMTCT-unexposedchildren.

I2=85.6%.
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Our systematic review confirms the high pre-treatment HIVDR prevalence among 

ARV-naïve children, and identifies a significant increase in prevalence in ARV-naïve 

children in sub Saharan Africa over the past decade. Our findings are in contrast with 

a recent systematic review from 2014 on pediatric HIVDR worldwide, which identified 

only two studies conducted on the African continent, and reported a low prevalence 

of 0 to 5% pre-treatment HIVDR [8]. In adults, pre-treatment HIVDR has been shown 

to be increasing as well. Among almost 2,500 adults in six countries in sub-Saharan 

Africa, we previously reported that the risk of HIVDR rose by 38% each year after ART 

roll-out with the highest prevalence in Uganda, the country with the longest history 

of large-scale ART provision [2]. A meta-analysis of pre-treatment HIVDR on a global 

level (26,102 patients) confirmed these results, and modelled an increase in HIVDR 

prevalence of almost 30% per year in east Africa, 14% in southern Africa, and 3% in 

west and central Africa [3]. 

One of the limitations of our study is the fact that data on PMTCT exposure of the 

included children were collected retrospectively. However, we attempted to collect all 

available data on prior PMTCT, by interviewing the mother or caregiver and by search-

ing the medical files of all mothers and children. Children were recruited at a single 
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sub-Saharanchildrenbyyearoftreatmentinitiation.
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site, and the children’s age ranged from 0 to 12 years which makes comparison of 

HIVDR prevalence with other studies harder, as mutations might be archived in older 

children [22, 24]. However, our cohort directly reflects the day-to-day practice of a 

clinician working in a pediatric HIV clinic, and the practical challenges of HIVDR in a 

resource-constraint setting. One of the limitations of our meta-analysis is the relatively 

low number of included studies with limited sample size and the large heterogeneity, 

which may have affected our pooled results and meta-regression model. 

Implications

The high rate of NNRTI resistance we found in PMTCT-unexposed children implies 

that one in six HIV-infected children is receiving suboptimal treatment, as current 

ART Nigerian guidelines still recommend NNRTI-based first-line treatment for PMTCT-

unexposed children [7]. Larger studies in Nigeria are urgently needed to draw more 

robust conclusions on a national level. In a country with ~260,000 HIV-infected 

children, a pretreatment HIVDR prevalence of ~16% would have catastrophic implica-

tions for pediatric HIV treatment in Nigeria. Children with pre-treatment HIVDR are 

at risk of early virological failure and subsequent treatment switch. More than half of 

the children with NNRTI mutations in our cohort also had resistance against NRTIs, 

which could limit the effectiveness of a second-line PI-based regimen with an NRTI 

backbone. However, various studies have reported that the presence of NRTI muta-

tions was not a risk factor for virological failure in children and adults on second-line 

PI-based treatment [25–27]. 

The alarming increase in HIVDR we report in sub Saharan Africa, including the figures 

in Nigeria, stress the importance of implementing the WHO recommendations of 

PI-based regimens for children under three years and of considering extending this 

policy for children up to at least 12 years. Pediatric PIs are more costly than NNRTIs 

and used to be only available as a liquid that requires refrigeration. Recently, however, 

the United States Food and Drug Administration (FDA) has approved LPV/r in pellet 

form for pediatric usage [28]. This is an important step towards overcoming the bar-

riers of implementing PI-based first-line treatment in resource-constraint countries. 

Solving these issues should be given priority in order to control pediatric HIVDR. 

Furthermore, population-based HIVDR surveillance programs on a national level 

could provide valuable information on pre-treatment HIVDR prevalence. This is 

especially important in children as we identified a high prevalence of pediatric pre-

treatment HIVDR, and second-line drugs options are limited in this population. Early 

detection of increasing levels of HIVDR in the pediatric population of a country can 

help policy makers to take informed decisions on national ART guidelines and on 
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the selection of first-line regimens. Individual genotypic resistance testing before 

treatment initiation as in high-income countries [29], is currently not recommended in 

resource constraint settings, mainly due to the high costs and the complexity of testing 

assays [6]. The current efforts to develop simplified tests against lower costs are a step 

towards population-based surveillance [30], and possibly even individualized testing 

in the future.

In summary, in this cohort of ARV-naïve HIV-infected children in Nigeria we found 

a high rate of 16% pre-treatment HIVDR. Our systematic review and meta-analysis 

confirmed and expanded these findings, showing a significant increase in HIVDR 

prevalence in ARV-naïve children in sub-Saharan Africa over the past decade. Imple-

mentation of PI-based regimens for children under three years of age in countries in 

sub-Saharan Africa should receive priority. Overcoming the barriers of PI-based treat-

ment in LMIC and close monitoring of HIVDR through regular surveillance programs 

are essential in order to ensure optimal treatment for HIV-infected children in LMIC.
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Background

This review and meta-analysis aims to summarize virological suppression rates in 

HIV-infected children <18 years, up to five years after initiation of non-nucleoside 

reverse transcriptase inhibitor (NNRTI)- or protease inhibitor (PI)-based first-line 

antiretroviral treatment (ART) in low- and middle-income countries (LMIC).

Methods

We searched Medline, Embase, the Cochrane Central Register for Controlled Trials 

(CENTRAL) and the Literatura Latino Americana de Ciencias de Salud (LILACS) for 

randomized controlled trials, cohort studies and cross-sectional studies. We extracted 

data on virological suppression six to 60 months after first-line treatment initiation and 

summarized the proportion of children with virological suppression at six-monthly 

time intervals using random-effects meta-analysis.

Findings

Seventy-two papers, reporting on 51,347 children, were included in the analysis. 

Summary estimates of virological suppression after six, 12, and 24 months of ART 

were 71.3% (95%CI 67.9-74.6), 69.6% (95%CI 66.3-72.9), and 78.3% (95%CI 75.0-81.6), 

respectively. For NNRTI-treated children these rates were 65.5% (95%CI 56.7-74.3), 

64.6% (95%CI 57.0-72.2), and 76.8% (95%CI 71.7-82.0), and for PI-treated children 

77.2% (95%CI 66.8-87.6), 70.3% (95%CI 61.0-79.6), 74.2% (95%CI 58.6-89.7), respec-

tively.

Interpretation 

In the most comprehensive literature overview of first-line ART in children in LMIC to 

date, virological suppression rates were 70-80%, which is lower compared to adults 

in LMIC and to children in high-income countries. Children in LMIC continue to be 

a vulnerable population. More attention should be given to strategies to increase 

virological suppression rates, including improved monitoring, increased access to and 

accelerated development of adequate and affordable first- and second-line ART.
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InTRODuCTIOn

Treating HIV in early childhood is life-saving. However, children are vulnerable to 

developing virological failure. Variability in pharmacokinetics, limited pediatric treat-

ment options, and lack of adherence support are among the potential reasons for this 

increased risk [1]. In addition, drug exposure as part of the prevention of mother-to-

child transmission (PMTCT) can lead to the emergence of HIV drug resistance [2, 3], 

thus increasing the risk of virological failure. 

The World Health Organization (WHO) recommends all children below three years of 

age to receive a PI-based regimen (lopinavir/ritonavir [LPV/r]), regardless of history 

of PMTCT exposure [4]. Unfortunately, despite these recommendations, the use of PIs 

for young children in low- and middle-income countries (LMIC) in routine programs is 

limited due to practical barriers. PIs are more costly than NNRTIs, and infant formula-

tions were to date only available as a liquid that requires refrigeration, although new 

formulations are on their way [5–7]. 

Previous systematic reviews on virological suppression in children only focused on 

sub-Saharan Africa, only on young children, or only included randomized controlled 

trials (RCTs) in which circumstances are usually well controlled and less likely to rep-

resent ‘real life’ settings [8, 13–15]. This review and meta-analysis is the first attempt to 

analyze virological outcomes up to five years after treatment initiation, in children up 

to the age of 18 years, on three different continents, and including all types of study 

designs.

The goal of this comprehensive assessment of available data was to provide summary 

estimates of virological suppression rates in children retained on first-line ART six to 

60 months after treatment initiation. In addition, we stratified results of children on 

NNRTI- or PI-based first-line ART and compared results of children with and without 

prior PMTCT exposure.

METHODS

Search strategy and selection criteria

This study was performed in accordance with the PRISMA statement for reporting 

systematic reviews and meta-analyses [8]. The systematic review protocol is provided 

in Supplement V. We systematically reviewed relevant literature in Medline (through 

PubMed), Embase, the Cochrane Central Register for Controlled Trials (CENTRAL) 
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and the Literatura Latino Americana de Ciencias de Salud (LILACS), using the search 

strategy as provided in Supplement I. In short, a search was conducted (by RB) to 

find articles on virological outcomes in HIV-infected children <18 years of age living 

in LMIC [9], including information about viral load outcomes in the first five years of 

first-line ART. We searched for articles published between January 2005 and May 2015, 

in English, French and Spanish. Additionally, online databases of the International 

AIDS Society 2012-2014, the Conference on Retroviruses and Opportunistic Infections 

2012-2015, and the HIV pediatric workshop 2012-2014 were screened for relevant 

conference abstracts. Snowballing techniques were used to retrieve any additional 

articles.

Study screening 

Eligible studies included prospective and retrospective cohort studies, cross-sectional 

studies and RCTs. Participants of the study had to be children (<18 years of age) with 

an HIV-1 infection, on first-line ART, and receiving treatment in LMIC. Both children 

with and without prior exposure to PMTCT were eligible for inclusion. We included 

studies reporting on pre-defined six-monthly time points up to 60 months after 

treatment initiation. For studies reporting a suppression rate at a median time after 

treatment initiation, we included these if the interquartile range was ≤12 months. The 

selection of studies was done independently by two reviewers (RB and TSB) and any 

disagreement was resolved by mutual discussion. Study selection was done first based 

on the title, subsequently on the abstract, and finally based on reading the full text of 

the article.

Data extraction

Data were extracted using a data extraction form designed for this purpose in MS Ac-

cess 2013®. Data extraction (by RB and AB) was done separately for each pre-defined 

time point at which the proportion of participants with virological suppression was 

reported. The virological suppression threshold used in each study was extracted and 

was later pooled into three categories: <50 cps/ml, <400 cps/ml or <1000 cps/ml. 

The extraction was done separately for participants on PI- or NNRTI-based regimens, 

and for participants with and without PMTCT exposure, when reported. This yielded 

multiple ‘analysis cohorts’ extracted from a single study. The following additional data 

were extracted from each study: year of study; country of study; number of study 

sites; percentage female; median age; ART regimen. If needed, study authors were 

contacted to clarify or confirm the extracted data. Study quality and risk of bias was 

assessed by two independent reviewers (RB and AB) using an adapted version of the 

Newcastle Ottowa Scale [10] (Supplement II).
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Statistical analysis 

The primary analysis was done on an on-treatment basis, defined as the number of 

children with virological suppression divided by the number of children who were 

on treatment and had viral load results at that time point. The results were pooled 

for each pre-defined time point (6, 12, 18, 24, 30, 36, 42, 48, 54 and 60 months after 

ART initiation). All analyses were done using a random effects model, because of the 

heterogenic nature of the included studies. Heterogeneity of outcomes was assessed 

through calculation of I2-statistics. The variance of the raw proportions was stabilized 

using a Freeman-Tukey arcsine square root transformation and was subsequently 

back-transformed to the original scale. 

Subgroup analyses were performed among participants on NNRTI- or PI-based regi-

mens and with or without PMTCT exposure at each time point. A meta-regression was 

performed to obtain p-values for comparison of proportions between NNRTI- and PI-

treated children, and PMTCT-exposed and unexposed children. To test for the robust-

ness of our data, we performed sensitivity analyses, which included, only: 1. studies 

performed after 2005; 2. studies conducted in sub-Saharan Africa; 3. studies in which 

the participants’ median age was <3 years; 4. studies yielding the maximum score 

on the Newcastle Ottowa Scale for quality assessment. In addition, we conducted 

an intention-to-treat analysis, in which we calculated the virological suppression rate 

by dividing the number of suppressed children at each time point by the number of 

children who had started treatment at baseline, thus considering all children with 

unknown viral load results, who stopped ART, had deceased or were lost to follow-

up, as having virological failure. All data analyses were performed using Stata 12.1® 

(StataCorp. 2011. College Station, TX: StataCorp LP).

RESulTS

We retrieved 1,580 articles through our literature search and one article through 

snowballing. Additionally, we found 1,009 potentially relevant conference abstracts. 

Of the 1,581 retrieved papers, 855 were excluded based on the title, 345 after reading 

the abstract and 267 after reading the full text. After removal of 44 duplicate cohorts, 

70 full-text papers were included in this review. Of the 1,009 conference abstracts 

found, 680 were excluded on title and 327 after reading the abstract. Two conference 

abstracts were included in this review (Figure 1).

We included 72 studies, reporting on a total of 51,347 children. Of the 72 included 

studies, we extracted 188 analysis cohorts, based on time after ART initiation; NNRTI 
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or PI regimen; and previous PMTCT exposure. A median of two cohorts were ex-

tracted per study (range 1-12). Fifty-two (72.2%) studies had a maximum score of six 

on the Newcastle Ottowa Scale. Further details are described in Table 1. A complete 

overview of all studies is provided in Supplement III.

Hundred and sixty six of 188 cohorts (88.3%) reported virological outcomes in the first 

two years after treatment initiation, i.e. at six, 12, 18 or 24 months. The summary esti-

mates of the proportion of participants with virological suppression, using a threshold 

of virological suppression of <1000 cps/ml, were 71.3% (95%CI 67.9-74.6, n=18,730) at 

six months, 69.6% (95%CI 66.3-72.9, n=20,622) at 12 months, 68.2% (95%CI 58.8-77.7, 

n=3,778) at 18 months, and 78.3% (95%CI 75.0-81.6, n=6,262) at 24 months after ART 

initiation. Suppression rates using a virological suppression threshold of <1000 cps/

ml, <400 cps/ml, and <50 cps/ml are reported in Table 2.

The intention-to-treat analysis yielded summary estimates of virological suppression 

of 53.8% (95%CI 45.2-62.4, n=33,288) at six months, 46.0% (95%CI 38.5-53.6, n=42,725) 

- 1581 articles
- 1009 conference abstracts

Search:
- 1580 articles
- 1009 conference abstracts

Excluded on title:
- 855 articles
- 680 conference abstracts

Snowballing:
- 1 article

- 726 articles
- 328 conference abstracts

Excluded on abstract:
- 345 articles
- 327 conference abstracts

- 381 articles
- 2 conference abstracts

Excluded on full text:
- 267 articles

- 114 articles
- 2 conference abstracts

Duplicates: 44

Included in systematic review:
- 70 articles
- 2 conference abstracts

Figure 1. Flowdiagramofthestudyselectionprocess.
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Table 1. Characteristicsofincludedstudiesandcohortswithinincludedstudies.

Numberof
studies

%

Total 72 100

Region Sub-Saharan Africa 58 80.6

Asia 12 16.7

Caribbean 1 1.4

Latin-America 1 1.4

Studydesign Randomized controlled trial 9 12.5

Retrospective cohort 29 40.3

Prospective cohort 32 44.4

Cross-sectional study 4 5.6

Yearofantiretroviraltreatment
initiation

< 2006 30 41.7

≥ 2006 39 54.2

Not reported 3 4.2

ScoreonadaptedNewcastleOttowa
Scale

6 52 72.2

5 19 26.4

4 1 1.4

Numberof
cohorts

%

Total 188 100

ARTregimen Exclusively PI-based 16 8.5

Exclusively NNRTI-based 89 47.3

Not specified or outcomes not reported 
separately 

83 44.2

Regimencontains Nevirapine 98 52.1

Efavirenz 80 42.6

Lopinavir/ritonavir 32 17.0

PMTCTexposure Yes 8 4.3

No 20 10.6

Medianage < 3 years 54 28.7

≥ 3 years 134 71.3

ART,antiretroviraltreatment;PI,proteaseinhibitor;NNRTI,non-nucleosidereversetranscriptaseinhibi-

tor;PMTCT,preventionofmother-to-childtransmission.



98

Chapter5

at 12 months, 45.7% (95%CI 35.6-55.9%, n=8,138) at 18 months, and 51.8% (95%CI 

40.8-62.9, n=17,991) at 24 months (Figure 3 and Supplementary Table S1).

Twenty cohorts (10.6%) reported on virological suppression rates at 30-60 months 

after first-line ART initiation. Suppression rates fluctuated between 60.3% at 42 months 

(95%CI 34.6-86.0, n=162) and 79.6% at 60 months (95%CI 64.0-95.1, n=927) Virologi-

cal suppression rates at other time points are reported in Table 2.

We stratified the studies according to the type of first-line regimen, NNRTI- or PI-

based. In the NNRTI-cohorts virological suppression was achieved in 65.5% (95%CI 

56.7-74.3, n=4,993) after six months; 64.6% (95%CI 57.0-72.2, n=6,253) after 12 months; 

and 76.8% (95%CI 71.7-82.0, n=1,712) after 24 months of ART. In PI-cohorts these 

rates were 77.2% (95%CI 66.8-87.6, n=3,426); 70.3% (95%CI 61.0-79.6, n=2,527); and 

74.2% (95%CI 58.6-89.7, n=28), respectively (Figure 2 and Supplementary Table S2). 

Restricting these analyses to children under three years of age, who are recommended 

to receive PI-based treatment, yielded similar results (Supplementary Table S2). 

At six months after ART initiation, 63.3% (95%CI 29.0-97.6, n=150) of PMTCT-exposed 

children had virological suppression compared to 76.9% (95%CI 66.2-87.6, n=501) of 

unexposed children, p=0.523. At 12 months, these proportions were 51.7% (95%CI 

-22.5-125.8, n=59) versus 70.6% (95%CI 59.4-81.8, n=460), p=0.954, and at 24 months 

14.6% (95%CI -5.9-35.2, n=9) versus 66.6% (95%CI 50.3-82.8, n=107), p=0.867, for 

exposed and unexposed children, respectively (Supplementary Table S2). Exposed 

children were significantly younger than unexposed children (median age 0.7 versus 

3.1 years, p=0.007). No significant difference in ART regimen was found between 

exposed and unexposed children. The limited amount of data did not allow for sub-

group analyses. 

Sensitivity analyses restricting the analysis to geographic location, calendar year, age, 

and study quality showed similar patterns of virological suppression rates of ~70-80% 

in the first two years after treatment initiation (Figure 3 and Supplementary Table S3).
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Table 2. Summaryestimatesoftheproportionofchildrenwithvirologicalsuppressionat6to60months

aftertreatmentinitiation.

M
o

n
th

s

<1000cps/ml <400cps/ml <50cps/ml

% 95%CI C
o
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I2 % 95%CI C
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I2 % 95%CI C
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C
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re

n
,N

I2

6 71.3 67.9-74.6 45 18730 95.8 70.6 67.2-74.0 44 18528 95.9 59.6 50.1-69.1 12 7218 97.2
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Virologicalsuppressionisdefinedasviralload<1000cps/ml.
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DISCuSSIOn

In this systematic review and meta-analysis, including 72 studies reporting on 51,347 

children, we show that virological suppression rates in HIV-infected children in LMIC 

are between 70 and 80% in the first 24 months, and 60 to 80% up to five years after 

first-line ART initiation. These outcomes are considerably lower than the rates of 

adults in LMIC, and of children in high-income countries [11–14].

For the first two years of treatment, suppression rates were sustained at 70-80%, and 

were robust when accounting for calendar year of treatment initiation, continent, age 

groups, and assessed study quality. The proportions we found are in accordance with 

the findings of previous systematic reviews with shorter follow-up periods, in which 

a rate of 46-81% at six months of treatment [15] and a rate of 70% [16], and 49-81% [15] 

at 12 months were reported. Proportions are lower, however, compared to a recent 

systematic review on virological suppression in adults in LMIC, which found suppres-

sion rates of approximately 85% in the first two years after first-line treatment initiation 

[11]. Outcomes are also poorer compared to the suppression rates of >90% found in 

HIV-infected children in high-income countries [12–14]. 
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Our results indicate that HIV-infected children treated with ART in LMIC are a vulner-

able population and, despite current efforts, are at high risk of treatment failure. Two 

other findings stress these disconcerting results: first, also in cohorts using more potent 

PI-based treatment, virological suppression rates were <80%; second, the intention-

to-treat analysis showed suppression rates in children of only 45-55% in the first two 

years, while in adults these rates were 65-75% [11]. 

To improve virological suppression rates in children in LMIC, a better understand-

ing of their poor outcomes as compared to adults and to children in high income 

countries is required. First of all, children may be more vulnerable to virological 

failure after exposure to failed PMTCT, which is associated with NNRTI resistance 

[17, 18]. In this review, PMTCT-exposed children had lower virological suppression 

rates than unexposed children, although differences were not significant. Using the 

currently recommended PI-based treatment, clinical outcomes in young children have 

been shown to be better compared to NNRTI-treated children, regardless of previous 

PMTCT exposure [19]. Second, treatment adherence is challenging in children who 

are dependent on their caregivers to receive their medication and to remain in care. 

Little is known about the long-term treatment outcomes of children on first-line ART, 

as we identified only nine studies reporting on virological suppression rates more 

than two years after ART initiation. Third, accurate drug dosing in children is difficult, 

because of changing pharmacokinetics in children of different weights, and the lim-

ited availability of pediatric formulations. This increases the risk of underdosing and 

subsequent HIV drug resistance. In order to improve treatment response in children 

in LMIC, various steps will need to be taken.Implementation of PI-based treatment 

for young children regardless of PMTCT exposure, as recommended by the WHO [4], 

is essential to achieve better treatment results in this vulnerable population who will 

need treatment for the rest of their lives. To be able to treat all children under three 

years with a PI, financial and logistic barriers for LMIC to implement this strategy need 

to be overcome. It has been suggested that PIs might be used only to achieve initial 

virological suppression, after which children can be switched to less costly NNRTI-

based treatment [20]. However, this is only recommended in settings where viral load 

monitoring is available, which is often not the case in LMIC. Cost-reduction of ARVs 

for LMIC, the production of generics, and harmonization of treatment guidelines are 

important steps to increase access to PI-treatment. In addition, the development of 

new antiretroviral agents, in formulations appropriate for children, should receive 

priority. In children who fail PI-based first-line treatment, second-line options are very 

limited and outcomes are poor [21, 22]. New generation PIs such as darunavir could 

be a second-line option after failure of first-line LPV/r-based treatment in children 
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above three years of age. The new integrase inhibitor raltegravir has recently been 

approved for young infants. These new agents are, however, currently not available 

in LMIC [23]. As access to first-line PI regimens for children increases, evidence-based 

strategies for durable second-line options should be developed. Third, as we found 

that virological suppression rates in children are considerably lower than in adults, it 

is important that especially children are monitored closely during treatment in order 

to timely detect treatment failure. Implementation of viral load monitoring for this 

population in LMIC should be a priority. Finally, the specific aspects of pediatric HIV-

care, such as blood sampling techniques, specific laboratory assays, and pediatric 

drug formulations, should receive more attention in the training of health workers in 

LMIC. Treatment protocols should be, when possible, simplified, in order to improve 

HIV-care for children in resource-limited settings.

Strengths of our study include the fact that it provides the largest and most compre-

hensive literature review of HIV treatment outcomes in children in LMIC to date, and 

that our findings were robust across several sensitivity analyses. In order to assess 

all available data on this topic, we chose to include both observational studies and 

RCTs. A limitation to this approach is the large heterogeneity among the studies, and 

care should be taken when comparing results across studies. We are aware of the fact 

that other factors apart from drug class and PMTCT exposure are likely to play a role 

in virological suppression rates in children, such as the specific drugs used within 

each drug class [24]. Very few studies reported the number of virologically suppressed 

children separately for each drug used, so we could not conduct separate analyses 

to correct for specific drugs used. As we did not have individual patient data of the 

included studies, but only study-level data, we did not correct for potentially relevant 

patient characteristics, such as age or clinical and immunological status. Including 

study averages of such data, such as mean age or mean CD4-count, would have intro-

duced the risk of ecological bias in our analysis [25]. 

In conclusion, this systematic review and meta-analysis is the most comprehensive 

literature overview of response to first-line ART in children in LMIC to date. We show 

that rates of virological suppression in children are considerably lower than those 

found in adults and in children in high-income countries. Implementation of PI-based 

treatment, the development of new pediatric formulations against affordable costs, 

improved pediatric treatment monitoring, and specific pediatric training for health 

workers are necessary in order to achieve optimal treatment results for HIV-infected 

children in LMIC.
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ABSTRACT 

Background 

More than 11.7 million people are currently receiving antiretroviral therapy (ART) in 

low- and middle-income countries (LMICs), and focused efforts are needed to ensure 

high levels of adherence and to minimize treatment failure. Recently, international 

targets have emphasized the importance of long-term virological suppression as a key 

measure of program performance.

Methods

We systematically reviewed publications and conference abstracts published be-

tween January 2006 and May 2013 that reported virological outcomes among human 

immunodeficiency virus type 1 (HIV-1)–infected adults receiving first-line ART for 

up to 5 years in LMICs. Summary estimates of virological suppression after 6, 12, 24, 

36, 48, and 60 months of ART were analyzed using random-effects meta-analysis. 

Intention-to-treat (ITT) analysis assumed all participants who were lost to follow-up, 

died, or stopped ART as having virological failure.

Results 

Summary estimates of virological suppression remained >80% for up to 60 months of 

ART for all 184 included cohorts. ITT analysis yielded 74.7% (95% confidence interval 

[CI], 72.2–77.2) suppression after 6 months and 61.8% (95% CI, 44.0–79.7) suppression 

after 48 months on ART. Switches to second-line ART were reported scarcely.

Conclusions 

Among individuals retained on ART, virological suppression rates during the first 5 

years of ART were high (>80%) and stable. Suppression rates in ITT analysis declined 

during 4 years.
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InTRODuCTIOn

The World Health Organization (WHO) estimated that nearly 11.7 million people liv-

ing with human immunodeficiency virus (HIV) in low- and middle-income countries 

(LMICs) received antiretroviral therapy (ART) in 2013 [1]. Global ART scale-up has 

been made possible by the use of standardized and simplified treatment protocols and 

decentralized service delivery, with limited reliance on laboratory monitoring [2, 3]. 

In order to enhance treatment monitoring, WHO recommended in 2013 that viral load 

measurements among people receiving ART be performed 6 months after initiating 

ART and every 12 months thereafter [4, 5].

As the availability of viral load testing grows in LMICs, the percentage of patients 

with virological suppression can be an important measure of overall ART clinic and 

program success. The Joint United Nations Programme on HIV/AIDS 90-90-90 by 2020 

initiative was established with the goal of achieving virological suppression in 90% of 

all people receiving ART by the year 2020 [6], emphasizing the need for robust data 

on short- and long-term programmatic levels of virological suppression against which 

program performance can be assessed.

In this context, population-level summary estimates of virological suppression mea-

sured at different time points are needed to guide ART program managers on the 

normative levels of population-level virological suppression. The objective of this 

systematic review was to determine summary estimates of virological suppression 

among HIV-infected people receiving first- line ART for up to 5 years in LMICs.

METHODS

Search Strategy 

This systematic review was conducted in accordance with the PRISMA (Preferred Re-

porting Items for Systematic Reviews and Meta-Analyses) statement and the STROBE 

(Strengthening the Reporting of Observational Studies in Epidemiology) guidelines [7, 

8]. We searched the electronic databases Ovid Medline (through PubMed), Embase, 

and the Cochrane Central Register of Controlled Trials for research papers published 

in English between 1 January 2006 and 14 May 2013 (Supplementary Material). The 

start date of 2006 was chosen to search for published virological outcomes from ART 

programs that followed the WHO public health approach [3]. We defined search terms 

pertaining to HIV/AIDS or ART combined with LMICs. Subsequently, studies were re-

stricted to those matching search terms for HIV viral load and/or HIV drug resistance. 



110

Chapter6

We combined this with search terms specifying time factors in order to select viral load 

measurements obtained from individuals on ART for 6 months and up to 5 years. Fi-

nally, we excluded studies of children (aged <13 years) from the search. Additionally, 

we manually searched conference abstracts of the International AIDS Society in 2011 

and 2012 and the Conference on Retroviruses and Opportunistic Infections in 2012 

and 2013. Finally, unpublished cohort data from the Pan-African Studies to Evaluate 

Resistance Monitoring (PASER-M) program and TREAT Asia (TAHOD [TREAT Asia 

HIV Observational Database] and TASER [TREAT Asia Studies to Evaluate Resistance]) 

programs were added as additional sources of data [9].

Study Selection

We included original research papers and conference abstracts that reported on viro-

logical outcomes among HIV type 1 (HIV- 1)–infected adults on first-line combination 

ART for up to 5 years in LMICs. Studies reporting on both adults and adolescents (aged 

>13 years) were included if the majority of the population (>90%) was aged >18 years. 

Cross-sectional studies, cohort studies (prospective and retrospective), and clinical tri-

als were eligible if they reported virological outcomes. Included studies had to report 

data on the proportion of participants below (or above) a threshold of HIV RNA in 

copies per milliliter at a specified duration of ART. LMICs were categorized by gross 

national income according to the World Bank [10]. Previous use of antiretroviral drugs 

for (pre- or post-exposure) prophylaxis, prevention of mother-to-child transmission, 

or treatment of HIV infection did not preclude inclusion.

We excluded studies in which participants were HIV-1/HIV-2 coinfected, were re-

ceiving mono- or duotherapy, had started second-line ART, were selected based on 

treatment failure, lived in high-income countries, or were children (aged <13 years 

or >10% adolescents aged 13–18 years). Studies reporting a median follow-up of <4 

months or >5 years on ART only were not eligible for inclusion. Because we wanted 

to extract and compare summary estimates of virological suppression after 6, 12, 

24, 36, 48, and 60 months of ART initiation, studies were excluded if the reported 

interquartile range (IQR) of follow-up duration extended beyond 2 time points. For 

example, a study reporting on persons with a median ART duration of 43 months 

(IQR 28–61) was excluded. When more than 1 study reported on the same cohort of 

patients, we included the publication that contained the most complete information. 

Two reviewers independently selected eligible papers and abstracts for inclusion in 

the analysis and removed duplicates. If the description of the study was unclear with 

respect to eligibility criteria, we contacted the authors for further information. Any 

disputes about inclusion were resolved by discussion between the 2 reviewers with 

help of a third reviewer.
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Data Extraction

The following information was extracted from the included articles: location(s) and 

time frame of the study, study design, number of participants, participants’ charac-

teristics at time of ART initiation, ART regimens (nonnucleoside reverse transcriptase 

inhibitor (NNRTI) or protease inhibitor with nucleoside reverse transcriptase inhibitor 

(NRTI) backbone or triple NRTI regimen), time on first-line ART, number of switches 

to second-line ART, viral load threshold used to define virological suppression, 

number of participants with and without viral load results, number of participants 

with virological suppression, and categories of patient attrition (ie, lost to follow-up 

[LTFU], death, stop ART) as reported in the study. When 1 study reported virologi-

cal outcomes at multiple time points and/or reported multiple thresholds to define 

virological suppression, all outcomes were extracted. When multiple definitions of 

virological suppression were provided, the study definition closest or equal to 1000 

copies per milliliter was included in the analysis to fit the current WHO definition of 

virological failure and ART program benchmarks [4, 11, 12]. Studies reporting patient 

outcomes separately, for example, clinical trial arms, were considered to consist of 

different cohorts. Therefore, the number of cohorts reported in this review exceeds 

the number of studies included. We assessed quality of reporting using the STROBE 

checklist (Supplementary Material) [8].

Statistical Analyses

The proportion of study participants meeting the definition of virological suppression 

was determined for each cohort and for each duration of ART (ie, 6, 12, 24, 36, 48, 

or 60 months). The primary analysis for each time point was the on-treatment (OT) 

analysis, that is, the number of participants with virological suppression divided by 

the number of participants retained in care and with viral load results available at a 

given time point. The secondary analysis included only studies reporting attrition over 

time. This intention-to-treat (ITT) analysis included the number of people who were 

deceased, LTFU, and/or who stopped ART in the denominator of estimates of virologi-

cal suppression. Switches to second-line ART were not considered virological failures 

in the OT and ITT analyses. Switch rates were calculated separately by dividing the 

number of switches to second-line ART by the number of participants at baseline.

Descriptive statistics were used to assess the proportion of virological suppression, 

followed by random-effects meta-analysis; we determined the summary estimates 

of people with virological suppression at each time point. The variance of the raw 

proportions was stabilized using a Freeman–Tukey arcsine square root transformation 

and subsequently back transformed to the original scale. Between-study heterogeneity 

was reported by means of the τ2 of the meta-analysis of the transformed proportions 
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[13]. Pooled proportions and 95% confidence intervals (CIs) were displayed using 

forest plots.

Three sensitivity and subgroup analyses were carried out to explore reasons for 

heterogeneity observed in the analyses. First, we explored the role of study design 

on the reported outcomes. We excluded trials and analyzed data from programmatic 

settings only in order to explore the effect of a controlled trial setting. Second, we only 

included studies in which at least 90% of the participants received NNRTI-based first-

line ART in order to look at the effect of WHO-recommended first-line regimens [4]. 

Third, we explored the role of geographic location by analyzing regions separately. 

Subgroup differences were tested through χ2 test for heterogeneity. Statistical analyses 

were performed using Stata 12 [14].

RESulTS

A total of 2391 research papers and conference abstracts were deemed potentially 

eligible after duplicate papers were removed. On the basis of title and abstract, 1665 

reports were excluded (Figure 1). Of the remaining 726 studies, 163 met the inclusion 

criteria, including 158 full-text research papers and 5 conference abstracts. In addition, 

we included unpublished outcome data from the PASER-M cohort (24 and 36 months 

of follow-up) and TREAT Asia cohort (6, 12, 24, 36, 48, and 60 months of follow-up). 

In total, 184 cohorts from 35 countries were retrieved from 163 studies (Figure 2); 

69.0% of the cohorts originated from sub-Saharan Africa. Almost half (48.4%) of the 

studies were prospective cohorts, 20.1% were trials, and the remaining were either 

cross-sectional or retrospective cohort designs. Almost three-quarters (73.4%) of the 

studies reported at least 90% of participants initiating NNRTI-based first-line ART. 

Fifty-four percent adhered to all STROBE guidelines. Study characteristics are summa-

rized in Table 1, and a full list and characteristics of all included studies are provided 

in Supplementary Table. Sample sizes ranged from 8 to 27 516 study participants, and 

most studies report outcomes up to 2 years after ART initiation (Table 2). All outcomes 

beyond 2 years from ART initiation originated from Asia and sub-Saharan Africa, and 

5-year outcomes were only available for OT outcomes.

OT summary estimates of virological suppression for all time points assessed were 

>80%. For cohorts on ART for 6, 12, and 24 months, OT summary estimates were 

84.9% (95%CI, 83.5–86.3; N = 116 051), 85.6% (95% CI, 84.4–86.9; N = 103 632), and 

84.4% (95% CI, 82.0–86.9; N = 39 694), respectively. After 3, 4, and 5 years of ART, 
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2,391 titles (1,710 duplicates excluded)
3,637 research papers + 2 unpublished databases

1,819 from Embase PASER-M cohort data
1,614 from Ovid MEDLINE TREAT Asia cohort data
204 from CENTRAL

   464 conference abstracts
149 from CROI 2012 and 2013
315 from IAS 2011 and 2012

1,414 titles for abstract review
1,049 research papers
365 abstracts

726 abstracts for full-text review
701 research papers
25 abstracts

163 studies included + 2 unpublished databases
158 research paper PASER-M cohort data
5 conference abstracts TREAT Asia cohort data

Exclusion step 1 (on basis of title)* 
977 excluded

878 research papers
99 abstracts

Exclusion step 2 (on basis of abstract)*
688 excluded

348 research papers
340 abstracts

Exclusion step 3 (on basis of full-text)
558 excluded
   539 research papers

270 duration of ART unknown
64 not on (first-line) ART
61 follow-up range too wide
30 inappropriate study type
26 not in LMIC
7 not all HIV-1 infected
5 children
66 duplicate reporting of data
14 other

   20 abstracts
20 duplicate data

Figure 1. Flowchartofstudyselection.

Anasterisk(*)indicatesstudieswithoutoriginalorvirologicaldata,studieswithadesignnotmeeting

inclusioncriteriaorwithoutspecificdataondurationofantiretroviraltreatment(ART),studiesoutside

low-andmiddle-incomecountries,andstudieswithonlypediatricparticipants.

Abbreviations:CENTRAL,CochraneCentralRegisterofControlledTrials;CROI,ConferenceonRetrovi-

rusesandOpportunisticInfections;HIV,humanimmunodeficiencyvirus;IAS,InternationalAIDSSociety;

LMIC,low-andmiddle-incomecountries;PASER,Pan-AfricanStudiestoEvaluateResistance;TREATAsia,

TherapeuticsResearch,Education,andAIDSTraininginAsia.
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Not included

Included

Figure 2. Worldmapindicating35countriesreportingdataincluded.

Table 1. SummaryofCohortCharacteristics,byAnalysisType.

On-TreatmentAnalysis Intention-to-TreatAnalysisa

N % N %

Region

Sub-SaharanAfrica 127 69.0 61 65.6

Asia 38 20.7 23 24.7

Latin-AmericaandtheCaribbean 14 7.6 7 7.5

EasternEurope 1 0.5 0 0.0

Multipleregions 4 2.2 2 2.2

Studydesign

Prospectivecohort 89 48.4 48 51.6

Retrospectivecohort 39 21.2 21 22.6

Trial(any) 37 20.1 23 24.7

Cross-sectional 19 10.3 1 1.1

Yearofantiretroviraltherapyinitiation

Before2006 81 50.9 34 43.6

After2006 78 49.1 44 56.4

Notreported 25 13.6 15 16.1

ARTregimens

Nonnucleosidereversetranscriptaseinhibitor–basedb 135 73.4 70 75.3

Proteaseinhibitor–basedb 7 3.8 6 6.5

Otherorunknownc 42 22.8 17 18.3

Total 184 100.0 93 50.5

Forafulllistandcharacteristicsofstudycohortsincludedinthesystematicreview,seeSupplementary

Table.
aStudiesreportingnumbersofdeathsandpersonslosttofollow-upwereincludedintheintention-to-

treatanalysis.
bNonnucleosidereversetranscriptaseinhibitor/proteaseinhibitor(NNRTI/PI)–basedregimendefined

as>90%ofparticipantsreceivinganNNRTI/PIaspartoffirst-lineantiretroviraltherapy.
cIncludingtriplenucleosidereversetranscriptaseinhibitorregimens.
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the summary estimates were 88.5% (95% CI, 85.5–91.4; N = 18 729), 88.6% (95% CI, 

84.2–93.0; N = 4673), and 85.2% (95% CI, 76.6–93.9; N = 1414), respectively.

The ITT analysis included a subset of 93 (50.5%) cohorts reporting LTFU and mortality 

outcomes. Summary estimates of the ITT analysis after 6, 12, 24, 36, and 48 months 

of ART were 74.7% (95% CI, 72.2–77.2; N = 47 838), 67.3% (95% CI, 63.6–71.0; N = 40 

938), 64.6% (95% CI, 60.8–68.4; N = 6332), 68.1% (95% CI, 58.0–78.2; N = 1411), and 

61.8% (95% CI, 44.0–79.7; N = 504) virological suppression, respectively. Descriptive 

and summary estimates of OT and ITT virological suppression are presented in Table 

2 and Figure 3; forest plots displaying individual and summary estimates can be found 

in Supplementary Figures.

Of 93 cohorts included in the ITT analysis, 46.4% reported the number of switches to 

second-line ART. Summary estimates of the reported switches were <2% during the 

first 2 years of ART: 1.7% (95% CI, 1.0–2.5; N = 24 451), 1.6 (95% CI, 1.1–2.1; N = 19 

923), and 1.7% (95% CI, .7–2.6; N = 7100) after 6, 12, and 24 months of first-line ART, 

respectively. After 36 and 48 months, 5.4% (95% CI, 3.3–7.5; N = 2407) and 9.2% (95% 

CI, 4.8–13.6; N = 595) of participants switched (Table 3, Figure 4). 

Sensitivity analyses excluding clinical trials and analyses excluding studies in which 

<90% of participants received NNRTI-based ART did not yield different summary 

estimates in either the OT or ITT analyses (Supplementary Tables). However, regional 

differences were found in subgroup analyses comparing studies conducted in sub-

Saharan Africa to studies from Asia, as shown in Figure 3. At 2 time points, there was 

a statistically significant difference in OT virological suppression. At 6 months, the 

OT summary estimate was 89.6% (95% CI, 87.3–92.0; N = 3942) in Asia compared 

with 84.2% (95% CI, 82.5–85.9; N = 100 613) in sub-Saharan Africa (P = <.01). At 12 

months, the OT summary estimate was 90.2% (95% CI, 87.7–92.6; N = 5997) in Asia 

compared with 84.3% (95% CI, 82.8–85.8; N = 93 415) in sub-Saharan Africa (P = <.01). 

Although summary estimates from Asia were generally higher compared with those 

from sub-Saharan Africa, no differences were observed at any of the other time points 

assessed. Statistically significant regional differences were also observed in the ITT 

analysis at months 12 and 24; summary estimates were approximately 12% higher in 

Asia compared with sub-Saharan Africa. At 12 months of ART, we found 76.4% (95% 

CI, 70.4–82.5; N = 2334) virological suppression in Asia vs 64.3% (95% CI, 60.0–68.7; 

N = 37 898) in sub-Saharan Africa (P = .01). At 24 months, we found 73.9% (95% CI, 

69.2–78.5; N = 1634) virological suppression in Asia vs 62.3% (95% CI, 57.2–67.4; N = 

4356) in sub-Saharan Africa (P = .01).
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Table 3. SwitchestoSecond-LineAntiretroviralTherapyafter6to48MonthsofFirst-LineAntiretroviral

TherapyDescriptive.

Monthson
Antiretroviral
Therapy

Cohorts,N
Participants,

N(atbaseline)
Descriptive
statistics

Random-effects
meta-analysis
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τ2aQ1 Q3 Q1 Q3 Low High

6 22 55.0 24,451 67 27 382 0.0 0.0 0.0 1.7 1.0 2.5 0.09

12 25 37.3 19,923 230 61 596 0.0 0.0 1.4 1.6 1.1 2.1 0.12

24 12 52.2 7,100 283 104 701 0.3 0.0 3.1 1.7 0.7 2.6 0.02

36 3 75.0 2,407 1,009 328 1,070 6.1 3.6 7.0 5.4 3.3 7.5 0.01

48 2 50.0 595 298 80 515 10.1 7.8 12.5 9.2 4.8 13.6 0.01

aτ2isameasureofbetween-studyheterogeneitythatislessaffectedbythenumberofstudiesthanother

commonmeasures.

Table 2. VirologicalSuppressionafter6to60MonthsofFirst-LineAntiretroviralTherapy.

Monthson
Antiretroviral
Therapy

Cohorts,
N

Participants,
N

Descriptive
Statistics

Random-Effects
Meta-analysis

Total Total Median

Interquartile
Range

Median

Interquartile
Range Summary

Estimate

95%
confidence

interval

τ2aQ1 Q3 Q1 Q3 Low High

On-treatmentanalysis

6 100 116051 173 84 453 87.2 78.7 91.3 84.9 83.5 86.3 0.03

12 117 103632 174 78 427 87.7 80.8 91.9 85.6 84.4 86.9 0.04

24 45 39694 203 78 475 86.0 80.5 91.9 84.4 82.0 86.9 0.05

36 21 18729 373 163 980 90.1 82.5 93.6 88.5 85.5 91.4 0.06

48 13 4673 201 104 384 90.9 85.1 94.6 88.6 84.2 93.0 0.09

60 6 1433 117 60 505 86.6 78.6 94.1 85.2 76.6 93.9 0.09

Intention-to-treatanalysis

6 40 47838 106 40 371 72.9 63.8 82.3 74.7 72.2 77.2 0.02

12 67 40938 153 66 351 71.9 59.6 77.6 67.3 63.6 71.0 0.10

24 23 6332 142 66 321 65.0 52.4 72.2 64.6 60.8 68.4 0.03

36 4 1411 309 160 546 63.0 61.3 75.1 68.1 58.0 78.2 0.03

48 4 504 130 66 187 59.0 51.4 72.4 61.8 44.0 79.7 0.13

aτ2isameasureofbetween-studyheterogeneitythatislessaffectedbythenumberofstudiesthanother

commonmeasures.
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Figure 4. Switchestosecond-linetherapy.

B. Intention-to-treat virological suppression
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A. On-treatment virological suppression
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Figure 3. Summaryestimatesofvirologicalsuppressionoutcomes.

Note:Allsummaryestimatesareinformedbyaforestplot(seeSupplementaryFigures).

FulltablesofthesubgroupanalysisareprovidedinSupplementaryTables.
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DISCuSSIOn

This review describes summary estimates of virological suppression for people re-

ceiving first-line ART for HIV in 35 LMICs for up to 5 years after treatment initiation. 

Reported virological outcomes for people who remained in care and on treatment 

were stable over time, with OT virological suppression rates remaining >80% for up 

to 5 years after ART initiation. In the ITT analysis, which considered all people who 

died, stopped ART, or were LTFU as having virological failure, the virological suppres-

sion rate declined to 62% after 4 years. The outcomes were consistent irrespective of 

study design and ART regimen. Early virological suppression rates were found to be 

significantly higher in Asia compared with sub-Saharan Africa, but differences tended 

to disappear over time.

Overall, OT estimates of virological suppression up to 36 months on ART were consis-

tently high and informed by a large number of cohorts and study participants. Similar 

trends have been reported in resource-rich countries, where the proportion of patients 

with virological suppression has been shown to increase over time in the Netherlands 

and British Columbia [15, 16]. Stable rates of OT virological suppression may be par-

tially explained by the inherent survivor bias of analyses limited to individuals on ART 

retained in care [17, 18]. Spontaneous viral resuppression and the impact of adherence 

interventions may also contribute to the maintenance of high levels of virological sup-

pression among individuals on ART. However, the aggregate proportion of individuals 

who died, were LTFU, or stopped therapy increased over time, leading to decreasing 

rates of virological suppression in the ITT analysis. Interestingly, we did not observe an 

increase in the proportion of individuals with virological failure retained in care. This 

implies that those failing first-line ART either dropped out of care or were switched to 

a second-line regimen. Although the proportion of patients switching to second-line 

care did increase over time in the subset of studies with available data, such numbers 

were small and consistent with the very low uptake of second-line ART in LMICs in 

general, suggesting that the majority of individuals failing ART most likely dropped 

out of care before they could be identified [2].

In contrast to previous reviews [19–21], this review included data from all LMICs 

including Asia and Latin America and the Caribbean for up to 5 years of follow-up. 

A previously published review of 12-month outcomes across all LMICs reported 84% 

suppression at 12 months [20]. Two other reviews that reported on virological out-

comes on ART in sub-Saharan Africa showed lower OT suppression rates compared 

with this review: 78%, 76%, 67% vs 75%, 67%, 65% after 6, 12, and 24 months of ART 

[19, 21]. One of these reviews (concerning sub-Saharan Africa only) also reported ITT 
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outcomes, which were in line with our findings: 78%, 69%, 63% after 6, 12, and 24 

months of ART [19]. Early virological suppression rates were found to be significantly 

higher in Asia compared with sub-Saharan Africa, but differences tended to disappear 

over time. While this may indicate superior program performance in the early stages 

of ART in Asia, the paucity of data after 36 months prevents additional analyses.

This review has several limitations. First, it reflects findings from clinics where patients 

had access to virological monitoring or access to virological testing for research pur-

poses, which likely represent well-resourced ART sites [22]. Therefore, estimates of 

virological suppression presented in this review may not be representative of actual 

program conditions that may be prevalent in other clinics and/or settings. ART pro-

grams or clinics that evaluated and reported viral loads may have greater resources 

and better clinical outcomes than those where viral loads were not evaluated and/or 

where virological outcomes were not reported. Second, in settings where viral loads 

were evaluated but where poor virological outcomes were observed, researchers 

may have chosen not to disseminate the results, potentially leading to publication 

bias. Estimates may therefore overestimate the mean frequency of virological sup-

pression in the broader population receiving ART in LMICs. Third, we searched for 

studies reporting on virological outcomes of ART and not specifically on attrition. 

Therefore, the ITT analysis could report biased results as attrition rates could possibly 

be underreported in the included studies, potentially overestimating program efficacy. 

Conversely, the assumption that all those who died or were LTFU had detectable viral 

loads is likely to yield conservative estimates. Fourth, this review included studies 

reporting OT outcomes from cross-sectional analysis and it did not focus only on stud-

ies following cohorts longitudinally. One should take into account that the findings 

include cross-sectional outcomes from different studies at each time point, which 

could induce some bias in interpreting differences across time since these differences 

may be attributable to the studies included in the analysis rather than a true change 

in virological suppression over time. Fifth, this review might include overlap in data 

between studies. Because of thorough exclusion, we believe that the presence of 

duplicate data in our review is minimal.

Strengths of our review include its broad scope, encompassing studies from various 

ART programs across LMICs and complementary unpublished data from large African 

and Asian cohort studies. We were able to assemble a large dataset for meta-analysis, 

especially at the time points up to 3 years after the initiation of ART. Our results were 

consistent in different sensitivity and subgroup analyses, taking the study design and 

type of ART into account. This review included both longitudinal and cross-sectional 

studies from programmatic and clinical trial settings, yet excluding trials from the 

analysis did not affect summary estimates. Additionally, studies reporting both pro-
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tease inhibitor- and NNRTI-based regimens were included, but subgroup analyses 

examining different regimens were comparable to the overall analysis.

In the context of lifelong treatment, data on long-term virological outcomes from 

LMICs are much needed [23]. This review found high and stable levels of virological 

suppression (>80%) among individuals retained in care during the first 5 years of first-

line ART in LMICs. When accounting for individuals who were LTFU, died, or stopped 

therapy and if one assumes that all of them had virological failure, available data sug-

gest that suppression rates declined during the first 4 years of ART. This review also 

highlights the need for more accurate data on retention to inform the development of 

a comprehensive benchmark framework to assess and monitor program performance. 

Further research is needed to better describe virological outcomes among individuals 

who are LFTU and among those who stop therapy, so that they can be taken into 

account in future estimates of population-level virological suppression.
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ABSTRACT

Background

After the scale-up of antiretroviral therapy (ART) for human immunodeficiency virus 

(HIV) infection in Africa, increasing numbers of patients have pretreatment drug 

resistance.

Methods

In a large multicountry cohort of patients starting standard first-line ART in six African 

countries, pol genotyping was retrospectively performed if viral load (VL) ≥1000 cps/

mL. Pretreatment drug resistance was defined as a decreased susceptibility to ≥1 

prescribed drug. We assessed the effect of pretreatment drug resistance on all-cause 

mortality, new AIDS events and switch to second-line ART due to presumed treatment 

failure, using Cox models.

Results 

Among 2579 participants for whom a pretreatment genotype was available, 5.5% had 

pretreatment drug resistance. Pretreatment drug resistance was associated with an 

increased risk of regimen switch (adjusted hazard ratio [aHR] 3.80; 95% confidence 

interval [CI], 1.49–9.68; P = .005) but was not associated with mortality (aHR 0.75, 

95% CI, .24–2.35; P = .617) or new AIDS events (aHR 1.06, 95% CI, .68–1.64; P = .807). 

During three years of follow up, 106 (4.1%) participants switched to second-line, of 

whom 18 (17.0%) switched with VL < 1000 cps/ mL, 7 (6.6%) with VL ≥ 1000 cps/mL 

and no drug resistance mutations (DRMs), 46 (43.4%) with VL ≥ 1000 cps/ mL and ≥1 

DRMs; no HIV RNA data was available for 32 (30.2%) participants.

Conclusions

Given rising pretreatment HIV drug resistance levels in sub-Saharan Africa, these 

findings underscore the need for expanded access to second-line ART. VL monitoring 

can improve the accuracy of failure detection and efficiency of switching practices.
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InTRODuCTIOn

Nearly 12 million people living with human immunodeficiency virus (HIV) in low- 

and middle-income countries received antiretroviral therapy (ART) by the end of 

2013. In the context of the ambitious UNAIDS targets set for 2020 and updated treat-

ment guidelines aiming for earlier treatment initiation, it is anticipated that increasing 

numbers of people will start ART in the coming years [1, 2]. The expanding exposure 

to antiretroviral drugs at a population level will lead to increased transmission of 

drug-resistant viruses [3]. As a consequence, ART programs will be confronted with 

increasing numbers of patients that already carry drug resistant strains before starting 

standard first-line ART; pretreatment drug resistance (PDR). The rise in PDR is largely 

attributable to an increase in nonnucleoside reverse transcriptase inhibitor (NNRTI) 

resistance [3, 4].

Previous studies from low- and middle-income [5–7] as well as high-income coun-

tries [8] have shown that individuals with PDR are at risk of a diminished virological 

response to first-line ART. Given the fact that in low- and middle-income countries 

viral load (VL) monitoring is very limited and genotypic resistance testing is largely 

absent, regimen switching is often guided by CD4+ cell counts and clinical criteria. 

This approach can lead to incorrect assumptions, risking continuation of a failing 

regimen on the one hand, and inappropriate switches to second-line ART (while the 

virus is suppressed) on the other hand [9, 10]. Even in the presence of VL monitoring, 

studies from Uganda and South Africa reported a delay in switching after the detection 

of virological failure, resulting in increased mortality relative to switching [11, 12]. 

Currently, access to second-line ART is restricted in many settings due to high costs; 

rates of switching to second-line ART have remained relatively low in resource-limited 

settings [13–15].

The consequences of rising levels of PDR in sub-Saharan Africa on long-term clinical 

outcomes on first-line ART have not been evaluated. In a large longitudinal multi-

country study, we assessed the impact of PDR on switching from first- to second- line 

ART due to presumed therapy failure, and the occurrence of new AIDS-events and 

death following up to three years of first-line ART.
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METHODS

Study Design and Population

The Pan-African Studies to Evaluate Resistance Monitoring (PASER-M), a prospective 

cohort study at 13 clinical sites in Kenya, Nigeria, South Africa, Uganda, Zambia, and 

Zimbabwe [16], enrolled patients who were HIV-1 infected, aged ≥18 years, and eli-

gible to start first-line ART because of advanced immunodeficiency (CD4+ cell count 

<200 cells/µL) or HIV disease (World Health Organization [WHO] clinical stage 3 or 

4) in accordance with national guidelines, between 2007 and 2009 [17]. Exclusion 

criteria were: pregnancy at enrolment, HIV-2 coinfection (in Nigeria), and previous 

use of ART ≤30 days before treatment initiation. Cohort characteristics and first year 

outcomes have been described previously [4, 5, 16]. For the current analysis, all par-

ticipants receiving a standard first-line regimen consisting of one NNRTI drug with a 

dual nucleoside reverse transcriptase inhibitor (NRTI) backbone who had genotypic 

resistance test (GRT) results available at ART initiation were included. Participants 

provided written informed consent at enrolment. The study protocol was approved by 

national and local research ethics committees.

All participants received routine care according to local guidelines. A standard case-

report form capturing data on demographics, clinical status, medication, adherence, 

and laboratory results was completed at enrolment, every 3 months thereafter, and 

at regimen switch. CD4+ cell counts recorded closest to the ART start date were used 

as pretreatment counts. Follow-up time was measured from ART initiation, and par-

ticipants were followed up for 24 (all sites) or 36 (5 sites in Nigeria, Zimbabwe and 

Uganda) months on ART, or until discontinuation because of death, transfer-out, loss-

to-follow-up (LTFU, when not seen for >180 days [18]) or switch to second-line ART.

laboratory Methods

Plasma samples were collected before ART initiation, after 12, 24, and 36 months (if 

applicable) and at the time of regimen switch, for retrospective testing of HIV-RNA and 

GRT. VL was determined using NucliSens EasyQ real-time assay (version 2.0; bioMéri-

eux, Lyon, France) or COBAS Ampliprep/COBAS Taqman assay (Roche, Branchburg, 

New Jersey). Virological suppression was defined as VL < 400 cps/mL. Subsequently, 

GRT of protease and partial reverse-transcriptase was performed if VL ≥ 1000 cps/mL, 

using in-house sequencing methods. HIV drug resistance was determined in 2 steps 

for each sequence. First, major drug resistance mutations (DRMs) were scored using 

the 2014 IAS-USA list [19]. Second, the genotype susceptibility scores (GSS) of the 

prescribed ART regimen were calculated using the Stanford algorithm (Version 7.0) 

[20]. Subsequently, participants were classified in 2 categories: “PDR”: presence of ≥1 
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DRM associated with reduced susceptibility to the prescribed regimen (GSS < 3); and 

“no PDR”: no DRM or presence of DRMs not associated with the prescribed regimen 

(GSS = 3). Subtypes were determined using the REGA algorithm version 3 [21].

Statistical Analysis

We evaluated the effect of PDR on the incidence of clinical outcomes through a time-

to-event analysis. Three outcomes were defined: (I) switch to second-line ART due to 

presumed treatment failure; (II) onset of new AIDS events (WHO stage 4 event [2]), 

that is, a first-ever event, a new condition on top of an ongoing event, or recurrence 

of the condition; and (III) all-cause mortality. Based on retrospective testing, unneces-

sary switches were defined as switch with VL < 1000 cps/mL or VL ≥ 1000 cps/mL 

without DRMs based on GRT [2].

Participants were censored when transferred out, or when they received a substitu-

tion with a protease inhibitor for reasons other than treatment failure; intra-class drug 

substitutions were ignored. Additional censoring occurred per analysis: at switch to 

second-line when investigating all-cause mortality and new AIDS-events; at death for 

the analysis of new AIDS-events and switch to second-line. The association between 

PDR and the 3 outcomes was modeled through Kaplan–Meier curves with a Tarone–

Ware test and univariate Cox-models, and multivariable using Cox-models with age 

and sex as fixed-covariates, and CD4+ cell count and 30-day self-reported adherence 

(visual analogue score <95% or ≥95%) as time-varying covariates. Standard errors 

were adjusted for clustering within clinical site. The following fixed-variables were 

considered confounders and included in the model if ≥10% changes in the regression 

coefficient describing the association between PDR and all four outcomes: WHO clini-

cal stage at baseline (1–3 vs 4), prior antiretroviral drug exposure (yes, no, unknown), 

year of ART initiation (2007, 2008, 2009), hemoglobin at baseline, and subtype (C, 

non-C). The proportional-hazard assumption was checked using log-log plots and 

testing the Schoenfeld residuals.

Sensitivity Analyses

First, we repeated the analyses using more specific outcomes: HIV-related mortal-

ity instead of all-cause mortality and “appropriate switches” (VL ≥ 1000 cps/mL and 

≥1 DRM) instead of any switch. Second, we repeated the analyses for all sites up to 

24 months, vs the 5 sites who had follow-up data available up to 36 months. Third, 

we repeated the analyses, only for participants who were antiretroviral drug-naive, 

excluding those who had any prior antiretroviral drug exposure. All analyses were 

performed using Stata 12 [22].
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RESulTS

Of the 2737 participants initiating ART, 2579 (94.2%) had GRT results available and 

were included in our analysis (Figure 1, Table 1). In total, 357 (13.8%) had DRMs: 

297 (11.5%) had NNRTI-mutations, 69 (2.7%) had NRTI-mutations, and 37 (1.4%) had 

dual-class resistance. Overall, 141/2579 (5.5%) participants were classified as having 

PDR. All pretreatment DRMs are listed in the Supplementary Material. After 12 and 

24 months respectively, 83.4% and 72.2% of patients were still alive, retained in care 

and receiving first-line ART. In Nigeria, Uganda, and Zimbabwe, 64.6% of participants 

were still alive and retained on first-line ART after 36 months (Figure 1). LTFU was 

equal in participants with and without PDR. Most participants remained on the initial 

regimen; 728 (28.3%) received at least 1 drug substitution for reasons other than treat-

ment failure (range 1–4); protease inhibitor-substitutions for reasons other than treat-

ment failure occurred in 55 (0.02%) participants who were subsequently censored.

Baseline
2,579 (100%) started first-line NNRTI-based ART

24 months
1,863 (72.2%) alive, in care, and still on first-line ART

36 months 
648 (64.6%) alive, retained in care, and still on first-line ART 

12 months 
2,150 (83.4%) alive, retained in care, and still on first-line ART  

70 (2.7%) transferred out
172 (6.7%) LTFU
181 (7.0%) deceased
6 (0.2%) switched to second-line ART

Nigeria, Uganda and Zimbabwe continued follow-up 
(N=1,003 at baseline)

118 (4.6%) transferred out
320 (12.4%) LTFU
202 (7.8%) deceased
76 (3.4%) switched to second-line ART

37 (3.7%) transferred out
200 (19.9%) LTFU
80 (8.0%) deceased
38 (3.8%) switched to second-line ART

7 protocol violations 
11 non-standard ART regimens
158 did not have genotypic test results available 

2,755 eligible for firstl-ine ART enrolled in the PASER-M cohort 

Figure 1. Studyflow.

Theflowshowsthecumulativeattritionandiscalculatedfromthebaselinenumber.

Abbreviations:ART,antiretroviraltherapy;NNRTI,nonnucleosidereversetranscriptaseinhibitor;PASER-

M,Pan-AfricanStudiestoEvaluateResistanceMonitoring.
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Table 1. Pan-AfricanStudiestoEvaluateResistanceMonitoringPopulationCharacteristicsat

AntiretroviralTherapyInitiation,byPredictedRegimenActivity.

Total NoPDR PDR

PValue

N % N % N %

2,579 100.0 2,222 86.2 141 5.5

Sex

Female 1,493 57.9 1,409 57.8 84 59.6 .677

Male 1,086 42.1 1,029 42.2 57 40.4

Age(mean,SD) 36.8 9.0 36.7 9.0 37.5 8.8 .714

18-29 506 19.7 480 19.7 26 18.4 .906

30-39 1,116 45.1 1,100 45.1 66 46.8

≥40 907 35.2 858 35.2 49 34.8

Country

Zambia 551 21.4 523 21.5 28 19.9 <.001

SouthAfrica 601 23.3 574 23.5 27 19.2

Uganda 606 23.5 545 22.4 61 43.3

Kenya 424 16.4 411 16.9 13 9.2

Zimbabwe 204 7.9 198 8.1 6 4.3

Nigeria 193 7.5 187 7.7 6 4.3

Calendaryearofinitiation

2007 619 24.0 590 24.2 29 20.6 .083

2008 1,595 61.9 1,496 61.4 99 70.2

2009 365 14.2 352 14.4 13 0.2

WHOclinicalstageatinitiation

1 382 14.8 368 15.1 14 9.9 .203

2 618 24.0 576 23.6 42 29.8

3 1,150 44.6 1,087 44.6 63 44.7

4 429 16.6 407 16.7 22 15.6

Previousantiretroviralexperience

No 2,442 94.7 2,333 95.7 109 77.3 <.001

Yes 115 4.5 86 3.5 29 20.6

Unknown 22 0.9 19 0.8 3 2.1

TypeofinitialNRTIbackbone

Zidovudine-based 960 37.2 904 37.1 56 39.7 .818

Stavudine-based 685 26.6 652 26.7 33 23.4

Tenofovir-based 870 33.7 821 33.7 49 34.8

Abacavir-based 64 2.5 61 2.5 3 2.1

TypeofinitialNNRTI

Efavirenz 1,542 59.8 1,464 60.1 78 55.3 .265

Nevirapine 1,037 40.2 974 39.9 63 44.7
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Virological suppression was achieved in 89.8% (95% confidence interval [CI], 88.4–

91.1), 89.8% (95% CI, 88.3–91.2), and 90.7% (95% CI, 88.1–92.8) of participants retained 

in care at 12, 24, and 36 months, respectively. Suppression rates were significantly 

lower in people with vs those without PDR: 76.2% (95% CI, 66.7–84.1), 78.8% (95% CI, 

67.0–87.9) and 81.4% (95% CI, 66.6–91.6) vs 90.5% (95% CI, 89.1–91.8), 90.3% (95% 

CI, 88.7–91.6) and 91.3% (95% CI, 88.8–93.5) after 12, 24, and 36 months, respectively 

(P < .001; P = .003; and P = .030). 

Table 1. Pan-AfricanStudiestoEvaluateResistanceMonitoringPopulationCharacteristicsatAntiretrovi-

ralTherapyInitiation,byPredictedRegimenActivity.(continued)

Total NoPDR PDR

PValue

N % N % N %

2,579 100.0 2,222 86.2 141 5.5

BMIa(median,IQR) 21.1 18.8-24.1 21.1 18.8-24.1 21.1 18.6-23.7 .293

Haemoglobing/dLb(mean,SD) 11.4 2.2 11.4 4.2 11.9 5.5 .061

CD4+cellcountc(median,IQR) 133 62-204 133 62-203 133 68-210 .950

<50 534 20.8 504 20.8 30 21.3 .998

50-200 1,342 52.2 1,269 52.2 73 51.8

200-350 674 26.2 637 26.2 37 26.2

≥350 21 0.8 20 0.8 1 0.7

HIV-RNAcopiesperml,log10(mean,SD) 5.0 0.8 5.0 0.8 5.2 0.8 .084

HIV-1subtype <.001

A 616 23.9 548 24.0 32 22.7

B 5 0.2 5 0.2 0 0.0

C 1,387 53.8 1,325 54.4 62 44.0

CRF02_AG 98 3.8 96 3.9 2 1.4

CFR06_CPX 5 0.2 5 0.2 0 0.0

CRF18_CPX 1 0.04 1 0.04 0 0.0

D 237 9.2 208 8.5 29 20.57

F 1 0.01 0 0.0 1 0.71

G 68 2.6 64 2.6 4 2.84

Recombinants 254 6.0 145 6.0 9 6.4

Unassigned 7 0.3 5 0.2 2 1.4

SubtypesweredeterminedusingtheREGAversion3[21].

Abbreviations: BMI, body mass index; HIV, human immunodeficiency virus; IQR, interquartile range;

NNRTI,nonnucleosidereversetranscriptaseinhibiter;NRTI,nucleosidereversetranscriptaseinhibiter;

PDR,pretreatmentdrugresistance;SD,standarddeviation;WHO,WorldHealthOrganization.
aBasedon2562observations.
bBasedon2533observations.
cBasedon2571observations.
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Among participants with a VL ≥ 1000 cps/mL and successful GRT (88.2%) after 12, 

24, and 36 months, DRMs were present in 75.6% (95% CI, 68.9–83.1), 80.9% (95% CI, 

73.4–87.0), and 82.5% (95% CI, 67.2–92.7). DRM rates were higher in people with PDR 

vs those without PDR: 100.0% (95% CI, 83.2–100.0), 90.0% (95% CI, 55.–99.7), and 

100.0% (95% CI, 59.0–100.0) vs 72.9% (95% CI, 64.3–80.3), 80.2% (95% CI, 72.3–86.6), 

and 78.8% (95% CI, 61.1–91.0), respectively (P = .008; P = .446; and P = .180) (Table 2).

Switches to Second-line ART

In total, 106 (4.1%) participants switched from first- to second- line ART due to pre-

sumed treatment failure; 21.8 per 1000 person-years (95% CI, 18.0–26.3) (Supplemen-

tary Material). The switch rates were much higher in the group with PDR (86.8 [95% 

CI, 57.1–131.8] per 1000 person-years), compared to the group without PDR (18.2 

[95% CI, 14.7–22.5] per 1000 person-years). In adjusted analysis, PDR was strongly 

associated with switching to second-line: adjusted hazard ratio (aHR) 3.80 (95% CI, 

1.49 9.68; P = .005, Table 3 and Figure 2).

Overall, clinicians reported using VL testing to confirm treatment failure for 75/106 

(70.8%) switches, and clinical and/or immunological criteria for 23/106 (21.7%). For 

8/106 (7.5%) switches no reason was reported. A retrospective study VL-test result at 

the time of switch was available for 74/106 (69.8%) participants: 18/74 (24.3%) partici-

pants had VL < 1000 cps/mL and 56/74 (75.7%) had a VL ≥ 1000 cps/mL. Of those with 

VL ≥ 1000 cps/mL, 53/56 (94.6%) had a GRT available: 7/53 (13.2%) harbored no DRM 

(wild-type virus) and in 46/53 (86.8%) ≥1 DRM was detected. Overall, 25/106 (23.6%) 

switched unnecessarily; 18/106 (17.0%) with VL < 1000 cps/ mL and 7/106 (6.6%) 

VL ≥ 1000 cps/mL without DRM (Figure 3). Unnecessary switching also occurred in 

sites where VL monitoring was reported to be used to diagnose treatment failure. 

The incidence of appropriate switching was 9.85 per 1000 person-years (95% CI, 

7.43–13.1) and was much higher in the group with PDR (51.3 [95% CI, 29.8–88.3] per 

1000 person-years), compared to the group without PDR (7.6 [95% CI, 5.4–10.6] per 

1000 person years): aHR 6.22 (95% CI, 2.02–19.09; P = .001) (Supplementary Material).

new AIDS-event(s)

Overall, 182 new AIDS-events were observed, with a rate of 39.1 (95% CI, 33.8–45.2) 

new events per 1000 person-years (Supplementary Material). The events were mainly 

extra-pulmonary tuberculosis (26.1%), HIV wasting (24.1%), chronic herpes simplex 

infection (12.3%), and esophageal candidiasis (8.4%) and are specified in the Supple-

mentary Material. The incidence of AIDS-events did not differ significantly between 

participants with and without PDR in both unadjusted (Tarone–Ware P = .7380; Cox 
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Table 3. CoxModels:AssociationBetweenPretreatmentDrugResistanceandSwitchingandClinical

OutcomesonFirst-lineAntiretroviralTherapy.

Events CrudeHazardRatio AdjustedHazardRatioa

N % HR 95%CI P Value HR 95%CI P Value

Switchesb

Total 106 4.1

NoPDR 84 3.5 1 1

PDR 22 15.6 4.95 3.09–7.93 <.001 3.80 1.49–9.68 .005

NewAIDSevent(s)

Total 182 7.1

NoPDR 172 7.1 1 1

PDR 10 7.1 1.08 .57–2.04 .822 1.06 .68–1.64 .807

All-causemortality

Total 188 7.3

NoPDR 176 7.2 1 1

PDR 12 8.5 1.16 .63–2.13 .642 0.75 .24–2.35 .617

Abbreviations:CI,confidenceinterval;HR,hazardratio;PDR,pretreatmentdrugresistance.
aAdjustedmodel:Adjustedforsexandage(fixed),CD4+cellcountandadherence(time-varying),clus-

teredforsite.All-causemortalityandswitcheswerealsoadjustedforpreviousantiretroviraluse.
bSwitchesduetopresumedtreatmentfailure.

A

0.00

0.40

132 102(4) 71(14) 21(4)PDR
2340 1964(14) 1286(52) 327(15)No PDR

Number on first-line ART(switches):

0 90 365 730 1096
days

No pretreatment drug resistance (No PDR)
Pretreatment drug resistance (PDR)

B

0.00

0.40

132 96(10) 65(0) 20(0)PDR
2340 1872(135) 1205(29) 301(8)No PDR

Number on first-line ART(AIDS-events):

0 90 365 730 1096
days

C

0.00

0.40

132 102(12) 71(0) 21(0)PDR
2340 1964(154) 1286(17) 327(5)No PDR

Number on first-line ART(deaths):

0 90 365 730 1096
days

Figure 2. Kaplan–Meierfailureestimatesof

switchingandclinicaloutcomes.

P-values arederived from theTarone–Ware

test.Abbreviation:ART,antiretroviraltherapy.
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P = .822) and adjusted (aHR 1.06, 95% CI, .68–1.64; P = .807) analysis (Table 3 and 

Figure 2).

All-cause Mortality

Overall, 188 (7.3%) persons died during follow-up; the mortality-rate was 38.6 (95% 

CI, 33.4–44.5) per 1000 person-years and varied over time (Supplementary Material). 

Ninety-seven (51.6%) died <90 days of treatment with a rate of 436.1 (95% CI, 357.4– 

532.1) per 1000 person-years. All-cause mortality was not significantly different for 

participants with or without PDR, both in the unadjusted (Tarone–Ware P = .5746; Cox 

P = .642) and adjusted (aHR 0.75, 95% CI, .24–2.35; P = .617) analysis (Table 3 and 

Figure 2). The majority of deaths were reported to be HIV-related (N = 125, 66.5%); 

7 (3.7%) were reported to be not HIV-related and for 56 (29.8%) the cause of death 

was unknown. Sensitivity analysis of confirmed HIV-related mortality yielded similar 

results (Supplementary Material).

Both sensitivity analyses excluding participants with previous antiretroviral drug use, 

and exploring different follow-up at the sites yielded similar results for all 3 outcomes 

(Supplementary Material).

DISCuSSIOn

In this large prospective study in sub-Saharan Africa, we demonstrated that participants 

harboring drug-resistant HIV before starting standard first-line ART (ie, PDR) resulted 

in a nearly 4-fold increase of switches to second-line ART. During the first 3 years of 

ART, PDR was not associated with new AIDS- related events or excess mortality. Our 

findings remained robust in several sensitivity analyses. To our knowledge, this is 

the first study that provides direct evidence that the rise in PDR levels after the ART 

scale-up in Africa will drive a significant growth in the demand for second-line ART 

in the region. This emerging threat to the effectiveness of national ART programs will 

have major public health implications in terms of budget requirements and program 

planning in the coming years. There is a critical need for the scale-up of second-line 

ART, which calls for augmented resources and training for clinicians.

This study found no significant differences in incidence of AIDS-events and mortality 

during the first three years on first-line ART among participants with PDR compared to 

those without. Although several studies have reported that PDR predicts a poor viro-

logical response to ART [5, 7, 8], the continuation of a failing regimen may still provide 

some clinical and immunological benefit because of residual drug activity and the 
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reduced fitness of the mutant virus [23]. Nonetheless, it is possible that the impact of 

PDR on the development of new AIDS-events and mortality will only become manifest 

on the long term, that is, >3 years of ART [24].

In our cohort, we documented an overall PDR prevalence of 5.5% in sub-Saharan 

Africa in 2007–2009. The most comprehensive global assessment to date suggested 

a significant increase in PDR over time since ART rollout, at an estimated annual 

rate of 29% for east Africa and 14% for southern Africa. The rise is driven by NNRTI-

resistance, which is of particular concern as this drug class constitutes the foundation 

of current first-line ART regimens and prophylaxis for prevention of mother-to-child 

transmission. A mathematical model based on combined data on transmitted and ac-

quired drug resistance from Kampala, Uganda, and Mombasa, Kenya, predicted that 

the continued ART scale-up may lead to increased prevalence of PDR in the coming 

10 years, up to 19% [25].

Of note, the same model projected that future levels of NNRTI resistance could be 

diminished through better switching practices. By means of enhanced implementa-

tion of VL monitoring, accurate switching to second-line therapy can improve patient 

outcomes and reduce drug resistance [25, 26]. In the light of these trends, our data 

point toward substantial increases in the need for second-line antiretroviral drugs in 

the coming years. Increased use of second-line drugs could in turn enhance long-term 

treatment success and curb the emergence of drug-resistant HIV [25–27].

The switch rate in our study of 21.8 per 1000 person-years (95% CI, 18.0–26.3) was in 

line with the IeDEA cohort that reported 24 switches per 1000 person-years (95% CI, 

22–26) [28]. By contrast, switch rates previously reported in MSF-run ART programs 

were much lower with 4.2 switches per 1000 person-years. The difference is possibly 

attributable to limited access to VL monitoring in the latter study [29]. In a recent 

meta-analysis of first-line ART outcomes, the current rate of switch to second-line in 

resource-limited settings was low, that is, <2% during the first 2 years on ART [15]. 

Long-term switch rates were estimated at 5.4% (95% CI, 3.3–7.5) and 9.2% (95% CI, 

4.8–13.6) after 3 and 4 years, respectively [15]. Barriers for switching are the low avail-

ability of second-line drugs (including drug stock-outs), lack of virological monitoring, 

limited physician training and experience with switching, and reluctance to shift to the 

last available treatment option in low-resource settings [28, 30, 31].

Of concern, 24% of participant in this study who were switched to second-line ART 

either had VL < 1000 cps/mL, or VL ≥ 1000 cps/mL without presence of DRMs, which 

means they could still have benefited from continuing on first-line ART. Unnecessary 
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switching to more costly and toxic second-line ART, as reported in previous studies 

[10], impairs the efficiency in the use of scarce resources available in ART programs. 

Moreover, previous studies from Africa suggested that a considerable proportion of pa-

tients with detectable viremia can (re-)suppress on their first-line ART after adherence 

counselling [10, 32]. These findings support the current WHO recommendation that 

patients who have suspected virological failure should receive adherence counselling 

and a repeat VL test for confirmation of failure before considering a regimen switch 

[2]. Thus, increased access and uptake of available VL testing can avert unnecessary 

switches to second-line therapy [10].

Although VL monitoring is the preferred monitoring tool to diagnose and confirm 

treatment failure, access to VL testing followed by regimen switching remains chal-

lenging and costly [12, 33]. Given the fact that second-line regimens are currently at 

least 2.4 times more expensive than first-line ART (and third-line regimens 15 times), 

increased switching will inevitably lead to substantial increased expenditures of HIV 

treatment in the region [34, 35]. These expenditures will have to compete for resources 

for (first-line) ART scale-up. Mathematical modelling studies and economic analyses 

have evaluated different treatment monitoring strategies, and yielded conflicting 

results [26, 36, 37]. Cost-effectiveness, however, will improve as more affordable VL 

testing techniques (using dried blood spots) be- come available in resource-limited 

settings [27, 37, 38]. Furthermore, further price reductions of second-line drugs (pro-

tease inhibitors) will reduce treatment costs. Although the largest clinical benefit is 

expected to be achieved by VL monitoring, individual GRT after first-line failure might 

increase appropriate switching, and recent studies from South Africa have indicated 

that it is potentially cost effective in middle-income countries [27, 39, 40].

The main strengths of the study were its large size, longitudinal design with long-term 

follow-up, and the setting of large-scale, routine ART programs, which enhance the 

generalizability of the results. The reported attrition rates, including high early mortal-

ity, were substantial but in line with other studies from sub-Saharan Africa [41–43]. 

Our study adds to the current knowledge that the increase in PDR will necessitate 

expanded access to VL monitoring and second-line ART in order to sustain effective 

long-term HIV treatment in Africa [2, 28]. Further studies and mathematical modelling 

are needed to establish optimum strategies for the prevention of HIV drug resistance, 

the role of pre-ART genotyping, and use of protease inhibitor-based regimens for 

specific high-risk groups.

This study has some potential limitations. Although the PASER network includes 

mostly free-access, routine ART programs, nongovernment and urban sites were over-
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represented and rural sites underrepresented. Therefore, caution is warranted when 

extrapolating results to other settings where resource constraints might be even more 

substantial [16]. Second, participants LTFU may have introduced bias, but LTFU was 

equal among participants with and without PDR [44]. Third, there is potential for attri-

tion bias because differential follow-up duration across the sites. Sensitivity analyses 

showed that such bias is expected to be limited. Last, population-based sequencing 

is not able to detect minority drug resistance; therefore, participants who had minor-

ity resistant strains could have been classified as having a “no PDR,” resulting in a 

potential underestimation of the effect of PDR on treatment outcomes.

In conclusion, our findings demonstrate that the presence of PDR diminishes the 

long-term effectiveness of first-line ART and is strongly associated with switching to 

second-line regimens. In view of rising PDR levels in Africa, these findings underscore 

the urgent need for increased implementation of VL monitoring and access to afford-

able second-line regimens to secure durable ART success in sub-Saharan Africa.
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SynOPSIS

Background

Limited availability of viral load (VL) monitoring in HIV treatment programs in sub-

Saharan Africa can delay switching to second-line antiretroviral therapy (ART), leading 

to the accumulation of drug resistance mutations.

Objectives

The current study evaluated the accumulation of resistance to reverse transcriptase in-

hibitors after continued virological failure on first-line ART, among adults and children 

in 13 sites in sub-Saharan Africa.

Methods

We included prospective cohort data from HIV-1-positive adults and children on a 

non-nucleoside reverse transcriptase inhibitor (NNRTI)-based first-line regimen in 

sub-Saharan Africa. Retrospective VL and, if VL ≥1,000 cps/ml, pol genotypic testing 

was performed. Among participants with continued virological failure (≥2 VL ≥1,000 

cps/ml), drug resistance mutations were scored and predicted susceptibility was 

calculated.

Results

2,737 adults and 289 children received NNRTI-based first-line ART. Virological failure 

rates were higher in children compared to adults: 8.8% and 9.1% in adults, and 24.1% 

and 29.5% in children after 12 and 24 months, respectively (both p<0.001). At first 

virological failure, drug resistance mutation(s) were detected in 87% of participants. 

The predicted susceptibility declined significantly after continued virological failure 

for all reverse transcriptase inhibitors (all p<0.001). Acquired drug resistance patterns 

were similar in adults and children. 

Conclusions

Virological failure rates on first-line ART are significantly higher in children compared 

to adults in sub-Saharan Africa, but drug resistance patterns are similar. This study pro-

vides field evidence for current ART guidelines. Improved VL monitoring to prevent 

accumulation of mutations, and new drug classes to construct fully-active regimens, 

are required in sub-Saharan Africa.
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InTRODuCTIOn

Access to antiretroviral therapy (ART) for HIV is expected to further increase as treat-

ment is now recommended by the World Health Organization directly after diagnosis, 

irrespective of clinical stage or CD4+ cell count [1]. Concerns about the development 

of HIV drug resistance persist both in resource-rich and resource-limited settings 

[2–5]. Due to limited availability of viral load (VL) monitoring and subsequent delayed 

switching to second line ART, the accumulation of drug resistance mutations (DRMs) 

is of concern in adults and children in sub-Saharan Africa [6]. 

The large majority of HIV-positive adults and children in sub-Saharan Africa re-

ceive standard first-line ART following the public health approach [7]. According 

to international guidelines, first-line ART for adults and older children consists of a 

non-nucleoside reverse transcriptase inhibitor (NNRTI), combined with two nucleo-

side reverse transcriptase inhibitors (NRTIs) [8–11]. Since 2013, a boosted protease 

inhibitor combined with two NRTIs is recommended for children under the age of 

three [8]. However, uptake of protease inhibitor-based first-line for children in routine 

programmes in sub-Saharan Africa is limited, due to higher costs and only recent 

development of oral pellets for children [12,13]. In adults, second-line ART after 

NNRTI-based first line failure consists of a boosted protease inhibitor, combined with 

two (previously unused) NRTIs to minimize cross-resistance. While NRTI resistance 

mutations can accumulate during prolonged first-line failure [6], new and recycled 

NRTIs in second-line regimen have shown substantial virological activity [14–16]. 

Recommended third-line drug options such (darunavir and integrase inhibitors) are 

not routinely available in the public sector in sub-Saharan Africa, and ~15 times more 

costly compared to first-line drugs [17]. 

The genetic barrier to the development of nevirapine and efavirenz resistance-asso-

ciated mutations is low; the accumulation of resistance-associated mutations is rapid, 

often occurring within three months of virological failure [18,19]. Second generation 

NNRTIs, etravirine and rilpivirine, have a higher genetic barrier to resistance and con-

fer only partial cross-resistance with nevirapine and efavirenz [20–22]. While currently 

unavailable, second-generation NNRTIs might become available in resource-limited 

settings as prices of are falling [17]. In resource-limited settings it is yet unclear to what 

extent NNRTI resistance, accumulated during (prolonged) first-line failure, affects the 

susceptibility to second-generation NNRTIs [23,24]. In the context of the public health 

approach to ART, the question arises which role second-generation NNRTIs could 

potentially play in sequential use after nevirapine/efavirenz-based first-line ART for 

adults and children [23]. 
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The current study aimed to evaluate the accumulation of resistance and predicted drug 

susceptibility to NNRTIs and NRTIs after continued virological failure on first-line ART 

in sub-Saharan Africa. As harmonized ART guidelines for adults and older children 

are desired to facilitate the transition from paediatric to adult care, we compared drug 

resistance rates and patterns in adults and children. In the setting of limited or absent 

virological monitoring, we were able to examine the effect of ongoing virological 

replication on the rate of NNRTI as well as NRTI resistance accumulation.

METHODS

Study population

The current analysis is based on HIV-1 positive adults and children from two cohorts: 

the PanAfrican Studies to Evaluate Resistance Monitoring (PASER-M) and Monitoring 

Antiretroviral Resistance in Children (MARCH) which shared a harmonized protocol. 

PASER is a prospective cohort study at 13 clinical sites in Kenya, Nigeria, South Africa, 

Uganda, Zambia, and Zimbabwe, of HIV-1 positive adults (≥18 years), eligible to start 

first-line ART [25]. MARCH is a prospective cohort at 3 clinical sites in Uganda of HIV-1 

infected children (≤ 12 years), eligible to start first-line ART [26]. Exclusion criteria for 

adults were: pregnancy at enrolment, HIV-2 co-infection (in Nigeria), and previous 

use of ART ≤30 days before treatment initiation. The exclusion criterion for children 

was previous use of ART for the purpose of therapy; antiretroviral prophylaxis was 

allowed. All participants received routine care according to local guidelines [11]. 

Participants provided written informed consent before enrolment. Children above the 

age of eight who were aware of their HIV status provided written informed assent. 

The study protocols were approved by national and local research ethics committees. 

We included adults and children on standard NNRTI-based first-line ART, defined 

as one NNRTI, nevirapine or efavirenz, combined with a dual NRTI backbone. Par-

ticipants were censored when they were no longer on nevirapine/efavirenz-based 

ART. For the current analysis, we selected participants who experienced continued 

virological failure (defined as ≥2 VL ≥1,000 cps/ml during follow-up) with a genotype 

test result available at virological failure.

laboratory methods

In adults, plasma samples were collected at ART initiation, after 12 and 24 months for 

all sites, and after 36 months for sites in Uganda, Nigeria and Zimbabwe. In children, 

plasma samples were collected at ART initiation, and at 6, 12, 18 and 24 months. 

Plasma samples were used for retrospective testing of HIV-1 RNA plasma load (VL) 
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and resistance genotyping. VL was determined using NucliSens EasyQ real-time assay 

(version 2.0; bioMérieux, Lyon, France) or COBAS Ampliprep/COBAS Taqman assay 

(Roche, Branchburg, NJ, USA). Virological failure was defined as VL ≥1,000 cps/ml 

after at least 6 months of ART. If VL was ≥1,000 cps/ml, genotypic resistance testing of 

protease and partial reverse-transcriptase was performed using in-house sequencing 

methods [27–29] and, if needed, Viroseq. Major DRMs were scored using the 2015 

IAS-USA list [22]. To determine the susceptibility for NNRTIs (nevirapine, efavirenz, 

etravirine, rilpivirine) and NRTIs (lamivudine, emtricitabine, zidovudine, stavudine, 

didanosine, tenofovir, abacavir), the genotype susceptibility scores were calculated 

using the Stanford algorithm Version 7.0 [30]. Reduced susceptibility was defined as a 

genotype susceptibility score <1 for a particular drug. Resistance was assumed to be 

a cumulative outcome: DRMs identified at a first genotype were assumed to still be 

present at the second, third and fourth genotype, even if they were not detected at 

that time point. In other words, the genotype susceptibility scores calculated for one 

participant could only decrease over time. Subtypes were determined using the REGA 

algorithm version 3 [31].

Statistical methods

At first virological failure, patient characteristics of adults and children were compared, 

using Kruskall-Wallis and Pearson’s χ2 tests. The prevalence of DRMs and genotype 

susceptibility scores were compared using a two-sample Wilcoxon rank-sum test. 

To evaluate the difference in drug susceptibility after first and continued virologi-

cal failure, the genotype susceptibility scores of the first and last available genotype 

measurement were compared. After continued virological failure, newly acquired 

DRMs and changes in genotype susceptibility scores over time were compared using 

a Wilcoxon signed-rank test.

The individual accumulation of DRMs was calculated as a rate per year, to take into 

account the differences in time between repeated measurements. The rate was calcu-

lated using each available measurement: i.e. if a participant contributed >2 genotypes, 

the difference was tested between the first and second measurement, between the 

second and third measurement, and (if applicable) between the third and fourth 

measurement.
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RESulTS

Cohort characteristics

Between January 2007 and September 2009, 2,737 adults initiated standard first-line 

NNRTI-based antiretroviral therapy and were enrolled in the PASER-M cohort. Be-

tween January 2010 and September 2011, 289 children initiated standard first-line 

NNRTI-based antiretroviral therapy and were enrolled in the MARCH cohort. At ART 

initiation, 13.9% of participants had ≥1 DRM: 13.8% of adults and 14.3% of children (p 

= 0.846). Pretreatment drug resistance patterns in both adults and children [32,33], and 

the effect of resistance on ART regimen switching, clinical and virological outcomes in 

adults [4,34], have been described previously. 

During follow-up, virological failure was detected in 8.8% (95% CI: 7.6-10.1), 9.1% 

(95% CI: 7.8-10.6) and 6.0% (95% CI: 4.3-8.2) of adults, after 12, 24 and 36 months 

respectively. In children, virological failure was detected in 19.7% (95% CI: 14.7-25.6), 

24.1% (95% CI: 18.8-30.0), 23.6% (95% CI: 18.2-29.8) and 29.5% (95% CI: 23.7-35.9) 

after 6, 12, 18 and 24 months, respectively. Virological failure rates were significantly 

higher in children compared to adults at month 12 and 24 (both p<0.001). Genotyping 

was successful in 84.5% of all samples with VL≥1,000 cps/ml; genotype success rates 

were similar in adults and children. 

In total, 119 participants (63 adults and 56 children) had VL≥1,000 cps/mL twice 

and had a genotype test result available at both time points. Of 119 participants, 33 

contributed a third genotype and 11 contributed a fourth genotype. Participant char-

acteristics at the time of first virological failure are presented in Table 1. Overall, 65% 

of participants received nevirapine- and 35% received efavirenz-based ART. The NRTI 

backbone differed in adults compared to children (p<0.001). Adults received zidovu-

dine (N=32, 63.5%), tenofovir (N=18, 28.6%) or stavudine (N=5, 7.9%) and children 

received zidovudine (N=32, 57.1%), stavudine (N=23, 41.1%) or abacavir (N=1, 1.8%), 

combined with emtricitabine or lamivudine. The predominant HIV-1 subtypes were 

A, D and C: subtype C was most common in adults (44.4%) and subtype A in children 

(57.1%). 

The genotype at first virological failure was measured after a median of 366 days (IQR 

232-412) of first-line ART. The median time between the first and subsequent genotype 

was 303 days (IQR 183-365). The first two genotypes were used in this descriptive 

analysis; the third and fourth genotypes were used in the analysis on acquired drug 

resistance. At first and continued failure, the median VL was log10 4.5 cps/ml (IQR 

3.9-5.0) and log10 4.5 (IQR 3.8-5.1), and did not differ between adults and children. 
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Table 1. Characteristicsofadultsandchildrenatfirstvirologicalfailure.

Total
(N=119,100.0%)

Adults
(N=63,52.9%)

Children
(N=56,47.1%)

P-valueN % N % N %

Sex

Female 54 45.4 29 46.0 25 44.6 0.879

Age

Years(median,interquartilerange) 35.7 30.1-40.5 5.4 3.4-10.4 -

Countryoforigin

Zambia 12 10.1 12 19.1 - -

SouthAfrica 6 5.0 6 9.5 -

Kenya 7 5.6 7 11.1 -

Zimbabwe 8 6.7 8 12.7 -

Nigeria 4 3.4 4 6.4 -

Uganda(allsites) 82 68.9 26 41.3 56 100.0

Antiretroviraltherapyregimen

Stavudine/lamivudine/nevirapine 22 18.5 4 6.4 18 32.1 <0.001*

Zidovudine/lamivudine/nevirapine 49 41.2 29 46.0 20 35.7

Zidovudine/lamivudine/efavirenz 28 23.5 11 17.5 17 30.4

Tenofovir/emtricitabine/nevirapine 8 6.7 8 12.7 0 0

Tenofovir/emtricitabine/efavirenz 8 6.7 8 12.7 0 0

Tenofovir/lamivudine/efavirenz 3 2.5 3 4.8 0 0

Abacavir/lamivudine/efavirenz 1 0.8 0 0 1 1.8

Non-nucleosidereversetranscriptaseinhibitor

Nevirapine-based 77 64.7 39 61.9 38 67.9 0.498

Efavirenz-based 42 35.3 24 38.1 18 32.1

Nucleosidereversetranscriptaseinhibitora

Zidovudine-based 72 60.5 40 63.5 32 57.1 <0.001*

Tenofovir-based 18 15.1 18 28.6 0 0

Stavudine-based 28 23.5 5 7.9 23 41.1

Abacavir-based 1 0.9 0 0 1 1.8

HIV-1subtype

A 45 37.8 13 20.6 32 57.1 <0.001*

C 30 25.2 28 44.4 2 3.6

D 33 27.7 12 19.1 21 37.5

G 1 0.8 0 0 1 1.8

Recombinants,unassigned 10 8.4 10 15.9 0 0

HIV-1viralload

log10cps/ml(median,interquartilerange) 4.5 3.9-5.0 4.4 3.8-5.0 4.7 4.2-5.0 0.194

CD4+Tcell

count;cells/µl(median,interquartilerange) 289 165-467 232 128-324 786 415-1015 -

% - - 33 24-42 -

DifferenceinadultsandchildrenweretestedusingKruskall-Wallisandχ2tests.
Ageandcountryoforiginbetweentheadultandchildren’scohortaredifferentby(study)designand
werethereforenottested.CD4+cellcountsarenotcomparableinadultsandchildrenandwastherefore
nottested.CD4+Tcellcountwasdeterminedin56adultsand28children≥5yearsofage.CD4+Tcell
percentagewascalculatedin22children<5yearsofage.
aCombinedwithlamivudineoremtricitabine.
*P<0.05.



156

Chapter8

In adults, the median CD4+ T cell count was 232 cells/µl (IQR 128-324) and 188 cells/

µl (IQR 106-295) at first and continued failure, respectively. In children ≥5 years and 

older, the median CD4+ T cell count was 550 cells/µl (IQR 343-826) and 635 cells/µl 

(IQR 316-989) at first and continued failure, respectively. In children <5 years of age, 

the median CD4+ T cell percentage was 33% (IQR 24-42) and 33% (IQR 26-40) at first 

and continued failure, respectively. The change of CD4+T cell count and percentage 

at first versus continued virological failure did not differ significantly, in both adults 

and children. 

Drug resistance mutations

At first virological failure, ≥1 DRM was detected in 104 (87.4%) participants. Among 

these, 99 (83.2%) harboured NNRTI-resistance mutations and 87 (73.1%) harboured 

NRTI-resistance mutations (Table 2). The median number of DRMs detected at first 

failure was 2 (IQR 1-3): median 1 NNRTI resistance mutation (IQR 1-2) and median 

1 (IQR 0-1) NRTI resistance mutation. The most frequent NNRTI mutations detected 

were: K103N (N=46, 38.7%), G190A (N=26, 21.8%), Y181C (N=24, 20.2%), V106M 

(N=10, 8.4%), K101E (N=10, 8.4%), any E138 (N=9, 7.6%) and V108I (N=9, 7.6%). The 

most frequent NRTI mutations detected were: M184V (N=83, 69.7%), any thymidine 

analogue mutation (N=11, 9.2%), K65R (N=7, 5.9%) and K70R (N=6, 5.0%). 

New DRMs accumulated with an average rate of 1.45 (SD 2.07) DRM per year; 0.62 

(SD 1.11) NNRTI resistance mutations per year and 0.84 (SD 1.38) NRTI resistance 

mutations per year. Most (N)NRTI mutations increased significantly over time (Table 

2). The highest NNRTI mutation accumulation rates were found for V108I at 0.11 (SD 

0.45) mutation per year, P225H at 0.08 (SD 0.35) mutation per year, K101E at 0.06 (SD 

0.31), Y181C at 0.06 (SD 0.30) mutation per year, G190A at 0.06 (SD 0.30) mutation 

per year, and H221Y at 0.05 (SD 0.27) mutation per year; all p <0.001. The highest 

NRTI mutation accumulation rates were found for: any thymidine analogue mutations 

at 0.26 (SD 0.59) mutation per year, M184V at 0.20 (SD 0.57) mutation per year, K70R 

at 0.13 (SD 0.42) mutation per year, M41L at 0.10 (SD 0.40) mutation per year (all 

p<0.001). 

At first virological failure, no significant differences were found in DRM prevalence 

and patterns between adults and children except for K65R, which was detected in 

7 (11.1%) adults but not in children (p=0.010). The DRM accumulation rate did not 

differ between adults and children for all DRMs, NNRTI and NRTI resistance mutations 

(p=0.437, p=0.319 and p=0.414), respectively. The DRM at first virological failure and 

subsequent DRM accumulation rates are reported separately for adults and children 

in Supplemental Table 1.
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Table 2. Drugresistancemutationsatfirstvirologicalfailurewithsubsequentaccumulationrates.

Total
(N=119)

Accumulationrate
(newmutations/year)

N % Mean SD p-value

Anydrugresistancemutation 104 87.4 1.45 2.07 <0.001*

Non-nucleosidereversetranscriptaseinhibitormutation

Any 99 83.2 0.62 1.11 <0.001*

L100I 0 0.0 0.01 0.09 0.157

K101P 1 0.8 0.00 0.00 -

K101E 10 8.4 0.06 0.31 <0.001*

K103S 0 0.0 0.02 0.15 0.005*

K103N 46 38.7 0.11 0.41 <0.001*

V106A 4 3.4 0.01 0.16 0.157

V106M 10 8.4 0.01 0.10 0.157

V108I 9 7.6 0.11 0.45 <0.001*

AnyE138 9 7.6 0.02 0.19 0.045*

E138A 4 3.4 0.00 0.00 -

E138K 4 3.4 0.02 0.16 0.046*

E138Q 3 2.5 0.01 0.18 0.157

Y181C 24 20.2 0.06 0.30 <0.001*

Y181I 1 0.8 0.00 0.00 -

Y188L 4 3.4 0.01 0.10 0.157

Y188C 3 2.5 0.00 0.00 -

G190A 26 21.8 0.06 0.30 <0.001*

G190S 3 2.5 0.00 0.00 -

H221Y 5 4.2 0.05 0.27 <0.001*

P225H 3 2.5 0.08 0.35 <0.001*

F227C 0 0.0 0.01 0.07 0.157

M230L 2 1.7 0.00 0.00 -

Nucleosidereversetranscriptaseinhibitormutation

Any 87 73.1 0.84 1.38 <0.001*

Anythymidineanaloguemutation 11 9.2 0.26 0.59 <0.001*

M41L 4 3.4 0.10 0.40 <0.001*

A62V 3 2.5 0.00 0.00 -

K65R 7 5.9 0.03 0.17 0.002*

D67N 5 4.2 0.08 0.34 <0.001*

69insertion 0 0.0 0.00 0.00 -

K70R 6 5.0 0.13 0.42 <0.001*

K70E 0 0.0 0.01 0.11 0.046

L74V 1 0.8 0.00 0.00 -
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Predicted drug susceptibility

While drug susceptibility was already reduced in many participants at first virological 

failure, the predicted susceptibility declined significantly between first and continued 

virological failure for all NNRTIs and NRTIs (all p<0.001). The number of participants 

with predicted full susceptibility to nevirapine and efavirenz dropped from 16.0% to 

5.9% (p<0.001) and 16.8% to 6.7% (p<0.001), respectively. The predicted full suscep-

tibility to etravirine and rilpivirine dropped from 47.9% to 37.0% (p<0.001) and from 

44.5% to 31.9% (p<0.001), respectively. 

At first virological failure, the predicted NRTI susceptibility was highest for zidovu-

dine (91.6%), tenofovir (89.1%) and stavudine (86.6%). After continued failure the 

predicted susceptibility remained highest for tenofovir (69.7%) and was lowest for 

abacavir (9.2%) and lamivudine/emtricitabine (10.1%). The predicted susceptibility to 

all NNRTIs and NRTIs at first and continued virological failure are shown in Fgure 1 

and Supplemental Table 3.

At first virological failure, NNRTI susceptibility did not differ between adults and 

children. NRTI susceptibility was mostly similar in adults and children, but showed 

some differences (supplemental table 2). The loss of tenofovir susceptibility was sig-

nificantly more substantial in adults (19.0%) as compared to children (1.8%, p=0.003). 

Table 2. Drugresistancemutationsatfirstvirologicalfailurewithsubsequentaccumulationrates.(con-

tinued)

Total
(N=119)

Accumulationrate
(newmutations/year)

N % Mean SD p-value

V75I 1 0.8 0.00 0.00 -

Y115F 2 1.7 0.01 0.11 0.046

F116Y 2 1.7 0.00 0.00 -

M184V 83 69.7 0.20 0.57 <0.001*

M184I 4 3.4 0.00 0.00 -

L210W 1 0.8 0.06 0.32 <0.001*

T215Y 3 2.5 0.08 0.37 <0.001*

T215F 3 2.5 0.06 0.31 <0.001*

K219Q 3 2.5 0.05 0.25 <0.001*

K219E 2 1.7 0.02 0.15 0.014*

ThedifferenceinmutationsbetweenfirstandsubsequentgenotypeswastestedusingWilcoxonsigned-

ranktest.

Thefollowingdrugresistancemutationswerenotdetected:E138G;E138R;V179L;Y181V;Y188H;M230I;

K65E;K65N;F77L;Q151M.

*P<0.05.
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Additionally, higher levels of stavudine resistance (19.0% versus 7.1%, p=0.050) and 

didanosine resistance (27.0% versus 14.3%, p=0.057) were detected in adults. The rate 

of decline in all NNRTI and NRTI susceptibility after continued failure was similar in 

adults and children (data not shown). 

Drug resistance development by drug exposure

Nevirapine	versus	efavirenz	
To assess if the type of NNRTI received was associated with resistance develop-

ment, we compared patients on regimens containing efavirenz or nevirapine. Most 

participants stayed on the same NNRTI throughout virological failure. Three (1.8%) 

participants changed from efavirenz to nevirapine during virological failure, and were 

excluded from this sub-analysis. 

Table 3. Predicteddrugsusceptibilityatfirstvirologicalfailure,bydrugexposure.

A. Nevirapine versus efavirenz

Predictedsusceptibility
(genotypesensitivityscore)

Total
(N=116,100.0%)

Nevirapine-based
antiretroviraltherapy

(N=77,66.4%)

Efavirenz-based
antiretroviraltherapy

(N=39,33.6%)

PvalueN % N % N %

Nevirapine

susceptible(1) 19 16.4 11 14.3 8 20.5 0.585

intermediateresistance(0.25) 2 1.7 2 2.6 0 0

high-levelresistance(0) 95 81.9 64 83.1 31 79.5

Efavirenz

susceptible(1) 20 17.2 12 15.6 8 20.5 0.118

intermediateresistance(0.50) 1 0.9 1 1.3 0 0

intermediateresistance(0.25) 25 21.6 23 29.9 2 5.1

high-levelresistance(0) 70 60.3 41 53.2 29 74.4

Etravirine

susceptible(1) 56 48.3 31 40.3 25 64.1 0.024*

intermediateresistance(0.50) 23 19.8 18 23.4 5 12.8

intermediateresistance(0.25) 35 30.2 26 33.8 9 23.1

high-levelresistance(0) 2 1.7 2 2.6 0 0

Rilpivirine

susceptible(1) 52 44.8 27 35.1 25 64.1 0.031*

intermediateresistance(0.50) 19 16.4 16 20.8 3 7.7

intermediateresistance(0.25) 34 29.3 28 36.4 6 15.4

high-levelresistance(0) 11 9.5 6 7.8 5 12.8
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At first virological failure, 77 (66.4%) participants received nevirapine-based and 

39 (33.6%) received efavirenz-based ART. Participants receiving efavirenz-based 

ART, retained better susceptibility for second-line NNRTIs compared to those failing 

nevirapine-based ART: 64.1% compared to 40.3% retained susceptibility for etra-

virine (p=0.024), and 64.1% compared to 35.1% retained susceptibility to rilpivirine 

Table 3. Predicteddrugsusceptibilityatfirstvirologicalfailure,bydrugexposure.(continued)

B. Tenofovir versus zidovudine

Predictedsusceptibility
(genotypesensitivityscore)

Total
(N=55,100.0%)

Tenofovir-based
antiretroviraltherapy

(N=17,30.9%)

Zidovudine-based
antiretroviraltherapy

(N=38,69.1%)

PvalueN % N % N %

Lamivudine/emtricitabine

susceptible(1) 18 32.7 6 35.3 12 31.6 0.788

high-levelresistance(0) 37 67.3 11 64.7 26 68.4

Zidovudine

susceptible(1) 49 89.1 17 100 32 84.2 0.086

intermediateresistance(0.50) 2 3.6 0 0 2 5.3

high-levelresistance(0) 4 7.3 0 0 4 10.5

Stavudine

susceptible(1) 44 80.8 12 70.6 32 84.2 0.341

intermediateresistance(0.50) 1 1.8 0 0 1 2.6

intermediateresistance(0.25) 6 10.9 5 29.4 1 2.6

high-levelresistance(0) 4 7.3 0 0 4 10.5

Didanosine

susceptible(1) 40 72.7 11 64.7 29 76.3 0.221

intermediateresistance(0.50) 3 5.5 0 0 3 7.9

intermediateresistance(0.25) 2 3.6 0 0 2 5.3

high-levelresistance(0) 10 18.2 6 35.3 4 10.5

Tenofovir

susceptible(1) 44 80.0 11 64.7 33 86.8 0.036*

intermediateresistance(0.50) 4 7.3 1 5.9 3 7.9

intermediateresistance(0.25) 1 1.8 0 0 1 2.6

high-levelresistance(0) 6 10.9 5 29.4 1 2.6

Abacavir

susceptible(1) 17 30.9 6 35.3 11 28.9 0.474

intermediateresistance(0.50) 26 47.3 5 29.4 21 55.3

intermediateresistance(0.25) 3 5.5 0 0 3 7.9

high-levelresistance(0) 9 16.4 6 35.3 3 7.9

Thegenotypesusceptibilityscoreswerecomparedusingatwo-sampleWilcoxonrank-sumtest.

*P<0.05.
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(p=0.031), respectively (Table 3A). The subsequent DRM accumulation rate did not 

differ between participants failing nevirapine- or efavirenz-based ART. Therefore, the 

predicted drug susceptibility after continued failure was also in favour of those failing 

efavirenz-based ART. 

Tenofovir	versus	zidovudine
To assess if the type of NRTI received was associated with resistance development, we 

compared adults on regimens containing tenofovir or zidovudine. Because children 

did not receive tenofovir they were excluded from this sub-analysis. At first failure, 

40 (63.5%) adults received zidovudine, 18 (28.6%) received tenofovir and 5 (7.9%) 

received stavudine and most (90.5%) stayed on the same NRTI throughout virological 

failure. Overall, 6 (9.5%) adults changed their NRTI backbone throughout virological 

failure and were excluded from the sub-analysis. 

Adults failing zidovudine-based ART retained better susceptibility to tenofovir com-

pared to those failing tenofovir-based ART (86.8% versus 64.7%, p=0.036). Vice versa, 

adults failing tenofovir-based ART retained more susceptibility to zidovudine com-

pared to those failing zidovudine-based ART (100% versus 84.2%, p=0.086). Predicted 

susceptibility to the remaining NRTIs did not differ significantly between those failing 

tenofovir-based compared to zidovudine-based ART (Table 3B). Overall, 80.0% re-

tained full susceptibility to stavudine, 72.7% retained full susceptibility to didanosine, 

30.9% retained full susceptibility to abacavir, and 32.7% retained full susceptibility 

to lamivudine/emtricitabine. The subsequent DRM accumulation rate did not differ 

between participants failing tenofovir- or zidovudine-based ART.

DISCuSSIOn

The current study showed that virological failure rates on NNRTI-based first-line ART 

were significantly higher in children compared to adults in sub-Saharan Africa. At 12 

and 24 months, 9% of adults compared to 24 and 30% of children had VL≥1,000 cps/

ml. NNRTI and NRTI susceptibility was already reduced extensively at first virological 

failure, and further declined with continued virological failure. At first and continued 

virological failure, the DRM patterns and predicted susceptibility to NNRTIs and 

NRTIs did not differ significantly between adults and children. With regard to drug 

resistance, our study provides field evidence that alignment of ART guidelines for 

adults and older children is feasible. New drug classes -- such as second-generation 

protease inhibitors and integrase inhibitors -- are required to construct fully-active 

second- and third-line regimens for adults and children in sub-Saharan Africa. The 
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role of second-generation NNRTIs is expected to be limited, supporting the latest ART 

guideline update [8,9].

Our findings were in line with recent meta-analyses on VL suppression on NNRTI-

based first line ART in adults (>85%) and children (60-70%) in low- and middle-

income countries [35,36]. In the present study, ≥1 DRM was detected in 87% of adults 

and children at first virological failure: 83% harboured NNRTI-resistance mutations 

and 73% harboured NRTI-resistance mutations. In the setting of limited or absent 

virological monitoring, we found that the predicted susceptibility to all NNRTIs and 

NRTIs decreased significantly after continued failure. New DRMs accumulated with an 

average rate of 0.62 (SD 1.11) NNRTI resistance mutations per year and 0.84 (SD 1.38) 

NRTI resistance mutations per year. The emergence of acquired DRMs was in line with 

other studies [18,19,37–40]. 

At first virological failure, the most common NNRTI-mutations were the K103N (38.7%) 

and G190A (21.8%) mutations, associated with nevirapine/efavirenz resistance. The 

Y181C mutation, associated with resistance to all NNRTIs, was detected regularly 

(20.2%). The highest NNRTI-mutation accumulation rate was found for K103N and 

V108I. Predicted full susceptibility to etravirine and rilpivirine was observed in 48% 

and 45% of all participants at first-time failure, and in 37% and 32% after continued 

virological failure, respectively. Our findings imply that second-generation NNRTIs 

will be of limited use in subsequent treatment regimens. Second-generation NNRTIs 

can be useful for some patients failing nevirapine/efavirenz-based ART, but only in a 

setting where resistance testing is available [41]. Third-line regimens should therefore 

ideally be guided by genotype resistance testing and include new drugs with minimal 

risk of cross-resistance to previously used regimens [9]. Of note, it is possible that 

NNRTI mutations that are selected during first-line ART might not be detected after 

second-line failure. Therefore it is likely that the activity levels of second-generation 

NNRTIs will be overestimated at the moment of switch to third-line ART. 

Our data confirms that adults and children failing efavirenz-based ART retain sig-

nificant better susceptibility to etravirine and rilpivirine compared to those failing 

nevirapine based-ART. This is in line with previous studies from resource-rich and 

resource-limited settings [24,42,43]. Our findings supports current guidance on the 

preferred use of efavirenz in first-line ART regimen [8,9,44]. 

The M184V (69.7%) mutation and thymidine analogue mutations (9.2%) were the most 

frequent NRTI mutations detected at first failure, and had the highest subsequent mu-

tation accumulation rates. Due to the high levels of the M184V mutation, susceptibility 
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to emtricitabine/lamivudine was highly compromised. However, continued treatment 

with emtricitabine or lamivudine is not contraindicated as M184V impairs viral replica-

tion fitness, and increases tenofovir activity [45,46]. The K65R mutation, associated 

with tenofovir resistance, was detected in seven (11.1%) adults but not in children 

(p=0.010). This is likely because TDF was not prescribed to children. Stavudine, 

however, was frequently prescribed to children. The high retention of tenofovir sus-

ceptibility after virological failure in children support the World Health Organization’s 

recommendation for tenofovir use for children in sub-Saharan Africa [47]. 

There are currently no adequate alternatives in resource-limited settings for children 

failing (either first- or second-line) protease inhibitor containing regimens [48]. As 

drug options for children are very limited, second-generation NNRTIs could play an 

important role in future regimens. At this moment, etravirine is only approved for 

children >5 years of age [49]. Rilpivirine is currently only approved for adults, but a 

clinical trial in treatment-naïve adolescents is on its way [50]. Our findings show that 

the potential of second-generation NNRTIs in future regimens is limited. 

Our findings should be interpreted with caution, taking the following factors into 

account. First, the data originated from two prospective cohort studies, using different 

measurement frequencies in adults and children. However, both cohorts were initi-

ated by the same research group. In Uganda, data collection took place at the same 

clinical sites. Both cohorts used the same research logistics and infrastructure and VL 

testing and sequencing was performed at the same laboratories, which makes the 

cohorts highly compatible. Second, genotypic algorithms have shown to overestimate 

resistance to etravirine and rilpivirine in non-B subtypes, which could have led to 

an overestimation of the actual phenotypic resistance to second generation NNRTIs 

[51,52]. Clinical studies on phenotypic susceptibility of second-generation NNRTIs are 

needed.

Our findings underline the importance of virological monitoring in both adults and 

children receiving care in sub-Saharan Africa. Sequential resistance data from two 

large prospective cohorts allowed direct comparison of adults and children receiving 

NNRTI-based first-line ART in a programmatic setting. DRM accumulation is similar in 

adults and children failing first-line ART in sub-Saharan Africa. Uptake of virological 

monitoring and prompt switching to protease inhibitor based second-line ART can 

limit the accumulation of drug resistance [53], and can enable successful virological 

suppression [14,54]. Drug resistance testing and additional drug options, protease in-

hibitors and integrase inhibitors, are needed to construct active future drug regimens. 
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ABSTRACT

Background

As antiretroviral therapy (ART) programs in sub-Saharan Africa mature, increas-

ing numbers of HIV-positive people will experience treatment failure, and require 

second- or third-line ART. Data on second-line failure and development of protease 

inhibitor (PI) resistance in sub-Saharan Africa are scarce.

Methods

HIV-1 positive adults were included if they received >180 days of PI-based second-

line ART. We assessed risk factors for having a detectable viral load (VL, ≥400 cps/ml) 

using Cox models. If VL was ≥1,000 cps/ml, genotyping was performed. 

Results

Of 227 included participants, 14.6%, 15.2% and 11.1% had VL≥400 cps/ml at 12, 24 

and 36 months. Risk factors for a detectable VL were: exposure to non-standard 

non-nucleoside reverse transcriptase inhibitor (NNRTI)-based (HR 7.10; 95%CI: 3.40-

14.83; p<0.001) or PI-based first-line regimen (HR 7.59; 95%CI: 3.02-19.07; p=0.001) 

compared to zidovudine/lamivudine/NNRTI, PI-resistance at switch (HR 6.69; 95%CI: 

2.49-17.98; p<0.001) and suboptimal adherence (HR 3.05; 95%CI: 1.71-5.42; p=0.025). 

Among participants with VL ≥1,000 cps/ml, 22/32 (69%) harboured drug resistance 

mutation(s); 7/32 (22%) harboured PI resistance. 

Conclusions

While VL suppression rates were high, PI resistance was detected in 22% of partici-

pants with VL ≥1,000 cps/ml. To ensure long-term ART success, intensified adherence 

support, virological monitoring and third-line drugs will be necessary. 
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BACkgROunD

Increasing numbers of HIV-positive people have access to antiretroviral therapy (ART) 

in sub-Saharan Africa [1]. As more people will experience treatment failure, the need 

for second-line boosted protease-inhibitor (PI) based ART, and eventually third-line 

ART, is rising [2]. The roll-out of routine viral load (VL) monitoring and availability of 

second-line drugs is expected to further increase the number of patients switched to 

second-line ART in the coming years [3–5]. The numbers of patients receiving second-

line ART are expected to rise from an estimated 300,000 in 2013 to 2-4 million by 2030, 

comprising 12-17% of all patients on ART [3]. 

While the PIs lopinavir/ritonavir (LPV/r) and atazanavir/ritonavir (ATV/r) have be-

come generically available and prices continue to fall, second-line regimens are still 

2.4 times more expensive compared to first-line regimens in sub-Saharan Africa [6]. 

Darunavir/ritonavir (DRV/r) can be prescribed as an alternative PI in second-line, or 

as a third-line option [7–9]. However, DRV/r is not formulated as a heat-stable fixed-

dose combination, is more costly, and is currently unavailable in sub-Saharan Africa. 

The published rates of virological suppression on PI-based second-line ART in Africa 

vary, and data on long-term outcomes are scarce [10,11]. On the one hand, resistance 

to nucleotide reverse transcriptase inhibitors (NRTIs), acquired during first-line ART, 

seems to have a limited impact on the effectiveness of second-line ART [12–14]. Previ-

ous studies in resource-limited settings showed that virological failure on second-line 

ART was mainly associated with adherence, suggesting poor adherence rather than 

resistance as the cause of failure [10,15–18]. PIs generally provide a high genetic bar-

rier to selection of antiretroviral resistant variants [19]. This suggests that after failure, 

re-suppression on a PI-based regimen could be achieved [20]. On the other hand, 

studies reported that if continuous virological failure on PI-based second-line ART 

occurs, PI-resistance mutations will emerge [21–23]. Since the majority of participants 

on second-line use LPV/r [9], substantial cross-resistance with alternative PIs can 

be expected. In these cases, third-line drug options like DRV/r, second-generation 

non-nucleotide reverse transcriptase inhibitors (NNRTIs) and integrase inhibitors are 

required. However, genotype resistance testing to construct an optimal third-line regi-

men based on the remaining few drug options is not routinely available in the public 

sector in sub-Saharan Africa.

Studies reporting long(er)-term outcomes on second-line ART in sub-Saharan Africa 

are scarce; it is yet unclear to what extent third-line ART regimens are required for pa-

tients in sub-Saharan Africa. This study aimed to determine the risk factors for having 
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a detectable VL among patients receiving PI-based second-line ART within the PanAf-

rican Studies to Evaluate Resistance Monitoring (PASER-M) cohort. Subsequently, we 

established the rate and patterns of major PI mutations among those with VL≥1,000 

cps/ml after up to 3 years of second-line PI-based ART, and explored potential third-

line treatment options.

METHODS

Study design 

The PASER-M study is a prospective cohort study at thirteen clinical sites in Kenya, 

Nigeria, South Africa, Uganda, Zambia, and Zimbabwe [24]. HIV-1 positive adults (age 

≥18 years) were enrolled at the time of switch to second-line boosted-PI containing 

ART due to presumed first-line failure, diagnosed at the respective clinical site. Partici-

pants were included in the current analysis if they had received >180 days of second-

line booster-PI-based therapy. Participants provided written informed consent. The 

study protocol was approved by the appropriate national and local research ethics 

committees at all collaborating sites.

Cohort characteristics and first year outcomes have been described previously [25,26]. 

All participants were followed up in routine care according to national guidelines, 

in line with WHO guidelines [7,8,27]. Pre-switch CD4+ T cell counts recorded closest 

to the switch date were used as baseline counts. Information on first-line ART use 

(specific ARVs and duration) was collected through patient self-report and their medi-

cal history. Clinical failure was defined as a new AIDS event (WHO stage 4) or death 

(all-cause mortality), and immunological failure was defined as a decrease in CD4 

count to the value before regimen switch or persistent CD4<100 cells/ml, as per WHO 

guidelines [7,8,27]. Participants were followed up for 24 (all) or 36 (5 sites in Nigeria, 

Zimbabwe and Uganda) months on second-line ART, or until discontinuation because 

of death, transfer-out, loss-to-follow up (LTFU, unseen for >180 days) or switch to 

third-line ART. 

Plasma samples for retrospective testing were collected at switch, and at 12, 24 and 36 

months (if applicable) of follow-up. HIV-1 RNA VL was determined using NucliSens 

EasyQ real-time assay (version 2.0; bioMérieux, Lyon, France) or COBAS Ampliprep/

COBAS Taqman assay (Roche, Branchburg, NJ, USA). Genotypic resistance testing 

was performed if VL ≥1,000 cps/ml. Population-based genotyping of protease and 

partial reverse-transcriptase was done by in-house sequencing methods [28]. HIV drug 

resistance was determined in two steps for each sequence. First, major drug resistance 



175

HIVproteaseresistanceinAfrica

mutations (DRMs) were scored using the 2015 IAS-USA drug mutation list [29]. Second, 

the genotype susceptibility scores (GSS) were calculated using the Stanford algorithm 

(Version 7.0) [30]. HIV subtypes were determined using the REGA version 3 [31].

Statistical methods

First, we identified risk factors for having a detectable VL (≥400 cps/ml) on second-line 

ART using Cox proportional hazard models, with adjusted standard-errors to account 

for clustering within sites. Sex and age (continuous) were included in the multivariate 

model as fixed variables due to biological plausibility, regardless of significance. We 

submitted all potential risk factors to the multivariate model, if p<0.10 in the univariate 

analysis: CD4+ T cell count at switch (≤50; 51-199; 200-350; >350 cells/ml), first-line 

ART regimen at failure (zidovudine/lamivudine/NNRTI; stavudine/laivudine/NNRTI; 

tenofovir/emtricitabine/NNRTI; non-standard NNRTI-based; triple NRTI; PI-based), 

duration of first-line regimen (years), VL at switch (log10 cps/mL), NRTI resistance 

at switch (GSS for prescribed NRTI backbone, <2/≥2), PI resistance at switch (GSS 

for PI prescribed, <1/≥1) as fixed variables, and 30-day self-reported adherence to 

second-line ART (visual-analogue score <95%/≥95%) as time-updated variable. 

Participants were censored when LTFU, transferred-out, or not on a PI-containing 

regimen anymore. 

Second, we determined the rate and patterns of acquired DRMs among those with 

VL≥1,000 cps/ml and genotype available. Third, we explored potential third-line ART 

options for individual participants with major PI resistance mutations. When multiple 

genotypes were available for the same participant, the lowest susceptibility score 

measured was used (including genotypes at switch to second-line).

We performed several sensitivity analyses. First, to explore the impact of missing data, 

we considered participants with missing VL results, deceased and LTFU as having 

a detectable VL (missing equals failure). Second, we excluded all participants with 

VL<1,000 cps/ml at the time of switch to second-line ART, because a VL≤1,000 cps/

ml at first-line failure (i.e. an inappropriate switch) could have influenced the rate of 

having a detectable VL on second-line. Third, to assess the effect of different dura-

tions of follow up in different settings, we repeated the analysis with follow up to 

24 months for (all sites) and follow up to 36 months for 3 countries (5 sites). Fourth, 

to explore the effect of the VL threshold used, we used the detectable VL definition 

of ≥1000 cps/ml instead of ≥400 cps/ml. We used Stata 12 (TX: StataCorp LP) for all 

statistical analyses.
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RESulTS

In total, 251 participants were enrolled: 24 were excluded from the current analysis 

because 2 (0.8%) switched to an NNRTI-based regimen and 22 (8.8%) participants were 

on second-line therapy for <180 days, due to early death (n=9, of which 8 HIV-related), 

transfer-out (n=3) or LTFU (n=10) (Supplemental Figure S1). Among the 227 included 

participants, the median age at switch was 38.3 years (IQR 34.3-44.9) and 50.7% were 

female. Participants had been on first-line ART for a median of 26 months (IQR 14-45) 

which commonly consisted of zidovudine or stavudine, combined with lamivudine, and 

nevirapine or efavirenz (N=188; 83.5%). Other NNRTI-based regimen were stavudine/

didanosine/efavirenz (N=3; 1.3%), zidovudine/didanosine/nevirapine (N=1; 0.4%) 

and abacavir/lamivudine/nevirapine (N=1; 0.4%). Six (2.7%) participants reported 

previous PI use, all LPV/r based. Most participants were switched using targeted VL 

testing (N=191; 76.7%) and 58 (23.3%) were switched using clinical and immunological 

criteria only. Second-line regimen consisted of LPV/r combined with two NRTIs for 192 

(84.6%) participants, 28 (12.3%) switched to a regimen of LPV/r with three NRTI drugs, 

and 7 (3.1%) switched to a non-preferred or double-PI regimen (Table 1). 

Retrospective testing showed that 181 (80.7%) had VL≥1,000 cps/ml at the time of 

switch; 46 (20.3%) had VL≤1,000 cps/ml (i.e. an inappropriate switch). Among 

participants with VL≥1,000 cps/ml, genotype was available for 173 (95.6%) and 153 

(88.4%) had a least one DRM; the specific DRMs are specified in Supplemental Table 

S1. Overall, 149 (86.1%) had NNRTI mutations, 147 (84.8%) had NRTI mutations and 

143 (82.7%) had both NNRTI and NRTI mutations: 91 (52.6%) harboured at least one 

thymidine analogue mutation, 140 (80.9%) harboured M184V and 14 (8.1%) harboured 

K65R. Five (2.8%) participants harboured major PI mutation(s). Overall, 126 (72.8%) 

percent had reduced predicted susceptibility to their prescribed second-line regimen 

(mean GSS 2.0; SD 0.74).

During follow-up, 24 participants were LTFU (55.5 [95%CI: 37.2-82.7] per 1,000 

person-years), 6 transferred-out (13.9 [95%CI: 6.2-30.9] per 1,000 person-years), 5 

deceased (11.6 [95%CI: 4.8-27.8] per 1,000 person-years) and 3 switched to third-line 

(6.9 [95%CI: 2.2-21.5] per 1,000 person-years); see Supplemental Figure S1. Overall, 

16/227 (7.1%, 39.3 [95%CI: 24.1-64.1] per 1,000 person-years) participants developed a 

new AIDS event, 3 of whom subsequently died. Seventy participants (30.8%) received 

at least one (range 1-4) intra-class drug substitution while on second-line ART. Thirty-

day adherence was self-reported as >95% at all visits by 159 (70.0%) participants; 42 

(18.5%) participants reported <95% adherence prior to one visit, and 26 (11.5%) prior 

to 2-5 visits. 
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Table 1. Participantcharacteristicsatswitch.

N %

Sex Female 115 50.7

Age Years (median, IQR) 38.3 34.3-44.9

WHOclinicalstagea Stage 1 54 30.0

Stage 2 40 22.2

Stage 3 56 31.1

Stage 4 30 16.7

CD4+cellcounta ≤50 54 23.9

51-199 112 49.6

200-350 44 19.5

>350 16 7.1

Mediandurationoffirst-lineregimenc Months (median, IQR) 26 14-45

ARTregimenatfailured ZDV/3TC/NNRTI 95 42.2

d4T/3TC/ NNRTI 93 41.3

TDF/ FTC/NNRTI 23 10.2

NNRTI-based, other e 5 2.2

Triple NRTI f 3 1.3

PI-based g 6 2.7

Second-lineARTregimen LPV/r + 2NRTI, incl 3TC/FTC 130 57.3

LPV/r + 2NRTI, other 62 27.3

LPV/r + 3NRTI 28 12.3

Non preferred PI, double PI h 7 3.1

Criteriausedforswitch Clinico-immunological only 53 23.3

Targeted viral load testing 174 76.7

Countryoforigin Zambia 24 10.6

South Africa 57 25.1

Uganda 73 32.2

Kenya 35 15.4

Zimbabwe 10 4.4

Nigeria 28 12.3

HIV-1RNAloadatswitchi 10log cps/mL (median, IQR) 4.2 3.4-5.0

<1,000 cps/ml 44 19.6

≥1,000 cps/ml 181 80.4

Drugresistancej ≥1 mutation 153 88.4

Resistance to prescribed NRTI 122 71.8

Resistance to prescribed PI 5 2.9

a N=180; b N=226; c N=224; d N=225; eNNRTI-based, other: d4T/ddI/EFV (N=3), ZDV/ddI/NVP (N=1),
ABC/3TC/NVP(N=1);fTripleNRTI:TDF/3TC/ABC(N=1),ZDV/3TC/ABC(N=1),TDF/3TC/ZDV(N=1);
gPI-based;d4T/3TC/LPV/r(N=1),ZDV/3TC/LPV/r(N=1),ZDVddI/LPV/r(N=1),TDF/ddI/LPV/r(N=1),ABC/
LPV/r (N=1), 3TC/LPV/r (N=1); hNonpreferredPI, doublePI:ABC/3TC/NFV/r (N=1),ZDV/3TC/SQV/r
(N=1),TDF/FTC/IDV/r(N=1),SQV/r/LPV/r(N=1),LPV/r/ATV(N=1),TDF/FTC/LPV/r/NFV/r(N=1),IDV/r/
LPV/r(N=1);iN=225;jDrugresistancewasassessedamongparticipantswithHIV-1RNA≥1,000cps/ml
andgenotypeavailable(N=171).
Drugresistancemutationswerescoredusingthe2015IAS-USAdrugmutationlist,andresistanceagainst
theprescribedNRTIsandPIswasdeterminedusingtheStanfordalgorithmVersion7.0.
ART,antiretroviraltherapy;IQR,interquartilerange;NNRTI,non-nucleosidereversetranscriptaseinhibitor;
NRTI,nucleosidereversetranscriptaseinhibitor;PI,proteaseinhibitor;WHO,WorldHealthOrganization.
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VL results were available for 205 (97.2%), 177 (94.2%) and 90 (93.8%) participants who 

were still alive and on PI-based ART after 12, 24 and 36 months, respectively. Among 

these, 14.6%, 15.2% and 11.1% had a detectable VL (ie, VL ≥400) cps/ml at 12, 24 and 

36 months (Table 2). Of participants with VL results available, 25.0% (N=54/216) had 

a detectable VL at some point during follow-up at a rate of 138.9 failures (95%CI: 

106.4-181.3) per 1,000 person-years. For 41/54 (75.9%) participants with a detectable 

VL at some point during follow-up, a subsequent visit was available: 16/41 (39.0%) 

experienced viral re-suppression (VL <400 cps/ml) one year later, 14/41 (25.9%) still 

had a detectable VL one year later, 5/41 (9.3%) were LTFU, 3/41 (5.6%) died, 1/41 

(1.9%) switched to third-line ART and 2 remained alive and in care but did not have 

VL data available.

Risk factors for a detectable Vl

In multivariable analysis, the following risk factors for a detectable VL on second-line 

ART were identified: exposure to a non-standard NNRTI-based first-line regimen (HR 

7.10; 95%CI: 3.40-14.83; p<0.001) or PI-based first-line regimen (HR 7.59; 95%CI: 3.02-

19.07; p=0.001) compared to zidovudine/lamivudine/NNRTI, PI-resistance at switch 

(HR 6.69; 95%CI: 2.49-17.98; p<0.001) and <95% self-reported adherence to second-

line ART (HR 3.05; 95%CI: 1.71-5.42; p=0.025) (Table 3). Sex, age, CD4+ cell count at 

switch, duration of first-line regimen, VL at switch and NRTI-resistance at switch were 

Table 2. Virologicaloutcomes.

12months 24months 36months Totalfollowup

N % N % N % N %

Viralload

Resultsavailable 205 97.2 177 94.2 90 93.8 216 95.2

<1,000cps/mla 184 89.8 151 85.3 82 91.1 173 80.1

<400cps/mla 175 85.4 150 84.8 80 88.9 162 75.0

Drugresistance

Genotypictestresultsavailableb 17 81.0 21 80.8 3 37.5 32 76.2

Anymutationc 9 52.9 16 76.2 3 100.0 22 68.8

NRTI-resistance 7 41.2 12 57.1 3 100 17 56.3

PI-resistance 2 11.8 6 28.6 2 66.7 7 21.9

PI-&NRTI-resistance 2 11.8 6 28.6 2 66.7 7 21.9

aofthosewithviralloadresultsavailable;
bofthosewithviralload>1,000cps/ml;
cofthosewithgenotypictestresultsavailable,usingthe2015IAS-USAlist.

NNRTI,non-nucleosidereversetranscriptaseinhibitor;NRTI,nucleosidereversetranscriptaseinhibitor;

PI,proteaseinhibitor.
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not associated with having a detectable VL on second-line ART. The results of our 

sensitivity analyses were in line with the main analysis; see Supplemental Table S2.

Drug resistance 

For 32/43 (74.4%) participants with VL≥1,000 cps/ml during follow-up, genotypic data 

was available (Table 2). DRMs were found in 22/32 (68.8%) participants: 17 (56.3%) 

harboured NRTI resistance mutations and 7 (21.9%) harboured major PI resistance 

mutations (of which all 7 also had NRTI mutations). The average number of DRMs 

per sequence was 1 (range 0-10), 3 (range 0-7) and 4 (range 3-5) after 12, 24 and 36 

months of follow up, respectively (Figure 1). Of the 32 participants with a genotype 

result at second-line failure, 27 (84.4%) also had a genotype result at first-line failure, 

prior to switch to second-line (the remaining 5 had VL<1,000 cps/ml at switch). At 

second-line failure, 42 NRTI resistance mutations were detected, of which 11 (26.8%) 

were newly acquired; 16 major PI resistance mutations were detected, of which 13 

(81.3%) were newly acquired. 

Among the 7 participants with major PI resistance at second-line failure, the most com-

mon PI mutations detected were: M46I (N=6), associated with resistance to indinavir/

ritonavir and V82A (N=5), associated with resistance to indinavir/ritonavir, LPV/r, and 

tipranavir/ritonavir, and the L76V mutation (N=3), associated with DRV/r, LPV/r, and 

Any
 N

RTI m
ut

at
io

n
M

41
L

K65
R

D67
N

K70
R/E

K74
V

V75
I

Q15
1M

M
18

4V

T21
5Y

/F
/I

K21
9Q

Any
 TA

M

Any
 P

I m
ut

at
io

n
M

46
I

I5
0V

L7
6V

V82
A

L9
0M

0

10

20

30

40

50

60

70

80

90

100

12 months

24 months

36 months

%

Figure 1. Proportionofsequenceswithdrugresistancemutationsdetected.

Proportionofthetotalnumberofsequences:17,21and3after12,24and36months,respectively.



180

Chapter9

T
ab

le
 3

. 
R

is
k

fa
ct

o
rs

f
o

r
vi

ro
lo

gi
ca

lf
ai

lu
re

o
n

s
ec

o
n

d
-li

n
e

p
ro

te
as

e
in

h
ib

it
o

r-
b

as
ed

a
n

ti
re

tr
o

vi
ra

lt
h

er
ap

y.

In
ci

d
en

ce
o

f
vi

ro
lo

gi
ca

lf
ai

lu
re

U
n

iv
ar

ia
b

le
M

u
lt

iv
ar

ia
b

le

N
o

Pe
rs

o
n

-t
im

e
(p

er
so

n
-

ye
ar

s)

R
at

e
(p

er


1,
00

0
p

er
so

n
-

ye
ar

s)
[9

5%
C

I]
H

R
[9

5%
C

I]
P

H
R

[9
5%

C
I]

P

Se
x fe

m
al

e
17

75
,4

90
82

.2
5

51
.1

3
13

2.
31

1.
00

1.
00

m
al

e
37

66
,5

27
20

3.
14

14
7.

18
28

0.
37

2.
58

1.
26

5.
26

0.
00

9
2.

36
0.

82
6.

75
0.

11
0

A
ge

p
er

y
ea

r
(c

o
n

ti
n

u
o

u
s)

1.
01

0.
97

1.
04

0.
75

8
0.

98
0.

93
1.

03
0.

39
7

18
-2

9
ye

ar
s

6
12

,9
78

16
8.

86
75

.8
6

37
5.

87
1.

00

30
-3

9
ye

ar
s

23
62

,1
65

13
5.

14
89

.8
0

20
3.

36
0.

79
0.

30
2.

09
0.

63
4

≥4
0

ye
ar

s
25

63
,2

18
14

4.
44

97
.6

0
21

3.
76

0.
85

0.
28

2.
57

0.
77

4

C
D

4+
c

el
lc

o
u

n
t

at
s

w
it

ch

≤5
0

16
32

,3
55

18
0.

62
11

0.
65

29
4.

83
1.

00

51
-1

99
25

70
,4

32
12

9.
65

87
.6

0
19

1.
87

0.
72

0.
36

1.
45

0.
35

7

20
0-

35
0

7
28

,0
72

91
.0

8
43

.4
2

19
1.

05
0.

50
0.

24
1.

07
0.

07
5

>
35

0
6

10
,8

95
20

1.
15

90
.3

7
44

7.
73

1.
08

0.
57

2.
06

0.
80

5

Fi
rs

t-
lin

e
A

R
T

r
eg

im
en



Z
D

V,
3

T
C

,N
N

R
T

I
19

69
,8

49
99

.3
5

63
.3

7
15

5.
76

1.
00

1.
00

D
4T

,3
T

C
,N

N
R

T
I

21
51

,1
74

14
9.

89
97

.7
3

22
9.

88
1.

51
0.

64
3.

56
0.

34
3

1.
49

0.
65

3.
44

0.
34

5

T
D

F,
FT

C
,N

N
R

T
I

5
13

,3
80

13
6.

49
56

.8
1

32
7.

92
1.

35
0.

74
2.

46
0.

33
4

1.
22

0.
70

2.
13

0.
47

4

N
o

n
-s

ta
n

d
ar

d
N

N
R

T
I-b

as
ed

a
3

2,
61

0
41

9.
83

13
5.

40
13

01
.7

0
3.

63
1.

08
12

.1
5

0.
03

7
7.

10
3.

40
14

.8
3

<
0.

00
1

Tr
ip

le
N

R
T

I
b

1
2,

09
7

17
4.

18
24

.5
4

12
36

.5
0

1.
59

0.
20

12
.3

8
0.

65
9

1.
77

0.
19

16
.8

9
0.

62
0

P
I-b

as
ed

c
4

2,
18

5
66

8.
65

25
0.

96
17

81
.5

6
7.

59
3.

02
19

.0
7

<
0.

00
1

6.
83

2.
12

22
.0

2
0.

00
1



181

HIVproteaseresistanceinAfrica

T
ab

le
 3

. 
R

is
k

fa
ct

o
rs

f
o

r
vi

ro
lo

gi
ca

lf
ai

lu
re

o
n

s
ec

o
n

d
-li

n
e

p
ro

te
as

e
in

h
ib

it
o

r-
b

as
ed

a
n

ti
re

tr
o

vi
ra

lt
h

er
ap

y.
(c

o
n

ti
n

u
ed

)

In
ci

d
en

ce
o

f
vi

ro
lo

gi
ca

lf
ai

lu
re

U
n

iv
ar

ia
b

le
M

u
lt

iv
ar

ia
b

le

N
o

Pe
rs

o
n

-t
im

e
(p

er
so

n
-

ye
ar

s)

R
at

e
(p

er


1,
00

0
p

er
so

n
-

ye
ar

s)
[9

5%
C

I]
H

R
[9

5%
C

I]
P

H
R

[9
5%

C
I]

P

D
u

ra
ti

o
n

o
f

fi
rs

t-
lin

e
A

R
T

ye
ar

s
(c

o
n

ti
n

u
o

u
s)

0.
90

0.
78

1.
04

0.
14

0

H
IV

-1
R

N
A

lo
ad

a
t

sw
it

ch

p
er

1
0l

o
g

1.
23

0.
94

1.
62

0.
12

6

<
1,

00
0

cp
s/

m
l

9
25

,8
65

12
7.

09
66

.1
3

24
4.

26
1.

00

≥1
,0

00
c

p
s/

m
l

45
11

5,
04

6
14

2.
87

10
6.

67
19

1.
35

1.
15

0.
60

2.
19

0.
67

0

N
R

T
I

re
si

st
an

ce
a

t
sw

it
ch

G
SS

≥
2

15
29

,2
98

18
7.

00
11

2.
74

31
0.

19
1.

00

G
SS

<
2

30
82

,6
97

13
2.

50
92

.6
4

18
9.

51
0.

70
0.

35
1.

40
0.

30
9

P
I

re
si

st
an

ce
a

t
sw

it
ch

G
SS

≥
1

42
11

1,
83

9
13

7.
17

10
1.

37
18

5.
60

1.
00

1.
00

G
SS

<
1

4
1,

99
6

73
1.

96
27

4.
72

19
50

.2
5

6.
69

2.
49

17
.9

8
<

0.
00

1
5.

27
2.

16
12

.8
2

<
0.

00
1

A
d

h
er

en
ce

t
o

s
ec

o
n

d
-li

n
e

A
R

T
(

ti
m

e-
u

pd
a

te
d

)

≥9
5%


44

13
1,

96
6

12
1.

78
90

.6
3

16
3.

65
1.

00
1.

00

<
95

%


9
8,

96
1

36
6.

84
19

0.
87

70
5.

03
3.

05
1.

71
5.

42
<

0.
00

1
2.

38
1.

12
5.

09
0.

02
5

R
is

k
fa

ct
o

rs
f

o
r

vi
ro

lo
gi

ca
l

fa
ilu

re
(

d
efi

n
ed

a
s

H
IV

-1
R

N
A

>
4

00
c

p
s/

m
l)

o
n

s
ec

o
n

d
-li

n
e

A
R

T
w

er
e

as
se

ss
ed

u
si

n
g

C
o

x
p

ro
p

o
rt

io
n

al
h

az
ar

d
m

o
d

el
s,

w
it

h
a

d
ju

st
ed



st
an

d
ar

d
-e

rr
o

rs
t

o
a

cc
o

u
n

t
fo

r
cl

u
st

er
in

g
w

it
h

in
s

it
es

.T
h

e
m

u
lt

iv
ar

ia
te

a
n

al
ys

is
w

as
p

er
fo

rm
ed

b
y

su
b

m
it

ti
n

g
al

l
p

o
te

n
ti

al
r

is
k

fa
ct

o
rs

f
o

r
vi

ro
lo

gi
ca

l
fa

ilu
re

w
it

h


p
<

0.
10

in
t

h
e

u
n

iv
ar

ia
te

a
n

al
ys

is
.

a N
o

n
-s

ta
n

d
ar

d
N

N
R

T
I-b

as
ed

:d
4T

/d
d

I/
EF

V
(

N
=

3)
,Z

D
V

/d
d

I/
N

V
P

(
N

=
1)

,A
B

C
/3

T
C

/N
V

P
(

N
=

1)
;b

T
ri

p
le

N
R

T
I:

T
D

F/
3T

C
/A

B
C

(
N

=
1)

,Z
D

V
/3

T
C

/A
B

C
(

N
=

1)
,T

D
F/

3T
C

/

Z
D

V
(

N
=

1)
;c P

I-b
as

ed
;d

4T
/3

T
C

/L
P

V
/r

(
N

=
1)

,Z
D

V
/3

T
C

/L
P

V
/r

(
N

=
1)

,Z
D

V
d

d
I/

LP
V

/r
(

N
=

1)
,T

D
F/

d
d

I/
LP

V
/r

(
N

=
1)

,A
B

C
/L

P
V

/r
(

N
=

1)
,3

T
C

/L
P

V
/r

(
N

=
1)

.

A
R

T,
a

n
ti

re
tr

o
vi

ra
lt

h
er

ap
y;

G
SS

,g
en

o
ty

p
ic

s
en

si
ti

vi
ty

s
co

re
;H

R
,h

az
ar

d
r

at
io

;N
R

T
I,

n
u

cl
eo

si
d

e
re

ve
rs

e
tr

an
sc

ri
p

ta
se

in
h

ib
it

o
r;

P
I,

p
ro

te
as

e
in

h
ib

it
o

r.



182

Chapter9

T
ab

le
 4

. 
 P

ro
te

as
e

in
h

ib
it

o
r

re
si

st
an

ce
o

n
s

ec
o

n
d

-li
n

e
an

ti
re

tr
o

vi
ra

lt
h

er
ap

y:
7

c
as

es
.

T
im

e
o

n
2

n
d


lin
e

(m
o

n
th

s)
A

R
T

r
eg

im
en

C
D

4+
c

el
lc

o
u

n
t

(c
el

ls
/µ

l)
V

ir
al

lo
ad


(c

p
s/

m
l)

N
R

T
I

m
aj

o
r

m
u

ta
ti

o
n

s
P

I
m

aj
o

r
&

m
in

o
r

m
u

ta
ti

o
n

s
R

em
ai

n
in

g
P

I
o

p
ti

o
n

s

I
-3

4
ye

ar
o

ld
f

em
al

e
fr

o
m

K
en

ya
,s

u
b

ty
p

e
A

0
1st

li
n

e:
d

4T
/3

T
C

/N
N

R
T

I.
2n

d
li

n
e:

T
D

F/
A

B
C

/L
P

V
/r

.
68

<
25

N
A

N
A

S:
n

o
n

e.
I:

D
R

V
/r

,T
P

V
/r


R

:A
T

V
/r

,F
P

V
/r

,I
D

V
/r

,
LP

V
/r

,N
FV

,S
Q

V
/r

.
12

-
28

7
26

6
N

A
N

A

24
-

51
3

2,
05

0
K

65
K

R
,L

74
LV

M
aj

o
r:

M
46

IM
,I

54
IV

,I
84

IV
M

in
o

r:
L1

0F

II
-

46
y

ea
r

o
ld

m
al

e
fr

o
m

U
ga

n
d

a,
s

u
b

ty
p

e
A

0
1st

li
n

e:
Z

D
V

/3
T

C
/N

N
R

T
I.

2n
d
li

n
e:

T
D

F/
FT

C
/L

P
V

/r
.

21
29

6,
48

6
M

41
L,

D
67

N
,K

70
R

,L
74

I,
M

18
4V

,T
21

5F
,K

21
9Q

M
aj

o
r:

n
o

n
e.

M
in

o
r:

L1
0I

S:
n

o
n

e.
I:

A
T

V
/r

,D
R

V
/r

,I
D

V
/r

,
SQ

V
/r

,T
P

V
/r

.
R

:F
P

V
/r

,L
P

V
/r

,N
FV

.
12

-
20

4
51

5
N

A
N

A

24
-

17
2

5,
93

6
M

18
4V

M
aj

o
r:

V
82

A
M

in
o

r:
L1

0I

36
-

26
4

1,
15

0
M

18
4V

M
aj

o
r:

M
46

IM
,I

50
IV

,V
82

A
FS

V
M

in
o

r:
L1

0I

II
I

-3
4

ye
ar

o
ld

m
al

e
fr

o
m

U
ga

n
d

a,
s

u
b

ty
p

e
A

0
1st

li
n

e:
d

4T
/3

T
C

/N
N

R
T

I.
2n

d
li

n
e:

T
D

F/
FT

C
/L

P
V

/r
.

2
15

3,
34

6
T

69
N

M
aj

o
r:

I8
4I

V
M

in
o

r:
n

o
n

e.
S:

n
o

n
e.

I:
D

R
V

/r
,T

P
V

/r
,

R
:A

T
V

/r
,F

P
V

/r
,I

D
V

/r
,

N
FV

S
Q

V
/r

,L
P

V
/r

.
12

FT
C

s
u

b
st

it
u

te
d

b
y

3T
C


19

5
33

,8
82

N
o

n
e

N
o

n
e

24
-

19


1,
12

4,
41

5
T

69
N

,M
18

4V
M

aj
o

r:
M

46
I,

I5
4V

,V
82

A
M

in
o

r:
L1

0I
,L

24
I

36
-

6
56

8,
99

0
D

67
N

,T
69

N
,K

70
E,


M

18
4V

M
aj

o
r:

M
46

I,
I5

4V
,V

82
A

M
in

o
r:

L1
0I

,L
24

I,
K

43
T

IV
-

33
y

ea
r

o
ld

m
al

e
fr

o
m

U
ga

n
d

a,
s

u
b

ty
p

e
C

0
1

st
li

n
e:

T
D

F/
FT

C
/N

N
R

T
I.

2n
d
li

n
e:

T
D

F/
FT

C
/L

P
V

/r
.

3
28

7,
70

0 
K

70
E,

M
18

4V
M

aj
o

r:
n

o
n

e.
M

in
o

r:
L1

0I
.

S:
D

R
V

/r
.

I:
SQ

V
/r

,T
P

V
/r

.
R

:A
T

V
/r

,F
P

V
/r

,I
D

V
/r

,
LP

V
/r

,N
FV

.
12

Z
D

V
s

u
b

st
it

u
te

d
b

y
T

D
F

36
27

5
N

A
N

A

24
-

40
98

,3
26

M
18

4V
M

aj
o

r:
M

46
I,

I5
4V

,V
82

A
M

in
o

r:
L1

0I
F,

K
20

M
,L

33
F,

A
71

V



183

HIVproteaseresistanceinAfrica

T
ab

le
 4

. 
 P

ro
te

as
e

in
h

ib
it

o
r

re
si

st
an

ce
o

n
s

ec
o

n
d

-li
n

e
an

ti
re

tr
o

vi
ra

lt
h

er
ap

y:
7

c
as

es
.(

co
n

ti
n

u
ed

)

T
im

e
o

n
2

n
d


lin
e

(m
o

n
th

s)
A

R
T

r
eg

im
en

C
D

4+
c

el
lc

o
u

n
t

(c
el

ls
/µ

l)
V

ir
al

lo
ad


(c

p
s/

m
l)

N
R

T
I

m
aj

o
r

m
u

ta
ti

o
n

s
P

I
m

aj
o

r
&

m
in

o
r

m
u

ta
ti

o
n

s
R

em
ai

n
in

g
P

I
o

p
ti

o
n

s

34
3rd

li
n

e:
R

AV
/E

T
R

/D
R

V
/r

10

V
-

62
y

ea
r

o
ld

m
al

e
fr

o
m

Z
am

b
ia

,s
u

b
ty

p
e

C

0
1st

li
n

e:
D

4T
/3

T
C

/N
N

R
T.

2n
d
li

n
e:

T
D

F/
FT

C
/L

P
V

/r
.

67
67

,0
00

D
67

D
N

,M
18

4V
,L

21
0L

W
,

T
21

5Y
N

o
n

e.


S:
A

T
V

/r
,S

Q
V

/r
,T

P
V

/r
.

I:
D

R
V

/r
,I

D
V

/r
,L

P
V

/r
,

N
FV

R
:F

P
V

/r
.

12
-

14
6

<
25

N
A

N
A

24
-

14
1

2,
30

0
M

18
4V

,T
21

5Y
M

aj
o

r:
M

46
I,

L7
6V

.
M

in
o

r:
n

o
n

e.

V
I

-5
2

ye
ar

o
ld

m
al

e
fr

o
m

Z
am

b
ia

,s
u

b
ty

p
e

C

0
1st

li
n

e:
3

T
C

/d
4T

/N
N

R
T

I
2n

d
li

n
e:

T
D

F/
FT

C
/L

P
V

/r
/N

FV
71

52
0,

00
0

D
67

N
,K

70
R

,M
18

4V
,

T
21

5F
,K

21
9Q

M
aj

o
r:

M
46

I,
I5

4V
,L

76
V,

V
82

A
,

M
in

o
r:

L1
0F

,K
20

M
,T

74
S

S:
n

o
n

e.
I:

D
R

V
/r

,T
P

V
/r

R
:A

T
V

/r
,F

P
V

/r
,I

D
V

/r
,

LP
V

/r
,N

FV
,

SQ
V

/r
.

12
C

h
an

ge
d

t
o

T
D

F/
FT

C
/L

P
V

/r
a

t
6

m
o

n
th

s.
13

2
44

0,
00

0
M

41
L,

D
67

N
,K

70
R

,
M

18
4V

,T
21

5F
,K

21
9Q

M
aj

o
r:

M
46

I,
I5

4V
,L

76
V,

V
82

A
,

L9
0L

M
M

in
o

r:
L1

0F
,K

20
I,

T
74

S

18
D

ea
th

d
u

e
to

t
u

b
er

cu
lo

si
s

re
la

p
se


an

d
r

en
al

f
ai

lu
re

.
53


28

0,
00

0
M

41
L,

D
67

N
,K

70
R

,
V

75
M

,T
21

5F
,K

21
9Q

M
aj

o
r:

M
46

I,
I5

4V
,L

76
V,

V
82

A
,

L9
0M

M
in

o
r:

L1
0F

,K
20

I,
T

74
S

V
II

-
44

y
ea

r
o

ld
m

al
e

fo
rm

Z
am

b
ia

,s
u

b
ty

p
e

C

0
1

st
li

n
e:

3
T

C
/A

Z
T

/I
D

V.
2n

d
li

n
e:

T
D

F/
FT

C
/L

P
V

/r
.

47
23

,0
00

M
41

L,
M

18
4V

,T
21

5F
M

aj
o

r:
n

o
n

e.
M

in
o

r;
T

74
S.

S:
n

o
n

e.
I:

D
R

V
/r

,T
P

V
/r

,S
Q

V
/r

.
R

:A
T

V
/r

,F
P

V
/r

,I
D

V
/r

,
LP

V
/r

,N
FV

,
12

LP
V

/r
s

u
b

st
it

u
te

d
b

y
EF

V
a

t
m

o
n

th


3,
c

h
an

ge
d

t
o

A
B

C
/d

d
I/

LP
V

/r
a

t
6

m
o

n
th

s,
t

h
en

L
P

V
/r

s
u

b
st

it
u

te
d

b
y

N
FV

a
t

m
o

n
th

1
2.

14
89

,0
00

M
41

L,
M

18
4V

,T
21

5F
Y

M
aj

o
r:

M
46

I,
I5

4V
,V

82
A

M
in

o
r:

L1
0I

,K
20

M
,L

24
I,

T
74

S

24
-

11
20

,0
00

M
41

LM
,V

75
IM

V,


M
18

4M
V,

T
21

5N
ST

Y
M

aj
o

r:
M

46
I,

I5
4I

V,
L

76
LV

,V
82

AV
M

in
o

r:
L1

0I
,T

74
S

Su
b

ty
p

e
w

as
d

et
er

m
in

ed
u

si
n

g
th

e
R

EG
A

s
u

b
ty

p
in

g
to

o
lV

3.


D
ru

g
re

si
st

an
ce

m
u

ta
ti

o
n

s
w

er
e

d
et

ec
te

d
u

si
n

g
th

e
St

an
fo

rd
a

lg
o

ri
th

m
v

er
si

o
n

7
.0

:s
u

sc
ep

ti
b

le
(

S)
=

s
u

sc
ep

ti
b

le
/p

o
te

n
ti

al
l

o
w

-le
ve

l
re

si
st

an
ce

,i
n

te
rm

ed
ia

te
(

I)
=



lo
w

-le
ve

l/
in

te
rm

ed
ia

te
r

es
is

ta
n

ce
a

n
d

r
es

is
ta

n
t

(R
)

=
h

ig
h

-le
ve

lr
es

is
ta

n
ce

.



184

Chapter9

185

HIVproteaseresistanceinAfrica

tipranavir/ritonavir resistance. Furthermore, I50V, associated with ATV/r, DRV/r and 

fosamprenavir/ritonavir resistance, and L90M mutation, associated with nelfinavir and 

sanquinavir/ritonavir resistance, were both detected once. The acquired PI resistance 

mutations conveyed reduced susceptibility to all PIs and remained highest for DRV/r; 

81.3% remained susceptible for DRV/r (Figure 2).

After 2-3 years of follow-up, 5 out of 7 participants with PI resistance were still alive 

and still on second-line ART (Table 4), although 3 of those experienced immuno-

logical and clinical failure; 1 participant was switched to a third-line regimen (DRV/r/

raltegravir/etravirine, participant IV) and one passed away due to an HIV-related dis-

ease after experiencing clinical, immunological and virological failure (participant VI). 

Two participants experienced virological failure after 24 months without clinical or 

immunological failure. All but one (participant VII) had good self-reported adherence. 

Two participants had major PI resistance mutation(s) at the time of switch to second-

line (participant III and VI); one (participant VI) received a PI as part of first-line.

DISCuSSIOn

This study found high VL suppression rates on second-line PI-based ART in sub-Sa-

haran Africa (≥85%). However, one out of four participants had a detectable VL (≥400 

cps/ml) at any time point during 2-3 years of follow-up, and one out of five experi-

enced a VL≥1,000 cps/ml. In our cohort, having a VL≥400 cps/ml on second-line ART 

was associated with non-standard first-line regimens, PI-resistance at switch, and poor 

adherence to treatment. NRTI-resistance at switch, accumulated after first-line failure, 

was not a risk factor for failing second-line ART. We detected major PI resistance muta-

tions in 7 out of 32 (22%) participants with VL≥1,000 cps/ml. DRV/r was the PI with the 

highest remaining susceptibility after second-line failure. These findings indicate that 

future treatment of individuals failing second-line ART requires third-line drug options 

(i.e. DRV/r, dolutegravir, and/or raltegravir), which are currently unavailable and/or 

unaffordable in the public sector in sub-Saharan Africa [2,32]. To ensure long-term 

ART success, availability of these third-line drug options will be essential. 

A systematic review on treatment outcomes on second-line ART in resource-limited 

settings reported high virological failure rates: 23.1%, 26.7% and 38.0% had VL≥400 

cps/ml at 12, 24 and 36 months, respectively [33]. In addition, poor adherence rather 

than NRTI-resistance was associated with virological failure but information was 

limited. More recent studies from Asia [34] and South Africa [35] also suggested that 

suboptimal adherence is the main driver of early second-line failure, rather than drug 
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resistance. In our study, we found that non-standard first-line regimen and PI-resis-

tance at switch significantly contribute to a (5-fold) increase in having a detectable 

VL on second-line ART; this confirms the WHO recommended standardized first- and 

second-line ART regimens for optimal treatment outcomes [8]. In addition, our study 

confirmed poor adherence as a risk factor for failure. In line with the EARNEST trial, 

we found that NRTI-resistance accumulated after first-line failure was not a risk factors 

for second-line failure [13].

The arrival of multi-class (i.e. NRTI and PI) resistant HIV has been expected, and the 

first cases have been reported in South Africa, Nigeria and Uganda [15,21,22,36]. In 

our prospective cohort, we found that 22% of participants who failed second-line 

therapy in a routine care setting in sub-Saharan Africa had triple-class resistance. 

In other words, in 3% (7 out of 227) of people initiating second-line ART major PI 

mutations developed at failure after 24-36 months. This is the first study showing that 

an estimated 3% of people switched to second-line ART in sub-Saharan Africa may 

acquire multi-class resistant HIV within 2-3 years. 

Little is known about the impact of multi-class resistant HIV on treatment outcomes 

and the need for third-line ART in resource limited settings. However, even in 

a resource-rich setting such as the UK, people with multi-drug resistant HIV were 

reported to have a 3-fold increase in mortality risk compared to the overall risk for 

HIV-infected individuals [37]. It can be reasonably anticipated that the emergence of 

multi-class resistance in settings with serious limitations in drug options and in the 

ability to monitor participants for therapy effectiveness, will have a major impact on 

survival and well-being.

In this study, most participants experiencing virological failure with drug resistance had 

preserved susceptibility to DRV/r (81%) and less than half had preserved susceptibility 

to etravirine (47%). Individualized genotype resistance testing enables optimization 

of treatment regimen in experienced patients. Despite efforts to develop affordable 

assays, individualized resistance testing is currently not feasible in sub-Saharan Africa 

due to high costs and logistical challenges. There are currently no WHO-prequalified 

generic versions of third-line options such as raltegravir, dolutegravir or DRV/r, and 

prices remain extremely high. The lowest possible price for a third-line regimen is 

around US$2,000/year in low-income countries; almost 18 times more than the lowest 

price for first-line regimens [6,38]. However, recent agreements with pharmaceutical 

manufacturers will increase the availability of a generic dolutegravir (for US$44 per 

patient per year) and heat-stable DRV/r in resource-limited settings by the end of 

2016 [39]. By 2030, 2-4 million people will receive second-line ART in sub-Saharan 
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Africa, comprising 12-17% of all patients on ART [3]. Based on these numbers and our 

findings, it can be speculated that 62,000-124,000 of them may develop PI-resistant 

HIV and will be in need on third-line ART. 

Without the option to switch to third-line ART, continuation of the PI-based second-

line regimen is expected have some residual activity. First, intensified adherence sup-

port through intensified VL monitoring could lead to re-suppression on second-line 

ART despite drug resistance. This is supported by 39% re-suppression in the current 

study, and as shown in a small study by MSF in Khaelitsha, South Africa [20]. Second, 

the continuation of ART with residual drug activity can preserve immune function, and 

thereby prevent clinical progression [40]. The replicative capacity and pathogenicity 

of drug-resistant virus is often diminished [41]. However, continuing a suboptimal 

regimen remains inferior to fully-active ART. 

The following limitations of our study require consideration. First, although this 

multi-centre study includes data from routine ART programs in sub-Saharan, non-

government and urban sites were over-represented and rural sites under-represented 

[24]. In a rural setting with limited resources, the provision of second-line HIV care 

is challenged by drug stock-outs and limited treatment monitoring tools and may be 

worse. We previously accessed the WHO early warning indicators among the PASER 

sites [42]. Site-associated differences that might affect VL outcomes and the develop-

ment of drug resistance were beyond the scope of the current study. 

Second, not all participants were appropriately switched to second-line ART; some 

had suppressed virus or high VL with wild-type virus at the time of switch. These 

participants might have still benefitted from first-line ART and are perhaps less 

likely to experience virological failure. Sensitivity analysis excluding participants 

with VL<1,000 cps/ml at switch, however, yielded similar outcomes. Furthermore, the 

participants with a reported PI as part of their first-line regimen were not the same 

participants with PI-resistance mutations at the time of switch to second-line: one out 

of seven participants with PI resistance at second-line failure had PI as part of first-

line, and one out of six participants with PI-based first-line had PI-resistance at switch. 

This reflects the real-life situation in sub-Saharan Africa where regimen switches are 

not always guided by virological monitoring and rarely by drug resistance testing. 

Last, population-based sequencing is not able to detect minority variants, which may 

have underestimated the rate of drug resistance. Our genotypic analysis was limited 

to the pol region. There are indications of polymorphic mutations associated with PI-

resistance in the gag cleavage site and in env [43,44], which have not been measured 
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in our study. Their potential contribution to PI-failure is not captured in conventional 

resistance testing, and understudied.

Strengths of the study were the prospective data collection based on a large multi-

country cohort [24]. Other studies reporting on second-line ART outcomes were based 

on national outcomes, or are collected in a controlled trial setting. This study provides 

insight in second-line ART outcomes from a routine HIV care setting in sub-Saharan 

Africa, following the WHO public health approach [45]. While previous studies have 

been limited to first year outcomes of second-line ART, or cross-sectional reports at 

the time of treatment failure, this study reports on the outcomes after up to 3 years of 

second-line ART. 

In conclusion, our data show that the majority of patients receiving PI-based second-

line ART in HIV treatment programs in sub-Saharan Africa achieve virological sup-

pression. However, a small but substantial proportion of patients failing PI-based 

second-line ART acquires PI resistance within 2-3 years. This affects drugs that may 

be considered for constructing a next-line regimen such as DRV/r. As more people 

initiate ART and VL monitoring will be expanded, the number in need of second- and 

third-line regimens is expected to increase [3]. There is a real and growing need for 

expanded access to third-line drug options, ideally guided by genotypic resistance 

testing, to ensure life-long HIV treatment success in sub-Saharan Africa. In anticipa-

tion, increased efforts must be made to achieve price reduction of currently unafford-

able third-line drugs, including DRV/r and integrase inhibitors.
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Figure 1. Morningsymposium.
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SuMMARy

On Tuesday 14 October 2014, 850 family members, friends, colleagues, prominent sci-

entists and dignitaries from all over the world gathered in Amsterdam to pay tribute to 

the lives and legacies of Joep Lange and Jacqueline van Tongeren. The remembrance 

was held at the Amsterdam Medical Centre (AMC) where Joep and Jacqueline met and 

worked together for many years. The day was organized by the AMC, the Amsterdam 

Institute for Global Health and Development (AIGHD) and PharmAccess Foundation. 

The latter two were both founded by Joep. A morning symposium titled ‘Research 

in action: from AIDS to global health to impact’ highlighted Joep’s scientific legacy 

(Figure 1). During the remembrance in the afternoon, a range of speakers shared 

memories of Joep and Jacqueline. As was the case during their lives, the personal and 

the professional were closely intertwined throughout the day. As Prof Peter Piot said, 

Joep and Jacqueline shared a common perspective on life: ‘La folie suprême est de 

voir la vie comme elle est et non comme elle devrait être.’ If there was one thing that 

defined them both, it was indeed that they saw life – and lived it – not as it was, but 

as it should be.
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‘Joep’s place in history is really as the visionary architect of combination therapy,’ 

Prof Piot stated, adding that ‘it cannot be stressed enough that he was ahead of his 

time, a true innovator.’ Joep’s contribution didn’t stop at science. Dr Khama Rogo of 

the World Bank explained that ‘it’s not enough to be a doctor or a researcher if you’re 

not also an activist.’ Joep fully understood the importance of translating research into 

action and generating impact for people. Prof Marcel Levi, chairman of the AMC, sum-

marized the enormity of the impact Joep had on the world with the words ‘it’s rare to 

know someone who has saved millions of lives.’

The scientific symposium traced Joep’s career, starting in the early eighties with the 

treatment of the first AIDS patients and the design of antiretroviral therapy, moving 

towards the emerging field of global health and ending with his most recent focus: 

using knowledge derived from scientific research to improve access to quality health 

care in real-world settings. From Prof Françoise Barré-Sinoussi, who won the Nobel 

Prize for the discovery of HIV, to Prof Michael Merson, who founded Duke Univer-

sity’s Global Health Institute, the list of presenters reads like a who’s who of people 

involved at key moments in the history of HIV and global health (Figure 2). ‘And Joep,’ 

as Barré-Sinoussi said, ‘contributed to all eras of HIV.’

More memories of Joep and Jacqueline shared throughout the day are available at 

http://www. joepandjacqueline.org/remembrance/.
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RESEARCH In ACTIOn: FROM AIDS TO glOBAl HEAlTH TO IMPACT.

The morning symposium served as a platform to recognize Joep Lange’s scientific 

achievements and to pay tribute to his activism in the field of HIV treatment and global 

health. It was also an occasion for colleagues to share their feelings and personal 

anecdotes about working with Joep. 

Joep’s friend and colleague Prof Peter Reiss of the University of Amsterdam opened 

the symposium, welcoming attendees and encouraging the audience to once again be 

inspired by Joep’s work and to continue his legacy into the future.

A word from the co-chairs

Peter Reiss introduced the two co-chairs of the symposium, Prof Michel Kazatchkine 

and Dr Debrework Zewdie.

Prof Michel Kazatchkine shared his memories of Joep as a man who ‘was convinced 

of the power of science to build knowledge and then translate it into action.’ Ka-

zatchkine emphasized Joep’s generosity, compassion and tolerance, all qualities that 

are considered essential for a good doctor. Qualities, Kazatchkine added, that Joep 

fully shared with Jacqueline. While Joep was a tolerant man, he would never accept a 

policy that wasn’t evidence-based. Joep fought for equity, for the right of everyone to 

access and enjoy the advancements of science.

Dr Debrework Zewdie began by saying that ‘Joep was born a Dutchman, but became 

a global citizen who felt that the fruits of science should be shared by everyone.’ 

For example, the yearly International Workshop on HIV Treatment, Pathogenesis and 

Prevention Research in Resource-Poor Settings (INTEREST), nicknamed ‘the African 

CROI’, provides young African researchers with the opportunity to present their data 

in the presence of established scientific leaders and to learn from this experience. ‘I 

was amazed by Joep and Jacqueline’s work in building African scientists and shep-

herding the INTEREST group. Now, it is up to us to step in and make sure to continue 

what they started.’

The co-chairs introduced the subsequent speakers, who each touched upon different 

aspects of Joep’s career as a scientist and activist.
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Peter Reiss is Professor of Medicine
at theAMC inAmsterdam in the Di-
visionofInfectiousDiseases,theDe-
partment of Global Health and the
AIGHD. He was recently appointed
DirectoroftheNetherlandsHIVMon-
itoringFoundation,andservesonsev-
eralScientificAdvisoryBoards.

MichelKazatchkineistheUNSecretary
General’s special Envoy on HIV/AIDS
in Eastern Europe and Central Asia.
Previously,hewasHeadoftheFrench
AgenceNationaledeRecherchessurle
Sida,France’sAmbassadoronAIDSand
ExecutiveDirectoroftheGlobalFund
toFightAIDS,TuberculosisandMalaria.

Debrework Zewdie is a clinical im-
munologistbytrainingandhasspent
thelast30yearsonresearchandde-
velopmentworkincludingmanaging
development programmes at coun-
try, regional and global levels. She
worked for theWorld Bank and the
GlobalFund.

David Cooper is Scientia Professor
of Medicine at the University of New
SouthWales,aFellowoftheAustralian
Academy of Science (FAA), and Direc-
tor of the Kirby Institute for Infec-
tionandImmunity inSocietybasedat
UNSWAustralia.

FrançoiseBarré-Sinoussiwasawarded
the Nobel Prize for Medicine 2008
and is Director of the Regulation of
Retroviral Infections Unit, Depart-
mentofVirology,InstitutPasteur.She
is involved in retrovirology research
andisparticularlyrecognizedforthe
discoveryofHIV.

Mennode Jong isProfessorofclinical
virologyandheadoftheDepartmentof
MedicalMicrobiologyattheAMC.Joep
Langerecruitedhimasatrialphysician
andsupervisedhisPhDresearchonthe
causes and implications of HIV treat-
mentfailurein1996.

Michael Merson is the founding di-
rectoroftheDukeGlobalHealthIn-
stitute.He isVicePresidentandVice
Provost of Global Strategy and Pro-
gramsandViceChancellorforDuke-
National University of SingaporeAf-
fairsatDukeUniversity.

EricGoosbyservedintheUSStateDe-
partment as Ambassador-at-Large and
USGlobalAIDSCoordinator,overseeing
the implementation of the President’s
Emergency Plan forAIDS Relief (PEP-
FAR).HeisDirectorattheInstitutefor
GlobalHealthDeliveryandDiplomacy,
UniversityofCalifornia,SanFrancisco.

JohnSimonhasbeenUSAmbassador
to theAfricanUnionand theExecu-
tive VP of the Overseas Private In-
vestmentCorporation.He servedon
the National Security Council staff,
WhiteHouse,andasDeputyAssistant
Administrator,USAgencyforInterna-
tionalDevelopment.HeisaFounder/
ManagingPartnerofTotalImpactAd-
visors.

Fola Laoye is Chair of Hygeia Nigeria
Limited. She has an MBA from Har-
vard Business School and qualified as
anAssociate member of the Institute
of Chartered Accountants of England
andWalesin1995andoftheInstitute
ofCharteredAccountantsofNigeriain
1997.

Khama Rogo is Lead Health Sector
Specialist with theWorld Bank and
Head of the World Bank Group’s
Health in Africa Initiative. Prior to
this, he taught Obstetrics and Gyn-
aecologyattheUniversityofNairobi
andwasPresidentofMedicalAffairs
AfricaforIpas.

OnnoSchellekens is theManagingDi-
rectorofPharmAccess,anorganization
foundedbyJoepLange,whichisdedi-
catedtoimprovingaccesstoaffordable
quality health care for people in sub-
SaharanAfrica.

Figure 2. Speakers and chairs.
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ARV therapy: past, present and future

It is hard to imagine robust economic growth where so many adults 

are dying in their productive prime, leaving the very young and the 

very old to cope alone.’ 

Economist, 12 August 1999.

Prof David Cooper took the audience back to the 1980s when he, like Joep in the 

Netherlands, was con- fronted with the first AIDS cases in Australia [1–6]. Cooper 

detailed the important findings made by Joep that plasma levels of viral protein P24 

(a then proxy for viral load) were predictive of the stage of HIV infection, with low 

P24 in the absence of symptoms and high P24 in symptomatic AIDS patients [7]. In 

addition, Joep was involved in important research on syncytium-inducing versus non-

syncytium-inducing viruses, with the latter being more virulent [8].

Later on, the molecular basis for this phenomenon was found with the discovery of 

the secondary receptors for HIV – the chemokine receptors. Non-syncytium induc-

ing viruses are CCR5-tropic while syncytium inducing viruses are CXCR4-tropic, with 

implications for prognosis [9]. Cooper provided examples of the first clinical trials of 

antiretroviral therapy that failed due to a transient response related to the develop-

ment of drug resistance: AZT monotherapy, AZT+3TC dual therapy and NVP-AZT 

alternating therapy [10–12]. These trials convinced Joep that only triple therapy would 

be the way forward to prevent drug resistance, as revealed by the successful INCAS 

trial that tested the triple therapy combination of AZT, ddI and NVP, published in 

JAMA in 1998 [13]. Triple therapy remains the cornerstone of HIV treatment today and 

is now scaled-up to provide increasingly early treatment which reduces the risk of 

ongoing HIV transmission [14–17].

Together with Prof Cooper and Prof Praphan Phanuphak, Joep initiated the HIV 

Netherlands Australia Thailand Research Collaboration (HIV-NAT) in Bangkok in 1996 

to build research capacity in Thailand in the fi of HIV treatment. To date, HIV-NAT 

encompasses 112 staff and runs long-term studies involving over 2,000 adults and 

children on antiretroviral therapy.

Cooper observed that Joep was lately returning to his original passion and was in-

volved with various efforts toward a functional cure for HIV. Referring to the contin-

ued spread of HIV, Cooper emphasized the thoughts of Joep’s favourite economist JF 

Rischard that ‘we are facing a problem of immense complexity, which is getting out of 

hand in an exponential way. The traditional way of working along a linear time scale 



204

Chapter10

will not be able to cope with this.’ In addition, he sketched how Joep understood that 

HIV/AIDS seriously hampers economic growth in many developing nations, and the 

ensuing need for a concerted global effort, a broad coalition of the public and private 

sectors, civil society and academia, with clear divisions of tasks and accountability. In 

his conviction that ‘what works’ should prevail over the notion of what constitutes an 

‘ideal society’, Joep often quoted Martin Wolf: ‘The sight of the affluent young of the 

west wishing to protect the poor of the world from the processes that delivered their 

own remarkable prosperity is unutterably depressing.’ He saw sustainable financing of 

health care for the masses, not necessarily through the public sector, as a prerequisite 

for a future without donor dependence.

Cooper ended his talk with what he described as Joep’s legacy: ‘As there is no vac-

cine or cure right now, antiretroviral therapy is our major intervention. It would be a 

tragedy if we fail to get enough people on treatment to reduce incidence and we need 

to persuade civil society that flat lining of funds is just plain unacceptable. We MUST 

finish the job.’

Prof Cooper’s presentation is available at 

http://www.joepandjacqueline.org/wp-content/uploads/2014/12/David-A-Cooper-

ART-Past-Present-Future.pdf.

Towards an HIV cure

‘Joep contributed to all eras of HIV.’ 

Prof Françoise Barré-Sinoussi.

Subsequently, Nobel Prize laureate Prof Françoise Barré-Sinoussi, co-discoverer of 

HIV [18], acknowledged Joep’s long-term commitment to find a cure and referred 

to how he was also an advocate for a global scientific strategy: joining forces in an 

international working group to define the main research priorities and coordinate 

research efforts. ‘The time to accelerate HIV research is now.’ Prof Barré-Sinoussi em-

phasized the need for basic science for HIV vaccine development and HIV cure. She 

highlighted that the formation of viral reservoirs immediately after primary infection is 

very rapid: even if only one out of 1.7 billion CD4 T-cells is infected, a viral rebound 

is possible [19]. In order to work towards a cure, it is important to learn more about 

the properties of latently HIV-infected cells and how viral re-activation pathways can 

be influenced [20].

In her presentation, Barré-Sinoussi considered complete eradication of HIV in an in-

fected patient (sterilizing cure) less likely than putting HIV into remission (functional 

cure) [21]. Working towards a functional cure was one of Joep’s most recent topics 
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of research in Amsterdam. New research that was taking place at AIGHD under his 

supervision may lead to a potential breakthrough in the treatment of people with HIV. 

New insights suggest that immediate treatment of a newly contracted HIV infection 

can be so effective that it may be possible to effect a functional cure. This would mean 

that after some time, treatment can cease and the virus will no longer be detectable 

in the patient’s blood. The virus, which would still be present in certain parts of the 

body, would be so weakened that disease progression would come to a halt and HIV 

would no longer be transmissible.

Prof Barré-Sinoussi’s presentation is available at 

http://www.joepandjacqueline.org/wp-content/uploads/2014/12/Francoise-Barre-

Sinoussi.-Towards-an-HIV-cure.-pptx.compressed.pdf.

From HIV to emerging infectious diseases

‘Be creative and think big to tackle the real problems.’ 

Prof Menno de Jong recalls how Joep taught him to approach his research.

Prof Menno de Jong started his presentation by recalling how Joep had been his 

mentor, friend and inspiring colleague. One of the things that Joep felt strongly about 

was that there was no point in research for research’s sake, but that it should always 

have the aim to generate impact in real-world settings. De Jong then drew a parallel 

between HIV and his current professional field, explaining that ‘we can apply the 

lessons learnt from HIV to other emerging infectious diseases like influenza and 

Ebola.’ Mirroring aspects of HIV treatment, the concept of triple therapy has proved 

promising against H1N1 influenza infection in immune-compromised children [22]. 

He provided an overview of the important emerging infectious diseases during the 

past decade, all of which are transmitted from animals to humans (2003 SARS-CoV, 

2004 H5N1 influenza, 2009 H1N1 influenza, 2012 MERS-CoV, 2013 H7N9 influenza 

and 2014 Ebola virus).

One common denominator with HIV is that the emergence of new pathogens usually 

takes place in regions of the world where the infrastructure and the human capacity 

to recognize and contain such outbreaks are the lowest [23]. De Jong explained that 

the early recognition and containment of infectious diseases requires, among other 

things, laboratory and research capacity. While the importance of building laboratory 

capacity in Africa is being increasingly recognized, there is much room for improve-

ment. For example, more optimal use could be made of the opportunities for cross-

fertilization between research and laboratory capacity in Africa, both in terms of HIV 

and other important infectious diseases.
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According to De Jong, clinical research responses to infectious disease outbreaks are 

usually fragmented and often too late. There are global regulatory hurdles for timely 

clinical research during epidemics and as such, important opportunities for gathering 

essential data in the early stages of an outbreak are often missed. The average time 

that passes between the development of a clinical research protocol and the recruit-

ment of the first patient, De Jong said, is far too long. Needless to say, an epidemic 

doesn’t wait for paperwork. He argued that it is crucial to develop pre-approved 

standardized open-access clinical research protocols, translated in many languages, 

to react as swiftly as possible in case of disease outbreaks. ‘We need a new paradigm, 

we need to be prepared and ready to act.’

Prof De Jong’s presentation is available at 

http://www.joepandjacqueline.org/wp-content/uploads/2014/12/Menno-de-Jong.-

From-HIV-to-emerging-infectious-diseases.pdf.

From HIV to global health

‘Joep leaves behind a legacy of leadership, vision and always striving 

for a healthier tomorrow.’ 

Prof Michael Merson.

In the early 1990s, Prof Michael Merson hired Joep as Chief of Clinical Research and 

Drug Development for the World Health Organization’s Global Programme on AIDS. 

It was in this capacity that Joep made his first trip to Africa, which proved to be a life-

changing event for him. In the course of their careers, both Merson and Joep moved 

from HIV research to global health, which has been defined as ‘the area of study, 

research and practice that places a priority on improving health and achieving equity 

in health for all people worldwide.’

In his presentation, Merson outlined five key ways in which HIV research contributed 

to the relatively new discipline of global health [24]. First of all, HIV was the first post-

modern pandemic that affected populations globally in both low- and high-income 

settings. Second, HIV fostered new collaborative approaches, such as the treat-

ment–prevention model. This method highlighted the importance of multidisciplinary 

approaches to prevention and care, which has become a hallmark of global health 

research. Third, HIV led to a global advocacy movement in which scientists joined 

forces with human rights and other activists to fight stigma and demand better treat-

ment. This alliance of biomedical research and activist communities has served as a 

model for advocacy around other global issues such as breast cancer, tobacco control 

and access to essential medicines, including medications for non-communicable 
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diseases. Fourth, the HIV pandemic secured enormous international funding (Global 

Fund, World Bank, PEPFAR) that is increasingly moving from ‘vertical’ (disease-

specific) to ‘horizontal’ (general health system) approaches [25]. When Joep founded 

PharmAccess in 2000, his primary concern was to bring life-saving ARVs to people in 

Africa. Soon, he realized that true equity in health required a systems approach, after 

which PharmAccess pioneered an integrated demand and supply side approach to 

improving access to affordable and quality health care for all. Finally, HIV inspired 

increased international academic engagement and leadership, something that Merson 

described as ‘dear to Joep’s heart.’ Today, global health is a discipline in over 100 

universities in the United States of America alone.

Just a few days before the symposium in Amsterdam, the extensive international me-

dia coverage on the recent Ebola outbreak often included CDC director Tom Frieden’s 

remark that: ‘In my 30 years in public health, the only thing that has been like this is 

AIDS. We have to work now so that this is not the world’s next AIDS.’

Merson reflected on the parallels between the early days of HIV and the Ebola virus 

outbreak, which include the stigma involved, the limited knowledge of the disease, 

the fact that it was originally presumed to be deadly in all cases, the lack of effec-

tive treatment and the inadequate global response. As such, he underscored the 

importance of learning from the consequences of the slow initial response to HIV. 

Ebola should also be considered a global security threat which requires a prompt and 

proactive response.

Prof Merson’s presentation is available at 

http://www.joepandjacqueline.org/wp-content/uploads/2014/12/Michael-Merson.-

From-HIV-to-Global-Health.pdf.

From research to action

‘Programs finish, and whether they fail or succeed they are 

discontinued… there is scant attention paid to carefully embedding 

successful programs into sustainable national programs. And no one 

is outraged.’ 

Prof Eric Goosby.

Prof Eric Goosby first met Joep in San Francisco in 1984, where Goosby was treating 

the first AIDS patients at San Francisco General Hospital. ‘Joep had a laser focus on the 

individual, on honouring the link between the physician and the patient. His authentic 
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way of living continues to reverberate with me and I am honoured to be a part of this 

collective acknowledgement of Joep’s contribution.’

Goosby’s presentation focused on global health delivery, diplomacy and the long 

road to sustainable health-care delivery systems. He addressed the challenge of equity 

in health and called for the prioritization of the principles of health-care quality, just 

as Joep had done. Goosby advocated that there are many diseases we know how to 

prevent, diagnose and treat effectively, yet efforts are falling short. ‘We know what 

works but we are not delivering. The fact that we are not doing so is impacting mil-

lions of lives and costing billions of dollars around the world. How can we encourage 

and promote development when tuberculosis and HIV are still ravaging the young 

and productive core of many African societies?’

According to Goosby, science has given us the tools, but most development efforts 

take an inordinate amount of time to implement. ‘We need to provide countries with 

external funding, without creating parallel systems of care. We cannot afford to be 

in a constant state of emergency when dealing with epidemics.’ Goosby referred to 

the Ebola outbreak as the canary in the cage to identify weaknesses in the medical 

delivery system and called for stronger partnerships. ‘Health systems need all four legs 

of the “delivery stool”: academia (rigor), the private sector (efficiency), the community 

(ownership) and the national and local government (management).’

Prof Goosby’s presentation is available at 

http://www.pharmaccess.org/images/Eric_Goosby_AIDS_to_GH_to_IMPACT.pdf.

How public policy can deliver health results

‘With PharmAccess and the Health Insurance Fund, Joep improved 

healthcare quality and created health insurance schemes that 

ensured that people are no longer a disease or a mosquito bite away 

from complete destitution.’ 

Ambassador John Simon.

Ambassador John Simon underscored his appreciation for Joep’s pragmatic approach. 

‘We know what to do, yet it’s not getting done. Joep found this unacceptable. He 

knew that in order to achieve results, you need to influence public policy and to make 

a difference on the ground, not from behind your desk.’

In many developing countries, Ambassador Simon explained, the limited function-

ing of the state and its institutions hampers the development of health care and thus 
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universal access to quality health services. Most of these countries are ruled by a 

power elite that maintains a state that is designed to serve a limited elite as opposed to 

overall society. Building on the theoretical framework of Nobel Prize for Economics 

laureate Douglass North, Simon took the audience through the historic developments 

of governments moving from being extractive (limited access orders) to becoming 

inclusive institutions (open access orders).

He continued to describe the PharmAccess approach of simultaneous strengthening of 

demand and supply to turn the vicious cycle of malfunctioning health systems into a 

virtuous cycle. By combining interventions such as standards for quality improvement, 

loans for health-care providers, health insurance plans and mHealth, PharmAccess 

builds trust in the health-care system.

The private sector and global health goals

‘Joep realized the importance and potential impact of market 

dynamics and how that can be catalytic in health.’ 

Fola Laoye.

‘Meeting Joep was a life-changing experience for us at Hygeia,’ said Ms Fola Laoye, 

chair of the Board of Hygeia, Nigeria’s largest health maintenance organization. She 

commended Joep’s continuous commitment to involve the private sector in health and 

health-care financing. Elaborating on what she called the African contradiction, Laoye 

explained that when it comes to health care, a good deal of spending comes from 

private pockets. ‘The private sector has a huge role to play in public health. While 

we are making progress, being here today and listening to everyone’s presentations 

makes me realize that our work is not done.’

Laoye shared several examples from the shared PharmAccess and Hygeia shop floor. 

Focusing on the Kwara State Health Insurance Program, set up in partnership with the 

Kwara State Government, she spoke of how this programme has improved the quality 

of health care at clinics and increased use of modern health-care providers, as well 

as improved health outcomes. ‘In areas like non-communicable diseases, malaria and 

maternal health, we have seen indices like we never expected.’

The programme, which was recently named as one of the finalists in the OECD DAC 

Prize for Taking Development Innovation to Scale, has had a significant impact on 

the rural populations of Kwara, one of the poorest states in Nigeria. In-depth impact 

evaluations conducted by the AIGHD have resulted in many publications, including a 
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paper in JAMA Internal Medicine [26] showing the positive effect of health insurance 

and facility quality improvement on blood pressure in adults with hypertension.

Ms Laoye’s presentation is available at 

http://www.joepandjacqueline.org/wp-content/uploads/2014/12/Fola-Laoye-

Private-Sector-and-Global-Health-Goals.pdf.

Panel discussion

Dr Khama Rogo shared with the audience that he saw Joep as a health revolutionary, 

referring to him as the Che Guevara of global health. ‘By nature,’ he said, ‘revolution-

aries ask questions that are uncomfortable,’ and in this tradition Dr Rogo led the panel 

of eminent speakers in an animated discussion on global health and possible solutions 

to today’s biggest challenges. After stirring up the discussion with statements such as 

‘Of all the ills that kill the poor, none is as lethal as bad government’, Rogo ended the 

session with the shared conclusion that we must all work to make sure that health is 

no longer a footnote in budget discussions and public policies. After all, as he pro-

claimed, ‘It’s not enough to be a doctor or a researcher, if you’re not also an activist.’

Closing remarks

PharmAccess Managing Director Onno Schellekens reflected on Joep’s conviction to 

drive results, whether the road to such results was politically convenient or not. ‘He 

started with mother-to-child transmission of HIV studies in 1995, at a time when no 

one wanted to finance such studies because finding a solution brought with it the re-

sponsibility of addressing the problem. He pushed through and insisted on doing the 

trials and developing treatment, even though the political buy-in was not yet there.’

When antiretroviral therapy became affordable and the regimens less complex, Joep 

founded PharmAccess to increase access to treatment for those who needed it most. 

To Joep, the fact that HIV/AIDS treatment was not available in Africa was – at best – a 

lack of will mixed with stupidity. At worst, it was pure racism. ‘Joep was always one 

step ahead,’ Schellekens said. ‘He taught us that doctors who can talk economics 

can change the world. While working to change policies at governmental level, Joep 

remained determined to deliver care all the way to the local last mile.’

Wrapping up the symposium, chairs Dr Zewdie and Prof Kazatchkine summarized the 

day as follows: From the first case of AIDS Joep Lange saw in 1983 and his first trip 

to the African continent in 1992 to the first treatment successes in 1996 in providing 

access to antiretroviral therapy in resource-poor settings, Joep advocated to treat all 
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HIV-affected persons equally. From the public sector to the private sector, from activ-

ists to pharmaceutical companies, from scientists to patients, Joep involved all parties.

Commemorating Joep’s awe-inspiring achievements towards universal access to HIV 

treatment, global health and universal health coverage, we continue to be inspired by 

him today. Let us be determined doctors, humanitarians, scientists, activists, econo-

mists, provocateurs and health revolutionaries who get things done in the field of HIV 

and global health. Let us continue Joep’s legacy.
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lOng-TERM EFFECTS OF HIV TREATMEnT In SuB-SAHARAn AFRICA:  
FROM ACCESS TO QuAlITy.

Since the early 2000s, international partnerships, major donor funding, political com-

mitment and community activism have transformed the global HIV/AIDS epidemic 

[1]. As of June 2015, 15.8 million people had access to antiretroviral therapy (ART), 

of whom over two-third reside in sub-Saharan Africa [2]. This has led to large reduc-

tions in HIV-related morbidity and mortality, and improved national life-expectancy. 

Furthermore, access to ART has reverted the HIV epidemic and reduced transmission. 

Increasing numbers of HIV-positive pregnant women receive antiretroviral (ARV) 

drugs, which protects both themselves against HIV progression and prevents vertical 

transmission of HIV to their babies. Since 2000, there has been a reduction of 35% in 

all new HIV infections, with a 58% decrease in new infections among children [3]. At 

the same time, the epidemic is still ongoing with an estimated 2 million people newly 

infected with HIV and the death of 1.2 million in 2014 due to AIDS-related disease [3]. 

The recent international 90-90-90 targets are aiming for continued expansion of access 

to and lifelong treatment with ART [4]. According to these targets, 90% of all people 

living with HIV should know their HIV status; 90% of all people with diagnosed HIV 

infection should receive sustained ART; and 90% of all people receiving ART should 

have viral suppression, by 2020. If these targets are reached, 73% of all people living 

with HIV worldwide will achieve suppression. Modelling suggests that if these targets 

are met by 2020, it will be possible to end the AIDS epidemic by 2030. This will be 

possible through the prevention of AIDS and onward transmission of HIV as a results 

of durable HIV suppression. While the global response to the HIV epidemic has been 

a major effort with promising results, the job is certainly not yet complete. Scale-up 

must continue and new challenges lie ahead to secure long-term HIV treatment suc-

cess in all steps of the cascade of HIV care. Without scale-up, the HIV/AIDS epidemic 

will continue to outrun the response, increasing the long-term need for HIV treatment 

and increasing future costs [5]. 

One of the challenges of long term ART success is durable viral suppression, in 

the context of increasing HIV drug resistance in sub-Saharan Africa [6]. The studies 

presented in this thesis evaluate the effect of HIV treatment programmes and the 

emergence of HIV drug resistance in adults and children, in sub-Saharan Africa. First, 

we described pretreatment challenges for HIV-infected children in sub-Saharan Africa. 

Second, we described the long-term virological suppression rates in HIV-infected 

children and adults receiving first-line ART in low- and middle-income countries. 

Third, we described the future ARV drug options for people who are failing standard 
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first- and second-line ART. This chapter provides a summary and general discussion 

of the study findings, followed by future perspectives. 

Part I - Starting HIV treatment: pretreatment challenges

Chapter 1 provides a general introduction of this thesis. In Chapter 2, we studied 

the barriers to ART initiation for 306 HIV-infected children aged ≤12 years, in three 

clinics in Uganda. We found that the children reported very late for treatment: 72% of 

the children were diagnosed with advanced HIV disease at ART initiation (i.e. WHO 

clinical stage 3 or 4). The risk factors for late presentation were: being younger than 

two years of age, living without parents, caregiver unemployment, lack of prevention 

of mother-to-child transmission (PMTCT) services, and high transportation costs to the 

clinic. We confirmed these risk factors through interviews with both health workers 

and caregivers of children attending the clinics. In addition, these interviews revealed 

that that inconsistent referral from perinatal care, caregivers’ lack of awareness of HIV 

symptoms, fear and stigma also contributed to late presentation. 

It is important to start ART early, especially in children. To improve access to (paediat-

ric) HIV care, there is a need for better psychosocial support for mothers, community 

and orphanage outreach programs, and linkage of antenatal care systems to ART 

providers. Our study added insight into the challenges of identifying HIV-infected 

infants directly after birth and recruiting them into care. Knowledge of these factors 

and their potential solutions is important to help health workers and ART program 

planners to create interventions that reach HIV-infected infants as early as possible. 

This will in turn avoid preventable child morbidity and mortality [7]. Children are not 

only at higher risk when HIV-infected, they are also taking longer to get diagnosed 

and require special attention to reach the first 90-90-90 target (90% of all people liv-

ing with HIV knowing their status). In addition, an improvement in HIV diagnosis in 

children could also increase the number of HIV diagnosis in adults (the mother and 

father), preventing future infant infections.

In Chapter 3 and 4, we assessed the prevalence of HIV drug resistance mutations 

(DRMs) before first-line ART initiation among children in Uganda and Nigeria. In the 

same cohort of children in Uganda as described in chapter 2, we found that 28 out of 

279 (10%) children initiating first-line ART had DRMs (Chapter 3). Previous exposure 

to ARV drugs for PMTCT was a significant contributor to the presence of DRMs: 8% 

of ARV-naïve children versus 36% of ARV-exposed children had DRMs. Interestingly, 

16% of children with unknown ARV exposure also had DRMs. Further significant risk 

factors for HIV drug resistance were younger age, maternal ART use and breastfeed-
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ing. In Chapter 4, we found that 13 out of 82 (16%) ARV-naïve children aged ≤12 

years in Lagos, Nigeria initiating first-line ART had DRMs.

To put these findings into context, we systematically reviewed all published literature 

on the prevalence of DRM in children in sub-Saharan Africa (Chapter 4). We included 

16 studies, including our own studies, from 11 African countries (2,057 children). In 

a meta-analysis, we found an overall prevalence of 28% of DRMs among children in 

sub-Saharan Africa. The prevalence of children harbouring at least one DRM was four 

times as high in children who received PMTCT: 40% in ARV-exposed children versus 

10% in ARV-naïve children, respectively. Among ARV-naïve children, the prevalence 

has increased over the past decade.

For the survival of HIV-infected children, early identification of HIV infection in in-

fancy and prompt initiation of effective ART is critical [7,8]. Our studies (Chapter 3 

and 4) indicate that knowledge of ARV-exposure (ie, PMTCT) is not enough to clearly 

rule-out children at risk of harbouring DRMs. The high and increasing prevalence 

of HIV drug resistance underlines the need for protease inhibitor (PI) based, rather 

than non-nucleoside reverse transcriptase (NNRTI) based first-line ART regimens for 

children in sub-Saharan Africa, irrespective of ARV exposure through PMTCT [9]. Since 

2013, the WHO recommends initiation of PI-based first-line ART for children under 

3 years of age [10,11]. However, implementation of PI-based ART for children is not 

always feasible due to the higher costs, and the limited availability of paediatric formu-

lations which require a cold-chain [12,13]. Efforts should focus on making paediatric 

formulations for PIs available for Africa. Surveillance of pretreatment drug resistance 

remains essential in the optimization of first-line ART regimen, especially in children.

Part II - long-term outcomes of first-line antiretroviral therapy

In Chapter 5 and 6, we systematically reviewed all published literature and con-

ference abstracts reporting on virological outcomes among HIV-positive adults and 

children on first-line ART, in low- and middle-income countries. We investigated the 

proportion of adults and children reaching virological suppression from 6 months 

up to five years after ART initiation. In total, we included 72 paediatric and 165 adult 

studies in these meta-analyses.

In Chapter 5, we found that 70-80% of children on first-line ART in low- and middle-

income countries reached virological suppression after 6-24 months. After up to five 

years, 60-80% remained virologically suppressed, but few studies reported long-term 

outcomes. When using an intention to treat approach (accounting for children who 

were lost to follow-up, died, or stopped therapy and assuming that these children 
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experienced virological failure) suppression rates were much lower, at 45-55% after 

6-24 months. To assess the guideline change from NNRTI-based to PI-based first-

line ART, we compared children receiving an NNRTI- versus PI-based first-line ART 

regimen. Our findings indicated that PI-based regimens are favourable compared to 

NNRTI-based regimen for children in a programmatic setting. Furthermore, virological 

suppression rates at 6-12 months were significantly better in children without PMTCT 

exposure.

In Chapter 6, we found high and stable levels of virological suppression (>80%) 

among adults retained in care during the first five years of first-line ART in low- and 

middle-income countries. When accounting for adults who were lost to follow-up, 

died, or stopped therapy and assuming all of them had virological failure, available 

data suggest that suppression rates declined from 75% to 62% during the first four years 

of ART. Early virological suppression rates (i.e. after 6-12 months) were significantly 

higher in Asia compared with sub-Saharan Africa, but differences tended to disappear 

over time (24-60 months).

In these two large meta-analyses (Chapter 5 and 6), we showed that rates of vi-

rological suppression in children were slightly lower (70-80%) than those found in 

adults (>80%). In general, satisfactory rates of virological suppression are possible 

in low- and middle income countries. Children remain a vulnerable population, at 

increased risk for treatment failure. While high (>90%) virological suppression rates 

have been achieved in children in high-income countries [14,15], this was not the case 

in low- and middle-income countries. In order to achieve optimal treatment results for 

HIV-infected children in low- and middle-income countries, practical and affordable 

paediatric formulations and regimens (i.e. PIs) and improved treatment monitoring 

is needed. Further research is needed to better describe virological outcomes among 

adults and children who are lost to follow-up and those who stop therapy, so that 

these results can be taken into account in future estimates of population-level vi-

rological suppression. These retention data are needed to inform a comprehensive 

benchmark framework, and to assess and monitor program performance, including 

the 90-90-90-targets [4].

In Chapter 7, we assessed the effect of pretreatment HIV drug resistance on mortality, 

the development of AIDS and switches to second-line ART in adults on first-line ART 

in sub-Saharan Africa. We included 2579 adults on NNRTI-based first-line ART with 

genotypic test results available from Uganda, Nigeria, Zimbabwe, Kenya, Zambia, 

Zimbabwe and South Africa. Before ART initiation, 14% had DRMs which were mostly 

NNRTI-associated. Overall, 6% of participants had DRMs associated with reduced 
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susceptibility to the prescribed regimen (i.e. pretreatment drug resistance). We found 

that among participants with pretreatment drug resistance, switching to second-line 

ART was nearly 4-times as common compared to those without. During the first 3 

years on ART, pretreatment drug resistance was not associated with the development 

of new AIDS-related events or excess mortality. We found that at 3-year follow-up, 4% 

of patients had switched to second-line ART. Of concern, 24% of participant in this 

study who were switched to second-line ART either had VL < 1000 cps/mL, or VL ≥ 

1000 cps/mL without presence of DRMs, which means they could still have benefited 

from continuing on first-line ART.

This study showed that the presence of pretreatment drug resistance diminishes the 

long-term effectiveness of first-line ART, and is strongly associated with switching 

to second-line ART (Chapter 7). The study extends previous findings of the PASER 

cohort, that pretreatment drug resistance is associated with increased risk of viro-

logical failure, reduced CD4 recovery and increased accumulation of additional drug 

resistance after one year of first-line ART [16]. Increased access and uptake of avail-

able viral load testing could avert unnecessary switches to second-line ART. These 

switches to more costly and toxic second-line ART impair the efficiency in the use of 

scarce resources available in ART programs. Increased implementation of viral load 

monitoring and access to affordable second-line ART is urgently needed to secure 

long-term virological suppression in sub-Saharan Africa.

Part III - Salvage drug options 

In Chapter 8 and 9, we described the prevalence and patterns of acquired drug 

resistance and future ARV drug options for people who are failing standard first- and 

second-line ART. In the setting of limited or absent virological monitoring we were 

able to investigate the effect of ongoing viral replication on the accumulation rate and 

patters of DRMs as well as predict susceptibility of future ARV drug regimens. First, 

we described the remaining drug susceptibility after continued virological failure on 

first-line ART in both adults and children (Chapter 8). Next, we described the risk of 

virological failure on second-line ART in adults and explored the level of PI-resistance 

after failure (Chapter 9).

In Chapter 8, we evaluated the virological outcomes of 2,737 adults and 289 children 

on NNRTI-based first-line ART in sub-Saharan Africa. We found that virological failure 

rates were approximately three times higher in children compared to adults: 24 and 

30% versus 9% after 1 and 2 years. We included both adults (N=63) and children (N=56) 

with continued virological failure and a genotype test result at at least two follow-up 

points. At first virological failure, ≥1 DRM was detected in 87% of participants: 83% 



222

Chapter11

harboured NNRTI-resistance mutations and 73% harboured NRTI-resistance muta-

tions. While drug susceptibility was already reduced in many participants at first-time 

failure, the predicted susceptibility declined significantly after continued virological 

failure for all NNRTIs and NRTIs. Whereas virological failure rates were significantly 

higher in children compared to adults, we found no significant differences in the pat-

terns and accumulation rate of DRMs.

In Chapter 9, we found that among 227 adults on PI-based second-line ART in sub-

Saharan Africa, ≥85% reached virological suppression at any time point during 2-3 

years of follow-up. The risk factors for having a detectable VL were non-standard or 

PI-based first-line ART, PI-resistance at switch and poor adherence. While we found 

high rates of virological suppression, major PI resistance was detected in 22% of 

those participants failing second-line ART. After virological failure, most participants 

retained susceptibility to darunavir (81%), and less than half retained susceptibility to 

second-generation NNRTIs (etravirine 47%, rilpivirine 31%).

High rates of acquired drug resistance after failure of NNRTI-based first-line treat-

ment were common in both adults and children, requiring second-line PI-based ART. 

After virological failure on PI-based second-line ART, 1 out of 5 adults required third-

line ARV drugs due to acquired PI resistance which are currently unavailable and/

or unaffordable in the public sector sub-Saharan Africa. According to our findings, 

new drug classes (i.e. second-generation PIs and integrase inhibitors) are required 

to construct fully-active second- and third-line ART regimens for Africa. The role of 

second-generation NNRTIs in both second- or third-line regimens is expected to be 

limited. To ensure long-term ART success, intensified adherence support, virological 

monitoring and third-line drug options are urgently needed.

Epilogue – from AIDS to global health impact 

In the epilogue (Chapter 10), we paid a tribute to the late Professor Joep Lange and 

Jacqueline van Tongeren. We reported on the symposium held on October 14th 2014 

at the Academic Medical Center of the University of Amsterdam, titled ‘Research in 

action: from AIDS to global health to impact. A symposium in recognition of the sci-

entific contributions of Professor Joep Lange’. The scientific symposium traced Joep’s 

career, starting in the early eighties with the treatment of the first AIDS patients and the 

design of ART, moving towards the emerging field of global health and ending with 

his most recent focus: using knowledge derived from scientific research to improve 

access to quality health care in real-world settings.
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As discussed in this thesis, the future of good quality HIV care is only feasible if it forms 

part of a high quality sustainable healthcare system in sub-Saharan Africa. Access to 

care for all, long-term retention in care, continuous annual viral load monitoring and 

adherence to treatment are important topics for durable HIV treatment programmes. 

Sustainable healthcare delivery systems and healthcare financing are essential to 

ensure long-term (HIV) care of high quality in sub-Saharan Africa.

FuTuRE PERSPECTIVES

HIV diagnosis and treatment initiation

Immediate ART initiation after HIV diagnosis is recommended in adults and children, 

due to both the proven clinical and epidemiological benefits [11]. Therefore, the first 

two 90-90-90 targets entail increased HIV testing (90% of all people living with HIV 

should know their HIV status) and prompt ART initiation (90% of all people with 

diagnosed HIV infection should receive sustained ART) to prevent AIDS and onward 

HIV transmission [4]. Results from randomized clinical trials have shown that early 

initiation of ART in asymptomatic individuals with high CD4 counts provides a large 

clinical benefit, effectively reducing morbidity and mortality [17,18]. Besides the clini-

cal benefit, this ‘test & treat’ approach also simplifies the process of ART initiation, as 

the moment of treatment initiation no longer depends on a clinical assessment or CD4 

count testing. Point-of-care tests for HIV diagnosis are a good and cost-effective tool 

to improve diagnosis and linkage to care in adults [19,20].

The effects of early treatment initiation on morbidity and mortality are particularly 

important in young children [7]. However, diagnosis of children through ‘early infant 

diagnosis programs’ remains challenging [20]. This is due to a high rate of loss to 

follow up as well as reliance on DNA PCR for children under 18 months of age [21,22]. 

While 41% [38-46%] of all people living with HIV in sub-Saharan Africa had access to 

ART, only 30% [28-32%] of children received ART in 2014. The proportion of children 

living with HIV who receive ART more than doubled from 14% [13–15%] in 2010 to 

32% [30–34%] in 2014. Community support, and improved access to and knowledge 

of early infant diagnosis services are needed to increase paediatric HIV diagnosis and 

uptake of paediatric HIV services [23–25].

Antiretroviral therapy in sub-Saharan Africa

The public health approach has been very successful in the administration of standard 

NNRTI-based first-line and PI-based second-line ART regimen in resource-limited 

settings [3,26,27]. Access to affordable first-line NNRTI-based ART has led to major 
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success in the prevention of HIV-related morbidity and mortality, and will continue 

to be important to reach the target of providing ART to 90% of all people with an HIV 

diagnosis. This was confirmed by our studies, which showed that the large majority of 

adults and children are reaching good levels of virological suppression on first- and 

second-line ART (Chapter 5 and 6) [28,29].

Since the introduction of ART in 2001, safer and more efficacious ARV drugs are 

becoming available, and new drug classes are becoming more affordable in resource-

limited settings. To ensure the future success of the public health approach for ART 

in sub-Saharan Africa, it is important to know which ARV drugs are cost-effective. 

Generic NNRTI-based first-line ART is now available in sub-Saharan Africa for US$115 

per person per year. Prices of second-line PI-based ART have also fallen to US$330 

per person per year but third-line drug options cost at least $1500 per person per year, 

and are therefore not affordable for most HIV-positive people in sub-Saharan Africa. 

While prices of generic ARV drugs have declined by 90% over 15 years’, further price 

reductions and sustainable healthcare financing are essential for long-term HIV treat-

ment in sub-Saharan Africa [1]. Continued global advocacy and community activism 

are needed to reduce the price of ARVs and associated healthcare in resource-limited 

settings [13,30].

Since the end of 2015, the integrase inhibitor dolutegravir is recommended by the 

WHO as an alternative first-line drug for adults [11]. This follows ART guidelines from 

resource-rich settings, where integrase inhibitors are increasingly being recommended 

and implemented because of the favourable toxicity profile, once-daily dosing and 

high barrier for drug resistance [31–34]. While NNRTI-based ART is much cheaper and 

effective for most people in sub-Saharan Africa, the introduction of integrase inhibitors 

could become appropriate in regions with high levels of pretreatment drug resistance. 

It is not yet concluded however, what level of pretreatment drug resistance should 

constitute a change in recommended first-line regimen within national guidelines. 

Mathematical modelling and economic analysis showed that, with increasing levels of 

transmitted drug resistance, recommending viral load testing 6 months after ART initia-

tion will be preferred over changing to a PI-based first-line regimen [35]. As shown in 

Chapter 7, timely detection of virological failure on NNRTI-based first-line regimen, 

followed by prompt switching to second-line, could precede HIV-related morbidity 

and mortality [29]. This is reflected in current HIV treatment guidelines which recom-

mend access to ART as a priority, followed by access to viral load monitoring [10,11].

While the absolute number of children becoming newly infected with HIV is decreas-

ing because of PMTCT success, infants and children who do get infected have a 
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high risk of pretreatment drug resistance (Chapter 3 and 4) [9,26]. This supports 

the recommended use of protease-inhibitors (PIs) in first-line regimen for children 

under 3 years of age. Where feasible, it is recommended to extend the initiation of 

PI-based first-line ART to children ≥3 years of age [36,37]. The limited availability 

of paediatric formulations of PIs is of concern. Considering high rates of virological 

failure in children, next-line regimens (i.e. integrase inhibitors) are urgently needed 

for children [38].

laboratory monitoring

To monitor the response to ART, viral load testing is the preferred approach to detect 

and confirm treatment failure [10,11]. Sustainable virological suppression on ART is 

also the third target of the 90-90-90 targets (90% of all people receiving ART should 

have viral suppression). Viral load monitoring can also be used as an adherence en-

hancement tool, leading to viral (re)suppression after targeted adherence counselling 

[39,40]. Early detection of treatment failure, followed by switching to second-line ART 

if needed, can enable re-suppression and prevent the accumulation of dug resistance 

mutations [41]. 

At current prices of viral load assays and second-line ARV drugs, cost-effectiveness 

analyses shows that viral load monitoring should be considered only after high ART 

coverage has been achieved [42].Viral load monitoring strategies could be improved 

however and costs should be reduced, for example by means of centralized viral load 

testing using dries blood spots, which has been found to be a cost-effective strategy 

to improve treatment monitoring [43,44]. The logistics used for centralized viral load 

testing could pave the way for drug resistance testing which will become cheaper and 

therefore more accessible in the future.

The implementation of viral load monitoring requires more than the availability of 

viral load technology; uptake of viral load test results [45,46]. When viral load testing 

is available, the turnaround times of viral load results from the lab to the clinician 

need to be optimized [47]. Logistical challenges need to be overcome to effectively 

integrate viral load testing within HIV care. Subsequently, uptake of viral load results 

in clinical decision making can improved, as switching to second-line regimens is 

currently limited. Availability of affordable second-line and eventually third-line ARV 

drugs could reduce the reluctance to switch to different regimen.

The scale up of ART is not uniform within each country. The prevalence of transmitted 

drug resistance varies across geographical regions, and is associated with the year of 

ART roll-out [6]. National and regional surveys of HIV drug resistance are required 
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in both populations starting ART (pretreatment drug resistance) and receiving ART 

(acquired drug resistance) to inform national guidelines on preferred ART regimen 

[48–51]. The implementation of prospective surveys has been challenging, especially 

in areas of concentrated or low prevalence HIV epidemics, and where service delivery 

is decentralized. Since 2012, the World Health Organization changed strategies mov-

ing from prospective surveys to cross-sectional surveys among adults and children 

initiating ART and among those receiving ART [52]. As international efforts are con-

centrating more on key populations and locations [2], national representative surveys 

remain important to benchmark the success of focussed interventions. Personalized 

genotyping at first- or second-line treatment failure is challenging and underlines the 

importance of monitoring and surveillance. Only few African laboratories are accred-

ited for genotypic resistance testing and costs are high. After virological failure on 

second-line PI-based ART, individual genotype resistance testing is recommended to 

distinguish drug resistance from poor adherence. Like with viral load testing, the roll-

out of genotype resistance testing requires implementation strategies to yield optimal 

results in clinical practice.

Challenges for laboratory strengthening are numerous: specimen transport, equip-

ment breakdown, shortage in trained personnel, and weak laboratory information 

management systems and laboratory infrastructure [53,54]. Improvements to labora-

tory capacity are vital for HIV treatment and the benefits incurred will extend beyond 

this specific field. The rising levels of antimicrobial resistance have reached the inter-

national security agenda, because of its threat to global health as well as the associated 

costs [55]. In the long term, national surveillance of pretreatment and acquired HIV 

drug resistance should be part of systematic global surveillance systems, to track the 

spread of both infectious diseases and antimicrobial resistance. 

long-term HIV care

There is currently no HIV vaccine available and there is no cure [56]. ARVs are a 

powerful weapon, but also the only weapon against HIV. Therefore, ARVs should be 

used wisely, to keep the development of drug resistance to a minimum and sensibly 

target drug resistant HIV with new drugs. The demand for second- and third-line ART 

will increase as access to viral load monitoring improves and first-line ART continues 

to be scaled up [57]. 

ARV drugs are also very effectively used in the prevention of HIV transmission. Suc-

cessful viral suppression reduces the risk of HIV transmission between serodiscordant 

couples, and prevention of mother-to-child transmission (PMTCT) during pregnancy, 

labour and breastfeeding. In order to eliminate HIV/AIDS, we must protect children 
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from becoming infected with HIV through optimal use of PMTCT interventions. 

With increased ART use during pregnancy (PMTCT option B+), the number of HIV-

infections among infants is decreasing [26]. Still, 2.3 [2.2-2.5] million children were 

living with HIV in sub-Saharan Africa in 2015 [26]. Even with continued progress in 

prevention of mother-to-child transmission, the WHO and UNICEF project that 1.9 

million children will require HIV treatment in 2020 [4]. Additionally, ARV drugs can 

protect HIV-negative people with a high risk of HIV acquisition through pre-exposure 

prophylaxis (PrEP) and post-exposure prophylaxis (PEP) [58–60]. Strong adherence to 

PrEP and periodic HIV testing are required however, to maximize its protective effect 

and prevent emergence of drug resistance [61]. Future research should evaluate the 

impact of PrEP on new HIV-infections and drug resistance in a real-life, programmatic 

setting [62]. 

Historically, healthcare systems in sub-Saharan Africa have not been designed to 

provide chronic care. Currently, international HIV treatment targets need to shift from 

access to ART to long-term, high-quality HIV care. Continued international funding 

and political commitment remain essential in the HIV response [63]. To optimize HIV 

diagnosis, direct ART initiation and durable viral suppression, healthcare services 

need improved referral systems, good patient retention in care, and an efficient clinic-

laboratory interface. To combat rising levels of HIV drug resistance, efforts are needed 

to provide quality HIV care for those failing standard treatment regimen. Prevention 

of drug resistance development in a proportion of the population will limit overall 

levels of HIV drug resistance. Laboratory capacity and the availability of affordable 

second- and third-line drugs for adults and children are needed to achieve long-term 

virological suppression in sub-Saharan Africa.
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lAngETERMIjnEFFECTEn VAn HIV-BEHAnDElIngEn In AFRIkA TEn zuIDEn 
VAn DE SAHARA: VAn TOEgAng nAAR kwAlITEIT.

Het humaan immunodeficiëntievirus, kortweg HIV, is nog steeds een van de grootste 

veroorzakers van de ziektelast in de wereld. In 2014 waren er naar schatting 37 miljoen 

mensen HIV-positief. Zonder behandeling breekt HIV het immuunsysteem langzaam 

af. Dit leidt uiteindelijk tot AIDS (acquired immunodeficiency syndrome - verworven 

immunodeficiëntiesyndroom). Tegenwoordig is er een behandeling voor HIV die 

bestaat uit combinatietherapie. Hierdoor is de HIV-epidemie drastisch ingeperkt en 

kunnen mensen met HIV tegenwoordig lang en gezond leven.

Vergeleken met 200.000 mensen in het jaar 2002, hadden in juni 2015 naar schatting 

15 miljoen mensen toegang tot HIV-behandelingen. Hiervan hadden meer dan 11 

miljoen mensen toegang tot combinatietherapie in Afrika ten zuiden van de Sahara 

(hierna aangeduid als ‘Afrika’). Door behandeling met combinatietherapie zijn naar 

schatting 8 miljoen AIDS-doden voorkomen tussen het jaar 2000 en 2014.

HIV-behandeling

HIV vermenigvuldigt zich in het menselijk lichaam in een hoog tempo: ieder virus-

deeltje produceert circa 100.000.000.000 nieuwe virussen per dag. Verschillende virale 

enzymen zorgen voor de vermenigvuldiging van HIV, namelijk: reverse-transcriptase, 

voor de omzetting van viraal RNA naar DNA; integrase voor de innesteling van het 

virale DNA in het DNA van de gastheer (de mens); en protease, die er voor zorgt 

dat de virusdeeltjes de cel weer kunnen verlaten. De replicatie van HIV is echter erg 

foutgevoelig. In iedere levenscyclus ontstaat er ten minste één willekeurige (random) 

mutatie in het virus. Dit zorgt er voor dat er talloze verschillende versies van het virus 

ontstaan, wat het ontwikkelen van medicatie of een vaccin tegen HIV ernstig bemoei-

lijkt. In 1987 kwam de eerste HIV-remmer op de markt: azidothymidine (AZT), een 

nucleosideanaloog reverse-transcriptaseremmer (nucleoside reverse transcriptase in-

hibitor, NRTI). HIV-patiënten die het middel gebruikten zagen hun levensverwachting 

indrukwekkend verbeteren. Helaas was het effect van korte duur: HIV ontwikkelde 

resistentie tegen AZT. Om diezelfde reden verloren ook nieuwe HIV-remmers, die op 

de markt kwamen als mono- of duotherapie, hun effectiviteit.

In 1996 bracht de introductie van combinatietherapie wel langdurige verbetering 

van de levensverwachting. Nieuwe klassen van HIV-remmers, non-nucleoside ana-

loog reverse-transcriptaseremmers (non-nucleoside reverse transcriptase inhibitors, 

NNRTIs) en proteaseremmers (protease inhibitors, PIs), werden ontwikkeld, die ieder 

ingrijpen in een andere fase van de vermenigvuldigingscyclus van het virus. Combina-
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tietherapie bestaat uit een mix van minimaal drie HIV-remmers uit twee verschillende 

klassen. De combinatietherapie is zo in staat om de replicatie van HIV langdurig te 

onderdrukken, met minimale ontwikkeling van resistentie. We noemen dit fenomeen 

virologische suppressie. Na de ontwikkeling van NRTIs, NNRTIs en PIs, zijn er nieuwe 

klassen van HIV-remmers bijgekomen, namelijk: integraseremmers, fusieremmers en 

maturatieremmers.

kinderen met HIV

Baby’s die geboren worden uit een moeder met HIV lopen het risico om geïnfecteerd 

te raken tijdens de zwangerschap, de bevalling of bij het ontvangen van borstvoeding. 

Door moeder en kind te behandelen met HIV-remmers wordt de kans op overdracht 

geminimaliseerd. In de westerse wereld komen nieuwe HIV-infecties bij kinderen nau-

welijks meer voor. Desondanks leven er naar schatting 2.6 miljoen HIV-geïnfecteerde 

kinderen in de wereld, waarvan 90% in Afrika. Een vroege diagnose is juist bij kinde-

ren van groot belang: zonder behandeling overlijdt één op de drie kinderen voor het 

tweede levensjaar. Een HIV-infectie verloopt bij kinderen sneller dan bij volwassenen 

en brengt specifieke problemen met zich mee. Kinderen zijn voor toegang tot de zorg 

en voor therapietrouw afhankelijk van ouders en verzorgers. Er zijn veel factoren 

die dat niet vanzelfsprekend maken. Daarnaast maakt het groeiende kinderlichaam 

met het steeds veranderende lichaamsgewicht van kinderen de juiste dosering van 

HIV-remmers extra gecompliceerd.

HIV-behandeling in Afrika – de volksgezondheidsbenadering

Het jaar 1996 was voor HIV-patiënten in de westerse landen een omslagpunt, echter 

voor Afrika gold dat geenszins. Combinatietherapie was daar niet beschikbaar en ook 

niet betaalbaar. Eind 2001 waren er 40 miljoen mensen HIV-positief, waarvan er 26 

miljoen in Afrika woonden. Drie miljoen mensen stierven aan AIDS datzelfde jaar. 

De impact van de epidemie zorgden voor een achteruitgang in de maatschappelijke 

ontwikkeling in Afrika, omdat het aantal nieuwe HIV-infecties toenam en de levens-

verwachting scherp daalde. 

HIV-behandelrichtlijnen waren in die tijd gebaseerd op een westerse setting. Artsen 

konden alle beschikbare HIV-remmers voorschrijven en de behandeling vervolgens 

nauwkeurig monitoren met geavanceerde laboratoriumtechnieken. Deze individu-

ele, op maat gesneden behandelplannen waren in Afrika echter niet haalbaar. De 

capaciteit van artsen en laboratoria was – en is – daarvoor ontoereikend. Daarom 

besloot de Wereldgezondheidsorganisatie (World Health Organization, WHO) in 

2002 tot een nieuwe aanpak in Afrika. Deze volksgezondheidsbenadering (public 

health approach) voorzag in het verstrekken van een gestandaardiseerde, generieke 



239

Nederlandsesamenvatting(SummaryinDutch)

combinatietherapie, met beperkte laboratoriummonitoring en het verschuiven van 

zorgverlening naar lager geschoolde gezondheidswerkers, met name van artsen naar 

verpleegkundigen. 

De standaard HIV-behandeling in ontwikkelingslanden bestaat sindsdien uit een 

eerstelijnscombinatietherapie van twee NRTIs in combinatie met een NNRTI. Mocht 

de therapie falen, dan kan worden overgegaan tot een zogenaamde switch. De patiënt 

krijgt nu een tweedelijnscombinatietherapie toegediend. Deze bestaat weer uit twee 

NRTIs, nu met een PI, die de aanmaak van nieuwe virussen remt. 

De volksgezondheidsbenadering heeft het mogelijk gemaakt om de HIV-zorg snel 

en efficiënt op te schalen en miljoenen mensen van combinatietherapie te voorzien. 

Echter, vanwege de beperkte laboratoriummonitoring kan het zijn dat therapiefalen 

lang onopgemerkt blijft, waardoor er toch resistentieontwikkeling plaats vindt. Een 

tweede switch, van tweede- naar derdelijnscombinatietherapie, is op dit moment in 

de Afrikaanse publieke gezondheidszorg niet beschikbaar en onbetaalbaar.

Monitoren van de behandeling

Het ziektebeloop van HIV en de respons op combinatietherapie kan worden gemeten 

door middel van klinische, immunologische en virologische monitoring. Klinisch mo-

nitoren is de evaluatie van klinische symptomen. Eenvoudig gezegd het onderzoeken 

van een patiënt naar uiterlijk herkenbare symptomen, bijvoorbeeld koorts, diarree, 

extreme vermoeidheid en gewichtsverlies zonder duidelijke reden. Immunologisch 

monitoren is de evaluatie van het immuunsysteem aan de hand van het aantal CD4+ 

T-cellen in het bloedplasma. CD4+ T-cellen zijn witte bloedcellen die een essentiële 

rol spelen in ons immuunsysteem. HIV infecteert en vermenigvuldigd zich in de CD4+ 

T-cellen en vernietigt de cel. Wanneer het aantal CD4+ T-cellen per mm3 bloedplasma 

onder een bepaald niveau daalt, wijst dit op een niet effectieve HIV-behandeling. Bij 

virologisch monitoren wordt gekeken naar de virale lading; de hoeveelheid virusdeel-

tjes in het bloedplasma. Het primaire doel van combinatietherapie is het bewerkstel-

ligen van een zo laag mogelijke virale lading. Over het algemeen is een hoge virale 

lading (virologisch falen) het eerste teken van therapiefalen. Bij een hoge virale lading 

wordt het immuunsysteem aangevallen en daalt vervolgens het aantal CD4+ T-cellen 

(immunologisch falen). Door het aangetaste immuunsysteem kunnen eenvoudige 

infecties niet meer worden overwonnen en zullen er klinische symptomen optreden 

(klinisch falen). Er is sprake van AIDS bij een ernstige vorm van klinisch falen. 

De volksgezondheidsbenadering gaat uit van het klinisch en – indien mogelijk – im-

munologisch monitoren van de HIV-behandeling. De middelen om virologisch te 
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monitoren zijn in Afrika slechts zelden voorhanden. Omdat virologisch falen op die 

manier vaak pas laat kan worden ontdekt, kunnen complexe resistentie mutaties ac-

cumuleren; HIV zal steeds resistenter worden tegen de HIV-remmers.

Resistentieontwikkeling

Bij resistente HIV kan het virus zich, ondanks het gebruik van HIV-remmers, blijven 

vermenigvuldigen. We onderscheiden verworven en overgedragen resistentie. Ver-

worven HIV-resistentie kan ontstaan wanneer iemand wel HIV-remmers gebruikt, 

maar niet in toereikende mate, bijvoorbeeld vanwege slechte therapietrouw. Door 

een proces van selectie en mutatie ontwikkelt HIV vervolgens een resistente vorm. 

Overgedragen HIV-resistentie treedt op wanneer deze resistente virussen worden 

overgedragen naar een HIV-negatief persoon. We spreken van pre-therapie HIV-

resistentie bij mensen die al een resistente vorm van HIV bij zich dragen als ze met 

combinatietherapie starten.

In DIT PROEFSCHRIFT

In Afrika wordt resistente HIV in toenemende mate waargenomen en vormt het 

een bedreiging voor het succes van HIV-behandelprogramma’s. In dit proefschrift 

onderzoeken we welke factoren kunnen bijdragen aan de volgende fase van HIV-

behandeling in Afrika: van toegang tot combinatietherapie naar kwalitatieve HIV-zorg 

voor volwassenen en kinderen. 

Om HIV-resistentie bij volwassenen in Afrika te monitoren en voorkomen, is in 

2006 PASER gestart (PharmAccess/PanAfrican Studies to Evaluate Resistance). Dit 

capaciteitsopbouw- en onderzoeksprogramma stelt zich als doel het verspreiden van 

informatie, alsmede het behartigen van belangen en het ondersteunen van beleid. Dit 

gebeurt in samenwerking met haar Aziatische zusje TASER (TREAT Asia Asian Studies 

to Evaluate Resistance) en de WHO. PASER volgt 3000 HIV-positieve volwassenen 

op eerste- en tweedelijns combinatietherapie in 13 klinieken in Kenia, Nigeria, Zuid-

Afrika, Oeganda, Zambia en Zimbabwe. In de afgelopen jaren zijn ook soortgelijke 

studies opgezet naar HIV-behandelprogramma’s en HIV-resistentie bij 400 kinderen 

in Oeganda en Nigeria (MARCH, Monitoring Antiretroviral Resistance in Children).

Deel I – Starten met HIV-behandeling 

Na de algemene introductie (Hoofdstuk 1), behandelden we in deel I de uitdagingen 

bij het starten met eerstelijns combinatietherapie bij HIV-geïnfecteerde kinderen. In 

Hoofdstuk 2 onderzochten we de barrières die HIV-geïnfecteerde kinderen ervaren 
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om tijdig te starten met combinatietherapie, in drie klinieken in Oeganda. Voor het 

verdere ziektebeloop en hun overlevingskansen is een snelle start essentieel. We 

vonden dat 72% van de kinderen pas op latere leeftijd en met vergevorderde ziekte-

verschijnselen startten. We zagen dat deze kinderen ook vaker wees waren en minder 

vaak HIV-remmers hebben ontvangen voor de preventie van moeder-kind transmissie 

van HIV. Ook hadden zij hogere reiskosten en vervoersproblemen naar de kliniek. 

Dit werd bevestigd in interviews met ouders/verzorgers en gezondheidswerkers. Ge-

vraagd naar mogelijke verbeteringen werden genoemd: een meer consistente door-

verwijzing vanuit de perinatale zorg, een betere voorlichting aan ouders en verzorgers 

ten einde HIV-symptomen snel te herkennen en psychosociale steun om angst en 

stigmatisering te voorkomen.

Vervolgens onderzochten we de pre-therapie resistentiepatronen bij HIV-geïnfecteer-

de kinderen in Oeganda en Nigeria. We vonden resistente HIV bij 10% van de kinde-

ren die startten met eerstelijnscombinatietherapie in Oeganda (Hoofdstuk 3). Eerder 

gebruik van HIV-remmers voor de preventie van moeder-kind transmissie bleek een 

belangrijke voorspeller voor resistentie. Ook bij kinderen van wie men niet wist of ze 

eerder HIV-remmers hadden gebruikt, bleek het risico verhoogd. 

In Nigeria vonden we resistente HIV bij 16% van de kinderen die, zonder eerder ge-

bruik van HIV-remmers, startten met combinatietherapie (Hoofdstuk 4). Vervolgens 

hebben we door middel van literatuurstudie en meta-analyse de pre-therapie HIV-

resistentie bij kinderen in heel Afrika in kaart gebracht (Hoofdstuk 4). Op basis van 

zestien studies in elf Afrikaanse landen vonden we dit soort HIV-resistentie bij 28% 

van de kinderen. Bij kinderen die eerder HIV-remmers hadden gekregen, vonden 

we vier keer zo veel resistentie: 10% versus 40%. Ten slotte zagen we dat het aantal 

kinderen met pre-therapie HIV resistentie het afgelopen decennium is toegenomen, 

ook als niet eerder medicatie was ontvangen. 

Deel II – langetermijnuitkomsten van eerstelijnscombinatietherapie

In deel II beschrijven we de langetermijnuitkomsten van de eerstelijnscombinatiethe-

rapie in ontwikkelingslanden. Op basis van literatuurstudie en meta-analyse onder-

zochten we virologische suppressie na een half tot vijf jaar therapie bij volwassenen 

(Hoofdstuk 5) en kinderen (Hoofdstuk 6). We baseerden onze meta-analyses op 72 

studies bij kinderen en 165 studies bij volwassenen. We vonden dat eerstelijnscombi-

natietherapie over het algemeen goede virologische suppressie geeft, maar minder bij 

kinderen (70-80%) dan bij volwassenen (>85%). 
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In Hoofdstuk 7 stellen we vast dat pre-therapie HIV resistentie bij volwassenen de 

effectiviteit van standaard eerstelijns combinatietherapie verminderde. Zij hadden, in 

vergelijking met volwassenen zonder deze vorm van resistentie, vier keer zo veel kans 

om binnen twee tot drie jaar te moeten switchen naar tweedelijns combinatiethera-

pie. We zagen geen verschillen in de aantallen nieuwe AIDS-gevallen of overlijdens. 

Tevens zagen we dat een kwart van de patiënten onnodig switchte naar tweedelijns-

combinatietherapie, omdat er sprake was van virale suppressie dan wel virologisch 

falen zonder resistentie.

Deel III – laatste medicatie opties 

In deel III beschrijven we het optreden en de patronen van verworven HIV-resistentie 

na het falen van standaard eerste- en tweedelijnscombinatietherapie. In Hoofdstuk 

8 onderzochten we het virologisch falen bij kinderen en volwassenen bij standaard 

eerstelijnscombinatietherapie. We zagen dat kinderen tot drie keer zo vaak virologisch 

falen vertonen als volwassenen: 24% en 30% versus 9% na respectievelijk één en twee 

jaar. We zagen geen verschillen tussen de beide groepen in de patronen en de snel-

heid van resistentieontwikkeling. Hoewel de verworven resistentie al bij 87% van de 

volwassenen en kinderen te meten was na de eerste keer virologisch falen, zagen we 

dat resistentie na langdurig virologisch falen significant toenam bij het gebruik van 

NNRTIs en NRTIs.

In Hoofdstuk 9 constateren we goede langdurige virologische suppressie (≥85%) 

bij volwassenen op standaard tweedelijnscombinatietherapie. Risicofactoren voor 

virologisch falen waren een niet-standaard voorgeschreven samenstelling van de 

eerstelijnscombinatietherapie, PI-resistentie bij switch naar tweedelijnstherapie en 

slechte therapietrouw. Ook al vonden we goede virologische suppressie, 22% van 

de patiënten die virologisch faalden op tweedelijnscombinatietherapie had verwor-

ven PI-resistentie. Dit betekent dat één op de vijf patiënten na virologisch falen op 

tweedelijnscombinatietherapie derdelijns HIV-remmers nodig heeft, die echter op dit 

moment in de publieke sector in Afrika beschikbaar noch betaalbaar zijn.

Epiloog - van AIDS naar wereldwijde impact op de volksgezondheid

In het epiloog (Hoofdstuk 10) brengen we een eerbetoon uit naar de overleden 

hoogleraar Joep Lange en Jacqueline van Tongeren. We brengen verslag uit over het 

symposium ‘Research in action: from AIDS to global health to impact. A symposium 

in recognition of the scientific contributions of Professor Joep Lange’ gehouden op 14 

oktober 2014 in het Academisch Medisch Centrum van de Universiteit van Amsterdam. 
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Toekomstperspectief

De beschikbaarheid van standaard eerstelijns- en tweedelijnscombinatietherapie 

heeft het afgelopen decennium miljoenen levens gered. Voor voortgaand succes bij 

de bestrijding van HIV in Afrika is extra aandacht nodig voor kinderen met HIV. Het 

gaat hier om een zeer kwetsbare groep met hoge kans op pre-therapie HIV-resistentie 

en virologisch falen. Surveillance van pre-therapie- en verworven HIV-resistentie zijn 

van essentieel belang om een optimale standaardcombinatietherapie te bepalen en, 

indien nodig, aan te passen. Virologisch monitoren en toegang tot betaalbare tweede- 

en derdelijnscombinatietherapie zijn in Afrika cruciaal voor langdurige virologische 

suppressie bij volwassenen en kinderen met HIV.
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