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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.



151

AcquiredHIVdrugresistanceinadultsandchildren

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]. 



152

Chapter8

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.
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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. 



165

AcquiredHIVdrugresistanceinadultsandchildren

gEnBAnk ACCESSIOn nuMBERS

All HIV-1 pol sequences in this study have been deposited in GenBank: accession 

numbers are not yet available. 

ACknOwlEDgEMEnTS

The authors thank the study participants, the staff at the collaborating clinical sites 

and reference laboratories, and the support staff at the Amsterdam Institute for Global 

Health and Development, PharmAccess Foundation, Joint Clinical Research Centre, 

Institute of Human Virology Nigeria and Dept. Haematology & Molecular Medicine, 

University of the Witwatersrand. We would like to thank Ferdinand Wit for statistical 

support. PASER was part of the Linking African and Asian Societies for an Enhanced 

Response to HIV/AIDS (LAASER) programme, a partnership of Stichting Aids Fonds, 

the Foundation for AIDS Research (amfAR)-TREAT Asia, PharmAccess Foundation, 

and International Civil Society Support. The MARCH study is an initiative of the Joint 

Clinical Research Centre, PharmAccess Foundation and the Amsterdam Institute for 

Global Health and Development. The content of this article does not necessarily 

represent the official views of any of these institutions.

FunDIng

This work was supported by The Netherlands Ministry of Foreign Affairs in partnership 

with Stichting AidsFonds [grant 12454], de Grote Onderneming (Amsterdam Diner 

2008), NWO-WOTRO under the Netherlands African Partnership for Capacity Devel-

opment, Clinical Interventions against Poverty related Diseases [grant W.07.05.204.00], 

Heineken Africa Foundation, the Jura Foundation, the Embassy of the Kingdom of 

the Netherlands regional HIV/AIDS program for South Africa, and the European & 

Developing Countries Clinical Trials Partnership. The funders had no role in the study 

design, data collection, data analysis, data interpretation, decision to publish, or writ-

ing of the report.

TRAnSPAREnCy DEClARATIOnS

None to declare.



166

Chapter8

REFEREnCES

 1. WorldHealthOrganization.Guidelineon

whentostartantiretroviraltherapyandon

pre-exposureprophylaxisforHIV.2015.

 2. KouyosRD,GünthardHF.TheIrreversibility

ofHIVDrugResistance.ClinInfectDis

2015;61:1–3.

 3. WorldHealthOrganization.TheHIVdrug

resistancereport-2012.2012.

 4. HamersRL,SchuurmanR,SigaloffKCE,

etal.EffectofpretreatmentHIV-1drug

resistanceonimmunological,virological,

anddrug-resistanceoutcomesoffirst-line

antiretroviraltreatmentinsub-Saharan

Africa:amulticentrecohortstudy.Lancet

Infect.Dis.2012;12:307–17.

 5. GuptaRK,JordanMR,SultanBJ,etal.

Globaltrendsinantiretroviralresistance

intreatment-naiveindividualswithHIV

afterrolloutofantiretroviraltreatment

inresource-limitedsettings:aglobal

collaborativestudyandmeta-regression

analysis.Lancet2012;380:1250–8.

 6. SigaloffKCE,HamersRL,WallisCL,et

al.Unnecessaryantiretroviraltreatment

switchesandaccumulationofHIV

resistancemutations;twoargumentsfor

viralloadmonitoringinAfrica.J.Acquir.

ImmuneDefic.Syndr.2011;58:23–31.

 7. GilksCF,CrowleyS,EkpiniR,etal.The

WHOpublic-healthapproachtoantiret-

roviraltreatmentagainstHIVinresource-

limitedsettings.Lancet2006;368:505–10.

 8. WorldHealthOrganization,WHO.

Consolidatedguidelinesontheuseof

antiretroviraldrugsfortreatingand

preventingHIVinfection-Recommenda-

tionsforapublichealthapproach.Geneva,

Switzerland:2013.

 9. WorldHealthOrganization.Policybrief:

consolidatedguidelinesontheuseof

antiretroviraldrugsfortreatingand

preventingHIVinfection:what’snew.

2015.

 10. WorldHealthOrganization.Antiretroviral

therapyofHIVinfectionininfantsand

children:towardsuniversalaccess:recom-

mendationsforapublichealthapproach

-2010revision.Geneva,Switzerland:2010.

 11. WorldHealthOrganization.Antiretroviral

therapyforHIVinfectioninadultsand

adolescents.Recommendationsfora

publichealthapproach(2006revision).

Geneva,Switzerland:WorldHealth

Organization,2006.

 12. PenazzatoM,PrendergastAJ,MuheL,

TindyebwaD,AbramsE.Optimisation

ofantiretroviraltherapyinHIV-infected

childrenunder3yearsofage(Review).

CochraneDatabaseSyst.Rev.2014;

 13. Cipla.CiplaAnnouncesUSFDAAp-

provalfortheWorld’sFirstPaediatric

LopinavirandritonavirOralPellets.2015.

Availableat:http://www.cipla.co.za/cipla-

announces-us-fda-approval-for-the-worlds-

first-paediatric-lopinavir-and-ritonavir-oral-

pellets.AccessedAug3,2015.Accessed29

December2015.

 14. SigaloffKCE,HamersRL,WallisCL,et

al.Second-lineantiretroviraltreatment

successfullyresuppressesdrug-resistant

HIV-1afterfirst-linefailure:prospective

cohortinSub-SaharanAfrica.J.Infect.Dis.

2012;205:1739–44.

 15. PatonNI,KityoC,HoppeA,etal.As-

sessmentofSecond-LineAntiretroviral

RegimensforHIVTherapyinAfrica.N.

Engl.J.Med.2014;371:234–247.

 16. BoydMA,MooreCL,MolinaJ,etal.Baseline

HIV-1resistance,virologicaloutcomes,and

emergentresistanceintheSECOND-LINE

trial:anexploratoryanalysis.LancetHIV

2015;2:e42–e51.



167

AcquiredHIVdrugresistanceinadultsandchildren

 17. MédecinsSansFrontières.Untanglingthe

WebofAntiretroviralPriceReductions:

17thEdition.2014.

 18. BarthRE,AitkenSC,TempelmanH,etal.

Accumulationofdrugresistanceandloss

oftherapeuticoptionsprecedecommonly

usedcriteriafortreatmentfailureinHIV-1

subtype-C-infectedpatients.Antivir.Ther.

2012;17:377–86.

 19. Cozzi-Lepria.,ParedesR,Phillipsa.N,etal.

Therateofaccumulationofnonnucleoside

reversetranscriptaseinhibitor(NNRTI)

resistanceinpatientskeptonavirologi-

callyfailingregimencontaininganNNRTI.

HIVMed.2012;13:62–72.

 20. VingerhoetsJ,AzijnH,FransenE,etal.

TMC125DisplaysaHighGeneticBarrierto

theDevelopmentofResistance:Evidence

fromInVitroSelectionExperiments.J.

Virol.2005;79:12773–12782.

 21. AzijnH,TirryI,VingerhoetsJ,etal.TMC278,

aNext-GenerationNonnucleosideReverse

TranscriptaseInhibitor(NNRTI),Active

againstWild-TypeandNNRTI-Resistant

HIV-1.Antimicrob.AgentsChemother.

2010;54:718–727.

 22. WensingAM,Calvez;V,GünthardHF,et

al.2015UpdateoftheDrugResistance

MutationsinHIV-1.Top.Antivir.Med.2015;

 23. BassonAE,RheeS-Y,ParryCM,etal.Impact

ofDrugResistance-AssociatedAminoAcid

ChangesinHIV-1SubtypeConSuscep-

tibilitytoNewerNonnucleosideReverse

TranscriptaseInhibitors.Antimicrob.

AgentsChemother.2015;59:960–971.

 24. Teeranaipong,Phairote;Sirivichayakul,

Sunee;Mekprasan,Suwanna;Ruxrungtham

K,PutcharoenO.Rilpivirineversusetra-

virinevalidityinNNRTI-basedtreatment

failureinThailand.J.Int.AIDSSoc.2014;

17(Suppl3:256151).

 25. HamersRL,OyomopitoR,KityoC,etal.

Cohortprofile:ThePharmAccessAfrican

(PASER-M)andtheTREATAsia(TASER-M)

monitoringstudiestoevaluateresistance-

-HIVdrugresistanceinsub-SaharanAfrica

andtheAsia-Pacific.Int.J.Epidemiol.2012;

41:43–54.

 26. BoenderTS,SigaloffKCE,KayiwaJ,et

al.BarrierstoInitiationofPediatricHIV

TreatmentinUganda:AMixed-Method

Study.AIDSRes.Treat.2012;2012:817506.

 27. WallisCL,PapathanasopoulosMa.,Lakhi

S,etal.Affordablein-houseantiretroviral

drugresistanceassaywithgoodperfor-

manceinnon-subtypeBHIV-1.J.Virol.

Methods2010;163:505–508.

 28. BronzeM,etal.Developmentandvalida-

tionofaone-stepgenotypingprotocol

encompassingHIV-1proteaseandreverse

transcriptaseforpatientantiretroviraldrug

resistancemonitoring.In:International

ConferenceAfricanSocietyforLaboratory

Medicine.CapeTown,SouthAfrica:2012.

 29. LukhwareniA,etal.Validationofarobust

in-housegenotypingassayforthedetec-

tionofHIV-1antiretroviraldrugresistance.

In:PathpointConference.CapeTown,

SouthAfrica.:2012.

 30. LiuTF,ShaferRW.WebresourcesforHIV

type1genotypic-resistancetestinterpreta-

tion.ClinInfectDis2006;42:1608–18.

 31. Pineda-PeñaA-CC,FariaNR,ImbrechtsS,et

al.AutomatedsubtypingofHIV-1genetic

sequencesforclinicalandsurveillance

purposes:Performanceevaluationofthe

newREGAversion3andsevenothertools.

Infect.Genet.Evol.2013;19:337–348.

 32. KityoCM,SigaloffKC,BoenderTS,et

al.HIVdrugresistanceamongchildren

initiatingfirst-lineantiretroviraltreatment

inUganda.AIDSRes.Hum.Retroviruses

2016;Feb11.

 33. HamersRL,WallisCL,KityoC,etal.

HIV-1drugresistanceinantiretroviral-

naiveindividualsinsub-SaharanAfrica

afterrolloutofantiretroviraltherapy:a



168

Chapter8

multicentreobservationalstudy.Lancet

Infect.Dis.2011;11:750–9.

 34. BoenderTS,HoenderboomBM,Sigaloff

KCE,etal.PretreatmentHIVDrug

ResistanceIncreasesRegimenSwitchesin

Sub-SaharanAfrica.ClinInfectDis2015;

Dec1;61(11):1749-58.

 35. BoenderTS,SigaloffKCE,McMahonJH,

etal.Long-termvirologicaloutcomesof

first-lineantiretroviraltherapyforHIV-1

inlow-andmiddle-incomecountries:a

systematicreviewandmeta-analysis.Clin

InfectDis2015;Nov1;61(9):1453-61.

 36. BoermaRS,BoenderTS,Boelevan

HensbroekM,RinkedeWitTF,Sigaloff

KCE.Sequencingpaediatricantiretroviral

therapyinthecontextofapublichealth

approach.J.Int.AIDSSoc.2015;18:1–6.

 37. SigaloffKCE,KayiwaJ,MusiimeV,etal.

Shortcommunication:highratesofthy-

midineanaloguemutationsanddual-class

resistanceamongHIV-infectedUgandan

childrenfailingfirst-lineantiretroviral

therapy.AIDSRes.Hum.Retroviruses2013;

29:925–30.

 38. HamersRL,SigaloffKC,WensingAM,et

al.PatternsofHIV-1drugresistanceafter

first-lineantiretroviraltherapy(ART)

failurein6sub-SaharanAfricancountries:

implicationsforsecond-lineARTstrategies.

Clin.Infect.Dis.2012;54:1660–1669.

 39. HansudewechakulR,SirisanthanaV,

KurniatiN,etal.Antiretroviraltherapy

outcomesofHIV-infectedchildreninthe

TREATAsiapediatricHIVobservational

database.J.Acquir.ImmuneDefic.Syndr.

2010;55:503–509.

 40. MessouE,ChaixM,GabillardD.Increasing

rateofTAMsandetravirineresistancein

HIV-1-infectedadultsbetween12and24

monthsoftreatment:TheVOLTARTcohort

studyinCoted’Ivoire,West.JAcquir

ImmuneDeficSyndr2013;64:211–219.

 41. TaiwoB,ChaplinB,PenugondaS,etal.

Suboptimaletravirineactivityiscom-

monduringfailureofnevirapine-based

combinationantiretroviraltherapyina

cohortinfectedwithnon-BsubtypeHIV-1.

Curr.HIVRes.2010;8:194–198.

 42. AntaL,LlibreJM,PovedaE,etal.Rilpivirine

resistancemutationsinHIVpatientsfailing

non-nucleosidereversetranscriptase

inhibitor-basedtherapies.AIDS2013;

27:81–5.

 43. ContrerasGA,BellCS,DelBiancoGP,et

al.Prevalenceandriskfactorsassociated

withresistance-associatedmutationsto

etravirineinacohortofperinatallyHIV-

infectedchildren.J.Antimicrob.Chemother.

2013;:2344–2348.

 44. PillayP,FordN,ShubberZ,FerrandRa.

OutcomesforEfavirenzversusNevirapine-

ContainingRegimensforTreatmentof

HIV-1Infection:ASystematicReviewand

Meta-Analysis.PLoSOne2013;8:e68995.

 45. MillerV,StarkT,LoeligeraE,LangeJMa.

TheimpactoftheM184Vsubstitutionin

HIV-1reversetranscriptaseontreatment

response.HIVMed.2002;3:135–45.

 46. AverbuchD,SchapiroJM,LanierER,etal.

Diminishedselectionforthymidine-analog

mutationsassociatedwiththepresence

ofM184VinEthiopianchildreninfected

withHIVsubtypeCreceivinglamivudine-

containingtherapy.Pediatr.Infect.Dis.J.

2006;25:1049–1056.

 47. HavensP,EssajeeS.TechnicalUpdateon

TreatmentOptimization:UseofTenofovir

inHIV-InfectedChildrenandAdolescents:

APublicHealthPerspective.WorldHeal.

Organ.2012.

 48. BoermaRS,BoenderTS,Boelevan

HensbroekM,RinkedeWitTF,Sigaloff

KCE.Sequencingpaediatricantiretroviral

therapyinthecontextofapublichealth

approach.J.Int.AIDSSoc.2015;18:1–6.

 49. AIDSinfo.Etravirine(ETR,Intelence,TMC

125).2015.Availableat:https://aidsinfo.



169

AcquiredHIVdrugresistanceinadultsandchildren

nih.gov/guidelines/html/2/pediatric-arv-

guidelines/124/etravirine.Accessed5

March2015.

 50. AIDSinfo.Rilpivirine(RPV,Edurant,TMC

278).2015.Availableat:https://aidsinfo.

nih.gov/guidelines/html/2/pediatric-arv-

guidelines/126/rilpivirine.Accessed27

April2015.

 51. WensingAM,CalvezV,GünthardHF,et

al.2014updateofthedrugresistance

mutationsinHIV-1.Top.Antivir.Med.2014;

22:642–50.

 52. DeracheA,WallisCL,VardhanabhutiS,

BartlettJ,KumarasamyN,KatzensteinD.

Phenotype,Genotype,andDrugResistance

inSubtypeCHIV-1Infection.J.Infect.Dis.

2015;jiv383.

 53. HaasAD,KeiserO,BalestreE,etal.Monitor-

ingandswitchingoffirst-lineantiretroviral

therapyinadulttreatmentcohortsin

sub-SaharanAfrica:collaborativeanalysis.

LancetHIV2015;:271–278.

 54. BoenderTS,SigaloffKCE,HamersRL,

etal.FavorableLong-termOutcomesof

2nd-lineARTDespiteDrug-ResistantHIV-1

inSub-SaharanAfrica.In:CROI.Boston,

WashingtonUSA:2014:abstract570.




