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Abstract
To support optimal third-line antiretroviral therapy (ART) selection in Namibia, we investigated the prevalence of HIV drug resistance
(HIVDR) at time of failure of second-line ART. A cross-sectional study was conducted between August 2016 and February 2017. HIV-
infected people ≥15 years of age with confirmed virological failure while receiving ritonavir-boosted protease inhibitor (PI/r)-based
second-line ART were identified at 15 high-volume ART clinics representing over>70% of the total population receiving second-line
ART. HIVDR genotyping of dried blood spots obtained from these individuals was performed using standard population sequencing
methods. The Stanford HIVDR algorithm was used to identify sequences with predicted resistance; genotypic susceptibility scores
for potential third-line regimens were calculated. Two hundred thirty-eight individuals were enrolled; 57.6%were female. The median
age and duration on PI/r-based ART at time of enrolment were 37 years and 3.46 years, respectively. 97.5% received lopinavir/
ritonavir-based regimens. The prevalence of nucleoside reverse transcriptase inhibitor (NRTI), non-nucleoside reverse transcriptase
inhibitor (NNRTI), and PI/r resistance was 50.6%, 63.1%, and 13.1%, respectively. No significant association was observed between
HIVDR prevalence and age or sex. This study demonstrates high levels of NRTI and NNRTI resistance and moderate levels of PI
resistance in people receiving PI/r-based second-line ART in Namibia. Findings underscore the need for objective and inexpensive
measures of adherence to identify those in need of intensive adherence counselling, routine viral load monitoring to promptly detect
virological failure, and HIVDR genotyping to optimize selection of third-line drugs in Namibia.

Abbreviations: 3TC = lamividuine, ART = antiretroviral therapy, ATV/r = atazanavir/ritonavir, DBS = dried blood spot, DRV/r =
darunavir/ritonavir, ETR = etravirine, FTC = emtricitabine, GSS = genotypic susceptibility score, HIVDR =HIV drug resistance, IQR =
interquartile range, LPV/r = lopinavir/ritonavir, NIP = Namibian Institute of Pathology, NNRTI = non-nucleoside reverse transcriptase
inhibitor, NRTI = nucleoside reverse transcriptase inhibitor, PI = protease inhibitor, PI/r = ritonavir-boosted protease inhibitor, TDF =
tenofovir disoproxil fumarate, VL = viral load, ZDV = zidovudine.
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1. Introduction

As of July 2017, 59% of all people living with HIV worldwide
were receiving antiretroviral therapy (ART).[1] Increased access
to antiretroviral (ARV) drugs has led to increasing levels of drug
resistant HIV.[2,3] International guidelines recommend ritonavir-
boosted protease inhibitor (PI/r)-based ART as an effective
second-line strategy after failure of non-nucleoside reverse
transcriptase (NNRTI)-based first-line ART.[4]

Global HIV drug resistance (HIVDR) surveillance efforts and
the majority of studies performed in low- and middle-income
countries have focused on estimating the prevalence of HIVDR
prior to treatment initiation or after failure of first-line NNRTI-
based therapies.[2] Thus, comparably less information is available
to guide selection of optimal regimens in people with virological
failure while taking second-line ART.
ART in Namibia is delivered following a public health

approach, which involves use of standardized first- and
second-line regimens and simplified laboratory monitoring,
including at least one viral load test per year. At the time of
study enrolment, Namibia’s national ART guidelines recom-
mended first-line regimens consisting of two nucleoside reverse
transcriptase inhibitors (NRTI), tenofovir (TDF)/emtricitibine
(FTC) or lamividuine (3TC) administered with the NNRTI
efavirenz (EFV). Recommended second-line regimens were three
NRTI (3TC or FTC, TDF, zidovudine (ZDV), or abacavir (ABC))
administered with a ritonavir-boosted protease inhibitor, either
lopinavir/ritonavir (LPV/r) or atazanavir/ritonavir (ATV/r).
At time of study initiation (2016), 140,241 adults out of an

estimated 204,147 adults living with HIV were receiving ART in
Namibia of which 3884 were taking PI/r-based second-line
regimens (unpublished data, Namibia Ministry of Health and
Social Services). Globally and in Namibia, unanswered questions
remain about the contribution of protease inhibitor (PI) drug
resistance to second-line ART failure. In this study, we report the
prevalence and patterns of HIVDR in people failing second-line
ART in Namibia’s public health ART program.
2. Methods

2.1. Study design

The 15 ART clinics with the largest number of people on PI/r-
based ART in the country were selected. These 15 clinics captured
70% (2746 of 3884) of all people receiving PI/r-based ART;
clinics were located in nine different geographical regions:
Khomas, Ohangwena, Zambezi, Oshikoto, Oshana, Kavango
East, Erongo, Omusati, and Otjozondjupa.
Between August 2016 and February 2017, all HIV-infected

people≥15 years of age receiving second-line PI-based ART for at
least six months and who had confirmed virological failure per
Namibia national ART guidelines (two consecutive HIV RNA
tests ≥1000copies/mL separated by at least three months) were
identified and asked to participate in the study during routine
clinic visits. Written informed consent was obtained from all
participants. Individuals with self-reported treatment interrup-
tion of 30 days or more at the time of enrolment were ineligible;
no additional information was collected about this group.
2.2. Data and specimen collection and HIVDR sequencing

At study sites, nurses drew 5mL of whole blood via venepuncture
for viral load (VL) testing (a third consecutive VL test). Whole
2

blood specimens were transported in a cold box on the day of
collection to the Namibian Institute of Pathology (NIP) for VL
testing. On arrival at NIP, dried blood spot (DBS) specimens were
prepared by pipetting 75mL aliquots of whole blood on each of 5
circles of a Whatman 903 filter paper card (GE Healthcare,
Marlborough MA, USA). DBS were dried at room temperature
for 24hours and subsequently packed in individual gas
impermeable bags per World Health Organization (WHO)
guidance[5] and were frozen at –80oC for storage. DBS from
participants who had a third consecutive VL test ≥1000copies/
mLwere brought to ambient temperature, re-packed into new gas
impermeable bags with desiccant and humidity indicator cards
and shipped to South Africa for HIVDR testing.
VL testing was performed on plasma within 48hours of

specimen receipt using COBAS AmpliPrep/COBAS TaqMan
HIV-1 Test (Roche Molecular Systems, Inc., Branchburg, NJ,
USA).
HIV-1 protease and reverse transcriptase (RT) sequences were

obtained using standard population sequencing adapted from
previously described methods.[6] HIVDR testing was performed
at the National Health Services Laboratory, University of
Witwatersrand, Johannesburg, South Africa, a WHO-designated
HIVDR genotyping laboratory. RECall[7] was used to generate
consensus sequences; quality assurance was performed following
WHO recommendations.[6] The Stanford HIV drug resistance
algorithm (HIVdb), version 8.4, was used to identify HIVDR
resistance profiles, mutations, and HIV subtypes[8]; sequences
classified as having low-, intermediate-, or high-level HIVDR
were considered as resistant. The HIV-1 integrase region was not
sequenced because at the time of this study integrase strand
transfer inhibitors (InSTI) were not prescribed for treatment of
HIV in Namibia’s public health sector.
Potential third-line treatment options were considered based

on an algorithm developed by South Africa’s national third-line
ART committee.[9,10] The algorithm was used becasue Namibia
does not have an established algorithm for selection of third-line
ART based on HIVDR genotype test results. Genotypic
susceptibility scores (GSS) for individuals who would have
been eligible for third-line ART (i.e., those with predicted
resistance to the PI/r included in their second-line regimen) were
calculated based on HIVdb penalty scores for each drug in the
regimen that would have been prescribed following the
algorithm. The ARV drugs used in the algorithm include
darunavir/ritonavir (DRV/r), 3TC/FTC, ZDV or TDF (which-
ever has the lowest penalty score), and an InSTI if the TDF or
ZDV score is 30 or above or the DRV/r score is 15 or above. In
addition, etravirine (ETR) is added if the TDF or ZDV score is
30 or above and the DRV/r score is 15 or above and the ETR
score is below 30. One GSS point was given for each drug with a
Stanford HIVdb penalty score <15; it was assumed that virus
was fully susceptible to all approved InSTI.
2.3. Statistical analysis

Analyses were performed using Stata (version 15.1; College
Station, TX, USA).[11] Demographic and laboratory character-
istics are summarized as prevalence values or median values and
interquartile ranges (IQR). HIVDR prevalence is reported with
95% Wilson confidence intervals adjusting for site-level cluster-
ing using a robust standard error. Fisher’s exact tests and
Wilcoxon rank sum tests were used to conduct two-group
comparisons with a significance level of 0.05.



Table 1

Participant characteristics at study enrolment in Namibia (n = 238).

Characteristic Median (IQR)

Age at enrolment (yr) 37 (21,46)
CD4 cell count, cells/mL (most recent) 241 (137,447)

∗

HIV RNA copies/mL at enrolment 40,660 (9,306, 146,265)†

Duration on first-line NNRTI-based ART regimen (yr) 4.44 (2.51, 6.24)†

Duration on PI/r regimen at time of enrolment (yr) 3.46 (1.86,5.16)
Time from second-line treatment initiation to confirmed virological failure (yr) 2.22 (1.22, 3.69)
Total duration of ART (yr) 8.49 (6.44,10.30)

Participant no (%)

Female 137 (57.6)
ART regimen at time of enrolment
TDF/3TC/ZDV/LPV/r 182 (76.5)
TDF/3TC/ABC/LPV/r 34 (14.3)
ZDV/3TC/TDF/ATV/r 6 (2.5)
TDF/3TC/ABC/LPV/r 6 (2.5)
ABC/ddI/LPV/r 3 (1.3)
ZDV/3TC/ddI/LPV/r 2 (0.8)
ZDV/3TC/LPV/r 2 (0.8)
TDF/3TC/LPV/r 2 (0.8)
ZDV/TDF/LPV/r 1 (0.4)

3TC= lamivudine, ABC= abacavir, ART= antiretroviral therapy, ATV/r= atazanavir/ritonavir, ddi=didanosine, HIV=human immunodeficiency virus, LPV/r= lopinavir/ritonavir, PI/r= ritonavir-boosted protease
inhibitor, RNA= ribonucleic acid, TDF= tenofovir, ZDV= zidovudine.
∗
N=209.

† N=237.
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2.4. Ethical statement

The study received institutional review board (IRB) approval
from the Ministry of Health and Social Services in Namibia and
expedited review from the IRBs of Tufts University School of
Medicine, the University of Witwatersrand, Johannesburg, South
Africa. The study was reviewed in accordance with the Associate
Director for Science at the Center for Global Health, United
States Centers for Disease Control and Prevention CDC human
research protection procedures and was determined to be
research. CDC investigators did not interact with human subjects
or have access to identifiable data or specimens for research
purposes.

3. Results

All 238 eligible individuals identified during the study period
were enrolled; 96.6% (230/238) were receiving a regimen
consisting of three NRTIs in combination with either ATV/r
or LPV/r. Table 1. At time of second-line ART initiation, median
CD4 cell count was 241cells/mL (IQR 137,447) and median time
from second-line treatment initiation to confirmed virological
failure (programmatically defined as participant’s second
consecutive VL ≥1000copies/mL on PI/r-based regimen) was
2.22 years (IRQ 1.22, 3.69).Median times from first documented
Table 2

Prevalence of HIV drug resistance amongst second-line ART failures
Resistance Any HIVDR Any NRTI Any NNRTI Any PI ZDV XTC

Prevalence % 70.0% 50.6% 63.1% 13.1% 31.3% 43.1%
(95% CI) 59.8%–78.5% 38.6%–62.6% 54.0%–71.4% 8.0%-20.8% 23.0%–40.8% 32.6%–54.3% 34

NRTI resistance is defined as resistance to any nucleoside reverse transcriptase inhibitor. Any NNRTI resista
PI resistance is defined as resistance to lopinavir/ritonavir (LPV/r), atazanavir/r (ATV/r), darunavir/r (DRV
XTC = lamivudine or emtricitabine.

3

virological non-suppression (first VL >1000copies/mL) to
confirmed virological failure and from initiation of second-line
treatment initiation to study enrolment were 0.69 years (IRQ
0.37, 1.7) and 3.46 years (IQR 1.86, 5.16), respectively.
HIVDR genotyping was successful for 160/238 (67.2%)

participants. Overall 70.0% (112/160) of sequences had
mutations conferring drug resistance to any drug; 50.6%,
63.1%, 13.1%, and 6.9% had any NRTI, any NNRTI, LPV/r
or ATV/r, DRV/r resistance, respectively (Table 2). No clinically
relevant resistance was predicted in 48 (30.0%) participants. No
significant differences were observed with respect to sex, age, and
median VL at time of confirmed virological failure between
people with and without genotypes available for analysis (data
not shown). HIV-1 subtype C predominated (n = 154; 96.3%),
followed by CRF02_AG (n = 3; 1.9%), HIV-1 G (n = 2; 1.3%),
and CRF45_cpx (n = 1; 0.6%).
The frequencies of RT inhibitor and PI mutations detected in

over 2% of all sequences analysed are presented in Figure 1.
M184V (41.3%) was the most frequently observed NRTI
mutation followed by T215A, F, D, V, N, or Y (24.4%) and
D67N (16.3%). K70R was observed in 12.5% and K65R in only
4.4%. The most frequently observed NNRTI mutation was
K103N or S (23.1%) followed by G190A, E, or S (22.5%),
K101E, H, or V (14.4%), and A98G (13.1%). I54V (9.4%) and
in Namibia (n=160).
ABC TDF NVP or EFV ETR RPV LPV/r or ATV/r DRV/r

45.0% 23.8% 61.3% 30.0% 47.5% 13.1% 6.9%
.6%–55.8% 17.4%–31.5% 51.9%–69.8% 23.1%–37.9% 37.9%–57.3% 8.0%–20.8% 3.1%–14.4%

nce is defined as resistance to nevirapine (NVP), efavirenz (EFV), rilpivirine (RPV) or etravirine (ETR). Any
/r). Any HIVDR is defined as resistance to NVP/EFV, any NRTI, ATV/r, LPV/r or DRV/r.

http://www.md-journal.com


Figure 1. Frequency of HIV drug resistance mutations detected greater than 2% of all sequences. Non-nucleoside reverse transcriptase inhibitor mutations are
shown in black; nucleoside reverse transcriptase inhibitor mutations are shown in dark gray; protease inhibitor mutations are shown in light gray.
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V82A or F (9.4%) were the most commonly occurring PI
mutations followed byM46I or L (8.8%). The major PI mutation
L90M occurred at a frequency of 1.3% of all sequences analysed.
18 of the 21 (85.7%) sequences with major PI drug resistance
mutations also had M184I or V.
Although overall PI resistance was modest, of those with PI

resistance, 71.4% (15/21) had three or more major PI mutations
(Table 3). In addition, of those with PI resistance, 20 (95.2%), 19
(90.5%), 19 (90.5%), and 18 (85.7%) had resistance to ZDV,
4

TDF, ABC, and 3TC or FTC, respectively. No significant
association was observed between HIVDR prevalence and age
(≥25 years vs <25 years, 64.3% vs 73.1%) or sex (female vs
male, 72.2% vs 66.7%).
GSS scores for potential third-line regimens following guidance

developed by South Africa’s national third-line ART commit-
tee[10,11] are presented in Table 4. Twenty one individuals would
have been deemed eligible for third-line ART by virtue of having
virus with predicted resistance to the PI component of their



Table 3

Protease inhibitor mutational profiles in individuals with protease
inhibitor resistance in Namibia (n=21).

Pattern Count

M46I,I54V,L76V,V82A 3
M46L,I54V,L76V,V82A 2
M46L,I54V,V82A 2
L90M 2
M46I,I50V,I54V,L76V,V82A 1
M46MI,I47IV,I54IV,I84IV 1
M46MI,I54IV,L76LV,V82VA 1
M46I,I47V,L76V,I84V 1
I54IV,V82VCFG,I84IV 1
G48GA,I54V,V82A 1
M46I,I54V,L76V 1
M46I,I54V,V82A 1
I54V,V82A 1
M46L,V82A 1
I47A 1
V82VA 1
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second-line regimen (LPV/r or ATV/r). Of these, 62% (13/21)
would have received a regimen with a GSS score of 1, with 6 of
the 13 having virus susceptible to DRV/r only and 7 susceptible to
the InSTI only. Eight individuals (38%) would have received a
regimen with a GSS score of 2 or 3.
4. Discussion

This study of HIVDR in people failing PI/r-based second-line
ART in Namibia has important findings. First, 30% of people
failing PI/r-based ART had no predicted HIVDR and only 13%
had PI resistance, suggesting that most virological failures were
not due to drug resistant virus. This observation suggests that
greatly intensified adherence support may be an optimal initial
approach to patient management of viral non-suppression in
people receiving PI/r ART in Namibia. Secondly, our findings
support the importance of routine VL monitoring for early
detection of suboptimal adherence, followed byHIVDR testing in
individuals identified as failing therapy, an approach which is
likely to minimize premature switch to more complex and costly
third-line regimens.
In this study, overall NRTI resistance levels were high and

could lead to reduced efficacy of the NRTI backbone for half of
the people evaluated for third-line PI/r-based regimens. However,
the comparably low prevalence of PI resistance observed in this
study is reassuring given that genotypic testing may not
Table 4

Genotypic susceptibility scores for possible third-line ART regi-
mens.

Regimen
∗

n GSS=1 GSS = 2 GSS = 3

2NRTI+DRV/r 9 6 1 2
2NRTI+DRV/r+InSTI 7 6 1 0
2NRTI+DRV/r+InSTI+ETR 5 1 4 0
Total 21 13 6 2
∗
XTC+TDF for 20, XTC+ZDV for 1 (Per South African third-line antiretroviral therapy algorithm)[10,11]

DRV/r=darunavir/r, ETR= etravirine, GSS=genotypic susceptibility score, InSTI= integrase inhibitor,
n=number, NRTI=nucleoside reverse transcriptase inhibitor, TDF= tenofovir, XTC= lamivudine or
emtricitabine, ZDV= zidovudine.
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accurately predict regimen activity when providing PI/r-based
ART after second-line PI failure: PI/r-based regimens have
demonstrated efficacy in people with NRTI resistance, even when
predicted NRTI resistance is complete, suggesting that NRTIs
retain partial antiretroviral activity or that NRTI-resistant viruses
have reduced fitness.[12–14]

Thirteen per cent of study participants failed with PI-resistant
virus, emphasizing the need for HIVDR testing in people
receiving PI/r-based second-line treatment to ensure the selection
of highly potent third-line regimens (including use of InSTI with
optimal NRTI backbones) and to identify individuals with
virological failure due to suboptimal adherence (i.e., those with
no PI/r resistance) who are likely to benefit from enhanced
adherence counselling. Although 87% of patients in this cohort
have no PI resistance, informal patient surveys in Namibia’s
national ART programme suggest that the majority of people
failing PI/r-based ART report inconsistent adherence to the PI
component of the regimen due to PI-specific toxicity or side
effects; thus resulting in dual therapy (personal communication,
Dr. Leonard Bikinesi, Chief Clinical Mentor HIV Programme,
Directorate of Special Programmes, Ministry of Health and
Social Services, Windhoek, Namibia). Because of expense and
logistics, HIVDR genotyping remains a costly adherence test,
presenting an additional challenge: the lack of robust and
inexpensive objective measures adherence to ART and specifi-
cally the PI/r component, which may lead to delayed switch in the
face of true HIVDR or premature switch in people with no
HIVDR.
The prevalence estimates of overall, drug class and drug-

specific resistance observed in this study are broadly comparable
to those observed in other countries[15–17] and in a recent
retrospective non-representative convenience sample of 366
HIVDR genotypes obtained by Namibia’s ART program during
the period 2010 to 2015.[18]

The predicted activity of potential third-line regimens accord-
ing to South Africa’s national algorithm is somewhat encourag-
ing, since most (14/21, 67%) patients were either susceptible to
DRV/r or had at least two active drugs available. A recent
publication assessing the efficacy of South Africa’s third-line
algorithm showed a high proportion of individuals on third-line
had achieved HIV viral suppression (83%, VL<1000copies/mL)
after a minimum of six months[11] In addition, in a recent meta-
analysis, DRV/r monotherapy in ART-experienced people was
shown to be effective.[19] However, one-third (7 of 21) of people
in this Namibian cohort would have been treated with regimens
having suboptimal predicted efficacy because their viruses were
fully susceptible to the InSTI only. Despite its low propensity to
select for drug resistance mutations, there are an increasing
number of reports of virological failure associated with InSTI
resistance in ARV drug-experienced InSTI-naïve individuals
receiving a dolutegravir-containing regimen,[20,21] underscoring
the need for caution and close virological monitoring of this sub-
population who may be at risk of virological non-suppression.
Medication non-adherence appears to be an important cause of

second-line ART failure in one third of people in this study. A
limitation of this study is that pharmacy refill data, pill count, or
plasma, hair, or urine drug levels were unavailable; therefore,
objective measures of adherence could not be assessed. This study
has additional limitations. Although study sites comprised over
70% of all people receiving PI/r in Namibia at the time of the
study, sites may have differed from other regions in the country
with respect to patient demographics or ARV drug treatment

http://www.md-journal.com
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histories by virtue of their larger patient populations. Although
amplification success rates were similar across all clinics, there is a
possibility that specimens that failed to amplify may havemore or
less drug resistance than those that amplified; however, as
described, there was no differences between people with and
without genotypes available for analysis. In addition, nearly all
study participants were receiving three NRTIs in addition to PI/r
(as per Namibia guidelines[22]; therefore these results may not be
generalizable to populations failingWHO-recommended second-
line ART regimens consisting of only two NRTIs and PI/r.
Nonetheless, our findings reflect the majority of those adults
failing second-line ART in Namibia and provide important
information that can be used programmatically for the manage-
ment of people experiencing virological failure of PI/r-containing
regimens in the country.

5. Conclusions

This study demonstrates high levels of NRTI resistance and
moderate levels of PI resistance in people receiving PI/r-based
second-line ART, supporting the need to optimizing treatment
adherence to all three second-line ARV drugs, use of routine VL
monitoring to promptly detect virological failure, and HIVDR
genotyping to optimize selection of third-line drugs. In addition,
programmatic concerns about selective non-adherence to PI/r
argue for more tolerable highly potent and fixed-dose combina-
tion regimens.

Author contributions

MRJ and SYH conceived the study. MRJ wrote the protocol,
designed the study and wrote the first draft of the manuscript.
NH, LB, SS, SA, ANS, TN, CLF-W, EGR, NM, CJH, and AMT
supported implementation of the study and interpretation of data
in light of Namibia’s public health ART Programme. ND
performed statistical analysis. KS, VK, SC perofmred HIVDR
genotyping and quality assurance of sequences. MRJ and NP
performed additional sequence quality assurance and performed
the HIVDR interpretation and genotype susceptibility scoring.
All authors contributed to the final draft of the manuscript and
had access to the data.
References

[1] UNAIDS 2018 estimates. Global AIDS Monitoring 2018. UNAIDS.
Available at: http://aidsinfo.unaids.org/. Accessed May 28, 2019.

[2] World Health Organization. HIV drug resistance report. 2017. World
Health Organization. Geneva, Switzerland. Available at: https://www.
who.int/hiv/pub/drugresistance/hivdr-report-2017/en/. Accessed May
28, 2019.

[3] Gupta RK, Gregson J, Parkin N, et al. HIV-1 drug resistance before
initiation or re-initiation of first-line antiretroviral therapy in low-income
and middle-income countries: a systematic review and meta-regression
analysis. Lancet Infect Dis 2018;18:346–55.

[4] World Health Organization. Consolidated guidelines on the use of
antiretroviral drugs for treating and preventing HIV infection -
recommendations for a public health approach. 2nd ed. World Health
Organization. Geneva, Switzerland. Available at: https://www.who.int/
hiv/pub/arv/arv-2016/en/. Accessed August, 31, 2020.
6

[5] World Health Organization. WHO/HIVResNet HIV drug resistance
laboratory operational framework. World Health Organization. Gene-
va, Switzerland. Available at: https://apps.who.int/iris/bitstream/handle/
10665/259731/9789241512879-eng.pdf;jsessionid=B1332E3FB24EA
DEDEB9BBC1E2DF2BA67?sequence=1. Accessed May 28, 2019.

[6] Zhou Z, Wagar N, DeVos JR, et al. Optimization of a low cost and
broadly sensitive genotyping assay for HIV-1 drug resistance surveillance
and monitoring in resource-limited settings. PLoS One 2011;6:e28184.

[7] Woods CK, Brumme CJ, Liu TF, et al. Automating HIV drug resistance
genotyping with RECall, a freely accessible sequence analysis tool. J Clin
Microbiol 2012;50:1936–42.

[8] Liu TF, Shafer RW. Web Resources for HIV type 1 genotypic-resistance
test interpretation. Clin Infect Dis 2006;42:1608–18.

[9] MoorhouseM, Conradie F,Maartens G, et al. An algorithm to determine
appropriate third-line antiretroviral regimens in patients failing protease
inhibitor-based regimens in resource-limited settings. 27th International
Workshop onHIVDrug Resistance and Treatment Strategies. November
2017. Poster #44. Available at: http://www.hivresistance2017.co.za/wp-
content/uploads/2017/11/44-M-Moorhouse-poster.pdf. Accessed May
28, 2019.

[10] Moorhouse M, Maartens G, Venter WDF, et al. Third-line antiretroviral
therapy program in the South African Public Sector: cohort description
and virological outcomes. J Acquir Immune Defic Syndr 2019;80:73–8.

[11] StataCorp. 2017. Stata Statistical Software: Release 15. College Station,
TX: StataCorp LP. Available at: https://www.stata.com/support/faqs/
resources/citing-software-documentation-faqs/.

[12] Hakim JG, Thompson J, Kityo C, et al. for the Europe Africa Research
Network for Evaluation of Second-line Therapy (EARNEST) Trial
TeamLopinavir plus nucleoside reverse-transcriptase inhibitors, lopina-
vir plus raltegravir, or lopinavir monotherapy for second-line treatment
of HIV (EARNEST): 144-week follow-up results from a randomized
controlled trial. Lancet Infect Dis 2018;18:47–57.

[13] Stockdale AJ, Saunders MJ, Boyd MA, et al. Effectiveness of protease
inhibitor/nucleos(t)ide reverse transcriptase inhibitor-based second-line
antiretroviral therapy for the treatment of human immunodeficiency
virus type 1 infection in sub-Saharan Africa: a systematic review and
meta-analysis. Clin Infect Dis 2017;66:1846–57.

[14] La Rosa AM, Harrison LJ, Taiwo B, et al. Raltegravir in second-line
antiretroviral therapy in resource-limited settings (SELECT): a random-
ised, phase 3, non-inferiority study. Lancet HIV 2016;3:e247–58.

[15] Namakoola I, Kasama I, Mayanja BJ, et al. From antiretroviral therapy
access to provision of third line regimens: evidence of HIV drug resistance
mutations to first and second line regimens among Uganda adults. BMC
Res Notes 2016;9:515–25.

[16] Meintjes G, Dunn L, CoetseeM, et al. Third-line antiretroviral therapy in
Africa: effectiveness in a Southern African retrospective cohort study.
AIDS Res Ther 2015;12:39.

[17] Rawizza HE, Chaplin B, Meloni ST, et al. Accumulation of protease
mutations among patients failing second-line antiretroviral therapy and
response to salvage therapy in Nigeria. PLoS One 2013;8:e73582.

[18] Sawadogo S, Shiningavamwe A, Roscoe C, et al. Human immunodefi-
ciency virus-1 drug resistance patterns among adult patients failing
second-line protease inhibitor-containing regimens in Namibia, 2010–
2015. Open Forum Infect Dis 2018;5:ofy014. doi: 10.1093/ofid/ofy014.

[19] Antinori A, Lazzarin A, Uglietti A, et al. Efficacy and safety of boosted
darunavir-based antiretroviral therapy inHIV-1-positive patients: results
from a meta-analysis of clinical trials. Scientific Reports 2018;8:5288.

[20] Lepik KJ, Harrigan PR, Yip B, et al. Emergent drug resistance with
integrase strand transfer inhibitor-based regimens. AIDS 2017;31:
1425–34.

[21] Cahn P, Pozniak AL, Mingrone H, et al. Dolutegravir versus raltegravir
in antiretroviral-experienced, integrase-inhibitor-naive adults with HIV:
week 48 results from the randomised, double-blind, non-inferiority
SAILING study. Lancet 2013;382:700–8.

[22] Namibia Ministry of Health and Social Services. National Guidelines for
Antiretroviral Therapy. 5th ed. 2016. Available at: https://aidsfree.usaid.
gov/sites/default/files/na_national_guidelines_art.pdf. Accessed May 21,
2019.

http://aidsinfo.unaids.org/
https://www.who.int/hiv/pub/drugresistance/hivdr-report-2017/en/
https://www.who.int/hiv/pub/drugresistance/hivdr-report-2017/en/
https://www.who.int/hiv/pub/arv/arv-2016/en/
https://www.who.int/hiv/pub/arv/arv-2016/en/
https://apps.who.int/iris/bitstream/handle/10665/259731/9789241512879-eng.pdf;jsessionid=B1332E3FB24EADEDEB9BBC1E2DF2BA67?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/259731/9789241512879-eng.pdf;jsessionid=B1332E3FB24EADEDEB9BBC1E2DF2BA67?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/259731/9789241512879-eng.pdf;jsessionid=B1332E3FB24EADEDEB9BBC1E2DF2BA67?sequence=1
http://www.hivresistance2017.co.za/wp-content/uploads/2017/11/44-M-Moorhouse-poster.pdf
http://www.hivresistance2017.co.za/wp-content/uploads/2017/11/44-M-Moorhouse-poster.pdf
https://www.stata.com/support/faqs/resources/citing-software-documentation-faqs/
https://www.stata.com/support/faqs/resources/citing-software-documentation-faqs/
https://aidsfree.usaid.gov/sites/default/files/na_national_guidelines_art.pdf
https://aidsfree.usaid.gov/sites/default/files/na_national_guidelines_art.pdf

	High levels of HIV drug resistance among adults failing second-line antiretroviral therapy in Namibia
	1 Introduction
	2 Methods
	2.1 Study design
	2.2 Data and specimen collection and HIVDR sequencing
	2.3 Statistical analysis
	2.4 Ethical statement

	3 Results
	4 Discussion
	5 Conclusions
	Author contributions
	References


