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Objectives: We assessed HIV-1 drug resistance profiles among people living with HIV (PLWH) with detectable 
viral load (VL) and on dolutegravir-based antiretroviral therapy (ART) in Botswana. 

Methods: The study utilised available 100 residual HIV-1 VL samples from unique PLWH in Francistown who had vir
aemia at-least 6 months after initiating ART in Botswana’s national ART program from November 2023 to January 
2024. Viraemia was categorized as low-level viraemia (LLV) (VL: 200–999 copies/mL) or virologic failure (VF) (VL 
≥1000 copies/mL). HIV-1 protease, reverse transcriptase and integrase genes were sequenced using an in-house 
next-generation sequencing Oxford nanopore technology. HIV-1 drug resistance mutations (DRMs) were identified 
using the HIVdb Program in the Stanford HIV drug resistance database and compared between VL groups. 

Results: Among 100 participants, 83.0% were on dolutegravir-based, 10.0% were on non-dolutegravir-based 
ART and 7.0% had unknown/undocumented ART regimens. Thirty (30%) participants had LLV and 70 (70%) 
had VF. Among 58 successfully sequenced, 32.8% [95% Confidence Interval (CI): 21.8–46.0] had DRMs to any 
drug class, 33.3% (4/12) in the LLV group and 32.6% (15/46) in the VF group. Among individuals on dolutegra
vir-based ART, the overall HIV DRMs were 34.8% (95% CI: 22.7–49.2). By VL groups, 40.0% (95% CI: 16.8–68.7) 
and 33.3% (95% CI: 20.2–50.0) had DRMs at LLV and VF, respectively. 

Conclusions: A high but similar prevalence of any DRMs was observed among individuals with LLV and those with 
VF on dolutegravir-based therapy. Monitoring DRMs in individuals with detectable VL is crucial for preserving do
lutegravir-based ART.

© The Author(s) 2025. Published by Oxford University Press on behalf of British Society for Antimicrobial Chemotherapy. 
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/ 
by/4.0/), which permits unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited.

Introduction
Botswana implemented the use of dolutegravir in 2016 as part of 
the preferred first-line and second-line combination antiretroviral 
therapy (ART).1 Dolutegravir is a second-generation INSTI with 
high efficacy, tolerability, limited drug–drug interactions and 

a high barrier to resistance.2,3 Despite major advances in the de
velopment of antiretroviral (ARV) drugs and ART treatment 
guidelines,4,5 Botswana, like other middle-income countries, con
tinues to face challenges such as access to adherence support, 
viral load (VL) and resistance testing, recycling of drugs, limited 
HIV care specialists, drug stock-outs and lack of ancillary 
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healthcare services.6,7 These challenges may facilitate the emer
gence of drug-resistant HIV-1 variants amid the widespread use 
of dolutegravir-based ART. The presence of HIV drug resistance 
mutations (DRMs) among people living with HIV (PLWH) on do
lutegravir is associated with non-suppression.8–11 Therefore, 
HIV drug resistance monitoring among PLWH with detectable 
VL in the era of dolutegravir-based ART is a necessity to preserve 
future ART options. To date, no study has characterized HIV-1 
DRMs in PLWH on dolutegravir-based ART in the Botswana 
National ART program. This study characterized HIV DRMs among 
PLWH with detectable VL > 200 copies/mL who were predomin
antly on dolutegravir-based ART in the central HIV VL testing la
boratory in Francistown, Botswana.

Methods
Study population, size and design
A cross-sectional study was conducted using residual HIV VL plasma sam
ples of PLWH enrolled in the Botswana National ART program receiving care 
in Francistown and surrounding healthcare facilities. National Program 
HIV-1 RNA testing labs use Abbott Realtime HIV-1 assay on the automated 
m2000rt/m2000sp system (Abbott Laboratories, Wiesbaden, Germany) 
with a lower limit of detection of 40 copies/mL. Amongst PLWH whose 
VL tests were conducted between November 2023 and January 2024 at 
Nyangabgwe HIV Reference Laboratory, all available samples with a de
tectable VL > 200 copies/mL and a minimum of 150 µL were selected for 
HIV drug resistance testing. Individuals who were on ART for at least 
6 months were included. Demographics (age, gender), ART initiation 
date, ART regimen history and retrospective longitudinal HIV-1 VL mea
surements were extracted from medical records. For individuals without 
ART initiation date, the baseline CD4+T cell count test date was used as 
the date of initiation and where baseline CD4+T cell count test date was 
not available, the first VL test date recorded was used and 90 days were 
subtracted to impute the ART initiation date as VL testing is firstly per
formed at 3 months post ART initiation, according to Botswana HIV treat
ment guidelines, followed by 6-monthly VL measurements.12

Ethical consideration
The Botswana Health Research and Development Committee (HRDC) pro
vided ethics approval with a waiver of informed consent. Clinical data 
were extracted by the Ministry of Health and assigned a unique Study 
number.

HIV genotyping
HIV RNA was extracted from 140 μL of plasma using the QIAamp viral 
RNA mini kit (QIAGEN, Hilden, Germany). Complementary DNA strand 
from protease (PR), reverse transcriptase (RT) of HIV-1 pol was amplified 
as previously described13 while integrase (IN) of HIV-1 pol was amplified 
using a protocol previously described.14

The library preparation protocol follows the PCR tiling of the 
SARS-CoV-2 virus with rapid barcoding and the Midnight RT PCR 
Expansion (SQK-RBK110.96 and EXP-MRT001), PCR Version: MRT_9127_ 
v110_revH_14Jul2021 (https://nanoporetech.com/document/pcr-tiling- 
of-sars-cov-2-virus-with-rapid-barcoding-and-midnight). The amplified 
amplicons were quantified with a Nanodrop Spectrophotometer 1000 
prior to rapid barcoding. After barcoding, all amplicons were pooled 
and purified using SPRI beads. The concentration and purity of the pooled 
product were then measured using the Qubit™ 4.0 Fluorometer with the 
Qubit dsDNA HS Assay Kit. The prepared DNA library was loaded into the 
SpotON port of the flow cell and sequenced on the Oxford Nanopore 
Technology (ONT) GridION.

HIV drug resistance analysis
The unprocessed paired-end or single sequence reads obtained from ONT 
were analysed using Genome Detective (https://www.genomedetective. 
com). Genome Detective was used for quality control, removing adapters, 
filtering low-quality sequence reads, performing reference-based assem
bly to HXB2 and generating consensus sequences in FASTA format. The 
Fasta files generated were uploaded in the Stanford HIV drug resistance 
database HIVdb Program (https://hivdb.stanford.edu/hivdb/by-patterns/) 
to identify known HIV-1 DRMs associated with PI, NNRTI, NRTI and INSTI 
at ≥20% allele frequency. The level of antiretroviral drug (ARV) resistance 
was predicted according to the Stanford HIV DRM penalty scores and re
sistance interpretation. Individuals with intermediate-level and high- 
level resistance were considered to have drug resistance.

Statistical analysis
Categorical variables were compared between VL groups using a chi- 
square test. Continuous variables were compared using the Wilcoxon 
rank sum test. Proportions of individuals with at least one HIV drug resist
ance mutation in the LLV and VF groups were compared using a compari
son of proportions test. Confidence intervals for proportions were 
estimated using the Wilson Score Method applying the population sam
ple weights. P-values ≤0.05 were considered statistically significant. 
Data analysis was performed using STATA version 16.

Results
Baseline demographics
Samples from 14 946 unique PLWH were received for VL testing 
from November 2023 to January 2024; HIV-1 RNA was undetect
able in 97.1% (14 512). Among 434 participants with detectable 
VL, and on ART for at least 6 months in this period and have suf
ficient volume for testing were utilized in this study (Figure 1). Of 
these, a total of 30.0% (30) had LLV while 70.0% (70) had VF. 
When stratifying LLV by LLV ranges, 17 had medium LLV 
which is VL: 200–400 copies/mL while 13 had high-LLV (VL:401– 
999 copies/mL). Fifty-nine percent of the 100 individuals were fe
males with a median age of 39 years (Q1, Q3: 29.5, 47) years. 
Individuals with LLV were significantly older than individuals 
with VF (P = 0.05) (Table 1). Current ART regimen data were avail
able for 93 PLWH, of whom 89.2% (83) were on dolutegravir- 
based ART and 10.8% (10) were on NNRTI-based ART (P = 0.03). 
Out of the 83 individuals currently on dolutegravir-based ART, 
38.6% (32) were initiated on dolutegravir as their first-line treat
ment, while 61.4% (51) transitioned from other ART regimens to 
dolutegravir following Botswana guideline updates, rather than 
due to VF. Amongst these 51, 14 were on efavirenz (EFV) or nevir
apine (NVP)-based ART while 37 were initiated on ART prior to 
dolutegravir-based regimens, however, their specific ART options 
were not documented.

Amplification and genotyping outcomes by VL groups
A total of 68.0% (68/100) of samples were successfully amplified 
for HIV PRRT regions, by VL groups; 53.3% (16/30) were amplified 
at LLV compared with 74.3% (52/70) at VL ≥ 1000 copies/mL 
(P-value = 0.05). For the HIV integrase region, 71.0% of the sam
ples were successfully amplified. The sequencing success was 
72.1% (49/68) and 71.8% (51/71) for HIV PRRT and integrase re
gions, respectively. Higher HIV integrase sequencing success 
was achieved in samples with VL ≥ 1000 copies/mL at 76.9% 
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(40/52) compared with samples with LLV at 52.4% (11/21) 
(P-value = 0.02). From 68 HIV PRRT-generated amplicons, a total 
of 56.3% (9/16) and 78.4% (40/51) were successfully sequenced 
at LLV and VF, respectively (Table S1, available as Supplementary 
data at JAC Online).

Overall prevalence of HIV DRMs stratified by VL groups
Among 58 generated sequences, 32.8% [95% Confidence 
Interval (CI): 21.8–46.0] had at least one HIV DRM. PLWH with 
LLV (33.3%) had the same prevalence of HIV DRMs as those 
with VL ≥ 1000 copies/mL (32.6%) (P-value = 0.99) shown in 
Table 1. Of these PLWH with DRMs, 37.0% (17/46) had DRMs at 
a single instance of LLV or VF, 22.2% (2/9) in the confirmed VL 
group (two consecutive LLV or VF measurements) and none at 
persistent (at-least three consecutive) LLV or VF measurements. 
Table 2 shows the description of 19 PLWH with HIV DRMs and 
their resistance levels towards different ARV drugs.

The most 3 predominant DRMs with a prevalence >5% were 
E138A (10.2%), K103N (8.2%) and M184V (8.2%) (Figure 2). 
NNRTI-associated resistance mutations were most common (in 
26.5% of PLWH) with DRM related to rilpivirine (RPV) in 18.0%, 
to EFV in 14.0% and to NVP in 14.0%. Three (5.2%) PLWH had 
INSTI-associated resistance mutations, one with potential low- 
level dolutegravir-associated resistance (N155H and Q95K muta
tions), one intermediate (R263K and E157Q mutations) and the 
remaining with high-level dolutegravir-associated resistance 
(G118R, E138K, R263K and L94M mutations).

HIV drug resistance among PLWH on dolutegravir-based 
ART
Amongst 58 PLWH with HIV-1 sequences, 53 had current ART 
regimen data. Of these, 86.8% (46) were on dolutegravir-based 
ART. Among 46 individuals on dolutegravir-based ART, 21.7% 
(10) had LLV while 78.3% (36) had VF. A total of 32 were initiated 
on non-dolutegravir ART from 2003 to 2016 (and later switched 

to dolutegravir following Botswana guideline updates, rather 
than due to VF) while 14 were initiated from 2017 to 2023 
(during the era of dolutegravir-based ART). Among 46 PLWH on 
dolutegravir-based ART, 34.8% (16) had at least one DRM; 
40.0% (4/10) at LLV and 33.3% (12/36) at VF had at least one 
DRM. Of these 16, 13 were initiated from 2003 to 2016 and 3 
from 2022 to 2023. Amongst PLWH on dolutegravir-based ART, 
27.5% (11) had NNRTI resistance, 15.0% (6) had NRTI resistance, 
5.0% (2) had PI resistance and 7.3% (3) had INSTI-associated re
sistance. Among 16 with DRMs, only two of these participants 
had HIV DRMs on dolutegravir first-line based ART while 14 
were initially on other ART options before dolutegravir-based 
ART (three were on EFV-based ART, one on lamivudine while 10 
their initial ART information was not documented).

Discussion
We conducted a cross-sectional study to characterize HIV DRMs 
associated with each class of antiretrovirals in a small cohort of 
PLWH enrolled in the Botswana National ART program and experi
encing detectable VL >200 copies/mL on ART. We report a 
prevalence of 34.8% of having at least one HIV DRM (conferring 
low-level or greater drug resistance) among PLWH on 
dolutegravir-based ART who had detectable VL, without differ
ences by LLV or VF. We identified a low prevalence of 
dolutegravir-resistance-associated mutations (5.0%), but per
sistent resistance mutations associated with NNRTIs despite lim
ited use in current ART regimens.

The reported prevalence of HIV DRMs in this cohort was similar 
to that of 32% from the previous study of PLWH on deep salvage 
dolutegravir therapy in Botswana,15 which indicated that ART 
post-exposure before dolutegravir may increase the risk of HIV 
DRMs. Our observed low prevalence of dolutegravir-associated 
resistance among PLWH with viraemia on dolutegravir-based 
ART aligns with previous studies that have indicated rare 
dolutegravir-associated resistance among PLWH who are failing 

Figure 1. Selection of study participants.
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dolutegravir-based first-line ART.16–18 A previous study did not 
detect dolutegravir-associated resistance among virologically 
failing PLWH who initiated dolutegravir as the first-line ART, 
though it reported 12.7% with INSTI-associated resistance.19

Although we do not have information on how many PLWH on do
lutegravir in this study had previous ART regimens, we believe 
that 87.5% (14/16) of those with DRMs on dolutegravir-based 
ART were exposed to other ART options, as their ART initiation 
date was before the introduction of dolutegravir in Botswana. 
This study identified three individuals with INSTI resistance, two 
of whom were on dolutegravir-based second-line ART, suggest
ing that prior ART exposure may contribute to dolutegravir resist
ance. In addition, we observed a unique case of an individual with 
dolutegravir resistance on dolutegravir-based first-line ART. 
However, it is possible that this individual was infected with a re
sistant strain. Individuals may be experiencing treatment failure 
because they were switched to dolutegravir while their VL was 

suppressed, with DRMs primarily driven by an unoptimized 
background regimen rather than dolutegravir itself. Factors asso
ciated with the emergence of dolutegravir-associated resistance 
include poor treatment adherence, drug interactions and viral 
factors such as a high baseline VL.20–22 These findings emphasize 
the importance of monitoring resistance patterns to optimize 
ART strategies.

Some of the study participants had INSTI-associated resist
ance mutations including G118K, E138K, R263K, N188H, Q97K, 
L94M and E157Q which may impact the use of dolutegravir. 
G118R mutation is associated with high-level resistance to all 
INSTI-based ART16 except bictegravir,23 this mutation is usually 
reported among PLWH who are virologically failing and have 
emergent HIV drug resistance on dolutegravir. This mutation 
was reported in this study among two individuals whereby one 
participant has a VL of 1326 copies/mL with 12 HIV DRMs and 
the other has a VL of 790 copies/mL with 4 HIV DRMs. Mutation 

Table 1. Baseline demographics and HIV drug resistance profiles stratified by viral load groups

Variables Total N = 100 (%)
LLV (VL: 200–1000 copies/mL) 

N = 30 (%)
VF (VL ≥ 1000 copies/mL) 

N = 70 (%) P-values

Gender 0.31
Male 41 (41.0) 10 (33.3) 31 (44.3)
Females 59 (59.0) 20(67.7) 39 (55.7)

Median Age in years (Q1, Q3) 39 (29.5, 47) 43.0 (33, 52) 38, 43) 0.05a

ART initiation years 0.07
Prior June 2016 68 (68.0) 25 (83.3) 43 (61.4)
Post June 2016 32 (32.0) 5 (16.7) 27(38.6)

Historical ART regimen N = 40 N = 13 N = 27 0.3
Dolutegravir-based ART 20 (50.0) 9 (69.2) 11 (40.7)
Non-dolutegravir-based ART 20 (50.0) 4 (30.8) 16 (59.3)

Current ART regimen N = 93 N = 30 N = 63 0.03
Dolutegravir-based ART 83 (89.2) 27 (90.0) 56 (88.9)
Non-dolutegravir-based ART 10 (10.8) 3 (10.0) 7 (11.1)

Botswana Citizen 0.35
Yes 93 (93.0) 29 (96.7) 64 (91.4)
No 7 (7.0) 1 (3.3) 6 (8.6)

VL episode 0.1
Single 76 (76.0) 20 (66.7) 56 (80.0)
Confirmed 20 (20.0) 7 (23.3) 13 (18.6)
Persistent 4 (4.0) 3 (10) 1 (1.4)

N = 58 N = 12 N = 46 0.99
Overall HIV DRMS [95% CI:] 19 (32.8%) [95% CI: 21.8–46.0] 4(33.3%) [95% CI: 13.8–60.9] 15 (32.6%) [95% CI: 20.9–47.0]
HIV DR classes

PI (n = 49) 3 (6.1%) [95% CI: 2.1–16.5] 0 (0.0%) 3 (7.5%) [95% CI:2.6–19.9] N/A
NRTI (n = 49) 6(12.2%) [95% CI: 5.7–24.2] 1 (11.1%) [95% CI:2.0–43.5] 5 (12.5%) [95% CI:5.5–26.1] 0.90
NNRTI (n = 49) 13(26.5) [95% CI: 16.2–40.3] 3 (33.3%) [95% CI:12.1–64.5] 10 (25.0%) [95% CI:14.2–40.2] 0.62
INSTI (n = 51) 3(5.9%) [95% CI:2.0–15.9] 1(9.1%) [95% CI:1.6–37.7] 2 (5.0%) [95% CI:1.4–16.5] 0.56

ART, antiretroviral therapy; dolutegravir, based ART-other regimens with dolutegravir; LLV, low-level viraemia; LPV, based ART-other regimens with 
lopinavir; N, number of people living with HIV; n, Total number of sequences available for each HIV drug class; Non-dolutegravir, other regimens 
with nevirapine or efavirenz; VF, virologic failure; 95% CI, 95% Confidence Intervals; Single, a single instance of LLV or VF; Confirmed, two consecutive 
LLV or VF measurements 6 months apart; Persistent, at-least three consecutive LLV or VF measurements within 12 ± 2 months. The prevalence of PI, 
NRTI and NNRTI was calculated using a denominator of 9 of PLWH with PRRT sequences in LLV while 40 was used in the VF group. Here 11 denominator 
was used for INSTI-associated resistance mutations in LLV while 40 was used in VF.
aP-value calculated with Wilcoxon rank sum test.
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N155H alone is associated with high-level resistance towards 
raltegravir and elvitegravir24 but low-level resistance towards 
dolutegravir, bictegravir and cabotegravir25 among PLWH on 
raltegravir, elvitegravir, dolutegravir and cabotegravir.18 Our 
study reports one participant with mutation N155H with acces
sory mutation Q97K and this individual was susceptible to do
lutegravir and bictegravir. E157Q is a naturally occurring 
polymorphism that confers some resistance to raltegravir and el
vitegravir.26 However, it may affect the emergence of R263K and 
resistance to dolutegravir.27,28 A combination of these two muta
tions was reported in an individual with intermediate resistance 
toward raltegravir, elvitegravir, dolutegravir and bictegravir while 
high-level resistance was detected toward cabotegravir.

A substantial proportion of PLWH had resistance to NNRTIs 
and NRTIs. Presumably, the presence of NNRTI mutations reflects 
decades of prior NNRTI use for ART and perinatal transmission 
prevention in Botswana (although none were identified in the 
ART-naïve individuals). Botswana has a well-established ART 
program that began in 2002, initially utilizing NNRTI- and 
NRTI-based regimens until the adoption of dolutegravir as the 
preferred first- and second-line therapy in 2016. Despite the 
reduced use of NNRTI- and NRTI-based ART in recent years, 
resistance to these drug classes remains prevalent due to cross- 
resistance within ARV classes.29 Resistant HIV strains that devel
oped during NNRTI or NRTI use can become archived in the reser
voirs.29,30 Even after switching to dolutegravir, these resistant 
strains can reactivate and contribute to ongoing viral replication 
if the current ART does not fully suppress them. HIV strains carry
ing some mutations including M184V and K65R may persist be
cause these mutations do not significantly impair the virus’s 
replication capacity.31–33 The persistence of NNRTI- and 
NRTI-associated resistance from earlier regimens can significant
ly impact treatment outcomes, resistance management and the 
effectiveness of new ART strategies. This emphasizes the import
ance of routine resistance testing and a consideration of prior 
treatment history when designing ART options.

Some studies have previously indicated that the presence of 
NNRTI-associated resistance mutations can reduce the effective
ness of dolutegravir.9,10,34 A study in Nigeria suggested that post- 
exposure resistance to NRTI-based ART may increase the risk of 
development of dolutegravir-associated resistance. Among 33 
participants who were failing dolutegravir-based ART, 52% (17) 
and 73% (24) had NRTI- and NNRTI-associated resistance.35 In 
our cohort, among PLWH with INSTI-associated resistance muta
tions, two had dolutegravir-associated resistance and one 
amongst the two had NRTI- and NNRTI-associated resistance 
mutations, which cannot be used to conclude the link of NNRTI 
and NRTI with the emergence of dolutegravir-associated resist
ance due to low sample size. The NADIA trial reported no evidence 
of the link of NRTI-associated resistance with the development of 
dolutegravir-associated resistance although the assessment was 
done in virologically failing with VL ≥ 1000 copies/mL only.16

Some studies have assessed PLWH on dolutegravir like our study. 
However, they reported evidence on the link of NRTI-associated 
resistance with increased risk for the emergence of dolutegravir- 
associated resistance.36,37 More studies are warranted to inten
sively assess how pre-existing resistance towards NNRTI and 
NRTI influences the virological and resistance outcomes of do
lutegravir in both ART-naïve and ART-experienced populations.Ag
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Our study findings indicate that HIV DRMs are a concern 
among both individuals with LLV and those who have VF. This 
finding is consistent with a study done in China that has reported 
a high prevalence of DRMs in PLWH with LLV38 and also a case of 
high-level resistance towards dolutegravir at LLV.39 PLWH with 
dolutegravir-associated resistance may not experience virologic 
failure immediately due to the fitness of mutations present and 
therefore may experience incomplete viral suppression or low- 
level viraemia. This finding highlights the need for continual HIV 
drug resistance monitoring among individuals with LLV in the 
era of dolutegravir-based ART.

The study had several limitations. This study had a relatively 
small sample size due to the high viral suppression rate in 
Botswana. Similarly, we used residual samples from the northern 
part of the country in the nation’s second-largest city, leaving out 
other highly populated areas with relatively high HIV prevalence. 
A key limitation of the study is low genotyping success, partly due 
to about 30% of the samples being from individuals with LLV, 
where genotyping failure rates were high. Since these samples 
were initially collected for VL testing, handling factors may 
have affected sample quality and further reducing the genotyp
ing success. This reduction in sample numbers may have limited 
statistical power and potentially led to an overestimation of HIV 
DRMs. Despite these limitations, the study provides valuable in
sights into HIV DRMs in PLWH on dolutegravir-based ART with de
tectable VL, emphasizing the influence of previous ART regimens. 
Some individuals lacked historical ART information, which pre
vented the study from distinguishing between those who were 
switched from NNRTI-based ART to dolutegravir-based ART due 
to updated HIV treatment guidelines in Botswana either with pre
vious VF or viral suppression and understanding how previous ex
posure to other ARTs before dolutegravir influenced the 

development of DRMs. One of the study limitations is the unavail
ability of the resistance data at earlier timepoints to assess the 
evolution of the HIV DRMs. Despite these limitations, the study 
successfully detected DRMs associated with NRTIs, NNRTIs, PIs 
and INSTIs among PLWH on ART with a detectable VL > 200 
copies/mL, using VL residual samples from those on dolutegravir- 
based ART. The possibility of using confirmed detectable VL residual 
samples for HIV drug resistance testing will shorten the turnaround 
time, especially in resource-limited settings where VL results turn
around time is lengthy. This will eliminate the process of requesting 
a specimen for HIV drug resistance testing.

Conclusion
Among PLWH on ART with viraemia in the Botswana National ART 
program, a third of individuals had DRMs, with similar prevalence 
among those with LLV or VF. There was a low prevalence of 
dolutegravir-associated resistance mutations, but a high preva
lence of resistance to NRTIs and to NNRTIs (despite little current 
NNRTI use in the country). This may warrant a reconsideration of 
the importance of LLV in national drug ART policies.
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Figure 2. HIV DRMs by drug classes. INSTI, Integrase strand transfer inhibitors; NNRTI, Non-nucleoside reverse transcriptase inhibitors; 
NRTI, Nucleoside reverse transcriptase inhibitors; PI, Protease inhibitors.
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