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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.

Introduction a high barrier to resistance.”® Despite major advances in the de-

velopment of antiretroviral (ARV) drugs and ART treatment
Botswana implemented the use of dolutegravirin 2016 as partof  guidelines,*® Botswana, like other middle-income countries, con-
the preferred first-line and second-line combination antiretroviral  tjnyes to face challenges such as access to adherence support,
therapy (ART).! Dolutegravir is a second-generation INSTI with  viral load (VL) and resistance testing, recycling of drugs, limited
high efficacy, tolerability, limited drug-drug interactions and HIV care specialists, drug stock-outs and lack of ancillary
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healthcare services.®” 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.® ' 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 pL 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.?

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 uL 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 described’® while integrase (IN) of HIV-1 pol was amplified
using a protocol previously described.’*

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 14946 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/mlL). 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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14,946 PLWH tested for
HIV viral load from Nov
2023-Jan 2024 in
Francistown

14,512 (97.1%) Virally

434 (2.9%) with detectable

suppressed <200 copies/mL

Figure 1. Selection of study participants.

(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

VL>200 copies/mL

334 with insufficient volume for
HIV drug resistance testing
excluded

100 samples for HIV drug
resistance testing were on ART
for at-least 6 months

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

LLV (VL: 200-1000 copies/mL)

VF (VL>1000 copies/mL)

Variables Total N=100 (%) N=30 (%) 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) 0.05¢
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 13.3) 6 (8.6)
VL episode 0.1
Single 76 (76.0) 0 (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% C1:1.6-37.7] 2 (5.0%) [95% CIL: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.

“P-value calculated with Wilcoxon rank sum test.

dolutegravir-based first-line ART.**"*® 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.®
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.?°7?2 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 ART*® except bictegravir,?® 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
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g 4 *é ) N155H alone is associated with high-level resistance towards
5§25 raltegravir and elvitegravir’® but low-level resistance towards
7 o =2 dolutegravir, bictegravir and cabotegravir’®> among PLWH on
-l raltegravir, elvitegravir, dolutegravir and cabotegravir.'® OQur
§ % sEgx study reports one participant with mutation N155H with acces-
5 < g s § g sory mutation Q97K and this individual was susceptible to do-
¢ x58o lutegravir and bictegravir. E157Q is a naturally occurring
é ﬁ £ § = polymorphism that confers some resistance to raltegravir and el-
5 2 5S¢ o= vitegravir.? However, it may affect the emergence of R263K and
= TTLE resistance to dolutegravir.?”-*® A combination of these two muta-
Zogd tions was reported in an individual with intermediate resistance
= P
g2 o c ; . ) . . A
SO EFL tqword rolteg.rowr, elvitegravir, dolutegravir and blctegr.owrvvhne
Ewes high-level resistance was detected toward cabotegravir.
gz 8‘ A substantial proportion of PLWH had resistance to NNRTIs
£ § =S and NRTIs. Presumably, the presence of NNRTI mutations reflects
Sgg= decades of prior NNRTI use for ART and perinatal transmission
SEE5 : (although none were identified n th
TEES prevention in Botswana (although none were identified in the
5 § § 38 ART-naive individuals). Botswana has a well-established ART
Ec . | @ S5 program that began in 2002, initially utilizing NNRTI- and
<=5 § S 8 % NRTI-based regimens until the adoption of dolutegravir as the
SEE2Z | §95¢8 preferred first- and second-line therapy in 2016. Despite the
== | 23 o2 reduced use of NNRTI- and NRTI-based ART in recent years,
- = g €8 resistance to these drug classes remains prevalent due to cross-
228 ys resistance within ARV classes.”® Resistant HIV strains that devel-
z8>¢8 oped during NNRTI or NRTI use can become archived in the reser-
9 >0 2 2 2 voirs.’?3% Even after switching to dolutegravir, these resistant
~N 3 € 13 ; strains can reactivate and contribute to ongoing viral replication
8 3 3 S gk if the current ART does not fully suppress them. HIV strains carry-
2 oL ; S g ing some mutations including M184V and K65R may persist be-
S OEy S e cause these mutations do not significantly impair the virus’s
,:: = gg '% £ replication capacity.®*3* The persistence of NNRTI- and
sl 9L E e NRTI-associated resistance from earlier regimens can significant-
o L>¢c &% | 9 9 dth
2 STc-g9 y impact treatment outcomes, resistance management and the
I .5 e
v SYGL s effectiveness of new ART strategies. This emphasizes the import-
Uz 2t . , 9 pnasizes -neimpol
@ 8 5 S ance of routine resistance testing and a consideration of prior
2 £9 83 treatment history when designing ART options.
g 3 2 =S ”g Some studies have previously indicated that the presence of
8% g0l NNRTI-associated resistance mutations can reduce the effective-
a S Se e ; X T
= SE Qe k5 ness of dolutegravir.®'%3* A study in Nigeria suggested that post-
N o gy _:. S exposure resistance to NRTI-based ART may increase the risk of
£gEgz ¢ development of dolutegravir-associated resistance. Among 33
T P g g
g 8. g g Y é participants who were failing dolutegravir-based ART, 52% (17)
2 % 22% g and 73% (24) had NRTI- and NNRTI-associated resistance.®® In
a =z R 23 our cohort, among PLWH with INSTI-associated resistance muta-
= g (IS ég S 2 tions, two had dolutegravir-associated resistance and one
ETEL32¢ amongst the two had NRTI- and NNRTI-associated resistance
525 8¢ M mutations, which cannot be used to conclude the link of NNRTI
S22 o0 and NRTI with the emergence of dolutegravir-associated resist-
T xr 0 C g g
§ '{g f Z 5 g £ ance due tolow sample size. The NADIA trial reported no evidence
N g o g g ¢ s of the link of NRTI-associated resistance with the development of
S 3 = § 2 8 2 dolutegravir-associated resistance although the assessment was
SEIEFE S done in virologically failing with VL>1000 copies/mL only.*®
8525952 Some studies have assessed PLWH on dolutegravir like our study.
% 5 8‘ S g 2Ll However, they reported evidence on the link of NRTI-associated
? g £ 5 gfﬁ £35S resistance with increased risk for the emergence of dolutegravir-
g3 25z2L888 associated resistance.®®3” More studies are warranted to inten-
S = § £S5 g5 § E sively assess how pre-existing resistance towards NNRTI and
o 3 E s28Egged NRTI influences the virological and resistance outcomes of do-
< RESSFEEE lutegravir in both ART-naive and ART-experienced populations.
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Prevalence of Drug Resistance Mutations by Drug Class
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Figure 2. HIV DRMs by drug classes. INSTI, Integrase strand transfer inhibitors; NNRTI,

NRTI, Nucleoside reverse transcriptase inhibitors; PI, Protease inhibitors.

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 LLV?® and also a case of
high-level resistance towards dolutegravir at LLV.>® 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.
Akey 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

Non-nucleoside reverse transcriptase inhibitors;

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.

Acknowledgements

We thank all PLWH who were enrolled in the Botswana National ARV
Program residing in Francistown and surrounding areas. We would
love to extend our gratitude to the HIV viral load testing staff at
Nyangabgwe HIV Reference Laboratory for selecting the samples meet-
ing the study inclusion criteria and transportation to Botswana Harvard
HIV Reference Laboratory where HIV drug resistance testing was per-
formed. We thank the Ministry of Health informatics unit for its support
in the conduct of this study.

774



HIV drug resistance in PLWH on ART with VL> 200 copies/mL in Francistown

JAC

Funding

O.T.C. was supported by the US National Institutes Health NIH D43
TWO009610. S.G., S.M.,, W.T.C. and N.O.M. were partly supported through
the Sub-Saharan African Network for TB/HIV Research Excellence
(SANTHE 2.0) from the Bill and Melinda Gates Foundation (INV-033558).
S.M. was supported by the US National Institutes of Health (NIH)
K43TW 012350. SG and WTC were partially supported by H3ABioNet.
S.L. was supported by the US National Institutes of Health NIH K24
AI131928. H3ABioNet was supported by the US National Institutes of
Health Common Fund (U41 HGO06941). H3ABioNet is an initiative of
the Human Health and Heredity in Africa Consortium (H3Africa) program
of the African Academy of Science (AAS). S.M., RM. and O.T.C. were sup-
ported by the Trials of Excellence in Southern Africa (TESA III), which
is part of the EDCTP2 program supported by the European Union
(CSA2020NOE-3104 TESAIII CSA2020NOE). The views expressed in this
publication are those of the authors and not necessarily those of the
funding agencies. The funders had no role in the study design, data col-
lection, decision to publish, or preparation of this manuscript.

Transparency declarations
The authors declare no conflicts of interest.

Author’s contributions

Conceptualization, 0.T.C,, SM,, W.T.C,, D.M,, L.G,, M.S.M,, RM, R.S,, S.L. and
S.G.; Data curation, C.R., T.C,, J.N,, L.B., M.B.M.; Formal analysis, O.T.C.,
W.T.C,, S.M. and S.G; Funding acquisition, S.M.,, RM., J.M. R.S,, S.L. and
S.G.; Investigation, 0.T.C,, S.M,, CKK., D.M,, .G, MS.M,, RS, S.L. and S.G,;
Methodology, O.T.C,, G.M.L, GM,, SM, W.T.C, KS., P.M, P.T.M,, B.Z,
N.O.M. and S.G.; Project administration, O.T.C., R.M. and S.G.; Resources,
L.B, T.C, M.B.M, JN., JM. and S.G.; Supervision, S.M,, 1.G., M.S.M. and
S.G,; Validation, W.T.C.,, S.M,, R.S,, S.L. and S.G.; Visualization, O.T.C., S.M.
and W.T.C.; Writing—original draft, O.T.C.; Writing review and editing,
SM, MSM, CKK, WT.C, N.OM, D.M,, 1.G,, RM,, LB, MBM, T.C,, PM,,
P.T.M,, JM,R.S,, S.L. and S.G. All authors have read and agreed to the pub-
lished version of the manuscript.

Data availability

All relevant data are within the paper, including the figures and tables.
All 58 HIV protease, reverse transcriptase and integrase generated
sequences are submitted to National Center for Biotechnology
Information (NCBI) GenBank and awaiting the accession numbers.

Supplementary data
Table S1 is available as Supplementary data at JAC Online.

References

1 MOH. Botswana Integrated HIV Clinical Care Guidelines, Ministry of
Health Botswana. 2016. https://www.moh.gov.bw/Publications/Hand
book_HIV_treatment_guidelines.pdf

2 Gunthard HF, Saag MS, Benson CA et al. Antiretroviral drugs for treat-
ment and prevention of HIV infection in adults: 2016 recommendations
of the International Antiviral Society-USA panel. JAMA 2016; 316:
191-210. https:/doi.org/10.1001/jama.2016.8900

3 DHHS. Guidelines for the use of antiretroviral agents in HIV-1 infected
adults and adolescents, Panel on Antiretroviral Guidelines for Adults and
Adolescents, Department of Human and Health Services. 2016. https:/

clinicalinfo.hiv.gov/sites/default/files/guidelines/documents/adult-adole
scent-arv/guidelines-adult-adolescent-arv.pdf

4 EACS. European AIDS Clinical Society Guidelines. 2021. https:/www.
eacsociety.org/media/final2021eacsguidelinesv11.0_oct2021.pdf

5 BHIVA. Guidelines on antiretroviral treatment for adults living with
HIV-1 2022, British HIV Association (2023 interim update). 2023.
https://www.bhiva.org/file/63513a1745ea9/BHIVA-guidelines-on-antiret
roviral-treatment-for-adults-living-with-HIV-1-2022.pdf

6 Croome N, Ahluwalia M, Hughes LD et al. Patient-reported barriers and
facilitators to antiretroviral adherence in sub-Saharan Africa. AIDS 2017;
31: 995-1007. https://doi.org/10.1097/QAD.0000000000001416

7 Wallis CL, Godfrey C, Fitzgibbon JE et al. Key factors influencing the
emergence of human immunodeficiency virus drug resistance in low-
and middle-income countries. J Infect Dis 2017; 216 Suppl 9: S851-s6.
https://doi.org/10.1093/infdis/jix409

8 Achieng L, Riedel DJ. Dolutegravir resistance and failure in a Kenyan pa-
tient. J Infect Dis 2019; 219: 165-7. https://doi.org/10.1093/infdis/jiy436

9 Venter WDF, Moorhouse M, Sokhela S et al. Dolutegravir plus two differ-
ent prodrugs of Tenofovir to treat HIV. N Engl J Med 2019; 381: 803-15.
https://doi.org/10.1056/NEJM0a1902824

10 Siedner MJ, Moorhouse MA, Simmons B et al. Reduced efficacy of
HIV-1 integrase inhibitors in patients with drug resistance mutations in
reverse transcriptase. Nat Commun 2020; 11: 5922. https://doi.org/10.
1038/s41467-020-19801-x

11 Seatla KK, Avalos A, Moyo S et al. Four-class drug-resistant HIV-1 sub-
type Cin a treatment experienced individual on dolutegravir-based anti-
retroviral therapy in Botswana. AIDS 2018; 32: 1899-902. https://doi.org/
10.1097/QAD.0000000000001920

12 MOH. Handbook of the Botswana 2023 Integrated HIV Clinical Care
Guidelines. Ministry of Health, 2023 (Not published)

13 Bareng OT, Choga WT, Maphorisa ST et al. HIV-1Cin-house RNA-based
genotyping assay for detection of drug resistance mutations in samples
with low-level viral loads. Infect Drug Resist 2022; 15: 7565-76. https:/
doi.org/10.2147/IDR.S388816

14 Seatla KK, Choga WT, Mogwele M et al. Comparison of an in-house
‘home-brew’ and commercial ViroSeq integrase genotyping assays on
HIV-1 subtype C samples. PLoS One 2019; 14: e0224292. https://doi.
org/10.1371/journal.pone.0224292

15 Seatla KK, Maruapula D, Choga WT et al. HIV-1 subtype C drug resist-
ance mutations in heavily treated patients failing integrase strand trans-
fer inhibitor-based regimens in Botswana. Viruses 2021; 13: 594. https:/
doi.org/10.3390/v13040594

16 Paton NI, Musaazi J, Kityo C et al. Efficacy and safety of dolutegravir or
darunavir in combination with lamivudine plus either zidovudine or teno-
fovir for second-line treatment of HIV infection (NADIA): week 96 results
from a prospective, multicentre, open-label, factorial, randomised, non-
inferiority trial. Lancet HIV 2022; 9: e381-93. https:/doi.org/10.1016/
$2352-3018(22)00092-3.

17 Dorward J, Sookrajh Y, Lessells R et al. Viremia and HIV drug resistance
among people receiving dolutegravir versus efavirenz-based first-line
antiretroviral therapy. J Acquir Immune Defic Syndr 2024; 95: e8-11.
https://doi.org/10.1097/QA1.0000000000003385

18 Tschumi N, Lukau B, Tlali K et al. Emergence of acquired dolutegravir
resistance in treatment-experienced people with HIV in Lesotho. Clin
Infect Dis 2024; 79: 1208-22. https://doi.org/10.1093/cid/ciae185

19 Flieller R, Cabrera S, Ruchansky D et al. HIV drug resistance in adults
initiating or reinitiating antiretroviral therapy in Uruguay—results of a na-
tionally representative survey, 2018-2019. Viruses 2023; 15: 490. https://
doi.org/10.3390/v15020490

20 Dooley KE, Kaplan R, Mwelase N et al. Dolutegravir-based antiretro-
viral therapy for patients coinfected with tuberculosis and human

775


http://academic.oup.com/jac/article-lookup/doi/10.1093/jac/dkae472#supplementary-data
http://academic.oup.com/jac/article-lookup/doi/10.1093/jac/dkae472#supplementary-data
https://www.moh.gov.bw/Publications/Handbook_HIV_treatment_guidelines.pdf
https://www.moh.gov.bw/Publications/Handbook_HIV_treatment_guidelines.pdf
https://doi.org/10.1001/jama.2016.8900
https://clinicalinfo.hiv.gov/sites/default/files/guidelines/documents/adult-adolescent-arv/guidelines-adult-adolescent-arv.pdf
https://clinicalinfo.hiv.gov/sites/default/files/guidelines/documents/adult-adolescent-arv/guidelines-adult-adolescent-arv.pdf
https://clinicalinfo.hiv.gov/sites/default/files/guidelines/documents/adult-adolescent-arv/guidelines-adult-adolescent-arv.pdf
https://www.eacsociety.org/media/final2021eacsguidelinesv11.0_oct2021.pdf
https://www.eacsociety.org/media/final2021eacsguidelinesv11.0_oct2021.pdf
https://www.bhiva.org/file/63513a1745ea9/BHIVA-guidelines-on-antiretroviral-treatment-for-adults-living-with-HIV-1-2022.pdf
https://www.bhiva.org/file/63513a1745ea9/BHIVA-guidelines-on-antiretroviral-treatment-for-adults-living-with-HIV-1-2022.pdf
https://doi.org/10.1097/QAD.0000000000001416
https://doi.org/10.1093/infdis/jix409
https://doi.org/10.1093/infdis/jiy436
https://doi.org/10.1056/NEJMoa1902824
https://doi.org/10.1038/s41467-020-19801-x
https://doi.org/10.1038/s41467-020-19801-x
https://doi.org/10.1097/QAD.0000000000001920
https://doi.org/10.1097/QAD.0000000000001920
https://doi.org/10.2147/IDR.S388816
https://doi.org/10.2147/IDR.S388816
https://doi.org/10.1371/journal.pone.0224292
https://doi.org/10.1371/journal.pone.0224292
https://doi.org/10.3390/v13040594
https://doi.org/10.3390/v13040594
https://doi.org/10.1016/S2352-3018(22)00092-3
https://doi.org/10.1016/S2352-3018(22)00092-3
https://doi.org/10.1097/QAI.0000000000003385
https://doi.org/10.1093/cid/ciae185
https://doi.org/10.3390/v15020490
https://doi.org/10.3390/v15020490

Choga et al.

immunodeficiency virus: a multicenter, noncomparative, open-label, ran-
domized trial. Clin Infect Dis 2020; 70: 549-56. https://doi.org/10.1093/
cid/ciz256

21 Cahn P, Madero JS, Arribas JR et al. Dolutegravir plus lamivudine ver-
sus dolutegravir plus tenofovir disoproxil fumarate and emtricitabine in
antiretroviral-naive adults with HIV-1 infection (GEMINI-1 and
GEMINI-2): week 48 results from two multicentre, double-blind, rando-
mised, non-inferiority, phase 3 trials. Lancet 2019; 393: 143-55. https:/
doi.org/10.1016/50140-6736(18)32462-0.

22 NAMSAL ANRS 12313 Study Group; Kouanfack C, Mpoudi-Etame M
et al. Dolutegravir-based or low-dose efavirenz-based regimen for the
treatment of HIV-1. N Engl J Med 2019; 381: 816-26. https:/doi.org/10.
1056/NEJMoa1904340

23 Rhee SY, Parkin N, Harrigan PR et al. Genotypic correlates of resistance
to the HIV-1 strand transfer integrase inhibitor cabotegravir. Antiviral Res
2022; 208: 105427. https://doi.org/10.1016/j.antiviral.2022.105427

24 Rhee SY, Grant PM, Tzou PL et al. A systematic review of the genetic
mechanisms of dolutegravir resistance. J Antimicrob Chemother 2019;
74: 3135-49. https://doi.org/10.1093/jac/dkz256

25 Margot NA, Ram RR, White KL et al. Antiviral activity of HIV-1 integrase
strand-transfer inhibitors against mutants with integrase resistance
-associated mutations and their frequency in treatment-naive indivi-
duals. J Med Virol 2019; 91: 2188-94. https://doi.org/10.1002/jmv.25564
26 Ghosn J, Mazet AA, Avettand-Fenoel V et al. Rapid selection and ar-
chiving of mutation E157Q in HIV-1 DNA during short-term low-level rep-
lication on a raltegravir-containing regimen. J Antimicrob Chemother
2009; 64: 433-4. https://doi.org/10.1093/jac/dkp182

27 Danion F, Belissa E, Peytavin G et al. Non-virological response
to a dolutegravir-containing regimen in a patient harbouring a
E157Q-mutated virus in the integrase region. J Antimicrob Chemother
2015; 70: 1921-3. https://doi.org/10.1093/jac/dkv012

28 Anstett K, Fusco R, Cutillas V et al. Dolutegravir-selected HIV-1 con-
taining the N155H and R263K resistance substitutions does not acquire
additional compensatory mutations under drug pressure that lead to
higher-level resistance and increased replicative capacity. J Virol 2015;
89: 10482-8. https://doi.org/10.1128/JV1.01725-15

29 Gallien S, Charreau I, Nere ML et al. Archived HIV-1 DNA
resistance mutations to rilpivirine and etravirine in successfully treated
HIV-1-infected individuals pre-exposed to efavirenz or nevirapine. J
Antimicrob Chemother 2015; 70: 562-5. https:/doi.org/10.1093/jac/
dku395

30 Verhofstede C, Noé A, Demecheleer E et al. Drug-resistant variants
that evolve during nonsuppressive therapy persist in HIV-1-infected

peripheral blood mononuclear cells after long-term highly active anti-
retroviral therapy. J Acquir Immune Defic Syndr 2004; 35: 473-83.
https://doi.org/10.1097/00126334-200404150-00005

31 De Luca A. The impact of resistance on viral fitness and its clinical im-
plications. In: Geretti AM, ed. Antiretroviral Resistance in Clinical Practice.
Mediscript, 2006. Chapter 12. https:/www.ncbi.nlm.nih.gov/books/
NBK2244/

32 Sharma PL, Crumpacker CS. Decreased processivity of human im-
munodeficiency virus type 1 reverse transcriptase (RT) containing
didanosine-selected mutation Leu74Val: a comparative analysis of RT
variants Leu74Val and lamivudine-selected Met184Val. J Virol 1999; 73:
8448-56. https://doi.org/10.1128/JV1.73.10.8448-8456.1999

33 Weber J, Chakraborty B, Weberova J et al. Diminished replicative fit-
ness of primary human immunodeficiency virus type 1 isolates harboring
the K65R mutation. J Clin Microbiol 2005; 43: 1395-400. https://doi.org/
10.1128/JCM.43.3.1395-1400.2005

34 Naeger LK, Harrington P, Komatsu T et al. Effect of dolutegravir func-
tional monotherapy on HIV-1 virological response in integrase strand
transfer inhibitor resistant patients. Antivir Ther 2016; 21: 481-8.
https://doi.org/10.3851/IMP3033

35 Abdullahi A, Kida IM, Maina UA et al. Limited emergence of resistance
tointegrase strand transfer inhibitors (INSTIs) in ART-experienced partici-
pants failing dolutegravir-based antiretroviral therapy: a cross-sectional
analysis of a Northeast Nigerian cohort. J Antimicrob Chemother 2023;
78: 2000-7. https://doi.org/10.1093/jac/dkad195

36 Loosli T, Hossmann S, Ingle SM et al. HIV-1 drug resistance in people
on dolutegravir-based antiretroviral therapy: a collaborative cohort ana-
lysis. Lancet HIV 2023; 10: e733-41. https://doi.org/10.1016/S2352-
3018(23)00228-X

37 Rolle CP,Nguyen V, Hinestrosa F et al. Virologic outcomes of switching
to dolutegravir functional mono- or dual therapy with a non-cytosine nu-
cleoside analog: a retrospective study of treatment-experienced, patients
living with HIV. AIDS Res Ther 2021; 18: 26. https://doi.org/10.1186/
$12981-021-00352-0

38 Liu J, Li C, Sun Y et al. Characteristics of drug resistance mutations in
ART-experienced HIV-1 patients with low-level viremia in Zhengzhou city,
China. Sci Rep 2024; 14: 10620. https://doi.org/10.1038/541598-024-
60965-z

39 Botha JC, Steegen K, Edoo M et al. Low-level viraemia despite emer-
gence of dolutegravir-resistant variants. South Afr J HIV Med 2022; 23:
1398. https://doi.org/10.4102/sajhivmed.v23i1.1398

776


https://doi.org/10.1093/cid/ciz256
https://doi.org/10.1093/cid/ciz256
https://doi.org/10.1016/S0140-6736(18)32462-0
https://doi.org/10.1016/S0140-6736(18)32462-0
https://doi.org/10.1056/NEJMoa1904340
https://doi.org/10.1056/NEJMoa1904340
https://doi.org/10.1016/j.antiviral.2022.105427
https://doi.org/10.1093/jac/dkz256
https://doi.org/10.1002/jmv.25564
https://doi.org/10.1093/jac/dkp182
https://doi.org/10.1093/jac/dkv012
https://doi.org/10.1128/JVI.01725-15
https://doi.org/10.1093/jac/dku395
https://doi.org/10.1093/jac/dku395
https://doi.org/10.1097/00126334-200404150-00005
https://www.ncbi.nlm.nih.gov/books/NBK2244/
https://www.ncbi.nlm.nih.gov/books/NBK2244/
https://doi.org/10.1128/JVI.73.10.8448-8456.1999
https://doi.org/10.1128/JCM.43.3.1395-1400.2005
https://doi.org/10.1128/JCM.43.3.1395-1400.2005
https://doi.org/10.3851/IMP3033
https://doi.org/10.1093/jac/dkad195
https://doi.org/10.1016/S2352-3018(23)00228-X
https://doi.org/10.1016/S2352-3018(23)00228-X
https://doi.org/10.1186/s12981-021-00352-0
https://doi.org/10.1186/s12981-021-00352-0
https://doi.org/10.1038/s41598-024-60965-z
https://doi.org/10.1038/s41598-024-60965-z
https://doi.org/10.4102/sajhivmed.v23i1.1398

	Introduction
	Methods
	Study population, size and design
	Ethical consideration
	HIV genotyping
	HIV drug resistance analysis
	Statistical analysis

	Results
	Baseline demographics
	Amplification and genotyping outcomes by VL groups
	Overall prevalence of HIV DRMs stratified by VL groups
	HIV drug resistance among PLWH on dolutegravir-based ART

	Discussion
	Conclusion

	Acknowledgements
	Funding
	Transparency declarations
	Author’s contributions

	Data availability
	Supplementary data
	References

