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Background. Data on the population-scale impact of dolutegravir (DTG)-based HIV regimens in sub-Saharan Africa are
extremely limited. We used data from a surveillance cohort in southern Uganda to assess viral suppression and antiretroviral
(ART) resistance over 10-years alongside DTG scale-up.

Methods. Consenting participants in the population-based Rakai Community Cohort Study between August 2011 and March
2023 aged 15-49 completed questionnaires and provided samples for HIV testing, viral load quantification, and viral deep-
sequencing. We collected data on DTG utilization at HIV care clinics. We estimated the prevalence of HIV suppression and
ART resistance using robust Poisson regression. Bayesian logistic regression quantified associations between resistance and
individual-level suppression across surveys.

Results. Among 8781 people living with HIV (PLHIV), suppression increased from 57.1% (2014, 95% confidence interval [CI],
55.4%-58.8%) to 90.3% (2022, 95% CI, 89.2%-91.4%). By 2020 84.4% (95% CI, 83.7%-85.2%) and 64.6% (95% CI, 63.9%-65.3%) of
men and women on ART were on DTG. Among treatment-experienced viremic PLHIV, any intermediate/high resistance decreased
from 51.1% (95% CI, 40.7%-64.2%, 2014) to 27.9% (95% CI, 21.3%-36.5%, 2022). Two of 258 (0.8%) 2022 participants harbored
intermediate/high-level DTG resistance (inQ148R, inE138K, and inG140A). inS153Y (2-fold INSTT resistance) was observed in 23/
306 (7.5%) of viremic individuals, with evidence of transmission. By 2022, NNRTI/NRTI resistance was not associated with a
reduction in individual-level suppression (risk ratios: 1.15, 95% HPD: 0.93-1.39; 1.14, 0.86-1.42).

Conclusions. Viral suppression increased during the DTG transition with minimal emerging intermediate/high-level
resistance. Falling resistance among treatment-experienced PLHIV underscores the role of ART adherence in reducing viremia.
The emergence of inS153Y justifies continued surveillance.
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Antiretroviral therapy (ART) suppresses human immunodefi-
ciency virus-1 (HIV-1) viral load, slowing disease progression
[1] and preventing transmission [2]. Pre-2018 the World
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Health Organization (WHO) recommended efavirenz (EFV,
a non-nucleoside reverse transcriptase inhibitor, NNRTI)
with 2 nucleoside reverse transcriptase inhibitors (NRTIs) as
first-line HIV treatment. Due to increased pre-treatment
NNRTI resistance [3], recommended first-line regimens transi-
tioned to the integrase strand transfer inhibitor (INSTI) dolu-
tegravir (DTG) with NRTIs in 2018.

Studies of care-seeking individuals have indicated increased
viral suppression among adults living with HIV initiating or
transitioning to DTG across sub-Saharan Africa [4-8]. In con-
trast, multi-national WHO data do not report significant trends
toward increased suppression among those on DTG through
2022 [9]. While emergent DTG resistance has been observed
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in individuals with virological failure [10-13] there is consider-
able uncertainty in the true prevalence as clinic-based studies
do not capture people unengaged or transiently engaged in
therapy and therefore have incomplete denominators.
Further, real-world data on the prevalence of pre-treatment
NNRTI resistance following the DTG transition is limited, de-
spite implications for the efficacy of long-acting injectable cab-
otegravir (CAB) in combination with rilpivirine, an NNRTIL.

Population-based studies that sample individuals regardless
of HIV sero- or treatment-status can quantify the impact of
DTG on population-level virological outcomes, irrespective
of treatment-seeking behavior. We used epidemiological and
virological data collected from adults living with HIV who par-
ticipated in a population-based open-cohort study in southern
Uganda to assess population- and individual-level viral sup-
pression and ART resistance patterns between 2011 and
2023, concurrent with DTG scale-up. Previous work in this co-
hort preceding the DTG transition has shown a 2-fold increase
in NNRTI resistance among pre-treatment people living with
HIV (PLHIV) during the expansion of treatment and preven-
tion programs [14]. Here, we utilized additional data collected
during the 3-year scale-up of DTG in this setting (2019-2022)
providing insights into the real-world adoption of DTG regi-
mens, their efficacy in moving Uganda closer to UNAIDS
95-95-95 goals, and implications for future therapy policies in
sub-Saharan Africa.

METHODS

Study Design and Participants
The RCCS is a population-based open-cohort study conducted
every 18-24 months in inland (HIV prevalence ~14%-17%)
and Lake Victoria fishing (~42%) communities in southern
Uganda [15]. During surveys households in participating com-
munities were censused and consenting residents aged 15-49
were invited to complete a structured sociodemographic, be-
havioral, and health questionnaire that includes questions on
current and past ART use. Participants provided samples for
HIV testing, viral load quantification, and viral deep-
sequencing. Participants were considered pre-treatment at a
given survey if they were seropositive at that round and report-
ed never having been on ART and had a viral load >1000 cop-
ies/mL at that and all previous rounds in which they
participated. The analysis period included the 5 most recent
surveys (10 August 2011 through 7 March 2023); however,
we used all surveys (beginning 5 November 1994) to categorize
treatment exposure. We refer to surveys by the year of the me-
dian interview date (Supplementary Table 1; 2012, 2014, 2015,
2017, 2019, and 2022).

Viremia was defined as a viral load >1000 copies/mL. As vi-
ral loads in the 2012 survey were not routinely measured for all
participants, we imputed missing 2012 viremia status among

pre-treatment individuals (n=792/2,015, Supplementary
Methods). Observations with missing viral load data (97/16
885) in later rounds were dropped from analyses of viremia
status.

Because the RCCS does not collect data on individual drug
regimens, we evaluated trends in DTG use among attendees
from the 20 most commonly accessed HIV care clinics among
RCCS participants. Among clinics providing data, missing data
on type of regimen use were minimal (1/161 of all quarter-years
stratified by sex) and were dropped.

HIV Deep-sequence Based Drug-resistance Prediction

HIV deep-sequencing from venous blood samples was per-
formed through the Phylogenetics and Networks for
Africa
(PANGEA-HIV) using an overlapping amplicon [16] or bait-
capture (veSEQ-HIV [17]) approach. Non-RCCS HIV se-
quence data obtained from individuals residing in surrounding
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areas through complementary RHSP studies between 2012 and
2023 was also incorporated into genetic and phylogenetic clus-
tering analyses. Complete polymerase sequences were used to
calculate pairwise genetic distances and infer phylogenies
(Supplementary Methods).

Drug-resistance mutations (DRMs) were identified using
drmSEQ (Supplementary Methods) with a>10 and >5% of
PCR-deduplicated reads threshold [18]. Mutations were scored
according to the Stanford University HIV Drug Resistance
Database v.9.6 (Supplementary Tables 2 and 3) [19, 20]. We
considered a score sum of >30 as (intermediate/high-level) re-
sistant and between 10 and 29 as low-level resistant.

Study Outcomes and Statistical Methods

We estimated the prevalence of HIV, treatment-experienced
HIV, and suppressed HIV among all study participants with
survey round as a categorical predictor. We then estimated
the prevalence of ever having been on treatment and of viremia
among PLHIV and the prevalence of viremia among
treatment-experienced PLHIV (txPLHIV).

The primary outcomes of this study were overall and class-
specific prevalence of intermediate/high-level INSTI, NNRTI,
NRTI, and PI resistance among viremic txPLHIV and among
pre-treatment PLHIV (ptPLHIV). To account for missing re-
sistance prediction among some viremic PLHIV, we employed
inverse probability weighting (Supplementary Methods). We
also evaluated whether overall resistance among txPLHIV
and NNRTT resistance among ptPLHVI was associated with
age, community type, sex, and viral subtype in both univariate
and bivariate (with survey) models. Among viremic txPLHIV,
we further estimated the prevalence of multi- and single-class
resistance. Finally, we estimated the prevalence of individual
DRMs among viremic txPLHIV and ptPLHIV using
participant-visits with successful resistance prediction to all
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drug classes. We restricted analyses of viremic txPLHIV to 2014
and later due to missing 2012 viral loads.

All prevalence estimates were generated using robust
Poisson regression with a log-link [21]. Generalized estimated
equations were used as individuals can participate in multiple
surveys, selecting correlation structure through quasi-
likelihood information criterion. Independence was assumed
for rare outcomes (<20 events) to ensure convergence. We
also used an independence correlation structure when estimat-
ing DRM prevalence to ensure convergence, particularly for
rare mutations.

We quantified the individual-level probability of suppression
among viremic PLHIV between successive survey rounds de-
pending on survey round and resistance to NNRTI or
NRTI-based regimens in a mixed-effects Bayesian logistic re-
gression. We accounted for missing data due to drop-outs be-
tween surveys and missing viral genomic-based resistance
prediction using post-stratification weighting by survey, age
category, community type, and sex (Supplementary Methods).

RESULTS

A total of 48914 people, including 8781 (17.95%) living
with HIV contributed 109 328 participant-visits between
15 August 2011 and 23 February 2023 (Supplementary
Figures 1-7). Population demographics remained stable
(Supplementary Table 4), however, the median (IQR) age of
participants with HIV increased from 32 (10) to 37 (11) years
(Supplementary Table 5).

The prevalence of HIV among participants decreased slightly
from 20.5% in 2012 (95% confidence interval [CI], 19.9%-
21.2%) to 18.1% in 2022 (95% CI, 17.6%-18.7%, Figure 1A
and Supplementary Table 6), while the prevalence of ever hav-
ing been on ART among PLHIV increased from 35.4% (95%

CL 33.9%-37.1%) to 944% (95% CI, 93.6%-95.2%,
Supplementary Table 7). Consequently, suppression among
all PLHIV increased from 57.1% (95% CI, 55.4%-58.8%) to
90.3% (95% CI, 89.2%-91.4%) between 2014 and 2022. HIV vi-
remia among all study participants, which informs the risk of
transmission, decreased 4.6-fold (95% CI, 4.06-5.21) reaching
1.7% (95% CI, 1.6%-2.0%) by 2022. Due to ART scale-up, a his-
tory of treatment among those with viremia increased 3.14-fold
(prevalence ratio [PR] 95% CI, 2.6-3.80), from 13.4% (95% CI,
11.7%-15.3%) in 2014 to 42.1% (95% CI, 36.7%-48.3%) by
2022. Among txPLHIV, suppression reached 95.4% (95% CI,
94.6%-96.1%) by 2022, an increase from 93.6% (95% CI,
92.8%-94.4%) in 2019, driven by an increase in viral loads <200
copies/mL (Supplementary Table 8).

Overall, 14 clinics serving 74.1% of 2022 RCCS participants
on treatment provided DTG prescription data (Figure 1B and
Supplementary Table 9). DTG use among PLHIV on treatment
was 53.6% (13248/24735) by the end of 2019 and 97.2%
(26 831/27597) by mid-2022 (Supplementary Table 10).
Adoption was slower among women (adjusted P value =.0002)
but reached parity by 2022. DTG adoption was generally consis-
tent across surveyed facilities (Supplementary Figure 8).

Deep-sequence based drug-resistance prediction was at-
tempted on 936/963 (97.2%) of participant-visits contributed
by viremic txPLHIV and 4943/4998 (98.9%) contributed by
ptPLHIV (Supplementary Tables 11 and 12). Coverage was suf-
ficient to predict resistance to >1 drug class for 783 txPLHIV
participant-visits (83.7%) and for 3920 ptPLHIV (79.3%).
Sequencing success was better at higher viral loads as compared
with lower with veSEQ-HIV as compared with the amplicon-
based protocol, and for INSTIs compared with other classes.
Among the 348 (37.2%) sequenced participant-visits contribut-
ed by individuals who initiated treatment in the cohort, median
(IQR) time on treatment was 0.90 (0.20) years.
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Figure 1.  ART scale-up in the Rakai Community Cohort Study (RCCS) 2012-2022. A, Temporal trends in the prevalence of HIV (top), prevalence of PLHIV who ever report
being on ART (middle), and prevalence of virally suppressed HIV (bottom). Prevalence estimates were generated using Poisson regression with robust standard errors with
survey as a predictor variable. Generalized estimating equations with carrelation structure selection by quasi information criterion value (independence) were used to account
for repeat participants across study rounds. B, Proportion of PLHIV on DTG-based regimens at the top 14 clinics serving RCCS participants stratified by sex. Vertical error bars
indicate the Wald 95% confidence interval for the mean value but for some estimates do not extend past the size of the point. Shading corresponds to the range of interview

dates for alternating RCCS surveys.
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Figure 2. ART resistance among treatment-experienced viremic PLHIV in the Rakai Community Cohort Study. A, Prevalence of resistance to any drug class (diamonds), in-
tegrase strand transfer inhibitors (INSTIs, circles), non-nucleoside reverse transcriptase inhibitors (NNRTIs, upright triangles), nucleoside reverse transcriptase inhibitors
(NRTIs, inverted triangles), and protease inhibitors (Pls, squares) by survey among treatment-experienced viremic PLHIV. B, Difference between the estimated prevalence
of resistance to any drug class in consecutive surveys, adjusted for the time between surveys. C, Prevalence of multiclass and single-class resistance among
treatment-experienced viremic PLHIV. Multiclass refers to any combination of simultaneous resistance to any of the 4 drug classes. D, Prevalence of resistance mutations
among treatment-experienced viremic PLHIV, colored by the class of drug to which a given mutation confers resistance. Vertical bars extend to the Wald 95% confidence
intervals. A and C, Generalized estimating equations with correlation structure selection by quasi information criterion value (Any, NRTI, NNRTI: AR1) or independence for
outcome measures with <20 events and for all mutations () were used to account for repeat participants across study rounds. Shading corresponds to the range of interview

dates for alternating RCCS surveys.

Between 2014 and 2022, the prevalence of resistance to any
ARTs among viremic txPLHIV decreased from 51.1% (95%
CI, 40.7%-64.2%) to 27.9% (95% CI, 21.3%-36.5%, Figure 2A
and Supplementary Table 13). The largest round-over-round
drop (4.99% year™", 95% CI, —10.10%-0.11% year™ ') happened
between 2019 and 2022 (P value=.0325; Figure 2B).
Consequently, in 2022, the majority of viremic txPLHIV lacked
detectable resistance, which was robust to the choice of variant
calling threshold (Supplementary Figure 9). Resistance among
txPLHIV did not vary by age or viral subtype but was slightly
more common among participants in inland, as compared
with fishing, communities (Supplementary Table 14; adjusted
P value =.053) and women (adjusted P value =.0001). The
vast majority of observed txPLHIV resistance was NNRTI
(2022 prevalence 22.2%, 95% CI, 17.1%-28.9%) and NRTI

(12.3%, 95% CI, 7.7%-19.9%). While multiclass NNRTI/
NRTI resistance predominated in 2012 (Figure 2C and
Supplementary Table 15), it declined precipitously during the
study such that in 2022 single-class resistance was slightly
more common. INSTI and PI resistance remained <4%, with
only 2/108 (1.85%) of 2022 txPLHIV exhibiting intermediate/
high-level DTG resistance (Table 1).

Among viremic txPLHIV in 2022, the most common resis-
tance mutation was the polymorphic accessory mutation
inT97A (11.6%, 95% CI, 6.6%-20.5%), which confers low-level
INSTI (eg elvitegravir [22]) resistance and has been associated
with DTG failure in combination with other DRMs (Figure 2D
and Supplementary Tables 16 and 17) [11, 19, 20]. The 2-fold
DTG accessory resistance mutation inS153Y [23] was also ob-
served in 7/84 (8.3%)) of viremic txPLHIV in 2022, despite not
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Table 1. Demographic Data on Participants With Low-, Intermediate-, or High-level Dolutegravir (DTG) Resistance

ID Sex Age Round INSTI Mutations Other Mutations Treatment Status First ARV Last HIV—  First HIV+
16284 F (24,34] 2012 inQ148R Pre-treatment 1999
13513 F (14,24] 2015 inR263K prk43T Treatment-experienced 2013 2011 2013
19515 F (24,34] 2022 inS153Y Pre-treatment 2014 2021
19372 F (14,24] 2022 inS153Y prL23I Pre-treatment . 2022
21793 M (34,49] 2022 inS153Y prG73V, prL23I Pre-treatment 2019 2022
40934 M (24,34] 2022 inS153Y Pre-treatment .. 2021
16208 M (14,24] 2022 inS153Y rtF227L, rtK103N Pre-treatment 2017 2021
36454 F (24,34] 2022 inS153Y Pre-treatment 2018 2021
42998 F (14,24] 2022 inS153Y Pre-treatment 2022
31609 F (34,49] 2022 inS153Y Pre-treatment 2018 2021
30284 F (24,34] 2022 inS153Y Pre-treatment . 2017 2021
39941 F (24,34] 2022 inS153Y Pre-treatment . 2021
47286 M (34,49] 2022 inS153Y rtF77L Treatment-experienced 2017 . 2017
37114 F (14,24] 2022 inS153Y rtK103N Treatment-experienced 2021 2021
04449 F (14,24] 2022 inE138 K, inQ148 K, rtM41L, rtG190S, Treatment-experienced 2020 2020
inG140A rtM184vV
36345 M (14,24] 2022 inS153Y Treatment-experienced 2021 .. 2021
15335 M (24,34] 2022 inS153Y Treatment-experienced 2019 2011 2015
35550 F (24,34] 2022 inS153Y Treatment-experienced 2018 e 2014
41004 F (14,24] 2022 inT97A, inS153Y rtv179L Treatment-experienced 2021 2021
08593 F (34,49] 2022 inQ148R, inE138K rtM184V Treatment-experienced 2014 2006 2008
16868 M (34,49] 2022 inS153Y Treatment-experienced 2019 .. 2015

being observed previously (2022 prevalence: 7.5%, 95%
CI, 3.1%-18.4%) or elsewhere [24]. Both 2022 treatment-
experienced participants with intermediate/high-level DTG
resistance had inE138K, one with inQ148R and one with
inG140A and inQ148R (Table 1) [25]. Both individuals had
multiclass NNRTI/NRTI resistance in surveys pre-dating the
DTG scale-up (Supplementary Table 18).

The majority of NNRTT and NRTI resistance in this popula-
tion was attributable to rtK103N (9.8%, 95% CI, 5.2%-18.6%,
high-level EFV and nevirapine resistance [26]), rtM184V
(4.7%, 95% CI, 1.8%-12.3%], high-level 3TC and emtricitabine
resistance [27]), and rtM41L (4.6% [95% CI, 1.7%-11.9%]), a
thymidine analog mutation [28]).

Despite the transition to DTG-based first-line regimens,
NNRTI resistance among ptPLHIV increased 2.74-times
(95% CI, 1.68-4.45) throughout the study period (Figure 3A
and Supplementary Table 19). Between 2019 and 2022 alone
pre-treatment NNRTT resistance increased from 11.5% (95%
CI, 8.6%-15.5%) to 14.9% (95% CI, 9.7%-22.7%). NNRTI resis-
tance was slightly more common among women (adjusted P
value = .022; Supplementary Table 20). In contrast, intermedi-
ate/high-level pre-treatment NRTI/INSTI/PI resistance re-
mained consistently below 2.5%. We did not observe
intermediate/high-level DTG resistance among ptPLHIV.

NNRTI resistance in this group of individuals was predom-
inantly attributed to rtK103N (2022 prevalence: 10.1%, 95% CI,
6%-17%, Figure 3B and 3C and Supplementary Tables 21 and
22) and rtE138A (5.6%, 95% CI, 2.7%-11.5%). The increase in
NNRTI resistance was driven by rtK103N which increased

3.95-fold (95% CI, 1.86-8.4) between 2012 and 2022 whereas
rtE138A increased only modestly (PR: 2.92, 95% CI, 1.1-
7.73). While not solely conferring intermediate/high-level
INSTI resistance, we observed inT97A and inS153Y in 10 and
8 of 133 (7.5% and 6%) pre-treatment PLHIV in 2022 (2022
prevalence: 8.2%, 95% CI, 4.5%-15% and 5.6%, 95% CI,
2.9%-11.1%). While inT97A remained stable over the study pe-
riod (PR vs. 2012: 0.69, 95% CI, 0.33-1.45), inS153Y was not
observed prior to 2022, consistent with observations made
among viremic txPLHIV (Table 1).

Between 2015 and 2022, suppression among viremic people
in the preceding survey increased by 1.31-fold (95% highest
density [HPD] 1.16-1.47, Supplementary
Figure 10). In 2015, viral suppression was slightly less frequent

posterior

among those with NNRTT and NRTT resistance in the previous
survey (RR vs. those without resistance: 0.72, 95% HPD: 0.44-
1.02 and 0.65, 95% HPD: 0.30-1.02, Figure 4). However,
suppression among those with NNRTT or NRTT resistance in-
creased significantly over the analysis period and by 2022 was
comparable to those without resistance (RR: 1.15, 95% HPD:
0.93-1.39, and 1.14, 95% HPD: 0.86-1.42). This trend was ob-
served throughout the study, suggestive of improved clinical
management during the expansion of HIV treatment programs
and potentially increased suppression due to DTG in the 2022
survey.

To assess the transmission dynamics giving rise to the emer-
gence of inS153Y during DTG scale-up, we integrated 2985
RCCS deep-sequenced samples with complete polymerase se-
quences with 274 from other participants in ongoing Rakai
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Figure 3. ART resistance among pre-treatment viremic PLHIV in the Rakai Community Cohort Study. A, Prevalence of resistance to integrase strand transfer inhibitors
(INSTIs, circles), non-nucleoside reverse transcriptase inhibitors (NNRTIs, upright triangles), nucleoside reverse transcriptase inhibitors (NRTIs, inverted triangles), and pro-
tease inhibitors (Pls, squares) by survey among treatment-experienced viremic PLHIV. Generalized estimating equations with correlation structure selection by Quasi
Information Criterion value (NRTI, PI: AR1, NRTI: exchangeable) or independence for outcome measures with <20 events. B, Prevalence of resistance mutations among pre-
treatment viremic PLHIV, colored by the class of drug to which a given mutation confers resistance. C, Prevalence of rtK103N and rtE138A mutations by survey among pre-
treatment viremic PLHIV. Bars extend to the Wald 95% confidence intervals. Bars extend to the Wald 95% confidence intervals. Shading corresponds to the range of interview

dates for alternating RCCS surveys.

Health Sciences Program research studies (Methods,
Supplementary Table 23). inS153Y was observed in 23/311
(7.4%) of deep-sequenced samples collected during or after
the 2022 survey from 306 unique individuals (7.5%). Of these,
11 were living with HIV subtype Al, 6 with subtype D, and 6
with recombinant subtypes. The mutation was universally ob-
served as a minor variant, present in 5%-10% of sequencing
reads and there was no clear pattern of it co-occurring with oth-
er resistance mutations (Supplementary Figures 11-13). Five
individuals with inS153Y (21.74%) were linked to another indi-
vidual with inS153Y at a genetic distance <0.065 substitutions/
site, the 99th percentile of pairwise distances between viremic
PLHIV without inS153Y sampled over the same epoch
(Figure 5). We observed 2 inS153Y genetic clusters, one of
size 3 (subtype D, 2 females and a male) and one of size 2 (sub-
type Al, female and a male), indicative of multiple instances of
linkage through recent transmission.

DISCUSSION

Here, we quantified HIV treatment utilization, viral load sup-
pression, and ART resistance throughout a period of intensive
scale-up of treatment and prevention efforts, including the
transition to DTG-based first-line regimens. Viral suppression
significantly increased over the study, reaching 90% of PLHIV
by 2022. Resistance among txPLHIV fell by almost 50% due in
part to increased suppression among those individuals with re-
sistance. Despite no longer being a first-line regimen compo-
nent, NNRTI resistance continued to increase in this setting.
Intermediate/high-level DTG resistance was observed in only
2 treatment-experienced individuals with prior NRTT resis-
tance. Concerningly, we observed the emergence and potential
transmission of the inS153Y mutation among both txPLHIV
and ptPLHIV following the scale-up of DTG use. These results

provide critical insights into the dynamics of HIV treatment
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Figure 4. Probability of viral load suppression among Rakai Community Cohort Study participants who were viremic in the proceeding survey. A, Probability of viral load
suppression among PLHIV who participated in the RCCS and were viremic in the preceding survey, stratified by NNRTI resistance (blue) or susceptibility (black). B, Posterior
ratio of the probability of suppression among those with NNRTI resistance compared with those without in each survey. C, Probability of viral load suppression among PLHIV
who participated in the RCCS and were viremic in the preceding survey, stratified by NRTI resistance (green) or susceptibility (black). D, Risk ratio of the probability of sup-
pression among those with NRTI resistance compared with those without in each survey. Median value of the posterior distribution plotted as the central estimate and bars
extend to the 50% and 95% highest posterior density. Estimates are plotted at the median date of the follow-up survey. Shading corresponds to the range of interview dates

for alternating RCCS surveys.

and suppression in an East-African setting with high-HIV bur-
den with important implications for efforts to support reaching
milestones such as the UNAIDS 95-95-95 targets.

This work corroborates findings on the impact of DTG on
viral suppression among care-seeking PLHIV with population-
based data. In South Africa, for example, DTG initiators were
slightly more likely to achieve suppression after 12-months
(83% vs. 81%) [6]. Among PLHIV on treatment, those who
transitioned to DTG regimens were more likely to maintain
suppression (94.3% vs. 82.1%) in the AFRICOS (Kenya,
Nigeria, Tanzania, and Uganda) cohort [8] and overall suppres-
sion rate among DTG initiators was marginally, yet signifi-
cantly, higher in South Africa (90.5% vs. 89.7%) [6]. We
further show that population-scale viral load suppression
among PLHIV increased significantly following DTG scale-up.
This continues a trend ongoing since 2014 and likely reflects
the combined impact of DTG and programmatic improve-
ments in treatment-initiation and adherence.

Consistent with prior work [9, 29], we observed limited evi-
dence of intermediate/high-level DTG resistance. Observed
DTG resistance was associated with pre-existing NRTI

resistance, augmenting evidence that effective DTG monother-
apy can lead to treatment failure [5, 29]. However, inS153Y was
observed among txPLHIV and ptPLHIV in 2022, despite not
being observed earlier, with evidence suggesting transmission
of this mutation. This pattern could be indicative of recent
transmission from unsampled individuals with virological fail-
ure on DTG followed by reversion of deleterious mutations
conferring high-level resistance. Observing inS153Y in this set-
ting soon after the DTG transition highlights the potential for
DTG resistance mutations to be selected for and transmitted
in a high-burden setting and the value of population-based sur-
veillance in rapidly identifying this phenomenon. Further, the
continued increase in the prevalence of rtE138A (RPV resis-
tance) among ptPLHIV requires consideration in light of ef-
forts to roll-out long-acting injectable CAB/RPV as this
associated with CAB/RPV failure [30].
Pre-treatment resistance testing, not currently routine in

mutation is

sub-Saharan Africa, may be useful to ensure individuals with
rtE138A achieve durable suppression on CAB/RPV.

NNRTI and NRTI resistance among viremic txPLHIV de-
clined throughout the study period and accelerated during
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Figure 5. Genetic clustering of Rakai residents living with viremic HIV with the inS153Y mutation. A, Pairwise viral genetic distance between Rakai residents with the inS153Y
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the inS153Y mutation sampled between 8 February 2021 and the end of the study period, 7 September 2023. B, Phylogenetic tree of subtype A1 HIV sequences from PLHIV with
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mutation (circles) and the 10 most closely related Rakai HIV sequences for each. In (B) and (C) clustered tips as identified in (A) are highlighted with dotted line.

DTG uptake. This is suggestive of increased suppression among
those with resistance, as indicated by our analyses and reduc-
tions in acquired resistance. In 2022, nearly all (97.3%) of vire-
mic txPLHIV were susceptible to DTG and the majority
(72.1%) susceptible to all ART. As NRTI resistance reverts rap-
idly during treatment interruption [31], this suggests 2 cohorts
of viremic txPLHIV: those with NRTI resistance who are tran-
siently engaged in care and potentially at risk of DTG failure
and those without resistance who are likely to be disengaged
from care entirely. Those disengaged from care are exactly
the people missed in clinic-based studies, reinforcing the utility
of population-based surveillance to accurately quantify virolog-
ical trends among all PLHIV, not just those engaged in care. As
about half of viremic people are treatment-experienced, re-
engaging this population in care is critical in reducing the pop-
ulation prevalence of viremia.

This study has limitations. We assessed DTG utilization
among regional clinics, yet lacked data on individual-level reg-
imens and could not estimate a direct effect of DTG on sup-
pression. Drug presence assays and phenotypic resistance
testing are not routinely conducted in the RCCS and we were
unable to disentangle the role of adherence and resistance in vi-
remia among txPLHIV. We also relied on self-reported

treatment status, possibly leading to misclassification particu-
larly among ptPLHIV. However, we suspect misclassification
to be minimal given the divergent resistance motifs among
txPLHIV and ptPLHIV as minimal (11%) ART use among pre-
treatment RCCS participants was observed in previous work
[32]. Finally, given the recent scale-up of DTG use in this set-
ting, we may expect resistance to increase as time on DTG,
and opportunities for emergence of DRMs, increases.

These results provide an encouraging view of the
east-African HIV epidemic. At the end of follow-up, the most
significant barriers to widespread suppression appear to be de-
lays in treatment initiation and failure to achieve persistent ad-
herence. The risk of DTG resistance appears minimal,
particularly among ptPLHIV. The rapid emergence of
inS153Y, however, suggests the need for ongoing viral genomic
surveillance to maintain long-term efficacy. Broadly, our find-
ings emphasize that ART resistance has not, to date, eroded the
population-scale impacts of investments in developing novel
ART-regimens and making them widely available. Critically,
HIV care is suppressive, and not curative, and reductions in ac-
cess to treatment threaten to rapidly erode many of these pos-
[33-35]. As intermittent adherence to
INSTI-based regimens is associated with a risk of acquired

itive impacts
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resistance [36], treatment interruptions may lead to wide-scale
emergence of resistance against a highly effective regimen,
thwarting major research investments. This would have devas-
tating consequences for the health of people living in high-HIV
burden communities as well as people globally given the inter-
national nature of HIV transmission [37].

Supplementary Data

Supplementary materials are available at Clinical Infectious Diseases online.
Consisting of data provided by the authors to benefit the reader, the posted
materials are not copyedited and are the sole responsibility of the authors, so
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