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Background.  Dolutegravir is being rolled out globally as part of preferred antiretroviral therapy (ART) regimens, including 
among treatment-experienced patients. The role of viral load (VL) testing before switching patients already on ART to a dolutegravir-
containing regimen is less clear in real-world settings.

Methods.  We included patients from the International epidemiology Databases to Evaluate AIDS consortium who switched 
from a nevirapine- or efavirenz-containing regimen to one with dolutegravir. We used multivariable cause-specific hazards regres-
sion to estimate the association of the most recent VL test in the 12 months before switching with subsequent outcomes.

Results.  We included 36 393 patients at 37 sites in 5 countries (Democratic Republic of the Congo, Kenya, Rwanda, Tanzania, 
Uganda) who switched to dolutegravir from July 2017 through February 2020, with a median follow-up of approximately 11 months. 
Compared with those who switched with a VL <200 copies/mL, patients without a recent VL test or with a preswitch VL ≥1000 
copies/mL had significantly increased hazards of an incident VL ≥1000 copies/mL (adjusted hazard ratio [aHR], 2.89; 95% con-
fidence interval [CI], 1.99–4.19 and aHR, 6.60; 95% CI, 4.36–9.99, respectively) and pulmonary tuberculosis or a World Health 
Organization clinical stage 4 event (aHR, 4.78; 95% CI, 2.77–8.24 and aHR, 13.97; 95% CI, 6.62–29.50, respectively).

Conclusions.  A VL test before switching to dolutegravir may help identify patients who need additional clinical monitoring 
and/or adherence support. Further surveillance of patients who switched to dolutegravir with an unknown or unsuppressed VL is 
needed.

Keywords.  antiretroviral agents; clinical decision-making; HIV integrase inhibitors; viral load; prognosis.

Dolutegravir, an integrase strand transfer inhibitor, with 2 nu-
cleoside/nucleotide reverse transcriptase inhibitors (NRTIs), is 
now the preferred antiretroviral therapy (ART) regimen glob-
ally for people living with human immunodeficiency virus 
(HIV) [1, 2]. In low- and middle-income countries (LMICs), 
dolutegravir is being scaled up most commonly as a first-line 
regimen of a once-daily fixed-dose combination tablet that 
also contains tenofovir disoproxil fumarate and lamivudine 

[3]. In addition to starting patients newly initiating ART on 
dolutegravir, patients already on regimens that contain non-
nucleoside reverse transcriptase inhibitors (NNRTIs), such as 
nevirapine and efavirenz, are being switched to dolutegravir 
[4, 5] because of its superior efficacy and tolerability and high 
barrier to HIV drug resistance [6]. By 2025, dolutegravir-
containing regimens are expected to be the most widely used 
ART among people living with HIV in LMICs [7].

The World Health Organization (WHO) guidelines recom-
mend at least yearly testing of viral load (VL) for patients es-
tablished on ART and encourage assessing VL before switching 
from an NNRTI to dolutegravir [1, 2]. A VL <1000 copies/mL 
is the recommended cutoff to switch to a first-line regimen of 
dolutegravir with a tenofovir NRTI backbone. For patients with 
a VL ≥1000 copies/mL that remains elevated despite adher-
ence support, the WHO currently recommends a second-line 
dolutegravir regimen that substitutes tenofovir with zidovudine. 
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Resource-constrained settings often have limited access to gen-
otypic resistance testing [8], so a persistently unsuppressed 
VL may indicate underlying resistance mutations [9]. Because 
resistance to both tenofovir and lamivudine/emtricitabine 
is prevalent [10, 11], some ART-experienced patients with 
an unknown or unsuppressed VL might be switched to regi-
mens in which dolutegravir is the only fully active antiretro-
viral drug [12, 13]. Exposure to dolutegravir monotherapy may 
potentially increase the risk for treatment failure and integrase 
strand transfer inhibitor resistance mutations [14–16]. Despite 
the WHO guidance, some patients may not have a VL test be-
fore switching to dolutegravir. Use of routine VL monitoring 
remains limited in some resource-constrained settings [8, 17], 
and national ART guidelines differ in their recommendation 
for VL testing before regimen changes [18, 19]. In addition, VL 
testing coverage is sensitive to disruptions of public health sys-
tems, whereby VL testing may only be done or available at irreg-
ular time intervals, as evidenced during the coronavirus disease 
2019 pandemic [20].

Routine clinical care data from the initial stages of the global 
dolutegravir rollout may provide evidence for how VL moni-
toring can inform clinical care for patients in HIV treatment 
programs transitioning to dolutegravir and ultimately preserve 
it as a treatment option. In this study, we sought to describe VL 
testing status among patients who switched to dolutegravir in 
sub-Saharan Africa and then examine associations with subse-
quent HIV treatment outcomes while on dolutegravir.

METHODS

Data Sources

Data came from the International epidemiology Databases to 
Evaluate AIDS research consortium, which collects and har-
monizes HIV treatment and care data across 7 geographical re-
gions. This analysis included data from the Central Africa (CA) 
and East Africa (EA) regions. Sites contributing to CA and EA 
are mostly public facilities with diverse levels of care and com-
prehensiveness of clinical services offered. Patient data are col-
lected at clinical encounters and are deidentified at the site level 
before being transmitted to a regional data management center. 
Site-level data are collected through site surveys that ascertain 
level of care, availability of services, and other service-related 
and contextual information [21]. Research ethics committees 
at sites and regional data management centers provided eth-
ical oversight and approved the use of deidentified data for this 
analysis.

Inclusion and Exclusion Criteria

We included patients who were aged ≥16 years at the time of 
HIV care enrollment who switched to a dolutegravir-containing 
regimen from a nevirapine- or efavirenz-containing regimen 
from July 2017 through February 2020, started ART ≥6 months 

before switching, and had ≥6 months of possible follow-up 
after switching. We excluded patients who had a conflicting 
dolutegravir start date.

Measures

We examined the following 5 outcomes: an incident VL ≥1000 
copies/mL, with a subsequent VL test ≥1000 copies/mL or no 
subsequent VL test during follow-up; new or recurrent pulmo-
nary tuberculosis or WHO clinical stage 4 event, based on doc-
umentation of a clinical diagnosis, with pulmonary tuberculosis 
additionally imputed based on documentation of initiating a 
tuberculosis treatment regimen; switch to a protease inhibitor 
(PI)–containing regimen; switch back to an NNRTI-containing 
regimen; and death from any cause or loss to program. Death 
was based on a site’s standard practices for ascertainment (ie, 
active or passive), including estimation of date of death if un-
known. Loss to program was defined as either lost to follow-up 
(ie, no record for ≥7 months immediately preceding the date of 
site database closure) or known to leave care. The last recorded 
date of contact was used to determine when patients were lost 
to program. Death or lost to program was a competing event 
for the first 4 outcomes. Switching to a non-dolutegravir–con-
taining regimen (other than that related to the outcome, if ap-
plicable) was a competing event for all outcomes. Patients were 
followed from the date of switching to dolutegravir until the 
outcome of interest, a competing event, date of site database 
closure, or administrative censoring 18 months after switching. 
As some clinical events (eg, incident VL ≥1000 copies/mL) were 
documented on the same day as switching regimens, the clinical 
event always took precedence.

The main exposure variable was preswitch VL status, that is, a 
VL measured in the 12 months before switching to dolutegravir 
(inclusive of the day of switching) and VL result among those 
with a test (ie, <200 copies/mL, 200–399 copies/mL, 400–999 
copies/mL, and ≥1000 copies/mL). VL testing was conducted in 
accordance with sites’ local clinical protocols and was reported 
as a numeric variable or as undetectable, using the lower limit 
for detection of the assay used. For patients who had multiple 
VL tests prior to switching to dolutegravir, we used the VL test 
closest to the date of switching.

Other variables examined were age group, sex, initial NRTI 
backbone when starting dolutegravir, year of starting ART, 
preswitch NNRTI, prior AIDS diagnosis (ie, CD4 count <200 
cells/mm3 or CD4+ percentage <14%, WHO clinical stage 4 
event for EA, or documentation of AIDS diagnosis for CA), his-
tory of disengagement from care (ie, gap with no record for ≥7 
months in up to 5 years before switching), site urbanicity, site 
level of care, and country. The time interval used to define a his-
tory of disengagement from care and lost to follow-up extended 
the previously validated 6-month interval [22] by 1 month to 
reduce scheduling-related misclassification among patients 
with differentiated service delivery with visits every 6 months.



Statistical Analyses

We computed frequencies and proportions of the sample char-
acteristics, medians and interquartile ranges (IQRs) for time 
from most recent VL test until switching to dolutegravir and 
time from switching until an event (among those with the out-
come of interest), and incidence rates for outcomes, overall and 
stratified by preswitch VL status. We used cause-specific haz-
ards regression to determine the association between preswitch 
VL status and each outcome, with a random effect for site. We 
first ran crude models and then multivariable models adjusted 
for age group, sex, history of disengagement from care, and 
prior AIDS diagnosis as potential confounders. Patients with a 
history of disengagement from care may be less likely to have a 
VL test because of missing visits and be at higher risk for worse 
HIV treatment outcomes [23–26]. Prior AIDS diagnosis was 
included because patients with advanced HIV disease are at 
higher risk for poor outcomes [27] and may be subject to more 
intensive monitoring [28], inclusive of VL testing, but may 
also have more difficulty in achieving viral suppression [26]. 
Analyses for the VL outcome were limited to patients who had 
VL testing after switching to dolutegravir (Supplementary Table 
1). Analyses for the pulmonary tuberculosis and WHO clinical 
stage 4 event outcome were limited to EA, as these data were 
not available for CA. We conducted sensitivity analyses of the 
multivariable models by limiting to countries outside of Kenya, 
as most data were from Kenya, and stratifying by median time 
from preswitch VL until initiating dolutegravir. Analyses were 
conducted using SAS 9.4 (SAS Institute).

RESULTS

Sample Disposition and Characteristics

From July 2017 through February 2020, 37  765 patients who 
switched to dolutegravir were assessed for eligibility, and 36 393 
individuals were included (Supplementary Figure 1) from 37 
sites in 5 countries: Kenya (82%), Uganda (9%), Rwanda (5%), 
Tanzania (3%), and Democratic Republic of the Congo (0.5%). 
Less than half (42%) of patients received care at rural sites, and 
33% received care at sites with a primary level of care. Overall, 
84% of patients were aged 30–59 years, and 52% were female. 
The majority (82%) started ART before 2016, 54% had a prior 
AIDS diagnosis, and 12% had a history of disengagement from 
care. Over half (55%) of patients switched from efavirenz, and 
96% had an initial NRTI backbone that contained tenofovir 
after switching to dolutegravir (Table 1).

Viral Load Testing Before Switching to Dolutegravir and Differences by 
Sample Characteristics

In the 12 months before switching to dolutegravir, 96% of pa-
tients had a VL test and 4% did not. Of those with a VL test, 
91% had a VL <200 copies/mL, 5% had a VL 200–399 copies/
mL, 3% had a VL 400–999 copies/mL, and 1% had a VL ≥1000 
copies/mL (Table 1). Median time from VL test to switch was 

1.8 months (IQR, 0.9–4.6). Compared with patients with a 
preswitch VL <200 copies/mL, patients without a preswitch VL 
test or with a preswitch VL ≥1000 copies/mL had a younger 
age distribution, started ART later, more often switched from 
efavirenz, more often had a history of disengagement from care, 
and more often received care at sites that were outside of Kenya, 
rural sites, and sites with a primary level of care.

HIV Treatment Outcomes After Switching to Dolutegravir

For the incident VL ≥1000 copies/mL outcome (N = 30 459), the 
median follow-up time was 11.5 months (IQR, 9.8–13.9) since 
switching to dolutegravir until the outcome (n = 444), switching 
to a PI- or NNRTI-containing regimen (n = 2183), death or loss 
to program (n = 544), or database closure or administrative cen-
soring (n = 27 288). For the pulmonary tuberculosis and WHO 
clinical stage 4 event outcome (N  =  34  559), the median fol-
low-up time was 11.0 months (IQR, 9.0–12.9) since switching 
to dolutegravir until the outcome (n  =  109), switching to a 
PI- or NNRTI-containing regimen (n = 2886), death or loss to 
program (n = 1296), or database closure or administrative cen-
soring (n = 30 268). For switch to a PI- or NNRTI-containing 
regimen and death or lost to program outcomes (N = 36 393), 
the median follow-up time was 11.1 months (IQR, 9.0–13.3) 
since switching to dolutegravir until death or loss to program 
(n  =  1392), switching to a PI-containing regimen (n  =  115) 
or NNRTI-containing regimen (n  =  2790), or database clo-
sure or administrative censoring (n = 32 096). Among patients 
who switched to an NNRTI-containing regimen, 69% were fe-
male (Supplementary Table 2). The descending incidence of 
HIV treatment outcomes was as follows: switch to an NNRTI-
containing regimen (8.3 per 100 person-years), death or loss 
to program (4.1 per 100 person-years), incident VL ≥1000 
copies/mL (1.5 per 100 person-years), pulmonary tuberculosis 
or WHO clinical stage 4 event (0.3 per 100 person-years), and 
switch to a PI-containing regimen (0.3 per 100 person-years; 
Table 2). Among patients with each outcome of interest, median 
time until event varied by preswitch VL status.

Association Between Preswitch Viral Load and HIV Treatment Outcomes

Patients with a preswitch VL ≥1000 copies/mL had significantly 
greater hazards of an incident VL ≥1000 copies/mL (adjusted 
hazard ratio [aHR], 6.60; 95% confidence interval [CI], 4.36–
9.99), pulmonary tuberculosis or a WHO clinical stage 4 event 
(aHR, 13.97; 95% CI, 6.62–29.50), switch to a PI-containing reg-
imen (aHR, 30.53; 95% CI, 17.87–52.18), switch to an NNRTI-
containing regimen (aHR, 2.83; 95% CI, 2.22–3.61), and death 
or loss to program (aHR, 2.56; 95% CI, 1.81–3.63) compared 
with those who switched with a VL <200 copies/mL (Table 
2). Patients without a preswitch VL load test had significantly 
greater hazards of an incident VL ≥1000 copies/mL (aHR, 2.89; 
95% CI, 1.99–4.19, pulmonary tuberculosis or a WHO clin-
ical stage 4 event (aHR, 4.78; 95% CI, 2.77–8.24), switch to an 

http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciab1006#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciab1006#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciab1006#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciab1006#supplementary-data
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NNRTI-containing regimen (aHR, 1.55; 95% CI, 1.31–1.83), 
and death or loss to program (aHR, 3.77; 95% CI, 3.19–4.46) 
compared with those who switched with a VL <200 copies/mL.

In sensitivity analyses (Supplementary Table 3), substantial 
power was lost when the sample was limited to patients outside 
of Kenya, but similar patterns in associations were observed de-
spite wide confidence intervals. When stratifying preswitch VL 
by the median time until initiating dolutegravir (ie, 56 days), 
associations between a preswitch VL ≥1000 copies/mL and out-
comes were generally similar regardless of timing.

DISCUSSION

Patients who switched to dolutegravir with a VL ≥1000 copies/
mL or without a recent VL test had worse HIV treatment out-
comes, which emerged shortly after switching, compared with 
patients who switched with a suppressed VL. Although they rep-
resented only 5% of patients in the sample, globally, in LMICs, 
there were several million people living with HIV with an un-
known or unsuppressed VL on NNRTI-containing ART before 
the widespread implementation of dolutegravir [4]. Therefore, 
the public health implications of interventions to improve out-
comes among these patients could be substantial.

Patients with a preswitch VL ≥1000 copies/mL generally had 
the most adverse HIV treatment outcomes, but we do not know 
how their outcomes compared with what their outcomes would 
have been had they not switched to dolutegravir, that is, the 
counterfactual. The cohorts included in this analysis do not have 
ready access to genotypic resistance testing for patients with 
viral nonsuppression on a first-line regimen, so we were unable 
to determine if resistance mutations explained the associations 
with more adverse outcomes. Previous research in this setting 
indicates that mutations relevant to NRTIs (eg, K65R, M184V/I) 
are common among patients unsuppressed on nevirapine- or 
efavirenz-containing regimens [29, 30]. Nevertheless, most 
patients, even with partial or extensive NRTI resistance, can 
achieve viral suppression on a dolutegravir-containing regimen 
[31–33]. Most patients with a preswitch VL ≥1000 copies/mL 
did not have tenofovir substituted with zidovudine; however, 
recent data support that this would unlikely compromise at 
least 48-week viral suppression [32–34]. We think it is plausible 
that patients with preswitch VL ≥1000 copies/mL had adher-
ence issues that went unresolved after switching to dolutegravir; 
however, we did not have data on whether additional adherence 
support was provided. It may be possible that clinicians antici-
pated that switching to a more potent dolutegravir-containing 
regimen with a higher genetic barrier to resistance would re-
verse the risk for adverse treatment outcomes, and adherence 
issues went unaddressed.

For patients without a preswitch VL test, we would hy-
pothesize that the underlying distribution of actual VL levels 
included a sizable proportion with an elevated VL based on 
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the associations with HIV treatment outcomes. This group of 
patients appeared to be at especially high risk of poor adher-
ence because of the high prevalence of prior disengagement 
from care and increased hazards of death or loss to program. 
In settings with access to routine VL testing, HIV treatment 
programs should train providers to use preswitch VL to in-
form treatment decisions before a planned regimen change to 
dolutegravir and consider additional clinical monitoring and/or 
adherence support for patients with an unsuppressed VL. At a 
population level, ongoing surveillance of patients who switched 
to dolutegravir without a recent VL test or with an unsup-
pressed VL may help to identify ways to prevent differentially 
adverse outcomes among these 2 patient groups. Although this 
study provides some insight from the initial rollout, examina-
tion of the long-term effectiveness of dolutegravir use at scale in 
real-world settings is essential.

This study provides additional evidence into the use of a 
threshold of <1000 copies/mL on a VL test in the previous 12 
months to recommend switching. Ongoing low-level viral rep-
lication is associated with increased risk of HIV drug resistance 
and virologic failure [35–37]; therefore, this threshold has been 
questioned as possibly being too high [5]. Our findings support 
this threshold, as switching above it was associated with the 
highest hazard ratios for outcomes. However, switching with 
any unsuppressed VL (≥200 copies/mL) was associated with 
significantly increased hazards of some outcomes, albeit at a 
lower magnitude.

Some limitations should be considered in the interpretation 
of this study. The proportion of patients with a preswitch VL 
that was ≥1000 copies/mL or unknown is likely larger outside 
of our sample. Our sample included patients established on 
ART, most for several years, before switching to dolutegravir 
who might have had better adherence and viral suppression 
than patients more recently initiating ART. Furthermore, sites 
in rural locations and those with a primary level of care, with 
potentially less access to routine VL testing, were underrepre-
sented [8]. Nevertheless, we would not expect smaller propor-
tions of these exposures to bias associations with HIV treatment 
outcomes. Females were also underrepresented, and most pa-
tients who switched back to an NNRTI-containing regimen 
were female, both of which were due to now resolved concerns 
about infant neural tube defects [38]. We anticipate more fe-
male patients initiating and continuing dolutegravir with con-
sequentially lower overall discontinuation rates. Although we 
had a large overall sample size, some exposure categories had 
small sample sizes; with short-term follow-up, the incidence of 
outcomes was low. Consequentially, confidence intervals were 
wide for some associations. Longer-term follow-up would allow 
for more precise estimates and, importantly, would allow for 
determination of associations with long-term outcomes. In ad-
dition to patients with a persistently elevated VL ≥1000 copies/

mL, the VL outcome included patients with a single VL ≥1000 
copies/mL and no subsequent testing. As the lack of confirm-
atory testing does not necessarily mean that resuppression on 
dolutegravir did not occur, this variable may not be fully prog-
nostic of future virologic failure. Confirmatory testing may 
not always be done, especially in resource-constrained settings 
[39]; however, because resuppression with dolutegravir is more 
common than with NNRTIs [40], this approach may need to 
be reconsidered.

In conclusion, our study supports that a preswitch VL may 
be useful in identifying patients at elevated risk for adverse HIV 
treatment outcomes after switching to dolutegravir who may 
benefit from additional clinical monitoring and/or adherence 
support. Surveillance of patients who switched without a recent 
VL test or with an unsuppressed VL may help identify ways to 
preserve dolutegravir-containing ART as a long-term treatment 
option.
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