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a b s t r a c t 

Objectives: In low–middle-income countries, increasing levels of HIV drug resistance (HIVDR) on second- 

line protease inhibitor (PI)-based regimens are a cause for concern given the limited drug options for 

third-line antiretroviral therapy (ART). We conducted a retrospective analysis of routine HIV-1 genotyp- 

ing laboratory data from KwaZulu-Natal, South Africa, to describe the frequency and patterns of HIVDR 

mutations and their consequent impact on standardised third-line regimens. 

Methods: This was a cross-sectional analysis of all HIV-1 genotypic resistance tests conducted by the Na- 

tional Health Laboratory Service in KwaZulu-Natal (January 2015 to December 2016) for adults and ado- 

lescents (age ≥10 years) on second-line PI-based ART with virological failure. We assigned a third-line 

regimen to each record based on a national treatment algorithm and calculated the genotypic suscepti- 

bility score (GSS) for that regimen. 

Results: Of 348 samples analysed, 287 (82.5%) had at least one drug resistance mutation (DRM) and 

114 (32.8%) had at least one major PI DRM. Major PI resistance was associated with longer duration on 

second-line ART (aOR per 6-months = 1.11, 95% CI 1.04–1.19) and older age (aOR = 1.03, 95% CI 1.01–

1.05). Of 112 patients requiring third-line ART, 12 (10.7%) had a GSS of < 2 for the algorithm-assigned 

third-line regimen. 

Conclusion: One-third of people failing second-line ART had significant PI DRMs. A subgroup of these 

individuals had extensive HIVDR, where the predicted activity of third-line ART was suboptimal, high- 

lighting the need for continuous evaluation of outcomes on third-line regimens and close monitoring for 

emergent HIV-1 integrase inhibitor resistance. 

© 2021 The Author(s). Published by Elsevier Ltd on behalf of International Society for Antimicrobial 

Chemotherapy. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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. Introduction 

Human immunodeficiency virus drug resistance (HIVDR) re- 

ains a major public-health problem in the successful eradica- 

ion of HIV using antiretroviral therapy (ART) [1] . The presence of 

IVDR causes increases in HIV infections and deaths and has huge 

mplications on ART programme costs [2] . Programmatic data from 
iety for Antimicrobial Chemotherapy. This is an open access article under the CC 
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waZulu-Natal Province in South Africa have suggested a low com- 

liance with viral load monitoring guidelines, with just 32% and 

6% of adults having viral load tests at 12 months and 24 months, 

espectively [3] . This problem is perpetuated by the lack of timely 

ction on viral load results when virological failure has been di- 

gnosed [4] . This has resulted in several studies reporting patients 

emaining on failing regimens for prolonged periods of time [up to 

7 months; interquartile range (IQR) 17–40 months] before treat- 

ent switch [4–7] . Delays in treatment switching further jeopar- 

ise subsequent antiretroviral drug options, as mutations accumu- 

ate on a failing ART regimen [8–10] . This poses a major challenge 

o achieving the Joint United Nations Programme on HIV and AIDS 

UNAIDS) 90-90-90 goals, particularly in achieving 90% viral sup- 

ression in people receiving ART [ 2 , 11 ]. 

Several studies have reported high levels of acquired HIV-1 drug 

esistance in KwaZulu-Natal, with approximately 84–100% of all 

atients with unsuppressed viral loads on first-line ART having at 

east one known HIVDR mutation [ 4 , 12–14 ]. The preferred second- 

ine ART regimen for adults in South Africa until 2019 included zi- 

ovudine (AZT) or tenofovir (TDF) depending on the previous reg- 

men, with lamivudine or emtricitabine, and a protease inhibitor 

i.e. ritonavir-boosted lopinavir (LPV/r)/ritonavir-boosted atazanavir 

ATV/r)] [15] . As with first-line ART, patients with persistent vi- 

aemia on second-line ART (i.e. having at least two consecutive vi- 

al loads ≥10 0 0 copies/mL, at least 3 months apart whilst on ART, 

ith intensive adherence counselling) are considered to have viro- 

ogical failure, and only then is genotypic drug resistance testing 

one to guide clinical management [15] . 

In a pooled analysis of protease inhibitor (PI)-based failures in 

ub-Saharan Africa, 17% of patients had at least one major PI resis- 

ance mutation at treatment failure, with an association between 

ime on second-line ART and development of PI resistance [16] . 

imilar findings were shown in a South African national survey 

n second-line PI-based failures between 2013 and 2014, with ap- 

roximately 16% of patients having major PI resistance at virologi- 

al failure [17] . As ART programmes mature and more people have 

onger exposure to PI-based regimens, we expect to see more PI 

esistance. In this analysis, we sought to describe the frequency 

nd patterns of HIVDR mutations in adults and adolescents fail- 

ng second-line PI-based ART in KwaZulu-Natal, the province with 

he largest ART programme in South Africa [18] , and to estimate 

he consequent impact of the observed resistance on standardised 

hird-line ART regimens. 

. Materials and methods 

.1. Study population 

The study population comprised adult and adolescent HIV-1- 

ositive patients with persistent viraemia (at least two consec- 

tive viral loads ≥10 0 0 copies/mL) on second-line PI-based ART 

ho had samples sent for HIVDR testing between January 2015 

nd December 2016 to the Department of Virology, National Health 

aboratory Service (NHLS) in Durban, South Africa, as per national 

uidelines. The NHLS is the laboratory that conducts routine HIVDR 

enotypic testing for people receiving care at public sector health 

acilities. Genotypic drug resistance test requests were done ac- 

ording to the standard of care in South Africa [19] , and all geno-

ypic drug resistance tests were performed at the Department of 

irology, NHLS, in Durban. 

.2. Laboratory procedures 

Sample extraction and Sanger sequencing were performed for 

amples with HIV RNA ≥10 0 0 copies/mL. In summary, viral RNA 

as extracted from plasma samples using a NucliSENS easyMAG 
469 
utomated extraction platform (bioMérieux, Marcy-l’Étoile, France). 

everse transcription PCR was performed using a SuperScript III 

irst Strand Synthesis System (Thermo Fisher Scientific, USA), and 

he protease and reverse transcriptase genes were amplified using 

latinum 

TM Taq DNA Polymerase (Thermo Fisher Scientific). Inte- 

rase sequencing was not done because patient records indicated 

o known exposure to integrase strand transfer inhibitors (InSTIs) 

nd we assumed there would not be transmitted integrase resis- 

ance. Details of the laboratory method have been described previ- 

usly [20] . Sequencing was done on a 3730 Genetic Analyzer, and 

equences were analysed for drug resistance mutations using the 

tanford University HIV Drug Resistance Database (Stanford HIVdb) 

 http://hivdb.stanford.edu ) [21] . 

.3. Eligibility criteria 

For this analysis, we obtained reports of HIV-1 drug resistance 

ests, and the inclusion criteria were all patient records from indi- 

iduals aged ≥10 years with a sample successfully genotyped dur- 

ng the reporting period who were receiving a PI-based ART regi- 

en at time of testing. Patient records were considered duplicates 

f the first name and surname were the same, they had the same 

ate of birth, received treatment from the same clinic, and had the 

ame national identification number. In such cases, the latest result 

as included in the analysis. All patient records are stored elec- 

ronically in a NHLS in-house database. 

.4. Data analysis 

We re-analysed each patient record based on observed muta- 

ions using the Stanford HIVdb v.8.7. We defined drug resistance as 

aving any major PI drug resistance mutation (DRM), nucleoside 

everse transcriptase inhibitor (NRTI) resistance mutation, or non- 

ucleoside reverse transcriptase inhibitor (NNRTI) resistance muta- 

ion. Univariable and multivariable logistic regression were used to 

ompare associations between patient variables and major PI re- 

istance, and we excluded any records with missing patient vari- 

ble data. A P -value of < 0.05 was considered statistically signifi- 

ant. All statistical analyses were done using Stata v.14 (StataCorp 

P, College Station, TX, USA). We assessed patterns of HIVDR muta- 

ions and the prevalence of major PI resistance mutations. Where 

rug resistance predicted a need for third-line ART, we assigned a 

rug regimen to each record based on the standardised national 

lgorithm [22] . The algorithm guides selection of a regimen incor- 

orating darunavir/ritonavir (DRV/r) + two NRTIs ± dolutegravir 

DTG) ± etravirine/rilpivirine (ETR/RPV), based on observed drug 

esistance (Supplementary Fig. S1). 

.5. Ethics statement 

Approval to conduct this study was obtained from the Univer- 

ity of KwaZulu-Natal Biomedical Research Ethics Committee. 

. Results 

We received 665 requests for genotypic resistance testing dur- 

ng the period January 2015 to December 2016, and excluded 59 

amples that were either not approved for testing (21) or had un- 

uitable samples (38). We processed 606 samples for viral load 

esting and attempted genotyping for 551 samples with viral loads 

 10 0 0 copies/mL. We obtained valid genotype results for 465 sam- 

les and included 348 genotypes in the final analysis. Fig. 1 shows 

etails of samples processed from request to analysis. 

Of the 348 samples, most ( n = 325; 93.4%) were from indi- 

iduals receiving a LPV/r-based second-line regimen at the time 

f sampling, and the median duration of second-line ART was 30 

http://hivdb.stanford.edu
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Fig. 1. Flow chart of samples from request to analysis. PI, protease inhibitor. 
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onths (IQR 18–47 months). The clinical and demographic charac- 

eristics of the patients are summarised in Table 1 . 

Overall, 287 samples (82.5%) had at least one DRM and 114 

32.8%) had at least one major PI DRM. Adolescents (10–19 years) 

ere less likely to have major PI resistance than adults aged ≥20 
470 
ears (18.7% vs. 37.7%; P = 0.001). The patterns of drug resis- 

ance observed are shown in Supplementary Table S1. The most 

requently detected major PI DRMs were V82ACS ( n = 88), M46IL 

 n = 83), I54MTV ( n = 80) and L76V ( n = 48). The V82A muta-

ion, which is known to reduce susceptibility to LPV/r and ATV/r, 
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Fig. 2. Drug resistance levels among participants with major protease inhibitor drug resistance mutations. LPV/r, ritonavir-boosted lopinavir; ATV/r, ritonavir-boosted 

atazanavir; DRV/r, darunavir/ritonavir; ETR, etravirine; TDF, tenofovir; AZT, zidovudine; ABC, abacavir. 

Table 1 

Baseline characteristics of participants included in the final analysis ( n = 348) 

Variable Value 

Sex female [ n (%)] 208 (59.8) 

Age (years) [median (IQR)] 34 (19–42) 

Age [ n (%)] 

10–19 years 91 (26.1) 

20–39 years 140 (40.2) 

≥40 years 117 (33.6) 

HIV-RNA, log 10 copies/mL [median (IQR)] 4.9 (4.5–5.5) 

Duration of ART (months) [median (IQR)] a 72 (50–96) 

Duration of second-line ART (months) [median (IQR)] b 30 (18–47) 

Second-line ART regimen ( n ) 

AZT + 3TC + LPV/r 164 

TDF + XTC + LPV/r 89 

ABC + 3TC + LPV/r 46 

AZT + 3TC + ATV/r 10 

TDF + XTC + ATV/r 10 

AZT + 3TC + TDF + LPV/r 4 

ABC + 3TC + ATV/r 2 

Other 23 

Previous TB [ n (%)] 227 (65.2) 

TB treatment during second-line ART [ n (%)] c 105 (30.2) 

3TC, lamivudine; ABC, abacavir; ART, antiretroviral therapy; ATV/r, ritonavir- 

boosted atazanavir; AZT, zidovudine; IQR, interquartile range; LPV/r, ritonavir- 

boosted lopinavir; TB, tuberculosis; TDF, tenofovir; XTC, emtricitabine or 

lamivudine. 
a ART start date missing for 22 participants. 
b Second-line ART start date missing for 1 participant. 
c TB treatment during second-line ART was assumed if the treatment start 

date for the latest TB episode was either after or less than 180 days prior 

to the start date of second-line ART; TB treatment start date missing for 4 

participants. 
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as detected in 84 patients (Supplementary Fig. S2). Among par- 

icipants with major PI DRMs, the majority had intermediate to 

igh-levels of resistance to LPV/r and ATV/r with only a few having 

igh-level resistance to DRV/r ( Fig. 2 ). 

Of those with major PI resistance, the median number of major 

I DRMs was 3 (IQR 3–4) and the median number of accessory 

I DRMs was 1 (IQR 0–2). In most cases, participants had major 
471 
I DRMs with accessory and/or other PI mutations (Supplementary 

ig. S3). Major PI resistance was associated with longer duration 

f second-line ART [for each 6-month increase, adjusted odds ratio 

aOR) = 1.11, 95% confidence interval (CI) 1.04–1.19] and with age 

per year increase, aOR = 1.03, 95% CI 1.01–1.05) ( Table 2 ). 

In total, 112 patients met the criteria for requiring third-line 

RT (2 individuals had major PI DRMs but had a penalty score < 15 

or their current PI at the time of genotyping). Of these, 24 (21.4%) 

ad intermediate or high-level resistance to DRV/r, and an addi- 

ional 45 (40.2%) had low-level resistance to DRV/r. The predicted 

usceptibilities to selected antiretrovirals in cases requiring third- 

ine ART are displayed in Fig. 3 and Supplementary Table S2. 

Of the 112 patients requiring third-line ART, 12 (10.7%) had a 

enotypic susceptibility score (GSS) of < 2. All of these were pro- 

ected to receive a regimen of 2NRTI + DRV/r + InSTI, and all had 

xtensive triple-class resistance including intermediate or high- 

evel resistance to ETR. The resistance profiles for these 12 geno- 

ypes are shown in Table 3 . 

. Discussion 

In this study using routine laboratory data from KwaZulu-Natal, 

e show that major PI resistance is present in approximately one- 

hird of people having a genotypic resistance test at the time of 

irological failure on second-line ART. We also show that for those 

ith major PI resistance, the DRMs impact susceptibility to DRV/r 

n most cases, and for a small group of people (approximately one 

n ten of those requiring third-line ART) the recommended third- 

ine ART regimen is predicted to have suboptimal activity (GSS < 

). This raises some concern about the long-term durability of cur- 

ent third-line ART regimens for this group and highlights the need 

or close monitoring of emergent InSTI resistance. 

Early studies of HIV drug resistance in people with virological 

ailure on second-line PI-based regimens from South Africa showed 

hat major PI resistance was rare [23–25] . As exposure to PI-based 

egimens has increased, more recent studies have shown higher 

roportions with major PI resistance [ 17 , 26 , 27 ]. A meta-analysis of

tudies from Africa has demonstrated that, at study level, the pro- 
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Table 2 

Logistic regression analysis of characteristics associated with the presence of at least one major protease in- 

hibitor mutation ( n = 343) 

Characteristic Univariable Multivariable 

OR 95% CI aOR 95% CI 

Duration of second-line ART Per 6-month increase 1.12 1.05–1.19 1.11 1.04–1.19 

Sex Male 1.33 0.84–2.11 – –

Age Per year increase 1.03 1.01–1.05 1.03 1.01–1.05 

Viral load Per log 10 copies/mL increase 1.19 0.89–1.60 – –

TB during second-line ART 1.42 0.88–2.30 – –

ART, antiretroviral therapy; CI, confidence interval; aOR, adjusted odds ratio; OR, odds ratio; TB, tuberculosis. 

NOTE: This analysis included records with no missing data for all five patient variables ( n = 343); four records 

were excluded for missing TB treatment date and one record for missing second-line ART start date. 

Fig. 3. Predicted genotypic susceptibility score (GSS) of third-line antiretroviral therapy regimen recommended by national algorithm. NRTI, nucleoside reverse transcriptase 

inhibitor; DRV/r, darunavir/ritonavir; InSTI, integrase strand transfer inhibitor; ETR, etravirine. 
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ortion with major PI resistance is strongly associated with the av- 

rage duration on second-line ART [16] . In this study, we demon- 

trate that at an individual level, major PI resistance is associated 

ith longer duration on PI-based ART. This is consistent with other 

ublished studies from the region [ 28 , 29 ]. Moreover, a recent study 

sing next-generation sequencing (NGS) among adults failing PI- 

ased ART showed similar levels (34%) of major PI resistance [30] , 

ith another recent study from Namibia using dried blood spots 

eporting much lower levels (13%) of major PI resistance at ART 

ailure [31] . Such findings of inadequate viral suppression with rel- 

tively low PI resistance raise questions around treatment toler- 

nce and compliance among patients on second-line PI-based reg- 

mens. 

Three out of every four cases with major PI resistance had at 

east three major DRMs, usually with at least one accessory mu- 

ation; very few had only a single major PI DRM. This suggests 

hat although the initial emergence of resistance is slow, subse- 

uent mutations may accumulate more rapidly. This was recently 

hown using data from the EARNEST study where, in people with 

iraemia on LPV/r monotherapy, the second and third PI DRM 

merged more rapidly than the first [32] . A limitation was the lack 

f data on all viral load measurements during second-line ART, so 

e were unable to examine the viral load dynamics in detail or 

o estimate the rate of accumulation of resistance mutations. In 

rogrammatic terms, however, this may mean that there is a rela- 

ively short window in which significant PI resistance will be de- 
472 
ected but before the accumulation of resistance that affects DRV/r 

usceptibility. This highlights the importance of routine viral load 

onitoring on second-line ART and the need for good access to 

enotypic resistance testing and third-line ART. If appropriate re- 

ponse to virological failure is slow, as has been demonstrated con- 

istently with first-line ART regimens [ 7 , 33–35 ], the risk is that 

rug resistance will continue to accumulate and will compromise 

he third-line ART regimen. 

For most people, the third-line ART regimen selected using the 

tandardised algorithm was predicted to have good activity. How- 

ver, there was a small group of individuals with extensive triple- 

lass resistance [mostly involving ≥3 major PI DRMs and ≥3 thymi- 

ine analogue mutations (TAMs)] where the recommended regi- 

en of 2NRTI + DRV/r + InSTI was predicted to have suboptimal 

ctivity (based on a GSS < 2). In these cases, ETR would not have 

een recommended because the genotype showed intermediate or 

igh-level resistance to ETR. This could therefore be a population 

here DTG may be inadequately supported by other drugs, and 

here there is a risk of emergent InSTI resistance. We do not have 

ata on third-line ART outcomes for these individuals so we do 

ot know whether the mutation profiles accurately predicted clin- 

cal outcomes for these individuals. Whilst there is evidence that 

SS can predict virological outcome, it is an imperfect predictor 

hen used alone without viral load measurements [36] . Initial re- 

orts of outcomes on third-line ART in South Africa are encour- 

ging, with most people achieving virological suppression in the 
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Table 3 

Drug resistance mutations (DRMs) and genotypic susceptibility scores (GSS) for key antiretrovirals in participants with total GSS < 2 to the third-line regimen 

Regimen 

GSS Major PI DRMs 

Accessory/other PI 

DRMs NRTI DRMs NNRTI DRMs 

DRV/r GSS 

(PS) 

NRTI GSS a 

(PS) 

ETR GSS 

(PS) 

1.25 V32I, M46I, V82A, 

I84V 

L10V, A71IV, T74S M41L, D67N, M184V, 

L210W, T215F, K219E 

K103N, V108I, Y181I 0.25 (35) 0 (65) 0 (60) 

1.5 M46I, I54V, L76V, 

V82A, I84V 

L10V, Q58E M41L, D67G, T69D, K70R, 

V75M, M184V, T215Y, 

K219Q 

K103N, V108I, Y181C, 

G190A 

0.25 (35) 0.25 (55) 0.25 (50) 

1.5 M46I, I47A, I84V – D67N, K70R, M184V, T215F, 

K219Q 

A98G, K101E, E138A, 

V179T, G190C 

0.25 (30) 0.25 (35) 0.25 (45) 

1.5 M46I, I54V, L76V, 

V82A 

L10F, A71V A62V, K65R, V75I, F77L, 

F116Y, Q151M, M184I, 

K219Q 

Y181C, G190A 0.5 (25) 0 (105) 0.25 (50) 

1.5 M46I, I54V, L76V, 

V82C 

L10F, K20T, Q58E, 

A71V 

M41L, A62V, D67G, T69D, 

K70R, V75I, M184V, T215F, 

K219Q 

A98G, Y181V 0.5 (25) 0 (65) 0 (70) 

1.75 M46I, I54V, V82A L10F, K20T, L24I, 

L33F, A71V 

M41L, D67N, K70R, L74I, 

M184V, T215F, K219Q 

A98G, K103N, Y181C 0.75 (10) 0 (60) 0.25 (45) 

1.75 M46I, I54V, L76V, 

V82A 

L10F, A71V M41L, D67N, T69D, V75M, 

M184V, L210W, T215Y 

V108I, Y181V, G190A, 

H221Y 

0.5 (25) 0.25 (55) 0 (80) 

1.75 M46I, I54V, V82A, 

I84V 

L10F D67N, T69D, K70R, M184V, 

T215F, K219Q 

K103N, V108I, H221Y, 

M230L 

0.5 (20) 0.25 (35) 0.25 (40) 

1.75 M46I, I54V, L76V, 

V82A 

L10F, A71V M41L, D67N, K70EG, L74I, 

V75M, M184V, T215Y 

K101H, E138A, Y181C, 

G190A 

0.5 (25) 0.25 (55) 0 (70) 

1.75 M46I, I54V, L76V, 

V82A 

L10F, K43T M41L, D67G, V75M, M184V, 

L210W, T215Y 

V108I, Y181C, G190A, 

H221Y, F227L 

0.5 (25) 0.25 (55) 0 (60) 

1.75 V32I, M46I, I47V, 

I54V, V82A 

L10F, L24I, Q58E, 

T74S 

M41L, M184V, T215Y K101P, K103S 0.25 (35) 0.5 (15) 0 (60) 

1.75 V32I, M46I, I47V, 

I54V, L76V, V82A 

L10F, K20T T215F Y181C, G190S, H221Y 0 (60) 0.75 (10) 0 (60) 

DRV/r, darunavir/ritonavir; ETR, etravirine; GSS, genotypic susceptibility score; NNRTI, non-nucleoside reverse transcriptase inhibitor; NRTI, nucleoside reverse transcrip- 

tase inhibitor; PI, protease inhibitor; PS, penalty score. 
a NRTI GSS and PS refer to the highest GSS (lowest PS) for either zidovudine (AZT) or tenofovir (TDF). 
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rst year of therapy [ 37 , 38 ]. However, these reports were based on

ery early outcomes. As more people get exposed to DTG through 

rst-line and subsequent ART, continued monitoring of longer-term 

utcomes on third-line ART and close monitoring for emergent In- 

TI resistance will be important as third-line ART programmes ex- 

and in order to preserve long-term use of InSTIs in future ART 

egimens. 

In addition to those already discussed, our analysis has some 

urther limitations. First, the calculation of GSS to the third-line 

RT regimens is associated with a number of uncertainties. We 

ssumed the third-line regimens that would be recommended for 

ach individual on the basis of the genotypic resistance test only, 

ccording to the national algorithm [22] . This may not have been 

he actual regimen recommended by the national third-line com- 

ittee. For example, some people with chronic hepatitis B virus 

HBV) infection receive both TDF and AZT in the third-line reg- 

men to ensure optimal treatment of both viruses. We did not 

ave information about HBV infection and therefore the regimen 

ight be incorrect and the GSS might be underestimated in these 

ases. Genotypic resistance testing is not routinely performed at 

ime of switch from first-line to second-line ART in South Africa. 

he NNRTI DRMs detected here may therefore not reflect all mu- 

ations previously selected on first-line ART and so the predictions 

or ETR may overestimate susceptibility. We used only the Stanford 

nterpretation system for the calculation of GSS. Although there are 

ome differences between this and other established algorithms 

RegaDB, ANRS), all have been shown to perform similarly in pre- 

icting clinical outcomes [ 39 , 40 ]. Second, these data were from 

outine genotypic resistance testing based on Sanger sequencing 

f the pol region, which detects drug resistance mutations that 

omprise more than 15–20% of the circulating viral population. We 

herefore do not have information about minority PI-resistant vari- 

nts, which could be detected by NGS. We also do not have any 

nformation about mutations outside pol , for example in gag cleav- 

ge sites. As the clinical significance of minority PI-resistant vari- 
473 
nts and mutations outside pol is unclear [ 41 , 42 ], especially in the

ontext of the public health approach to ART in low- and middle- 

ncome countries, this should be a focus of further investigation. 

In conclusion, we show that in this analysis of routine resis- 

ance test data from KwaZulu-Natal in South Africa, one-third of 

dults and adolescents have major PI resistance mutations at the 

ime of virological failure on PI-based second-line ART. This sup- 

orts current guidance around genotypic drug resistance testing 

nd suggests an ongoing need for better adherence interventions. 

e identify a small subgroup of those requiring third-line DTG- 

ontaining ART where the assigned regimen was predicted to not 

e fully active. This highlights the importance of monitoring treat- 

ent outcomes on third-line ART and strengthening systems for 

arly detection of emergent InSTI resistance. 
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