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Background.  There are few descriptions of virologic failure (VF) and acquired drug resistance (HIVDR) in large cohorts 
initiating contemporary antiretroviral therapy (ART).

Methods.  We studied all persons with HIV (PWH) in a California clinic population initiating ART between 2010 and 2017. VF 
was defined as not attaining virologic suppression, discontinuing ART, or virologic rebound prompting change in ART.

Results.  During the study, 2315 PWH began ART. Six companion drugs were used in 93.3% of regimens: efavirenz, elvitegravir/c, 
dolutegravir, darunavir/r, rilpivirine, and raltegravir. During a median follow-up of 36 months, 214 (9.2%) PWH experienced VF 
(2.8 per 100 person-years) and 62 (2.7%) experienced HIVDR (0.8 per 100 person-years). In multivariable analyses, younger age, 
lower CD4 count, higher virus load, and atazanavir/r were associated with increased VF risk; lower CD4 count, higher virus load, 
and nevirapine were associated with increased HIVDR risk. Compared with efavirenz, dolutegravir, raltegravir, and darunavir were 
associated with reduced HIVDR risk. Risks of VF and HIVDR were not significantly associated with ART initiation year. Of the 62 
PWH with HIVDR, 42 received an non-nucleoside RT inhibitor (NNRTI), 15 an integrase-strand transfer inhibitor (INSTI), and 5 
a protease inhibitor (PI). Among those with HIVDR on an NNRTI or first-generation INSTI, 59% acquired dual class resistance and 
29% developed tenofovir resistance; those receiving a PI or dolutegravir developed just M184V.

Conclusions.  Despite the frequent use of contemporary ART regimens, VF and HIVDR continue to occur. Further efforts are 
required to improve long-term ART virological responses to prevent the consequences of ongoing HIV-1 replication including virus 
transmission and HIVDR.

Keywords.  antiretroviral therapy; drug resistance; HIV-1; virological outcome.

Many clinical trials and several longitudinal cohort studies in 
Europe and North America have reported that since 2000 an-
tiretroviral therapy (ART) has become progressively more ef-
fective, with fewer persons with HIV-1 (PWH) developing 
virologic failure (VF) or acquiring drug resistance [1–11]. 
However, large numbers of PWH in these studies received ART 
regimens no longer recommended by current expert guidelines 
[12]. To evaluate the risk of VF and acquired HIV-1 drug re-
sistance (HIVDR) in PWH receiving contemporary ART regi-
mens, we examined the incidence of these end points in a large 

US clinic population initiating therapy during an 8-year period 
between 2010 and 2017.

We recently published a study of nucleoside RT inhibitor 
(NRTI)–, non-nucleoside RT inhibitor (NNRTI)–, and pro-
tease inhibitor (PI)–associated transmitted drug resistance 
(TDR) between 2003 and 2016 in the same clinic population 
described here [13]. The overall prevalence of TDR in that study 
was 13.9%, with a prevalence of 16% to 19% between 2012 and 
2016. Many of the transmitted mutations were associated with 
drugs that had not been used since the early 2000s (eg, thymi-
dine analogs) and likely resulted from ongoing transmission of 
drug-resistant strains that emerged years earlier. Therefore, in 
the current study, we sought to identify drug resistance muta-
tions associated with contemporary ART regimens.

METHODS

Study Population

We identified all ART-naïve adult PWH in the Kaiser 
Permanente Northern California (KPNC) medical care 
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program who had a baseline genotypic resistance test and 
initiated ART between January 1, 2010, and December 31, 
2017. According to KPNC ART guidelines, genotypic resist-
ance testing was recommended for all PWH initiating ART 
during this time period, and to our knowledge, adherence to 
this policy was close to 100%. PWH were followed on first-
line ART until December 31, 2018, unless they experienced 
VF or were censored as defined below.

Demographic data, HIV-1 acquisition risk factors, virus load 
(VL), CD4 counts, and ART history data were obtained from 
an electronic KPNC research database. Genotypic resistance 
testing was performed at the Stanford University Healthcare 
Clinical Virology Laboratory. During the study, tenofovir 
alafenamide was substituted for tenofovir disoproxil fumarate 
after its approval in 2016. Here, we use tenofovir to refer to 
tenofovir disoproxil fumarate and tenofovir alafenamide. The 
Stanford University and KPNC institutional review boards ap-
proved this study.

VF and Censoring

Virologic suppression was defined as attaining a VL <200 
copies/mL [14]. Between 2010 and 2014, plasma HIV-1 RNA 
levels (virus load [VL]) were monitored using the VERSANT 
assay (Siemans Molecular Diagnostics), which quantifies VL 
between 75 and 500 000 copies/mL. Between 2014 and 2018, 
VL was monitored using the Ampliprep/Cobas Taqman assay 
(Roche Laboratories), which quantifies VL between 48 and 10 
million copies/mL. To adjust for this change, we used 500 000 
copies/mL as the VL upper limit.

VF was defined as not attaining virological suppression or 
as experiencing virological rebound. The former was defined 
as displaying no evidence of virologic response, prompting a 
change in therapy within the first 6 months of starting ART, or 
not attaining virologic suppression after 6  months of starting 
ART. PWH who did not attain virologic suppression and 
died before completing 6  months of therapy were considered 
to have had VF. However, PWH who did not attain virologic 
suppression and discontinued KPNC care before completing 
6 months of therapy were censored. Among PWH attaining in-
itial virologic suppression, VF was defined as loss of virologic 
suppression prompting a change in therapy, as well as ART dis-
continuation for any reason. PWH were censored at the time of 
death, discontinuing KPNC medical care, switching to another 
regimen while virologically suppressed, or reaching December 
31, 2018, without experiencing VF.

HIV Drug Resistance

TDR was defined as drug resistance before the start of ART. 
HIVDR was defined as acquiring 1 or more nonpolymorphic 
mutations associated with reduced susceptibility to NRTIs, PIs, 
or integrase-strand transfer inhibitors (INSTIs) that were not 
present before ART [15–17].

Statistical Methods

VF and HIVDR end points were reported as the proportion of 
PWH developing the end point, the incidence per 100 person-
years, and the cumulative incidence for the population at risk 
following the start of therapy. Fisher exact tests were used for 
comparing proportions of categorical variables, and Wilcoxon 
rank sum tests were used for comparing continuous variables 
between PWH without VF and with VF, and between PWH 
without VF and with HIVDR.

Univariable and multivariable Cox regressions were used to 
estimate VF and HIVDR hazard ratio for age, gender, ethnicity 
(Caucasian, non-Caucasian), baseline CD4 cell count, baseline 
VL, companion ARVs, and presence of TDR. The effect of base-
line CD4 cell count was estimated as a continuous variable and 
a categorical variable (<300, 300–500, ≥500 cells/μL). The ef-
fect of baseline VL was estimated as a continuous variable and a 
categorical variable (<4.0, 4.0–5.0, ≥5.0 copies/mL). Because of 
the strong association of abacavir/lamivudine with dolutegravir, 
we did not include the NRTI backbone in any of the regres-
sion models. Examining the Schoenfeld residuals of the model 
showed that the Cox regression proportional hazards assump-
tion was not violated for any of the variables included in the 
final model [18]. Statistical significance was defined as P < .05.

RESULTS

Study Cohort

Between January 2010 and December 2017, 2315 PWH began 
ART following a baseline genotypic resistance test. The median 
age (interquartile range [IQR]) was 39 (29–49) years; 90.8% 
were male. Race/ethnicity was identified as Caucasian in 41.4%, 
Hispanic in 22.9%, black/African American in 21.5%, Asian in 
10.1%, and unrecorded in 4.1%. HIV-1 acquisition risk factors 
included men who have sex with men (MSM) in 60.4%, heter-
osexual contact in 18.0%, bisexual contact in 11.9%, injection 
drug use in 5.5%, transfusion recipient in 0.4%, and unrecorded 
in 3.8%.

The median baseline CD4 count (IQR) was 373 (201–537) 
cells/μL, and the median baseline VL (IQR) was 4.5 (4.0–5.1) 
log copies/mL. TDR was present in 13.8% of PWH. The overall 
proportions with NNRTI, NRTI, PI, and multiclass TDR were 
9.5%, 3.5%, 3.0%, and 2.0%, respectively. Of 140 PWH who un-
derwent a baseline integrase genotypic resistance test, 4 (2.9%) 
had a nonpolymorphic INSTI-associated mutation. Three of 
these PWH also had NRTI- or NNRTI-associated TDR.

The median year of ART initiation (IQR) was 2014  
(2011–2015). The median number of months of follow-up by 
year was 65 for the 302 starting ART in 2010, 56 for the 313 
starting ART in 2011, 49 for the 307 starting ART in 2012, 55 
for the 233 starting ART in 2013, 49 for the 329 starting ART 
in 2014, 39 for the 310 starting ART in 2015, 28 for the 300 
starting ART in 2016, and 16 for the 221 starting ART in 2017. 
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VL testing was performed a median (IQR) of every 4.6 (3.4–6.2) 
months. During the study period, there was a significant yearly 
decrease in the age of PWH starting ART (coefficient, –0.5 per 
year; P <  .001), and there was a significant yearly increase in 
the proportions of non-MSM (OR, 1.08; P  <  .001) and non-
Caucasians (OR, 1.06; P  =  .002). Baseline CD4 cell counts 
(coefficient, 20.3; P < .001) and baseline VL (coefficient, 0.03; 
P < .001) also significantly increased over the study period.

First-line ART Regimens

Figure 1 shows the proportion of the most common companion 
ARVs received as part of an ART regimen. Six ARVs—efavirenz, 
elvitegravir/cobicistat (elvitegravir/c), dolutegravir, rilpivirine, 
darunavir/ritonavir or darunavir/cobicistat (b-darunavir), and 
raltegravir—accounted for 93.3% of the 2315 ART regimens. 
The remaining companion ARVs included atazanavir/ritonavir 
or atazanavir/cobicistat (b-atazanavir; 2.9%), lopinavir/
ritonavir (lopinavir/r; 0.6%), nevirapine (0.6%), and etravirine 
(0.3%). A  regimen containing more than 1 companion ARV 
was received by 2.3% of the cohort—two-thirds of whom had 
baseline TDR.

Single-tablet regimens accounted for 69.8% of the 2315 ART 
regimens. The most common NRTI backbones, tenofovir/
emtricitabine and abacavir/lamivudine, were used in 82.3% and 
12.2% of ART regimens, respectively. Among those receiving 

abacavir/lamivudine, 80.1% received it as part of a fixed-dose 
combination with dolutegravir.

Virological Failure and Acquired Drug Resistance

Of the 2315 PWH receiving ART, 214 (9.2%) experienced VF, 
including 55 (2.4%) who never attained virologic suppres-
sion and 159 (6.9%) who developed VF after attaining initial 
virologic suppression. Forty PWH (1.7%) left KPNC within 
6 months of starting ART without attaining virologic suppres-
sion, and 2061 (89.0%) PWH never experienced VF (Figure 2).

Of the 55 PWH not attaining virologic suppression, 7 died 
within 6 months of starting ART. Of the remaining 48 PWH, 
26 underwent genotypic resistance testing, and 16 of these were 
found to have HIVDR. Five of the 10 PWH who underwent 
resistance testing but did not have HIVDR had discontinued 
therapy at least 3 months before testing. The 22 PWH with VF 
who did not undergo resistance testing included 11 who had 
discontinued ART before developing VF.

Of the 2220 PWH attaining virologic suppression, 159 (6.9% 
of the cohort) experienced VF after a median follow-up (IQR) of 
21.4 (12.1–41.0) months, including 76 who underwent resistance 
testing, of whom 46 were found to have HIVDR. Fifteen of the 
30 PWH who underwent resistance testing but did not have drug 
resistance had discontinued therapy at least 3 months before re-
sistance testing. Of the 83 PWH with VF who did not undergo 
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Figure 1.  Yearly distribution of the 6 most common ART companion drugs used as part of the initial ART (n = 2315). Abbreviations: ART, antiretroviral therapy; DRV, 
darunavir; DTG, dolutegravir; EFV, efavirenz; EVG, elvitegravir; IQR, interquartile range; PWH, people with HIV; RAL, raltegravir; RPV, rilpivirine.



4  •  ofid  •  Rhee et al

resistance testing, 59 discontinued therapy before developing VF 
and 9 discontinued KPNC care shortly after developing VF.

The rates of VF and HIVDR in the entire population were 
2.8 and 0.8 cases per 100 person-years of follow-up, respec-
tively. The rates of VF and of HIVDR in the subset of 2220 
PWH attaining initial virologic suppression were 2.1 and 
0.6 cases per 100 person-years of follow-up, respectively. 
Figure 3 shows that the yearly incidence of VF was highest 
in the first year of therapy, with 3.5 events per 100 person-
years; it then decreased to 2.7 events per 100 person-years in 
the second year and 2.0 events per 100 person-years in the 
third year.

Among the 2061 PWH without VF (89.0% of the cohort), the 
median follow-up (IQR) was 38.1 (19.8–61.6) months. Of these 
PWH, 1035 (44.7% of the cohort) were followed until December 
31, 2018; 331 (14.3% of the cohort) discontinued KPNC care; 
575 (24.8% of the cohort) switched to a second regimen without 
experiencing VF; and 41 (1.8% of the cohort) died.

Factors Associated With VF and HIVDR

Table 1 shows the demographics, HIV acquisition risk factors, 
and baseline laboratory tests in the 2061 PWH without VF, 
the 214 with VF, and the 62 with VF and HIVDR. Compared 
with PWH without VF, those with VF were more likely to have 
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Figure 3.  Cumulative incidence of VF and VF plus acquired HIVDR for the 2315 PWH over a period of 60 months. PWH were censored if they died, discontinued KPNC care, 
switched to a third ART regimen, or reached December 31, 2018 without experiencing VF. Abbreviations: ART, antiretroviral therapy; HIVDR, HIV drug resistance; KPNC, Kaiser 
Permanente Northern California; HIVDR, drug-resistance mutations that emerged on therapy; PWH, people with HIV; VF, virological failure.
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Figure 2.  Disposition of virological outcomes, genotypic resistance testing, and acquired drug resistance in the overall cohort of PWH starting ART between January 2010 
and December 2017. Forty PWH who left KPNC within 6 months of starting therapy without having attained virologic suppression were censored in the primary analysis. 
Abbreviations: ART, antiretroviral therapy; GART, genotypic antiretroviral resistance test; KPNC, Kaiser Permanente Northern California; New DRMs, drug-resistance muta-
tions that emerged on therapy; PWH, people with HIV; VF, virological failure; VS, virologic suppression.
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lower baseline CD4 counts, higher baseline VLs, and to be 
non-Caucasian. Compared with PWH without VF, those with 
HIVDR were more likely to have lower baseline CD4 counts 
and higher baseline VL.

Table 2 shows the results of univariable and multivariable 
regression analyses of factors potentially associated with the 
incidence of VF. In multivariable regression analysis, there 
was a significantly increased incidence of VF per 100 person-
years, with lower baseline CD4 counts, higher baseline VLs, 
and younger age but not non-Caucasian race/ethnicity. 
Compared with efavirenz, b-atazanavir was associated with 
an increased VF incidence. For each 100-cell CD4 count de-
crease, there was a 17.9% increased VF incidence. For each 
1.0 log VL increase, there was a 47.0% increased VF inci-
dence. For each 10-year decrease in age, there was a 26.1% 
increased VF incidence.

Table 3 shows the results of univariable and multivariable re-
gression analyses of potential factors associated with the inci-
dence of HIVDR. In multivariable analysis, lower baseline CD4 
counts and higher baseline VLs were associated with an in-
creased risk of HIVDR. Compared with efavirenz, b-darunavir, 
dolutegravir, and raltegravir were associated with a decreased 

risk of HIVDR, while nevirapine was associated with an in-
creased risk of HIVDR.

In a multivariable regression analysis including the year of ART 
initiation and all other covariates except for ART companion drug, 
the incidence of VF was not associated with calendar year (ad-
justed HR, 1.03; 95% CI, 0.95–1.12; P = .46). In this analysis, lower 
baseline CD4 cell counts, higher VL, and younger age remained 
associated with an increased incidence of VF. The ART companion 
drug variable was excluded from this analysis because it displayed 
high levels of collinearity with the year of ART initiation.

Acquired Drug Resistance Mutations

Table  4 summarizes the drug resistance mutations associated 
with the companion ARV received at the time of acquired 
HIVDR. Of the 62 PWH with HIVDR, 42 received an NNRTI-
containing regimen, 15 an INSTI-containing regimen, and 5 a 
PI-containing regimen.

Among the 42 PWH with HIVDR while receiving an NNRTI-
containing regimen, NNRTI resistance mutations emerged in 39 
(93%), including 31 receiving efavirenz, 5 receiving rilpivirine, 
2 receiving nevirapine, and 1 receiving etravirine. Acquired 
NNRTI resistance mutations included K103N (n = 24), L100I 

Table 1.  Demographics, HIV Risk Factors, and Baseline Laboratory Tests in People With HIV With Sustained Virologic Suppression, Virologic Failure, and 
Virologic Failure Plus Acquired HIVDR

VS Any VF VF+HIVDR

(n = 2061) (n = 214) (n = 62)

Age, median (IQR), y 39 (29–50) 38 (29–49) 43 (33–49)

Gender (male), % 91.0 87.9 90.3

Ethnicity, %    

  Caucasian 42.6 33.2a 30.6

  Hispanic 22.6 22.9 32.3

  Black/African American 20.6 30.8 25.8

  Asian 10.8 9.8 8.1

  Not recorded 3.4 3.3 3.2

HIV acquisition risk, %    

  MSM 60.7 55.1 58.1

  Heterosexual contact 18.0 20.6 21.0

  Bisexual 12.2 9.8 8.1

  Intravenous drug use 5.3 7.0 4.8

  Transfusion 0.4 0.9 1.6

  Not recorded 3.4 6.5 6.4

Subtype B, % 94.8 93.9 98.4

CD4 count, median (IQR), cells/μL 384 (217–551) 275 (55–401)a 109 (38–281)b

VL, median (IQR), log copies/mL 4.5 (4–5) 4.7 (4.3–5.2)a 5.0 (4.6–5.5)b

TDR, % 13.7 13.1 9.7

  NNRTI 9.0 11.2 9.7

  NRTI 3.8 1.9 1.6

  PI 3.2 1.9 1.6

  Multiclass TDR 2.0 1.9 3.2

Significant difference in people with HIV with virological failure and in people with HIV with virological failure plus acquired HIVDR compared with people with HIV with sustained virological 
suppression is indicated in boldface type. 

Abbreviations: HIVDR, HIV-1 drug resistance; IQR, interquartile range; MSM, men who have sex with men; PWH, people with HIV; TDR, transmitted drug resistance; VF, virological failure; 
VL, virus load (plasma HIV-1 RNA log copies/mL); VS, virological suppression. 
aCompared with PWH without VF, those with VF had lower baseline CD4 counts (P < .001), higher baseline VLs (P < .001), and were more likely to be non-Caucasian (P = .008). 
bCompared with PWH without VF, those with VF plus HIVDR had lower baseline CD4 counts (P < .001) and higher baseline VLs (P < .001).
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(n = 5), G190A/S (n = 5), K101E (n = 5), Y181C (n = 4), and 
Y188L/H (n  =  3) for those receiving efavirenz or nevirapine; 
E138K (n = 3), L100I (n = 2), and Y181C (n = 1) for those re-
ceiving rilpivirine; and K101E+Y181C for the 1 PWH receiving 
etravirine. Acquired NRTI resistance mutations included 
M184V/I in 24 (57%) and K65R or K70E in 10 (24%) PWH.

Among the 15 PWH with HIVDR while receiving an INSTI-
containing regimen, INSTI resistance mutations emerged in 10 
receiving elvitegravir/c and 1 receiving raltegravir. Acquired 
INSTI resistance mutations included E92Q (n = 6), T66I (n = 4), 
N155H (n = 2), E92G (n = 1), S147G (n = 1), Q148R (n = 1), 
F121Y (n = 1), and N155T (n = 1). M184V/I developed in 13 of 
15 PWH, including 1 PWH receiving dolutegravir. K65R devel-
oped in 4 PWH receiving elvitegravir/c.

Among the 5 PWH with HIVDR while receiving a boosted 
PI-containing regimen, the NRTI resistance mutation M184V 
was the only acquired drug resistance mutation.

Supplementary Table 1 lists the drug resistance mutations 
emerging in the 62 PWH with HIVDR. It also shows that 6 of 
these PWH had TDR (ie, pretherapy drug resistance mutations) 
and that each of the pretherapy mutations was also present 
at VF.

Mortality

Overall, 48 PWH (2.1% of the cohort) died, including 7 not at-
taining virologic suppression and 41 not experiencing VF. The 
7 PWH not experiencing virologic suppression died a median 
of 2 months following ART initiation. They were characterized 

Table 2.  Association of Demographics, HIV Risk Factors, Baseline Laboratory Results, and Companion ARV With Virological Failure Incidence per 100 
Person-Years

Variable No. of PWH Person-Years No. of VF No. of VF/100 Person-Years  Unadjusted HRa (95% CI) Adjusted HRb,c (95% CI)

Age

  10-y decrement     1.13 (1.12–1.15) 1.26 (1.24–1.28)

Gender 

  M 2103 7030 188 2.67 Ref  

  F 212 691 26 3.76 1.40 (0.93–2.11) 1.18 (0.697–2.01)

Race/ethnicity 

  Caucasian 960 3358 71 2.11 Ref  

  Non-Caucasian 1274 4150 136 3.28 1.53 (1.15–2.03) 1.33 (0.97–1.84)

HIV acquisition risk 

  MSM 1398 4774 118 2.47 Ref  

  Non-MSM 830 2664 82 3.08 1.23 (0.93–1.63) 1.12 (0.79–1.57)

CD4 count, cells/μL

  ≥500 668 2095 31 1.48 Ref  

  300–500 755 2686 63 2.35 1.64 (1.06–2.52) 1.35 (0.85–2.14)

  <300 838 2789 114 4.09 2.81 (1.89–4.19) 2.08 (1.32–3.27)

VL, log copies/mL

  <4.0 501 1834 24 1.31 Ref  

  4.0–5.0 1086 3725 101 2.71 2.05 (1.31–3.20) 2.10 (1.28–3.44)

  ≥5.0 682 2041 83 4.07 2.98 (1.89–4.70) 2.95 (1.74–5.0)

TDR 

  No 1995 6734 186 2.76 Ref  

  Yes 320 987 28 2.84 0.99 (0.67–1.49) 0.97 (0.60–1.55)

Companion drug 

  Efavirenz 588 2570 69 2.68 Ref  

  Elvitegravir/c 580 1603 35 2.18 0.72 (0.47–1.07) 0.65 (0.41–1.03)

  Dolutegravir 355 756 22 2.91 0.87 (0.53–1.41) 0.90 (0.54–1.52)

  b-darunavir 213 739 28 3.79 1.33 (0.85–2.06) 1.06 (0.65–1.71)

  Rilpivirine 222 836 17 2.03 0.72 (0.43–1.23) 0.95 (0.53–1.69)

  Raltegravir 202 774 16 2.07 0.75 (0.44–1.29) 0.87 (0.49–1.54)

  b-atazanavir 66 176 15 8.52 2.83 (1.61–4.96) 2.37 (1.26–4.47)

  Lopinavir/r 15 31 3 9.68 3.23 (1.01–10.3) 3.08 (0.72–13.3)

  Nevirapine 13 34 2 5.88 2.02 (0.50–8.26) 3.02 (0.73–12.5)

  Etravirine 6 28 2 7.14 2.68 (0.66–10.9) 1.43 (0.20–10.4)

Variables associated with a significantly increased or decreased risk of virological failure per 100 person-years are indicated in boldface type. 

Abbreviations: HR, hazard ratio; MSM, men who have sex with men; PWH, people with HIV; TDR, transmitted drug resistance; VL, virus load (plasma HIV-1 RNA log copies/mL). 
aUnadjusted HRs derived from univariate Cox regression analysis. 
bAdjusted HRs derived from multivariable Cox regression. 
cFor the variables age, gender, TDR, and companion drug, there were no missing values. For the remaining 4 variables, baseline CD4 cell counts, baseline virus load, race/ethnicity, and HIV 
acquisition risk factor, the missing values varied between 1.5% and 4.1%. Thus, the multivariable Cox regression model was based on 89.5% (n = 2072) of the cohort.



Virological Outcomes During ART  •  ofid  •  7

by low CD4 counts (median [IQR], 36 [26–338]) and older age 
(median [IQR], 52 [44–62] years).

The 41 PWH without VF who died had lower CD4 counts (me-
dian [IQR], 273 [158–426]) and were older (median [IQR], 51 [41–
58] years) than the remainder of the cohort. Although their causes 
of death were not known, only 7 had a CD4 count <200 at their 
last measurement. There were no apparent differences in the ART 
regimens of those who died compared with the complete cohort.

DISCUSSION

This is one of the largest studies reporting the incidence of VF 
and HIVDR during first-line ART in a cohort of PWH receiving 
a contemporary regimen, defined as the regimen that was 

recommended or considered acceptable for first-line treatment 
by the US Public Health Service [12]. The study also describes 
factors associated with VF and HIVDR and the drug resistance 
mutations developing in PWH with HIVDR.

During a median follow-up of 36 months, the incidences of 
VF and HIVDR were 2.8 and 0.8 per 100 person-years, respec-
tively. In multivariable analyses, younger age, lower baseline 
CD4 count, and higher baseline VL were associated with an in-
creased risk of VF, while the same variables except for younger 
age were associated with an increased risk of HIVDR. Compared 
with efavirenz, dolutegravir, raltegravir, and b-darunavir were 
associated with a reduced risk of HIVDR. Of those developing 
HIVDR while receiving an NNRTI-containing or first-gen-
eration INSTI-containing regimen, 62% developed dual class 

Table 3.  Association of Demographics, HIV Risk Factors, Baseline Laboratory Results, and Companion ARV With the Incidence of Virologic Failure Plus 
HIVDR Over 100 Person-Years

Variable No. of PWH Person-Years No. of VF No. of VF/100 Person-Years  Unadjusted HRa (95% CI) Adjusted HRb,c (95% CI)

Age

  10-y decrement     1.03 (1–1.05) 1.1 (1.08–1.13)

Gender 

  M 1931 6793 56 0.82 Ref  

  F 192 648 6 0.93 1.12 (0.48–2.59) 1.19 (0.39–3.6)

Race/ethnicity 

  Caucasian 896 3258 19 0.58 Ref  

  Non-Caucasian 1154 3981 41 1.03 1.77 (1.03–3.05) 1.73 (0.94–3.16)

HIV acquisition risk 

  MSM 1287 4609 36 0.78 Ref  

  Non-MSM 761 2565 22 0.86 1.09 (0.64–1.86) 0.87 (0.45–1.65)

CD4 count, cells/μL

  ≥500 632 2048 4 0.20 Ref  

  300–500 686 2572 10 0.39 2.00 (0.63–6.38) 1.33 (0.407–4.37)

  <300 757 2673 48 1.80 9.18 (3.31–25.5) 5.4 (1.85–15.8)

VL, log copies/mL

  <4.0 475 1793 3 0.17 Ref  

  4.0–5.0 993 3569 25 0.70 4.24 (1.28–14.0) 5.24 (1.22–22.5)

  ≥5.0 612 1961 31 1.58 9.51 (2.90–31.1) 8.68 (1.98–38)

TDR 

  No 1834 6494 56 0.86 Ref  

  Yes 289 948 6 0.63 0.73 (0.31–1.69) 1.63 (0.616–4.29)

Companion drug 

  Efavirenz 541 2480 32 1.29 Ref  

  Elvitegravir/c 539 1565 12 0.77 0.56 (0.28–1.10) 0.65 (0.31–1.37)

  Dolutegravir 328 728 1 0.14 0.09 (0.01–0.70) 0.10 (0.01–0.79)

  b-darunavir 186 691 3 0.43 0.33 (0.09–1.06) 0.08 (0.01–0.59)

  Rilpivirine 210 818 6 0.73 0.57 (0.24–1.38) 0.96 (0.36–2.56)

  Raltegravir 185 754 2 0.27 0.20 (0.05–0.84) 0.11 (0.01–0.80)

  b-atazanavir 53 155 2 1.29 0.96 (0.23–4.02) 0.79 (0.18–3.41)

  Lopinavir/r 12 25 0 0.00 7.61e-08 (0–inf) 1e-07 (0–inf)

  Nevirapine 13 34 2 5.88 4.40 (1.05–18.5) 6.98 (1.58–30.9)

  Etravirine 6 28 2 7.14 5.64 (1.35–23.7) 3.83 (0.49–30.1)

Variables associated with a significantly increased or decreased risk of virological failure plus HIVDR per 100 person-years are indicated in boldface type. 

Abbreviations: HR, hazard ratio; MSM, men who have sex with men; PWH, people with HIV; TDR, transmitted drug resistance; VL, virus load (plasma HIV-1 RNA log copies/mL). 
aUnadjusted HRs derived from univariate Cox regression analysis. 
bAdjusted HRs derived from multivariable Cox regression analysis. 
cFor the variables age, gender, TDR, and companion drug, there were no missing values. For the remaining 4 variables, baseline CD4 cell counts, baseline virus load, race/ethnicity, and HIV 
acquisition risk factor, the missing values varied between 1.5% and 4.1%. Thus, the multivariable Cox regression model was based on 89.5% (n = 2072) of the cohort.
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resistance and 33% developed tenofovir resistance. Those de-
veloping resistance while receiving dolutegravir or a boosted PI 
developed just the cytidine analog resistance mutation M184V.

The finding that VF incidence was ~3.5 higher than that of 
HIVDR suggests that VF does not necessarily result in HIVDR 
and that HIVDR may not be the main cause of VF. Indeed, the 
relatively small proportion of PWH with VF who had HIVDR 
may reflect the increased use of single-tablet regimens, which 
are associated with a reduced risk of HIVDR in nonadherent 
PWH, as missed doses will be less likely to result in a partially 
suppressive regimen [19]. Additionally, a significant proportion 
of VF episodes resulted from treatment discontinuation, which 
is also less likely to result in HIVDR.

The low incidence of resistance should be qualified by the 
fact that just 102 (47.7%) of the 214 PWH with VF underwent 
resistance testing; thus, some proportion of cases of HIVDR 
may not have been detected. However, of the PWH with VF not 
undergoing resistance testing, most had discontinued ART or 
were unavailable for testing because they had low-level viremia 
or discontinued KPNC shortly after developing VF. Indeed, the 
absence of resistance testing appeared unexplained for just a 
small proportion of untested PWH with VF.

Several recently published cohort studies described reduced 
rates of VF and/or HIVDR over time between 1996–2000 and 
2011–2015 [3–5, 9]. Our study, which began in 2010, did not 
demonstrate this trend. This suggests that despite the many im-
provements in ART efficacy and safety, treatment nonadherence 
and discontinuation remain a concern. The stable rate of VF 
and HIVDR throughout the study may reflect the fact that al-
though treatments improved, PWH in the later years were more 
likely to be younger and non-Caucasian, demographic factors 
associated with an increased risk of nonadherence [4, 5, 20].

In the United States, between 2012 and 2016, newly diag-
nosed HIV among young adults age <30 increased by 6%, 

whereas newly diagnosed HIV among older adults declined or 
stabilized [21, 22]. In 2017, PWH under 30 accounted for 41% 
of new HIV-1 infections. We observed a similar trend, with 40% 
of those starting ART in 2017 being younger than 30. In 2017, 
74% of newly diagnosed PWH in the United States were non-
Caucasian. Although the overall proportion of non-Caucasian 
PWH in our cohort was 59%, it had increased to 70% by the 
final study year.

One important aspect of this study is that the population 
comprised PWHs receiving ART in an integrated health care 
system, defined as a network of hospitals, physicians, and other 
providers that coordinate care in return for fees covered by self- 
or employer-funded insurance. The population in our cohort is 
therefore more socioeconomically similar to the 34% of the US 
PWH population that has private insurance [23].

Our study has several limitations. First, because it was based 
solely on an electronic medical research database and not a 
chart review, we do not know the basis for VF or the decision of 
whether to do genotypic resistance testing in persons with VF. 
The PWH who discontinued therapy may have had intolerance, 
side effects, or been nonadherent for other reasons. Second, be-
cause it was based on clinical practice and not a prospectively 
followed cohort, the frequency of clinic visits and laboratory 
monitoring varied within the cohort. As in any multivariate 
analysis, residual confounding cannot be excluded, particularly 
with respect to ART, as PWH baseline characteristics often in-
fluence therapy and the perceived risk of VF [24]. Finally, 21% 
of the population was censored as a result of loss to follow-up; 
however, this occurs commonly in the United States as persons 
often leave a health care system as a result of moving, changing 
employment, or no longer being able to afford private insurance.

In conclusion, despite the frequent use of modern regimens, 
including an increasing number of single-tablet regimens, the 
proportion of PWH starting ART who experience VF or HIVDR 

Table 4.  Drug Resistance Mutations in 62 People With HIV With Drug Resistance During First-line ART According to the Companion ARV at the Time of VF

No. PWH (All) Pretherapy CD4, Mediana Pretherapy VL, Mediana

NRTI NNRTI INSTI PI

Any M184I/V K65R K70E/Q Any Any Any

NNRTI

  Efavirenz 32 93 4.9 18 16 3 4 31 - -

  Rilpivirine 6 155 5.0 6 5 1 2 5 - -

  Nevirapine 2 126 5.2 1 1 1 - 2 - -

  Etravirine 2 238 4.9 2 2 - 1 1 - -

INSTI

  Elvitegravir/c 12 114 5.0 11 11 4 0 - 10 -

  Raltegravir 2 360 4.5 1 1 - - - 1 -

  Dolutegravir 1 25 4.7 1 1 - - - - -

PI

  b-darunavir 3 214 5.3 3 3 - - - - 0

  b-atazanavir 2 58 4.9 2 2 - - - - 0

Abbreviations: ART, antiretroviral therapy; ARV, antiretroviral; INSTI, integrase-strand transfer inhibitor; NNRTI, non-nucleoside RT inhibitor; NRTI, nucleoside RT inhibitor; PI, protease inhib-
itor; PWH, people with HIV; VL, virus load. 
aThe median pretherapy CD4 and VL in those with VF and drug resistance.
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is low but perhaps not decreasing. Public health efforts should 
focus on PWH of younger age, non-Caucasian race, or those 
who present to care late, as evidenced by lower CD4 counts and 
higher VLs. Further efforts to facilitate long-term treatment vi-
rological response rates will prevent the consequences of on-
going virus replication, including those associated with chronic 
inflammation, virus transmission, and the development of drug 
resistance.

Supplementary Data
Supplementary materials are available at Open Forum Infectious Diseases 
online. Consisting of data provided by the authors to benefit the reader, 
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