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Background. Human immunodeficiency virus (HIV) drug resistance profiles are needed to optimize individual patient man-
agement and to develop treatment guidelines. Resistance profiles are not well defined among individuals on failing second-line anti-
retroviral therapy (ART) in low- and middle-income countries (LMIC).

Methods. Resistance genotypes were performed during screening for enrollment into a trial of third-line ART (AIDS Clinical
Trials Group protocol 5288). Prior exposure to both nucleoside reverse transcriptase inhibitors (NRTIs) and non-NRTIs and con-
firmed virologic failure on a protease inhibitor-containing regimen were required. Associations of drug resistance with sex, age,
treatment history, plasma HIV RNA, nadir CD4+T-cell count, HIV subtype, and country were investigated.

Results. Plasma HIV genotypes were analyzed for 653 screened candidates; most had resistance (508 of 653; 78%) to 1 or more
drugs. Genotypes from 133 (20%) showed resistance to at least 1 drug in a drug class, from 206 (32%) showed resistance to at least 1
drug in 2 drug classes, and from 169 (26%) showed resistance to at least 1 drug in all 3 commonly available drug classes. Susceptibility
to at least 1 second-line regimen was preserved in 59%, as were susceptibility to etravirine (78%) and darunavir/ritonavir (97%).
Susceptibility to a second-line regimen was significantly higher among women, younger individuals, those with higher nadir CD4+
T-cell counts, and those who had received lopinavir/ritonavir, but was lower among prior nevirapine recipients.

Conclusions. Highly divergent HIV drug resistance profiles were observed among candidates screened for third-line ART in
LMIC, ranging from no resistance to resistance to 3 drug classes. These findings underscore the need for access to resistance testing
and newer antiretrovirals for the optimal management of third-line ART in LMIC.
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Global access to antiretroviral therapy (ART) increased to 20.9
million individuals by mid-2017 (http://www.who.int/features/
qa/71/en/). A population-based approach has been used in
low- to middle-income countries (LMIC) to recommend those
first- and second-line regimens expected to be most effective
in suppressing viremia. It is not known whether a similar ap-
proach will be effective in individuals requiring third-line ART.
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Treatment failure of both first- and second-line regimens can
be a result of several factors, including transmitted or acquired
human immunodeficiency virus (HIV) drug resistance, in-
adequate drug exposure from suboptimal pharmacokinetics,
medication nonadherence or intolerance, and interruptions in
the drug supply. These factors can result in the incomplete sup-
pression of viral replication, emergence of drug resistance, and
transmission of drug-resistant HIV [1-3].

During the last decade, the World Health Organization recom-
mended a second-line ART consisting of 2 nucleoside reverse tran-
scriptase inhibitors (NRTIs; lamivudine [3TC] or emtricitabine
with zidovudine or tenofovir [TDF]) and a protease inhibitor
(PI) with pharmacological boosting using low-dose ritonavir
(lopinavir/ritonavir [LPV/r] or atazanavir/ritonavir [ATV/r]).
The use of these combinations varies by country. Recent studies
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of second-line regimens [4-7] have shown that despite frequent
NRTT resistance mutations from the failure of first-line regimens,
the recycling of NRTI with a pharmacologically boosted P1 is ef-
fective at suppressing viremia in over 90% of participants for 48
weeks or longer. These findings indicate that HIV drug resistance
from a first-line failure has less of an impact on the response to
second-line, PI-based ART than previously expected.

By contrast, there are limited data on the efficacy of third-
line ART regimens in LMIC and on the prevalence and impact
of drug resistance from first- and second-line regimen failures
on virologic responses to subsequent regimens. To address this
need, AIDS Clinical Trials Group protocol A5288 was designed
to assess an ART strategy for individuals failing second-line
ART, in which ART regimens were determined based upon prior
drug exposure, testing for confirmation of virologic failure, and
an HIV drug resistance genotype analysis. We present here the
resistance profiles obtained from individuals who were screened
for enrollment into the A5288 study, and the associations be-
tween these profiles and clinical and laboratory characteristics.

METHODS

Study Design and Participants

A5288 was an open-label, Phase IV, prospective strategy study in
LMIC for participants with 3 drug-class experiences or 3 drug-
class resistances (NRTT, non-NRTT [NNRT1I], and PI) who were
on a failing PI-based, second-line regimen. Individuals were
screened at clinical research sites in 10 countries: Brazil, Haiti,
India, Kenya, Malawi, Peru, South Africa, Thailand, Uganda,
and Zimbabwe between January 2013 to September 2015. The
screening process occurred as follows: HIV RNA level meas-
urements and CD4" T-cell counts were performed and, if the
HIV RNA level was confirmed to be above 1000 RNA copies/
ml, then an HIV drug resistance test was performed and the an-
tiretroviral (ARV) drug history was provided to the A5288 team
to help determine the best regimen for third-line ART.

Human Immunodeficiency Virus—1 Drug Resistance Testing, Scoring, and
Categorization

Real-time, population-based HIV drug resistance testing
of HIV-1 protease and reverse transcriptase was performed
using a laboratory-developed assay that was Division of AIDS
(DAIDS) virology quality assessment-certified at Fundagdo
Oswaldo Cruz, Brazil; Y.R. Gaitonde Centre for AIDS Research
and Education, India; and, Bio Analytical Research Corporation
South Africa/Lancet Laboratories, South Africa. Known HIV
drug resistance mutations and scores were determined using
the Stanford Drug Resistance Database (v6.2) [8] for all NRTIs,
NNRTIs, and Pls (except for etravirine [ETR] and darunavir
[DRV]). For ETR, a score above 2.5 was categorized as resistant
[9]; for DRV, having >3 DRV mutations was categorized as re-
sistant [10]. For the statistical analysis, resistance was defined
as being in intermediate or high-level categories defined by

Stanford or being in the resistant category for ETR and DRV. In
a sensitivity analysis, resistance was defined as being only in the
high-level resistance Stanford category or in the resistant cate-
gory for ETR and DRV.

Drug Class Resistance and Susceptibility to Second-line Antiretroviral
Therapy

NRTI class resistance was defined as having an intermediate or
higher category of resistance, as determined by the Stanford data-
base, to at least 1 of the NRTIs considered. NNRTT resistance and
PI resistance were similarly defined. Resistance could be to a max-
imum of 3 drug classes (NRTI, NNRTI, and PI). Susceptibility to
second-line ART was defined as having no intermediate or higher
category of resistance, as determined by the Stanford database, to
a commonly available, second-line, PI-containing regimen.

Human Immunodeficiency Virus—1 Subtype Analysis

HIV sequences were subtyped using the PHYLogeny Inference
Package (PYLIP) dnadist program. If the subtype could
not be assigned, the sequence was analyzed using the Los
Alamos National Laboratory Recombinant Identification
Program (LANL RIP) program.

Statistical Methods

Logistic regression was used to evaluate associations of resist-
ance/susceptibility to second-line regimens with participant
characteristics in univariable and multivariable models. The
following predictor variables were considered: screening HIV
RNA level (categorized as <4.00, 4.00-4.99, and 25.0 log,
copies/mL), nadir and CD4+T-cell counts (<50, 51-100, 101-
200, and > 200 cells/mm?), sex, age (18-29, 30-39, 40-49, and
50+ years), number of prior/ongoing NRTIs prescribed (<3,
4, and =5 NRTIs), prior/ongoing NNRTI exposure (efavirenz
[EFV] only, nevirapine [NVP] only, and both NVP and EFV)
and prior/ongoing PI exposure. PI exposure was categor-
ized as LPV only (51%), ATV only (27%), and both ATV and
LPV (22%); each of these 3 PI exposure groups included some
participants (<20%) who had also taken PIs other than LPV
and ATYV, including fosamprenavir (FPV), indinavir (IDV),
nelfinavir (NFV), and saquinavir (SQV). We also considered
2 proxy variables for the duration of first-line and second-line
ART: the number of weeks between the first and last NNRTI
use (categorized into quartiles: <104 weeks, 104 to <188, 188
to <289, and >289 weeks), and the number of weeks between
the last NNRTT use and the date of the genotype sample (cat-
egorized into quartiles: <90, 90 to <161, 161 to <260, and >260
weeks). Country and HIV subtypes were considered, but these
2 variables are so interlinked they were combined into a single
variable reflecting dominant subtypes within countries: Brazil/
subtype B, Haiti/B, Peru/B, Thailand/CRF01-AE, Kenya/Al,
Uganda/Al, Kenya/D, Uganda/D, Malawi/C, South Africa/C,
Zimbabwe/C, and India/C. Those participants not in these
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country/subtype combinations were included in a category of
“any country/any other subtype” Multivariable models were
also fitted, including all predictor variables, first without and
then with country/subtype, to allow an assessment of whether
associations changed qualitatively.

To focus on those participants failing the standard second-
line ART regimens used in LMIC settings, the analysis popula-
tion excluded participants if they did not have NNRTI exposure
(1 participant), if they had DRV or ETR exposure (5 partici-
pants), or if they did not have exposure to LPV/r and/or ATV/r
(3 participants).

Statistical comparisons by country and by sex were evaluated
using the Wilcoxon and Kruskal-Wallis tests for quantitative
variables and the Chi-squared test for categorical variables. All
analyses were performed using SAS version 9.2 (Cary, NC).

RESULTS

Countries, Subtypes, and Prior Antiretroviral Exposure

653 candidates screened for A5288 had plasma HIV RNA geno-
type results available and were included in this analysis (Figure 1).
The 653 candidates were from 10 countries and had a median
age of 41 years (quartiles: 36 to 47 years). The majority were male
(53%). The median plasma HIV RNA level at time of screening
was 4.5 log, copies/ml (quartiles 4.0-5.1 log, copies/ml) and
the median nadir CD4+ T-cell count was 64 cells/mm”’ (quartiles
25-141 cells/mm?; Table 1). Of the 653 candidates, 624 had full
ART records available. All 624 had been exposed to an NRTIL, with

all having taken 3TC or emtricitabine; TDF had been taken by 84%
and zidovudine by 77%. All 624 participants had prior exposure to
an NNRTT. Only 1% of participants were still on an NNRTI (also
with a PI) at the time of screening. Prior exposure to LPV/r was
only reported in 51%, to ATV/r only in 27%, and to both LPV/r
and ATV/r in 22%. Only 6% of participants had prior raltegravir
exposure and none had exposure to other integrase inhibitors.

At the time of screening, TDF (67%) and 3TC (90%) were
the most commonly used NRTTs, with either LPV/r (55%) or
ATV/r (44%). The most common HIV subtype in the study
population was C (48%; Table 1). There was no difference in
the time on ART by sex (medians of 425 weeks for males vs
411 weeks for females; P = .44). Prior and ongoing ARV usage
by sex was similar for the NRTT and integrase inhibitor classes
and different for the NNRTT and PI classes. Specifically, males
were more likely to have been exposed to EFV (64% for males
vs 48% for females; P < .001) and ATV/r (57% for males vs 40%
for females; P < .001), while females had more exposure to NVP
(61% for males vs 70% for females; P = .01) and LPV/r (65% for
males vs 81% for females; P < .001).

Human Immunodeficiency Virus—1 Drug Resistance Profiles

Of'the 653 genotype results analyzed, 78% had resistance to at least
1 drug, but the remaining 22% had no drug resistance (ie, no inter-
mediate or higher resistance to any drug) despite having a history
of failing first-line ART and being on a failing second-line regimen
(Table 2). The analysis showed that 62% had resistance (interme-
diate or higher) to 1 or more NRTT, 64% to 1 or more NNRTI,

Assessed for eligibility (n = 1091%)

Genotype not obtained (n = 394)
« RNA out of range (n = 348)
« Expiration of screening window/sample (n = 9)
* ARV History (n =7)
« Other reasons (n = 30)

Genotype obtained (n= 697)

Genotype result excluded from analyses (n = 44)

« Multiple genotype results obtained** (n = 25)
* ARV History (n = 10)

« Lack of ATV/LPV exposure (n = 3)

« Exposure to DRV or ETR (n = 5)

« Lack of NNRTI exposure (n = 1)

Included in analyses (n = 653)

* N=1091 represents the total number of screenings performed, an individual may have screened multiple times

** For individuals with multiple screening genotype results,

all screenings except last one with a genotype were excluded

Figure 1. Consort diagram. Abbreviations: ARV, antiretroviral; ATV, atazanavir; DRV, darunavir; ETR, etravirine; LPV, lopinavir; NNRTI, nonnucleoside reverse transcriptase

inhibitor.
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Figure2. Percentage of candidates with intermediate or higher-level resistance to various drug class (NRTI, NNRTI, and Pl) categories. Abbreviations: NNRTI, nonnucleoside
reverse transcriptase inhibitor; NRTI, nucleoside reverse transcriptase inhibitor; PI, protease inhibitor.

and 35% to 1 or more PI. Also, 24% had resistance to at least 1
drug in the NRTI class and at least 1 drug in the NNRTI class, and
26% had resistance to at least 1 drug in each of the 3 drug classes
(NRTI, NNRTT, and PI; Figure 2). Importantly, a slight majority
(59%) showed susceptibility to a least 1 PI-containing second-line
regimen (defined as 2 NRTTs and either LPV/r or ATV/r; Table 2)
and a large majority were susceptible or had only low-level resist-
ance to DRV/r (97%) and ETR (78%; Figure 3).

The most common NRTI mutation was M184V/I (57% of can-
didates), followed by thymidine analogue mutations at codons 215
(26%), 67 (22%), 41 (20%), 70 (18%), and 219 (18%). Mutations

at codon K65R occurred at a very low frequency (3%). The most
frequent NNRTI mutations were at codons K103 (34%), G190
(19%), and Y181 (15%), and the most frequent major PI muta-
tions were at codons M46 (21%), A71 (21%), V82 (21%), and 154
(20%). PI-associated resistance was most common in the partici-
pants exposed only to ATV/r (46%), compared those exposed to
LPV/r alone (30%) or to both LPV/r and ATV/r (34%; P = .002).
Factors Associated with the Extent of Human Immunodeficiency Virus—1
Drug Resistance

Given the highly diverse resistance profiles, we sought to
evaluate associations in both univariate and multivariate

Percent

0
3TCIFTC*  ABC* D4T* DDI* TDF* ZDv*
NRTIs

EFV

63 63 63

ETR NVP RPV ATV* DRV LPV*
NNRTIs Pls

Gender == Male

=== Female

=== Total

Figure 3. Percentage of participants by sex with intermediate/higher resistance to specific drugs in the NRTI, NNRTI, and PI drug classes. Drugs labelled with an asterisk
were significantly different by sex, with Pvalues < .005. Abbreviations: 3TC, lamivudine; ABC, abacavir; ATV, atazanavir; D4T, stavudine; DDI, didanosine; DRV, darunavir;
EFV, efavirenz; ETR, etravirine; FTC, emtricitabine; LPV, lopinavir; NNRTI, nonnucleoside reverse transcriptase inhibitor; NRTI, nucleoside reverse transcriptase inhibitor; NVP,

nevirapine; Pl = protease inhibitor; RPV, rilpivirine; TDF, tenofovir; ZDV, zidovudine.
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models between variables at screening (HIV RNA; nadir
CD4+ T-cell count; sex; age; number or type of prior/ongoing
NRTI, NNRTI, or PI exposure; ART duration variables; and
country/subtype) and resistance by drug class. We also ana-
lyzed associations with susceptibility to a second-line ART
regimen. Detailed results of these analyses are shown in
Supplementary Tables S1-4, and the most important findings
are summarized below.

Sex

Sex was found to be associated with differences in resist-
ance profiles in both univariable and multivariable analyses
(Supplementary Tables S1-4). The median duration of time on
ART was similar by sex; however, more men had resistance to
at least 1 drug in the NRTT and PI classes, but not the NNRTI
class, compared to women (NRTI, 69% vs 55%, respectively
[P <.001]; PI, 45% vs 24%, respectively [P < .001]; NNRTI, 64%
vs 64%, respectively [P = .94]). More men (34%) than women
(17%) had resistance to at least 1 drug in each of the 3 drug
classes (P < .001).

Susceptibility to a Second-line Antiretroviral Therapy Regimen
Similar models were used to assess associations between
participant characteristics and susceptibility to a second-
line regimen, defined as susceptibility to at least 2 NRTIs
and either LPV/r or ATV/r (Supplementary Table S4). In
univariable analyses, higher odds of susceptibility to a
second-line regimen were associated with higher nadir
CD4+ T-cell counts (P = .004), female sex (P < .001), lower
age (P = .023), prior exposure to EFV only (versus NVP
only or both NVP and EFV; P < .001), and prior exposure
to LPV/r only or to both ATV/r and LPV/r versus ATV/r
only (P < .001). The lower susceptibility to a second-line
regimen among individuals exposed only to ATV/r prima-
rily reflected an inability to identify 2 susceptible NRTIs
(54% of individuals in this group vs 25% among individ-
uals exposed to LPV/r only and 35% among individuals
exposed to both LPV/r and ATV/r). Similarly, lower sus-
ceptibility to a second-line regimen among individuals ex-
posed to NVP with or without exposure to EFV primarily
reflected an inability to identify 2 susceptible NRTIs (46%
and 39% of individuals in the 2 NVP groups, respectively,
versus 22% among individuals exposed only to EFV). There
was also significant variation in the odds of susceptibility by
country/subtype (P < .001). These associations persisted in
multivariable models, although the CD4+ T-cell nadir was
not statistically significant in the model without an adjust-
ment for country/subtype (P = .059).

Sensitivity analyses that used the screening CD4+ T-cell
count, rather than the nadir CD4+ T-cell count, and that did
not include intermediate resistance scores in the resistant cate-
gory did not substantially alter the associations found.

DISCUSSION

This multi-center study describes the HIV drug resistance pro-
files of individuals failing second-line ART at urban centers
from 10 LMICs across 3 continents. The resistance patterns
found were extremely diverse: 22% had no resistance, whereas
32% and 26% had resistance to at least 1 drug in 2 or 3 drug
classes, respectively. These findings are distinct from what has
been reported after first-line ART failure, where the majority
of individuals (75-95%) [1, 4] have at least 1 NRTI mutation
(usually M1841/V) and an NNRTI mutation. In the current
study, only 24% exhibited this pattern of having only NRTT and
NNRTI resistance (Figure 2). Put differently, resistance patterns
after first-line treatment failure are largely predictable, whereas
those after second-line therapy failure do not appear to be. This
is likely the case because of heterogeneity in first- and second-
line regimens, the duration of therapy, and adherence to or tol-
erance of the prescribed regimen at the time of screening. These
important findings suggest that access to resistance testing may
be needed to optimally guide third-line treatment strategies in
LMIC settings.

A slight majority (59%) of the participants were still suscep-
tible to a standard second-line regimen. This finding has been
observed among individuals experiencing virologic failure in
clinical trials of second-line ART, suggesting that poor adher-
ence or intolerability to second-line regimens is a common
mechanism of regimen failure, rather than only HIV drug re-
sistance [5-7]. In the current study, 41% were not susceptible
to second-line regimens, which underscores the complexity of
managing second-line ART failure. In a multivariable analysis,
a higher nadir CD4+ T-cell count, but not plasma HIV RNA,
discriminated modestly between those with and without sus-
ceptibility to second-line regimens, although the clinical utility
of the observed CD4+ T-cell count differences is uncertain. We
also found reasonably large differences in susceptibility to a
second-line regimen according to the types of PIs and NNRTIs
individuals had previously taken. These differences primarily
reflected higher proportions of individuals exposed to ATV/r
only and of individuals exposed to NVP (with or without EFV)
in whom it was not possible to identify 2 susceptible NRTIs.
While these associations might reflect differences in drug po-
tency, other unmeasured factors might explain these findings.

The moderate frequency of PI resistance observed (35%) is
within the range observed in prior reports [11]. These studies
have observed PI resistance in 7-22% of individuals failing
second-line ART in the public sector, increasing to 47% in the
private sector in South Africa [11-13]. The reason for this large
difference in PI resistance across sectors is unknown, but may
be related to adherence or tolerance to second-line regimens
among different populations, as well as different uses of other
ARVs. Although recent studies suggest that PI resistance is
increasing over time, the majority of participants screened for

HIV drug resistance at second-line failure « CID 2020:71 (1 October) « el75

220z 2unf 0 Uo Jasn yosoqua|Ials o AUSIoAUN AQ Z6EGZ9G/0.18/L/L L/ooIE/PIo/WOod"dno-olWapeoe)/:Sdiy Wod pepeojumoq



A5288 did not have resistance mutations in protease. It is pos-
sible that mutations decreasing PI susceptibility are occurring
in other regions of HIV genome, such as gag or env, that we did
not assay. Several studies have documented the development of
compensatory mutations in gag [14-17] that result in resistance
to PIs; however, these gag mutations generally develop after mu-
tations in the protease region appear [18]. The studies of env
have not determined the key mutations that could confer PI
resistance, but in vitro work by Rabi and colleagues [19] has
shown that there is reduced growth of viral clones containing
env genes derived from individuals on failing PI-containing re-
gimens. Sequencing of the gag and env regions in second-line
failures should be undertaken to further investigate the ob-
served lack of major PI resistance mutations.

Given that medication intolerance is a reason for failures of
second-line ART, it is vital that regimens that are better toler-
ated and easier to take be identified. Along these lines, a single-
tablet regimen containing dolutegravir, TDFE, and 3TC is being
considered for first-line ART, as well as for second-line ART
when not used in first-line regimens, although a recent report of
neural tube defects in infants of women receiving dolutegravir
during conception has given pause to the wide adoption of this
single-tablet regimen [20].

Although no association was observed between screening
plasma HIV RNA level and drug resistance in a multivariable
analysis adjusted for country, there was some evidence of
modest associations between screening plasma HIV RNA levels
and resistance to specific drug classes. Among participants with
HIV-1RNA levels <4.001og10 copies/mL, 69% had intermediate
or higher-level resistance to at least 1 NRTI, compared with 61%
among participants with HIV-1 RNA levels >5.00 log10 copies/
mL, a difference which persisted in a multivariable analysis
including an adjustment for country/subtype (adjusted odds
ratio, 1.83; 95% confidence interval, 1.10-3.03; Supplementary
Table S1). In contrast, the reverse association was observed for
PI resistance: 32% with HIV-1 RNA levels <4.00 logl10 versus
43% with HIV-1 RNA levels >5.00 log10 copies/mL had resist-
ance to at least 1 PI (adjusted odds ratio, 0.58; 95% confidence
interval, 0.36-0.97; Supplementary Table S3). It is important to
highlight this, as the plasma HIV RNA level is often considered
in LMICs to be an indicator of resistance because of the po-
tential effects of HIV drug resistance mutations on viral fitness;
that is, the lower the HIV RNA level, the more likely resistance
will be present. The data in the current study shows that these
associations may be modest in strength and inconsistent in di-
rection among drug classes.

Important sex differences in HIV drug resistance were iden-
tified in the current study. Men were more likely than women
to have reduced susceptibility to all currently prescribed NRTIs
and PIs. This novel finding suggests possible sex differences in
access to ART or differences in drug pharmacokinetics, medi-
cation tolerance, or levels of adherence. Alternatively, men may

be more likely to take ARVs intermittently, resulting in greater
resistance.

In conclusion, the screening of candidates for a study (A5288)
of third-line ART showed highly divergent resistance patterns.
More than half of individuals (59%) remained susceptible to a
second-line, PI-containing regimen, but there was frequent re-
sistance to at least 1 drug in each of 2 or 3 drug classes. These
divergent resistance profiles could only be clearly differenti-
ated by HIV drug resistance testing, which has been shown to
increase survival and be a cost-effective approach for guiding
third-line ART [21]. Our findings support increased access to
resistance testing or the need for access to newer ARV drugs
that are highly effective in suppressing viremia despite prior re-
sistance to 2 or 3 drug classes.
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Supplementary materials are available at Clinical Infectious Diseases online.
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