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CROI 2014: Advances in Antiretroviral Therapy

Barbara S. Taylor, MD, MS, Noga Shalev, MD, and Timothy J. Wilkin, MD, MPH

The 2014 Conference on Retroviruses and Opportunistic Infections (CROI)
highlighted important advances in antiretroviral therapy, with an emphasis on
HIV eradication strategies. Follow-up information about the Mississippi baby
who remains free of HIV infection off antiretroviral therapy was presented, and
a second baby and 1 adult may also have been cured with very early initiation
of antiretroviral therapy. The HIV care cascade was again a major focus of
the conference. Investigators from around the world presented data on the
implementation, and limitations, of the care cascade paradigm. Scale-up of
antiretroviral therapy continues and a number of presentations featured
optimal ways to measure the impact of these efforts by applying lessons from
implementation science and health care economics. Encouraging results from
expanded prevention of mother-to-child transmission programs, especially
Option B+, were highlighted. Extensive data on transmitted (primary) drug

resistance in the United States and Europe were presented.
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Clinical Studies Investigating
HIV-1 Cure

Persaud and colleagues presented
further data on the Mississippi child
thought to be cured of HIV infection
and a second baby with a possible
cure (Abstract 75LB) at the 2014 Con-
ference on Retroviruses and Oppor-
tunistic Infections (CROI), held from
March 3 to 6, 2014. The Mississippi
child has been described previously.'
This child remains off antiretroviral
therapy with undetectable plasma
HIV-1 RNA through 41 months of age
(23 months after stopping antiretro-
viral therapy). Trace levels of HIV-1
DNA remain in peripheral blood
mononuclear cells (PBMCs), but no
replication-competent virus could be
found and no HIV-1 DNA could be
identified in PBMCs with the sensi-
tive droplet digital polymerase chain
reaction (PCR) assay. HIV-specific cel-
lular and humoral responses are not
detectable.

The investigators also reported
on a second baby who was born to
a mother who did not receive prena-
tal antiretroviral therapy. The baby
started combination antiretroviral
therapy at 4 hours of life. The baby
had detectable HIV-1 DNA in the pe-
ripheral blood at 4 hours of life and
detectable plasma HIV-1 RNA (217
copies/mL) at 36 hours. Plasma HIV-1
RNA was undetectable by day 11 and
has remained undetectable through 9
months. HIV-1 DNA was undetectable
at day 6 by droplet digital PCR and has
remained undetectable. HIV-1 RNA
was detected at day 6 in cerebrospinal
fluid obtained from a lumbar punc-
ture during evaluation for possible
sepsis. No replication-competent virus
was recovered at 1, 3, and 9 months
of life. Noninduced proviral genomes
were detected by droplet digital PCR
in stimulated T cells at 1 month, but
not at 3 months or 9 months. HIV
antibody status was indeterminate at
3 months and negative at 9 months.

The infant remains on combination
antiretroviral therapy in contrast to the
Mississippi child who has remained off
antiretroviral therapy. Planned clinical
trials will try to replicate these obser-
vations in other infants.

Hatano and colleagues presented
data on an adult who started tenofovir/
emtricitabine for preexposure prophy-
laxis (PrEP) and was subsequently
found to have had low-level plasma
HIV-1 RNA at the time of PrEP initia-
tion (Abstract 397LB). This patient was
intensified to a standard 3-drug antiret-
roviral regimen. Two additional meas-
urements after PrEP initiation showed
detectable plasma HIV-1 RNA. All as-
says for HIV-1 DNA were negative. A
plasma HIV outgrowth assay was nega-
tive for inducible viruses. An HIV West-
ern blot was initially indeterminate
and subsequently became negative. A
treatment interruption is planned after
1 year of antiretroviral therapy.

Treatment Intensification With
or Without Therapeutic HIV-1
Vaccination

Murphy and colleagues presented data
on ERAMUNE-02, a pilot clinical trial
that investigated whether intensifica-
tion of suppressive antiretroviral ther-
apy with maraviroc/raltegravir with or
without therapeutic HIV-1 vaccination
would decrease the HIV-1 latent reser-
voir as assessed by measuring HIV-1
DNA levels (Abstract 422). All partici-
pants underwent intensified antiretro-
viral therapy with maraviroc/raltegravir
at baseline for 8 weeks; participants
were then randomized to continue ei-
ther intensified antiretroviral therapy
alone (n = 14) or with therapeutic HIV-1
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vaccination (3 doses of DNA prime
vaccine followed by recombinant ad-
enovirus-5 vaccine; n = 14). Neither
strategy achieved the goal of reducing
HIV-1 DNA levels by at least 0.5 log,,
copies/mL at 1 year postrandomiza-
tion in at least 2 participants. Only 1
participant in the intensification alone
group achieved this goal. Similarly, no
change was observed in HIV-1 DNA
levels in rectal biopsy tissue.

Predictors of Residual Viremia

Residual viremia (ie, viremia detected
using a plasma HIV RNA assay with a
sensitivity of <1 copy/mL) has been
proposed as a measure of the HIV-1
latent reservoir. Riddler and colleagues
investigated predictors of residual vire-
mia in patients with long-term suppres-
sion on antiretroviral therapy (Abstract
425LB). They examined 334 patients
who maintained virologic suppression
for 4 years after initiating antiretroviral
therapy. They analyzed 2 plasma sam-
ples obtained approximately 4 years
after antiretroviral therapy initiation us-
ing a single copy assay. Consistent with
prior studies, residual viremia (plasma
HIV RNA level =1 copy/mL) was pre-
dicted by higher pretreatment plasma
HIV-1 RNA level. They also found that
higher on-treatment CD8+ cell counts
and lower on-treatment CD4+ /CD8+
cell count ratios were predictive of de-
tectable residual viremia, even when
controlling for pretreatment plasma
HIV-1 RNA levels.

Vorinostat

Prior single-dose studies of vorinostat
suggested that this histone deacetylase
inhibitor reactivates latent HIV-1 in
vivo. Margolis and colleagues exam-
ined 5 participants who received vori-
nostat for 4 cycles (where 1 cycle is
defined as 3 daily doses followed by
4 days off), followed by 4 weeks to 8
weeks off therapy, followed by another
4 cycles. They found that in contrast
to single-dose studies of vorinostat,
repeated doses did not appreciably in-
crease histone deacetylase inhibition
from baseline and expression of cellu-
lar HIV-1 RNA was not increased. These

results do not support further studies
of vorinostat for HIV-1 cure strategies.

Investigational Antiretroviral
Therapy Agents

Entry Inhibitors

Kattenhorn and colleagues presented
preclinical data on eCD4-Ig, an en-
hanced CD4-immunoglobulin (Ig) fu-
sion protein consisting of the first 2
N-terminal domains of the CD4 mol-
ecule and the Fc region of human IgGl1
coupled with a small C-C chemokine
receptor type 5 (CCR5)-mimetic sul-
fopeptide (Abstract 528). This com-
pound neutralized a wide array of viral
isolates that were resistant to broadly
neutralizing monoclonal antibodies.
The investigators noted that this com-
pound is a promising candidate for
both the treatment and prevention of
HIV-1 infection.

Inhibitors of Vif-APOBEC3
Interactions

Two abstracts presented data on target-
ing the interaction between APOBEC3G
(apoB mRNA editing enzyme, catalytic
polypeptide-like 3G; also known as
A3Q), a cellular cytidine deaminase that
restricts HIV replication by inducing G-
to-A hypermutation in viral DNA, and
Vif (viral infectivity factor), a protein
produced by HIV that binds A3G and
targets it for proteasomal degradation.
Pery and colleagues conducted a high-
throughput screen to identify a lead
compound that inhibits HIV regulation
by increasing A3G activity and freeing
it from control by Vif. Bennett and col-
leagues targeted Vif dimerization, which
is a necessary step prior to binding A3G
(Abstract 532). They have identified a
compound that blocks Vif dimerization
and inhibits infection of PBMCs against
a broad range of viral isolates.

Clinical Trials of Initial
Antiretroviral Therapy

Comparison of Non-Efavirenz-
Containing Antiretroviral Regimens

Landovitz and colleagues presented
data from AIDS Clinical Trials Group
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(ACTG) A5257, an open-label clinical
trial of 3 non-efavirenz-based antiret-
roviral regimens (raltegravir, ritonavir-
boosted [/r] atazanavir, or darunavir/r,
each given with tenofovir/emtricitabine)
for initial treatment of HIV-1 infection
(Abstract 85). Participants (n = 1809)
were randomized 1:1:1 to these 3
arms and began assigned therapy. Us-
ing a definition of +/-10%, these 3
regimens were equivalent in terms of
virologic efficacy (time to confirmed
plasma HIV-1 RNA level >200 copies/
mL). The regimens were not equivalent
with regard to the second primary end
point of time to change in randomized
treatment. Participants randomized
to atazanavir/r changed therapy more
often than did those randomized to
raltegravir or darunavir/r, which were
found to be equivalent to each other
(16% vs 1% and 5%, respectively).
Atazanavir/r discontinuations were due
to hyperbilirubinemia (as would be ex-
pected) but also to higher rates of gas-
trointestinal toxicities.

When looking at a preplanned com-
parison of time to a composite of either
primary end point, raltegravir appeared
superior to darunavir/r, which was in
turn superior to atazanavir/r. Among
295 virologic failures across the study
arms, 9 (1.5%), 18 3%), and 4 (< 1%)
participants in the atazanavir, raltegravir,
and darunavir arms had treatment-
emergent resistance detected during
follow-up. Similar to prior studies, no
protease resistance was detected at
failure. For the raltegravir arm, 17 of 18
had nucleoside analogue reverse tran-
scriptase inhibitor (nRTI) resistance and
11 of 18 had integrase strand transfer
inhibitor (INSTI) resistance.

nRTI-Sparing Antiretroviral Therapy

Raffi and colleagues presented data on
NEAT 001/ANRS 143 (European AIDS
Treatment Network 001/French Nation-
al Agency for Research on AIDS and Vi-
ral Hepatitis 143), a randomized, open-
label clinical trial comparing darunavir/r
given with tenofovir/emtricitabine or
raltegravir for initial treatment of HIV-1
infection (Abstract 84LB). They enrolled
805 participants (88% male). The pri-
mary end point was time to virologic
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failure or clinical failure (death, or new
AIDS or serious non-AlDS event). Ralte-
gravir was found to be noninferior to
tenofovir/emtricitabine (17.4% vs 13.7%
experienced the primary end point,
respectively; difference 3.7%; 95% CI,
-1.1%-8.6%). A greater decrease in
creatinine clearance was found in the
tenofovir/emtricitabine arm, and more
treatment-emergent resistance was
seen with raltegravir. The investiga-
tors concluded that darunavir/r plus
raltegravir represents a reasonable,
nRTl-sparing choice for first-line anti-
retroviral therapy.

744 and Rilpivirine

Margolis and colleagues presented data
from the LATTE (Long-Acting Antiretro-
viral Therapy Treatment Enabling) study,
a phase 11, dose-finding clinical trial of
investigational HIV INSTI GSK1265744
(also known as 744) plus 2 nRTIs versus
efavirenz plus 2 nRTIs for initial treat-
ment of HIV-1 infection (Abstract 91LB).
Participants were randomized to 1 of
3 blinded doses of oral 744 (10 mg,
30 mg, or 60 mg daily) or open-label
efavirenz. If their plasma HIV RNA lev-
els were undetectable just before week
24, participants in the 744-containing
arms discontinued nRTIs and initiated
rilpivirine (25 mg daily). Further data
on the efficacy of maintenance thera-
py with 744 plus rilpivirine are needed
to support future clinical trials of inject-
able, long-acting formulations of these
compounds. This trial randomized 243
participants to the 4 arms: 96% were
male, 38% nonwhite.

At week 48, 82% of participants
receiving 744 had undetectable HIV
RNA levels by the US Federal Drug Ad-
ministration (FDA) snapshot analysis
versus 71% of participants receiving
efavirenz. The higher failure rate in the
efavirenz-containing arms was driven
by higher rates of treatment discontin-
uation due to adverse events. A second
analysis limited to those who entered
the maintenance phase found similar
rates of continued virologic suppres-
sion among the 4 arms. 744 appeared
safe and well tolerated, although
more participants in the 744-containing
arms experienced headache. Drug
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resistance emerged in 1 participant re-
ceiving 744 and 1 participant receiving
efavirenz. These data are supportive of
future trials to evaluate combination
injectable formulations of 744 and ril-
pivirine for initial treatment of HIV-1
infection.

Doravirine

Morales-Ramirez and colleagues pre-
sented data from a phase I, dose-
finding clinical trial of doravirine
(MK-1439), an investigational HIV
nonnucleoside analogue reverse tran-
scriptase inhibitor (NNRTI; Abstract
92LB). Participants (n = 208) were
randomized to blinded treatment with
doravirine (25 mg, 50 mg, 100 mg, or
200 mg once daily) or efavirenz, each
given with tenofovir/emtricitabine.
The primary end point was achieving
plasma HIV-1 RNA levels less than 40
copies/mL at week 24. This ranged
from 71% to 80% of participants in
the 4 doravirine arms (76% for the
4 arms combined), with no dose-re-
sponse relationship noted, and 64%
in the efavirenz arm. A plasma HIV-1
RNA level less than 200 copies/mL
was achieved in 88.5% of participants
in the doravirine arms versus 81% in
the efavirenz arm. No statistical test-
ing was performed for these compari-
sons. Doravirine appeared safe and
tolerable, and a lower rate of dizziness
was observed in the doravirine arms
than in the efavirenz arm. The inves-
tigators concluded that further studies
of doravirine are warranted, and they
selected a dose of 100 mg for future
studies.

Clinical Trials of Antiretroviral
Therapy During Acute HIV-1 Infection

Schuetz and colleagues presented
data on the relationship between tim-
ing of antiretroviral therapy initiation
during acute HIV-1 infection and main-
tenance of the mucosal barrier (Th17
cells on rectal biopsies) and T-cell acti-
vation (CD8+/CD38+ /HLA-DR+ [hu-
man leukocyte antigen-D-related];
Abstract 77). They enrolled 38 par-
ticipants who initiated antiretroviral
therapy during acute HIV-1 infection
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and had rectal biopsies and blood
sampling before and 6 and 12 months
after initiating antiretroviral therapy.
They enrolled 5 participants who ini-
tiated antiretroviral therapy during
chronic HIV-1 infection and 10 HIV-
uninfected controls who were sampled
at 1 time point.

They found that participants who
initiated antiretroviral therapy during
Fiebig stage 1 or I (ie, prior to detect-
able HIV-1 antibody by enzyme-linked
immunosorbent assay [ELISA]) main
tained levels of Th17 cells similar to
those of HIV-uninfected controls. Par-
ticipants who initiated antiretroviral
therapy during chronic HIV-1 infec-
tion had depleted Th17 cells, and par-
ticipants who initiated therapy during
Fiebig stage Il (ie, detectable HIV-1
antibody by ELISA, but not by West-
ern blot) had levels in between these
groups. Fiebig /Il participants main-
tained levels of T-cell activation similar
to those of HIV-uninfected controls at
all time points. Fiebig 11l participants
had increased T-cell activation before
therapy compared with Fiebig I/Il par-
ticipants and HIV-uninfected controls,
and similar levels at 6 months and 12
months after therapy initiation. This
suggests that early initiation of anti-
retroviral therapy during acute HIV-1
infection prevents disruption of the
mucosal barrier and associated T-cell
activation.

Cheéret and colleagues investigated
an intensive 5-drug regimen for anti-
retroviral therapy during acute HIV-1
infection (Abstract 549LB). They en-
rolled 90 participants who initiated
treatment during acute HIV-1 infec-
tion and were randomized to receive
darunavir/r plus tenofovir/emtricitabine
with or without maraviroc/raltegravir.
They found similar decreases in the
HIV-1 reservoir as measured by HIV-1
DNA for 2 years in both groups. The
rates of virologic suppression were
similar at 2 years. Treatment was inter-
rupted after 2 years. One participant in
each group maintained virologic sup-
pression after treatment interruption.
The investigators concluded that there
was no evidence to support intensive
antiretroviral regimens for treatment
of acute HIV-1 infection.
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Maintenance and Switch
Strategies

Once-Daily Lopinavir/r Dosing in
Children and Adolescents

Lyall presented data on behalf of the
KONCERT team (Abstract 74LB). This
clinical trial enrolled 173 children (<18
years of age and =15 kg in weight) who
were receiving twice-daily lopinavir/r
and randomized them to continue
twice-daily or change to once-daily dos-
ing. Although all children were required
to have plasma HIV-1 RNA levels less
than 50 copies/mL at screening, 14%
of those randomized to once-daily and
5% of those randomized to twice-daily
dosing had detectable plasma HIV-1
RNA at trial entry. Once-daily dosing
did not achieve noninferiority with re-
gard to virologic suppression 48 weeks
after randomization (difference -6%;
90% CI, -2%-14%). Pharmacokinetic
analyses showed a lower lopinavir ex-
posure in the once-daily arm. There
were no safety concerns or appreciable
differences in the emergence of viral
resistance. The investigators concluded
that once-daily dosing of lopinavir/r in
children could not be recommended
based on these data.

Ritonavir-Boosted Protease Inhibitor
Therapy Alone

Paton and colleagues reported on a
large study of simplification to a rito-
navir-boosted protease inhibitor (Pl/r)
alone as maintenance therapy (Ab-
stract 550LB). They randomized 587
participants (77% male, 68% white)
who had plasma HIV-1 RNA levels less
than 50 copies/mL for at least 6 months
and no prior virologic failure to con-
tinue current antiretroviral therapy or
to change to Pl/r alone. Participants
were monitored for plasma HIV-1 RNA
levels every 3 months. Resistance test-
ing was obtained for participants with
confirmed plasma HIV-1 RNA levels
of 50 copies/mL or higher. Two nRTIs
were added for participants in the Pl/r
arm if there were confirmed plasma
HIV-1 RNA levels at this threshold. The
primary end point was loss of future drug
options based on resistance testing.

As expected, confirmed plasma HIV-1
RNA was more common in the Pl/r
arm than the continuation arm (35%
vs 3%, respectively; P < .001); 58 % of
the Pl/r arm remained on Pl/r alone
through the end of the trial. Resistance
was rare in both arms. Loss of future
drug options was observed in 6 partici-
pants from the Pl/r arm and 4 from the
continuation arm (P > .5). Antiretrovi-
ral drug costs were substantially lower
in the Pl/r arm. The investigators con-
cluded that Pl/r alone was a safe and
tolerable long-term management strat-
egy for antiretroviral treatment.

Elvitegravir/Cobicistat/Emtricitabine/
Tenofovir Maintenance

Two clinical trials examined the effi-
cacy of changing suppressive antiretro-
viral therapy to fixed-dose elvitegravir/
cobicistat/emtricitabine/tenofovir (EVG/
COBI/FTC/TDF). Arribas and colleagues
presented data on switching from a
Pl-based regimen to EVG/COBI/FTC/
TDFE. They randomized 443 partici-
pants (86% male, 18% nonwhite) with-
out prior virologic failure or resistance
to tenofovir or emtricitabine to con-
tinue current antiretroviral therapy or
switch to EVG/COBI/FTC/TDF (Abstract
551LB). At 48 weeks postrandomiza-
tion, 94% of participants in the EVG/
COBI/FTC/TDF arm maintained plas-
ma HIV-1 RNA levels less than 50
copies/mL versus 87% in the Pl-based
arm (difference 6.7%; 95% CI, 0.4%-
13.7%; P = .025). EVG/COBI/FTC/TDF
achieved the primary end point of
noninferiority to Pl-based regimens
and was found to be superior in a sec-
ondary analysis. No viral resistance
emerged and no safety concerns were
found in either group.

Pozniak and colleagues found simi-
lar results when enrolling patients
receiving an NNRTI-based regimen
(Abstract 553LB). They randomized
434 participants (93% male, 22% non-
white) without prior virologic failure or
resistance to tenofovir or emtricitabine
to continue current NNRTI plus teno-
fovir/emtricitabine or switch to EVG/
COBI/FTC/TDE At 48 weeks postran-
domization, 93% of participants in the
EVG/COBI/FTC/TDF arm maintained
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plasma HIV-1 RNA levels less than 50
copies/mL versus 88% in the NNRTI-
based arm (difference 5.3%; 95% CI,
0.5%-12%), and EVG/COBI/FTC/TDF
was found to be noninferior to NNRTI-
based regimens. No viral resistance
emerged and no safety concerns were
found in either group. Based on these
2 studies, changing suppressive anti-
retroviral therapy to EVG/COBI/FTC/
TDF appears to be safe and efficacious
in this selected population without prior
virologic failure or nRTI resistance.

Clinical Trials in Treatment-
Experienced Patients

BMS-663068

BMS-663068, a prodrug of BMS-636529,
is an investigational HIV-1 attachment
inhibitor that binds envelope glyco-
protein gp120 and prevents the bind-
ing of HIV to a CD4+ T cell. Lalezari
and colleagues presented data on the
antiviral efficacy and dose response for
this compound versus atazanavir/r in
treatment-experienced adults (Abstract
86). This trial randomized 254 adults to
1 of 4 doses of BMS-663068 (400 mg
or 800 mg twice daily, 600 mg or 1200
mg daily) or atazanavir/r. Participants
randomized to BMS-663068 received
monotherapy for 7 days followed by
the addition of tenofovir and raltegravir.
Monotherapy led to a reduction in
plasma HIV-1 RNA levels from 0.7 log,,
copies/mL to 1.5 log,, copies/mL. Par-
ticipants randomized to atazanavir/r
initiated combination therapy with te-
nofovir and raltegravir. Participants in
all arms had good virologic suppres-
sion at week 24: 69% to 80% achieved
plasma HIV-1 RNA levels less than 50
copies/mL, and there were no safety
concerns. The investigators concluded
that further studies of this compound
are warranted.

Clinical Trials to Reduce Immune
Activation

Prednisolone

Kasang and colleagues investigated
low-dose prednisolone for treatment of
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immune activation and prevention of
disease progression in untreated HIV-
infected adults (Abstract 336). They
randomized 336 HIV-infected adults
with a CD4+ cell count higher than
300/uL to prednisolone 5 mg daily or
placebo, with a 2-year follow-up period
for the occurrence of an AIDS-defining
eventor CD4+ cell count below 200/pL.
There was no difference between arms
in this end point, but time to a new
AIDS-defining condition was longer
in the prednisolone arm. They found
that prednisolone decreased soluble
(s) CD14 levels and increased CD4+
cell counts and CD4+ /CD8+ cell count
ratios but increased plasma HIV-1 RNA
levels. The investigators suggested that
this therapy merited further study.

Mesalamine

Samsouk and colleagues investigated
the use of mesalamine, a mucosally
active antiinflammatory agent, to re-
duce systemic immune activation
by reducing mucosal inflammation
and bacterial translocation (Abstract
341). They conducted a randomized,
placebo-controlled crossover trial of a
once-daily, extended-release formula-
tion of mesalamine. They enrolled 33
(100%) participants with incomplete
immune restoration (approximate me-
dian CD4+ cell count = 245/uL). They
found no effect of mesalamine on sys-
temic or mucosal immune activation
as measured by CD8+/CD38+ /HLA-
DR+ cells in the peripheral blood or
on rectal biopsies. Mesalamine did not
lead to a reduction in bacterial trans-
location as measured by sCD14 or in
soluble markers of immune activation.
The investigators concluded that other
strategies are needed to reduce bac-
terial translocation and systemic im-
mune activation.

Rifaximin

Tenorio and colleagues reported on
a randomized, open-label clinical trial
of rifaximin, an oral, nonabsorbable
antibiotic that reduces plasma lipo-
polysaccharide (LPS; a marker of
bacterial translocation) levels in pa-
tients with cirrhosis (Abstract 339).
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They randomized HIV-infected adults
with suboptimal immune reconsti-
tution (CD4+ cell count <350/pL)
despite sustained virologic suppres-
sion to receive 4 weeks of open-label
rifaximin (n = 49) or no treatment (n =
24). A separate control group of HIV-
uninfected adults (n = 20) provided a
reference for observed results in the
randomized population. They found
that the rifaximin group had lower
levels of immune activation than the
no treatment group at week 4 (end of
rifaximin treatment) but not at week 2
(2 weeks into rifaximin treatment) or
week 8 (4 weeks after rifaximin treat-
ment). Inconsistent responses were
observed with the microbial translo-
cation markers: changes in LPS and
sCD14 levels were statistically signifi-
cantly lower for rifaximin at week 2; no
changes were observed at week 4; and
changes in sCD14 levels were lower for
rifaximin at week 8. Rifaximin was as-
sociated with a statistically significant,
but minimal, decrease in IL-6 and C-
reactive protein (CRP) levels 4 weeks
after completion of rifaximin treat-
ment. These data suggest that immune
activation may be modifiable through
reductions of bacterial translocation.
However, the magnitude and durability
of this effect were minimal, suggesting
that further study of alternative treat-
ments is warranted.

Sevelamer

Sandler and colleagues investigated
the use of sevelamer to reduce micro-
bial translocation and immune activa-
tion in HIV-infected adults (Abstract
337). Sevelamer is a nonabsorbable
polymer that binds phosphate and re-
duces LPS by 78% in dialysis patients.
The investigators enrolled 30 HIV-
infected adults who received sevel-
amer for 8 weeks. They found that LPS
and sCD14 levels were not reduced
by sevelamer. Levels of low-density lipo-
protein (LDL), oxidized LDL, and tissue
factor were statistically significantly
reduced with sevelamer, but D-dimer
levels showed a small, statistically sig-
nificant increase. Sevelamer did not
decrease microbial translocation as
hypothesized and whether its effects
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on LDL and oxidized LDL merit further
study is unclear.

Probiotics

Stiksrud and colleagues used a different
approach to reduce immune activation
(Abstract 342). They attempted to alter
the gut microbiota through probiotics
to reduce markers of inflammation,
coagulation, and microbial transloca-
tion that have been associated with all-
cause mortality in other studies. The
probiotic consisted of fermented skim
milk supplemented with Lactobacillus
rhamnosis, Bifidobacterium animalis
subsp. lactis, and L. acidophilus. They
enrolled 30 participants and random-
ized them to the probiotic (n = 14), a
placebo of fermented skim milk (n =
8), or a second control of no treat-
ment (n = 8) for 8 weeks. Levels of
D-dimer, CRP, and IL-6 declined in the
probiotic group but did not change
appreciably in the nonprobiotic group
(a combination of the placebo and
no treatment groups). No change was
noted in LPS or sCD14 levels. Further
data on gut microbiota and immune
activation by flow cytometry are pend-
ing. This pilot trial should be followed
by larger studies with longer durations
of follow-up.

Pharmacokinetic Considerations

Impact of HIV Infection on Intestinal
Epithelial Transporters

Bendayan and colleagues investigated
the intestinal mucosal expression of
drug transport enzymes in HIV-infected
adults not on antiretroviral therapy, HIV-
infected adults with well-controlled
HIV infection, and a matched control
group of HIV-uninfected adults (Ab-
stract 103). They found that the trans-
porters studied were expressed at
lower levels in HIV-infected adults
than in -uninfected controls. These
levels were partially restored by anti-
retroviral therapy. These findings were
confirmed by decreased gene expres-
sion for these transporters in the HIV-
infected groups. This suggests that
HIV infection itself may influence drug
metabolism.
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Rilpivirine and Darunavir/r

Jackson and colleagues presented data
on 25 HIV-infected participants initiat-
ing a once-daily combination of rilpiv-
irine (25 mg) and darunavir/r (800 mg/
100 mg; Abstract 507). They found
that rilpivirine concentrations were
somewhat higher in this study than in
prior phase 11l studies of rilpivirine giv-
en with 2 nRTIs. Darunavir and ritonavir
concentrations were not affected. The
investigators concluded that this drug
combination should be investigated
in future studies. Foca and colleagues
found differing results when studying
HIV-infected young adults and adoles-
cents (Abstract 508). They found that
rilpivirine concentrations were similar
to those observed in older adults when
dosed without darunavir/r, whereas
rilpivirine concentrations were three-
fold higher when coadministered with
darunavir/r. The investigators could not
conclude whether the higher rilpivirine
concentrations observed with darunavir/r
coadministration would impact safety
and tolerability.

Lopinavir/r and Depot
Medroxyprogesterone Acetate

Luque and colleagues presented data
on behalf of AIDS Clinical Trials Group
protocol A5283 that investigated the ef-
fect of lopinavir/r on the pharmacoki-
netics of depot medroxyprogesterone
acetate (MPA; Abstract 514LB). They
found that lopinavir/r concentrations
were not affected by depot MPA. The
MPA concentrations were 46% higher
than in historic HIV-uninfected con-
trols from a prior study. Depot MPA ap-
peared safe and well tolerated. There
was no evidence of ovulation in the
study participants.

Antiretroviral Therapy in Pregnancy

Colber and colleagues investigated
changes in darunavir/r pharmacoki-
netics associated with pregnancy (Ab-
stract 887). They reported on darunavir
and ritonavir concentrations observed
in 15 HIV-infected pregnant women
during the third trimester and at least
2 weeks postpartum. They found that

darunavir trough concentrations were
64% lower in the third trimester than
postpartum. The investigators noted
that twice-daily dosing should be used
for treatment-experienced patients
during pregnancy.

Lé and colleagues reported data
on 103 HIV-infected pregnant women
receiving atazanavir/r (Abstract 889).
They found that atazanavir concen-
trations were not substantially altered
during pregnancy; drug concentrations
were assessed during each trimester, at
delivery, and postpartum. The trough
concentrations were approximately
30% lower during pregnancy than
postpartum, which was not thought to
be clinically significant by the investi-
gators. The virologic outcomes were ex-
cellent: 97% had plasma HIV RNA lev-
els less than 50 copies/mL at the time
of delivery, and no cases of mother-
to-child transmission (MTCT) were ob-
served. Atazanavir/r appeared safe in
this population. Similar reductions of
atazanavir trough concentrations dur-
ing pregnancy were observed in a sep-
arate study of HIV-infected women,
and these concentrations were not af-
fected by concomitant use of tenofovir
(Abstract 892).

Blonk and colleagues investigated
the pharmacokinetics of raltegravir
during pregnancy (Abstract 890). They
found that trough concentrations were
reduced by 50% during the third tri-
mester but thought this reduction un-
likely to be clinically significant. They
found that raltegravir efficiently crossed
the placenta into the fetal circulation.

Examining the HIV Care Cascade
in Resource-Limited and Other
Settings

The cascade of care for HIV, promi-
nent at CROI 2013, was again popular
this year as a metric for examining the
effectiveness of HIV treatment pro-
grams.? Many investigators presented
data on the cascade, or alternative
constructions of the cascade itself,
yet a few common themes emerged.
In studies that examine the complete
cascade from diagnosis to success-
ful virologic suppression, substantial
barriers to diagnosis and linkage to
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care remain, even in high-prevalence
countries with active testing programs.
Population mobility is a key challenge
because it leads to loss to follow-up at
all stages of the cascade and simulta-
neously contributes to overestimation
of loss to follow-up when care trans-
fers are not accounted for. As Bangs-
berg pointed out while leading the
themed discussion Treatment Cascade
and Loss to Follow-Up, without direct
ascertainment of vital status for those
considered lost to follow-up, mortality
and transfers of care are vastly under-
estimated at all steps of the cascade.
Despite these issues, the continued fo-
cus on the care cascade at CROI 2014
demonstrates the utility of the con-
struct, and some of the key cascade-
related findings are reviewed below.

Population-Based Surveillance of the
HIV Care Cascade

Maina and colleagues presented data
from KAIS (Kenya AIDS Indicator Sur-
vey), a countrywide, 2-stage stratified
cluster sampling survey of household
residents 18 months to 64 years of
age from October 2012 and Febru-
ary 2013 (Abstract 149). KAIS offered
home-based HIV testing and CD4+
cell count measurement and linkage
to care for those diagnosed with HIV
infection. Although the percentage
of individuals ever tested for HIV in-
fection increased from 34% in 2007 to
70% in 2012, awareness of HIV sero-
status among HIV-infected individuals
remained low, 47% in 2012. Preva-
lence in children (0.9%) was lower than
that of adults (5.6%), but only 16% of
children had ever been tested for HIV
infection.

By Kenyan eligibility guidelines for
antiretroviral therapy, 58.8% of indi-
viduals with HIV infection were eligible
for treatment, but only 60.5% of those
eligible were receiving treatment. En-
couragingly, 75% of those receiving
antiretroviral therapy were virologi-
cally suppressed to an HIV-1 plasma
RNA level less than 1000 copies/mL.
These country-level results highlight
the fact that even in the setting of dra-
matic scale-up of testing and treat-
ment, many individuals, particularly
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children, are unaware of their HIV sero-
status, and the drop-off in the care
cascade between eligibility and anti-
retroviral therapy coverage seen in
many other settings was also observed
here.

Huerga and colleagues conducted
a similar cross-sectional population-
based study in Kwazulu Natal, South
Africa, a population highly impacted
by the HIV epidemic, with an overall
HIV prevalence of 25% and women
(31%) much more impacted than men
(16%; Abstract 152LB). Examining the
overall cascade, the investigators found
that 75% of HIV-infected participants
were aware of their HIV serostatus,
65% were linked to care, 57% had ini-
tiated antiretroviral therapy, 52% re-
mained on treatment, and 49% were
virologically suppressed. Of those with
plasma HIV-1 RNA levels greater than
1000 copies/mL, 72% had antiretro-
viral drug resistance. Statistically sig-
nificant sex disparities were seen in
incidence, awareness of diagnosis, and
antiretroviral therapy coverage, and
all of these disparities were higher in
women. Thus, in both Kenya and Kwa-
zulu Natal, population-based surveys
revealed challenges in diagnosis and
linkage to care but good virologic re-
sponse once antiretroviral therapy was
initiated, demonstrating the utility of
population-based surveys in directing
national public health efforts.

Evaluations of Specific Steps in the
HIV Care Cascade and Interventions
to Improve Selected Components

Several groups presented data that
shed light on specific steps in the
HIV care cascade or interventions to
improve specific components. Mehta
and colleagues (Abstract 1063) exam-
ined the HIV care cascade for men
who have sex with men (MSM; n =
12,022) and IDUs (n = 14,481) across
26 treatment sites in India. They
found that few HIV-seropositive MSM
(30%) and IDUs (41 %) were aware of
their diagnosis, which represents the
most substantial barrier to engage-
ment in care along the cascade for
these vulnerable populations. Aware-
ness of HIV serostatus was associated

Topics in Antiviral Medicine

with receipt of and linking HIV testing
to other services, such as treatment
for tuberculosis, STIs, and opioid de-
pendence.

Barnabas and colleagues (Abstract
148) addressed similar barriers of di-
agnosis and engagement in care with
an intervention package in South Africa
and Uganda that included commu-
nity sensitization, household consent
for home-based HIV testing, point-of-
care CD4+ cell count measurement,
referral to care or prevention services
for individuals with negative HIV test
results, and follow-up visits. They tested
96% of individuals residing in the
target communities and achieved ex-
cellent results for clinic engagement
(96% at 6 months after study visit),
for both newly and previously diag-
nosed individuals with HIV infection.
The intervention package appeared to
be highly successful, with 65% of HIV-
seropositive individuals achieving viro-
logic suppression (up from 50% pre-
intervention).

Limitations of the Current HIV Care
Cascade and Its Paradigms

McNairy and colleagues (Abstract 151)
pointed out limitations of the HIV cas-
cade of care concept: each step is con-
tingent on the prior step; outcomes of
people prior to antiretroviral therapy
initiation are excluded; there are many
reasons for loss between cascade steps;
and the time frame for movement be-
tween steps is not considered. They
proposed a parallel cascade approach
to follow up all patients over time and
divide them into 3 outcome categories:
optimal, retained or transferred to oth-
er facilities; suboptimal, retained but
without optimal care or missing data;
or poor, lost to follow-up or death.
They used routinely collected data
from 390,603 adults across 217 facili-
ties in sub-Saharan Africa and calculated
the proportion of patients in each of
the 3 categories at 3, 6, and 12 months
after enrollment in care, but consider-
ing the lack of data on virologic control,
they adapted cascade steps. They found
that 56% of patients had an optimal
outcome of care at 12 months: retain-
ed in care pre-antiretoviral treatment,

622

on treatment, or transferred. Applica-
tion of the traditional cascade to the
same cohort showed only 23% of pa-
tients retained on antiretroviral treat-
ment at 12 months. They proposed
that the use of both cascades is inclu-
sive of all patients, before and on anti-
retroviral therapy, and identifies those
at high risk for poor outcomes over
time.

Three other groups incorporated sim-
ilar concepts to examine limitations to
the traditional HIV care cascade. Reidy
and colleagues (Abstract 1061) ascer-
tained vital status for a subpopulation
of patients in care in Kenya before and
after initiation of antiretroviral therapy
and found that including the additional
vital status information decreased per-
cent lost to follow-up pre-antiretroviral
therapy from 38% to 12%; increased
those labeled as in care from 52% to
75% , owing mostly to clinic transfers;
and increased mortality from 10% to
19% . Less dramatic changes after vital
status ascertainment were seen for
those on antiretroviral therapy, high-
lighting the limitations of using rou-
tinely collected data to assess reten-
tion in the care cascade, particularly
for pre—antiretroviral therapy patients.

Ahonkhai and colleagues (Abstract
1064) examined unplanned inter-
ruptions and return to care along the
cascade and found that 37% of pa-
tients at a single site in Nigeria had
an unplanned care interruption but
returned to care at some point during
the 3 years of observation. These in-
terruptions were most common in the
first year on antiretroviral therapy and
at higher baseline CD4+ cell counts.
Holmes and colleagues (Abstract 1065)
also examined the impact of return to
care on the cascade across 18 sites in
Zambia. Similar to the results from Ni-
geria, they found that 35% of the pa-
tients classified as lost to follow-up re-
turned to care. They observed negative
consequences of these temporary inter-
ruptions, including statistically signifi-
cant decreases in body mass index and
CD4+ cell counts and increased rates
of active tuberculosis, World Health
Organization (WHO) stage 1l and IV
HIV disease, and pregnancy upon re-
turn to care.
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Data presented at CROI 2014 on the
value of the HIV care cascade in oth-
er settings support the findings from
resource-limited settings. Using data
from the US Center for AIDS Research
Network of Integrated Clinical Systems
(CNICS) sites, Mugavero and col-
leagues found that incorporating rates
of missed clinic visits improved stan-
dard prediction models for all-cause
mortality that employ a retention-in-
care metric of 2 visits per year (Ab-
stract 983). Espinoza and colleagues
from the US Centers for Disease Con-
trol and Prevention (CDC) found high
rates of migration to a different state
after diagnosis of HIV infection (11%
ever migrated and 2.5% migrated within
1 year of diagnosis), implying that pop-
ulation mobility also impacts the HIV
care cascade in non-resource-limited
settings.

Antiretroviral Therapy Scale-Up
in Resource-Limited Settings

Intersection Between Research,
Antiretroviral Therapy Scale-Up, and
Policy

Three sessions at this year's confer-
ence focused on the translation of re-
search into capacity building, success-
ful scale-up of antiretroviral therapy,
and development of policy in resource-
limited settings. Mboup (Abstract 18)
began the dialogue with the 2014
N’Galy-Mann Lecture. He highlighted
the success of the Senegalese HIV
prevention and treatment program,
which began sentinel surveillance in
1989 and initiated antiretroviral treat-
ment in 1997, well ahead of most
other countries in sub-Saharan Africa.
He proposed several factors respon-
sible for their early success, includ-
ing fully engaged political leadership;
national programs for control of STIs,
such as registration and care for com-
mercial sex workers; a strong strategic
information system with early sentinel
surveillance programs followed by ex-
panded and ongoing behavioral sur-
veys; and a commitment to research,
leading to technology transfer and ca-
pacity strengthening through interna-
tional collaboration.

The specific contributions of re-
search to the Senegalese success story
include the early development of a
longitudinal cohort of commercial sex
workers, established in 1985, which
provided a comprehensive platform
from which to examine the interaction
of the simultaneous HIV-1 and HIV-2
epidemics. This foundation allowed
the launch of the Senegalese Antiretro-
viral Access Initiative (ISAARV) in De-
cember 1997. This antiretroviral ther-
apy treatment program was expanded
to create a decentralized national sys-
tem with outstanding results, includ-
ing high levels of adherence, immune
response to antiretroviral therapy, and
virologic suppression. ISAARV contin-
ues and is now pioneering the use of
dried blood spot technology for HIV-1
plasma RNA level assessment and HIV
genotype testing. Mboup cited inter-
national research collaborations as
being instrumental in the expansion
of a small virology laboratory into an
international reference and research
laboratory. These collaborations are
ongoing and formalized in programs
such as the regional West African Plat-
form for HIV Intervention Research
(WAPHIR). Their new and ambitious
goal is to establish a center of excel-
lence in Senegal for health research.
Mboup presents Senegal as a model
for the benefits that early political and
academic leadership and successful
international partnerships can bring to
scale-up efforts.

Okello’s presentation (Abstract 118)
further supported the need for collabo-
ration between research and scale-up
efforts by describing the translation of
evidence to policy in Swaziland. Us-
ing the WHO framework for evidence-
informed policy, she described how
specific research findings were trans-
lated into policy, tested for impact, and
adopted at a national scale. For exam-
ple, a 2007 nationally representative
household survey examined HIV preva-
lence, convincing many politicians that
the high HIV prevalence seen previous-
ly in antenatal surveys was real, and a
severe and generalized epidemic was
present in Swaziland. Evidence from
SHIMS (Swaziland HIV Incidence Mea-
surement Survey) in 2012 revealed that
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25% of 18- to 49-year-olds with CD4+
cell counts less than 350/uL were not
receiving antiretroviral therapy.

After meetings with policy makers
and stakeholders, a comprehensive
electronic database was deployed to
track HIV-infected individuals before
starting antiretroviral therapy and in-
creased funding was provided for link-
age and retention in care services. This
has led to reductions in loss to follow-
up, particularly before initiation of anti-
retroviral therapy. Okello concluded
with a strong recommendation that
research questions be developed in
partnership between researchers and
policy makers to better reflect the true
needs of the community, rather than
the preferences of academic institu-
tions, and balance societal priorities
with economic reality.

Finally, Bertozzi (Abstract 120) of-
fered an excellent global perspective on
the impact of scale-up on the 10-year
anniversary of the President's Emer-
gency Plan for AIDS Relief (PEPFAR)
and the Global Fund to Fight AIDS,
Tuberculosis and Malaria. He discussed
the need for better metrics of success,
pointing out the essential flaw in us-
ing antiretroviral therapy coverage
over time as a measure of success of
either of these programs, because the
numerator, the number of people liv-
ing with antiretroviral therapy, accu-
mulates and the denominator includes
those without antiretroviral therapy,
who are at high risk for death. More
appropriate metrics include decreases
in HIV incidence in high-prevalence
countries, which have occurred across
PEPFAR focus and nonfocus countries,
and decreases in the number of AIDS-
related deaths, which correlate with
PEPFAR funding status. Bertozzi cited
work by Bendavid and colleagues,
presented first at CROI 2012, which
demonstrated statistically significant
reductions in overall age-adjusted mor-
tality for adults in PEPFAR focus coun-
tries versus nonfocus countries.?

Bertozzi made a compelling argu-
ment that to truly examine the impact
of funding for scale-up of antiretroviral
therapy requires facility-level data on
relevant outcomes, such as the percent-
age of patients starting antiretroviral
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therapy at CD4+ cell counts higher
than 200/pL, retained at 12 months, and
virologically suppressed. Further, he
demonstrated that clinic performance
data on costs per patient treated can
be highly misleading because receiving
treatment without achieving virologic
suppression is highly cost-inefficient
and instead proposed that clinics be
examined by the cost per year per pa-
tient retained in care and virologically
suppressed. Similar arguments apply
to the way performance is assessed for
HIV testing and counseling programs.
Bertozzi's take home points were that
performance must be measured at
the clinic or facility level for effective
intervention and that metrics must be
outcome-focused, rather than coverage-
focused, to be relevant to the health of
the patient.

The utility of this approach was later
highlighted by Geng and colleagues
(Abstract 1060), who examined the
comparative effectiveness of antiret-
roviral therapy in HIV care programs
in East Africa. Using program-based
estimates of mortality derived from
an approach to sampling that sought
definitive outcomes for a subsample of
patients lost to follow-up, they found
dramatic differences in mortality by
program, 22.5% in Tanzania to 4.9%
in Uganda. There is a need for deeper
understanding of health care organi-
zations, patients, and communities
to ensure the effectiveness of all HIV
care programs. These are important
insights at a time when international
funding streams for HIV prevention
and treatment programs are diminish-
ing and thoughts increasingly turn to
returns on investment.

Adult Antiretroviral Therapy
Outcomes in Resource-Limited
Settings

Barnighausen and colleagues (Abstract
150) presented data regarding the im-
pact of antiretroviral therapy scale-up
on life expectancy in a full population
cohort of 90,000 individuals in Kwazulu-
Natal, a region of South Africa with an
HIV prevalence of 30% . Concurrent in-
creases in antiretroviral therapy cover-
age and adult life expectancy (from 50
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years in 2004 to 61 years in 2012) of
the entire cohort have been observed,
whereas life expectancy for those with-
out HIV infection has remained stable.
This implies that life expectancy gains
are due to the scale-up of antiretroviral
therapy and that a focus on scale-up
has not had a negative impact on the
health of the HIV-uninfected popula-
tion. Further examination of these
data demonstrates that adult life ex-
pectancy increased much more rapidly
in women (from 52 years in 2005 to
65 years in 2012) than men (from 48
years to 55 years over the same time
frame). Women access antiretroviral
therapy at higher rates in Kwazulu-
Natal, a difference not fully explained
by enrollments in programs for the
prevention of mother-to-child transmis-
sion (PMTCT). Lower proportions of
engagement in care by men appear to
be driving the difference in HIV-related
deaths, and studies are under way to
understand the sex disparity.

A multinational collaboration in
Latin America, the Caribbean, Central
and South America Network for HIV
Epidemiology (CCASAnet), examined
predictors of virologic failure of first-
line antiretroviral therapy and major
regimen change within their network
(Abstract 563). Cumulative incidence
of virologic failure and major regimen
change 5 years after the start of treat-
ment were 27% and 14% , respectively.
Younger age (20 years vs 40 years),
prior AIDS, initiation of antiretroviral
therapy in earlier calendar years, and
treatment initiation with Pl-based regi-
mens were all associated with virologic
failure. Investigators speculated that
the lack of a major regimen change in
patients with virologic failure might re-
flect scarcity of second-line antiretro-
viral therapy options.

Boender and colleagues (Abstract
570) presented data on long-term out-
comes of second-line antiretroviral
therapy in the setting of antiretroviral
resistance from 13 sites in sub-Saharan
Africa participating in the prospec-
tive, observational PASER (Pan-African
Studies to Evaluate Resistance) study.
They found that 54% of the 243 pa-
tients starting second-line therapy
with a boosted PI had a partially active
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second-line regimen, defined as a geno-
typic sensitivity score less than 3,
but that this was not statistically sig-
nificantly associated with failure of the
second-line regimen at 12 months or
24 months or the subsequent emer-
gence of PI resistance on second-line
therapy. At 24 months, only 15% of
patients retained in care experienced
virologic failure on second-line anti-
retroviral therapy. Thus, failure rates
for both first- and second-line anti-
retroviral therapy appear to be lower in
resource-limited than in non-resource-
limited settings or comparable between
the two, and many of the predictors
of failure (male sex, young age) are
similar between the two, implying that
strategies should be adapted in both
settings to address these higher-risk
groups up front.

Strategies for Antiretroviral Therapy
in Infants and Children in Resource-
Limited Settings

Coovadia and colleagues (Abstract 72)
presented data from the NEVEREST
(Nevirapine Resistance) 3 study, which
enrolled infants exposed to nevirapine
for PMTCT, initiated antiretroviral
therapy with a lopinavir/r-based regi-
men until virologic suppression was
achieved, and then randomized them
to switch to an efavirenz-based regi-
men or stay on the lopinavir/r-based
regimen. They found that overall rates
of virologic failure after 48 weeks
of follow-up—defined as any mea-
surement of plasma HIV-1 RNA level
greater than 50 copies/mL or 2 mea-
surements greater than 1000 copies/
mL—were low and did not differ be-
tween the 2 arms. The study was de-
signed as a noninferiority trial with a
10% bound, but the efavirenz group
had a superior outcome for the great-
er than 50 copies/mL definition of vi-
rologic failure. For children exposed
to nevirapine-based PMTCT, transition
to efavirenz after successful virologic
suppression with a PI appears to be
a safe option, and this strategy could
be considered in resource-limited set-
tings as it is less costly, is more palat-
able, and preserves other antiretrovi-
ral regimen options.
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Three studies examined the impact
of antiretroviral therapy initiation in
infants. Tejiokem and colleagues (Ab-
stract 923) presented data from an
ongoing cohort of 210 HIV-infected
children in Cameroon who were di-
agnosed with plasma HIV-1 RNA and
DNA at less than 7 months of age, and
91% of whom started antiretroviral
therapy at a median age of 4.1 months.
At a median age of 19.1 months, 18%
had no detectable HIV antibody by
ELISA, demonstrating a high rate of
seroreversion in these infants. Of the
persistently HIV-seronegative infants
(n = 9), they found variable levels of
HIV-1 RNA and DNA, indicating vari-
ability in the HIV reservoir in these chil-
dren. Failure to interpret these results
correctly could lead to misdiagnosis or
discontinuation of treatment in these
children, and further studies are need-
ed to determine whether these early-
treated infants have the potential for
HIV control.

In a relevant study in a non-resource-
limited setting, Persaud and colleagues
examined the impact of virologic con-
trol by 1 year of age on HIV-1 reservoir
size in children (Abstract 72). Eligible
study participants included those pa-
tients from PHACS AMP (Pediatric HIV/
AIDS Cohort Study Adolescent Master
Protocol) who maintained virologic
suppression throughout the study peri-
od, defined as no 2 consecutive plasma
HIV-1 RNA levels of 400 copies/mL or
greater. Children who achieved virolog-
ic suppression before 1 year of age had
a statistically significantly lower medi-
an proviral load (4.2 copies per million
PBMCs) than those achieving suppres-
sion between 1 year and 5 years of age
(19.4 copies per million PBMCs) and at
greater than 5 years of age (70.7 copies
per million PBMCs). Despite this, levels
of immune activation, measured by
sCD14, TNF-o, GMCSE, IL-3, and IL-8,
remained elevated in all 3 groups and
were statistically significantly higher
than the same parameters in perina-
tally HIV-exposed, -uninfected youth.
Those achieving virologic control ear-
lier than 1 year of age had high rates
of seronegativity (86%) correlating
with decreased proviral reservoirs.
Early virologic suppression is therefore

associated with decreased proviral
load and seronegativity but does not
reverse the chronic immune activation
associated with HIV infection.

Shiau and colleagues combined data
from 3 clinical trials: FINHDER (Finding
Infants with HIV Disease), NEVEREST 2,
and NEVEREST 3 (Abstract 924). They
compared viral dynamics after initia-
tion of antiretroviral therapy between
those subjects starting treatment at less
than 6 months of age and those start-
ing between 6 months and 24 months
of age. Using FINnHDER data, they found
that age at treatment initiation of less
than 6 months was statistically sig-
nificantly associated with improved
virologic suppression at 6 months on
antiretroviral therapy (55% vs 33% in
those starting treatment at <6 months
and at 6 months to 24 months of age,
respectively). In the NEVEREST 2 and
3 trials, those initiating antiretroviral
therapy at less than 6 months were also
more likely than those initiating be-
tween 6 months and 24 months of age
to have suppressed plasma HIV-1 RNA
levels at 52 weeks postrandomization,
regardless of whether the trial dictated
a switch to a nevirapine-based regimen
or they remained on lopinavir/r. These
studies demonstrate that antiretroviral
therapy initiation at less than 6 months
of age leads to better virologic control
and may contribute to increased sero-
reversion and reduction of the HIV res-
ervoir in infants.

Prevention of PMTCT
Implementation of PMTCT Programs

New data on the efficacy, implementa-
tion, and scale-up of PMTCT programs
in resource-limited settings were pre-
sented at this year’s conference. Two
oral presentations provided data on
the implementation of Option B+
for PMTCT in Africa (Abstracts 158,
159). The WHO has promoted a set of
strategies for PMTCT: Option A pro-
vides antiretroviral therapy guided by
CD4+ cell count or prophylactic anti-
retroviral therapy during pregnancy
and extended infant prophylaxis with
nevirapine; Option B+ provides lifelong
antiretroviral therapy to pregnant and
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lactating women, irrespective of mater-
nal CD4+ cell count, and shortens the
duration of infant antiretroviral therapy
prophylaxis. In Session S8, Option B+
was described as substantially simplify-
ing PMTCT implementation and allow-
ing for broad scale-up. Overviews of
the benefits and challenges of Option
B+ implementation in Malawi (Abstract
158) and Uganda (Abstract 159) show
gains in access to antiretroviral therapy
for pregnant women, with early surveil-
lance data suggesting a trend toward
reduced perinatal HIV-1 transmission.
Further information on Option B+ im-
plementation was presented in poster
format (Abstracts 882, 883).

Efficacy of PMTCT

In a secondary analysis of PROMOTE
(Prevention of Malaria and HIV Disease
in Tororo, Uganda) study data (Abstract
69), investigators compared the ef-
ficacy and safety of lopinavir/r ver-
sus efavirenz in pregnant and breast-
feeding Ugandan women. The parent
study was an open-label trial assessing
the efficacy of these 2 antiretroviral
therapy strategies in reducing incidence
of placental malaria. HIV-1-infected,
treatment-naive pregnant women (n =
389) were randomized to receive either
lopinavir/r or efavirenz in combination
with zidovudine/lamivudine; maternal
antiretroviral therapy was adminis-
tered between 30 weeks gestation and
delivery. Infants received either zido-
vudine or nevirapine prophylaxis and
women were advised to breast-feed for
1 year after delivery. All women in
the study also received bed nets and
trimethoprim/sulfamethoxazole.

Baseline characteristics were simi-
lar between arms with a median viral
load of 4 log,, copies/mL and CD4+
cell count greater than 350/mL. Viral
suppression was defined as plasma
HIV RNA levels less than 400 copies/
mL. Using a noninferiority threshold
of 11%, there were no differences in
virologic suppression between arms
at 8 weeks; at the time of delivery,
women in the efavirenz arm were sta-
tistically significantly more likely to
achieve virologic suppression (98% vs
86%, respectively; P < .001).
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Postpartum, no statistically signifi-
cant differences in virologic suppres-
sion were seen between study arms
at weeks 24 and 48. CD4+ cell count
recovery was greater in the lopinavir/r
arm, both at delivery and 24 weeks
postpartum. There were substantially
more grade 1 or 2 gastrointestinal ad-
verse effects such as nausea and diar-
rhea in the lopinavir/r arm but no
differences in terms of grade 3 or 4
adverse events. There was no clear ex-
planation for the differences seen in vi-
rologic suppression at time of delivery.
Additional data from this study was
presented in poster format (Abstract
867). Overall HIV-1 transmission rate
was 0.5%; the 2 transmission events
occurred in the lopinavir/r arm. How-
ever, HIV-free survival at end of study
did not differ between study arms.
These data support the current WHO
guidelines, which recommend treat-
ment with efavirenz for pregnant and
breast-feeding women.

The ANRS 12174 study team pre-
sented data on postnatal prevention of
HIV-1 infection (Abstract 70). Describ-
ing the breast-feeding period as the
Achilles heel of PMTCT, the study ran-
domized HIV-exposed but -uninfected
infants to 2 preventive strategies: in-
fant lopinavir/r versus lamivudine for
the duration of breast-feeding. The
study was conducted in 4 countries in
sub-Saharan Africa. Inclusion criteria
included maternal CD4+ cell count
greater than 350/pL (thus ineligible for
maternal antiretroviral therapy under
local guidelines), history of maternal
receipt of PMTCT treatment, and in-
fant HIV PCR assay negative at day 7.
Infants (n = 1273) received prophy-
laxis between 7 days and 50 weeks
of age and were tested for infection
quarterly. Women were counseled to
exclusively breast-feed for 6 months,
followed by partial breast-feeding up
to week 50. The primary end point was
HIV infection by week 50; secondary
end points included death, HIV-free sur-
vival, and adverse events. Retention at
week 50 was greater than 90% .

Baseline characteristics were simi-
lar between study arms. Median ma-
ternal CD4+ cell count was 529/uL but
only 44% of subjects had undetectable
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plasma HIV-1 RNA. Median duration of
breast-feeding was 41 weeks. Adher-
ence was estimated at greater than
90% by bottle weighing, and infants
received antiretroviral therapy during
approximately 75% of breast-feeding
time; there was slightly higher adher-
ence to lamivudine than lopinavir/r
(92.5% vs 90%, respectively; P < .01).
Rates of HIV-1 transmission were 1.4%
versus 1.5% in the lopinavir/r and the
lamivudine arms, respectively (P =
.83). More than half of new infections
occurred later than 6 months postpar-
tum. Mortality rates were 3.0% and
2.5% in the lopinavir/r and the lamivu-
dine arms, respectively (P = .57). More
than 30% of children experienced se-
vere adverse events, most of which
were hematologic. The investigators
concluded that infant prophylaxis is
a safe and effective intervention that
allows women to breast-feed up to
12 months with a low risk of HIV-1
transmission to the infant.

A Ugandan study compared the
efficacy of Option A (n = 1015) versus
Option B+ (n = 586) for PMTCT (Ab-
stract 885). Infants were tested for HIV
infection using DNA PCR at 6 weeks to
12 weeks of age. Rates of transmission
were 2.9% and 1.9% for Option A and
Option B+, respectively, but this differ-
ence was not statistically significant.
The rate of transmission was lower
(1.1%) in women who qualified for
antiretroviral therapy due to immuno-
logic or clinical criteria.

Adherence was found to be as-
sociated with reduced HIV transmis-
sion during breast-feeding in the BAN
(Breast-feeding, Antiretrovirals, and
Nutrition) study (Abstract 880). The
study, conducted in Malawi, random-
ized mother-infant pairs to receive
maternal antiretroviral therapy or in-
fant antiretroviral therapy prophylaxis
during breast-feeding. Efficacy results
have been published previously and
showed similar rates of transmission
in both arms.? In this study, the inves-
tigators analyzed the association be-
tween adherence to either strategy and
HIV-transmission risk. Adherence was
measured using pill count, suspension
bottle weight, and maternal self-report.
The primary end point was infection at
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36 weeks of age in infants confirmed
to be HIV-uninfected at 5 weeks of age
(n = 1477). Adherence greater than
90% on pill or bottle weight count was
associated with a 56% relative risk re-
duction in postpartum HIV transmis-
sion (95% CI, 12%-78%).

Toxicity of PMTCT

New data on infant toxicity of antiret-
roviral therapy-based PMTCT was pre-
sented at the conference. Data from
the US-based SMARTT (Surveillance
Monitoring for Antiretroviral Therapy
Toxicity) study within PHACS showed
an association between in utero teno-
fovir exposure and loss of bone min-
eral density (Abstract 71). HIV-infected
pregnant women and their -uninfected
infants were enrolled beginning in
2011. The investigators included in-
fants with a gestational age greater
than 36 weeks at delivery and com-
pared infants that were not exposed
to tenofovir (n = 69) with infants ex-
posed to more than 8 weeks of tenofo-
vir in the third trimester (n = 74).

The primary outcome was assessed
using whole body bone mineral con-
tent at 2 weeks of age by dual-energy
x-ray absorptiometry (DEXA) scan-
ning. Baseline characteristics differed
substantially between the exposed
and unexposed groups: nonexposure
to tenofovir was strongly associated
with younger maternal age, being an
unmarried mother, substance abuse in
the mother, lower use of a Pl/r-based
regimen, and female sex of infant. A
surprisingly high (21%) proportion
of women in the non-tenofovir arm
received triple-nucleoside regimens
during pregnancy. Results of DEXA
scanning showed a mean whole bone
mineral content of 63.8 g versus 56.0 g
in the non-tenofovir versus tenofovir
groups, respectively (12.2% lower in
the tenofovir group; difference of 6.4 g
after multivariate analysis). There
was no association between maternal
CD4 + cell count or viral load and in-
fant bone mineral content. No fractures
were observed in any of the infants.
The clinical ramifications of these find-
ings are as of yet unclear, and more
follow-up of exposed infants is planned.
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A number of abstracts reported on
toxicities associated with PMTCT. In an
analysis of ANRS observational and
randomized studies (Abstract 862),
further evidence of the association be-
tween in utero zidovudine exposure
and cardiac abnormalities was pre-
sented. Zidovudine exposure in the first
trimester was associated with an ad-
justed odds ratio (aOR) of 2.2 (CI, 1.3-
2.7) for the development of congenital
heart disease, mostly ventricular septal
defects. In a randomized study nested
within the larger observational cohort,
zidovudine exposure in the third tri-
mester of pregnancy was associated
with ventricular length shortening in
girls but not in boys.

Additional data from the SMARTT
PHACS surveillance study (Abstract
863LB) showed an overall congen-
ital anomaly rate of 6.7% in antiretro-
viral therapy-exposed, HIV-uninfected
children between 2007 and 2011 (n =
2580). Most anomalies were cardiac or
musculoskeletal. In adjusted models,
only atazanavir and the rarely used
combination of stavudine and didano-
sine were associated with an increased
risk of congenital anomalies.

A comprehensive review (Abstract
160) of the challenges of accurate track-
ing of antiretroviral therapy toxicities
in HIV-exposed, -uninfected infants
was presented in a themed discussion
session. The presentation summarized
existing data on known associations
between in utero antiretroviral therapy
exposure and the development of birth
defects, birth outcomes, growth, and
neurodevelopment.

Antiretroviral Therapy
Pharmacokinetics During
Breast-Feeding

Two poster abstracts determined the
concentration of NNRTIs in breast
milk. Etravirine was found in high con-
centrations in breast milk in a study
conducted in 9 HIV-1-infected preg-
nant women on suppressive antiretro-
viral therapy (Abstract 891). Etravirine
was added to the suppressive regimen
and pharmacokinetic data were ob-
tained in the immediate postpartum
period. Etravirine concentrations in

breast milk exceeded plasma con-
centrations. Despite plasma viral sup-
pression in all women, 2 women had
detectable HIV-1 RNA in breast milk.
In a Nigerian study of 51 HIV-1-sero-
positive, breast-feeding mothers, the
relationship of efavirenz concentration
in breast milk and in infants was found
to be associated with polymorphisms
in the CYP2B6 (rs3745274) gene (Ab-
stract 888).

Characteristics and Clinical Outcomes
in Pregnant Women

Researchers from South Africa pre-
sented data on maternal mortality in
different PMTCT eras (Abstract 67).
They performed a retrospective review
of maternal deaths occurring between
1997 and 2012 at a single referral hos-
pital in Soweto, South Africa. On aver-
age, 22,000 deliveries are performed
annually at the site, and HIV preva-
lence in pregnant women was 23.6%
in 2012. Four time periods were de-
fined: 1997 to 2002, during which no
PMTCT treatment was available; 2003
to 2008, when single-dose nevirapine
was introduced; 2009 to 2011, when
zidovudine prophylaxis was intro-
duced; and 2011 to 2012, when preg-
nant women began to be treated with
antiretroviral therapy.

There were a total of 589 deaths
during the 15-year study period. Of
the women who died and had been
tested for HIV infection prior to death,
70.7% were HIV-infected. Even dur-
ing the most recent time period, only
22.9% of HIV-infected women eligi-
ble for antiretroviral therapy received
treatment at the time of death. Me-
dian age at death for HIV-1-infected
women was 29.3 years; 75.8% had ac-
cessed prenatal care at least once dur-
ing their pregnancy; and median base-
line CD4+ cell count was 71/pL. Eighty
percent of deaths occurred postpartum
and most of these occurred within 1
week postpartum. The leading causes
of death in HIV-infected women were
non-pregnancy-related infections, seen
in 64.2% of deaths, followed by various
obstetric and medical disorders and ob-
stetric hemorrhage. Non-pregnancy-
related infections were predominantly
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respiratory, including community-
acquired pneumonia and tuberculo-
sis. HIV-related infections remain the
leading cause of maternal deaths in
South Africa. These findings were at-
tributed to late presentation, delays in
starting antiretroviral therapy, and lack
of adherence support.

A high incidence of acute HIV infec-
tion during pregnancy was observed in
a prospective study conducted in Ken-
ya (Abstract 68). The study enrolled
HIV-seronegative women (n = 1304)
presenting for antenatal care in a high-
prevalence setting (26% HIV sero-
prevalence among women presenting
for antenatal care). Pooled nucleic acid
amplification testing was performed
at enrollment and every 1 month to 3
months. Subjects were also screened
for other STIs. Median age of subjects
was 22 years; 78% were married; 7%
reported a history of STIs; and only
1% reported having an HIV-1-infected
partner. The investigators identified
24 new infections: 10 were detected
at enrollment and 14 were seen at
follow-up. The overall incidence rate
was 2.34 (CI, 0.54-4.34). In the mul-
tivariate analysis, a diagnosis of inci-
dent HIV infection was most strongly
associated with a diagnosis of syphilis
(odds ratio [OR], 10.0; 95% CI, 2-46)
and bacterial vaginosis (OR, 2.6; 95%
Cl, 1.2-5.8). The high incidence rates
during pregnancy speak to the need
for increased prevention efforts, sur-
veillance of seroconversion, and STI
screening and treatment in high-risk,
high-prevalence populations.

Data from the IeDEA (International
Epidemiologic Databases to Evaluate
AIDS) collaboration was reviewed to
determine the incidence of pregnancy
among women receiving antiretroviral
therapy (Abstract 868). Included in the
analysis were 75,403 woman-years of
follow-up. The crude pregnancy rate
was 1.3 pregnancies per 100 woman-
years. Pregnancy incidence was noted
to be highest in the first year of starting
antiretroviral therapy. Further analysis
of this cohort (Abstract 869) evaluated
the effect of pregnancy on retention
within antiretroviral therapy programs.
Of 12,861 women included in the
analysis, 6.7% became pregnant during
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48 months of follow-up. Pregnancy
was associated with a decreased risk
of AIDS or death and of loss to follow-
up. The investigators acknowledged
that some ascertainment bias and un-
derreporting of pregnancy may have
altered the results.

The efficacy of preconception an-
tiretroviral therapy on virologic sup-
pression was evaluated in a study
conducted in Cape Town, South Af-
rica (Abstract 874). The investigators
enrolled women who were receiving
antiretroviral therapy prior to concep-
tion (n = 210). Median duration of
treatment was 2.7 years and 70% of
women received NNRTI-based ther-
apy. The investigators found that 24%
of subjects had plasma HIV RNA levels
greater than 50 copies/mL and 13%
had plasma HIV RNA levels greater
than 1000 copies/mL at presentation
to antenatal care. The investigators
raised concern that availability of anti-
retroviral therapy prior to conception
may not guarantee effective suppres-
sion and optimal PMTCT.

Transmitted Drug Resistance

Surveillance data from the United
States show a high prevalence of trans-
mitted drug resistance (TDR; Abstract
87). The investigators compared com-
mercially available gene sequencing
with the more sensitive mutation-spe-
cific PCR assay to detect drug resis-
tance mutations (DRMs). The analysis
focused on 5 mutations thought to rep-
resent sentinel markers of TDR, name-
ly, M41L, K103N, Y181C, M184V, and
K65R. The data analyzed was part of
the CDC VAHRS (Variant, Atypical, and
Resistant HIV Surveillance) program.
The population included antiretro-
viral treatment-naive, newly diagnosed
subjects who underwent genotype
testing within 3 months of diagnosis
between 2009 and 2011 (n = 1070).
The population was 86% male, 54%
black, and 71% MSM.

The overall prevalence of any TDR
was 7.9% by conventional sequencing
and 13.6% with sensitive sequencing.
All 5 sentinel mutations were under-
estimated by conventional sequenc-
ing. In particular, the K65R, Y18I1C,
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and M184V DRMs were detected 2
to 5 times more frequently using the
sensitive assay. KIO3N was the most
commonly detected DRM, found in
7.0% of specimens using commercial
sequencing and in 8.4% using the sen-
sitive assay. Blacks and whites were
statistically significantly more likely to
have TDR than Hispanics. MSM and
women who have sex with men had
equivalent rates (approximately 15%)
of TDR. TDR rates were highest in the
northwest and southeast regions of the
United States, but no differences in the
prevalence of TDR were noted across
different population densities.

There was a strong association be-
tween age at infection, recent infec-
tion, and prevalence of TDR. In the
13- to 19-year-old age group, 59% of
infections were determined to be re-
cent (within 6 months) and the preva-
lence of TDR was 23.1%. Among the
older age groups (40- to 59-year-olds),
approximately 25% of infections were
considered recent and prevalence of
TDR was 17% . However, there were no
differences in rates of TDR between
recently and non-recently infected
subjects within age groups. The inves-
tigators believe that this observation
suggests that decay of transmitted
mutations does not explain the high
prevalence of TDRs observed in the
younger age groups. Minority variants
were more prevalent in older sub-
jects. The clinical implications of low-
frequency variants, particularly in re-
cent infections, remain unclear. The
investigators did not have access to
treatment response data in this surveil-
lance study.

Additional surveillance data on TDR
in the United States were presented in
poster format (Abstract 579). Sequences
from newly diagnosed persons during
2008 to 2011 were analyzed and preva-
lence of TDR was compared between
the overall sample (n = 16,985) and
those reporting MSM as transmission
risk category (n = 10,894). Prevalence
of any TDR was 16.7% overall and
17.4% in MSM. There were no differ-
ences observed by ethnicity, but higher
rates of TDR were seen in young MSM
than older MSM (18.6% vs 15.9%, re-
spectively; CI, 1.05-1.32).

628

Data from the ANRS show stable
rates of TDR in France (Abstract 582).
Newly infected subjects diagnosed be-
tween 2010 and 2012 (n = 796) under-
went bulk genotypic sequencing. The
overall prevalence of TDR was 10.7%;
drug class-specific TDR was detected
as follows: nRTIs 5.2%, NNRTIs 7.3%,
and PIs 2.0%. Of note, prevalence of
TDR for the second-generation NNRTIs
rilpivirine and etravirine was 3.3% and
for INSTIs 1.5%. Resistance was more
common in subtype B virus and in
MSM. The investigators noted that the
overall prevalence of TDR in France
has not changed since 1996 and that
more than 95% of sequenced viruses
are susceptible to WHO first-line anti-
retroviral regimens. Additional data on
low-frequency drug-resistant variants
in the ANRS database were presented
(Abstract 605).

An analysis of data from the Dutch
ATHENA (AIDS Therapy Evaluation in
the Netherlands) cohort suggests that a
single transmitted thymidine analogue-
associated mutation (TAM) does not
compromise the efficacy of first-line
antiretroviral therapy (Abstract 577).
The investigators used data from
treatment-naive MSM diagnosed be-
tween 2002 and 2012 with HIV-1 infec-
tion (n = 2314). Subjects were classified
into 3 groups based on pretreatment
genotype: presence of 1 TAM; presence
of a single non-TAM DRM or more than
2 DRMs; or no DRMs. Only 4% of the
cohort had a single TAM. No differences
were seen in time to virologic failure
between the single TAM and wild type
groups (hazard ratio [HR], 1.04; CI,
0.58-1.86).

A Spanish study retrospectively ana-
lyzed the prevalence of low-frequency
DRMs in patients with advanced HIV
disease initiating first-line antiretro-
viral therapy (Abstract 602). 454-pyro-
sequencing was performed on stored
samples from subjects with pretreat-
ment CD4+ cell counts lower than
100/pL and wild type virus on commer-
cial sequencing (n = 145). DRMs were
detected in 41% of subjects in pre-
treatment stored specimens using the
sensitive assay. The presence of DRMs
was associated with a marginal over-
all increase in risk of virologic failure
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(HR, 2.0; CI, 1.0-4.3); no increased risk
was seen in subjects treated with PI-
based regimens.

Cross-sectional data from the Eu-
ropean SPREAD (Strategy to Control
SPREAD of HIV Drug Resistance) sur-
veillance program showed no circu-
lating signature mutations conferring
INSTI resistance prior to the clinical in-
troduction of this class of antiretroviral
drugs (Abstract 580) in a random sam-
ple of sequences from newly diagnosed
subjects in 2006 and 2007 (n = 300).
Despite the absence of any identified
major INSTI DRMs, polymorphisms
known to contribute to the emergence
of INSTI resistance were detected in
4% of specimens using commercial
sequencing and in 12.5% of specimens
using 454-pyrosequencing. The inves-
tigators suggested that transmitted
INSTI resistance will increase with the
expanded use of these agents.

An industry database confirms an
increasing prevalence of NNRTI resis-
tance but low levels of other drug class
resistance (Abstract 578). Sequences
from treatment-naive individuals en-
rolled in phase Il studies between
2000 and 2013 were included in the
analysis (n = 2516). Over this time
period, NNRTI mutations increased in
prevalence from 1.9% to 7.8%. TAMs
were detected at a frequency of 2.2% in
2013; mutations at M184V/I and K65R
were rare (0.1% at all time points). In
the subset of subjects in whom inte-
grase sequencing was performed (n =
1617), HIV-1 integrase resistance mu-
tations were found in 0.07%, with the
T97A substitution accounting for 1.2%
of polymorphisms.

In an oral presentation, investi-
gators presented data on patterns of
TDR between partner-pairs with viro-
logically linked infections (Abstract
88). The investigators hypothesized
that drug resistant-virus would be
underrepresented in the recipient
partner because of impaired replica-
tion capacity. Subject pairs had been
enrolled since 1992 in the Seattle Pri-
mary Infection Cohort. Forty index
subjects whose date of seroconversion
was well estimated were enrolled.
There were 36 confirmed transmis-
sions within partner-pairs, of which

31 yielded specimens for analysis.
454-pyrosequencing was performed
on a number of plasma and PBMC
specimens from the 31 partner-pairs
included in the analysis. The majority
of subjects were white MSM. Twenty-
two percent of index subjects reported
any history of antiretroviral therapy
and only 4% were on treatment at the
time of the transmission event.

Presence of DRMs was defined as
a frequency of mutation higher than
1% . DRMs were detected in 41% of
subject pairs. When DRMs were ob-
served at a frequency higher than 15%
in the transmitter, they were also ob-
served at a correspondingly high fre-
quency in the recipient, both in plas-
ma and PBMCs. In this context, there
was 100% overlap between mutations
identified in the transmitter and the
recipient. Of note, none of the sub-
jects with high-frequency mutations
reported antiretroviral therapy use.
Among pairs with detected low-level
DRMs (< 14%), there was no corre-
spondence between transmitter and
recipient DRMs. Further, most muta-
tions were detected in PBMCs and not
in plasma. The investigators concluded
that DRMs are efficiently transmitted
only when detected at high concentra-
tions in the transmitter.

Acquired Drug Resistance

Failure of First- and Second-Line
Antiretroviral Therapy

Investigators from Kenya found high
rates of resistance among patients pre-
scribed second-line regimens contain-
ing lopinavir/r (Abstract 584). All pa-
tients (n = 401) had failed a previous
first-line antiretroviral regimen and
had been on a lopinavir/r-based regi-
men for at least 6 months. Twenty-four
percent of subjects had plasma HIV
RNA levels greater than 1000 copies/
mL at a median of 1.9 years on second-
line therapy. In these subjects, 182
genotypes were available for analysis,
including both plasma and PBMC se-
quences. In plasma specimens, rates
of viral resistance were 78% for any
resistance, 67% for nRTI resistance,
73% for NNRTI resistance, and 8% for
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PI resistance. Archived resistance mu-
tations were seen in 84% of available
sequencing from subjects with detect-
able plasma HIV RNA levels less than
1000 copies/mL.

A study from Nigeria estimated that
second-line treatment failure cannot
be successfully managed within cur-
rent WHO guidelines (Abstract 585).
Genotype susceptibility scores were
calculated for participants failing either
lopinavir/r- or atazanavir-based second-
line therapy; a score of less than 2
was defined as a lack of further treat-
ment options. Of patients receiving
second-line antiretroviral therapy (n =
936), 6% had evidence of viral failure
with a plasma HIV-1 RNA level greater
than 1000 copies/mL (n = 56). Mean
viral load at failure was 5.1 log,, copies/
mL. The following DRMs were detected
at failure: K103N (22.4%), M184V
(20.4%), M41L (20.4%), M461 (19.4%),
and 154V (15.3%). Thirty-two percent
of patients had no WHO treatment op-
tions at failure. However, complete loss
of all treatment options occurred in
only 1 patient. Nine sequences con-
tained no mutations at failure.

An analysis from China evaluated
the risk of acquired drug resistance
and mortality in patients receiving
nevirapine-based antiretroviral therapy
between 2003 and 2005 (Abstract
589). Patients received nevirapine in
combination with either zidovudine
and didanosine or stavudine and
didanosine (n = 517). At a median fol-
low-up of 58 months, 78% of patients
had experienced treatment failure, and
of those 56% had DRMs. Fifteen per-
cent mortality was observed. No infor-
mation was provided on adherence to
these regimens, which are not recom-
mended first-line regimens by current
guidelines.

nRTI Resistance

In an oral presentation, investigators
described a novel silent mutation that
allows HIV-1 subtype B to overcome the
fitness cost associated with TAMs (Ab-
stract 89). Silent, or synonymous, mu-
tations alter the genetic code at a specific
codon without altering the resulting
amino acid sequence. Synonymous
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mutations associated with the presence
of TAMs were identified at positions
K65K and K66K. The investigators hy-
pothesized that the TAMs D67N and
K70R cause a viral fitness defect via the
insertion of a homopolymeric nucleo-
tide sequence upstream from the mu-
tation and showed that by inserting a
synonymous mutation, the virus is able
to mitigate this fitness defect.

NNRTI Resistance

In the ANRS EASIER trial, investigators
determined the prevalence of second-
generation NNRTI resistance in subjects
with a history of first-generation NNRTI
failure who achieved virologic suppres-
sion on a subsequent regimen (n = 169;
Abstract 591). Sequencing was per-
formed on HIV-1 DNA extracted from
whole blood specimens. Amplification
was successful in 76% of patients, and
95% of sequences were HIV-1 subtype
B. Rilpivirine DRMs were detected in
31% of patients. The most frequent
mutations were at the 181, 101, and
138 positions of reverse transcriptase.
Etravirine mutations were detected in
4% of subjects. Emtricitabine and te-
nofovir mutations were found in 56%
and 9% of patients, respectively. The
investigators noted that resistance
to any component of the fixed-dose
combination rilpivirine/emtricitabine/
tenofovir was seen in 69% of patients.
They recommended that pretreated pa-
tients with a history of failure on first-
generation NNRTIs not be treated with
rilpivirine-based therapy.

High rates of NNRTI resistance were
detected in patients interrupting sup-
pressive NNRTI-based therapy (Ab-
stract 593). In a retrospective analysis
from the UK HIV Drug Resistance Data-
base, subjects were included if they
were on a suppressive first-generation
NNRTI regimen; had evidence of con-
sistent suppression to plasma HIV RNA
levels less than 200 copies/mL after 6
months of therapy; had no evidence of
NNRTI resistance on prior genotypes;
and underwent treatment interrup-
tion. Of the subjects with a genotype
determined after treatment interrup-
tion (n = 208), 12% had 1 or more
NNRTI DRMs at a median of 12 months
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following treatment interruption. The
DRM at K103N was found in 64% and
at G190A in 12% of patients. There
were no differences observed between
those receiving a “nucleoside tail” and
those who did not, but the numbers in
the nucleoside tail group were small.
Only 13% of patients with treatment
interruption underwent genotype test-
ing, suggesting that the population
studied may have had a higher pretest
probability of resistance.

Resistance to second-generation
NNRTIs was observed with moderate
frequency in patients failing first-gener-
ation NNRTI-based therapy in PEPFAR
programs in sub-Saharan Africa (Abstract
592). Subjects with available sequenc-
es had subtype A or D HIV-1 infection
(n = 215). DRMs at position 138 of re-
verse transcriptase were detected in
13.8% of subjects. The investigators
suggested that first-generation NNRTIs
may induce mutations associated with
second-generation NNRTIs in patients
with non-B subtypes.

Investigators analyzed the rate of
decay of the DRM at K103N in subjects
previously failing efavirenz-based ther-
apy (Abstract 604). At the time of analy-
sis, subjects were virologically sup-
pressed on a Pl-based regimen with
plasma HIV RNA levels less than 50
copies/mL (n = 28). Proviral DNA was
isolated from PBMCs and sequenced.
Duration of suppression was not as-
sociated with decay of K103N, which
was detected in approximately 50% of
subjects at all time points, for up to 11
years of follow-up. Log,, viral load at
efavirenz failure was associated with
an OR of 2.6 (CI, 1.0-6.4) for detection
of K103N per log,, copy/mL increase.

Integrase Resistance

Integrase resistance was rare in treat-
ment-naive subjects enrolled in an
industry trial of EVG/COBI/FTC/TDF
(Abstract 587). Week 144 data shows
that INSTIDRMs emerged in 2.6 % of the
subjects enrolled (n = 701). The most fre-
quent DRMs were E92Q (n = 9), N155H
(n=5), Q148R (n = 3), T66I (n =2), and
T97A (n = 1). Emergent nRITI resistance
mutations observed included M184VI
(n = 17) and K65R (n = 5).
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Using clinical specimens and site-
directed mutagenesis, investigators de-
termined the mechanism of resistance
conferred by mutations at position 148
of HIV integrase (Abstract 595). Patient-
derived viruses (n = 210) containing
the raltegravir and elvitegravir DRMs
Q148H/K/R displayed reduced suscep-
tibility to dolutegravir (IC5, fold change
of 4.6). The largest reductions in dolute-
gravir susceptibility were observed with
the Q148K substitution. All patient vi-
ruses contained additional mutations to
those seen at the 148 position. By site-
directed mutagenesis, substitutions at
the 148 position alone did not reduce
dolutegravir susceptibility. The addition
of mutations at position 140 were as-
sociated with reduced susceptibility to
dolutegravir, as were mutations at posi-
tions 74, 92, 97, and 138.

Maraviroc Resistance and Tropism

Proviral DNA from aviremic subjects was
used to guide a switch to maraviroc-
based therapy (Abstract 607). In this
study, HIV-1-infected adults on sup-
pressive antiretroviral therapy (plasma
HIV-1 RNA levels <50 copies/mL) for
longer than 6 months who required
a change of regimen because of drug
toxicity were included in the analy-
sis (n = 134). Of these, 88 (85%) had
R5 tropic virus; 74 switched to a regi-
men of maraviroc plus 2 nRTIs; and
61 reached the 24-week analysis time
point. At 24 weeks, 51 subjects (84%)
remained virologically suppressed.
Four of the 10 subjects who did not
achieve virologic suppression at week
24 had evidence of viral resistance, 2
with X4 tropic virus.

Resistance During Tenofovir/
Emtricitabine PrEP

Data on HIV resistance among partici-
pants in the VOICE (Vaginal and Oral
Interventions to Control the Epidemic)
PrEP trial were presented, confirming a
high risk of resistance when PrEP is used
during acute infection (Abstract 594).
A total of 368 women were diagnosed
with HIV-1 infection during the trial.
Of these, 212 seroconverters were
exposed to tenofovir. There was no
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evidence of tenofovir resistance in any
of the women exposed to tenofovir-
containing PrEP. In 1 subject random-
ized to tenofovir/emtricitabine, the
M184V DRM emerged after 309 days
on product. Twenty-two subjects were
retroactively found to be infected at
enrollment, 9 of whom were in the
tenofovir/emtricitabine arm. In 2 (22%)
of these subjects, the M184V DRM
emerged within 1 month of product use.
Overall adherence in the VOICE trial
was low, suggesting that the true inci-
dence of resistance with PrEP may be
underestimated. Increased surveillance
of acute or recent infection is essential
to assure the safety of PrEP. )
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