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Virology

The basic virology presentations at the 
2019 Conference on Retroviruses and 
Opportunistic Infections (CROI) each 
year continue to challenge our notions 
that we know everything there is to 
know about HIV-1. During the replica-
tion of HIV-1, the integrated provirus  
usurps cellular factors that interact with  
the long terminal repeat (LTR) to pro-
mote transcription of viral RNA that  
are then used as templates for produc- 
tion of viral proteins. A full understand- 
ing of the transcriptional regulation of  
the virus is key to the design of strate- 
gies to eliminate viral reservoirs through,  
for example, “shock and kill” or “block 
and lock” (terms coined for strategies 
that reactivate viral latency or that lock 
the virus in a latent state, respectively). 

More than 30 years of research has 
shed considerable insight into the cel- 
lular factors that regulate HIV-1 tran- 
scription. Goff (Abstract 110) presented  
findings on a cellular complex that 
blocks HIV-1 transcription. More than  
40 years ago, researchers observed  
that the transcription of many retroviral  

Dr Stevenson is Professor of Medicine and Chief of the Division of Infectious Diseases at University of Miami Miller School of Medicine in Miami, 
Florida. Send correspondence to Mario Stevenson, PhD, University of Miami Leonard M. Miller School of Medicine, Life Science Technology Park, 
1951 NW 7th Avenue, Rm 2331B, Suite 200, Miami, FL 33136. Received on March 30, 2019; accepted on April 9, 2019. 

The annual Conference on Retroviruses and Opportunistic Infections remains 
the preeminent venue for the sharing and dissemination of research advances 
in the field of HIV and AIDS research. The 26th conference in Seattle featured 
highlights including news of additional individuals who experienced long-
term virologic remission following a bone marrow transplant. The factors 
driving reservoir persistence gathered a lot of interest, as well as data pre-
sented on new factors involved in regulating HIV-1 latency. The effectiveness 
of the conference in disseminating new findings is further enhanced through 
themed discussions that focus the attention of participants on abstracts with a 
common theme. In addition, the Program Committee workshops provide an 
outstanding venue, directed to new investigators, fellows, and students, to 
receive updates on different aspects of HIV and AIDS research. These sessions 
add to the information-sharing environment provided by the conference.
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Understanding of HIV
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genomes such as murine leukemia vi- 
rus (MLV), was inhibited in develop- 
mentally primitive cells such as embry- 
onic and hematopoietic stem cells. The  
phenomenon was also noted by gene 
therapy researchers showing that vec- 
tors introduced into human hemato- 
poietic stem cells were silenced. Silenc- 
ing has also been shown to occur with  
unintegrated viral genomes. The extent 
of transcriptional silencing is profound, 
essentially affecting 100% of the ge-
nomes and possibly occurring in all cell 
types, not just undifferentiated cells.  
Tripartite motif-containing 28 (TRIM28) 
is the major factor involved in silencing 
of retroviral DNA in developmentally 
primitive cells. TRIM28 is a ubiquitin 
and E3 ligase and serves as a scaffold 
to link transcriptional silencing proteins 
to a DNA target. 

Unintegrated NDA is also potently 
silenced. This is evident when a cell is  
infected with a viral variant that has an 
inactivating mutation or deletion in the 
viral integrase. The degree of silenc- 
ing is particularly striking with uninte-
grated viral DNA and is also cell-type 
independent. The silencing can almost  

completely be reversed with the ad- 
dition of histone deacetylase inhibi- 
tors such as trichostatin, demonstrat-
ing that the silencing involves histones. 
Histones are loaded onto viral DNA rap-
idly upon entering the nucleus and the 
loaded histones or nucleosomes are re- 
tained after integration of the viral ge- 
nome. These histones rapidly acquire  
acetylation modifications that drive si- 
lencing of the viral genome including 
H3K9 trimethylation. A whole-genome  
CRISPR (clustered regularly interspaced  
short palindromic repeats) knockout  
screen was then used to silence 20,000 
genes in HeLa cells that were subse- 
quently infected with an integrase mi- 
nus MLV. Cells in which factors involved 
in silencing of viral DNA would then 
allow expression from the unintegrated 
DNA (as evidenced by expression of a 
green fluorescent protein [GFP] trans-
gene in the viral vector). The screen 
revealed 3 proteins, periphilin, trans-
gene activation suppressor (TASOR),  
and M-phase phosphoprotein 8 (MPP8) 
that comprise the human silencing hub 
(HUSH) complex. 

The recent demonstrations that sim- 
ian immunodeficiency virus (SIV) Vpr  
and Vpx proteins have evolved to inac-
tivate the HUSH complex1,2 suggests 
that they hinder viral replication. Si-
lencing of components of the HUSH 
complex resulted in gene expression 
from unintegrated MLV DNA. The au-
thors further demonstrated that the 
DNA binding protein NP220 is required 
for silencing of unintegrated DNA by 
tethering the HUSH complex to uninte-
grated DNA. These proteins disappear 
from integrated DNA and the process 
through which that occurs, is as yet, not  
understood. In conclusion, HUSH and  
NP220 are the major proteins directing  

https://www.iasusa.org/wp-content/uploads/2019/05/may2019-special.pdf#page=45
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silencing of unintegrated DNA. Whether 
these protein mediate HIV-1 silencing 
in the memory CD4+ T cells has yet to 
be determined. 

This research sheds light on a long  
standing question in the field, namely, 
why unintegrated retroviral DNA serves 
as a very poor transcriptional template.  
This information could help in the de- 
sign of next-generation retroviral vec-
tors that do not integrate. This would 
alleviate the hazards associated with in-
tegration such as insertional activation 
of cellular genes. Future studies will 
may also help define whether agents 
that inactivate the HUSH complex could  
be employed for reactivation of HIV-1 
latency.

Abstract 168 provided a twist on the  
conventional wisdom surrounding 
mechanisms of HIV-1 drug resistance. 
Virologic failure in individuals on regi-
mens containing the integrase strand 
transfer inhibitor dolutegravir can oc- 
cur without mutations in integrase. The  
authors attempted to define what gov- 
erns dolutegravir resistance in this in- 
stance. Dolutegravir-resistant virus was  
derived in vitro and resistant viruses 
were found to have mutations in the  
gp41 region of the viral envelope (Env) 
gene. Two Env mutants, Env-A556T 
and Env-A539V, were studied in order 
to define how they underscore dolute-
gravir resistance. Each mutant was  
found to increase the efficiency of cell- 
to-cell transmission relative to a wild-
type virus. In the presence of 1.5 nM  
dolutegravir, cell-to-cell fusion of wild-
type virus was blocked. However, the 2  
Env mutant viruses remained compe- 
tent for cell-to-cell fusion in the pres-
ence of dolutegravir. This was reflected 
by accelerated replication kinetics of 
the Env mutants relative to wild-type 
virus.  

When cells were infected with a GFP 
reporter virus, the geometric mean flu-
orescence of cells infected with the Env 
mutants was far higher than that of cells  
infected with wild-type virus, suggest-
ing that there may be more infection 
events per cell following infection by 
the Env mutants. The authors propose  
a model in which concentrations of do- 
lutegravir that efficiently inhibit cell-
free transmission are insufficient to 

block cell-to-cell transmission because 
of the numerous integration events oc-
curring in those cells. Therefore, Env 
mutations that increase the efficiency 
of cell-to-cell infection, may further pro- 
mote insensitivity to dolutegravir inhi-
bition. This study provides insight into 
the mechanism by which mutations  
outside the target can confer resistance 
in vitro. It remains to be determined 
whether envelope mutations are in-
volved in drug resistance in individuals 
on dolutegravir-containing regimens.

Viral Reservoirs and Cure

Timothy Brown, formerly known as the  
Berlin Patient, is the only individual 
known to have been cured of his HIV in- 
fection. In 2006, Mr Brown received 2 
bone marrow transplants to treat his 
leukemia. His physician, Gero Hütter, 
used bone marrow from an individual 
with a chemokine receptor 5 (CCR5)-Δ 
32 mutation. This mutation renders the 
CCR5 receptor incapable of acting as a 
cell receptor for HIV-1 infection. In ad-
dition, Mr Brown underwent intensive 
chemotherapy and whole-body irradia-
tion to kill the resident leukemic cells. 
He is now considered to be cured of 
his HIV infection. The most sensitive 
approaches have failed to reveal any 
remnants of the virus and in addition, 
Mr Brown no longer has antibodies to 
the virus. Although this cure galvanized 
researchers who are trying to develop 
a safe and scalable strategy to cure 
HIV-1 infection, it is a single case. Not 
surprisingly, presentations on potential 
additional cures generated consider-
able conference and media interest at 
the conference. 

In Abstract 29, Gupta described HIV-1 
remission in an individual who under- 
went an allogeneic CCR5-Δ 32 stem cell 
transplant. Gupta described an indivi- 
dual who was diagnosed with HIV-1 
infection in 2003. In 2013, the man 
(whose identity remains undisclosed) 
was diagnosed with Stage IVb Hodg- 
kin’s lymphoma. The numerous lines 
of chemotherapy failed as did an au-
tologous stem cell transplant. At that 
point he was a candidate for an alloge- 
neic hematopoietic stem cell transplant, 
and fortunately, a human leukocyte 

antigen match with a CCR5-Δ 32 mu-
tation was found. 

Antiretroviral therapy (ART) was 
maintained throughout the transplant 
procedure. One-hundred percent chi- 
merism was achieved by day 30 post- 
transplant. At 16 months after the trans- 
plant, the clinical care team received 
approval to interrupt ART. As of Febru-
ary 2019, the patient has been off ART 
for 18 months with no viral rebound. 
During this time, cellular viral DNA 
levels have been below the limit of de- 
tection and several viral outgrowth as-
says using 25 million CD4+ T cells were  
negative. 

Perhaps most telling is the demon- 
stration that this patient exhibited di-
minished antibody responses to HIV-1. 
In addition, although there were T-cell 
responses to HIV-1 gag pretransplant, 
those responses are no longer evident. 
There are important parallels as well as 
differences between this subject (now 
referred to as the London patient) and 
Mr Brown. Although both individuals 
had transplants with CCR5-Δ 32 stem 
cells and exhibited mild graft versus 
host disease and 100% chimerism, the  
London patient received a single trans 
plant with reduced intensity condition-
ing and no whole-body irradiation (as  
opposed to 2, high intensity condition- 
ing stem cell transplants and whole-body  
irradiation in Mr Brown). It remains to  
be conclusively shown whether the Lon- 
don patient is another cure. Although 
to date, there has been 18 months of 
virologic remission, cases involving in-
fants who despite being treated very 
early, rebounded after extended viro- 
logic remission,3 show the need for  
caution in calling this a cure yet. 

The issue surrounding reductions 
in HIV-specific antibodies declining fol-
lowing the stem cell transplant in the 
London patient was further expanded 
upon in Abstract 386. Salgado, talking 
on behalf of the ICISTEM (International 
Collaboration to Guide and Investigate 
the Potential for HIV Cure by Stem Cell 
Transplantation) consortium of which 
the London patient was a participant, re- 
ported results from 13 individuals who 
underwent allogeneic hematopoietic  
stem cell transplant under ART. Longitu- 
dinal plasma samples were examined 

https://www.iasusa.org/wp-content/uploads/2019/05/may2019-special.pdf#page=63
https://www.iasusa.org/wp-content/uploads/2019/05/may2019-special.pdf#page=14
https://www.iasusa.org/wp-content/uploads/2019/05/may2019-special.pdf#page=140


IAS–USA        Topics in Antiviral Medicine

4

using qualitative and low sensitivity 
HIV-1 antibody assays. Anti p24 (gag) 
and p31 (integrase) antibodies disap-
peared within several months in 9 of 
13 patients whereas anti-envelope an-
tibodies persisted in most individuals. 
However, antibody levels in 2 individu-
als declined to below detectable levels. 
As these subjects remain on ART, the 
authors propose to use HIV-specific 
antibody levels as a tool to prioritize in-
dividuals who could be considered for  
a treatment interruption. These studies, 
although pointing to important mark-
ers that could be used to inform on the 
status of a cure trial, need to be taken 
in context. The use of stem cell trans-
plant for hematologic malignancies in 
individuals with HIV-1–infection offers 
an opportunity to identify correlates of 
a cure. However, it is important that re-
searchers transmit these findings to the 
lay community in a way that does not 
convey false hope for individuals living 
with HIV-1. 

Studies investigating the mechanism  
of persistence of the viral reservoir un- 
der effective ART, as well as approaches 
to measure the reservoir, continue to 
dominate the basic science sessions. 
Understanding how HIV-1 is able to per- 
sist under effective ART is key to the 
design of strategies that eliminate the 
reservoirs. Most of the attention has fo-
cused on the role of memory CD4+ T 
cells and their ability to sustain lifelong 
viral persistence. The persistence of 
HIV-1 is dependent on its ability to inte-
grate into the genome of the host cell. 
The integrated provirus can then enter a 
latent state for extended intervals where 
it is invisible to immunologic clearance 
mechanisms of the host. 

In the past few years, several groups 
demonstrated that, during the process 
of cell division, the latent provirus can 
be duplicated by mitosis to result in 2 
daughter cells harboring identical pro-
viruses with identical integration sites. 
This can apparently occur without cy-
topathic effects of the virus on the host 
cell undergoing mitosis. The integrated 
provirus contains transcriptional regu-
latory elements in the LTR and as such, 
can influence the activity of neighboring  
cellular genes. If that cellular gene 
is involved in cell cycle regulation, 

the provirus can promote dysregulated 
expression of the cellular gene, which 
would result in an increased rate of host 
cell division. For that reason, expanded 
proviruses can represent a substantial 
proportion of the proviral population 
in memory CD4+ T cells. Duplicated 
proviruses are also competent for virus 
production and viruses in plasma can 
originate from the duplicated provirus 
pool.4 Since viruses originating from ex- 
panded proviruses are derived from a 
chronic source, they would be expected 
to be unaffected by ART. 

Abstract 22 presented data that 
might explain persistent, low-level vi-
remia during effective ART. Peripheral 
blood mononuclear cells (PBMCs) were 
obtained at to time points from 9 indi-
viduals on effective ART who exhibited 
residual plasma viremia of greater than 
20 HIV RNA copies/mL for more than 6 
months. Proviruses were characterized 
by single-genome sequencing and inte-
gration site analysis. In 6 of 9 subjects, 
viral sequences in plasma matched 
proviral sequences in PBMCs. Plasma 
viral RNA and proviral sequences were 
identical to viral sequences in viral out- 
growth assays in 4 subjects. Intact pro- 
viruses comprised 4% to 15% of all pro- 
viruses in PBMCs. This study demon-
strates that expanded proviruses can 
generate measurable levels of plasma 
viremia in the face of suppressive ART. 
It remains to be determined as to the 
relative contribution of the expanded 
proviral pool to viral rebound if treat-
ment is interrupted.

The relationship between intact pro-
viruses in PBMCs and plasma rebound 
viruses was discussed in Abstract 340. 
The results were derived from a clinical 
trial involving 15 patients that exam-
ined the impact of 3 administrations of 
a broadly neutralizing antibody (bNAb) 
combination (3BNC117 and 10-1074) 
during an analytic treatment interrup- 
tion.5 In that study, it was shown that 
antibody administration significantly  
delayed (by approximately 6 months) 
time to viral rebound upon treatment 
interruption. The authors sought to  
understand the relationship between 
the viruses in the latent reservoir that  
existed before bNAb administration 
and rebounding viruses after analytical 

treatment interruption. PBMCs were ob- 
tained 2 weeks before antibody admin- 
istration, viral outgrowth assay was per-
formed to assess the latent proviruses,  
and near full length polymerase chain 
reaction (PCR) was performed to iden-
tify the intact latent proviruses. Single 
genome envelope PCR was performed 
on the rebounding plasma viruses. 
There was an approximately 40% over- 
lap between envelopes from intact pro- 
viral sequences and envelopes from in-
ducible proviruses. However, there was 
no overlap between latent proviruses 
and envelopes in rebounding plasma. 
Instead, approximately 50% of the vi-
ruses in the rebounding viruses were 
recombinants of sequences present in 
the latent proviruses. Since recombina- 
tion requires 2 viral genomes in an in- 
dividual infected cell, this is surprising. 
The frequency of memory CD4 T-cells  
harboring a provirus is in the order of 
several hundred per million. The major-
ity of those are defective and as such,  
the chances of a functional recombi-
nant emerging is very small. It is also  
unclear whether the recombinants were 
present prior to antibody administra-
tion and treatment interruption.6 

Regardless of the mechanism be- 
hind the frequent presence of recombi-
nants in the rebounding plasma in this 
study, an equally important issue is the 
poor correlation between rebounding 
viral sequences and proviral sequences 
in PBMCs. If rebounding plasma re-
flects the nature of the viral reservoirs 
that persist under ART, it is possible 
that the PBMC provides a very limited 
or perhaps distorted window into that 
reservoir. Additional studies are re-
quired to determine the relationship 
between proviruses in PBMCs and the 
viral reservoir that fuels viral rebound 
upon treatment interruption. 

The role of central nervous system 
(CNS) reservoirs in viral persistence is  
poorly understood. Although neuro- 
pathogenic manifestations of HIV-1 in-
fection appear to persist in a substantial 
proportion of individuals on effective 
ART, it is unclear whether viral activ-
ity is responsible. The composition of  
the viremia that rebounds following  
treatment interruption can provide in-
sight into the nature of the reservoir 

https://www.iasusa.org/wp-content/uploads/2019/05/may2019-special.pdf#page=12
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from which the viremia originated. Ab- 
stract 391 examined the composition 
of viral RNA in cerebrospinal fluid (CSF)  
and in blood following treatment in- 
terruption. The study involved 9 indi- 
viduals. Treatment failed in 6 and 3 were  
suppressed at the time treatment was 
interrupted. The viral envelopes were 
characterized by deep sequencing, and  
additionally, envelope clones were gen-
erated by single genome amplication 
and assessed from tropism and fuso-
genicity on Affinofile cells expressing 
various CD4 densities. Rebound virus 
in the CSF was found to be comprised 
predominantly with viruses found in  
blood. 

Selected sequences were chosen for 
tropism analysis and all CSF rebound 
envelopes were found to be CCR5 trop- 
ic but poorly fusogenic for low CD4- 
expressing cells. This is a characteristic 
of T-tropic viruses and contrasts with 
the phenotype of macrophage-tropic 
viruses that efficiently fuse with low 
CD4-expressing cells. The authors con-
cluded that CSF rebound is most likely 
driven by virus that originated from 
infected CD4+ T-cells trafficking in the 
CNS. However, the authors acknowl-
edged that more rapid expansion of 
viruses from trafficking CD4+ T-cells 
could be obscuring more slowly rep-
licating viruses emerging from a true 
CNS reservoir. 

This theme was extended by Swan- 
strom in a plenary presentation (Ab-
stract 121). He presented an overview 
of research investigating the nature of  
the viruses that populate the CNS. Com- 
partmentalization of viruses in CNS ver- 
sus blood has been reported using ei-
ther brain tissue obtained at autopsy or  
the CSF. However, whether viruses in the  
CNS and CSF can originate from mac-
rophages, especially under ART, is not 
known. The picture is further clouded 
by misunderstandings around the re- 
ceptor usage of viruses that can or can- 
not infect macrophages. Although mac-
rophage-tropic viruses use CCR5 as the 
principle co-receptor, CCR5 usage does 
not distinguish a macrophage tropic 
virus from a T-tropic virus. Instead, it 
is the ability to use low levels of CD4 
on the macrophage that is the principle 
determinant of macrophage tropism. 

The density of CD4 on the macrophage 
is 25 times lower than that on a T-cell. 
To use such CD4 levels, the envelopes 
of macrophage tropic viruses have a 
high CD4 affinity. This higher CD4 af-
finity confers the ability to efficiently 
fuse with macrophages. The laboratory 
of Clapham has demonstrated the pres-
ence of macrophage tropic envelopes  
in post-mortem CNS tissue of individ- 
uals with and without neuropathology  
such as pleiocytosis.7 Similarly, Swan- 
strom presented evidence that more 
than half of individuals with HIV-asso-
ciated dementia, who started therapy 
at low CD4+ cell counts and who ex- 
hibited phylogenetic compartmental-
ization between blood and CNS, had 
macrophage tropic viruses in the CSF. 
Some individuals on ART exhibit CSF 
escape, which is characterized by epi-
sodes of transient or more prolonged  
CSF viremia. Viral envelopes obtained 
from individuals with transient CSF vi- 
remia were T–tropic. However, enve-
lopes obtained from individuals with 
prolonged CSF viremia under ART were  
macrophage tropic. This provides a  
clearer picture of the nature of CSF es-
cape in individuals on effective ART. 

Transient CSF viremia reflects a ge- 
netically homogeneous and drug-sen-
sitive virus. In contrast, the persistence 
of HIV in the CSF reflects can occur in  
either the presence or absence of CNS 
symptoms. These viruses are geneti- 
cally heterogeneous and contain drug-
resistant mutations suggesting that 
they can replicate during ART suppres-
sion in the circulation. However, during 
treatment interruption, viral rebound  
in blood occurs earlier than in CSF, and 
as a result, viral rebound in CSF is ob-
scured by blood viruses in trafficking 
T-cells. Therefore, there may be a CNS 
reservoir that is hidden from detection 
due to predominance more rapidly 
emerging blood viruses. As such, the 
presence of a CNS reservoir comprising 
macrophages remains unanswered. 
The “last gift” cohort of Smith com-
prises terminally ill, individuals with  
HIV-1 infection who have consented to  
donate their body for AIDS research 
postmortem (Abstract 327). The mat- 
erial provided by these exceptional 
individuals could provide answers to 

long-standing scientific puzzles around 
the nature of the reservoirs that persist 
under ART.

Abstract 392 assessed the composi-
tion of rebounding virus in blood and 
seminal plasma following treatment in-
terruption in individuals enrolled in a  
therapeutic vaccine trial. Viral rebound 
in semen was significantly delayed and  
of lower magnitude than that in blood. 
Gag, pol, and envelope sequences in  
paired blood and semen for 5 individu-
als rebounding virus was determined 
using an Illumina miSeq platform. Vi- 
ral diversity was higher in semen for 
all subjects. In addition, unique viral 
populations were found in semen that 
were not present in blood. Whether 
these results reflect distinct reservoirs 
in these separate anatomic compart-
ments is unclear. However, the study 
illustrates the challenges involved in 
characterizing the viral reservoirs that 
persist during of ART.

Analytic treatment interruption may 
inform not only on the nature of the vi- 
ral reservoir fueling viral rebound, but 
also on the size of the reservoir. How-
ever, use of treatment interruption to 
gauge viral reservoirs has caused con-
cern since treatment interruption may 
reset the viral reservoirs. For example, 
individuals with a small reservoir may 
reseed the reservoir during a treatment 
interruption. Abstract 389 examined  
subjects in the ISALA (Analytical Treat- 
ment Interruption in HIV Positive Pa- 
tients) trial, which was a multicenter, 
nonrandomized prospective study to 
determine posttreatment control in in-
dividuals with a smaller reservoir size. 
Inclusion criteria included low levels of 
cell-associated RNA and unspliced vi- 
ral RNA in PBMCs. Fourteen individuals  
underwent a treatment interruption.  
All participants had rebound within 8  
weeks of treatment interruption. Virolo- 
gic control was achieved within 12 weeks  
of reinitiating ART. In conclusion, no pa- 
rameters were found to be predictive  
of the dynamics of viral rebound. How- 
ever, treatment interruption was found 
to have a relatively minor impact on 
the size of the reservoir after treatment 
was reinitiated. This study indicates 
that, based on measures of cell-associ-
ated viral DNA and RNA, reservoir size 

https://www.iasusa.org/wp-content/uploads/2019/05/may2019-special.pdf#page=142
https://www.iasusa.org/wp-content/uploads/2019/05/may2019-special.pdf#page=47
https://www.iasusa.org/wp-content/uploads/2019/05/may2019-special.pdf#page=120
https://www.iasusa.org/wp-content/uploads/2019/05/may2019-special.pdf#page=142
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returns to pretreatment interruption lev- 
els upon reinitiation of treatment and 
alleviates concerns surrounding use of 
treatment interruptions to gauge the vi- 
ral reservoirs.  

Although the HIV research field is 
attempting to define strategies to elimi-
nate viral reservoirs, there remains the 
challenge of how best to measure the 
reservoir so that the efficacy of those 
cure strategies can be followed. As out-
lined above, PBMC sampling may offer 
a limited window into the viral reser-
voirs. It has been known for more than 
a decade that the blood accounts for 
perhaps less than 2% of the infected 
cells in an individual. However, tissue 
access in living subjects is a challenge 
especially when large cell numbers are 
required. Therefore, researchers have 
looked to in situ approaches to visu-
alizing and quantifying the reservoir. 
Estes discussed progress in developing 
tissue imaging approaches for exam-
ining viral reservoirs (Abstract 4). The 
greatest progress has been made in 
development of RNA and DNA Scope 
in situ hybridization tools to image 
the viral reservoir. These methods are 
now being used to define the total virus 
burden, including active (viral RNA pos- 
itive) and total (viral DNA positive) res-
ervoirs, before and during ART. These 
approaches also allow visualization and 
quantitation of virion-associated ge-
nomic viral RNA. Application of these 
methods to the non-human primate 
model has provided detailed insight in- 
to the size, distribution, and dynamics 
of the viral reservoir on and off ART. 

One important observation from those 
studies was that ART had a relatively 
modest impact on the frequency of 
viral RNA-positive cells.8 When these 
methods were applied to individuals 
with HIV-infection on long-term ART, 
there was a 2 log10 decline in viral DNA-
positive cells in the lymph nodes but 
surprisingly, almost no reduction in the 
frequency of viral DNA-positive cells in 
the rectum even after 2 years of ART. 
Furthermore, there was no difference 
in the overall frequency of DNA-posi-
tive cells between the lymph node and 
rectum after 2 years of ART. This effec-
tively meant that even after 2 years of 
suppressive ART, there were between 2  
x 107 and 108 infected cells in these 
compartments. Estes described a new 
tool, multiplexed ion beam imaging,  
developed by Nolan,9 which can define 
the spatial arrangement of numerous 
targets in a tissue section that can be 
reproduced in a manner similar to con-
focal images. This approach provides 
a platform to examine the nature of 
the infected cell in the context of the 
environment in which it resides. This 
powerful approach can identify signals 
that may reside on infected cells, and 
perhaps, on latently infected cells. 

All cited abstracts appear in the 
CROI 2019 Abstracts eBook,  
available online at  
www.CROIconference.org
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 UPCOMING ACTIVITIES

        Cases on the Web
 A series of web-based, case-driven CME activities, created to offer convenient online access to top-
quality professional education. Visit the IAS–USA website for a full list of Cases on the Web activities. 
Recent activities address the following topics:
HIV-2: Clinical Features, Diagnosis, and Management
Author(s): Jacqueline T. Chu, MD; Rajesh T. Gandhi, MD
Date of Last Review: February 11, 2019
Expires: February 11, 2020
1.25 AMA PRA Category 1 Credits™ Available

Considerations in the Treatment of Opioid Use Disorder in Patients with HIV Infection and HIV/
HCV Coinfection
Author(s): Jennifer Edelman, MD, MHS; Jeanette M. Tetrault, MD 
Available soon for 1.50 CME credits

Dates above may be subject to change. IAS–USA announcements are paperless, so please watch for 
email updates or visit www.iasusa.org for course information, agendas, and online registration, or to 
access archives of educational resources from past activities. 

Coming Soon

Annual Full-Day HIV Courses
These live, full-day CME courses continue to feature cutting-edge, scientifically rigorous topics 
presented by leading experts in the field of HIV medicine. Visit the IAS–USA website for up-to-date 
information and podcasts of prior courses. This spring, IAS–USA courses focusing on the manage-
ment of HIV infection will be held in:

Chicago, Illinois—Thursday, May 23, 2019
Chairs: Paul A. Volberding, MD; John P. Phair, MD

 Interactive Webinars
Live, interactive continuing medical education (CME) in the comfort of your home or office, free of 
charge. Participants can ask questions and receive responses in real time. Visit the IAS–USA website 
for details. Upcoming webinars will cover the following topics: 

Updates From CROI 2019: Treatment of HIV and Its Complications—May 21, 2019
Presenter: Timothy J. Wilkin, MD, MPH

HIV 101: Fundamentals of HIV Infection and Applications of Antiretroviral Therapy—Tuesday, 
June 18, 2019
Presenter: Michael S. Saag, MD; David H. Spach, MD

PrEP 2.0: TDF/FTC and Beyond – State of the Science and the Product and Delivery System  
Pipeline—Tuesday, June 25, 2019
Presenter: Raphael J. Landovitz, MD

Update on HIV Cure Strategies—Tuesday, July 16, 2019
Presenter: Katharine J. Bar, MD

HIV and the Aging Brain
Presenter: Victor G. Valcour, MD, PhD

Global Control of Hepatitis C Virus Infection and New Strategies for Prevention
Presenter: Andrea Lynn Cox, MD, PhD

Prior webinars are available for CME credit for up to 1 year after the live broadcast. Visit the  
IAS-USA website for a full list of archived webinars.

 New  Sexual Health, HIV Prevention, and Primary 
Care in 2019
This new, full-day, live CME course will address the shift in primary responsibility for managing PrEP 
and STIs from HIV and infectious disease clinicians to primary care and internal medicine practitioners, 
and the best practices for maintaining the sexual health of those with or at risk for HIV infection. 
Information will be presented by an expert faculty of STI and HIV/AIDS clinicians and researchers. 
Visit the IAS-USA website to register.

New York, New York—September 12, 2019
Chairs: Roy M. Gulick, MD, MPH; Jeanne M. Marrazzo, MD, MPH, FACP, FIDSA

https://www.iasusa.org/activities/cases-on-the-web/
http://www.iasusa.org
https://www.iasusa.org/activities/live-courses/hiv-courses/
https://www.iasusa.org/activities/webinars/upcoming-webinars/
https://www.iasusa.org/activities/webinars/upcoming-webinars/
https://www.iasusa.org/activities/webinars/archived-cme-webinars
https://www.iasusa.org/activities/webinars/upcoming-webinars/
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Ending the Epidemic

Fauci gave a special presentation at  
the Opening Session of the 2019 Con- 
ference on Retroviruses and Opportu-
nistic Infections (CROI) on the plan for  
ending the HIV epidemic in the United 
States. He pointed out that 1.1 million 
Americans are living with HIV, 14% 
of whom are unaware of their HIV in- 
fection. Approximately 40,000 new in- 
fections occur each year, without a sub- 
stantial decline in recent years. He re-
viewed the science behind treatment  
as prevention, demonstrating that peo-
ple who are durably virally suppressed 
cannot transmit HIV to their sexual 
partners. However, only 60% of people 
living with HIV in the United States are 

Dr Liu is Assistant Clinical Professor of Medicine at University of California San Francisco and Clinical Research Director of Bridge HIV at San 
Francisco Department of Public Health. Dr Buchbinder is Clinical Professor of Medicine and Epidemiology at University of California San Francisco 
and Director of Bridge HIV at San Francisco Department of Public Health. Send correspondence to Albert Liu, MD, MPH, Bridge HIV, Population 
Health Division, San Francisco Department of Public Health, 25 Van Ness Avenue, Ste 100, San Francisco, CA 94102. Received on March 20, 
2019; accepted on March 27, 2019. 

At the 2019 Conference on Retroviruses and Opportunistic Infections (CROI), 
a plan for ending the HIV epidemic in the United States was presented. More 
rapid HIV diagnosis and treatment is a key component needed nationwide. 
In international settings, substantial scale up of HIV testing and treatment 
has led to substantial declines in HIV incidence. U=U (undetectable equals un-
transmittable) is a powerful concept that can reduce stigma and encourage 
engagement in testing and care, but raises a number of clinical questions. 
HIV testing remains a gateway to HIV prevention and treatment, and inno-
vative testing strategies, including HIV self-testing, show promise. Opioid 
overdose deaths are on the rise, highlighting the need for comprehensive 
prevention efforts. Molecular data are being used to identify rapidly growing 
clusters of infections for intervention. Rates of sexually transmitted infections 
have increased substantially in recent years. A new preexposure prophylaxis 
(PrEP) combination, tenofovir alafenamide/emtricitabine (FTC), was demon- 
strated to be non inferior to tenofovir disoproxil fumarate/FTC, with im- 
proved bone and renal safety. PrEP uptake is increasing globally, but use is 
lower in several populations, including African Americans, cis- and transgen-
der women, and youth. Same-day PrEP initiations are a promising approach 
to increasing access, but PrEP discontinuations remain a challenge.

Keywords: CROI, 2019, HIV, epidemiology, prevention, U=U, testing, STIs, 
microbiome, PrEP, adherence, resistance, persistence, end the epidemic, 
PWID, MSM   

Invited Review

CROI 2019: Advances in HIV Prevention and Plans to End 
The Epidemic
Susan P. Buchbinder, MD; Albert Y. Liu, MD

virally suppressed. A daily pill of pre-
exposure prophylaxis (PrEP) is more 
than 95% effective in preventing HIV 
acquisition, but only 269,000 people 
are estimated to be on PrEP, of more 
than a million who could benefit from 
this prevention modality. He pointed 
out that new infections are heavily 
concentrated in certain demographic 
populations such as African Ameri-
cans, men who have sex with men 
(MSM), and people who inject drugs 
(PWID). The epidemic is also concen-
trated in geographic areas; more than 
50% of the new infections are concen-
trated in only 48 counties, along with 
Washington, DC, and Puerto Rico, and 
7 southern states have substantial epi-
demics in rural areas. The combination 

of widespread treatment and preven-
tion, if effectively implemented, could 
theoretically end the HIV epidemic in 
the United States. Fauci laid out the  
national plan to end the epidemic, the 
first time that a number of Health and 
Human Services Agencies are work-
ing together with a focus on increasing 
treatment and prevention in highly  
concentrated target populations. The 4 
components of the plan are to 1) focus 
initially on high incidence geographic 
areas; 2) emphasize early diagnosis, 
immediate treatment, and engage-
ment in care, with a plan to increase 
viral suppression from 60% to 90% na-
tionally; 3) expand uptake of PrEP to 
at least 50% of those who need it; and 
4) respond rapidly to emerging clusters 
of infection. With this plan, the goal is 
to reduce new HIV infections by 75% 
in 5 years and by 90% in 10 years. 

Several presentations demonstrated 
the ongoing need for more rapid HIV 
diagnosis and treatment in the United 
States. Balaji and colleagues reported 
on trends in the probability of being di-
agnosed within the first year after HIV 
acquisition (Abstract 848). They based 
their estimates of early diagnosis on 
modeling, using CD4+ cell counts, and 
modelled HIV incidence. Based on this 

The combination of 
widespread treatment 
and prevention, if  
effectively implemented, 
could theoretically end 
the HIV epidemic in the 
United States

https://www.iasusa.org/wp-content/uploads/2019/05/may2019-special.pdf#page=331
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methodology, they found that early di-
agnosis increased for persons aged 13 
to 24 years but decreased for persons 
aged 25 to 34 years. The rates were 
stable in all other groups, suggesting 
limitations in current testing programs 
in finding people early in infection. 

Crepaz and colleagues reported on 
the period of time that persons living 
with HIV might be potentially infec-
tious in the United States, based on data 
from 27 jurisdictions with complete 
CD4+ cell count and viral load testing 
from 2012 to 2016 (Abstract 153). They 
modeled the duration of infection prior 
to diagnosis based on CD4+ cell count 
at presentation, a strategy that may in-
troduce error into estimates. They then 
evaluated the time from diagnosis to 
viral suppression based on viral load 
testing. Overall, median time from in-
fection to diagnosis decreased from 43 
months to 39 months over that time, 
although 25% were estimated to have 
been infected for 98 months at diag- 
nosis. Time from diagnosis to viral sup- 
pression dropped from 8 months to 5 
months, with 25% estimated to take 
12 months to reach viral suppression. 
Time from infection to diagnosis was 
slower in male heterosexuals (me- 
dian, 63 months) and Latinos (median,  
45 months). These data suggest that al 
though progress is being made in achiev-
ing viral suppression more quickly after 
diagnosis, much works remains to be 
done, particularly with more rapid di- 
agnosis after infection, where the in- 
cremental gains have been substan- 
tially smaller. 

Several presentations demonstrated 
the potential impact of increasing HIV 
testing and treatment on HIV incidence 
rates in international settings. Hayes 
and colleagues presented data on the 
HIV Prevention Trials Network (HPTN) 
071 PopART study (Population Effects 
of Antiretroviral Therapy to Reduce HIV 
Transmission) (Abstract 92LB). The 
investigators randomly assigned 21 
communities in Zambia and South Af-
rica to one of 3 arms. Arm A received 
the full PopART package, consisting 
of universal home-based counseling 
and testing, voluntary male medical 
circumcision referral, referral for pre-
vention of mother-to-child transmission 

for pregnant women, screening for sex-
ually transmitted infections (STIs)and 
tuberculosis, andprovision of condoms. 
Persons in Arm A received antiretrovi-
ral therapy (ART) regardless of CD4+ 
cell count. Arm B received the same 
package, except that treatment was 
initiated according to country-specific 
guidelines. These national guidelines 
changed over the course of the trial, 
so that ART initiation was immedi- 
ate for more than 50% of the entire 
study period. Arm C received the stan-
dard of care at current local provision 

levels. HIV incidence decreased by 30%  
comparing Arm B with Arm C (ad-
justed rate ratio, 0.30; 95% confidence 
interval [CI], 0.55-0.88; P=.006). Un-
expectedly, no significant decline was 
seen comparing Arm A with Arm C, 
and further analyses are underway to 
try to understand the lack of effect in 
this study arm. Nonetheless, the trial 
demonstrates that with substantial 
scale-up of testing and treatment, HIV 
incidence can be notably reduced. The 
data also suggest that additional pre-
vention modalities, such as PrEP, may 
be needed to have a larger impact at a 
population level on HIV incidence. 

MacKellar and colleagues reported 
on a study of scale up of HIV testing, 
linkage, and ART service delivery in 
Mozambique from 2014 to 2017 (Ab-
stract 98). They attempted to target 
the 90-90-90 levels of testing, ART up-
take, and viral suppression. HIV testing 
increased from 67% to 88%, ART up-
take increased from 60% to 79%, and 
viral suppression increased from 41% 
to 66%. Despite not reaching the tar-
get levels, the investigators reported 
a change in estimated incidence of 

1.9% per year to 0.9% per year using 
recency-based testing. If accurate, this 
demonstrated a 54% reduction in HIV 
incidence (incidence rate ratio, 0.46; 
95% CI, 0.22-0.94). This would suggest 
that population-level increases in viral 
suppression can lead to reductions in 
HIV incidence.

U=U 

An entire session was devoted to the 
concept of U=U (undetectable equals 
untransmittable), that persons fully  
virally suppressed on ART cannot trans- 
mit HIV to their sexual partners (Sym-
posium S-6). Vernazza reviewed the 
history of available data in support  
of U=U (Abstract 116). In 2008, a group  
of Swiss investigators made the state- 
ment that persons on ART with sup- 
pressed viral load and without STIs 
were unable to transmit HIV to their 
partners, based on seeing no cases of 
documented transmission in this situ-
ation. The motivation for making this  
statement was both to help people liv-
ing with HIV to have healthy sexual 
lives, and to avoid the legal actions 
being taken against persons living with 
HIV because of concerns of exposure 
to their sexual partners. He estimates 
that at that time, the upper bound of 
the 95% confidence interval for the risk 
of HIV transmission would have been 
approximately 0.2/100 person-years. 
Vernazza discussed the difficulty of 
proving a negative result, quoting the 
philosopher Copi who stated that one 
can assume reporting of rare events, 
and thus the absence of detection can  
serve as positive proof of non-occur- 
rence. Vernazza then reviewed the ad- 
ditional data from HPTN 052, PART-
NERS (Partners of People on ART—A 
New Evaluation of the Risks) -1 and -2,  
and the Opposites Attract studies that 
would now indicate that the upper limit  
of a 95% CI would be 0.07/100 person- 
years. This provides compelling evi- 
dence that transmission does not oc- 
cur when a person is fully virally sup-
pressed on ART. 

Nwokolo discussed clinical conun-
drums related to counseling patients 
about U=U (Abstract 117). She raised 
the question of whether post-exposure 

 An entire session was 
devoted to the concept 
of U=U (undetectable 
equals untransmittable), 
that persons fully  
virally suppressed on  
antiretroviral therary 
cannot transmit HIV to 
their sexual partners
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prophylaxis (PEP) should be recom-
mended for a person with numerous 
partners, all of whom either state they 
are on PrEP or have an undetectable 
viral load. She suggested that with- 
out verification of viral suppression, 
one should presume that viral load  
may not be suppressed, citing data from 
last year’s CROI that in one study 47% 
of MSM who reported an undetectable 
viral load had some virus detected on 
dried blood spots.1 The presence of 
STIs does not appear to affect U=U. In 
evaluating whether someone should be 
offered PEP for an occupational needle-
stick exposure from a patient with an 
undetectable viral load, she pointed 
out that guidelines differ between the 
United States, which recommends offer-
ing PEP, versus the United Kingdom and 
Switzerland, which recommend against 
PEP. Breastfeeding has been shown to 
transmit HIV, despite viral suppression 
in the blood. This may be for several rea-
sons, including: 1) transmission through 
cell-associated virus, not measured by 
viral load; 2) the quantity of breastmilk 
exposure (more than 150 liters over 
6-12 months); 3) immune activation in  
breast milk, where HIV replication oc-
curs 10-times more than in blood; 4) 
immune vulnerability of the infant gut; 
or 5) difficulty with ART adherence dur-
ing the post-partum period. Nwokolo 
pointed out that little evidence exists 
about the risk of transmission through 
needle sharing if detectable, with PEP  
not recommended in the United King- 
dom and Australia, but it is recom-
mended in the United States guidelines. 
She pointed out that additional chal-
lenges may exist in interpreting U=U 
in developing world settings, where vi- 
ral load testing may be less frequent 
or a higher threshold is used than in 
resource-rich countries. She ended by 
listing several unanswered questions,  
including whether there is an actual  
viral load transmission threshold, what 
level of adherence is sufficient, how 
important is cell-associated virus in 
transmission, how long one has to be 
undetectable before transmission no 
longer occurs, and how U=U may be in-
fluenced by long-acting agents. 

Foote addressed community per-
spectives on U=U (Abstract 118). She 

made the case that knowledge of U=U 
is a human rights issue, and that most 
people living with U=U are not aware 
that they cannot transmit HIV sexually 
if they are fully virally suppressed. More 
than 820 partners have signed on to 

the U=U campaign from 97 countries. 
Foote suggested that the U=U campaign 
has 4 main effects, including that it: 1) 
transforms social, sexual, and repro-
ductive lives; 2) dismantles stigma; 3) 
encourages that persons get tested and 
remain on treatment and in care; and 
4) provides a strong public health argu-
ment for the necessity of access to care. 
However, she recognized that not every-
one is able to achieve viral suppression 
and that “V does not equal V” or that 
having detectable virus does not equate 
with a person’s value or worth. Foote 
also provided coaching on language 
around U=U, urging not to “recom-
mend condoms, just in case” or to say 
“you’re only as good as your last viral 
load”. Rather, she urged recommend-
ing that condoms can prevent other 
STI transmission but are not clinically 
necessary to prevent HIV transmission 
in the setting of undetectable viral load, 
and that persons who are taking their 
medication and getting tested regularly 
need not worry about HIV transmission. 

Grulich addressed the population 
level impact of treatment as preven-
tion, also known as “UTT” or universal 
testing and treatment throughout gen- 
eralized epidemics in sub-Saharan Af- 
rica, and concentrated MSM epidem-
ics in developed countries (Abstract 
119). He pointed to the 5 large UTT tri-
als conducted to date, highlighting the 
differences in baseline HIV prevalence, 
knowledge of serostatus, and treatment 
uptake at baseline across the trials. All 
of the trials have been impacted by  
World Health Organization guidelines  
for immediate testing regardless of  
CD4+ cell count that occurred after 
the trials launched, with some trials 

showing no difference between treat-
ment arms in HIV incidence, and others  
showing modest (20%-30%) decreases 
in incidence in the intervention arms. 
He suggested that these modest effects 
may indicate that additional combina-
tion prevention strategies are needed 
to further drive down infection rates. 
He then reviewed new diagnoses in 
MSM in Australia, England, and the 
United States, demonstrating in various 
jurisdictions that increased testing and 
treatment coincided with substantial 
declines in new diagnoses. He pointed 
out that these declines are difficult to 
attribute solely to testing and treat-
ment scale-up, as PrEP was also rolled 
out during that time frame. Grulich 
ended by emphasizing that combina-
tion prevention, including PrEP, may 
be needed to see truly substantial de-
clines in incidence across populations. 

Several posters addressed imple- 
menting U=U in clinical settings. Gil- 
lani and colleagues evaluated patients  
being cared for at a clinic in Provi-
dence, Rhode Island (Abstract 1056). 
Among 1242 patients with an HIV RNA  
level below 200 copies/mL, 5% of pa- 
tients per year became non-suppressed  
and another 10% per year did not 
have viral load data to confirm sup- 
pression. Krentz and colleagues evalu-
ated patients with HIV from a clinic 
in Southern Alberta, Canada (Abstract  
1058). They calculated the total days 
of follow-up for which patients were 
suppressed (<200 copies/mL), unsup- 
pressed (>200 copies/mL), or transmit- 
table (>1500 copies/mL, a level previ-
ously associated with transmission). 
Overall, 92% of days were spent sup-
pressed, and 8.2% were unsuppressed, 
including 6.6% of the time as transmit-
table. However, patients disengaging 
from care who accounted for 5.5% of 
all patients accounted for 34% of the 
days spent unsuppressed and 37% of 
transmittable days of follow-up. Both 
abstracts suggest that most patients 
were able to maintain viral suppression, 
as long as they were retained in care. 

HIV Testing

Testing is the gateway to HIV preven-
tion as well as treatment, and thus an 

Combination prevention, 
including PrEP, may be 
needed to see truly sub- 
stantial declines in inci- 
dence across populations
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important component of any efforts to 
end the epidemic. A number of presen-
tations focused on the use of self-testing 
to increase uptake of testing and ident- 
ify undiagnosed persons. Dovel and col- 
leagues presented data on a random-
ized controlled trial of HIV self-testing 
among partners of clients on ART in 
Malawi (Abstract 93). They randomly 
assigned 135 participants to standard of  
care (participant given a referral slip to  
give to partner for testing), and 349 to  
standard of care plus receipt of HIV self- 
test kits. Although the HIV testing up-
take was significantly higher in those 
given a self-test kit (73% vs 27%, re-
spectively; adjusted odds ratio [aOR], 
10.4), only 22% of self-testers who 
were positive initiated ART within 6 
months. In addition, 65% of self-testers 
reported needing help in conducting 
the test, and 8% were unable to inter-
pret the test results. This suggests that 
additional support is needed in this 
environment to ensure that persons 
testing HIV positive on self-testing are 
linked to care and treatment. Pintye 
and colleagues presented data on distri-
bution of self-test kits for couple-based 
testing of the unknown serostatus male 
partners of HIV uninfected women seek 
ing routine antenatal care at 10 facilities 
in Kenya (Abstract 926). They found 
that 63% of 758 women were willing to 
take a self-test kit for their male partner, 
76% of these offered the self-test kit to 
their partner, and 93% of men offered 
the self-test kit used it with their female 
partner. Of 296 men performing the 
self-test kit, they identified 4 HIV posi-
tive individuals, with an additional 4 
who were unable to read their results; 
the remaining tests were negative. 
Overall, 4 persons reported experienc-
ing harm from distribution of self-test 
kits in that their partner was upset; they 
denied physical or verbal harm from 
the encounter. However, 8% of women 
not accepting an HIV self-test kit and 
14% of women who took a kit but did 
not distribute it to their partner cited 
fear of intimate partner violence as the 
reason for not distributing the test kits. 
For women without this concern, this 
approach appeared to be a safe and ef-
fective means of testing a minority of 
male partners (36% of total). 

Medley assessed the interest, HIV 
positive test yield, and cost of 3 strat-
egies of obtaining HIV testing among 
male partners of women attending an-
tenatal clinics: 1) facility-based testing 
through invitation letters; 2) Home-
based testing by a trained counselor; 
and 3) HIV self-testing, with the ability 
to take up to 3 oral fluid based tests 
for themselves and their partners (Ab-
stract 928). Men using home test kits 
were also given incentives of approxi-
mately US $2 for receiving posttest 
counseling and for returning home test 
kits via text or physically to the facil-
ity. Of 1166 women enrolled, 223 male 
partners were tested at the facility (9% 
HIV positive rate), 28 men had home-
based testing (7% HIV positive rate), 
and 668 men received an HIV self-test 
kit (6% HIV positive). Costs per con-
firmed HIV positive were estimated 
to be $355 for facility based testing, 
$1038 for home-based testing, and 
$2350 for self-testing. Self-testing was 
most popular, but only 60% received 
post-test counseling despite incen-
tives, and this modality was the most 
expensive. Nonetheless, it seems that 
a variety of testing strategies will be 
required to maximize uptake of HIV 
testing by male partners of pregnant 
women. Cele and colleagues also cal-
culated the cost of facility-based versus 
HIV self-testing in 30 communities in 
Zambia (Abstract 1080). Participants 
randomized to receive HIV self-testing 
underwent a second randomization  
to either a self-referral card alone or  
combined with a patient escort to a 
local healthcare facility. The yield of  
newly diagnosed positive tests per per-
son was 1% for HIV self-testing and 
3.2% for facility-based testing. Among 
those testing newly HIV positive in 
the self-testing group, 34% of those 
given a self-referral card initiated ART 
within 3 months compared with 92% 
of those with an escort. The cost per 
newly positive diagnosis was $583 for 
self-testing and $80 for facility-based 
testing. However, when calculated as 
the cost per ART initiation, the cost was 
substantially lower for the self-testing 
arm offered an escort than the self-
testing with referral cost only ($668 
vs $1698, respectively) because of the 

substantially higher linkage rate for the 
former group. The authors concluded 
that community-based HIV self-testing 
may identify youth who would not oth-
erwise have tested for HIV, but that it 
should be provided with an offer of es-
cort to ART services for those testing 
newly positive. 

HIV self-testing was also evaluated  
among MSM in several settings. Dunn 
and colleagues presented baseline data  
from a randomized controlled trial of  
HIV self-testing in England that enrolled 
10,112 MSM through the internet (Ab-
stract 937). Among men at higher risk 
of HIV (having 2 or more condomless  

anal sex partners in the prior 3 months), 
12% had never had an HIV test and 47% 
had tested more than 6 months pre- 
viously, indicating the strong need for 
testing in this population. Okoboi and  
colleagues reported that they distrib-
uted 10 HIV self-test kits each through 
15 MSM peers in Uganda (Abstract 
934). The yield of his testing (10 con-
firmed positive results) was higher than 
for usual testing in the local program 
(4/147, P=.02). Of self-testers, 77% had  
never tested or had not tested in the 
prior 12 months. This suggests that 
distribution of self-test kits through 
MSM peer networks may be a promis-
ing strategy for increasing knowledge 
of serostatus in this population with 
high HIV prevalence. HIV self-testing 
was also assessed for MSM in Bra-
zil, Mexico, and Peru (Abstract 936).  
Of 18,916 survey respondents, 20% had 
never tested for HIV; major reasons for 
never testing include fear of a positive 
test result (28%), perceived low risk 
of infection (22%), and the shame of 
getting tested (21%). Willingness to test 
was highest in Brazil (44%), followed by 
Mexico (36%) and Peru (32%). Nearly 

Although total deaths 
decreased by 13% among 
people with HIV during 
this time, unintentional 
opioid overdose deaths 
increased by 43%,  
accounting for 2% of  
all deaths in 2015 
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Methamphetamine use 
had an attributable  
fraction of 46%,  
suggesting that viremia 
could theoretically be 
reduced by that amount 
if methamphetamine  
use were to cease

90% thought that post-test counseling 
with a health professional is essen-
tial, and more than 80% stated that  
they think people would have diffi-
culty dealing with a positive test result. 
Willingness to use a self-test was asso-
ciated with higher income, education, 
and willingness to use PrEP in all 3 
countries. 

Roxby and colleagues conducted 
a randomized control led trial of 
home-based couple education among 
391 couples in which the woman was 
pregnant in Kisumu, Kenya (Abstract 
927). Women were randomly assigned 
to receive home-based couple edu-
cation with rapid syphilis testing and 
counseling about prevention strategies, 
or to receive an invitation letter to give 
to their male partners to receive HIV 
testing. Overall, 7% of men tested in 
the intervention arm and 2% of those 
tested in the control arm were newly 
diagnosed with HIV. In addition, men 
randomly assigned to the intervention 
arm were significantly more likely in 
unadjusted analysis to report seeking  
any STI services (relative risk [RR], 1.6).  
There was no effect on men seeking 
voluntary medical male circumcision 
nor to linkage to HIV care and treat-
ment services. This suggests that a  
more intensive intervention is needed 
to improve uptake of prevention mo-
dalities for men testing HIV negative 
and linkage to treatment for men test-
ing HIV positive. Kim and colleagues 
presented data from a cluster ran-
domized trial of HIV testing for men 
in Kwazulu-Natal, South Africa (Ab-
stract 54LB). They randomly assigned 
45 communities in a factorial design 
evaluating micro-incentives (approxi-
mately US $3), micro-incentives with 
a mobile App to increase testing, the 
mobile App alone, or the control con- 
dition of annual community-level test- 
ing. Testing uptake was low in all 4 
arms, but significantly higher in the 
arms including the micro-incentive 
(28%, 27%, 17%, and 18% respectively), 
leading to an RR of 1.54 for the micro- 
incentives. Men were also given micro-
incentives if they linked to care within 
6 weeks of a positive diagnosis. Future 
presentations will evaluate these out-
comes, along with an assessment of 

the seropositivity rates among those 
who did test.

Drug Use

Bosh and colleagues reported on the 
increased rate of unintentional opioid 
overdose deaths in people with HIV 
infection from 2011 to 2015 (Abstract 
147). Although total deaths decreased 
by 13% among people with HIV during  
this time, unintentional opioid over- 
dose deaths increased by 43%, ac-
counting for 2% of all deaths in 2015. 
PWID had the highest rates and in-
creased by the greatest amount (80%) 
over this time. MSM who injected drugs 
had the second highest rate. Although 
rates increased in all age groups, rates 
were highest among 50 to 59 year olds, 
followed by 40 to 49 year olds. Rates 
were somewhat higher in women than 
men but increased in both groups. 
Rates were highest in the Northeast 
and lowest in the South, although the  
rates increased most in the South. The 
West was the only region in which 
rates decreased. These data show the  
intensity and worsening of rates of un- 
intentional opioid overdoses and dem- 
onstrate that more comprehensive pre- 
vention efforts are needed overall, as 
well as within groups with the highest 
rates or fastest growth. 

Additional data on overdoses were 
presented in several posters. Genberg 
and colleagues reported on fatal and  
non-fatal overdoses among persons  
enrolled in the ALIVE cohort in Bal- 
timore, MD (Abstract 883). They re-
ported an overdose death rate of 7.06 
per 1000 person-years. People living  
with HIV were significantly more likely 
than HIV negative persons to die of  
overdose deaths (adjusted hazard ratio 
[aHR], 1.7); older people and women 
were significantly less likely to die 
of overdose (aHR, 0.96 and 0.49, re-
spectively). Non-fatal overdoses were 
very common in this cohort, with an 
incidence of 24 per 100 person-years.  
Factors associated with non-fatal over-
doses included more recent years (2017 
and 2018 compared with 2013, aHR, 
3.9 and 4.4, respectively), any opiate 
use (aHR, 7.0), and any injection drug 
use (aHR, 6.2). Dorsey and colleagues 

reported on accidental overdose deaths 
in Washington, DC, from 2013 to 2017 
(Abstract 881). They reported that acci-
dental overdose deaths increased 218% 
over that time, accounting for 6.8% of 
all deaths among people living with 
HIV over that time period. Compared 
with other causes of death, persons 
dying of accidental overdoses were sig-
nificantly more likely to have injected 

drugs (aOR, 2.9), to have had Stage 1 
disease (aOR, 4.6) and to have had a 
CD4+ count above 200 cells/µL (aOR, 
3.6). They pointed out that these are 
preventable deaths with naloxone and 
medically assisted therapy, and that 
providers should pay particular atten-
tion to this risk among their patients 
with a history of injection drug use. 

Althoff and colleagues reported on 
suicide rates among adults living with 
HIV in the United States from 2000 to  
2015, using data from the North Amer- 
ican AIDS Cohort Collaboration on Re- 
search and Design (NA-ACCORD) co-
hort (Abstract 893). Among men, rates 
were highest among white PWID (ad-
justed incidence rate ratio [aIRR], 9.98) 
followed by white non-PWID (aIRR, 
5.92), black PWID (aIRR, 2.21) com-
pared with black non-PWID. Suicide 
was relatively rare among women. Car- 
rico and colleagues reported on multi-
level predictors of suicidality among 
substance users living with HIV in 11 US 
cities, based on data from the National 
Institute on Drug Abuse Clinical Trials 
Network (Abstract 921). Of 801 partici-
pants, 18% reported suicidal thoughts, 
7% considered methods for suicide, 
and 2% had thought of plans for suicide 
at baseline into the cohort. Suicidality 
decreased significantly over 12 months 
of follow-up. Suicidality was associated 
with a lower rate of viral suppression 
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(aOR, 0.81). Predictors associated with 
a higher suicidality composite score  
included Latino ethnicity, CD4+ count 
below 200 cells/µL, severity of alcohol 
use, any injection drug use, no college, 
and poorer social support. The high  
rates of suicidal thoughts and their 
association with poorer viral suppres-
sion indicate a need to screen for and  
treat depression in persons living with  
HIV; substance users may be at partic-
ular risk. 

Fulcher and colleagues reported 
on the association between metham-
phetamine use and viremia among 230 
HIV positive patients on ART followed 
up in a cohort study (Abstract 884). 
Factors independently associated with 
viremia included methamphetamine 
use alone (aOR, 1.9) or meth use with 
other substances (aOR, 1.8), unstable 
housing (aOR, 1.3), or reporting having 
missed at least 1 dose of medication 
(aOR, 2.1). They calculated that meth-
amphetamine use had an attributable 
fraction of 46%, suggesting that vire-
mia could theoretically be reduced by 
that amount if methamphetamine use 
were to cease. Shoptaw and colleagues 
reported on 529 HIV positive patients 
from the same cohort (Abstract 885).  
They found a dose response relation- 
ship between the amount of metham-
phetamine use and a number of poor 
outcomes, including unstable hous- 
ing, intimate partner violence, transac- 
tional sex, hepatic abnormalities, neu-
rologic abnormalities, and psychologic  
abnormalities. 

A symposium focused on the inter- 
section of substance use with HIV cov-
ered opioids, chemsex, and alcohol 
(Symposium S-3). Bluthenthal began 
by reviewing the history of the opioid 
epidemic in the United States (Abstract 
63). In the 1990s, pain was recognized 
as the fifth “vital sign” and opioid pre-
scriptions increased substantially. This  
coincided with the development of  
long-acting opioids and targeted mar- 
keting of these drugs to clinicians. How- 
ever, it was later documented that 21% 
to 29% of chronic pain patients receiv-
ing prescription opioid meds would 
misuse these drugs, approximately 8% 
of these would develop opioid use dis-
order, and 4% to 6% of those would 

transition to heroin use. Among those 
with opioid use disorder, 43% obtained 
their medication from a prescriber, but  
an additional 36% obtained it from 
friends or family for whom these medi-
cations had been prescribed. Several 
actions have been taken to reduce the 

harmful effects of opioids including 
changes to drug formulations, drug 
monitoring programs, and US Centers 
for Disease Control and Prevention 
(CDC) guidance on reducing opioid 
prescribing. However, an unintended 
consequence has been an increase in 
use of heroin and increased injection 
frequency among some users, leading 
to increased harmful consequences 
including HIV outbreaks, unintended 
overdose deaths, and increased rates 
of hepatitis C, soft tissue infections, 
and endocarditis. The spread of opioid 
use disorder has occurred in urban, 
suburban, and rural settings, making it 
difficult to predict where outbreaks will 
occur. Bluthenthal recommended sev-
eral steps toward addressing the opioid  
crisis including making medically as- 
sisted therapy and syringe access pro- 
grams more available, increasing PrEP 
availability for PWID, reducing stigma, 
and piloting and implementing safer 
injection sites. 

Pakianathan reported on chemsex or 
the use of substances during sex, gener-
ally to enhance pleasure (Abstract 64). 
He noted that the drugs may be used 
to increase libido, enhance pleasure, 
increase self-confidence, reduce inhi-
bitions, promote sexual adventure, or 
advance intimacy. However, the drugs 
may also be associated with poorer 
outcomes, including an increased risk 
of STIs (aOR, 3.5), increased newly di-
agnosed HIV (aOR, 5.1) and increased 
hepatitis C (aOR, 9.2). He pointed to 
the many potential mechanisms for 
increased risk, including an associa-
tion with riskier sexual practices, more 
prolonged sex, higher community viral 

load among partners, increased trauma 
or inflammation at mucosal surfaces, 
and an increased likelihood of injec-
tion drug use. He reported that 70% of 
patients in his chemsex clinic reported 
negative consequences, including pro- 
blems with work, finances, crimi- 
nal justice, accidental overdoses, and 
hospitalizations. He concluded that 
more research is required in under-
standing the factors that may increase 
risk for negative outcomes. 

Simbayi discussed the relationship 
between alcohol and poor HIV-related 
outcomes (Abstract 65). Maps of haz-
ardous alcohol consumption, defined 
as drinking to become intoxicated, 
show highest levels in Eastern Europe 
and parts of sub-Saharan Africa, areas 
with high HIV prevalence. In several 
meta-analyses, alcohol consumption 
was associated with an increased risk 
of HIV acquisition, with an odds ratio 
of 1.7. Problem drinkers were more 
likely to become HIV infected than 
non-problem drinkers (odds ratio [OR],  
2.0 vs 1.6, respectively; P=.04). Sim- 
bayi pointed out that whereas the neg- 
ative consequences for men often 
come from their own drinking, women 
may be put at increased risk because 
of their male partner’s drinking, which 
is associated with partner violence. 
Among people living with HIV, alcohol 
use is associated with lower CD4+ cell 
counts, faster HIV disease progression, 
and poorer adherence to ART. He called 
for more research on interventions to 
address the intersection of alcohol and 
HIV, including the development and 
evaluation of interventions to reduce 
harmful effects of alcohol.

Lyss and colleagues reported on 
the new HIV diagnoses among PWID 
across the United States from 2010 to 
2017 (Abstract 886). They point out 
that the longstanding decline in new 
diagnoses in PWID has stalled over 
this period of time, particularly since 
2014. In 2017, metropolitan counties  
accounted for 91% of all HIV diagnoses 
among PWID. However, comparing 
2017 with 2014, the greatest absolute 
increase in HIV diagnoses in PWID 
have been in large, fringe metro coun-
ties (population >1 million), and the 
greatest relative increase has occurred 

In 2017, metropolitan 
counties accounted for 
91% of all HIV diagnoses 
among people who  
inject drugs
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in micropolitan communities (centered 
on urban areas with population 10,000- 
49,999). They recommend prompt de- 
tection and investigation of clusters oc-
curring in newly diagnosed PWID, and 
recommend that health departments 
have HIV outbreak response plans and 
proactively evaluate such potential out- 
breaks. Dasgupta and colleagues pre- 
sented data on injection and sexual 
behaviors among PWID enrolled in the 
Medical Monitoring Project (Abstract 
887). Among 233 HIV positive partici-
pants, 11% reported sharing syringes 
and 53% reported disposing of syringes 
improperly. Of the 57% who reported 
needing drug or alcohol treatment, 
only 65% had received it. HIV-positive 
PWID were more likely than HIV-pos-
itive non-PWID to report not having 
sustained viral suppression (48% vs 
35%, respectively; P=.008), having 
condomless sex (63% vs 31%, respec-
tively; P<.001), having exchanged sex 
(17% vs 2%, respectively; P<.001), and 
being at risk of HIV sexual transmission 
(22% vs 7%, respectively; P<.001). This 
reinforces the need for access to clean 
injection equipment and methods for 
safely disposing of used equipment, 
increased access to drug and alcohol 
treatment programs, better engage-
ment in HIV care, and other strategies 
to reduce the behavioral risk of HIV  
transmission. 

Samet and colleagues reported on  
academic detailing for improving phy-
sician practices in opioid prescribing 
(Abstract 889). They conducted a clus-
ter randomized trial of 2 safety-net 
clinics in which 41 practitioners were 
randomly assigned to a collaborative  
care intervention versus standard prac-
tice. The intervention consisted of pro 
viding a nurse care manager with an  
electronic registry to manage patients, 
provide education and academic de- 
tailing, and provide access to addiction  
specialists. At 12 months, patients at 
the intervention clinic were signifi-
cantly more likely to have 2 or more 
urine drug tests (70% vs 18% in stan-
dard care, respectively; P<.0001) and 
to have an opioid treatment agreement 
(76% vs 12%, respectively; P<.0001). 
There was a trend toward a lower like- 
lihood of early refills (21% vs 30%, 

respectively; P=.11), with no difference 
in viral suppression rates (88% vs 84%, 
respectively; P=.69). Practitioners in  
the intervention arm were somewhat 
more likely to routinely use a prescrip-
tion monitoring program (75% vs 45%, 
respectively; P=.05). This suggests that 
this type of intervention may improve 
adherence to CDC guidelines for pre-
scribing of chronic opioids.

Female Sex Workers

Mwanamsangu and colleagues pre-
sented data on HIV seroconversion 
among female sex workers (FSWs) in 
Tanzania (Abstract 832). They mea-
sured an HIV incidence rate of 8.6/100 
person-years among the 17,977 FSWs 
who presented for repeat testing. Risk 
factors independently associated with  
seroconversion included age 35 years 
or greater (aHR, 2.4), having a syn- 
dromic STI (aHR, 1.8), not using a con- 
dom in the last 3 sex acts (aHR, 1.3), 
and using alcohol at last sex act (aHR, 
1.4). The authors state that these data 
suggest the importance of offering bio- 
medical and behavioral prevention ser- 
vices to this population with exceed-
ingly high rates of HIV seroconversion. 
Kerrigan and colleagues reported on a  
2-community randomized trial of a 
community empowerment model of 
combination HIV prevention for FSWs 
(Abstract 952). Although HIV incidence 
was high in both the intervention and 
control arms (5% vs 10.4%, respec- 
tively), participants in the interven- 
tion community were significantly less 
likely to become infected at 18 months 
of follow-up (OR, 0.38; P=.047) and 
demonstrated a greater decrease in in-
consistent condom use (P=.042). This  
suggests that community empower 
ment may be useful for FSWs in reduc-
ing the risk of HIV acquisition, although 
additional interventions are also needed 
as the infection rate remained high in 
the intervention condition. 

Social and Sexual Networks

Oster presented a plenary talk on the 
use of molecular data to identify rap- 
idly growing clusters of people liv- 
ing with HIV for intervention (Ab-
stract 68). She described using data 
from resistance testing to compare se- 

quences, identify closely related vi- 
ruses, and then identify clusters. Na-
tionally, approximately 40% of people 
diagnosed with HIV have sequences re-
ported, and sequences are available for 
more than 340,000 people living with 
HIV. On average, 4 transmissions occur 
from every 100 people living with HIV. 
However, looking at the top 13 clusters 
identified by cluster analysis, transmis-
sion rates were 33/100 persons, and 
for the first 60 clusters, transmissions 
occurred in 44/100, demonstrating 
the ability of such analyses to identify 
populations who may benefit from in-
terventions. Such interventions include 
treatment for those diagnosed with HIV 
and prevention (including PrEP) for the 
uninfected contacts of the cluster. To 
date, more than 145 priority clusters 
have been identified, and data were 
shared with local health departments 
for monitoring and intervention. She 
gave several examples where identi-
fying rapidly growing clusters led to 
increased efforts for testing, linkage to 
care, and prevention. 

Golden and colleagues presented 
data on an HIV outbreak among home-
less, heterosexual PWID in a 3-square 
mile area of North Seattle, Washington 
(Abstract 891). Based on an astute dis-
ease intervention specialist who noted 
3 epidemiologically linked cases, a total 
of 15 cases in the cluster were identi-
fied as part of a larger uptick in cases 
among heterosexual PWID. Although 
the cluster was identified approxi-
mately 9 months after it appeared to 
have begun, several steps were taken 
to prevent further spread, including a 
rapid needs assessment of local PWID 
needs, increased HIV testing in jails, 
outreach to local emergency rooms 
and clinics, expanded mobile syringe 
exchange, and a community-based mo-
bile clinic providing services, including 
PrEP, for women who exchange sex. 
The authors pointed out that molecu-
lar epidemiology was not quick enough 
nor sensitive enough to pick up this 
cluster, and made recommendations 
for improvements in these algorithms 
for the future. 

Long and colleagues examined sex-
ual networks using respondent driven 
sampling among MSM and transgender 
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women in Lima, Peru (Abstract 841). 
They found there was little overlap be-
tween sexual networks between these 
populations. Only 7% of partners of 
transgender women reported a cisgen-
der male partner in the last 3 months. 
However, 60% reported condomless 
anal sex in the past 3 months and 
54% of partners reported not know-
ing their HIV status. This suggests that 

partners of transgender women may 
need separate outreach of prevention 
interventions. 

John and colleagues reported on us- 
ing molecular surveillance as a means 
to expand an outbreak investigation 
in Massachusetts (Abstract 857). In  
mid-2016, the Massachusetts Depart- 
ment of Public Health identified an in- 
crease in HIV diagnoses among PWID  
in northeastern Massachusetts. Ini- 
tially, 36 of 129 cases (23%) were mo- 
lecularly linked. By December 2018, 
the addition of molecular data ex-
panded the number of persons linked 
to the investigation by 44%. Numerous 
molecular clusters among those being 
investigated suggests several introduc-
tions of HIV into the community of  
PWID. In addition, a substantial pro-
portion of named partners were HIV 
positive, indicating the importance 
of partner services to link persons  
to care. 

Torian and colleagues reported on 
attempting to use real-time molecular  
surveillance to inform data-to-care ef- 
forts in New York City (Abstract 860). 
Clusters were inferred based on ge-
netic distance, and cluster members 
out of care for more than 1 year or 
with viral loads above 1500 copies/
mL were prioritized for assistance with 
partner services and reengagement in 
optimal care. They identified 225 clus-
ters containing 2778 members; 91% 

were among MSM. Of these, 784 were 
closely linked (first degree partners) 
and the focus of their investigation 
efforts. Overall, 147 (5%) were out of  
care and 108 (4%) were viremic. The 
team was able to return to care 15% 
of those out of care, and were able  
to have a practitioner conference or fac- 
ilitate optimal care for 77% of those who 
were viremic but in care. The authors 
concluded that this helped them priori-
tize patients for outreach. 

McLaughlin and colleagues cal- 
culated an HIV lineage-level diversifi- 
cation rate, a measure of between 
host transmission rates suggesting in-
creased risk of transmission (Abstract 
862). They found that among people 
living with HIV in British Columbia, 
Canada, the diversification rate (and 
hence, risk of transmission) was higher 
for men, younger age, PWID, history of 
hepatitis C, high viral load, and living in 
the Northern health authority. Factors 
associated with lower diversification 
included being black and ever having 
had AIDS. The authors suggest that this 
could help prioritize groups for treat-
ment and prevention services.

Sexually Transmitted Infections 

Marrazzo presented a plenary talk on 
STIs in the era of effective HIV treat-
ment and prevention (Abstract 12). In 
recent years, there have been dramatic 
increases in bacterial STIs, with a very 
high burden seen globally. In the United 
States, there were 1.6 million cases of 
chlamydia in 2017 (5% increase from 
2015), nearly 500,000 cases of gonor-
rhea (19% increase), and almost 30,000 
cases of syphilis (18% increase).

Syphilis cases have continued in-
crease in the post-ART era, with 88% of 
cases occurring in men, of whom 80% 
were MSM; 46% of these MSM were 
HIV positive. In women, there was a 
156% increase in primary and second-
ary syphilis compared with 2013, with 
918 congenital syphilis cases occurring 
in 2017. In California, more than half 
of these cases occurred without pre-
natal care and often in the setting of  
methamphetamine and heroin use. 
Rates of gonorrhea in MSM have in- 
creased steeply since 2011, with a con- 

siderable number of infections occur- 
ring at extragenital (eg, rectal or pha- 
ryngeal) sites. There has been an in- 
ternational spread of gonococcal resis-
tance to ceftriaxone, our last reliable 
drug for gonorrhea. Many of these cases 
had contacts in South East Asia, where 
antibiotics are available over-the-coun-
ter. Globally, 24% and 81% of countries 
had evidence of gonococcal resistance 
to ceftriaxone and azithromycin re-
spectively, and 7 and 30 countries had 
a more than 5% rate of gonococcal 
resistance to these drugs. Two topoi-
somerase inhibitors, zoliflodacin and 
gepotidacin, are novel antimicrobials 
under study for gonorrhea treatment.  
She also pointed to an interesting study 
in New Zealand showing a 33% de- 
crease in gonorrhea among individu- 
als who received an outer membrane 
vesicle (OMV) meningococcal vaccine 
as part of outbreak control. This raises 
the possibility that the new group B 
meningococcal vaccine, which also 
contains the OMV antigen, may also 
protect against gonorrhea. She also 
reviewed results of a substudy within 
the IPERGAY (Action to Prevent Risk 
Exposure By and For Gay Men) PrEP 
trial in which participants randomly 
assigned to doxycycline postexposure 
prophylaxis administered 24 to 72 
hours after sex was associated with 
a 70% decrease in time to chlamydia 
and syphilis infection, but had no im-
pact on gonorrhea infection. She noted 
the advantages of this strategy, includ-
ing the effectiveness in early studies, 
relatively safety of the drug, being easy 
to administer, having few other options 
for prevention, and considerable in-
terest in MSM. Disadvantages include 
the limited data on this intervention, 
unclear duration of treatment, adverse 
effects, antibiotic resistance, and effects 
on the microbiome. Marrazzo raised 
the provocative question on whether 
STIs need to be controlled to reach Get-
ting to Zero goals for the HIV epidemic. 
She pointed to data in San Francisco 
showing declining HIV infections con-
current with decreased condom use  
and increasing STIs. However, although 
STIs in MSM are often asymptomatic  
and seen as inconvenient, STIs in 
women are highly stigmatizing and 

In recent years, there  
have been dramatic  
increases in bacterial  
sexually transmitted  
infections, with a very 
high burden seen 
globally
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can lead to pelvic inflammatory dis-
ease, infertility, and adverse pregnancy 
outcomes. She also pointed out that 
although most STIs are asymptomatic, 
they confer an increased risk of HIV ac-
quisition, with 10% of HIV infections 
among MSM attributable to gonorrhea 
or chlamydia infections based on a 
modeling study. She also highlighted 
the global shortage of penicillin that can 

further limit treatment efforts. She con-
cluded with several recommendations, 
including the need to deploy rapid, ac-
curate diagnostic tests for STIs in high 
incidence settings, rather than relying 
on syndromic management; scaling up 
STI screening in asymptomatic people 
in HIV care and prevention; expanding 
partner management strategies; ad-
dressing supply chain challenges; and 
investing in vaccine and therapeutic 
development. 

Several presentations reported in- 
creasing STI rates in different popula-
tions. Mayer and colleagues assessed 
trends in bacterial STIs among more 
than 19,000 men in Boston (Abstract  
851). Between 2005 and 2015, gon-
orrhea and chlamydia diagnoses in 
creased more than 12- and almost 8- 
fold, respectively. During this period, 
there was a 2- to 3-fold increase in 
screening and a 5- to 8-fold increase in 
diagnosis rates for gonorrhea, and sim- 
ilar trends were seen for chlamydia, 
suggesting that the increase in STI 
rates is not only the result of increased 
screening. Test positivity rates were 
highest in HIV-positive and PrEP-using 
patients, highlighting the need for regu-
lar STI screening in these populations. 

Li and colleagues evaluated gonor-
rhea incidence and testing rates among 
4727 HIV-positive individuals in the  
HIV Outpatient Study (Abstract 853). 
Between 2007 and 2017, both gonor- 
rhea incidence and testing rates in- 
creased among MSM and non-MSM. 
Incident gonorrhea cases were dispro-
portionately represented in younger 
patients, MSM, and patients with a 
prior STI. Only half of HIV-positive  
MSM had gonorrhea testing in the 
prior 12 months, suggesting missed 
opportunities for STI diagnosis and  
treatment. Furthermore, urethral testing 
only would miss a substantial number 
of extragenital STIs, highlighting the 
need for more gonorrhea testing across 
anatomic sites. Jansen and colleagues 
presented data on HIV, PrEP, and STI 
prevalence among MSM in Germany 
(Abstract 850). Among 2303 MSM re- 
cruited in STI clinics, 30% tested posi- 
tive for an STI. STIs were predomi-
nantly rectal, and only 32% reported STI 
related symptoms; urogenital screen- 
ing would only have detected 28% of  
STIs. The prevalence of Mycoplasma 
genitalium was high at 17%. HIV posi- 
tive MSM and those using PrEP were 
independent risk factors for having an 
STI diagnosis. The high prevalence of 
extragenital STIs was also reported by 
Chapin-Bardales and colleagues (Ab-
stract 968). Among 1922 MSM, 15% 
of PrEP users and 12% of non-PrEP 
users had a pharyngeal or rectal infec-
tion. MSM on PrEP were more likely to 
have rectal chlamydia (prevalence ratio, 
1.6). These findings support STI test-
ing every 3 months for MSM on PrEP 
and at least annually for sexually active 
MSM, and testing at all anatomic sites 
of potential exposure. Delany-Moretlwe 
and colleagues evaluated the preva-
lence and incidence of STIs among 
African women in the HPTN 082 study 
(Abstract 965). Among 451 participants 
enrolled, 38% were diagnosed with an 
STI at baseline. STI incidence during 12 
months of follow-up was high, with 1 
out of 3 acquiring chlamydia and one  
out of 10 acquiring gonorrhea. Davey 
and colleagues evaluated the preva-
lence and determinants of STIs in 242 
pregnant women in South Africa (Ab-
stract 1003). Overall STI prevalence was  

33%, with higher prevalence in HIV-pos-
itive compared with HIV-negative wo- 
men (39% vs 28%, respectively; P= 
.04). Among 80 women diagnosed with  
an STI, only 8% were treated syndrom- 
ically in antenatal care. Factors associ-
ated with having an STI included being 
unmarried or not cohabitating with the 
father, being HIV-infected, and having 
recent STI symptoms. These findings 
highlight the need for novel approaches 
to STI diagnosis and management in 
pregnancy. 

Akselrod and colleagues measured 
the HIV transmission risk associated 
with incident STIs among people living 
with HIV in Washington, DC (Abstract  
849). Among 8021 participants fol-
lowed for a median 3.4 years, 10% had 
at least 1 STI, of which 40% had 2 or 
more episodes. Among those with any 
STI, 17% had a viral load above 200 
copies/mL and 13% had a viral load 
above 1500 copies/mL (sometimes 
used as a threshold for infectiousness) 
within 1 month of STI diagnosis. Indi-
viduals aged 18 to 24 years, cisgender 
women, blacks, and people reporting 
heterosexual HIV acquisition had the 
highest proportion of viral load above 
1500 copies/mL in the setting of an STI. 
Among those with incident STIs, 52% 
of participants spent time with viral 
load above 200 copies/mL and 41% 
with viral load above 1500 copies/mL. 
The investigators suggested that health 
care practitioners should communicate 
about the risk of transmission in pa-
tients who are not virally suppressed, 
and highlight the importance of rapid 
testing and treatment of partners. 

Bilinska and colleagues presented 
on the use of an online tool to assist 
with partner notification of STIs in the  
United Kingdom (Abstract 1005). This 
study tested SXT, an online tool that  
supports easy, anonymous partner noti- 
fication via text message or email. 
Overall, 6414 cases initiated partner  
notification between December 2017 
and July 2018. The number of verified  
tested partners per diagnosis via SXT  
was higher than national partner no- 
tification rates. Electronic partner noti-
fication also reduced workload, with 
23% to 34% of partner notifications 
either verified in clinic or self-verified 

These findings support 
sexually transmitted  
infection testing every  
3 months for men who 
have sex with men 
(MSM) on PrEP and 
at least annually for 
sexually active MSM, 
and testing at all ana-
tomic sites of potential 
exposure 
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online by partners. In multivariable 
analyses, being MSM, black, and hav-
ing a diagnosis of Trichomonas was 
associated with being less likely to have  
a partner tested using the tool, high-
lighting areas for future improvement.

Microbiome

Vaginal bacterial community species 
have been associated with increased 
risk of HIV acquisition in sub-Saharan 
African women. Marrazzo and col- 
leagues evaluated the impact of a con- 
traceptive vaginal ring containing es-
trogen/progesterone on the vaginal 
microbiome among women in Kenya  
(Abstract 998). In this study, 122 wo- 
men treated for bacterial vaginosis 
(BV) were randomized to continuous 
versus cyclic use of the contraceptive 
vaginal ring. Continuous ring use with 
menstrual suppression was associated 
with decreased quantities of vaginal 
bacteria previously associated with 
increased risk of acquiring HIV, while 
maintaining Lactobacillus crispatus, 
a species associated with decreased 
HIV risk. Similar effects were observed 
in a small subset of 22 HIV-infected 
women. These findings suggest that 
contraceptive ring use could be a fea- 
sible intervention to promote Lac-
tobacillus crispatus abundance as a 
strategy to reduce HIV risk in women 
and has implications for the delivery of 
multipurpose prevention technologies 
containing both contraceptive and an-
tiretroviral agents. 

Two studies evaluated whether BV 
modifies the effect of hormonal contra-
ception on HIV acquisition. Sabo and 
colleagues tested this hypothesis in a  
prospective cohort of 1,985 FSWs in 
Kenya (Abstract 999). In this cohort, 
depot medroxyprogesterone acetate 
(DMPA) and oral contraceptive pills  
both conferred an increased risk of 
HIV seroconversion, however BV did 
not modify this association. Use of  
a contraceptive implant was not as- 
sociated with HIV acquisition in the pre- 
sence or absence of BV in this cohort. 
Noël-Romas assessed whether the mi-
crobiome modifies HIV risk associated 
with hormonal contraceptives among 
685 women in the CAPRISA (Centre 

for the AIDS Programme of Research 
in South Africa)-004 trial (Abstract 
234). Using a metaproteomics-based 
approach to quantify the vaginal micro-
biome in 685 women, they found that 
DMPA use in women with Lactobacil-
lus dominant vaginal communities 
was associated with a more than 3-fold 
increased rate of HIV acquisition rela-
tive to women using other hormonal  
contraceptives. In contrast, this re-
lationship was not seen in women 
with non-Lactobacillus dominant com-
munities. These results highlight the 
importance of considering the vagi-
nal microbiome when evaluating the 
safety of hormonal contraceptives. 

Aziz and colleagues assessed whether 
penile bacterial species are associated 
with increased HIV risk in heterosex- 
ual men in Uganda (Abstract 239). In  
a case control study of 267 uncircum- 
cised men participating in a male cir- 
cumcision trial, they identified 21 pe-
nile bacterial species associated with 
increased risk of HIV acquisition. These 
included many of the same anaerobic  
bacteria shown to be reduced by male  
circumcision, an intervention that sub- 
stantially reduces HIV risk in men; 
many of these species have also been 
implicated in HIV risk in women (such 
as Prevotella bivia). Each 10-fold in- 
crease of these penile bacterial spe-
cies abundance was associated with a 
22% to 57% increase in the odds of HIV 
seroconversion. 

Preexposure Prophylaxis:  
What’s New?

Investigational PrEP Agents

Compared with tenofovir disoproxil 
fumarate (TDF), tenofovir alafenamide 
(TAF) achieves more rapid and higher 
intracellular tenofovir diphosphate (TFV- 
DP) levels in peripheral blood mono- 
nuclear cells (PBMCs), has lower plasma 
tenofovir levels, and has demonstrated 
improved renal and bone safety when 
used for HIV treatment. Hare and col-
leagues presented the primary results 
from the phase III DISCOVER study 
evaluating the efficacy and safety of 
TAF/emtricitabine (FTC) compared with 
TDF /FTC for PrEP among cisgender 
MSM and transgender women at risk 

for HIV acquisition (Abstract 104LB). 
Participants were randomly assigned 
1:1 to blinded daily TAF/FTC versus 
TDF/FTC and followed up for up to 96 
weeks in this non-inferiority trial. Over-
all, 5387 adults were enrolled across 

94 sites in 11 countries in North Amer-
ica and Europe, with 60% in the United 
States. The median age of participants 
was 34 years, 9% were black, and 24% 
were Latinx/Hispanic; the trial en-
rolled 74 (1.4%) transgender women. 
The study observed 22 HIV infections 
during 8756 person-years of follow-
up, with 7 infections in the TAF/FTC 
arm (incidence rate 0.16/100 person-
years) and 15 infections in the TDF/
FTC arm (0.34/100 person-years), for 
an incidence rate ratio of 0.47 (95% 
CI, 0.19-1.15) favoring TAF/FTC, which 
was not significantly different and fell 
below the pre-specified non-inferiority 
margin of 1.62. Participants who se-
roconverted were younger and more 
likely to be diagnosed with a rectal STI 
or syphilis; no transgender women be-
came infected during the study. Among 
the 22 new HIV infections, 5 were sus-
pected to be infected at baseline (1 in 
TAF/FTC arm, 4 in TDF/FTC arm). Fur-
thermore, 5 participants in the TAF/FTC 
and 10 in the TDF/FTC arms had low 
levels of TFV-DP in dried blood spots, 
leaving 1 infection occurring with me-
dium to high TFV-DP dried blood spot 
levels in each study arm. In a sensitiv-
ity analysis that excluded suspected 
baseline infections, noninferiority was 
maintained (incidence rate ratio, 0.55; 
95% CI, 0.20-1.48). Evidence of FTC 
resistance was observed in 4 serocon-
verters in the TDF/FTC arm, all of whom 
had suspected infection at baseline. 
Both study drugs were well tolerated 

TAF/FTC was noninferior 
to TDF/FTC in prevent-
ing HIV infection among 
men who have sex with 
men and transgender 
women, with better 
bone and renal safety 
outcomes 
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with adverse events balanced between 
arms, and only 3 leading to drug dis-
continuation. Overall, 57% participants 
were diagnosed with an STI and 21% 
with rectal gonorrhea during the study, 
with STI incidence rates of 145 and 139 
per 100 person-years in the TAF/FTC 
and TDF/FTC arms respectively. Bone 
mineral density was measured in a sub-
set of 383 participants at week 48 and 
showed a 0.5% and 0.18% increase at 
the spine and hip in the TAF/FTC arm, 
compared with a 1.12% and 0.99% de-
cline, respectively, in the TDF/FTC arm 

(P<.001). There were small but statis- 
tically significant differences in median 
changes in estimated glomerular filtra-
tion rate (eGFR) between the arms (1.8 
mL/min increase in TDF/FTC arm vs 
2.3 mL/min decline in TDF/FTC arm; 
P<.001), and statistically significant 
differences in proximal tubular protein 
to creatinine ratios favoring TAF/FTC. 
Participants in the TAF/FTC arm had a 
mean increase in weight of 1.1 kg at 48 
weeks compared with no weight gain 
in the TDF/FTC arm. As this study did 
not include a placebo comparison arm, 
the researchers used CDC-reported HIV 
surveillance data to calculate a coun-
terfactual background HIV infection 
rate for US MSM not on PrEP of 4.02 
per 100 person-years, compared with 
observed HIV incidence rates of 0.08 
per 100 person-years for TAF/FTC and 
0.45 per 100 person-years for TDF/FTC 
at the US DISCOVER sites. However, it 
was noted that this background rate 
was not adjusted for race. The inves-
tigators concluded that TAF/FTC was 
noninferior to TDF/FTC in prevent-
ing HIV infection among MSM and 

transgender women, with better bone 
and renal safety outcomes than TDF/
FTC. It is important to note that no cis-
gender women were included in this 
study.

A previous study showed that oral  
TAF/FTC was highly effective in pre- 
venting vaginal simian HIV (SHIV) in- 
fection in female pigtail macaques.2 As 
TAF has potential as a long-acting sin-
gle agent delivered from an implant, 
Massud and colleagues evaluated the 
efficacy of single-agent TAF for protec-
tion against vaginal SHIV infection in 
pigtail macaques (Abstract 102). A clini-
cally equivalent dose of TAF (1.5 mg/kg)  
was administered orally 24 hours be- 
fore and 2 hours after weekly vaginal  
SHIV challenge. Overall, 3 out of 7 ani- 
mals treated with TAF became infected, 
with a delay in infection among TAF- 
treated animals compared with con- 
trols, for an efficacy of 73%. Similar  
TFV-DP levels and TFV-DP/deoxyade- 
nosine triphosphate (dATP) ratios in  
PMBCs were observed among pro-
tected and infected animals receiving 
TAF. She concluded that a clinically  
equivalent dose of TAF conferred mod-
erate vaginal protection despite high 
TFV-DP levels. These findings point to 
an important contribution of FTC in 
the protection seen with TAF/FTC and 
highlight the importance of defining  
the TFV-DP levels in PBMCs associated 
with complete vaginal protection from 
single agent TAF. 

Rapidly dissolving inserts are being 
developed for on-demand topical PrEP 
and are user-friendly, (discreet, easy 
to carry, and can be self-administered 
without an applicator), have a favor-
able safety profile with low systemic 
drug exposure, and can be formulated 
in drug combinations. Dobard and col-
leagues evaluated an on-demand TAF/
elvitegravir (EVG) insert in a female 
pigtail macaque model (Abstract 101).  
Although both drugs had very low sys- 
temic drug exposure in plasma follow- 
ing vaginal dosing, vaginal tissue TFV-
DP reached target levels 4 to 24 hours 
post-dosing, and high EVG tissue lev-
els were observed 2 and 4 hours after 
dosing. TAF/EVG inserts administered 
vaginally 4 hours before weekly vaginal 
challenge protected 5 of 6 animals over 

13 weeks, with 1 breakthrough infec- 
tion occurring after the ninth challenge, 
for an overall efficacy of 92%. These 
results support the upcoming clinical  
evaluation of the TAF/EVG insert admin- 
istered vaginally or rectally in phase I 
human trials.

The investigational broadly neutral-
izing antibodies (bNABs) 10-1074, a 
V3 glycan bNAb, and 3BNC117, a CD4 
binding site bNAb, have protected 
against rectal and vaginal SHIV chal-
lenges in prior macaque studies. Garber 
and colleagues evaluated the protec-
tive efficacy of these bNABs against 
penile or intravenous SHIV challenges 
(Abstract 100). Macaques were admin-
istered a single subcutaneous injection 
of 10-1074 alone or in combination 
with 3BNC117 followed by weekly pe- 
nile or intravenous (IV) challenges un- 
til they were systemically infected. Ani- 
mals administered 10-1074 became in- 
fected after a median of 15.5 penile 
challenges, compared with the control 
condition in which they were infected 
after a median of 2.5 penile challenges. 
One animal that became infected early 
had evidence of an anti-drug antibody 
response. In the IV challenge model, 
macaques receiving 10-1074 and 3BNC 
117 became infected after a median of  
5 challenges, compared with a median  
of 1 challenge in the control animals.  

There were no differences in peak vi-
remia in animals receiving the bNAbs 
versus control for either penile or IV  
SHIV challenges. Both bNABs reached 
peak levels at 1 week, but 10-1074 
reached higher levels and achieved 
greater persistence in vivo. As levels 
of 3BNC117 were undetectable at the 
time of SHIV breakthrough, the authors 
suggested that protection in these ani- 
mals was being provided predominantly 

Rapidly dissolving inserts 
are being developed for 
on-demand topical PrEP 
and are user-friendly,  
have a favorable safety 
profile with low  
systemic drug exposure, 
and can be formulated in 
drug combinations

Several studies tested 
novel strategies to  
increase uptake of PrEP 
in men who have sex 
with men, a population 
highly vulnerable to  
HIV infection 
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by 10-1074. They also reported that 
plasma levels associated with break- 
through infection were similar for all  
mucosal routes of HIV acquisition (pe-
nile, vaginal and rectal), but was higher 
for IV challenges, which may reflect  
the higher challenge virus dose. These  
findings support the continued devel- 
opment of 10-1074 as a long-acting  
prevention method for men, women,  
and PWID.

PrEP Uptake and the PrEP Continuum

Several studies tested novel strategies 
to increase uptake of PrEP in black 
MSM, a population highly vulnerable 
to HIV infection. Teixeira da Sliva and 
colleagues evaluated an intervention 
to link black MSM to PrEP as part of 
partner notification and network test-
ing services (Abstract 954). In this pilot 
study, 143 participants were randomly 
assigned to a 65-minute face-to-face  
session with an interventionist to de- 
velop an individualized linkage road-
map followed by mini-booster sessions 
by phone or care as usual. Although 
overall linkage to PrEP care was low, 
participants in the intervention arm  
were 2.55-times more likely to be 
linked to PrEP care than those in the 
control arm (23% vs 10%), and were 
more likely to initiate PrEP (19% vs  
10%) respectively. Participants linked to 
PrEP care were more likely to be older  
and less likely to be gay-identified. 
Staffing turnover and barriers to con- 
tacting participants were implementa-
tion challenges in this study. 

Siegler and colleagues piloted a PrEP  
telemedicine system for young black 
MSM aged 18 to 30 years in the rural 
Georgia and Mississippi areas (Abstract 
955). The home-based PrEP care in- 
tervention (ePrEP) was designed to 
overcome geographic- and stigma-
related barriers to accessing PrEP and  
included home specimen self-collec- 
tion kits for HIV and STI testing and  
creatinine level monitoring (urine, rec-
tal or pharyngeal swabs, and finger 
prick blood), a telemedicine visit with a 
clinician for PrEP prescribing, and PrEP 
navigation support and linkage to care. 
Among 50 young black MSM recruited 
through social media advertisements, 
25 completed a telemedicine visit and 

were prescribed PrEP, and 21 picked 
up a prescription. Only 9 were linked 
to care after prescription pick-up, with 
several refusing linkage to care, sug-
gesting possible dissatisfaction with 
PrEP referral options available locally. 
The majority of the participants found 
all intervention components accept-
able, with most (93%) willing to use 
ePrEP in place of a standard clinic visit, 
and two-thirds reported they were 
more likely to remain on PrEP if ePrEP 
were available.

Marcus and colleagues reported 
on the use of electronic health record 
(EHR) data to identify potential PrEP 
candidates in a large health care sys-
tem (Abstract 105). They developed an 
HIV risk prediction model using EHR 
data in a cohort of Kaiser Permanente 
Northern California members seen be-
tween 2007 and 2014. There were 44 
predictors retained in the final model, 
including demographics, social history, 
laboratory tests and results, medica-
tion use, and diagnoses; this model had 
a high concordance statistic (C-statistic) 
(0.86) indicating high discrimination 
between HIV cases and non-cases. The  
full model performed well when vali-
dated prospectively using 2015 to 2017  
data (C-statistic, 0.84), and outper-
formed simpler models including only 
MSM status and STI positivity (C-sta-
tistic, 0.57-0.66), particularly among 
black individuals. The full model identi-
fied nearly half (46%) of new HIV cases 
among men, by flagging only 2% of the 
general population, however the model 
did not identify any HIV cases among 
women. The investigators concluded 
that routinely collected EHR data can 
be used to identify patients at high risk 
for HIV acquisition. Additional work is 
needed to optimize this tool for identi-
fying women at risk for HIV. 

Finlayson and colleagues assessed 
temporal changes in PrEP awareness 
and use among MSM in the United  
States (Abstract 972). In an analysis of 
National HIV Behavioral Surveillance 
data from 2014 to 2017, PrEP aware-
ness in MSM increased from 60% to 
90% overall and across all racial/eth-
nic groups. However PrEP awareness 
remained lower among black and 
Hispanic MSM compared with white 

MSM in 2017, although this was no 
longer significant after controlling for 
income, health insurance, and census 
region. PrEP use increased overall from 
6% to 35% during this period, also with 
increases across all racial/ethnic groups, 
however fewer black MSM reported PrEP 
use when compared with white MSM 
in 2017 (30% vs 42%, respectively). 
Several presentations focused on PrEP 
attitudes and use in the Chicago metro-
politan area. Mustanski and colleagues 
evaluated the association between PrEP 
stigma and PrEP uptake and adherence 
in 105 young MSM and transgender 
women enrolled in the RADAR cohort 
study (Abstract 988). They found that 

participants with higher positive atti-
tudes toward PrEP were more likely 
to report current PrEP use (OR, 5.05), 
and participants who reported higher 
PrEP stigma were less likely to report 
current PrEP use (OR, 0.50). Addition-
ally, participants who reported missing 
at least 1 dose in the past week had 
higher stigma scores. These results sug-
gest that interventions to reduce stigma 
and improve positive attitudes toward 
PrEP could increase PrEP uptake and 
adherence. In the same cohort, Phillips 
and colleagues evaluated the impact of 
a citywide advertising campaign, PrE-
P4Love, on PrEP uptake. Overall, 76% of 
participants had seen an advertisement 
for PrEP in Chicago (Abstract 974). 
Those who had seen the PrEP4Love ad-
vertisements were 2.8 times as likely 
to have a conversation with a medical 
practitioner about PrEP, twice as likely 
to have initiated a conversation about 
PrEP, and 1.9-times as likely to have 
taken PrEP in the past 6 months. Those 
who had seen the advertisements were 
also more likely to perceive that their 
friends and gay or bisexual men na-
tionwide were taking PrEP, which could 
help reduce perceived stigma. As those 
who had seen the advertisements were 

Interventions to increase 
uptake of PrEP among 
women may need to 
be tailored by HIV risk 
group
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more likely to initiate discussions with 
clinicians about PrEP, it is recomended 
that those rolling out PrEP campaigns 
should host trainings with medical prac- 
titioners on PrEP to prepare them for 
these conversations. 

Two presentations focused on PrEP 
attitudes and uptake in cisgender 
women in the United States. Hirsch- 
horn presented on PrEP knowledge, 
attitudes, and experience among 370 
black cisgender women in Chicago 
(Abstract 978). Overall, 38% met crite-
ria for PrEP, and only 30% had heard of 
PrEP. Despite low levels of PrEP knowl-
edge, 29% considered starting PrEP in 
the next 6 months, with Latina women, 
those with a recent STI or more wor- 
ried about HIV, and those with in-
creased belief in PrEP’s effectiveness 
more likely to have considered initiat-
ing PrEP. In qualitative data, women 
thought that open communication and 
trust with their practitioner were key 
during the PrEP decision-making pro-
cess. Although women reported seeing 
PrEP advertisements, they thought they 
could be better tailored for women 
and their community. Blumenthal and 
colleagues presented on HIV risk and 
characteristics of women seeking PrEP 
in a demonstration project (Abstract  
979). The 136 women enrolled were ag- 
gregated into 3 HIV risk groups: being 
in a serodiscordant relationship (47%), 
having partners of unknown HIV risk be- 
havior (38%), and engaging in sex work 
(15%). Sex workers reported higher 
numbers of partners, and were more 
likely to report problem drinking and 
intimate partner violence in the past 
year. Women in a serodiscordant re- 
lationship were less likely to report tak- 
ing PrEP to protect themselves from 
HIV (self-focused) compared with sex 
workers and women with unknown 
partner risk (33% vs 95% and 85%, 
respectively; P<.001). Although most 
(80%) women reporting a main part-
ner were aware of their partner’s HIV 
status, black women were less likely to 
know their partner’s HIV status, than 
white or Latina women (28% vs 58% 
and 56%, respectively; P=.03). Given 
the differences in HIV risk profiles and 
motivations, the investigators suggest 
that interventions to increase uptake  

of PrEP among women may need to be 
tailored by HIV risk group. 

Liu and colleagues evaluated the 
PrEP continuum in the San Francisco 
Bay Area using a mobile phone survey 
(Abstract 973). Among 893 HIV-unin-
fected MSM and transgender women 
enrolled between June 2018 and Feb-
ruary 2019, PrEP awareness was high 
(≥95%) in both MSM and transgender 
women, with 48% of MSM and 41% 
of transgender women having ever ini- 
tiated PrEP. Current PrEP use was lo- 
wer among transgender women than 
among MSM (20% vs 39%, respec-
tively), as was reported high adherence 
(17% vs 37%, respectively). The most 
common reasons for PrEP discontinu-
ation included not feeling at risk for 
HIV (42%), insurance or access issues 
(27%), adverse effects or concerns 
about these effects (20%), and adher-
ence concerns (5%). PrEP initiation 
was lower in Latinx participants, and 
younger participants and transgender 
women had lower PrEP persistence. 
Participants reported that novel PrEP 
dosing strategies and formulations, 
particularly on-demand PrEP, could 
increase PrEP initiation or reinitiation 
among those who had previously dis-
continued PrEP. Of note, on-demand 
PrEP is not recommended in cisgender 
women or transgender women on hor-
mone treatment. 

Toy and colleagues assessed uptake 
of PrEP in a publicly funded population-
based program in British Columbia, 
Canada (Abstract 956). During the first 
year of their program in 2018, there 
were 3351 PrEP applicants, 98% of 
whom met eligibility criteria. Almost 
all were men (98%) and resided in the 
Greater Vancouver area (84%), with 
only 2.3% in a rural location. There 
were 554 enrolling PrEP prescribers in 
their program, of whom 52% had no 
previous HIV care or treatment experi-
ence. PrEP discontinuations or lapses 
in PrEP prescription were noted in only 
9% of clients, and there have only been 
2 cases of HIV seroconversion to date, 
both occurring in individuals who had 
discontinued PrEP. 

Koppe and colleagues evaluated 
non-prescription PrEP use in Germany  
(Abstract 957). Among 2005 PrEP users 

recruited, 79% completed an anon-
ymous online survey. Overall, 20% 
of participants used non-prescription 
sources; these individuals had used 
PrEP longer than PrEP users with pre-
scription drug use, were more likely to 
use PrEP intermittently or on-demand, 
and were at higher risk for not complet-
ing medical test prior to initiating PrEP 
or during PrEP use. The investigators 
highlighted the need for patients to ac-
cess PrEP through healthcare systems 
to support the safe use of PrEP. 

Lubwama and colleagues reported 
on the scale-up of PrEP for key popula-
tions in Uganda (Abstract 959). From 
July 2017 to June 2018, 3846 individu-
als initiated PrEP through their national 
program: 67% were sex workers, 9% 
MSM, 0.4% transgender persons, and 
24% other key and priority populations. 
As uptake was initially low in urban 
sites, they changed service delivery 
models to include community-based 
MSM-friendly drop-in centers, which 
resulted in a 36% increase in MSM up-
take. Retention at 3 and 6 months was 
low for sex workers and fisherfolk, and 
somewhat higher for serodiscordant 
couples. These results indicate that 
retention strategies should be strength-
ened, particularly for sex workers and 
fisherfolk who may be highly mobile. 

To inform PrEP delivery to FSWs, 
Lancaster and colleagues evaluated 
preferences for PrEP delivery among 
150 FSWs in Malawi using a discrete 
choice experiment (Abstract 958). 
They found that dispensing location 
was the most important factor for PrEP 
delivery, with women preferring family 
planning clinics or non-governmental 
organization supported drop-in centers.  
Provision of additional services was the  
second important factor, with cervical  
cancer screening and contraceptive pro- 
vision being the most preferred ser- 
vices. Clinic wait time was the least im-
portant factor, and pregnancy testing 
and partner risk reduction counseling 
were less preferred services. 

Omari and colleagues evaluated the  
PrEP cascade among Nigerian MSM  
(Abstract 977). Among 614 participants  
recruited through responded driven sam-
pling and approached for PrEP initiation, 
93% showed interest in taking PrEP 
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daily or after a sex act, 73% were suc-
cessfully contacted, 55% scheduled an 
appointment, 51% attended a sched-
uled appointment, and 49% initiated 
PrEP. Younger MSM under 25 years of 
age and Muslims were less likely to be 

successfully contacted and scheduled 
for a PrEP appointment. Higher social 
support was associated with being 
successfully contacted, scheduled for 
an appointment, and initiating PrEP. 
The investigators suggest use of on-
line support groups and community 
pharmacies to increase social network 
support could improve PrEP uptake 
among Nigerian MSM. Oluoch and col-
leagues evaluated PrEP uptake among 
adolescent girls and young women 
(AGYW) in a prospective cohort study 
in Kenya (Abstract 964). Among 400 
AGYW aged 16 to 20 years, 42% were 
assessed as eligible for PrEP, of whom 
15% had a laboratory confirmed STI. Of 
the 168 AGYW eligible for and offered 
PrEP, only 9 (5%) accepted a PrEP pre-
scription, 4 of whom had a confirmed 
STI; this was despite over three-quar-
ters of those eligible for PrEP reporting 
condomless sex at their last sexual en-
counter. As PrEP uptake remained low 
in a setting of experienced PrEP coun-
selors and a girl-friendly environment 
with easy access to PrEP, the investiga-
tors highlight the need to gain a better 
understanding of AGYW perspectives 
and factors that would support their 
uptake of PrEP for HIV prevention. 

Poteat and colleagues presented 
data on PrEP awareness and willing-
ness among transgender women in 
South Africa (Abstract 981). Among 214  
participants enrolled in the T-MAPP 
(Transgender Women Mobilizing and 

Preparing for High-Impact Prevention) 
study, 51% had heard of PrEP. Among 
those aware of PrEP, 83% knew where 
to get PrEP, and 40% knew other trans-
gender women taking PrEP. Among 
HIV-uninfected participants, 15% had  
ever taken PrEP, and 11% were cur-
rently on PrEP; 52% of PrEP-naive 
participants were willing to take PrEP. 
Of concern, 21% of PrEP users reported 
that a healthcare practitioner had told 
them to stop hormone therapy and 
16% had their hormone dose changed 
by their practitioner because they were 
taking PrEP. These results highlight 
the need to increase PrEP awareness 
in transgender communities. The re-
searchers emphasize the importance 
of including transgender women in de-
signing strategies to increase PrEP use 
in these communities.

PrEP Persistence, Adherence, and 
Discontinuations

Huang and colleagues reported on PrEP 
persistence in 2 cohorts of PrEP users 
with either commercial or Medicaid in-
surance from 2011 and 2016 (Abstract 
106). Non-persistence was defined as  
having a gap in prescription fills for 
more than 30 days. Among 7250 PrEP 
users in a commercial research data-
base and 349 PrEP users in a Medicaid 
database, Medicaid-insured PrEP users 
had shorter persistence than commer-
cially insured PrEP users (median, 7.6 
vs 14.5 months, respectively), with 34% 
versus 56% of PrEP users persisting at  
12 months, respectively. In multivari-
able models, younger age, female sex, 
and living in a rural area were associ- 
ated with non-persistence among com- 
mercially insured PrEP users; younger 
age, female sex, and black race were  
associated with non-persistence among 
Medicaid-insured PrEP users. The in- 
vestigators conclude that tailored inter- 
ventions are needed to improve PrEP 
persistence in different populations, 
particularly among those with the high-
est rates of new HIV diagnoses.

Several presentations evaluated pat- 
terns and reasons for PrEP discontinu-
ations in different populations. Serota 
and colleagues assessed PrEP persis- 
tence and discontinuations in an ob- 
servational cohort of 298 young black 

MSM in Atlanta (Abstract 963). Among 
125 participants who initiated PrEP, 
37% remained fully persistent, 63% 
discontinued PrEP for 2 or more weeks 
at least once during the study, and 31% 
had stopped PrEP and never restarted. 
Frequent stopping and restarting PrEP 
were common in the cohort; overall 
person-time on PrEP after initiation 
was 69%. The median time to first dis- 
continuation was 219 days, and the 
median time to final discontinuation  
was 690 days. Younger age, marijuana  
use, having an STI in the past 12 months,  
and having fewer than 3 anal sex part- 
ners in the past 6 months were asso-
ciated with PrEP discontinuation. As 
HIV incidence remained high in this 
cohort at 6% despite access to PrEP, 
these results highlight the need for in-
terventions tailored to youth and those 
who use substances to support PrEP 
persistence. The investigators suggest 
future research to evaluate the utility of 
on-demand PrEP in young MSM who 
may discontinue PrEP due to lower 
levels of risk activity. Newcomb and 
colleagues evaluated predictors of PrEP 
discontinuation among young MSM 
and transgender women in Chicago 
(Abstract 989). Older participants were 
more likely to discontinue PrEP, and 
bisexual individuals were less likely 
to discontinue PrEP. Young MSM and 
transgender women with increasing 
condomless anal sex were less likely 
to discontinue PrEP, as were those with 
health insurance, and those entering 
into a relationship were more likely to 
stop PrEP. 

Koppe evaluated reasons for stop- 
ping PrEP among PrEP users in Ger- 
many (Abstract 990). The most com- 
mon reasons for stopping PrEP included  
uses related to taking the medication 
(45%), a change in partner situation 
(32%), access issues (28%), and other 
prevention strategies being sufficient  
(25%). PrEP discontinuation was asso-
ciated with younger age, having used 
PrEP intermittently, being unhappy  
with their current sex life, and always 
or often using condoms. However, more  
than a third of former PrEP users re- 
ported inconsistent condom use, high- 
lighting the need for HIV prevention 
strategies tailored to this population. 

Among 7250 PrEP users 
in a commercial research 
database and 349 PrEP 
users in a Medicaid 
database, Medicaid-
insured PrEP users had 
shorter persistence than 
commercially insured 
PrEP users 
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Wahome and colleagues evaluated fac-
tors associated with refusing or stopping 
PrEP among MSM in Kenya (Abstract 
991). Among 143 MSM who initiated  
PrEP, 22% stopped PrEP. Lower educa-
tion and paying for sex were associated 
with refusing or stopping PrEP. Qualita-
tive data indicated that misconceptions 
about PrEP and low perception of HIV 
risk contributed to refusing PrEP, and 
pill burden, stigma, storage challenges, 
and adverse effects contributed to stop-
ping PrEP. These results highlight the 
need for community engagement and 
education to correct misconceptions, 
increase awareness, and reduce PrEP-
related stigma among Kenyan MSM. 

Kagaayi and colleagues presented 
data on acceptability and retention of 
clients on PrEP in Uganda (Abstract 
997). Among 2980 individuals screened 
for PrEP, 94% were eligible, and 93% 
enrolled on PrEP. Overall, 51% were 
sex workers, 22% fisherfolk, and 13% 
truck drivers. Retention dropped rap-
idly, with median retention of 45 days. 
Among women, loss to follow-up was 
higher among AGYW and fisherfolk, 
than among serodiscordant couples. 
Among men, fisherfolk and truck driv-
ers had lower retention. Similarly, Olsen 
and colleagues evaluated short-term re- 
tention on PrEP in the Democratic Re-
public of Congo (Abstract 996). Among 
356 individuals who initiated PrEP, 
77% were FSWs, 20% MSM, and 2% 
PWID. Overall retention was 64% at 
month 1 but increased to 82% at month 
3 and 86% at month 6 as a result of 
increased outreach efforts. Irungu and 
colleagues evaluated PrEP use among 
African men and women continuing 
PrEP in public health clinics in the Part-
ners Scale-up Project (Abstract 992). 
Among 4205 PrEP initiators, 85% had 
an HIV-positive partner. Overall, 65% 
continued PrEP use at 3 months. PrEP 
continuation was associated with age 
30 years and older, having an HIV-posi-
tive partner, and female sex.Among 
71 dried blood samples tested, 96% 
had detectable TFV-DP, with a median  
TFV-DP concentration of 515 fmol/
punch. These data support the con- 
tinued programmatic implementa- 
tion of PrEP in public health settings in 
Africa, particularly when additional 

support can be provided for long-term 
retention. 

Several studies focused on PrEP ad- 
herence and persistence among young 
women in Africa. Mugwanya and col-
leagues evaluated PrEP persistence in 
African adolescents and young women 
in maternal child health and family 
planning clinics in Kenya (Abstract 
993). Among 2304 women who ini-
tiated PrEP, continuation rates were  
21% and 10% at 3 and 6 months, re-
spectively. PrEP continuation rates 
were higher among women with HIV- 
positive male partners (52% continu-
ing at 3 months) and in women 35  
years and older (37% continuing at 3 
months). The most common reasons 
for discontinuing PrEP included low 
self-perceived HIV risk, adverse ef-
fects, pill burden, and that partner is 
HIV negative. Celum and colleagues 
demonstrated high PrEP adherence 
among AGYW in Cape Town (Abstract 
994). Participants were provided ad-
herence counseling including drug 
level feedback and half were randomly 
assigned to receive financial incen-
tives for achieving high drug levels in 
dried blood spots. Among 200 young 
women (median age, 19 years) who ini-
tiated PrEP, half had high adherence  
based on TFV-DP levels in dried blood 
spots at 3 months, and 80% had me-
dium or better adherence at 2 and 3 
months. High PrEP adherence was as-
sociated with having an HIV-positive 
or unknown status partner, not having 
sex in the prior 30 days, and disclos-
ing plans to give PrEP to someone else. 
Celum and colleagues also evaluated 
PrEP adherence among young Afri-
can women in the HPTN 082 study 
(Abstract 995). Among 427 women 
(median age, 21 years) who started 
PrEP, 84% had detectable TFV-DP levels 
at month 3, 25% had levels at or above 
700 fmol/punch (associated with 100% 
PrEP effectiveness in MSM), and 23% 
had levels between 350 and 699 fmol/
punch. At month 3, 70% of women 
reported they attended at least 1 adher-
ence club offered through the study. 
Predictors of high adherence at month 
3 were attending an adherence club, 
not reporting symptoms of depression, 
and number of sexual partners. These 

disparate results across studies high-
light the need for additional research 
to better understand the support young 
women need to achieve adherence and 
persistence on PrEP. 

Several posters described the use of 
urine testing for tenofovir to measure 
PrEP adherence. Gandhi presented on 
the validation of a novel urine tenofovir 
immunoassay for real time PrEP and 
ART adherence testing (Abstract 464). 
When tested on 637 urine samples 
from patients taking 2, 4, or 7 doses 

per week using directly observed dos-
ing, the sensitivity and specificity of the 
urine immunoassay was 99% and 94%, 
respectively. A cutoff of 1500 ng/mL ac-
curately classified 98% of patients who 
took a dose within 24 hours as adher-
ent, and was chosen as the cut-off for 
a point-of-care urine test using a lateral 
flow immunoassay. This test will be 
low cost (<$2/assay) with a result avail-
able in approximately 5 minutes. She 
pointed to limitations of the test, includ-
ing it being a short-term measure and 
providing a yes or no response. How-
ever, a more expensive urine test with 
a reader will have gradations of adher-
ence. Spinelli and colleagues evaluated 
the use of this urine assay in the iPrEx 
Open Label Extension (Abstract 947). 
Among 125 participants in the urine 
substudy, the median urine tenofovir 
level was 15,000 ng/mL in those who 
remained HIV-negative, 5550 ng/mL 
among 11 participants who eventually 
seroconverted, and below 1000 ng/mL 
in all 9 participants at the time of sero-
conversion. Low (<1000 ng/mL) versus 
high (>25,000 ng/mL) urine tenofovir 
levels were associated with 14-fold 
higher odds of future seroconver-
sion. The investigators point to the 
potential utility of point-of-care urine 
testing to trigger real-time adherence 

Rigorous screening, 
including nucleic acid 
amplification testing, 
can reduce PrEP  
initiation during  
undetected HIV  
infection
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feedback and interventions in the set-
ting of low adherence.

Drug Resistance and PrEP Failures

Misra and colleagues evaluated the im- 
pact of PrEP on drug resistance and 
acute HIV infection in New York City  
(Abstract 107). New York State guide- 
lines recommend nucleic acid amplifi-
cation testing (NAAT) for persons with 
symptoms of acute HIV infection or 
a negative antibody test who report 
condomless sex in the past 4 weeks. 
Among 3685 recently diagnosed per- 
sons assigned for partner services be- 
tween 2015 and 2017, 2% had reported 
prediagnosis PrEP use, with a median 

duration of PrEP use prior to HIV diag-
nosis of 106 days. 

Among individuals with genotypes 
available (75% of PrEP users and 62% 
of never users), M184I/V/IV/MV was  
more prevalent among prior PrEP 
users versus never-users (29% vs 2%, 
respectively). No K65R mutations were 
observed among prior PrEP users. Pre-
diagnosis PrEP users were more likely 
to be diagnosed with acute HIV in-
fection than never users (33% vs 9%, 
respectively), possibly due to them re-
ceiving regular healthcare. Although a 
quarter of PrEP users had a negative  
NAAT prediagnosis, only 5% had a neg-
ative NAAT in the 0 to 2 day window 
before PrEP start, a possible indication 
of PrEP screening. The investigators 
suggest that rigorous screening, includ-
ing NAAT, can reduce PrEP initiation 
during undetected HIV infection, and 
highlight the importance of routine 
genotype testing at HIV diagnosis for 
persons with a recent history of PrEP 
use. In a symposium presentation, Mo-
lina provided an overview of different 
types of PrEP failures (Abstract 160). 

He highlighted that PrEP failures can 
occur at any point along the PrEP con- 
tinuum of care, including the user, sys-
tem, health care practitioner, assay, 
and drug level. He showed that most 
PrEP users in 2019 are located in North 
America, with 275,000 PrEP users in 
the United States, and called for in-
creased awareness and access to PrEP 
globally. Challenges with HIV diagnos- 
tic testing include ruling out acute  
HIV infection during PrEP initiation, 
diagnosing HIV infection during PrEP 
follow-up, and managing false-positive 
HIV tests. He reviewed the sequential 
appearance of viral markers and anti-
bodies during acute HIV infection, with 
the eclipse period being about 11 days, 
p24 antigen appearing 6 days later, and 
the first antibody test appearing in an 
additional 5 days. In the IPERGAY trial, 
there were 13 HIV infections in which 
the Western Blot assay was initially 
negative; only the fourth-generation an-
tigen/antibody Architect test was able  
to identify most (11) of these infections, 
with the remaining 2 with HIV RNA 
levels under 500 copies/mL. Similarly, 
there was an 18% non-reactivity rate 
for the fourth-generation assay in an 
acute infection study in Thailand. As 
most individuals are asymptomatic 
during acute HIV infection, he high- 
lighted International Antiviral Society– 
USA (IAS-USA) guidelines recommend-
ing fourth HIV antigen/antibody testing 
to determine PrEP eligibility, and to 
send an HIV RNA assay if acute HIV  
infection is suspected, even without 
symptoms.3 He reviewed data from 
the Partners PrEP study that showed a 
delay in detection of HIV infection in 
the PrEP arm, associated with lower 
plasma HIV RNA level, but no differ-
ences in the Architect signal to cut-off at 
any stage. In the case of ambiguous HIV 
test results during PrEP, he reviewed 
guidelines that recommend repeating 
serologic tests, RNA tests, and possibly 
DNA tests, and using tests from another 
manufacturer, to confirm the presence  
or absence of infection. Another con-
sideration is whether to continue or 
stop PrEP: if PrEP adherence has been  
high and the likelihood of infection 
low, an option is to continue PrEP to  
maintain protection, although this may 

increase the risk of resistance if the in-
dividual is infected. Another option is 
to stop PrEP and reassess HIV status, 
which may facilitate diagnosis but may 
put the individual at risk for acquir-
ing HIV during the period off PrEP; a. 
A third option is to initiate ART, which 
may be the recommended option if 
the individual was not adherent to 
PrEP, raising the likelihood of infection. 
However, it is important to confirm HIV 
diagnosis in this scenario. 

He pointed to a toll-free PrEPline (1-
855-448-7737) in the United States for 
expert guidance on managing ambigu-
ous HIV test results. Another concern 
raised is the acquisition of virus resis-
tant to TDF/FTC in the setting of high 
PrEP adherence; however, to date there 
have been only a few cases reported in 
the literature. He reviewed data from 
animal studies showing 100% protec-
tive efficacy of TDF/FTC in macaques 
challenged rectally with SHIV contain-
ing the M184V mutation, which may 
be due to hyper-susceptibility to TDF 
in the setting of the M184 mutation.  
In contrast, reduced TDF/FTC efficacy 
was observed with the presence of 
the K65R mutation. Rates of transmit-
ted HIV-1 resistance to TDF/FTC have 
remained low (<1%) across a number 
of studies, although in the discussion 
it was mentioned that rates of K65R 
mutation may be higher when using 
more sensitive assays. A case of PrEP 
failure with TDF/FTC-sensitive virus 
has been reported in Amsterdam; 
potential explanations of this break-
through infection include high virus 
inoculum, concomitant STI infection 
with inflammation, possible exposure 
during a brief period of nonadherence, 
or variable pharmacokinetics of TDF/
FTC in the blood or rectal mucosa. Mo-
lina reviewed data from PrEP clinical 
trials showing that emergence of drug 
resistance occurred most commonly 
at enrollment when PrEP was started 
in the setting of acute HIV infection, 
with 41% having resistant virus, in al- 
most all cases with the M184V muta-
tion. In contrast, rates of resistance 
were below 3% among individuals who 
seroconverted after enrollment. He 
highlighted the importance of ruling 
out acute HIV infection before starting 

PrEP failures can occur 
at any point along the 
PrEP continuum of care,  
including the user,  
system, health care  
practitioner, assay, and 
drug level 
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PrEP, and testing for HIV RNA level in 
baseline samples, if available, in cases 
of infection being detected at the first 
follow-up visit. In terms of treatment 
of HIV infection occurring when on 
PrEP, he recommended starting ART 
immediately with a regimen with high 
barrier to resistance, including a TDF/
FTC or TAF/FTC backbone plus boosted 
darunavir or dolutegravir/bictegravir. 
Regimens can then be simplified after 
HIV genotype is available. It is impor-
tant to reinforce adherence to ART in 
these scenarios.

Safety of PrEP

In a themed discussion, 2 presenta- 
tions focused on renal safety and mon- 
itoring among TDF/FTC PrEP users 
(Themed DIscussion TD-14). Liegeon 
and colleagues assessed the renal 
safety of on-demand TDF/FTC PrEP 
in the National Agency for AIDS Re-
search (ANRS)-IPERGAY randomized 
trial and open-label extension (Ab-
stract 960). A median of 15 and 18 
pills per month were used during the 
blinded and open-label phases of the 
study respectively. Among 389 partici-
pants enrolled in the blinded phase, 
the mean slope of eGFR decline per 
year was not statistically significantly 
different between the TDF/FTC and 
placebo groups (-1.53 mL/min vs -0.88 
mL/min, respectively; P=.27). Fur-
thermore, the slope of eGFR reduction 
was not greater in participants with 
baseline eGFR below 90/mL/min, age 
above 40 years, or with hypertension. 
A dose-response relationship was seen 
between higher TDF/FTC exposure as 
measured by number of pills taken and 
tenofovir plasma concentrations and 
lower eGFR at the following visit. The 
investigators suggest that the overall 
reduction and intermittent exposure to  
TDF/FTC may explain the good renal 
safety observed with on-demand PrEP. 
Pintye and colleagues evaluated the 
implementation of point-of-care creati-
nine testing within a large-scale PrEP 
program in Kenya (Abstract 961). From 
June 2017 to December 2018, 4149 HIV- 
uninfected women seeking routine an-
tenatal, postnatal, and family planning 
services were screened for PrEP per na-
tional guidelines, which recommend,  

Immediate PrEP initiation 
is a safe and promising 
model to increase  
PrEP initiations among 
patients within walk-in 
settings such as sexual 
health clinics

but do not require, creatinine testing 
prior to PrEP initiation. In this PrEP 
implementation program, the feasibil-
ity of assessing creatinine level using 
validated, handheld point-of-care ma-
chines was demonstrated. Overall, low  

creatinine clearance rate was rare, with  
only 8 (0.2%) having a creatinine clear-
ance rate below 50 mL/min, and 122 
(3%) having a creatinine clearance rate 
below 60 mL/min. These findings sup- 
port the recommendation of not man- 
dating creatinine testing at TDF/FTC 
PrEP initiation. 

Spinelli and colleagues assessed 
declines in bone mineral density as- 
sociated with long-term TDF/FTC ex- 
posure in the iPrEx Open-Label Exten 
sion study (Abstract 946). Among 254 
MSM and transgender women in a dual-
energy X-ray absorptiometry (DXA) 
substudy, there was dose-dependent 
decline in spine bone mineral density 
by increasing average weekly adher-
ence as measured by TFV-DP levels in 
dried blood spots, with a 1.2% and 0.5% 
mean decline in spine and hip bone 
mineral density, respectively, in highly 
adherent PrEP users. Additional decline 
did not occur after 24 weeks of DXA 
assessment. The investigators suggest 
that dose-limiting strategies such as  
intermittent PrEP, should be evaluated 
for their impact on toxic effects.

Mikati and colleagues assessed the 
safety of same-day PrEP starts within 
sexual health clinics in New York City 
(Abstract 962). Following a negative  
rapid HIV test, PrEP candidates were 
provided a 30-day supply of TDF/FTC  
prior to return of other laboratory re- 
sults if no medical contraindications  
are present, including acute HIV symp- 
toms, history of kidney disease, or hep- 
atitis B infection. Among 1437 PrEP 
initiation candidates evaluated, 97% 

started PrEP the same day, of whom 
99% had no medical contraindica-
tions to PrEP. The prevalence of having 
any PrEP contraindication was higher 
among delayed versus immediate PrEP 
patients (14% vs 0.7%, respectively; P< 
.001). Among 1387 immediate PrEP 
patients, 10 had medical contraindi-
cations, including 2 with positive HIV 
NAAT, 2 with GFR below 60 mL/min, 
and 6 with reactive hepatitis B surface 
antigen (HbSAg), considered a relative 
contraindication. Among the 50 (3.5%) 
individuals who delayed PrEP, 7 had a 
medical contraindication, including 1  
with a positive HIV NAAT, 4 with GFR 
below 60 mL/min, and 2 with reactive 
HbSAg. Patients older than 40 years 
were 6-times more likely to have a 
medical contraindication than younger 
patients, although these were uncom-
mon in both age groups (3% vs 0.5%, 
respectively; P=.01). Among the 43 
delayed PrEP patients who did not 
have medical contraindications, only 
35% initiated PrEP within 60 days. De-
layed PrEP patients were more likely 
to be women, older than 40 years, 
and have medical contraindication to 
PrEP initiation; none of the 58 women 
evaluated for PrEP had actual medical 
contraindications to PrEP initiation. 
The investigators concluded that im-
mediate PrEP initiation is a safe and 
promising model to increase PrEP ini-
tiations among patients within walk-in 
settings such as sexual health clinics.

Cost-effectiveness

Wang and colleagues evaluated the  
cost-effectiveness of PrEP among black 
and white adolescent MSM aged 16  
to 18 years in the United States (Ab- 
stract 1083). The incremental cost ef- 
fectiveness ratio was $33,064 per qual-
ity-adjusted life year (QALY) gained for 
black MSM, and $427,788 for white 
MSM. Using a below $100,000/ QALY 
gained as a benchmark for cost-effect- 
iveness, these results suggest that PrEP 
is cost effective in black but not white 
adolescent MSM in high prevalence US 
settings. 

Roberts and colleagues evaluated the  
incremental costs of PrEP delivery in 
antenatal, post-natal, and family plan-
ning clinics in Kenya (Abstract 1082). 
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Overall, the cost per client-month of 
PrEP dispensed was $26.52, which is 
similar to costs reported for delivery to 
other key populations. Total annual 
costs could be reduced by postponing 
creatinine testing and prioritizing PrEP 
to those at high risk for HIV acquisition. 
Van Vliet and colleagues evaluated the 
cost-effectiveness of targeting long-
acting injectable PrEP to injectable 
contraceptive users in South Africa (Ab-
stract 1077). The impact of long-acting 
PrEP on number of infections averted 
depends on its effectiveness. Long-act-
ing PrEP will only be cost-effective at 
a price of $40 or less, assuming ART 
coverage of 85% in 2030; PrEP will not 
be cost-effective at an ART coverage 
of 95%. If low prices are not possible, 
they recommend targeting long-acting 

PrEP for women at highest risk of HIV 
infection. 

All cited abstracts appear in  
the CROI 2019 Abstracts eBook,  
available online at  
www.CROIconference.org
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Introduction

The effect of HIV in the central nervous 
system (CNS) was an important theme 
of several oral and poster presentations 
at the 2019 Conference on Retroviruses 
and Opportunistic Infections (CROI). 
Neurologic presentations continued to 
focus on HIV pathogenesis and reser-
voirs in the CNS, persistent neurologic 
dysfunction (as assessed by neuro-
cognitive testing, neuroimaging, and 
cerebrospinal fluid [CSF] evaluations) 
in virologically well-controlled persons 
living with HIV infection (PLWH). The 
role of comorbidities and their effects 
on brain function have become increas-
ingly relevant as PLWH treated with 

Dr Ances is Daniel J Brennan Professor in Neurology at Washington University School of Medicine in St. Louis in St. Louis, Missouri. Dr Letendre 
is Professor of Medicine and Psychiatry at University of California San Diego in San Diego, California. Send correspondence to Scott L. Letendre, 
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Investigators reported many new neuroHIV research findings at the 2019  
Conference on Retroviruses and Opportunistic Infections (CROI). These find-
ings included confirmation that HIV-associated neurocognitive disorder 
(HAND) remains common with an increasingly recognized role for comor-
bidities (eg, obesity) and neurodegenerative conditions (eg, Alzheimer’s 
disease), especially as persons living with HIV (PLWH) advance into their 
seventh decade of life and beyond. HAND is increasingly recognized as a  
heterogeneous disorder that differs between individuals (eg, by sex) in the 
trajectory of specific neurocognitive abilities (eg, executive functioning). A 
more recent focus at this year’s conference was toxicity of combination anti-
retroviral therapy: neurocognitive performance and neuroimaging data from 
several studies were presented but did not consistently support that integrase 
strand transfer inhibitors are associated with worse neurologic outcomes. 
Neuroimaging studies found that white matter changes reflect a combina-
tion of the effects of HIV and comorbidities (including cerebrovascular small 
vessel disease) and best correlate with blood markers of inflammation. The 
pathogenesis of HIV in the central nervous system (CNS) was the focus of a 
plenary lecture and numerous presentations on HIV compartmentalization 
in the CNS and cerebrospinal fluid viral escape. Novel findings were also pre-
sented on associations between HIV-associated neurologic complications and 
glycomics, neuron-derived exosomes, and DNA methylation in monocytes. 
This summary will review findings from CROI and identify new research and 
clinical opportunities

Keywords: CROI, 2019, HIV, neurology, HAND, comorbidities, central nervous 
system, neurodegenerative disorders, InSTI, neuroimaging, neuropathogen-
esis, host mechanisms 
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antiretroviral therapy (ART) continue to 
age into their seventh decade and be-
yond. This summary is not meant to 
be an exhaustive review of all material 
presented at CROI 2019. Instead, this 
review concentrates on major thematic 
areas that may inform new avenues of 
research and stimulate further discus-
sions regarding clinical management 
of PLWH.

HIV-Associated Neurocognitive 
Disorders

HIV-associated neurocognitive disorder  
(HAND) remains common and contin- 
ues to persist despite ART. Within a large  
cohort of ART-naive PLWH who resided 
in Uganda, the presence of HAND at ini- 
tial evaluation was associated with 68% 
increased odds of death at 2 years and 
a 98% increased odds of death within  
5 years (Abstract 425). These results in- 
dicate that HAND diagnosis carries sub- 
stantial morbidity and mortality risks. In  
the WIHS (Women’s Interagency HIV  
Study), greater immune activation be- 
fore the initiation of ART was assoc- 
iated with higher rates of neurocogni- 
tive impairment on subsequent follow- 
up (Abstract 407). In a cohort of indi- 
viduals with acute and early HIV in- 
fection from Peru, Robertson and col- 
leagues showed that early initiation of 
ART improved cognition (Abstract 445).  
PLWH who were recently infected (<3  
months) or those individuals who ini- 
tiated ART within 6 months of sero- 
conversion, cognitive impairment im- 
proved regardless of when therapy was 
initiated. These results suggest that a 
“therapeutic window” may exist in which  
ART initiation might prevent the devel-
opment of HAND. Overall, these results 
suggest that early HIV diagnosis, early 
initiation of therapy (especially within 
the first 6 months of seroconversion), 
and reduction of the inflammatory cas- 
cade after infection may stabilize cog-
nitive function. 

Identification of individuals at in-
creased risk for development of HAND 
is important as precision medicine 
through tailored therapies (eg, anti-in-
flammatory or higher CNS penetration 
ART) may be beneficial for select PLWH. 
The diagnosis of HAND in chronically 

A “therapeutic window”  
may exist in which ART 
initiation might prevent 
the development of  
HAND
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infected PLWH can fluctuate over time.  
De Francesco and colleagues (Abstract 
420) evaluated changes in cognition 
over 2 years in virologically well con-
trolled PLWH (n=173) compared with 
HIV-seronegative individuals (n=77). At 
baseline evaluation, 20% of the PLWH 
and 3% of the HIV-seronegative individ-
uals had cognitive impairment using a 
multivariate normative comparison 
(MNC) score. At 2-year follow-up, 13% 
of PLWH and 6% of the HIV-uninfected 
individuals had cognitive impairment 
based on the MNC. Although none of  
the cognitively impaired HIV-unin-
fected participants changed over the 
2 years of follow-up, 46% of the PLWH 
improved (changed from cognitively 
impaired to not cognitively impaired). 
For those individuals who were cog-
nitively normal at baseline, 2% of the 
PLWH and 4% of the HIV-uninfected 
participants developed cognitive im-
pairment. Among PLWH, 10% had a 
reliable decline in cognition, 79% re-
mained stable, and 11% had improved 
cognition. Among HIV-uninfected in-
dividuals, 7% had a reliable decline in 
cognition, 92% remained stable, and 1%  
improved. These results suggest that  
most PLWH who are virologically well 
controlled remain cognitively stable  
over 2 years. In contrast to other neuro-
degenerative disorders, in which there  
are progressive declines, approximately 
half of all PLWH who have cognitive 
impairment at a given time point may 
improve over time. HAND is character-
ized by fluctuations in cognition over 
time rather than a gradual progressive 
decline seen in other neurodegenera-
tive diseases. 

PLWH who have HAND may be con- 
siderably heterogeneous regarding the  
domains that contribute to neurocog- 
nitive impairment. Fitzgerald and col-
leagues identified distinct clusters of  
age-related changes in declarative mem- 
ory in PLWH and HIV-uninfected indi- 
viduals (n=1752) followed up in the 
WIHS (Abstract 408). Using a Bayesian  
Dirichlet process mixture model, 4 sub- 
groups were identified: normal slow de 
cline, normal accelerated decline, im- 
paired accelerated decline, and impair- 
ed but stable cognition. Approximately  
55% of the women had accelerated cog- 

nitive decline (both normal and impaired 
at baseline) that was attributable to 
several risk factors including reduced  
neurocognitive reserve (less educa- 
tion, more unemployment, and de- 

pression) and metabolic factors (obe-
sity, diabetes, and substance use). In a  
cohort of PLWH and HIV-uninfected 
persons followed up at the US National 
Institute of Health and the US Depart-
ment of Defense (n=397), risk factors 
for worse cognitive impairment in- 
cluded currently smoking, history of al- 
cohol abuse, and unemployment (Ab- 
stract 414). Overall, these results sug-
gest that cognitive impairment seen in 
PLWH may reflect changes in the brain 
due to HIV early in the disease and ad-
ditional risk factors later in the disease 
process.

Comorbidities and HAND

Several comorbidities appear to in- 
crease the risk of cognitive impair-
ment in virologically well-controlled 
PLWH. Within cohorts of PLWH at the 
University of California San Diego, ane-
mia was associated with worse overall 
neurocognitive performance cross-sec-
tionally and longitudinally (Abstract 
426). Changes in cognition were ob-
served in several domains including 
speed of information processing, motor 
functioning, and working memory. The 
authors postulate that chronic inflam-
mation affects iron metabolism that 
leads to anemia. Within the HAILO (HIV 
Infection, Aging, and Immune Function 
Long-term Observational) study, gait 
speed and cognition were assessed in 
PLWH (n=929). Increased levels of he- 
moglobin A1C, cognitive impairment, 
and African American race were assoc- 
iated with declines in gait speed (Ab- 
stract 703). Within this HAILO group, 

Perez and colleagues longitudinally 
investigated the relationship between 
obesity, frailty, and cognition over time  
(Abstract 129). Similar to De Frances- 
co and colleagues (Abstract 420), 78% 
of PLWH had no cognitive deficits and 
continued to have normal cognition 
over a 3-year interval, and 10% had cog-
nitive impairment at both time points, 
6% had an improvement in cognition 
at the second time point, and 6% de-
veloped impairment over the 3-year 
interval. Obesity and older age, but not 
frailty, were the greatest risk factors for 
developing cognitive impairment over 
3 years. Finally, Chow and colleagues 
investigated the association between 
presence of cardiovascular disease 
(CVD) as assessed by the Atheroscle-
rotic Cerebrovascular Disease [ASCVD] 
and Framingham Heart Study CVD Risk  
Score (FRS) and risk of developing neu-
rocognitive impairment in the HAILO 
cohort (Abstract 128). In unadjusted and  
adjusted models, higher baseline ASCVD  
risk score or FRS was associated with 
worsening in cognition over 4 years. Al- 
though the negative impact of cerebral  
small vessel disease (CSVD) on cogni-
tion was seen for both men and women, 
effects were significantly greater in 
women. Overall, these results point to  
focusing on modifiable risk factors in- 
cluding anemia, diabetes, and meta-
bolic factors as intervenable targets for 
potentially stabilizing neurocognitive 
function in PLWH, especially women. 
Preventive interventions geared toward 
these comorbidities in PLWH may be 
important for patient care. 

Neurodegenerative Diseases 
and HAND

A symposium presentation by Valcour 
focused on the potential increasing  
prevalence of aging-related neurode- 
generative diseases in PLWH (Abstract 
159). Questions remain if clinicians  
can successfully distinguish Alzheim-
er's disease (AD) from HAND and if an  
accelerated phenotype exists within  
older (>60 years old) PLWH. Inflam- 
mation persists in virologically sup- 
pressed PLWH with impairment, in 
the periphery (eg, plasma measures) 
and centrally (eg, positron emission  

Higher baseline Athero-
sclerotic Cerebrovasuclar 
Disease or Framingham 
Heart Study risk score 
was associated with 
worsening in cognition 
over 4 years

https://www.iasusa.org/wp-content/uploads/2019/05/may2019-special.pdf#page=153
https://www.iasusa.org/wp-content/uploads/2019/05/may2019-special.pdf#page=148
https://www.iasusa.org/wp-content/uploads/2019/05/may2019-special.pdf#page=151
https://www.iasusa.org/wp-content/uploads/2019/05/may2019-special.pdf#page=156
https://www.iasusa.org/wp-content/uploads/2019/05/may2019-special.pdf#page=271
https://www.iasusa.org/wp-content/uploads/2019/05/may2019-special.pdf#page=50
https://www.iasusa.org/wp-content/uploads/2019/05/may2019-special.pdf#page=153
https://www.iasusa.org/wp-content/uploads/2019/05/may2019-special.pdf#page=50
https://www.iasusa.org/wp-content/uploads/2019/05/may2019-special.pdf#page=61


IAS–USA        Topics in Antiviral Medicine

28

tomography [PET] measures). However,  
the contribution of inflammation due 
to HIV is contentious, as a recent PET 
imaging study did not observe elevated 
neuroinflammation in virologically sup-
pressed PLWH compared with matched 
HIV-uninfected persons (Abstract 460). 
Controversy also remains regarding 
whether HIV and aging accentuate or 
accelerate changes in brain integrity. 
Some studies have demonstrated a 
greater rate of brain atrophy in PLWH 
than in HIV- uninfected persons and 
others have demonstrated that HIV and 
aging independently cause changes. 

Differences may reflect the presence of 
CSVD or the sample cohorts studied. 

Several markers could potentially 
distinguish AD from HAND. PET im-
aging of amyloid and tau, pathologic 
hallmarks of AD, were not abnormal in  
small cohorts of PLWH compared with 
HIV-uninfected individuals.1,2 Although  
these studies were performed in younger 
PLWH, cognitively impaired individuals  
were included. Furthermore, if PLWH  
do have accelerated aging, PLWH who 
are 50 years of age or older should be at 
increased risk for developing AD. How-
ever, the few studies that have been 
performed in this age range have not 
shown an increase in the prevalence of 
AD. The presence of AD in older PLWH 
may reflect aging and genetic risk fac-
tors and may not be specifically due to 
HIV. CSF amyloid and tau also serve as  
useful biomarkers for distinguishing  
AD from HAND. Conflicting results have 
been observed with some studies dem- 
onstrating mild alterations in CSF amy- 
loid but not CSF tau in PLWH. Trunfio  
and colleagues evaluated PLWH (n= 
181) who were 45 years of age or older 
and virologically suppressed and only 
1 individual (<1%) had CSF values char-
acteristic of AD (Abstract 415). Further 

longitudinal studies of neuroimaging 
and CSF biomarkers in older cohorts  
of PLWH are needed.

CNS Effects of Integrase Strand 
Transfer Inhibitors 

Integrase strand transfer inhibitors (In-
STIs) are potent components of initial 
ART regimens and their use is growing 
worldwide. With the report of more 
frequent neuropsychiatric adverse  
events (NP-AEs) in a clinical popula-
tion,3 questions have arisen about the 
CNS safety of InSTIs. 

Several studies at CROI 2019 re- 
ported the CNS effects of initiating  
or switching to InSTI-containing ART.  
Mora-Peris and colleagues, for exam-
ple, evaluated 8 PLWH who remained 
on a raltegravir-containing regimen 
and 12 PLWH who switched to a dolute-
gravir-containing regimen (Abstract  
443). Neurocognitive performance,  
neuroimaging, and CSF measures were  
assessed at baseline and after 120 
days. Although the group sizes were 
small, no statistically significant dif-
ferences were observed between the 
groups in any of the assessments, sup- 
porting the conclusion that switching to 
dolutegravir-containing ART is safe for 
the CNS. This conclusion was also sup-
ported by data from the Thai SEARCH 
(South East Asia Research Collabo-
ration in HIV) study (Abstract 440). 
Participants (n=254) diagnosed with  
acute HIV infection had taken at least 
24 weeks of ART (median, 144 weeks) 
and were subsequently switched to a 
dolutegravir-containing regimen. They  
were evaluated before and after the 
switch using multimodal assessments 
(neurocognitive testing, the Patient 
Health Questionnaire-9 [PHQ-9], ma- 
jor depression screening, and an as-
sessment of distress). After switching, 
participants reported more somatic 
symptoms on the PHQ-9 and more 
symptoms of depression, although  
they only trended toward having more 
symptoms on the cognitive/affective  
subscale of the PHQ-9 and were not 
more likely to have evidence of moder-
ate-to-severe depression. Importantly, 
no participants discontinued dolute- 
gravir for NP-AEs and no statistically 

significant changes in cognitive per-
formance or distress were observed 
after switching. Two other studies re- 
ported on participants who were ini- 
tiating or currently taking InSTIs with-
out an observed therapy switch. A 
study from Barcelona assessed partic-
ipants who initiated InSTI-containing 
ART during early HIV infection (n=12) 
similar to the SEARCH study, but in 
contrast, compared them with those 
who initiated InSTI-containing ART 
during chronic HIV infection (n=15) 
and to persons without HIV (Abstract 
439). In addition to a 12-test neuro-
cognitive test battery, participants 
were assessed with structural neuro-
imaging and an assessment of daily 
functioning. Cognitive performance 
improved in all 3 groups over time 
and did not differ among the groups. 
Functional assessments identified that 
the early HIV infection group had evi-
dence of greater stress levels 4 weeks 
after initiating ART (but was similar to 
other groups at 48 weeks) and that the 
chronic HIV infection group trended to- 
ward having worse depressive symp- 
toms at 48 weeks. Neuroimaging ident- 
ified that the chronic HIV infection  
group also had evidence of a reduction 
in medial orbitofrontal gray matter vol- 
ume at weeks 4 and 48 that did not ap-
pear to be present in the other groups. 
Since both HIV infection groups were 
taking InSTI-containing ART, however, 
this is more likely to be due to later 
initiation of ART than to InSTI-specific 
declines. 

In a cross-sectional analysis, O’Hal- 
loran and colleagues compared neuro- 
cognitive performance and neuroim-
aging measures in participants who 
were taking InSTI-containing (n=99) 
or non-InSTI-containing (n=103) ART 
(Abstract 442). The specific InSTI drugs 
used by participants were raltegra-
vir (40.4%), dolutegravir (30.3%), and  
elvitegravir (29.3%). InSTI users had  
worse global neurocognitive perfor- 
mance (specifically in the combined 
learning/memory domain) than non-
InSTI users and this did not appear to 
differ by InSTI drug (ie, the effect size 
for dolutegravir was similar to ralte-
gravir and elvitegravir). Neuroimaging 
identified that InSTIs were associated 

Several studies at CROI 
2019 reported the CNS 
effects of initiating or 
switching to InSTI-
containing antiretroviral 
therapy
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with decreases in volumes throughout 
the brain. This evidence of InSTI neu-
rotoxicity is generally consistent with 
the prior report from deBoer et al,1 but 
stands in contrast to other reports at 

CROI, and could be confounded by the 
cross-sectional design of the study. 

Concerns about the CNS safety of  
InSTI drugs were also supported by 
in vitro and animal experiments (Ab- 
stract 435). Oligodendrocytes are not  
easily infected by HIV, but interest in  
these understudied myelin-producing  
glial cells is growing since white matter  
abnormalities are common in PLWH,4,5 
even in those taking suppressive ART, 
and have been linked to worse cogni-
tive performance.6 In carefully planned 
experiments, Jordan-Sciutto and col- 
leagues administered elvitegravir or 
raltegravir to primary rat oligodendro- 
cytes and monocyte-derived macro-
phages (MDMs, either uninfected or 
infected with HIV) (Abstract 435). They 
observed that HIV-infected MDMs in- 
hibited oligodendrocyte differentiation  
but, somewhat unexpectedly, that elvi- 
tegravir (but not raltegravir) did as well.  
In animal experiments, investigators 
induced demyelination in mice with 
cuprizone and found that elvitegravir 
inhibited remyelination. Experiments 
that are more mechanistic in design 
are being performed but these findings 
suggest a possible biologic basis for  
InSTI-associated neurotoxicity.

Other scientists reported on inves- 
tigations regarding the potential neu-
rotoxicity of other antiretroviral drugs 
and concomitant drugs at CROI 2019. 
For example, instead of focusing on 
switching to an InSTI-containing regi-
men, one study focused on the switch  
to tenofovir alafenamide (TAF)/emtri 
citabine (FTC) from either tenofovir 

disoproxil fumarate (TDF)/FTC or abaca- 
vir/lamivudine (Abstract 436). Twenty 
PLWH were evaluated with cognitive  
testing and CSF assessments at 3 and 
12 months after switching. No statis-
tically significant changes were seen 
in cognitive performance or CSF bio-
markers (neopterin, neurofilament light  
[NFL], β2-microglobulin, IgG index) in 
this small study, supporting the CNS 
safety of switching to TAF/FTC. In a 
much larger analysis, Li and colleagues 
aimed to determine if cognitive perfor-
mance of men enrolled in the MACS 
(Multicenter AIDS Cohort Study) im-
proved after discontinuing efavirenz 
(Abstract 441). This analysis of nearly 
2000 PLWH failed to show differences 
in the cognitive trajectory over time be-
tween men who either discontinued 
or continued efavirenz, supporting the 
long-term CNS safety of efavirenz. The 
longitudinal design and large sample 
size of this analysis were strengths, but 
an important limitation was that only 
44 (2.2%) men remained on efavirenz 
throughout the period of observation. 

DeFranceso and colleagues also fo- 
cused on the CNS safety of nucleoside/ 
nucleotide reverse transcriptase inhib- 
itors (nRTIs) by comparing concentra-
tions in blood of 4 nRTIs (abacavir, 
TDF, FTC, and lamivudine) with cog-
nitive performance in more than 600 
participants of the POPPY (Pharma-
cokinetic and Clinical Observations in 
People Over Fifty) study (Abstract 419). 
Population pharmacokinetic modeling 
estimated maximum and trough drug 
concentrations as well as the area-
under-the-time-concentration curves. 
Higher concentrations of TDF and FTC 
were associated with worse cognitive 
performance in unadjusted analyses 
but these associations weakened above 
statistical significance after adjustment 
for potential confounding factors such 
as age, sex, efavirenz use, and recrea- 
tional drug use. In contrast, higher aba- 
cavir concentration was associated with  
better cognitive performance and this  
association remained statistically signi- 
ficant even after adjustment. Although 
antiretroviral drugs may have neuro- 
toxicity, they are not alone: other drug  
classes such as anticholinergics can 
also adversely affect the CNS. Pub- 

lished studies have reported that PLWH 
typically take more concomitant pre- 
scribed drugs than the general pop-
ulation, including drug classes with 
known neurocognitive adverse events 
(eg, Rubin et al).7 Consistent with this, 
Ma and colleagues reported in cross-
sectional analyses that polypharmacy, 
or using 5 or more concomitant drugs, 
was associated with worse cognitive 
performance (Abstract 437), particu-
larly in learning, memory, and verbal  
fluency. Anxiolytics, antipsychotics,  
opioids, and antimicrobials were the 
classes of concomitant drugs that were 
most commonly associated with worse 
cognitive performance. Statistically ad-
justing for the underlying conditions 
for which these drugs were prescribed 
did not substantially weaken the asso- 
ciations, but careful longitudinal analy-
ses are required to clearly delineate 
whether the observed adverse impact 
on the CNS is due to the underlying 
condition, the drug, or both.

Neuroimaging in NeuroHIV

Neuroimaging is currently not included 
Neuroimaging is currently not included 
in the evaluation for HAND, but several 
studies demonstrated the potential 
relevance of this technique in PLWH. 
As previously noted, CSVD may lead 
to vascular cognitive impairment. A  
combination of both CSVD and HIV 
may lead to the substantial cognitive  
changes that are observed despite ART.  
However, it can be difficult to differ-
entiate the contributions of HIV from  
CSVD. Within the MACS, Wu and col- 
leagues longitudinally evaluated HIV  
uninfected controls (n=46) and PLWH  
(n=76) (Abstract 456). Annualized rates  
of change in white matter hyperinten-
sities (WMH), a proxy of CSVD, were  
similar between HIV–uninfected con- 
trols and PLWH. PLWH who had diabe- 
tes or hypertension had a greater an- 
nual increase in WMH volume. Sanford  

Anxiolytics, anti- 
psychotics, opioids, and 
antimicrobials were the 
classes of concomitant 
drugs that were most 
commonly associated 
with worse cognitive 
performance

Structural neuro- 
imaging measures may 
detect changes not seen 
with cognitive  
performance testing 
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and colleagues also longitudinally ev- 
aluated changes in WMH (using CSVD) 
in virologically suppressed PLWH (n= 
119) compared with HIV-uninfected  
persons (n=55) (Abstract 453). They  
also examined if an interaction oc- 
curred between CSVD and HIV for neu- 
roimaging and cognitive measures. 

WMH burden was similar for PLWH 
and HIV-uninfected individuals. Older 
age and the presence of hypertension 
were associated with a greater risk of an             
increased WMH burden. These results 
suggest that both HIV and CSVD may 
independently contribute to brain at- 
rophy. Modifiable risk factors (eg, hy-
pertension and diabetes) should be 
aggressively treated in PLWH. Struc- 
tural neuroimaging measurements (in- 
cluding magnetic resonance spectros-
copy and diffusion tensor imaging)  
were also obtained from several co- 
horts of virologically suppressed PLWH.  
Using principal components analysis  
of neuroimaging data, Cysique and  
colleagues defined a composite neu- 
rochemical marker (CNM) or “signature 
of HIV disease,” which strongly cor-
related with CSF NFL concentrations 
but not neurocognitive impairment 
(Abstract 454). Ruiz-Saez and col- 
leagues demonstrated that perinatally 
infected adults living with HIV have 
substantial reductions in frontal brain 
volumes compared with matched HIV- 
uninfected individuals (Abstract 458). 
Overall, these results suggest that struc- 
tural neuroimaging measures may de- 
tect changes not seen with cognitive per- 
formance testing. Observed changes 
may reflect neurodegeneration and 
inflammation that occurred soon after  
seroconversion and before the initia-
tion of ART. Longitudinal neuroimaging 
studies of acutely infected PLWH who 
were administered ART are needed. 

Effects of HIV on 
Neuropathogenesis

Many published studies have iden- 
tified HIV characteristics that may in- 
fluence its neurovirulence, including 
HIV subtype,8,9 envelope sequence,10,11 
macrophage tropism,12 and CD4 and 
chemokine receptor type 5 (CCR5) af-
finity.13 These and other issues related 
to how HIV interacts and adapts to the 
brain were summarized in a plenary 
lecture by Swanstrom (Abstract 121). 
His presentation highlighted the im-
portance of distinguishing HIV that 
uses R5 to enter T cells from HIV that 
uses CCR5 for entry specifically into 
macrophages (R5-macrophage tropic), 
which express approximately 25-times 
less CD4 than T-cells. He also reviewed 
important data supporting that approx-
imately 25% of PLWH have evidence of 
compartmentalized HIV in CSF even at 
the time of early infection.14 The pres-
ence of compartmentalized HIV in the 
CNS may be associated with viral es-
cape from ART in the CSF15,16 (Abstract 
449) and has implications for eradica-
tion of HIV from the CNS.

Several abstracts presented new 
data on CSF viral escape. A CSF Viral 
Escape Consortium was organized by 
the National Institute of Mental Health 
and proposed an approach to classify 
different forms of CSF viral escape.17 
Kincer and colleagues identified 14 
PLWH who had one form, symptomatic 
CSF viral escape, and they commonly 
had T-cell tropic and drug-resistant 
HIV in CSF (Abstract 446). Similar to 
the seminal report from Canestri et  
al in 2010,15 nearly all participants re- 
sponded to optimization of their ART  
regimen. Dravid and colleagues, who 
previously published evidence link- 
ing CSF viral escape to use of protease 
inhibitors,18 reported follow-up data on  
CSF viral escape (n=41) after one of 
2 interventions, ART optimization or 
intensification (Abstract 451). Inten-
sification may be a more clinically 
implementable strategy since it does 
not require genotypic resistance testing 
of HIV from CSF, which is not feasible  
in many clinical settings. Approxi- 
mately 80% of participants had sup- 
pressed CSF HIV RNA (≤20 copies/mL) 

with either approach. Concerns about 
the durability of the initial response of 
CSF viral escape to ART optimization 
were raised by Ferretti and colleagues, 
who identified that 5 of 21 (23.8%) 
PLWH with CSF viral escape who had  
previously responded to ART optimiza- 
tion had a recurrent episode of es-
cape (Abstract 447). Recurrence only 
occurred, however, if the optimized 
regimen was simplified (n=4) or was 
not taken (n=1). Although CSF viral 
escape remains uncommon and these 
data are sparse, patients and clinicians 
should be educated to continue the 
optimized regimen and efforts should 
be made to support adherence. In ad-
dition to use of protease inhibitors, the 
risk of CSF viral escape has been linked 
to low nadir or current CD4+ cell count 
in chronic HIV infection. To date, no 
one has reported on the incidence of 
CSF viral escape in early HIV infection, 
a shortcoming that was addressed by 
Handoko and colleagues by analyzing 
data from the Thai SEARCH 010 Study 
(Abstract 450). Among PLWH who ini- 
tiated ART during early HIV infection  
(Fiebig I-V) (n=89), only 1 (1.1%) met cri-
teria for CSF viral escape at 24 weeks. 

Of 46 PLWH evaluated after 96 weeks 
of ART, none had CSF viral escape. 
These data add to prior evidence that 
initiating ART early in disease protects 
the CNS. Smith and colleagues identi-
fied that participants who had CSF viral 
escape were approximately twice as 
likely to have the HIV-encoded protein, 
Tat, detected in CSF (Abstract 417). The  
putative neurotoxicity of extracellular 
Tat remains controversial but this anal-
ysis found that participants who had a 
Tat concentration that exceeded 1000 
pg/mL were nearly 4-fold more likely 
to have cognitive impairment than 
those who had lower concentrations. 

Deep sequencing was 
used to identify that 
64% of people with  
HIV infection (n=50)  
had evidence of HIV  
compartmentalization in 
the cerebrospinal fluid 

5 of 21 (23.8%) people 
with HIV infection with 
CSF viral escape who had  
previously responded to 
ART optimization had a  
recurrent episode  
of escape 
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The presence of Tat in CSF was also 
associated with lower CSF amyloid-β 
1-42 concentrations, suggesting that it 
may be associated with AD-type neuro- 
pathology.

In addition to these informative pre- 
sentations, other scientists presented 
new findings relevant to how HIV inter-
acts with the CNS. In Uganda, where 
non-B HIV subtypes (predominantly 
subtypes A and D) may affect the CNS  
differently than subtype B that is com- 
mon in North America, Joseph and col- 
leagues used deep sequencing to iden- 
tify that 64% of PLWH (n=50) had evi- 
dence of HIV compartmentalization in 
the CSF (Abstract 449). The frequency 
of compartmentalization did not dif-
fer by HIV subtype. Few details were 
provided about the cognitive assess-
ment, but the investigators noted that  
CSF compartmentalization was asso- 
ciated with worse verbal fluency in un- 
treated PLWH, although this difference  
was no longer significant after ART ini- 
tiation. de Oliveira and colleagues se- 
quenced HIV envelope DNA by high- 
throughput single genome amplifica- 
tion from brain tissue collected at au-
topsy from 12 donors enrolled in the 
North American National NeuroAIDS 
Tissue Consortium, identifying that a 
third of the participants had evidence 
of compartmentalization compared 
with HIV DNA from lymph node or 
spleen (Abstract 452). 

Measuring CSF HIV RNA down to the  
single-copy level may have value,19 but  
single-copy assays are not clinically 
available. The Cobas-TaqMan HIV-1  
Assay v2.0 is commonly used in the 
clinic and has a lower limit of quan-
tification (LLQ) of 20 copies/mL. If HIV 
RNA is suppressed below the LLQ, 
the report for this assay will indicate 
whether the HIV RNA concentration 
is at or below 20 copies/mL or below 
the limit of detection, which may be 
lower than 10 copies/mL. Motta and 
colleagues previously identified that 
having HIV RNA in CSF below the limit 
of detection is associated with lower 
CSF neopterin concentrations than 
having HIV RNA suppressed below 20 
copies/mL.20 At CROI, Farhadian and  
colleagues extended these findings to 
link lower HIV RNA in CSF to lower 

blood-brain permeability and better 
executive functioning. Although these 
findings generally support that better  
suppression of HIV RNA, even at very 
low levels, may lead to better outcomes,  
the findings of this study may be con- 
founded by group differences in base-
line HIV RNA concentrations and nadir 
CD4+ T-cell counts. (Abstract 126). 

Effects of Host Mechanisms  
on Neuropathogenesis

Even though HIV can adapt to the CNS 
environment, which may increase its 
neurovirulence, the host environment 
also plays a critical role, particularly 
among a population that is more likely 
than the general population to be ad- 
versely affected by comorbid condi-
tions, such as obesity, cardiovascular 
disease, and drug toxicity, as discussed 
above. Observations from cohort stud- 
ies and clinical trials are crucially im- 
portant elements of translational re- 
search, but the development of clini-
cally useful biomarkers and beneficial 
interventions ultimately hinges on a  
clear, mechanistic understanding of 
pathogenesis. New findings were re-
ported at CROI 2019 that advance our 
understanding of the mechanisms by 
which the host environment increases 
the risk of CNS disease in PLWH. 

Four presentations focused on the 
immune system, a key contributor to  
HIV pathogenesis in the CNS. One 
novel report focused on CD30, a CD4+ 
T-cell surface protein that is enriched 
in infected cells. Concentrations of  
soluble CD30 in the CSF may indicate 
the extent of ongoing migration of  
transcriptionally active T-cells during  
suppressive ART, although CD30 may 
also be solubilized from the surface of  
an as-yet unidentified cell type within 
the CNS. Peluso and colleagues mea-
sured soluble CD30 in CSF from 130 
PLWH and identified that concentra- 
tions in CSF, but not blood, remained el- 
evated during suppressive ART. Higher 
CSF concentrations of soluble CD30 
correlated with higher concentrations 
of NFL, an axonal protein that has been 
strongly linked to risk for HAND (Ab-
stract 125). Of note, the CD30/CD30  
ligand axis has been implicated in ex- 

perimental autoimmune encephalitis,  
a disease model of autoimmune en- 
cephalitis that has some features simi- 
lar to HIV encephalitis.21 Another re- 
port from the SEARCH 010 study team 
built on published research about DNA  
methylation signatures in monocytes  
in HAND (particularly those associated 
with the nervous system and the im-
mune response to HIV)22 to identify 
that similar signatures are present in  
early HIV infection (median, 17.5 days  

after infection) (Abstract 409). Nearly 
a year after initiating ART, most DNA 
methylation changes were minimally 
restored except for interferon-related 
genes (eg, IFI27, IRF7, and MX1), sug-
gesting that DNA methylation of these  
genes in blood-derived monocytes ident- 
ifies HAND risk very soon after infec- 
tion and might be a future, clinically ac- 
cessible biomarker. 

Nearly all research in the neuroHIV 
field is challenged by the heterogene-
ity of the HAND phenotype: numerous 
conditions contribute to HAND risk and 
these differ from individual to individ-
ual.23 Chief among these differences 
may be sex: women and men appear 
to differ substantially in the conditions 
that predispose to impaired cognition 
and mental health disorders.24 Rubin 
and colleagues extended their work 
in this area by using novel methods 
(Dynamic matrix factorization; Cluster 
Identification using Frobenius residual; 
Ingenuity Pathway Analysis) to analyze 
data from a 42-plex biomarker array 
measured at several time points in par-
ticipants in the WIHS (Abstract 407). 
They found that biomarker profiles, in-
cluding biomarkers classified as being 
associated with the antiviral immune 
response, oxidative stress, and vascular 
dysfunction within 2 years of initiating 
ART distinguished women living with  

HIV was associated with 
persistent alterations  
in plasma and IgG 
glycomes, including 
decreases in anti- 
inflammatory highly 
sialylated glycans.
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HIV from women not living with HIV 
as well as predicted cognitive trajec- 
tory over 12 years. Among women liv- 
ing with HIV, biomarkers classified 
as “Myeloid, T Cell, and Endothelial 
Cell Communication” or “Microglial 
Chemokine-Mediated T Cell Recruit-
ment to Brain” seemed to be broadly 
deleterious (as estimated by their as- 
sociation with performance in cogni-
tive domains) and those classified as 
“Immune Activation and Vascular Dys-
function” or “Leukocyte Recruitment 
to Brain” appeared be more beneficial 
over time. This distinction between 
neuropathogenic and neuroprotective 
mechanisms highlights an important 
issue in the field. To date, neuroHIV 
research has focused more on dele- 
terious mechanisms associated with 
the neurologic complications of HIV 
than on mechanisms associated with 
resilience. 

In this regard, Giron and colleagues 
presented very novel glycomics data, an  
area that has not yet been addressed  
in the neuroHIV field (Abstract 124). 
HIV causes a persistent state of hypo- 
sialylation that interferes with binding 
of sialic acid to sialic acid binding pro-
tein and that does not appear to reverse 
with ART. Sialyic acid binding proteins 
are expressed on monocytes, macro-
phages, and other cells and the binding 
of sialic acid to them may contribute 
to the persistent inflammation that oc- 
curs in PLWH.25 In this initial cross-
sectional analysis (n=108), HIV was 
associated with persistent alterations 
in plasma and IgG glycomes, including 
decreases in anti-inflammatory highly 
sialylated glycans, compared with con-
trols. The investigators found that 7 
glycan structures (eg, A2G3S3, LacNac 
Glycans) differed between participants 
who had cognitive impairment and 
those who did not. In general, main-
tenance of higher levels of sialylation 
in blood plasma was protective: higher 
levels of sialylated oligosaccharides 
correlated with better cognitive perfor-
mance (or conversely, higher levels of 
hypo-sialylated oligosaccharides were 
associated with worse performance). 
Investigators also assessed the exo-
somal glycome and found that higher 
levels of several glycans, including α2-3 

sialylated glycans, correlated with bet-
ter neurocognitive performance. Data 
on the CSF glycome were also pre-
sented and were similar to the findings 
from blood. Although high-dimension, 
discovery-driven methods such as gly-
comics have limitations, the reported 
results are promising and strongly sup-
port the value of additional research. 

In addition to the glycomic exo-
some work, Pulliam and colleagues 
presented impactful data on neuron-
derived exosomes (NDEs) in blood (Ab- 
stract 411). A non-exosomal neuronal 
biomarker, NFL, has been measured 
in blood and may have clinical util-
ity,26 but its measurement in blood 
currently requires a specialized instru- 
ment (Quanterix Simoa) and its concen-
trations in blood can be very low during 
suppressive ART. In this analysis, the 
investigators identified sex-based dif-
ferences in NDEs. In women, cognitive 
impairment was not associated with 
NFL concentrations but was associated 
with concentrations of 7 NDE proteins 
(eg, microtubule associated protein tau 
and neuronal cell adhesion molecule), 
with a consistent pattern being that the 
proteins were higher in women who 
had asymptomatic neurocognitive im-
pairment (ANI) and lower in women 
with symptomatic mild neurocognitive 
disorder (MND). In men, the expected 
association between higher NFL con-
centrations and cognitive impairment 
was present, but impairment was also 
associated with 12 NDE proteins (eg, 
mesencephalic astrocyte-derived neu-
rotrophic factor and “a disintegrin and 
metalloproteinase” [ADAM] metallo-
protease 23) that differed from those 
of women and were higher in both ANI 
and MND than in unimpaired PLWH. 
Although exosome methods remain a 
specialized method, the prospect of 
identifying biomarkers of CNS neuro-
nal injury using blood is promising and 
requires additional research. 
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Tuberculosis: Women and 
Children 

The call to ramp up isoniazid preventive 
therapy (IPT) for HIV-infected pregnant 
women to reduce the risk of tubercu-
losis (TB)-related complications during 
and after pregnancy was called into 
question after a recent study suggested 
worse maternal and infant outcomes 
when IPT was given to pregnant women 
during versus after delivery.1 Salazar-
Austin reported on a cohort of 155 
pregnant women with HIV infection  
in South Africa observed between 2011  
and 2014 who did (46%) or did not  
take IPT. Adverse pregnancy outcome, 
maternal or fetal death, or TB was pre- 
sent in 16% and 28% (P=.08) of women 
exposed and not exposed to IPT, re-
spectively (Abstract 77). There was only  
1 case of TB, which occurred in a wo- 
man not receiving IPT. The authors sug- 
gested that these data are somewhat 
reassuring on the safety of IPT ad- 
ministered during pregnancy; how-
ever, features of this study (small and 
non-randomized; use of older antire- 
troviral therapy (ART) regimens in mo- 
thers and infants, inclusion of women 
beyond periconception only, differential 
follow-up), limit its ability to inform the 
ongoing policy discussion that weighs 
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the protective benefit of IPT versus po-
tential safety issues. 

Contraception efficacy during preg- 
nancy for women with HIV is compli- 
cated by drug interactions with con- 
comitant use of rifampin and efavirenz 
often used during TB treatment. In a 
pharmacokinetic study of HIV-infected 
women receiving efavirenz, rifampin, 
and depot medroxyprogesterone ac-
etate (DMPA), 5 of 42 (11.9%) women 
had subtherapeutic medroxyproges-
terone acetate (MPA) levels compared 
with 1 of 16 (6.3%) historical controls 
(HIV-infected, ART-naive) after 12 weeks 
(Abstract 78). Drug exposure to MPA 
was lower and clearance of MPA was 
faster in the women receiving rifampin 
and efavirenz than in historical controls. 
Although MPA levels were lower in the 
presence of efavirenz and rifampin, 
progesterone levels associated with 
ovulation were not present. The authors 
concluded that it may be prudent to de-
crease the interval of DMPA dosing in 
the presence of efavirenz and rifampin. 
They are now modelling data from vari-
ous studies to identify optimal dosing 
frequencies for evaluation in future clin- 
ical studies. 

Prevention and treatment for child 
contacts (HIV-infected or not infected) of 
adults with TB can reduce TB burden,  

however, the implementation of this  
public health strategy is abysmal.  
Hirsch-Moverman evaluated a multi-
component, community-based inter 
vention in a cluster, randomized study 
of 10 clinics in Lesotho (Abstract 79). 
The intervention included enhanced 
teaching, mentorship for clinic staff, 
and TB education and reminders for 
community members by village health 
workers. There was no significant dif-
ference in the primary endpoint of the 
number of child contacts identified 
per adult TB case in the intervention 
(220/505, 44%) compared with the con- 
trol (170/512, 33%) groups (P=.16). The  
number of identified children screened 
for TB was 92% and 61% in the inter-
vention and control arms, respectively 
(P=.07). This study provides some 
insights on improving TB screening 
among children, but the main message 
is that current approaches are failing to 
reach and protect well over half of these 
children, which calls for more research 
in this area. 

TB and ART Drug Interactions 

An important question in the TB preven- 
tion field is whether the proven short- 
course (12 week), isoniazid (INH), and ri- 
fapentine weekly regimen can be given  
in patients receiving a dolutegravir (DTG)- 
containing ART regimen. There are 2 
major concerns with this combination. 
The first is that rifapentine’s enzyme in-
duction properties will lower DTG levels 
to subtherapeutic levels, jeopardizing 
viral suppression. The second concern 
is safety. A pharmacokinetic study in 
HIV-uninfected persons evaluating this 
combination was halted due to unex-
pected and serious systemic toxicity.2 
Investigators revisited this question in 
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a phase I/II study with the rationale that 
hypersensitivity reactions with TB drugs 
such as rifamycins may be less in an 
HIV-infected versus uninfected person  
(Abstract 80). In interim results of the  
first 60 subjects, DTG bioavailability  
was 29% lower in the presence of INH  
and rifapentine. Trough levels in the pre- 
sence of INH and rifapentine were lower, 
but exceeded, the DTG 90% inhibitory 
concentrations (IC90)  in all cases but one,  
and all participants maintained viral 
suppression during the period of ob-
servation. The serious toxicities seen 
in the HIV-uninfected study exposed 
to this combination were not observed 
among these HIV-infected study sub- 
jects. To date, only 1 patient had a pos- 
sible hypersensitivity grade II reaction 
and was able to resume dosing. These 
data are reassuring, but represent only 
a small group of individuals that differ 

from the original study by both ethnic- 
ity and HIV status. Continued vigilance 
will be required with the planned ex-
pansion of this regimen globally. 

For TB treatment, lopinavir/ritonavir  
(LPV/r) is the recommended protease 
inhibitor (PI) with rifampin-containing  
regimens, but the data are sparse for 
darunavir/ritonavir (DRV/r), a recom- 
mended PI regimen from the stand-
point of HIV treatment. Maartens and 
colleagues reported findings from a 
pharmacokinetic study that provided a 
clear, but disappointing answer for the 
use of DRV/r with rifampin (Abstract 81). 
Both of the 2 dose-adjusted regimens of 
DRV/r (1600 mg/200 mg daily and 800 
mg/100 mg given every 12 hours) to 

HIV-infected persons without TB were 
associated with unacceptable toxic ef- 
fects. Six of the first 17 participants de- 
veloped grade 3 or greater hepatotoxic-
ity, a finding that prompted cessation of 
the study. In addition, subtherapeutic 
DRV levels were uniformly present with 
daily dosing and among some patients 
on the twice daily regimen. Thus at pre- 
sent, for patients requiring a PI and ri-
fampin, LPV/r is the safest choice, and 
DRV/r should not be used.

Multi-Drug–Resistant Tuberculosis 

Combinations of promising investiga-
tional agents such as bedaquiline and 
delamanid for treatment of multi-drug–
resistant (MDR) TB require rigorous as- 
sessment of potential life-threatening 
toxic effects, such as serious QT inter-
val prolongation, which occured with 
both drugs, prior to large-scale use. In 
a much anticipated phase II study that 
randomly assigned adults with MDR TB 
to bedaquiline, delamanid, or both, the 
mean millisecond increase (95% confi-
dence interval [CI]) in QT interval was 
11.9 (7.4, 16.5); 8.6 (4.0, 13.2) and 20.7 
(16.1, 25.4) in the 3 arms, respectively 
(Abstract 84). The increases in QT in-
terval were all less than grade 3, and no 
cardiac events were observed. Thus, QT 
prolongation with the combination of 
bedaquiline and delamanid in this trial 
setting was moderate and not more 
than additive with this 2-drug combi-
nation. It is important to note that if use 
of this combination goes forward, that 
the safety established in this trial was 
in the setting where persons with base-
line electrocardiogram abnormalities, 
receiving moxifloxacin or clofazimine 
(drugs causing QT prolongation and 
used in MDR TB treatment) were ex-
cluded. In addition, careful monitoring 
and replacement of electrolytes (eg, 
magnesium, potassium) was conducted. 

High-dose isoniazid (INH) is included 
in short-course MDR TB treatment reg- 
imens, but the optimal dosing and con- 
tribution to microbiologic efficacy is  
not known. Dooley and colleagues con-
ducted a study to inform this question 
in a phase II randomized evaluation 
of INH doses of 5, 10, or 15 mg/kg for 
the first 7 days of treatment (n=43) 

in HIV-infected persons with MDR TB 
and inhibin alpha (inhA)-mediated 
(low-level) INH resistance (Abstract 82). 
Microbiologic efficacy was compared 
with a parallel evaluation of standard-
dose INH in persons with non-MDR 
TB (n=16). The reduction in TB burden 
measured in solid or liquid culture sys-

tems was comparable between the 2 
high-dose INH regimens and that seen 
with standard dose INH for drug-sen-
sitive TB. In this short–term, selected 
population with inhA mutation and un-
known acetylator status, high-dose INH 
appeared efficacious. More information 
and data are needed to understand the 
role of this regimen in contemporary 
and evolving INH mono-resistant and 
MDR TB regimens. 

Fungal Infections

The risk of cryptococcal disease among 
persons with HIV infection presenting  
with low CD4+ cell counts is well es- 
tablished, and the basis for current re- 
commendations to screen and treat 
those with asymptomatic and symp- 
tomatic disease. There is another pop- 
ulation, which has received little atten- 
tion (those on ART with virologic fail-
ure), that may be also be at high risk 
of cryptococcal disease. Mpoza and col-
leagues tested 1186 persons who had 
samples of viral loads sent to assess 
and confirm virologic failure in 2017 
and 2018 (Abstract 708). Cryptococce-
mia was present in 35 of 1186 (3.0%). 
The median prior ART duration was 42 
months. Nearly all (32/35) cases were 
among those with HIV RNA levels above 
5000 copies/mL, and median HIV RNA 

DRV/r dose and  
frequency adjustments 
among persons receiving 
rifampin to compensate 
for drug interactions  
are associated with  
serious hepatotoxicity 
and reduced DRV lev-
els, these combinations 
should not be used in 
clinical practice

Bedaquiline and  
delamanid each  
increase QT interval,  
but even in combination 
the magnitude remains 
moderate suggesting  
future MDR TB  
regimens may include 
this combination with 
close monitoring
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Adjusted rates of  
presumed SCD and of 
autopsy-defined sud-
den arrhythmic deaths 
were 82% and 83% 
higher, respectively, in 
HIV infection than in the 
uninfected population. 
Importantly, occult drug 
overdose accounted for 
34% of SCD in people  
living with HIV and 
for 14% in the general 
population

levels were higher among those with 
(53,700 copies/mL) than without (11,650 
copies/mL) cryptococcal antigenemia. 
Among the subset of 21 persons with 
cryptococcemia in whom follow-up data 
were available, meningitis-free survival 
was 62% at 6 months. This analysis is 
interesting and important in light of the 
evolving treatment landscape in sub-
Saharan Africa where HIV RNA testing 
is ramping up, and CD4+ cell count 
testing is being scaled back, including 
among individuals with virologic failure. 
With the rollout of ART, there will be 
a growing population of persons with 
virologic failure that this study suggests 
could benefit from cryptococcal antigen 
screening and treatment to reduce mor-
bidity and mortality. 

In Southeast Asia, Talormyces marnef- 
fei (Tm) infection has a high mortality, 
and is the major common serious fun-
gal opportunistic infection. A new Tm 
antigen (TmAg) test Mp1p has higher 
sensitivity than blood culture for the di-
agnosis of clinical disease, but the assay  
has not been evaluated as a screening 
tool for asymptomatic disease in persons 
with advanced HIV disease. Thu and 
colleagues in Vietnam evaluated 1082 
patients with CD4+ count below 100 
cell/µL followed up between 2015 and 
2017 (Abstract 710). TmAg was detected 
in 45 (4.2%). Risk for TmAg was 3.5-fold 
higher in those with CD4+ count below 
50 cell/µL, and 3.4-fold higher in those 
living in highland regions. The probabil- 
ity of death was 12.7% in the cohort, and 
was higher (30.0%) in the TmAg–posi-
tive patients than the TmAg-negative 
patients (11.9%); log rank, P=.002. This 
study would suggest that preemptive 
therapy for Tm should be evaluated in 
this high-risk, low CD4+ cell count pop-
ulation in Southeast Asia. 

Sexually Transmitted Infections

Ranchandani evaluated the relationship 
between syphilis and hearing loss in a 
convenience sample of 362 individuals  
with syphilis who had cerebrospinal 
fluid (CSF) evaluated, regardless of  
syphilis disease stage (Abstract 1013). 
The odds of high-frequency hearing 
loss were greater in the presence of 
CSF pleocytosis, Treponema pallidum 

detection by polymerase chain reaction 
(PCR) in the blood, and older age. The 
odds of low or medium frequency hear-
ing loss were greater in those with T. 
pallidum in CSF, history of injection drug 
use, and older age. Syphilis stage, ART 

use, HIV RNA level, and CD4+ cell count 
were not associated with any form of 
hearing loss. The authors noted the high 
incidence of hearing loss in this popula-
tion, and postulate pathophysiology for 
high frequency and low frequency hear-
ing loss may differ based on different 
levels of CSF inflammation. In a sec-
ond report on syphilis, Robertson and 
colleagues performed formal cognitive 
function evaluations on 186 individuals 
with syphilis (Abstract 1014). The study 
population was young (median age, 35 
years) and largely male (98%); 82% had  
primary syphilis, and 19% and 21% re- 
ported using stimulants or cannabis, re- 
spectively. Cognitive impairment was 
mild (39%), moderate (10%), or severe 
(10%) in the study population. Rapid 
plasma reagin titer of 1:32 or above in  
these 3 groups was 72%, 79%, and 
100%, respectively (P=.02). Moderate or 
severe cognitive impairment was more 
frequent among those with asymptom-
atic early latent or late latent (34%) than 
those with primary or secondary dis-
ease (21%; P=.05). HIV status was not 
associated with cognitive impairment. 
The authors’ interpretation of these 
results was that bacterial burden may 

contribute to cognitive impairment with 
syphilis and is most commonly detected 
in latent disease. 

The standard treatment for lympho- 
granuloma venereum (LGV) is doxycy- 
cline 100 mg twice daily for 21 days. 
The authors evaluated the efficacy of  
the standard doxycycline regimen ver-
sus 1 gram azithromycinonce weekly 
for 3 weeks (Abstract 1011). All subjects 
received a single dose of ceftriaxone. 
There were 136 men (95% were HIV 
infected) with confirmed LGV proctitis  
in the study. Clinical (12 week) and mi- 
crobiologic cure (4 week) were high in 
both arms: 99% and 97% for the azithro-
mycin group and 95% and 100% for 
the doxycycline group. Diagnosis and 
treatment of LGV remains challenging  
due to lack of rapid diagnostic tests, and  
treatment of persons with sexually trans-
mitted infections are complicated by pre 
sence of numerous pathogens. Larger 
randomized studies will be needed to 
determine benefits and risks of azithro-
mycin compared with doxycycline in 
populations with sexually transmitted 
infections and suspected LGV. 

Noncommunicable Diseases

Cardiovascular Disease

Two studies focused on sudden cardiac 
death (SCD) this year, a topic that has re- 
ceived little attention in the past. Frie- 
berg and colleagues from the Veterans  
Aging Cohort Study meticulously re- 
viewed medical records and death cer- 
tificates to assess the occurrence of SCD  
in people living with HIV (PLWH) com- 
pared with a well matched control pop- 
ulation. They found that PLWH had a 
14% higher risk of SCD and that uncon-
trolled HIV infection appeared to in 
crease this risk (Abstract 32). Tseng and 
colleagues in San Francisco conducted  
an impressive population-based pro- 
spective study evaluating all incident 
out-of-hospital death cardiac arrests in  
San Francisco with full autopsies, his-
tology, toxicology, and record reviews 
between 2011 and 2016. These com- 
plete evaluations allowed them to iden- 
tify which deaths were actual sudden  
arrhythmic deaths (Abstract 33). The 
adjusted rates of both presumed SCDs 
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and autopsy-defined sudden arrhythmic 
death syndrome (SAD) were 82% and 
83% higher, respectively, in the HIV-in-
fected and the uninfected populations. 
Importantly, occult drug overdose ac-
counted for 34% of SCD in PLWH and 
14% in the general population. Histologic 
studies identified higher rates of car- 
diac fibrosis in PLWH, which may under-
lie the excess risk for SAD. Collectively 
these studies highlight the need for bet-
ter screening modalities for substance 
use and for cardiac fibrosis in PLWH. 

Myocardial Infarction

Studies presented this year continued 
to focus on identifying and quantifying 
risk factors for myocardial infarction 
(MI) in PLWH. Using a large commercial  
database, O'Halloran and colleagues 
compared the rates of major cardiovas-
cular endpoints (MI, ischemic stroke, 
coronary artery bypass grafting, or 
percutaneous coronary interventions) 
among adults who initiated ART with 
integrase strand transfer inhibitors (In-
STIs), PIs, or nonnucleoside reverse  
transcriptase inhibitors (NNRTIs) (Ab- 
stract 680). The population was rela-
tively young (mean age, 40 years) and 
was predominantly men with a median 
follow-up of 561 days. Treatment with 
an InSTI-based regimen was associated 
with a 43% reduction in major adverse 
cardiovascular events; most notable MI 
(acute MI occurred in 11 [0.21%] in the 
InSTI group and in 55 [0.36%] among 
those who received non-InSTI treat-
ment.) Although the event rate is small 
and follow-up is short, these data sup-
plement data on virologic outcomes that  
underlie the choice of InSTIs as pre-
ferred agents for initial therapy.

Previous studies have suggested that 
HIV increases the risk of atherosclerosis 
in women to a greater extent than in 
men. Hanna and colleagues previously 
reported higher rates of HIV-related car-
diovascular mortality in women than 
in men across New York City, but con-
cerns lingered about confounding. In a 
new analysis they focused on women 
from the Bronx where socioeconomic 
status was less variable, and found that 
the sex difference was attenuated (Ab-
stract 663). Whether the higher rates 
of cardiovascular mortality in women 

were due to access to preventive care 
or other biologic mechanisms remains 
to be defined. 

Several studies examined the rela-
tionship between specific biomarkers 
and measures of atherosclerosis. Higher 
levels of interleukin-10, an anti-inflam- 
matory cytokine, were associated with  
less coronary plaque (specifically non- 
calcified plaque) as measured by com-
puterized tomography (CT) angiography 
in PLWH, after control for other risk fac-
tors and biomarkers including MCP-1 
and CD163 (Abstract 631). The mecha-
nism that underlies this association 
remains poorly defined. 

Chronic Obstructive Pulmonary 
Disease

Chronic obstructive pulmonary disease 
(COPD) is thought to be increased in  
PLWH and may be underdiagnosed. 
Crothers and colleagues used data  
from more than 25,000 PLWH followed 
upon the Center for AIDS Research 
(CFAR) Network of Integrated Clinical 
Systems (CNICS) cohort to link the pres-
ence of COPD (which was diagnosed in  
423 participants based on treatment 
information) with an increased risk of 
MI, most notably Type 2 MI (thought 
to be caused by supply-demand mis-
match). The association persisted after 
control for traditional risk factors for MI. 
These findings highlight the importance 
of early recognition and treatment for 
COPD in PLWH (Abstract 31).

Obesity

At this year’s conference there was a 
substantial focus on obesity. HIV in- 
fection occurs in populations with high 
background rates of obesity globally  
(Abstract 677). Therefore a key question 
is whether ART drugs increase the risk 
of excessive weight gain. Although it is 
clear that InSTIs have a favorable profile 
with respect to lipids, there is a linger-
ing concern about weight gain with this 
class of drugs. It has been challenging to 
sort out the contributions of the “return 
to health” phenomenon to increases in  
weight in those initiating ART from a 
direct effect of specific ART agents. Lim- 
ited data are available from the random- 
ized registrational trials of InSTIs be-
yond what has been reported from AIDS  

Clinical Trials Group (ACTG) 5257 (com-
paring raltegravir with atazanavir/r and 
darunavir/r).3 In this study, women, 
blacks, and people with lower CD4+ 
cell count and higher HIV RNA level ap- 
peared at greater risk. Several observa- 
tional trials examined these issues (Ab- 
stracts 669, 670, 671, 672, 673, 674, 675).

McComsey and colleagues, in a study 
sponsored by Gilead Sciences, exam-
ined electronic medical records of 3468 
adults to identify factors associated with 
changes in weight among virally sup-
pressed PLWH who received different 
initial ART regimens (Abstract 671). A 
number of factors were associated with 
weight gain of more than 3% in this 
analysis, specifically being underweight 
or normal body mass index at baseline, 
female sex, and a history of psychiatric 
disorders. Although use of InSTIs was 
more prevalent in the group that gained 
more than 3% weight, this difference 
did not persist after controlling for the 
other risk factors, highlighting the com-
plex interaction between many factors 
and changes in weight over time.

In one of the largest studies reported 
to date on the topic of weight changes 
and ART, NA-ACCORD (North American 
AIDS Cohort Collaboration on Research 
and Design) investigators also exam-
ined the issue of weight gain and ART 
among 21,886 adults (87% men) with 
a median age of 42 years and follow- 
up out to 5 years for each drug class, 
and with individual InSTI drug expo-
sures at 1 and 2 years (Abstract 670). 
The analyses controlled for several im-
portant measures including baseline 
CD4+ count, HIV RNA level, sex, race, 
and baseline weight, but no informa-
tion on diet or activity were reported. 
Weight gain was greatest in the  InSTI 
group (n=4,112) with gains 5.8 kg at 5 
years, respectively, compared with 4.1 
kg for NNRTI and 5.0 kg for NNRTI and 
PI users. The difference was statistically 
significant when comparing InSTI users 
with NNRTI users but not with PI users. 
After 2 years of follow-up, raltegravir 
and DTG users gained more weight than 
those on NNRTIs, whereas elvitegravir 
use was associated with less weight gain 
than with PIs.

Examining the impact of a switch 
to an InSTI regimen in virologically 
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suppressed PLWH removes the com-
plexity of examining weight gain among 
those initiating ART. Lake and colleagues 
examined changes in weight and waist 
circumference in virologically sup- 
pressed adults in an ACTG cohort who 
switched to an InSTI-containing regi-
men by comparing the trajectories 
(change of weight per year) 2 years be-
fore and after the switch. They found 
that the rate of change in weight was 
greater for women, blacks, and those 
older than 60 years. Baseline rates of 
weight change were on average less 
than 1 kg per year; however, after the 
switch to an InSTI (raltegravir, DTG, or el-
vitegravir) these high-risk groups gained  
on average 1.5 kg per year. The relatively 
small sample size limited comparison 
by specific ART agents in this study  
(Abstract 669). Another important fac-
tor that may influence the quantity of 
visceral adipose tissue (VAT) is prior 
exposure to thymidine analogues and 
didanosine (Abstract 676). In carefully 
selected participants in a Danish cohort, 
investigators reported greater VAT area 
in PLWH with and without prior thymi-
dine analogue or didanosine exposure 
that persisted for years after these drugs 
were discontinued. 

Are weight changes with InSTIs asso-
ciated with other health consequences? 
Kerchberger and colleagues led a WIHS 
(Women’s Interagency HIV Study) analy-
sis comparing women who added or 
switched to an InSTI with those who 
remained on non-InSTI ART (Abstract 
672). The group that switched or added  
an InSTI experienced a 2.14-kg greater 
increase in weight, a 0.78 kg/m² greater 
increase in body mass index, and a 
1.35% greater increase in percent body 
fat. Additionally, those who switched or 
added an InSTI had a few mm HG higher 
measures of systolic blood pressure and  
a higher rate of new onset diabetes (4.5%  
vs 2.2% those not on an InSTI). Although 
there may be unmeasured confounders 
between those who changed treatment 
and those who did not, these results 
signal possible negative health conse- 
quences associated with this modest 
weight gain that require further study. 
Consistent with earlier studies that ident-
ified lower CD4+ cell count and higher 
HIV RNA level with greater weight gain, 

it was not surprising to see that higher 
levels of immune activation prior to 
starting ART were associated in more 
weight gain (Abstract 673). Impor-
tantly, women who gained weight on 
ART had smaller declines in measures 

of immune activation on ART. The im-
pact of this residual immune activation 
on longer-term outcomes may portend 
future complications.

To round out the story of weight 
changes and InSTI use, Landovitz and 
colleagues reported results of retrospec-
tive analysis of weight changes during  
a randomized HIV prevention study 
(conducted in HIV-uninfected men and 
women) comparing the investigational 
InSTI cabotegravir (given initially in 
oral form followed by long-acting injec- 
tion every 2 to 3 months) (Abstract 34).
This analysis found no significant in- 
crease in weight after exposure to cabo- 
tegravir in any sub-group. These results 
suggest that there may be an interaction 
between the effective treatment of HIV 
infection and the weight gain observed. 

As future studies are considered on 
the topic of weight gain and changes in 
fat depots, the question arises how best 
to measure changes in visceral fat. New 
software now allows for the estimation 
of visceral fat on dual-energy X-ray ab-
sorptiometry (DXA) scans; however, an 
analysis comparing DXA VAT with CT- 
measured VAT suggests that although 
they are correlated, longitudinal DXA 
measures may come up short when 
estimating changes in VAT over time in 
PLWH (Abstract 682). Additionally, mea-
sures of fat density by CT may reveal 
important changes in the quality of fat 
tissue, whether this varies by ART drug 
exposure should be evaluated in larger 
trials (Abstract 681).

Collectively, the large number of stud- 
ies examining weight changes on InS-
TIs highlight the urgent need for more 

evaluation of weight changes with spe- 
cific InSTI in diverse populations of 
PLWH and underscore the importance  
of data from randomized trials to com- 
plement the information from observa-
tional data. Additional information on 
other factors that impact weight such as 
diet and exercise will be needed to sort 
out the direct and indirect effects of spe-
cific ART agents on weight. 

Renal and Bone Disease

Tenofovir disoproxil fumarate (TDF) 
has been associated with a decline of 
the estimated glomerular filtration rate 
(eGFR), but less is known about the 
recovery after switch to other agents 
(Abstract 694). Investigators from the 
Netherlands conducted 2 studies to 
examine the recovery of eGFR after a 
switch to either tenofovir alafenamide 
(TAF) or abacavir. The studies excluded 
participants with other comorbidities 
that would contribute to renal dysfunc-
tion (ie, diabetes or hypertension). A  
more than 50% eGFR recovery from the 
participants’ baseline was observed in 
fewer than 30% of participants (28/100 
[28%] who switched to TAF and 23/85 
[27%] switched to abacavir, respec- 
tively; P>.1). In another post TDF obser-
vational study of PLWH who switched 
to TAF, eGFR returned to normal levels 
in less than half of the participants at 1 
year; those receiving an unboosted PI 
had a higher probability of improving 
(Abstract 693).

A cross-sectional study of older adults  
in 4 different ART exposure groups 
including different combinations of TDF 
and PIs (no TDF/no PI, TDF/PI, no TDF/
PI, TDF/no PI) explored the relation-
ship between renal tubular dysfunction 
and low bone mineral density (BMD) 
(Abstract 689). Lumbar spine BMD was 
lower in female participants, those with 
a lower body mass index, and a higher 
retinal-binding protein: creatinine ra- 
tio, but the association between lower 
BMD and renal tubular dysfunction was  
attenuated after adjustment for TDF 
exposure.

DTG, cobicistat, and rilpivirine each 
inhibit proximal tubular creatinine se- 
cretion with very modest declines in  
eGFR in clinical trials. Elias and col- 

There is an urgent need 
for more evaluation of 
weight changes with 
specific InSTIs in diverse  
populations with HIV 
infection
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leagues examined changes in eGFR  
in a large observational study conducted 
in 21 Spanish sites. Participants who 
were taking 2 or more inhibitors of cre-
atinine secretion had a greater decline 
in eGFR than those taking 1, suggesting 
an additive effect of these agents on 
measures of eGFR (Abstract 692).

HIV Outpatient Study (HOPS) in-
vestigators reported that 7% of adults 
experienced incident bone fracture be-
tween 2000 and 2017. Incident bone 
fracture was associated with a 50% 
increase in mortality. Not surprisingly, 
other factors associated with mortality 
included CD4+ count below 200 cells/
µL, non-AIDS cancer, hepatitis C virus 
(HCV) infection, and chronic liver, renal, 
and cardiovascular disease. Among 
those with incident fracture, chronic re-
nal disease and HCV infection remained 
independently associated with all-cause 
mortality. Although it is not possible 
to assess the causative role of fracture 
in mortality, these results confirm that 
fracture may be a poor prognostic sign 
(Abstract 30).

Malignancies Among People 
Living with HIV

Breast Cancer 

Sadigh and colleagues presented a pro- 
spective cohort study of women diag-
nosed with breast cancer in Botswana 
(Abstract 16). The study enrolled 430 
women, including 31% women living 
with HIV (WLWH). WLWH were younger 
than the women without HIV, but recep-
tor status, cancer stage at diagnosis, and 
treatment plans were similar between 
groups. They found that the 2-year sur-
vival was lower for WLWH than those 

without HIV (57% and 73%, respective- 
ly). The vast majority of deaths were 
due to cancer and none were due to 
consequences of HIV infection. The rea-
sons for this marked increase in breast 
cancer mortality are unclear.

Cervical Cancer Prevention 

Firnhaber and colleagues presented a  
double-blind, placebo-controlled, ran- 
domized trial of the quadrivalent hu- 
man papillomavirus (HPV) vaccine in 
WLWH being treated with loop electro-
surgical excision procedure (LEEP) for 
cervical high grade squamous intraepi-
thelial lesions (HSILs) (Abstract 14). One  
hundred eighty were randomly assigned 
to receive vaccine or saline placebo at 
entry, week 4, and week 24. LEEP was 
performed on all women at week 4. Cer- 
vical colposcopy with biopsies and cer- 
vical cytology were performed for end- 
point assessment at week 26 and 52.  
The investigators found no difference  
in the primary endpoint, cervical HSILs 
on cytology or cervical biopsy at week 
26 or 52, between the vaccine and pla- 
cebo arms (53% vs 45%, respectively; 
relative risk, 1.16; 95% CI, .87-1.6). This 
study does not support HPV vaccination 
to improve HSIL treatment outcomes  
in WLWH.

McGrath and colleagues evaluated 
HPV outcomes in a study that randomly 
assigned WLWH from Kenya who were 
diagnosed with cervical HSILs to either 
cervical cryotherapy or LEEP (Abstract 
278). They found that women were 
more likely to clear cervical HPV infec-
tions after treatment with LEEP than 
after cryotherapy (36% vs 24%, respec- 
tively). The rates of reinfection with HPV 
were similar between arms. These re-
sults suggest that availability of LEEP 
should be expanded in cervical cancer 
screening programs in low- and middle-
income countries. 

Kuhn and colleagues presented data  
on the use of the Gene Xpert test for  
high-risk HPV for cervical cancer screen- 
ing, a point-of-care diagnostic test (Ab- 
stract 279). They enrolled 586 women 
without HIV and 535 WLWH from South 
Africa. The WLWH had a higher preva-
lence of high-risk HPV than those without 
HIV (49% vs. 16%, respectively) and a 
higher prevalence of cervical HSILs on 
histology (17% vs 5.3%, respectively). 
For WLWH, they found a sensitivity for 
Xpert of 93% and a specificity of 60%. 
Limiting the test to 3 channels that test 
for 8 of 14 high-risk HPV types improved 
the specificity to 68% with preserving 

sensitivity at 91%. Furthermore, they in-
vestigated higher HPV DNA thresholds 
for test positivity that reduced sensitivity 
to 85% and increased specificity to 77%. 

Higher specificity is essential if using 
primary HPV testing for cervical cancer 
screening.

Lung Cancer

Sellers and colleagues reviewed par-
ticipants who developed lung cancer 
in the MACS (Multicenter AIDS Cohort 
Study) and WIHS, and whether these 
cancers may have been detected using 
the United States Preventive Services 
Task Force recommended lung cancer  
screening of adults ages 55 to 80 years 
with a more than 30-pack per year his-
tory of tobacco use with low-dose CT 
scans (Abstract 15). They found that  
the criteria performed poorly in PLWH: 
only 16% of cancers in women and 24% 
of cancers in men would have been po-
tentially diagnosed by these screening 
criteria. They found that the optimal 
criteria for WLWH were ages 49 to 75 
years and a greater than 16-pack per 
year history. For men living with HIV, 
the optimal criteria were ages 43 to 75 
years and a greater than 18-pack per 
year history. 

Kaposi Sarcoma

Histopathology services are limited in 
sub-Saharan Africa, but this is required 
for diagnosis of Kaposi sarcoma (KS). 
Semeere and colleagues presented da- 
ta on the use of quantitative PCR of Ka-
posi sarcoma herpesvirus (KSHV) of 
skin biopsies as an alternative to histo- 
pathology for the diagnosis of KS in 
506 participants undergoing skin bi-
opsies (Abstract 20). Using a US-based 
pathology consensus panel as the gold 

Administering the  
quadrivalent HPV vaccine 
prior to LEEP treatment 
of cervical HSILs did not 
improve HSIL outcomes 

United States Preventive  
Services Task Force 
clinical criteria for lung 
cancer screening (age 55- 
80 and greater than 30-
pack per year smoking 
history) perform poorly 
in PLWH
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standard, they found that local interpre- 
tation had a sensitivity of 95% and a 
specificity of 70%. Using an optimized 
cutoff for KSHV detection in skin biopsy 
samples, they found that this test had 
98% sensitivity and a specificity of 90%. 
The authors noted the potential for this 
test to be simplified and implemented 
in low- and middle-income countries re-
source constrained settings to improve 
KS diagnosis.

Conclusion

The work presented at this year’s CROI 
reminds us that we still have work to 
do to reduce the morbidity associated 
with long-term HIV treatment, including 
ending the high impact of TB infection 
on HIV outcomes. 

All cited abstracts appear in the 
CROI 2019 Abstracts eBook,  
available online at  
www.CROIconference.org
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Hepatitis C Virus Care Cascade 

With the increasing availability of direct-
acting antivirals (DAAs) and focus on  
HCV elimination, there is continuing at-
tention to improving engagement along 
the hepatitis C virus (HCV) care cas- 
cade, particularly for the most vulner-
able and difficult to access individuals 
living with HCV infection. Jail remains 
an important venue for HCV infection 
diagnosis with 16% of inmates at the 
Dallas County jail identified as HCV anti-
body positive on opt-out testing, 75% of 
whom were HCV viremic. Despite high 
rates (85%) of uptake of HCV education 
during incarceration, linkage to HCV 
treatment after discharge was very low 
(<4%) (Abstract 581). People who inject 
drugs (PWID) are another group highly 
impacted by HCV. However, PWID were 
less likely to engage in each step of the 
care cascade than non-PWID counter- 
parts, as demonstrated in the British  
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At the 2019 Conference on Retroviruses and Opportunistic Infections (CROI), 
there was a major focus on hepatitis C virus (HCV) elimination and improv-
ing each component of the hepatitis C care cascade. Many interventions 
showed promising improvements in diagnosis and linkage to care. Settings 
with robust access to direct-acting antivirals (DAAs) continue to demonstrate 
the role of HCV treatment as prevention. However, substantial barriers to 
accessing curative therapy remain. Reinfection after treatment presents an 
important barrier to elimination, particularly in some populations of men 
who have sex with men (MSM). MSM without HIV infection are at an elevated 
risk for sexual acquisition of HCV, and several studies reported HCV rates that 
were as high as those seen in MSM living with HIV. There was also a focus on  
HCV and HBV in pregnant women. Rates of HCV infection in women of child-
bearing potential have increased, making prenatal diagnosis a priority. In the 
first study of HCV treatment during pregnancy, sofosbuvir/ledipasvir started 
at 28 weeks of gestation led to cure in 8 pregnant women. Hepatitis B virus 
(HBV)-active antiretrovirals are generally effective in suppressing HBV but have  
low rates of surface antigen loss despite long term treatment. Initial results 
from novel laboratory assessments of intrahepatic HBV viral infection events 
were presented, hopefully paving the way for more effective HBV treatment 
strategies to control and potentially cure HBV.

Keywords: CROI, 2019, hepatitis, pregnancy, HBV, HCV, acute, reinfection

Invited Review

CROI 2019: Highlights of Viral Hepatitis 
Anne F. Luetkemeyer, MD; David L. Wyles, MD

Columbia Hepatitis Testers Cohort (Ab 
stract 582). Importantly, rates of sus-
tained viral response at 12 weeks (SVR 
12) were similarly high in recent PWID 
(91%) and never PWID (92%), renforcing  
that PWID can be successfully treated 
when able to access therapy. One effec- 
tive strategy to improve diagnosis and 
engagement of PWID involved incentiv-
izing PWID with HCV infection to recruit 
other PWID for HCV testing and link-
age to care. A third of PWID were able 
to recruit at least 1 colleague, and this 
proved to be a highly impacted group, 
87% of whom were HCV antibody posi-
tive (Abstract 575). Unfortunately, there 
was substantial drop off in those linked 
to HCV care and ultimately being cured. 
Trauma patients may also merit HCV 
screening, as 6.8% of trauma surgery pa-
tients at a US urban hospital were HCV 
RNA positive, with 19% of whom being 
undiagnosed at the time of surgery-
based screening (Abstract 579).

Several studies evaluated interven-
tion packages to improve engagement 
along the care cascade. The strategy 
of care facilitation, which included mo- 
tivational interviewing and patient-spe- 
cific needs assessment, had a mod-
est impact in improving engagement 
in the steps of the HCV care cascade, 
with more impact seen in men receiv-
ing active facilitation than in controls 
(Abstract 578). Random assignment to  
nurse case management improved link- 
age to care for HIV/HCV coinfected pa- 
tients (47% vs 25% without case man- 
agement), but was not sufficient to im- 
pact time to treatment initiation. Over- 
all cure rates remained low (≤5%) (Ab-
stract 580). Leveraging non-specialists 
remains an important means to im- 
prove HCV uptake. In King County, Wash- 
ington, a community-based approach 
using a combination of emergency med- 
ical responder interventions, active link-
age to care, and practitioner education 
tripled the number of individuals tested 
for HCV and increased HCV treatment 
tenfold over 4 years (Abstract 583). Train-
ing 49 primary care practitioners in HCV 
care led to treatment initiation in more 
than 700 individuals with HCV infec-
tion, demonstrating the important role 
non-specialists can play in improving 
HCV treatment access (Abstract 587). A 
meta-analysis demonstrated that task 
shifting to non-specialist achieved simi-
larly high cure rates of 92% compared 
with specialty care, in PWID and in the 
general population. HCV testing and 
treatment in non-referral settings (de-
centralization) led to higher uptake of 
HCV testing (88% vs 47%, respectively), 
and linkage to care (80% vs 53%, re-
spectively), than strategies that required 
referral-based care (Abstract 588).

Even in settings where DAA treat- 
ment is readily available through insur-
ance coverage, substantial barriers can 
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remain for patients to access HCV treat-
ment. An HIV/HCV coinfection cohort 
at an Atlanta public health hospital  
found 53% of HIV/HCV coinfected indi-
viduals had not been treated for HCV;  
the main barriers identified were alco-
hol and substance use (60% of those  
not treated) and poor HIV control (Ab-
stract 573). Similarly, poor HIV control 
and well as Medicare (vs Medicaid)  
were associated with lack of HCV treat- 
ment in a Johns Hopkins HIV/HCV co- 
hort (Abstract 574). 

Impact of Opioid Use on HCV 
and Fibrosis

In vitro, fentanyl was associated with 
increased HIV and HCV viral replication, 
which provides yet another potential 
route by which the opioid epidemic im- 
pacts PLWH or individuals with HCV 
infection, or both (Abstract 618). A Mi- 
ami cohort found an association of ad- 
vanced fibrosis (Fibrosis-4 score [FIB-4] 
>1.45) with fentanyl use (odds ratio 
[OR], 1.67; P=.0035) and HIV infection 
(OR, 2.25; P=.0025); however, it was not  
clear if these analyses accounted for con- 
comitant viral hepatitis (Abstract 617).

HCV Diagnostics 

HCV core antigen testing is generally a 
faster and less expensive alternative to 
HCV RNA testing to confirm HCV infec-
tion and identify acute HCV infection. 
When used by a London sexual health 
clinic, core antigen testing identified  
95% of acute HCV infections. Of the  
4 missed, 3 had alanine aminotrans-
ferase (ALT) levels above 300 IU/L and 
1 had an ALT level 33 IU/L, leading to  
HCV RNA testing. Notably, using HCV 
antibody and ALT elevation alone would  
have missed 47% (37/82) of the acute 
HCV diagnoses (Abstract 586). Of note,  
HCV core antigen testing in not ap-
proved for use in the United States. 
The Ora-Quick rapid HCV antibody test 
yielded a markedly low sensitivity of 
6% in HIV/HCV coinfected individuals 
compared with 100% in those with-
out HIV; specificity was 100% in all 
groups (Abstract 584). Other groups 
have reported lower sensitivity of the 
Ora-Quick rapid HCV antibody test, 

particularly when shorter incubation 
times were used,1 but data on perfor-
mance in HIV-infected populations are 
limited.2

A simple laboratory-based assay to  
infer recent HCV infection would be a  
welcome addition to HCV epidemio- 
logic studies. Avidity assays take ad- 
vantage of the fact that antibodies pro- 
duced early in the course of chronic 

infections, such as HIV or HCV, tend 
to bind less tightly to antigens than 
antibodies that appear later. Charac-
teristics of a modified HCV antibody 
enzyme-linked immunosorbent assay 
(ELISA) (Genedia 3.0 HCV ELISA) were 
evaluated in samples from 875 sero-
positive individuals, including 116 with 
a well-defined seroconversion, being 
followed up in prospective cohort stud-
ies of PWID (Abstract 601). Using an 
avidity index (optical density ratio of dis- 
sociated well/standard assay well) of 
less than 40% identified samples from 
participants with a mean duration of 
infection of 113 days (range, 84-146 
days) with a low false recent rate (FRR) 
of 0.4% (long-term infections classified 
as recent). Although the modified assay 
performed equally well for genotype 1 
and 3 infections, HIV infection, par-
ticularly in individuals with CD4+ cell 
counts below 200/µL, was associated 
with a significant increase in the FRR at 
a 40% avidity index.

Acute HCV and Epidemiology in 
High-Risk Populations

The European PROBE-C (Natural His-
tory and Treatment of Acute Hepatitis C 
Virus I (HCV) in HIV-positive Indivi- 
duals) cohort again demonstrated low 
spontaneous clearance rates (12%) in 
acute HCV infection in PLWH (Abstract 
576). Evaluation for spontaneous clear-
ance was limited by treatment initiation 
during the first year after acute HCV di-
agnosis, which occurred at a median of 
14 weeks in those taking interferon alfa 
(n=277) and a median of 44 week in 
those taking DAAs (n=47). Notably, a 
2-log10 decline in HCV RNA at 4 weeks 
after acute HCV diagnosis was signifi-
cantly associated with spontaneous 
clearance (P≤.001) and identified 96% 
of those who cleared the virus without 
treatment. This provides useful guid-
ance for practitioners whose patients 
who do not want to wait up to 12 to 
16 weeks to monitor for spontaneous 
clearance (per current American Asso-
ciation for the Study of Liver Diseases/
Infectious Diseases Society of America 
[AASLD/IDSA] guidance),3 during which 
time they may infect others or become 
lost to follow-up. 

The epidemiology of incident HCV 
infection in HIV-negative men who have 
sex with men (MSM) is not well-char- 
acterized. An analysis from England ex-
amined incident HCV infection in MSM 
by HIV status (Abstract 598). Among 40 
recent HCV infections in MSM identified 
from 5 clinical sites, 16 (40%) of infec-
tions were in HIV-uninfected MSM. This 
group was younger (34 years vs 44 years 
old for HIV infected), frequently on pre-
exposure prophylaxis (81%), and tended  
to have higher risk sexual behaviors (eg, 
more partners, group sex, and fisting). 
In contrast to HIV sexual transmission,  
there was little awareness of the poten- 
tial for HCV sexual transmission. Injec-
tion drug use was identified as a risk 
factor in 1 of 3 of both HIV-infected 
and HIV-uninfected groups. Phyloge-
netic analysis based on whole genome 
sequencing identified extensive mixing 
within clusters of sequences from HIV-
infected and HIV-uninfected MSM.

A Thai study suggested a dramatic 
increase in HCV incidence among HIV  

A 2-log10 decline in HCV 
RNA at 4 weeks after 
acute HCV diagnosis was 
associated with sponta-
neous clearance (P≤.001) 
and identified 96% of 
those who cleared the 
virus without treatment. 
This provides useful 
guidance for patients 
who do not want to wait 
up to 12 to  16 weeks to 
monitor for spontaneous 
clearance 
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These cohort data 
support prior results 
demonstrating similar 
DAA treatment response 
rates outside clinical 
trials and in key popula-
tions such as people who 
inject drugs and people  
living with HIV 

infected MSM after 2014 (0.37/100 per- 
son-years pre-2014 vs 2.21/100 person-
years in 2014-2018) and was strongly 
associated with new syphilis infections 
(Abstract 599). An analysis from the 
HPTN (HIV Prevention Trials Network) 
078 study identified a high prevalence 
HCV seropositivity regardless of HIV sta-
tus in MSM (20% HIV infected, 16% HIV 
uninfected) from Boston, Baltimore, Bir-
mingham, and Atlanta (Abstract 596). 
The HCV prevalence in HIV-uninfected 
MSM is substantially higher than prior 
estimates and may stem from the re-
cruitment approach in HPTN 078, which 
used respondent-driven sampling to tar- 
get HIV-infected MSM without viral sup- 
pression (possibly also engaging high- 
risk HIV-uninfected MSM).

Using a phylodynamic approach based  
on epidemiologic data and 213 non-
structural protein 5B gene sequences 
from PWID detected during chronic  
infection (classical group) and from 
MSM with or without HIV infection de- 
tected during acute infection (new  
group), disease transmission character- 
istics were estimated (basic reproduc-
tion ratio [Ro] and period of infectivity) 
(Abstract 594). According to the model, 
transmission occurs more frequently 
from MSM with a Ro of 2.35 (compared 
with 1.8 for PWID) although the period 
of infectivity is longer in the classical  
scenario (18 vs 3 months in the new 
group). The origin of the MSM epidemic 
was estimated to be in 2001.

A large phylogenetic analysis of HCV-
infected PWID (n=486) from 4 cities in 
India demonstrated extensive cluster-
ing, with 52% of samples belonging to 
a cluster and large cluster sizes (mean 
7.4; 6 clusters had >10 samples) (Ab- 
stract 593). Seven of 19 clusters (ge- 
netic distance <4.5% based on 5’UTR- 
core sequences) contained samples 
from multiple cities. The extensive clus- 
tering among PWID across these vari-
ous cities in India suggest extensive 
transmission networks in a mobile pop- 
ulation, presenting substantial chal- 
lenges for harm reduction and elimi- 
nation efforts.

There was an excellent symposium  
on acute HCV as well as the potential 
for an HCV preventative vaccine (Sym- 
posium S-5), which is available as web- 

casts at http://www.croiwebcasts.org/? 
link=nav&linkc=home.

HCV Treatment and Treatment as 
Prevention

Two abstracts focused on performance 
of elbasvir/grazoprevir (EBR/GZR) in 
diverse population outside of clinical 
trials. In a report looking at combined 

outcomes from the HEPAVIR-DAA (HIV/
HCV) and GEHEP (Group for the Study 
of Viral Hepatitis-MONO cohorts, re- 
sponses to 12 to 16 weeks (with or with 
out ribavirin) of EBR/GZR were ana- 
lyzed for 266 persons with SVR12 da- 
ta available (Abstract 561). Notable as- 
pects of the cohort included a high pre- 
valence of PWID (53%) and HIV coin 
fection (27%). Consistent with regis- 
trational studies, a high SVR12 of 96% 
was seen and only 2.3% experienced 
virologic failure. Similar SVR12 data 
were seen in PWID (94%; P=.43). As 
has been described, numerically lower 
SVR12 was seen in genotype 1a (92%), 
although there were relatively few cases  
(n=64) and resistance-associated sub-
stitution (RAS) testing was not uniormly 
performed. If available, RAS testing is 
recommended in genotype 1a infection 
when EBR/GZR treatment is planned, as 
an extension of EBR/GZR to 16 weeks 
with the addition of ribavirin if non-
structural protein 5A RAS are detected.4

A prospective cohort from Madrid,  
RUA-VHC (Registry of the Use of Anti-
viral Agents for the Hepatitis C Virus), 
focused on comparing response to EBR/ 
GZR in HIV/HCV-coinfected patients 
(n=134) with those with HCV monoin-
fection (n=1486) (Abstract 562). Nota- 
ble differences at baseline between the 

groups included a higher prevalence of 
genotype 1a (37% vs 15%, respectively) 
and 4 (43% vs 10%, respectively) infec- 
tion in coinfected participants; the pre- 
valence of high HCV RNA and cirrho-
sis were similar between the groups. 
HIV was well controlled with 95% sup-
pressed on antiretroviral therapy (ART) 
and a median CD4+ cell count of 685/
uL. In unadjusted analyses, SVR12 was  
lower in the coinfected group (90% vs  
94%, respectively; P=.035). The differ 
ence persisted in a modified intention-
to-treat analysis excluding those lost 
to follow-up (94% vs 97%, respectively; 
P=.029). Although HIV infection was as- 
sociated with non-SVR in a univariate  
analysis; after accounting for HCV gen- 
otype and cirrhosis status in a multi 
variate analysis the impact of HIV co- 
infection was lost (OR, 1.04, 0.54-2.02).  
These cohort data support prior results 
demonstrating similar DAA treatment 
response rates outside clinical trials  
and in key populations such PWID and 
PLWH.

Treatment as prevention of trans-
mission is well established for HIV, and 
recent data from Dutch and Swiss HIV 
cohorts indicate this to also be an ef-
fective approach to decreasing HCV 
transmission in high-risk populations 
such as HIV-infected MSM.5,6 An analy-
sis presented by Garvey and colleagues 
from 3 large HIV clinics in London lends 
further support to the notion that ag- 
gressive HCV treatment can reduce in- 
cident HCV infections (Abstract 85). The 
study period was from June 2013 to July 
2018 with data collection at 6 month 
intervals focusing on new HCV infec-
tions; a uniform testing approach was 
not used at across the sites. Incident 
HCV infections were split into first-time 
HCV infection and reinfections using 
standard definitions. During this time 
the National Health Service (NHSE) ex- 
panded access to DAAs with removal 
of fibrosis stage restriction in 2016. 
However, important limitations on ac-
cess remain within the NHSE, including 
lack of treatment for acute infection and 
no DAA retreatments for reinfection. 

Despite these limits, a 68% fall in  
all incident HCV infections (1.7/100 per-
son-years—0.6/100 person-years) and  
80% decrease in new HCV infections  
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(excluding reinfections; 1.5/100 per-
son-years—0.3/100 person-years) was 
seen from the second half of 2015 
(peak) to the first half of 2018 (last time 
period). However, 2 disturbing trends 
were noted: 1) the proportion with re-
infection had been increasing in recent 
years (43%-47% in last 2 6-month time-
periods) and 2) the overall incidence did 
not decline in the last 3 time periods 
studied (0.5-0.6/100 person-years) sug-
gesting perhaps an underlying high-risk 
population without adequate treatment 
penetration. As has been seen in other 
cohorts, an increase in other sexually 
transmitted infections was seen over 
time period, suggesting decreased risk 
behaviors were unlikely to have contrib-
uted to the fall in new HCV infections. 
Decreases in time to starting treatment 
were seen over the study period, from a 
mean of 41 months in 2013 to 3 months 
in 2018, but relied heavily on clinical tria-
laccess. Reliance on treatment through 
clinical trials to provide key public health 
interventions is not sustainable and 
calls for a change in NHSE policies that 
restrict treatment for both acute and re-
current HCV infections.

A number of country-wide efforts 
targeting enhanced diagnosis and im-
mediate, universal treatment of HCV in 
MSM with HIV infection have demon-
strated dramatic short-term decreases 
in HCV incidence and prevalence. Al-
though encouraging, HCV transmissions 
from outside the cohort could hamper 
elimination efforts. A phylogenetic an- 
alysis of 174 genotype 1a E1-E2 HCV 
sequences from HIV-infected MSM in 
Amsterdam attempted to determine  
the date of sequence introduction and  
further whether the introduction oc- 
curred from within the cohort or ex- 
ternally (Abstract 597). Ten transmis 
sion clusters with more than 5 se-
quence members were identified. The 
estimated dates of introduction ranged 
from 1993 to 2005, placing them in a 
similar timeframe to the French phylo 
dynamic data. The authors then ana-
lyzed incident infections by year and 
determined the ratio of new infection 
originating from a within transmission 
cluster (internal) versus outside (exter-
nal). Notably the only year for which 
external transmissions outnumbered 

those from within clusters was 2018 (ra- 
tio, 1.35). Although this may be largely 
due to the aggressive treatment of HCV 
in MSM with HIV infection in Amster-
dam (eliminating the pool for internal 
transmissions) it raises concerns for ex-
ogenous HCV reintroduction.

HCV Reinfection 

The likelihood of HCV reinfection fol-
lowing either spontaneous clearance 
or after SVR12 varies based on the risk 
factors for initial infection. Among the 
major risk groups for HCV infection, 
PWID have traditionally been viewed  
as a population at high risk for reinfec-
tion. However, several European cohorts 
have found high HCV reinfection rates 
in MSM with HIV infection.7 Few data 
are available from contemporaneous 
cohorts in the United States. Fierer and  
colleagues presented data from the  
New York Acute Hepatitis C Surveil-
lance Network, spanning 2000 to 2018 
that suggested similarly elevated rates 
of HCV reinfection in MSM with HIV 
infection (Abstract 86). The cohort con- 
sisted of 304 MSM with HIV infection 
who were predominantly white (82%) 
with a median age of 45 years. There 
were 845 person-years of follow-up 
with a median follow-up duration of 2.2  
years. Thirty-eight reinfections were 
captured at median of 1.9 years post 
clearance for an incidence of 4.4 per 
100 person-years, which is in the range 
seen in European cohorts and generally 
higher than seem in PWID. There was 
no difference in reinfection rate based 
on mode of prior clearance, whether 
spontaneous or treatment induced, al- 
though numbers are small and con-
fidence intervals wide. In contrast, 
an Australian HIV/HCV observational 
coinfection cohort reported lower rein-
fection rates after cure at 0.81 per 100 
person-years; of note, all 5 reinfections 
occurred in MSM (Abstract 577). 

HCV in Pregnancy 

HCV infection in pregnant women has 
doubled from 2009 to 2014,8 leading to 
AASLD/IDSA to recommend universal 
HCV screening in pregnancy as of Sep-
tember, 2018. The American College of 

Obstetrics and Gynecology and US Pre-
ventive Services Task Force have not yet 
adopted this recommendation. 

Chaillon and colleagues demon- 
strated that universal screening of preg- 
nant women in the United States is cost-
effective, including at the US national 
prevalence of 0.7%, and is even more 
cost effective in parts of the United  
States where HCV prevalence in preg-
nancy is as high as 8% (incremental 
cost-effectiveness ratio [ICER] of $5,288 
at an F2 treatment threshold). Univer-
sal screening of pregnant women is  
anticipated to detect HCV in 33,000 US 
women (Abstract 589). In a retrospec-
tive evaluation of more than 10,000 preg 
nant women from a large mid-Atlantic 
healthcare system, overall HCV screen-
ing rate was 30%, and 20% of the women  
with HCV antibody positive test results 
had no reported HCV risk factor. Notably, 

there were racial disparities in screen- 
ing; women undergoing testing were 
more likely to be African-American than 
white (47% vs 33%, respectively) de-
spite a higher percentage of white 
women testing HCV antibody positive 
(71% vs 21%, respectively) (Abstract 586).  
These data highlight the need for more 
uniform guidance and uptake in HCV 
screening of pregnant women. 

Perinatal transmission of HCV occurs 
in approximately 5% to 6% of births of 
mothers with HCV viremia, with HIV 
coinfection increasing this transmission 
rate. In one of the most anticipated hep-
atitis presentations at CROI, Chappell 
and colleagues presented the first data 

8 of 8 pregnant women 
treated with ledipasvir/
sofosbuvir achieved  
sustained viral response 
at 12 weeks. Given the 
hepatitis B and HIV 
analogies, there is little 
doubt DAA treatment  
will be effective in  
prevention of mother- 
to-child transmission  
of HCV
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of DAA-based treatment of HCV during 
pregnancy (Abstract 87). Extrapolating 
from HIV and hepatitis B virus (HBV) 
infection experience, it is expected that 
therapy that reduces the maternal viral 
load to zero would dramatically reduce 
HCV perinatal transmission. 

A phase I study evaluated 12 weeks of 
ledipasvir/sofosbuvir for genotypes 1, 4, 
5, and 6 infection in pregnant women.  
Key exclusions included HIV coinfection 
and cirrhosis. Treatment was initiated at 
23 to 24 weeks of gestation with follow-
up to SVR12. Infants of treated mothers 
are being followed up out to 1 year. 
Despite extensive efforts by the study 
team, of more than 170 HCV-infected 
pregnant women identified, only 29 
were screened. Of those screened only 
9 enrolled with 10 of 29 being excluded 
due genotype 2 or 3 infection, for which 
ledipasvir/sofosbuvir is not effective. 

Not surprisingly, treatment was well 
tolerated (all AEs were grade 1 or 2) 
and efficacious with 8 of 8 (100%) of  
women who had completed 12 weeks  
of follow-up posttreatment achieving 
SVR12. No infant-related adverse events 
and no HCV transmission has been doc- 
umented thus far with 5 of 9 infants 
having completed 1 year of follow-up. 
Although this is an exciting initial step, 
much more data are needed. The fact 
that 10 of 29 screened women had geno-
type 2 or 3 HCV infection highlights the 
need for futures studies with pan-geno-
typic regimens. 

Given the HBV and HIV analogies, 
there is little doubt DAA treatment will 
be effective in prevention of mother-
to-child transmission (MTCT) of HCV. 
However, as HCV infection can also be 
cured after transmission and data with 
DAAs is now available down to 3 years 
of age, the burden of proving safety is 
higher in HCV.

Complications of HCV 

HCV and Diabetes 

The benefits of HCV cure on liver-
related morbidity and mortality are  
clear; fewer data are available on po-
tential additional positive effects of 
cure on extrahepatic organ systems 
and HIV complications. There is a well- 

established epidemiologic link between 
HCV infection and the development of 
diabetes mellitus. Although few data 
are available on the possible beneficial 
effects of HCV cure on diabetes preven-
tion and improved insulin sensitivity, 
several case reports have suggested a 
positive effect. 

Using the ERCHIVES (Electronically 
Retrieved Cohort of HCV Infected Vet- 
erans), Butt and colleagues assessed in-
cident diabetes mellitus (DM) at more 
than 12 weeks after completion of HCV  
treatment compared with an HCV-
infected untreated group propensity 
matched for risk factors associated with 
diabetes (Abstract 88). After exclusions  
that included HIV and prevalent diabe-
tes, 26,000 HCV-treated veterans were 
compared with an equal number of con-
trols. One-third had a body mass index 
above 30 and 22% had a FIB-4 score 
above 3.25. Of the treated veterans, 
20% received an interferon alfa-con-
taining regimen; in the DAA-treated 
group the most common regimen was 
ledipasvir/sofosbuvir with or without 
ribavirin (50%). 

In the primary analysis, HCV group 
treated with DAAs (but not interferon 
alfa) had a significantly lower incidence 
rate of DM than the untreated popula-
tion (9.89/1000 person-years vs 20.6/ 
1000 person-years, respectively, P< 
.0001). A significant difference was 
seen (13.2 vs 19.2/1000 person-years, 
respectively; P<.0001) comparing SVR 
with non-SVR groups among those 
treated, (13.2 vs 19.2/1000 person-
years, respectively; P<.0001). Factors 
strongly associated with incident dia-
betes included black race (hazard ratio 
(HR), 1.42; P<.0001), body mass index 
above 30 (HR, 3.38; P<.0001) and DAA 
treatment (HR, 0.48; P<.0001). Ad-
vanced fibrosis determined by a FIB-4 
score above 3.25 was also associated 
with incident diabetes (HR, 1.29; P< 
.0001). Although observational in na-
ture, these data strengthen the case for 
reduced risk of incident diabetes as an 
extra-hepatic benefit of HCV treatment. 

HCV and Cardiovascular Disease

An analysis from the ERCHIVES cohort 
compared cardiovascular disease (CVD) 

events (assessed by ICD-9/10 codes) in 
HCV treated (n=32,575) vs a propen-
sity-matched HCV untreated group of 
veterans without HIV (Abstract 570). By 
design the groups were well matched 
for diabetes, hypertension, and smok-
ing status; statin use was higher in the 
untreated group, although the absolute  
difference was less than 1%. FIB-4 score  
was higher in the treated group at base-
line, although the absolute difference 
was modest (1.95 and 1.70, respectively;  
P<.01). CVD disease-free survival was  
significantly higher in the HCV-treated 
group out to 36 months with curves 
splitting about 12 months after ther-
apy. Curiously the benefit was seen  
regardless of SVR status. Fibrosis stage 
modulated the risk of CVD events, with 
more events in those with advanced fi-
brosis (treated 24.5/1000 person-years 
vs untreated 44/1000 person-years), 
though HCV treatment largely abro-
gated this effect.

Counter to the observations in ER-
CHIVES, an analysis focused solely on 
persons with HIV infection stratified  
by HCV exposure and treatment status  
found no detrimental impact of HCV co- 
infection, regardless of HCV treatment 
status, on the risk of CVD or non-AIDS 
associated malignancies (Abstract 565). 
As expected, a strong negative impact 
of HCV on development of liver-related 
complications was seen that was ame-
liorated by successful treatment. High 
rates of smoking in the cohort (~50%) 
and lower rates of HIV control (HIV RNA  
 <500 copies/mL) in HCV-negative (64%)  
and untreated group (68% versus 90% 
in treated) may have confounded the 
results.

Although observations from ER- 
CHIVES and other cohorts have sug- 
gested a beneficial impact of DAA ther- 
apy on cardiovascular events, mecha-
nistic details are lacking. Proprotein 
convertase subtilisin-kexin type 9 (PCS 
K9) functions as a regulator of low- 
density lipoproteins (LDL) by modulat-
ing degradation of LDL-receptors on 
hepatocytes and inhibitors of PCSK9 
form a new class of lipid lowering agents. 
PSCK9 has also been associated with 
inflammation and immune activation. 
Gandhi and colleagues reported the ef-
fects of DAA treatment on PCSK9 level 
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in HIV/HCV-coinfected persons (n=35) 
and compared levels over time with a 
well-controlled HIV-monoinfected group 
(n=37) (Abstract 567). At baseline LDL 
levels were significantly lower in those 
with HCV coinfection, though there was 
no difference in statin use. There was 
trend toward higher PCSK9 levels in 
HIV/HCV-coinfected individuals that 
those with HIV only (307 and 284 ng/
mL; P=.06). A significant decrease in 
PCSK9 levels post-HCV treatment was 
seen and was modestly correlated with 
changes in sCD163 and sE-selectin. 
The significance of these associations 
is unclear and a causal link cannot be 
established at this point, particularly 
given the direct effects of HCV on lipid 
metabolism including sterol regulatory 
element binding protein-2, which regu-
lates PCSK9.9 

In a direct assessment of arterial  
stiffness, aortic pulse wave velocity  
(PWV) was measured in controls (n= 
27), individuals with HIV infection (n= 
25), with HCV infection (n=35) and 
with HCV/HIV coinfection (n=39) (Ab-
stract 569). Measurements were taken 
before and after HCV treatment, with 
adjustments for age, sex, smoking, 
hypertension, and body mass index. 
No difference in PWV was seen before 
HCV treatment among the groups and 
no significant change was noted after 
SVR in groups with HCV. As has been 
noted previously, select inflammatory 
markers improve in HCV monoinfected 
patients after SVR (eg, sCD14) but HIV/
HCV coinfected subjects did not show 
significant improvement. This study 
was limited by the small sizes of the 
groups, it is also notable that PWV is 
not widely accepted as a marker of  
CVD risk.

HCV and Renal Disease 

In population-based studies HCV infec-
tion adversely impacts renal outcomes, 
particularly in high-risk groups such as 
those with diabetes mellitus. In an Ital-
ian cohort of 403 HCV-infected persons 
without HIV infection, including 17% 
with a pretreatment estimated glomer-
ular filtration rate (eGFR) below 60 mL/
min/1.73 m2, improvements in renal 
function were assessed at 12 weeks or  

later after DAA treatment (Abstract 
566). Following treatment dramatic 
improvements in eGFR were seen in  
groups with stage 3 (49.8 to 79.7; P< 
.001) and stage 4 or 5 (23.9 to 73.9; 
P<.001) chronic kidney disease (CKD). 
Combined the prevalence of CKD stage 
3 to 5 went from 16.9% to 12.2% post- 
treatment (P<.05). Factors associated 
with eGFR improvement in multivariate 
analysis were SVR (HR, 12.2; CI, 1.26-
118.11) and presence of decompensated 
liver disease (HR, 3.43; CI, 1.44-8.18; 
Child-Turcotte-Pugh score, A/B; C ex-
cluded). The specific causes of CKD 
were not mentioned, but the astound-
ing improvements in eGFR in the most 
advanced group raise the question of 
whether a few cases of acute glomeru-
lonephritis, or other severe causes of 
acute renal injury that are also poten-
tially reversible, were included. 

Hepatocellular Carcinoma  

Hepatocellular carcinoma (HCC) was di-
agnosed at later Barcelona-Clinica Liver 
Cancer (BCLC) stages in HIV/HCV vs HCV 
monoinfected individuals (BCLC B-D 
in 67% vs 28%; P<.0001) (Abstract 609).  
However, HIV itself was not associated 
with increased mortality, in a multi- 
variate analysis that included adjust- 
ment for HCC stage at diagnosis (Ab- 
stract 608). HCC was diagnosed within 
3 months of a normal screening ultra-
sound in 8.6% of HIV/HCV and HCV 
mono-infected individuals, a reminder 
of the limitations of ultrasound for HCC 
(Abstract 609).

Another Veterans Administration co-
hort, the VACS (Veterans Aging Cohort 
Study), assessed the impact of several 
variables including chronic viral hepati-
tis, obesity, diabetes, alcohol use, and  
HIV infection control parameters (HIV 
viral load and CD4+ count) on the risk  
of incident HCC among an HIV-infected 
cohort (Abstract 90). In total, 278 in-
cident cases of HCC were identified 
including 120 (43%) in veterans with a 
FIB-4 of 3.25 or lower, suggesting the 
absence of advanced fibrosis. Major 
factors associated with HCC were HCV 
RNA positivity and detectable HBV sur- 
face antigen (HBsAg). The HR for in-
cident HCC was around 6 for HCV in  

both groups (FIB-4 ≤3.25 or >3.25), 
and HBV infection was associated with 
a relatively elevated risk in those with a 
FIB-4 score of 3.25 or lower (HR, 4.93 
vs 2.12). In terms of HIV control, there 
was no evidence for an impact of HIV 
RNA level or CD4+ count on incident 
HCC in those with advanced fibrosis. 
Conversely, in the group without ad-
vanced fibrosis, both lack of HIV RNA 
suppression (12 or more months of HIV 
RNA >500 copies/mL; HR, 1.57, 1.03-
2.37) and CD4+ cell count 200/µL (HR, 
1.78, 1.16-2.74) were associated with  
an increased risk of incident HCC. 

Hepatitis B 

Outcomes of HBV Treatment in  
HIV Coinfection

The goal of HBV treatment with nucleo- 
s(t)ides is HBV DNA suppression and  
ultimately, loss of HBsAg and immuno- 
logic control of infection with gain of 
HBV surface antibody (HBsAb). In a 
Texas cohort of HIV/HBV coinfected 
individuals, 96% of whom were on 
HBV active ART, only 10% lost HBsAg 
(median length of follow-up was not 
reported) (Abstract 624). In a similar 
analysis from Zambia, 10% of HIV/HBV-
coinfected individuals starting tenofovir 
lost HBsAg over 2 years of follow-up 
(Abstract 625). These rates are consis-
tent with the 5% to 15% HBsAg loss that 
has been described in other cohorts of  
ART-treated HIV/HBV-coinfected indi- 
viduals. HBsAg loss was associated 
with lower baseline CD4+ cell count in 
both cohorts, greater gain in CD4+ cells 
(Zambian cohort), and AIDS diagnosis 
(Texan cohort), raising questions about 
the potential role of immune reconstitu-
tion potentially in HBsAg loss. However, 
HBsAg loss was still low in those with 
baseline CD4+ count below 200 cells/
µL at 11% (Zambian cohort). 

A German cohort of HIV/HBV-coin- 
fected individuals on tenofovir-con- 
taining combination ART reported a 
similar 18% HBsAg loss over a median  
of 11 years (interquartile range [IQR], 
10-12). HBsAg loss was less likely 
with low CD4+ cell gain on ART (P= 
.0043) and in contrast to the Texas co-
hort, less likely in presence of Centers 

Identifying and  
appropriately managing 
viral hepatitis is crucial  
in patients on dialysis 
given the contribution 
of these infections to 
mortality as well as 
the availability of HCV 
treatment that is highly 
effective in end-stage 
renal disease

https://www.iasusa.org/wp-content/uploads/2019/05/may2019-special.pdf#page=215
https://www.iasusa.org/wp-content/uploads/2019/05/may2019-special.pdf#page=216
https://www.iasusa.org/wp-content/uploads/2019/05/may2019-special.pdf#page=214
https://www.iasusa.org/wp-content/uploads/2019/05/may2019-special.pdf#page=232
https://www.iasusa.org/wp-content/uploads/2019/05/may2019-special.pdf#page=232
https://www.iasusa.org/wp-content/uploads/2019/05/may2019-special.pdf#page=232
https://www.iasusa.org/wp-content/uploads/2019/05/may2019-special.pdf#page=37
https://www.iasusa.org/wp-content/uploads/2019/05/may2019-special.pdf#page=238
https://www.iasusa.org/wp-content/uploads/2019/05/may2019-special.pdf#page=238


47

CROI 2019: Viral Hepatitis   Volume 27 Issue 1   April 2019

for Disease Control and Prevention 
(CDC)-C diagnosis (P<.001). Persistent 
HBV viremia despite HIV suppression 
on tenofovir-based ART has been de- 
scribed, but the etiology is not well un- 
derstood. An analysis of tenofovir con 
centrations in dried blood spots demon-
strated lower tenofovir concentrations 
in patients with HBV viremia and HIV 
suppression. This suggests that lower 
ART adherence may be responsible for 
HBV viremia and that there is a dif-
ferential ART adherence threshold for 
suppression of HBV and HIV. No HBV 
drug resistance mutations were re-
ported (Abstract 626).

HBV Reactivation and Revaccination

The US Food and Drug Administration 
(FDA) raised concerns about risk of 
HBV reactivation in those with resolved 
or current HBV infection during HCV 
treatment with DAAs with a black box 
warning issued in 2017.10 A London 
cohort examined the risk for HBV reac-
tivation during HCV treatment in 271 
HIV/HCV-coinfected individuals taking 
DAAs. In 35% (96/271) HBV core an-
tibody (HBcAb) was positive; of these 
6 were HBsAg-positive, 56 had HBsAb 
above 10 IU/mL, and 26 had only iso-
lated HBcAb-positive; 98% were taking 
at least 1 HBV-active ART medication. 
Of the 14 taking lamivudine as the 
only HBV-active ART, 2 added teno-
fovir and 6 started entecavir. No HBV 
reactivation occurred in any of the 
participants, including the 6 with a 
positive HBsAg (Abstract 628). Given 
the small sample size, it is not clear if 
the addition of tenofovir or entecavir is 
warranted, particularly in those with-
out surface antigen. Overall, the lack of 
reactivation during HCV DAA therapy is 
consistent with results of a meta-anal-
ysis of HCV monoinfected individuals 
demonstrating no clinically significant 
HBV reactivation in the absence of 
HBsAg positivity.11 

Optimal approaches to revaccination 
for HBV infection after non-response 
to a first series in HIV-infected persons 
remain unclear. A randomized trial of 
standard dose (20 µg) versus double  
dose (40 µg) Engerix-B given at 0, 1, 
and 6 months was carried out in HIV- 

infected persons on ART with preserved 
CD4+ cell counts (>200/µL) in Taiwan 
(Abstract 622). No difference was seen 
in the primary endpoints of anti-HBs 

response 10 mIU/mL or more 4 weeks 
after the last dose (88.2% vs 96.9% for 
standard and high dose, respectively; 
P=.36). However, geometric mean titers 
of anti-HBs were significantly higher 
at all time points in the double-dose 
group. Conclusions from these results 
are limited by the small study size. 
HBV vaccine using a novel TLR9 adju-
vant (HEPLISLAV-B) has demonstrated 
improved antibody responses and are 
starting to be evaluated in HIV-infected 
populations. 

HBV in Pregnancy 

The iTAP (Maternal Antiviral Prophy-
laxis to Prevent Perinatal Transmission 
of Hepatitis B Virus in Thailand) study 
randomly assigned HBV envelope anti-
gen positive pregnant Thai women to 
receive tenofovir disoproxil fumarate 
(TDF) or placebo starting at 28 weeks of 
gestation to evaluate the impact of TDF 
on MTCT, with added HBV immuno-
globulin and HBV vaccination provided 
to all infants. In an analysis of maternal 
HBV DNA presented at this year’s CROI, 
88% of women randomized to TDF had 
HBV DNA less than 200,000 IU/mL at 
delivery, a threshold that has been as-
sociated with lower risk of maternal to 
child HBV transmission (Abstract 629). 
Although 12% of women had HBV DNA 
levels above 200,000 IU/mL at delivery, 
no HBV transmission occurred from 
any TDF-treated mother to their infant, 
whereas 3 infections occurred in the  
placebo arm. The previously published 
trial was not able to demonstrate a  
significant benefit of TDF over infant 

vaccination alone, due to the unexpect-
edly low rate of MTCT in the vaccination/
immunoglobulin-only arm.12 However, 
these data are reminder that MTCT of 
HBV can essentially be eliminated with 
prompt infant immunoglobulin and vac-
cination combined with maternal TDF. 
The impact of maternal TDF on MTCT 
may vary depending on the specific 
population risk for transmission. 

Another study examined the im-
pact of maternal HBV infection on birth 
outcomes in an older study (HPTN 046) 
evaluating nevirapine to prevent MTCT 
of HIV in sub-Saharan Africa. A total of 
88 (4.3%) of mothers with HIV infection 
were HBsAg positive, 10 of whom had 
high HBV DNA (>106 IU/mL). More than 
80% of mothers were on HIV medica-
tions; however, 48% were on ART that 
did not contain lamivudine, and none 
were on TDF-based ART. Infants born 
to mothers with HIV infection who had 
high HBV DNA levels were more likely 
to have low birth weight (30%) than 
those without HBV (10%) or with low 
HBV DNA (6%) (P=.04), and HBV vire- 
mia appeared to have a dose-respon- 
sive relationship to low birth weight. 
High HBV DNA level was also associ- 
ated with MTCT of HIV in 2 of 10 in- 
fants. These data suggest that reduc- 
tion of maternal HBV DNA level may 
have benefits beyond maternal health 
and reduction of infant infection, but 
this has to be tempered by a small num- 
ber of mother-infant pairs, particularly 
in the group with high HBV DNA levels. 
(Abstract 41LB) 

Intrahepatic Evaluation of HCV 
and HBV

Two studies used the novel technique 
of single cell laser capture microdis-
section (scLCD) to examine viral- and 
immune-based phenomena at the he- 
patocyte level in 1) chronic HCV in-
fection early during DAA treatment 
(Abstract 89) and 2) chronic HBV in-
fection (Abstract 91). In a sub-study of 
A5329 that evaluated paritaprevir/rito-
navir/ombitasvir plus dasabuvir (PrOD) 
therapy for genotype 1 HCV infection, 
paired liver biopsy specimens (imme- 
diately before and after 1 week of ther- 
apy) from 5 HIV-coinfected participants 

Mother-to-child  
transmission of HBV can 
essentially be eliminated  
with prompt infant  
immunoglobulin and  
vaccination combined 
with maternal TDF
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were evaluated by scLCD for intracel-
lular HCV RNA, interferon-stimulated 
gene (ISG) expression, and drug lev-
els. Detailed plasma viral kinetics and 
drug levels were collected concom-
itantly. All participants had similar HCV 
(treatment-naive, genotype 1a HCV in-
fection, and without cirrhosis) and HIV 
(HIV RNA suppressed <40 copies/mL 
on ART with CD4 cell count >250/
µL) parameters; 2 participants were 
women. As expected, plasma HCV RNA 
showed a rapid and profound decline 
(-3 log10 copies/mL) over the first 24 
hours followed by a slower decline over 
the next 6 days (-0.2 log10 copies/mL). 
Intrahepatic HCV RNA characteristics 
mirrored, or perhaps more accurately, 
predicted plasma observations. Before 
therapy the percentage of HCV-infected 
hepatocytes was highly correlated with  
the baseline plasma viral load level 
(Spearman r, 0.9). Roughly 25% of he- 
patocytes were infected before treat-
ment (range, 7.4-42.9%) with 8 IU of 
HCV RNA per cell (IQR, 4-17). Inter-
estingly during therapy the number of 
infected hepatocytes declined dramati-
cally (1% infected at day 7); however, 
the amount of HCV RNA per cell did 
not change (12 IU/cell at day 7; IQR 
5-27). A minority of cells at both time 
points contained more than 100 IU/
cell. 

Extrapolating intrahepatic HCV RNA 
expressing cell loss over the course of 
therapy allowed the investigators to 
estimate that all infected hepatocytes 
would be gone or cleared between 5 
and 8 weeks of therapy in this small 
sample. All 4 participants with the sec-
ond biopsy at day 7 (1 participant’s 
second biopsy was substantially de- 
layed) attained a SVR, so there was no 
opportunity to compare early intra-
hepatic phenomena at the cellular level 
between cure and viral relapse. Global 
intrahepatic ISG level fell in tandem 
with HCV RNA level. Although DAA con- 
centrations were variable, liver concen-
trations (ng/g) mirrored peak plasma 
concentrations (ng/mL) with evidence 
of intrahepatic concentration particu-
larly for protease inhibitors. 

Chronic HBV infection is unique  
and characterized by the presence 
of covalently closed circular DNA (ccc 

DNA) in infected cells that, even under  
suppressive nucleoside-based therapy, 
serves as a latent reservoir of infec-
tion. As novel treatment approaches 
aimed at HBV cure are advanced, a 
better characterization of intrahepatic 
HBV expression is needed. In particu-
lar, immune-based therapies aimed 
at eradicating infected hepatocytes 
will presumably require active HBV 
transcription for detection. Liver bi-
opsies from 5 HIV/HBV coinfected 
persons were studied using scLCD 
and assays for HBV pregenomic RNA 
(pgRNA), cccDNA, and total HBV DNA 
via digital droplet PCR. Three of the 5 
biopsies were obtained from persons 
on TDF-based ART and included 1 per-
son with an undetectable HBV DNA level. 
In contrast to HCV, in the absence of 
antiviral therapy, nearly all hepatocytes 
(>95%) had evidence of HBV infection; 
in the setting of long-term TDF-based 
therapy this decreased to around 30%. 
In the samples from persons with a HBV 
DNA level above 100 IU/mL in plasma, 
HBV transcription, as assessed by HBV 
pgRNA, was present in nearly all cells 
analyzed. Conversely, when plasma HBV 
DNA level was below 100 IU/mL, the 
ratio of transcriptionally active cells 
to total cells with cccDNA was below 
10 and significantly lower than sam- 
ples from non-suppressed persons. 
Prolonged HBV suppression, in this case 
about 7 years, was associated with sub-
stantially less cccDNA per cell; 4% to 
5% of all hepatocytes analyzed in these 
2 samples still harbored HBV that was 
transcriptionally silent (no pgRNA but 
with cccDNA).

Hepatitis A

Recent outbreaks of hepatitis A virus 
(HAV) have been reported in several 
populations including MSM with HIV 
infection.13,14 Response to a single 
HAV vaccine dose in a cohort of 73 pa-
tients with HIV infection (93% MSM) 
was suboptimal at 60% 3 months after 
vaccination (Abstract 620). Vaccine  
non-response was associated with a  
low CD4+/CD8+ cell ratio, but not ab- 
solute CD4+ cell count, in a multivari- 
ate analysis. Loss of protective HAV im- 
munity over time may also contribute  

and was examined in a HIV clinic co-
hort (Abstract 621). Twenty patients  
had clear evidence of loss of HAV im- 
munity; 15 with documented vaccina-
tion and 5 with prior positive antibody 
titers. Although CD4+ cell count was 
relatively preserved (mean, 376 ±85/ 
µL) only 50% had an undetectable HIV  
RNA. Although not currently recom- 
mended in the United States, consider- 
ation of routine booster HAV vaccina- 
tion may be warranted for certain high-
risk populations.

Liver Inflammation, 
Nonalcoholic Fatty Liver 
Disease, and Nonalcoholic 
Steatohepatitis 

In an observational AIDS Clinical Trials 
Group (ACTG) study analysis, one third 
of PLWH without viral hepatitis or heavy 
alcohol use had elevated aspartate 
aminotransferase or ALT level on more 
than one occasion. This transaminitis 
was associated with traditional risk fac-
tors for nonalcoholic fatty liver disease 
(NALFD) (elevated triglyceride level,  
high blood pressure, female sex) and 
had a higher hepatitis steatosis index 
suggesting NALFD, although imaging 
was not available to confirm fatty liver 
disease (Abstract 616) 

A Copenhagen observational cohort 
found a lower risk for computerized to-
mography-diagnosed fatty liver disease 
(which could include alcohol-associated 
disease as well as NAFLD) in PLWH than 
in matched controls without HIV (8.5% 
vs 17.4%, respectively; P<.001). PLWH 
with fatty liver had typical risk factors 
(elevated body mass index, diabetes, 
alcohol use), as well as cumulative ex-
posure time to zidovudine (adjusted OR, 
1.23) despite a mean time of 9.4 years 
since discontinuation (Abstract 615). 
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Clinical Trials and Investigational 
Antiretroviral Agents

Possible Cure of HIV-1 Infection
Gupta and colleagues presented on a  
patient living in London, England, who  
underwent an allogeneic hematopoi-
etic stem cell transplant (HSCT) from a 
donor with a homozygous CC chemo-
kine receptor 5 (CCR5)-Δ 32 deletion 
to treat Hodgkin Lymphoma (Abstract 
29). (Aspects of this case are also de-
scribed in “CROI 2019: Advances in 
Basic Science Understanding of HIV” 
by Stevenson in this issue.) The patient 
was noted to have CCR5 virus before 
transplant. He discontinued antiretro-
viral therapy (ART) 17 months after  
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The 2019 Conference on Retroviruses and Opportunistic Infections included 
many exciting advances in antiretroviral therapy (ART). Investigators pre-
sented a case report of a second patient possibly cured of HIV through an 
allogeneic hematopoietic stem cell transplant from a CC chemokine recep-
tor 5-Δ 32 donor. Two clinical trials of long-acting injectable cabotegravir and 
rilpivirine showed promising safety, efficacy, and tolerability as maintenance 
ART. Test-and-treat and rapid-ART-start strategies show promise in advanc-
ing progress toward the HIV care cascade 90-90-90 Joint United Nations 
Programme on HIV/AIDS/World Health Organization targets. However, late 
diagnosis and mortality after ART initiation remain high, even in the context 
of HIV service scale-up, and mortality from unintentional opioid overdose in 
people living with HIV in the United States is on the rise. In vitro studies were 
presented that identified and evaluated the effect of resistance-associated 
mutations on ART susceptibility and elucidated mechanisms of resistance. 
Epidemiologic data were reported on the prevalence, impact, regional varia-
tion, and changes over time of resistance-associated mutations. Decreasing 
regional and national rates of resistance may be a benefit of increasing use 
of integrase strand transfer inhibitors (InSTIs). New findings were presented 
on maternal and fetal health outcomes in women of reproductive potential, 
drug-drug interactions between hormonal contraception and ART, and fur-
ther exploration of the association between InSTIs and birth defects.

Keywords: CROI, 2019, HIV, AIDS, antiretroviral, therapy, ART, treatment 
strategies, investigational drugs, care cascade, resistance, infants, women    
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transplant. All standard and ultrasensi- 
tive plasma HIV-1 RNA levels were be- 
low the limit of detection for 18 months 
after cessation of ART. HIV-1 DNA de- 
clined below the limit of detection mea- 
sured by clinical assay. Measured using 
droplet-digital polymerase chain re-
action testing, 1 of 8 replicate showed 
low-level positivity. Three quantitative 
viral outgrowth assays were performed 
and none demonstrated inducible HIV 
production. Anti–HIV-1 antibodies de-
clined over time, with progressive loss 
of bands on Western blot, and HIV-1 
specific T-cell responses also declined. 

An additional case of allogeneic HS- 
CT from a CCR5-Δ 32 donor for acute 
myelocytic leukemia was presented 

(Abstract 394). This patient discontin-
ued ART in November 2018, with no 
viral rebound to date.

Investigational Antiretroviral Drugs

Capsid inhibitor. Sager and colleagues 
presented pharmacokinetic data on 
an HIV-1 capsid inhibitor delivered via 
subcutaneous injection (Abstract 141). 
GS-6207 inhibits several steps of viral 
replication, including capsid assembly 
and disassembly, nuclear transport, 
and virus production. Single ascending 
doses of GS-6207 were tested in un- 
infected volunteers. Pooled safety as-
sessments, which included those for 
placebo recipients, did not identify any 
safety concerns. All adverse events were 
mild or moderate, including mild injec-
tion site reactions. Drug concentrations 
were detected 24 weeks after a single 
injection and most doses exceeded 
the 95% effective concentration for 
12 weeks or longer. The investigators 

noted that a study in people living with 
HIV is ongoing.

Yant and colleagues presented on 
the in vitro activity of GS-6207 (Abstract 
480). This compound retained activity 

A patient received a 
stem cell transplant with 
a CCR5-Δ 32 deletion 
and remains virologi-
cally suppressed without 
antiretroviral therapy, 
becoming the second 
after the Berlin Patient to 
achieve this milestone
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against a broad range of HIV-1 resistant 
to other ART classes including those 
with Gag polymorphisms conferring 
resistance to maturation inhibitors. 
The compound also exhibits activity 
against HIV-2.

Maturation inhibitor. DeJesus and col-
leagues presented data from a phase 
IIa study of a maturation inhibitor, GSK- 
2838232 (Abstract 142). Maturation in- 
hibitors bind Gag and prevent proteo-
lytic cleavage between the p24 and SP1 
proteins, inhibiting production of ma- 
ture virions. GSK2838232 has favorable 
pharmacokinetic profiles when coad-
ministered with ritonavir. This clinical 
trial enrolled 33 ART-naive adults liv- 
ing with HIV. In the first part of the trial, 
GSK2838232 100 mg was adminis-
tered daily of cobicistat 150 mg for 10 
days. After this cohort, sequential dose 
cohorts were enrolled starting at 200 
mg daily descending to 20 mg daily, 
also for 10 days. The pharmacokinetic 

profile supported once-daily dosing of 
cobicistat with a half-life of 16 hours. 
Investigators observed robust antivi-
ral activity with doses from 50 mg to 
200 mg daily, with a maximal plasma 
HIV-1 decline of 1.3 to 1.7 log10 copies/
mL, and antiviral activity continuing  
for 2 to 3 days after the last dose. One 
participant exhibited phenotypic resis- 
tance to GSK2838232 and another had  
virus that was not sensitive to GSK- 
2838232 at baseline. No safety con-
cerns were identified. One participant 
harbored virus with reduced suscepti-
bility to GSK2838232 at baseline and 
2 participants had treatment emergent 
A364A/G gag mutations.  

Broadly neutralizing monoclonal an-
tibodies. Stephenson and colleagues 

presented data on PGT121, a human 
immunoglobulin G1 antibody targeting 
the V3 epitope in the envelope (Env) 
(Abstract 145). PGT121 exhibits po-
tent neutralizing activity against 60% 
to 70% of global HIV-1 isolates. Inves- 
tigators enrolled 50 adults: 30 were 
living with HIV (half were viremic and 
half were virally suppressed), 43 re-
ceived varying doses of PGT121, and 
7 received placebo. PGT121 appeared 
safe, with only minimal local reactions, 
including when given subcutaneously. 
The elimination half-life was 23.5 days 
among individuals without HIV infec- 
tion, 19 days for virally suppressed in- 
dividuals living with HIV, and 13 days 
for viremic individuals. Among indivi- 
duals with an HIV RNA level of 3.5 to 
5.0 log10 copies/mL at baseline, 5 dem-
onstrated a virologic response, with a 
median decline of 1.7 log10 copies/mL 
through day 7, and 4 participants had 
no response. All rebound viruses were 
resistant to PGT121. Two participants 
with baseline plasma HIV-1 RNA lev-
els of 200 to 700 copies/mL achieved 
virologic suppression at 7 days and 
maintained suppression through 140 
days and their PGT121 concentrations 
slowly declined to below the limit of 
detection; one experienced viral re-
bound at day 168, without resistance to 
PGT121, and the second remained vi-
rally suppressed. Investigators did not 
observe enhanced anti–HIV-1 cellular 
immunity as a result of antibody-anti-
gen complexes, known as the “vaccinal 
effect,” with broadly neutralizing mono- 
clonal antibodies. 

Clinical Trials of Investigational Initial 
ART and ART Switch

Injectable long-acting (LA) cabote-
gravir (CAB) and rilpivirine (RPV). 
Swindells and colleagues presented 
the results from ATLAS (Antiretroviral 
Therapy as Long-Acting Suppression), 
a randomized, open-label trial compar-
ing LA injectable CAB and RPV with 
standard 3-drug oral ART (Abstract 139).  
They randomly assigned 616 partici- 
pants with sustained virologic suppres- 
sion on a nonnucleoside reverse tran-
scriptase inhibitor (NNRTI), protease in- 
hibitor (PI), or integrase strand trans-
fer inhibitor (InSTI) with 2 nucleoside 

reverse transcriptase inhibitors (nRTIs) 
(33% women, 32% nonwhite, 26% old- 
er than 50 years). The control group 
continued their oral regimen through 
48 weeks. The LA injectable group 
changed their existing ART to oral CAB  
and rilpivirine for 4 weeks. Those tol- 
erating the drugs and maintaining viro-
logic suppression changed to monthly 
injections of CAB and RPV. The primary 

endpoint was a plasma HIV-1 RNA level 
of 50 copies/mL or higher 48 weeks 
after randomization. This occurred in 
1.6% of the LA group and 1.0% of the 
control group (difference, 0.6%; 95% 
confidence interval [CI], -1.2% to 2.5%). 
This met the prespecified definition of 
noninferiority. A key secondary objec-
tive was achieving a plasma HIV-1 RNA 
level below 50 copies/mL, according to 
the US Food and Drug Administration 
(FDA) snapshot algorithm. This was 
observed in 92.5% and 95.5%, respec-
tively (difference, -3.0%; 95% CI, -6.7% 
to 0.7%). This also achieved noninferi-
ority. Three participants in the LA arm 
discontinued because of injection site 
reactions. Three participants in the LA 
arm discontinued for lack of virologic 
activity,: 2 had subtype A1 virus, 1 had 
AG virus, all developed RPV resistance, 
and 1 developed CAB resistance. 

Orkin and colleagues presented the 
results from FLAIR (First Long-Acting 
Injectable Regimen), a randomized, 
open-label, clinical trial that enrolled 
ART-naive adults (Abstract 140). There 
were 629 participants who started do- 
lutegravir (DTG)/abacavir (ABC)/lamivu- 
dine (3TC) for 20 weeks. If participants 
maintained HIV-1 plasma RNA levels 
below 50 copies/mL at week 16, then 
they were eligible for randomization at  
week 20; 569 participants (22% female,  
26% nonwhite, 11% older than 50 years)  

 A human immunoglobu-
lin G1 antibody targeting 
the V3 epitope in Env 
exhibits potent neutral-
izing activity against 60% 
to 70% of global HIV-1 
isolates

Data from the FLAIR 
study showed noninfe-
riority when comparing 
injectable cabotegravir/ 
rilpivirine with oral  
dolutegravir/abacavir/
lamivudine
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were randomly assigned to continue  
DTG/ABC/3TC (control group) or change  
to LA injectable CAB and RPV. The pri-
mary endpoint was a plasma HIV-1 
RNA level of 50 copies/mL or higher 
48 weeks after randomization. This  
occurred in 2.1% of the LA group and 
2.5% of the control group (difference, 
-0.4%; 95% CI, -2.8% to 2.1%). This met 
the prespecified definition of noninfe-
riority. A key secondary objective was 
achieving a plasma HIV-1 RNA level 
below 50 copies/mL, according to the 
US FDA snapshot algorithm. This was 
observed in 93.6% and 93.3%, respec-
tively (difference, 0.4%; 95% CI, -3.7%  
to 4.5%), which also achieved nonin- 
feriority. Only 2 participants in the LA 
arm discontinued because of injection  
site reactions. Four participants in the  
LA group discontinued because of lack 
of virologic activity including 3 with 
protocol-defined virologic failure: all 3  
had subtype A1 virus, all developed 
CAB resistance, and 2 of 3 developed 
RPV resistance. These studies establish 
the safety, tolerability, and efficacy of 
monthly LA injectable CAB and RPV for  
maintenance therapy of HIV-1 infec- 
tion. Injection site reactions were com- 
mon in both trials and were reported 
more commonly with the initial injec-
tions. Participants expressed greater 
satisfaction with the injectable therapy. 
Further analyses are needed to deter-
mine the relationship between subtype 
A1 virus and the virologic failure with 
this regimen.

DTG/3TC. Underwood and colleagues 
presented an analysis of the GEMINI  1  
and 2 trials, which enrolled treatment- 
naive adults living with HIV and ran-
domly assigned them to DTG plus 3TC 
(2-drug) or a standard (3-drug) regimen 
(Abstract 490). The proportion of par-
ticipants with target not detected on 
the viral load assay was compared with 
HIV-1 measured below the limit of the 
detection. The proportions achieving 
target not detected were similar in the 
2-drug and 3-drug groups at week 48 
(77% vs 73%; difference, respectively; 
3.8%; 95% CI, -0.6% to 8.2%) and all  
earlier time points. The time to achiev-
ing target not detected was also similar 
in both groups. 

PRO140. Dhody and colleagues pre-
sented data on PRO140 (leronlimab), 
an investigational monoclonal antibody 
that blocks binding of HIV to CCR5 (Ab- 
stract 486). They enrolled participants 
with prolonged viral suppression with 
CCR5-mediated HIV-1, measured by  
phenotypic testing of proviral DNA. 
The investigators studied a series of 
doses given by weekly subcutaneous  
injection. Participants stopped other  
ART 1 week after the first injection and 
were maintained on PRO140 alone 
thereafter. Investigators observed rela-
tively high rates of virologic failure at 
doses of 325 mg and 525 mg. They 
presented interim data on the 700 mg  
cohort. Among 43 participants, 6 ex- 
perienced viral rebound by week 12, and  
no additional viral rebounds were ob- 
served through week 24. No participants 
developed reduced susceptibility to 
PRO140 or altered coreceptor tropism.  

Archived nRTI resistance and response  
to an InSTI plus 2 nRTIs. GS-US-380-
4030 is an ongoing double-blinded 
clinical trial that enrolled 585 people 
living with HIV who were virally sup- 
pressed on dolutegravir (DTG) plus ten- 
ofovir disoproxil fumarate (TDF)/emtri- 
citabine (FTC) or tenofovir alafenamide 
(TAF)/FTC and had no history of InSTI 
resistance (Abstract 551). Participants 
were randomly assigned to bictegra-
vir (BIC)/TAF/FTC or DTG plus TAF/FTC. 
Proviral HIV-1 DNA was genotyped to 
characterize nRTI resistance in addi-
tion to historical resistance testing. The  
blinded week 12 interim results were 
presented. Virologic suppression was 
achieved in 99%. Among 30 partici-
pants harboring K65R or more than 3  
thymidine analogue mutations, 97% 
(29/30) were virally suppressed at week  
12 compared with 99% of those with  
any other nRTI resistance and 99% with 
no nRTI resistance. The data support 
the use of these regimens in persons 
with nRTI resistance. However, longer-
term follow-up is needed. 

Andreatta and colleagues performed 
a similar analysis of data from 2 stud- 
ies that enrolled virally suppressed par- 
ticipants and randomly assigned them 
to BIC/TAF/FTC or a comparator regi-
men (Abstract 552). Participants with  

known nRTI resistance were excluded 
from these trials, but genotyping of 
proviral HIV-1 DNA found that 22% har-
bored nRTI resistance mutations, mostly  
M184V/I and thymidine analogue muta-
tions. Among 70 participants with nRTI 
resistance detected, 67 (96%) main-
tained virologic suppression through 96 
weeks.

Raltegravir versus efavirenz during 
pregnancy. Mirochnick presented a ran- 
domly assigned, open-label clinical trial  
of raltegravir (RAL) versus efavirenz 
(EFV) given with zidovudine and lami-
vudine in pregnant women living with 
HIV at 20 to 37 weeks of gestation (Ab-
stract 39LB). Of 408 women randomly 
assigned, 307 were included in the pri- 
mary per-protocol population with plas- 
ma HIV-1 RNA levels above 200 copies/
mL and no resistance to study drugs 
at study entry. Women randomly as-
signed to RAL were more likely to 
achieve a plasma HIV-1 RNA level below 
200 copies/mL at the time of delivery 
than those assigned to EFV (94% and 
84%, respectively). This difference was 
only observed in women who were at 
28 to 37 weeks of gestation at enroll-
ment. Tolerability was very high in both 
groups and there was no difference in 
maternal or infant safety outcomes. 
There were 6 cases of HIV transmission 
to infants in the EFV group and 1 in the 
RAL group (P=.06), all in women who 
enrolled after 28 weeks of gestation. 
These data support the use of RAL for 
preventing HIV transmission during 
pregnancy, especially when initiating 
later in pregnancy.

Khoo and colleagues presented data 
from a randomized, open-label clinical 
trial of DTG versus EFV given with 2 
nRTIs to women living with HIV in their 
third trimester of pregnancy (Abstract 
40). Investigators hypothesized that  
a faster decline in plasma HIV-1 RNA 
with DTG would reduce mother-to-child 
transmission (MTCT) of HIV. There were 
249 women included in the intention-
to-treat analysis. The primary endpoint 
of achieving a plasma HIV-1 RNA level 
below 50 copies/mL at delivery was 
achieved in 74% in the DTG group and 
43% in the EFV group (P<.0001). How-
ever, 3 MTCTs occurred, all in the DTG 
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group, and all likely occurred in ute- 
ro. Four stillbirths occurred that were 
deemed unrelated to medications, all 
in the DTG arm.

Novel Investigational ART for Infants, 
Children, and Adolescents

VRC01LS in infants. McFarland and col- 
leagues presented data on the safety 
and efficacy of VRC01LS a broadly neu-
tralizing monoclonal antibody targeting 
the CD4 binding site, in infants born to 
mothers living with HIV (Abstract 45). 
LS refers to amino acid modifications 
of antibodies, methionine to leucine 
(L) and asparagine to serine (S), which 
prolong the half-life of the antibody. 
Investigators enrolled a cohort of non-
breastfed infants who received a single 
subcutaneous dose of VRC01LS and a 
breastfed cohort that received 2 subcu-
taneous doses. All infants were started 
on ART prophylaxis and received VR-
C01LS within 5 days after birth. There 
were no grade 3 or 4 adverse events 
related to VRC01LS. Grade 1 or 2 local 
injection site reactions were noted and 
resolved within 24 hours. The phar-
macokinetic parameters were similar 
to those observed in adults. Investiga-
tors concluded that administration of 
broadly neutralizing monoclonal anti-
bodies is feasible in newborn infants, 
and future studies will examine the role 

of broadly neutralizing monoclonal 
antibodies in treatment of infants and 
children.

Gaur and colleagues presented data 
on a single-tablet regimen of BIC/FTC/
TAF in children and adolescents living  
with HIV (Abstract 46). Investigators 
enrolled 100 virally suppressed indi- 
viduals on other combination ART regi- 
mens (50 adolescents aged 12-17 years  
and 50 children aged 6-11 years). The  
pharmacokinetic endpoints were pre- 
sented previously. No substantial safety  

concerns were identified. One partici- 
pant discontinued because of insom-
nia and anxiety. Among 75 participants 
who have reached week 48, 74 had  
plasma HIV-1 RNA levels below 50 cop-
ies/mL and no viral resistance emerged. 
Participants found the study drug to be  
palatable with an acceptable shape and  
size. The investigators concluded that 
this was a promising single-tablet regi- 
men for children and adolescents liv- 
ing with HIV.

Clinical Trials in ART-Experienced 
Populations

Second-line therapy with DTG plus 2 
nRTIs. Brown and colleagues presented 
additional analyses from the DAWN-
ING (Comparative Efficacy and Safety 
Study of Dolutegravir and Lopinavir/
Ritonavir in Second-line Treatment) 
study, a randomized clinical trial of DTG 
plus 2 nRTIs versus ritonavir-boosted 
lopinavir (LPV/r) plus 2 nRTIs in people 
whose initial NNRTI-based regimen 
failed (Abstract 144). The nRTI was se-
lected based on resistance testing, and 
participants were required to have at  
least 1 nRTI with clinical activity for 
enrollment. Investigators analyzed the 
relationship between virologic efficacy, 
baseline nRTI resistance mutations, 
and choice of nRTI. nRTI resistance-
associated mutations (RAMs) were pre- 
sent in 90% of participants; M184V/I 
with or without other nRTI RAMs was 
observed in 82% of participants. Most 
participants received zidovudine plus 
3TC, or TDF plus 3TC or FTC. DTG was 
superior to LPV/r: 84% versus 70% with 
virologic suppression at week 48. The 
virologic efficacy of DTG and 2 nRTIs 
appeared similar for those with and 
without M184V/I. Among those with 
M184V/I, the virologic efficacy of DTG 
plus 2 nRTI appeared similar whether 
or not 3TC or FTC was used. Similar vi-
rologic efficacy was observed in those 
harboring K65R, and in those with 1 or 
more thymidine analogue mutations. 

Ibalizumab. Emu and colleagues pre-
sented 96-week data on ibalizumab, 
a monoclonal antibody that prevents 
CD4 attachment, currently approved for  
highly treatment-experienced patients 
living with HIV (Abstract 485). Of the 

40 participants originally enrolled, 27 
were still receiving ibalizumab at week 
25 when data were last presented. Of  
these, 22 were still receiving ibalizu- 
mab through week 96 (2 patients died, 
unrelated to ibalizumab; 2 withdrew 
consent, and 1 physician decided to dis- 
continue). Of the 16 patients with viral  
suppression (HIV RNA <50 copies/mL 

at week 25), 14 maintained suppression 
through week 96, and 1 participant 
achieved viral suppression. These data 
support the durability of viral suppres-
sion achieved with this compound. 

The HIV Care Cascade and 
Getting to 90-90-90

Fauci gave an impassioned descrip-
tion of the new US plan for ending the 
HIV epidemic announced by Presi-
dent Trump in the 2019 State of the 
Union speech. Fauci highlighted the 
tools we have at our disposal to end 
the epidemic, including preexposure 
prophylaxis (PrEP) and treatment as 
prevention (TasP), and described our 
moral obligation to set ambitious goals. 
The plan focuses on geographic and 
demographic “hot spots” in the United 
States. Forty-eight counties have more 
than 50% of new HIV diagnoses, and 7 
southern states have disproportionate 
incidences of HIV in rural areas. Black 
people, people younger than 35 years, 
and men who have sex with men also 
bear a disproportionate burden of the 
US HIV epidemic. Fauci anticipates new 
resources allocated for PrEP and ART 
through the Centers for Disease Control 
and Prevention (CDC) and the Health 
Resources and Services Administration 
(HRSA) Ryan White HIV/AIDS Program. 

Data support the dura-
bility of viral suppression 
achieved by ibalizumab, 
a monoclonal anti-
body that prevents CD4 
attachment

Although we now have 
the tools to end the 
HIV epidemic, time will 
tell whether the re-
sources and political 
will allocated to this 
effort are sufficient to 
overcome substantial 
obstacles
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The National Institutes of Health (NIH) 
will reallocate existing budget to cover 
implementation science work through 
existing Centers for AIDS Research 
(CFAR) locations, although there are 
some notable geographic discrepancies 
between priority areas and CFAR loca-
tions. Fauci noted that this initiative 
differs from prior efforts because it is 
being undertaken by numerous Health 
and Human Services agencies simulta-
neously and focuses on specific target 
populations. Although we now have the 
tools to end the HIV epidemic, time will 
tell whether the resources and political 
will allocated to this effort are sufficient 
to overcome substantial obstacles, such 
as access to care, the growing opioid 
epidemic, HIV-associated stigma, and 
discrimination. 

Data on the HIV Care Cascade and the 
Implications of U=U

Throughout this section we will use 
the following definitions of HIV care 
cascade metrics. The “first 90” refers 
to the percentage of people living with 
HIV who are aware of their HIV diagno-
sis, and the target is 90%. The “second 
90” refers to the percentage of people 
living with HIV who know their HIV 
serostatus and are receiving ART. The 
second 90 target is 90%, or 81% of total 
people living with HIV in a community. 
The “third 90” refers to the percentage 
of those on ART who have achieved 
viral suppression, traditionally defined 
as the most recent HIV RNA measure-
ment being less than 200 copies/mL, 
although exceptions will be noted. The 
target for the third 90 is 90%, or 73% of 
people living with HIV in a community.

Several investigations of treatment  
as prevention, covered in “CROI 2019: 
Advances in HIV Prevention and Plans 
to End the Epidemic” by Buchbinder 
and Liu in this same issue, demon- 
strated an impact on the HIV care cas- 
cade. The PopART (Population Effects  
of Antiviral Therapy to Reduce HIV 
Transmission) trial (Abstract 92LB) ex- 
amined differences between immedi-
ate ART and a package of prevention 
and linkage interventions by commu-
nity HIV care practitioners, the same 
interventions and ART per treatment 
guidelines, and standard of care (SOC) 

in 21 urban communities in Zambia 
and South Africa. In addition to effects 
on population incidence, investigators  
noted that overall ART coverage met 
the care cascade’s first 90 target in 
both intervention arms. There was also 
a statistically significant 16% increase 
in virologic suppression with immedi-
ate ART initiation, compared with SOC.

Wirth and colleagues presented care 
cascade data from the Ya Tsie study 
(Abstract 95), a community-level clus-
ter randomized trial in Botswana in 

which a package of HIV prevention and 
treatment interventions led to a 30% 
reduction in population HIV incidence 
in the treatment communities. They 
conducted a postintervention survey in 
a subsample of 6 paired communities 
to determine care cascade outcomes in 
April 2018, compared with preinterven-
tion baseline (October 2013) and found 
statistically significant improvement in 
all 3 care cascade metrics between in- 
tervention and SOC communities. The 
first 90 increased from 84% to 93% in 
the intervention communities, com- 
pared with 86% to 88% in the SOC com- 
munities. For the second 90, ART cov-
erage increased from 72% to 90% in 
intervention communities, compared 
with 76% to 86% in SOC communi-
ties. The third 90, viral suppression, 
increased from 70% to 88% in interven-
tion communities, compared with 75% 
to 83% in SOC communities. A post hoc 
analysis also revealed that time to ART 
initiation was 367 days in SOC and 69 
days in intervention communities.

Patel and colleagues presented data 
from the Rakai Community Cohort Study  

on the impact of a universal test-and-
treat program implemented in 2013 in 
fishing communities around Lake Vic-
toria in Uganda, a mobile population 
with a high burden of HIV (Abstract 
96). Investigators previously reported 
dramatic improvements in the care 
cascade between 2013 and December 
2016, surpassing all 90-90-90 targets. 
In this analysis, 1883 individuals with 
viral load data at 2 time points were in-
cluded, to examine changes in virologic 
suppression over time. Investigators 
found that prevalence of durable viral 
suppression (HIV RNA level <400 cop-
ies/mL at both paired time points, at 
least 12 months apart) was 50%. Be-
tween December 2011 and December 
2016, population-level viral suppres- 
sion increased from 37% to 77% for  
women and 21% to 58% for men. Pre-
dictors of persistent viremia (HIV RNA 
level >400 copies/mL at both time  
points) were an age of 15 to 29 years, 
having never married, migrating into 
the cohort at any time during the study 
period, and having more than 1 sexual 
partner in the past year.

Data on the “real-world” impact of 
universal treatment implementation in 
Brazil suggest less favorable outcomes. 
Chaisson and colleagues used national 
surveillance and patient monitoring da- 
tabases to determine ART uptake be-
tween 2014 and 2017 in Brazil, which 
recommended ART regardless of CD4+ 
cell count in December 2013, 2 years 
before its adoption by the World Health 
Organization (WHO) (Abstract 1022). 
Of 5750 patients newly diagnosed with 
HIV between 2014 and 2016, 51% had  
initiated ART during the observation 
period. Median time to ART start de-
clined over time, from 46 days to in 
2014 to 21 days in 2016. There was a  
statistically significant association be-
tween ART initiation within 3 months 
and diagnosis in either 2015 or 2016, 
compared with diagnosis in 2014, for 
patients in the public sector. However, 
overall ART initiation rates remained 
low 3 years after implementation of 
national test-and-treat guidelines. 

Universal test-and-treat strategies  
appeared to have a profound impact 
of the HIV care cascade in the con-
text of the PopART, Ya Tsei, and Rakai  

Universal test-and-treat 
strategies appeared to 
have a profound impact 
on the HIV care cascade 
in the context of the 
PopART, Ya Tsei, and 
Rakai Community Cohort 
studies but did not have 
a similar benefit at the 
national level in Brazil
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Community Cohort studies but did not  
have a similar benefit at the national 
level in Brazil. Offering a unique and im- 
portant perspective on the last step in  
the care cascade, Foote presented com- 
munity perspectives on the Undetect- 
able=Untransmissable (U=U) campaign  
(Abstract 118). Foote noted that U=U 
reduces stigma for people living with 
HIV and urged that existing resources 
be updated to incorporate U=U mes-
sages. She proposed specific language 
for practitioners for clarity and consis- 
tency (eg, using terminology like “pre- 
vents HIV” or “can’t transmit” is pre- 
ferred to “helps prevent HIV” or “is ex- 
tremely unlikely to transmit”). Foote  
also urged practitioners to use mor- 
ally neutral language to avoid uninten- 
tionally devaluing individuals with de- 
tectable viral loads. Finally, she high- 
lighted areas in which messaging  
should be clearer, including that U=U  
is about sexual transmission of HIV and 
not transmission through breastfeed-
ing or needle sharing and that U=U  
prevents HIV but not other STIs.

Rapid Start and Test-and-Treat 
Strategies to Get to 90-90-90

Puttkammer and colleagues examined 
the impact of the Haitian national “Test 
and Start” program, which prioritized 
rapid initiation of ART after HIV diag-
nosis and was launched in July 2016 
(Abstract 1017). Data from a national 
electronic medical record system and 
HIV case-based surveillance system 
were used to determine time to ART ini-
tiation and retention on ART 6 and 12 
months after initiation in 148,680 peo-
ple living with HIV in Haiti. There were 
clear and sustained reductions in time 
to ART initiation by year of diagnosis 
between 2010 and 2018, with 75% ini-
tiating ART within 1 year of diagnosis in 
2017 and more than 90% of individuals 
diagnosed in early 2018 initiating ART 
within the first 2 months. However, 
in unadjusted and multivariate mod-
els, adjusting for sociodemographic 
and clinical characteristics, there was 
a surprising association between ART 
initiation after the day of diagnosis and 
retention on ART at 6 months (adjusted 
model) and 12 months (unadjusted 
model). In the adjusted model, ART 

initiation between 1 and 4 weeks after 
diagnosis showed the greatest ben-
efit (adjusted odds ratio [aOR], 1.31; 
95% CI, 1.13, 1.51) over same-day ART 
initiation. Despite other studies docu-
menting the benefits of same-day ART 
initiation, such as the Thai Red Cross 
Anonymous Clinic program highlighted 
in the N’Galy-Mann Lecture given by 
Phanuphak, these data demonstrate 
that the impact of same-day start may 
differ by context.

The SLATE (Simplified Algorithm for 
Treatment Eligibility) trial evaluated a  

clinical algorithm to determine eligibil-
ity for immediate ART in South Africa 
and Kenya. The SLATE algorithm as-
sesses individuals presenting for ART  
initiation for possible challenges to  
same-day start, including signs or symp- 
toms of illness, substance use, prior 
ART, other comorbidities, and lack of in- 
dividual readiness for ART. The trial in-
dividually randomly assigned patients  
presenting for any HIV care, including 
HIV testing, to either the SLATE algo-
rithm or SOC. South African data were 
presented last year.1 Rosen and col-
leagues presented data from the Kenya 
sites (Abstract 1018), where 98% of indi- 
viduals enrolled said they would initi-
ate same-day ART if given a choice. 
However, only 55% of individuals ran- 
domly assigned to the SLATE interven-
tion arm were eligible for same-day 
initiation per the algorithm, and 85% of 
those determined ineligible were dis-
qualified for symptoms of tuberculosis. 
There was no difference in retention in 
care at 8 months between the 2 study 
arms, but loss to follow-up was high at 
approximately 40% of all patients. In  
Kenya, the majority of loss to follow-up 
occurred after the initiation of ART. The 
investigators have revised the SLATE al-
gorithm to be less restrictive regarding 

eligibility for same-day ART and further 
studies are ongoing.

Herce and colleagues (Abstract 1020)  
determined the impact of a universal 
test-and-treat program in 3 correctional 
facilities in Zambia and South Africa. 
The program was acceptable to most 
participants, and 86% of the 975 en-
rolled participants started ART, with a 
median time to ART start of 1 day after 
enrollment. As anticipated, follow-up 
was challenging, and 58% of partici-
pants initiating ART were transferred 
or released from the facility before 6 
months of follow-up. Of those remain-
ing in the facilities, 94% were still in 
care but only 78% had a viral load test 
result. Viral load suppression (HIV RNA 
level <1000 copies/mL) was found in 
97% of those with tests completed.

Pry and colleagues at the Zambia  
Center for Infectious Diseases Research 
implemented a linkage assessment  
tool to examine the reasons people 
were declining same-day ART initia-
tion across 3 HIV treatment facilities 
participating in the national test-and- 
treat program (Abstract 1024). Of 1274  
eligible individuals, 9.9% declined same-
day ART initiation and were asked 
about 22 potential personal, social, and 
structural reasons for declining. The 
most common barrier cited was “clin-
ics are too crowded” (47.8%) followed 
by “friends and family will condemn 
me” (36.0%), and “people will see me 
getting medication” (32.6%). Demo-
graphic characteristics associated with 
declining same-day ART initiation in-
cluded being older than 25 years, with 
the highest odds of declining ART in 
individuals older than 50 years (aOR 
15.76; 95% CI, 10.57, 23.49); female 
sex; and receiving care in an urban or 
rural health clinic rather than a hos- 
pital setting. Although the study is lim-
ited by a lack of data on when and if 
participants initiated ART, it provides 
insights into the primary structural and 
personal barriers to same-day ART ini-
tiation. Taken in context with the data 
on same-day ART from Haiti and the 
SLATE trial above, these data suggest 
that the context and structure of rapid 
start programs is important and there 
may be a disadvantage to same-day 
start for some individuals. 

The context and structure 
of rapid start programs is 
important and there may 
be a disadvantage to 
same-day start for some 
individuals 
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New Data on HIV Treatment Outcomes 
and Mortality

Results from the SEARCH (Sustainable 
East Africa Research in Community 
Health) trial in Uganda were presented 
at the International AIDS Conference 
in 2018,2 and Kamya and colleagues 
presented an oral abstract at CROI 
2019 evaluating the impact of the 
SEARCH intervention on 3-year mor-
tality (Abstract 138). SEARCH was a  
pair-matched randomized study of 32 
rural Ugandan communities in the set-
ting of population-based HIV testing, 

comparing SOC linkage and treatment 
to a patient-centered test-and-treat 
model that included warm hand-offs, 
rapid ART initiation, flexible clinic 
hours, and mobile phone triage. This 
analysis examined 3-year mortality 
due to illness in those with baseline 
CD4+ cell counts less than 350 cells/
µL, with 22% of the individuals identi-
fied as living with HIV. Mortality among 
those with CD4+ counts less than 350 
cells/µL was 28% lower in the inter-
vention communities. However, when 
stratified by sex, the intervention ef-
fect was only statistically significant 
among men. These data imply that 
population-based testing combined 
with linkage to care and rapid ART ini- 
tiation can reduce mortality even for 
those late to care, although more data 
are needed to understand the sex dis-
crepancy. Borgdorff and colleagues 
also presented data on mortality in the 
context of population-based HIV coun-
seling, testing, and linkage programs 
during scale-up of HIV services in rural 
western Kenya (Abstract 146). Inves-
tigators pooled data from a regional 
health and demographic surveillance 
system, which used community health 

worker reports and confirmation of 
deaths with family or community mem- 
bers for mortality ascertainment, and 
results from the regional home-based 
counseling and testing program. All- 
cause mortality in the community de- 
creased from 10.0 per 1000 in 2011 
to 7.4 per 1000 in 2016. There was a 
statistically significant difference be- 
tween age- and sex-adjusted mortal-
ity for those living with HIV ever on 
ART (2.8/1000), those living with HIV 
not reporting ART use (5.3/1000), and 
those without HIV (referent). Data on 
sex and CD4+ cell count differences 
in mortality are forthcoming, making  
direct comparison to SEARCH trial 
data impossible. However, these find-
ings demonstrate that mortality rates 
among people living with HIV continue 
to decrease in this region, although 
they are still substantially higher than 
in those without HIV, even in the con- 
text of HIV service scale-up. The inves-
tigators also proposed the possibility 
of using population mortality as a sur-
rogate indicator for HIV-associated 
mortality, which would be relevant in 
areas with high HIV prevalence and 
reliable mortality estimates. 

Bosh and colleagues at the CDC pre- 
sented data from the US National HIV 
Surveillance System assessing the rates  
of unintentional opioid overdose deaths  
(Abstract 147). They found that be-
tween 2011 and 2015, overall mortality 
for people living with HIV decreased 
by 13%, and opioid overdose–related 
deaths increased by 43%. These trends 
are more pronounced than those in the 
general population. Among people liv-
ing with HIV, opioid overdose deaths 
rose from 1.2% of deaths in 2011 to 2.0%  
in 2015. Over the same period in the 
general population, opioid overdose 
deaths rose from below 1.0% to 1.1%. 
Opioid overdose deaths were much  
more common in individuals reporting 
injection drug use as their HIV transmis-
sion risk factor and in older age groups,  
although the rate increased across all 
risk factor and age categories. These 
data imply that the opioid epidemic 
disproportionately impacts people liv- 
ing with HIV and could affect improve-
ments in mortality conferred by ART in 
the United States. 

Implications of New Strategies for 
Laboratory Testing

The impact of CD4+ cell count mea-
surements. As CD4+ cell count criteria 
for ART initiation are no longer rec-
ommended, HIV treatment programs 
are considering discontinuation of 
CD4+ cell count monitoring. Sikombe 
and colleagues explored the possible 
consequences of no CD4+ cell count 
monitoring, by examining mortality 
in people living with HIV in Zambia 
initiating ART without a pretreatment  
CD4+ cell count measurement (Ab- 
stract 148). They propose that, in their  
cohort, absence of pretreatment CD4+ 
cell count measurement is usually  
caused by reagent being out of stock, 
equipment failure, or other non–pa-
tient-associated factors, creating a 
natural experiment where absence  
of CD4+ cell count monitoring is ran- 
dom and its consequences can be ex- 
amined. Among 33,911 individuals  
initiating ART, 37.7% did not have a 
pretreatment CD4+ cell count mea-
sured. Two-year mortality in these 
individuals was 11.5%, compared with 
6.6% in those with a documented pre- 
treatment CD4+ cell count measure-
ment. After adjusting for WHO disease 

stage, sex, age, and clinic site, the haz-
ard ratio (HR) for mortality remained 
elevated (HR, 1.45; 95% CI, 1.06, 1.97)  
in individuals who did not have pre 
treatment CD4+ cell count measure-
ments, compared with those who did. 
Although these findings imply a poten-
tial disadvantage to the elimination of 
a pretreatment CD4+ cell count mea-
surement, it is difficult to determine 
whether unmeasured confounders, 
such as clinician judgement, impacted 
the results.

The opioid epidemic 
disproportionately 
impacts people living 
with HIV and could 
affect improvements 
in mortality conferred 
by ART in the United 
States

CD4+ cell count monitor-
ing at ART initiation is 
becoming less common, 
which poses a clinical 
challenge for the 25% 
of individuals present-
ing with advanced HIV 
disease
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Leeme and colleagues also explored  
the utility of CD4+ cell count monitor- 
ing in the era of test-and-treat strat- 
egies and viral load monitoring in Bo-
tswana (Abstract 149). Using national 
laboratory system data on 14,425 pa-
tients initiating ART between January 
2015 and December 2017, 25% had 
a baseline CD4+ cell count less than 
200 cells/µL. Of those with CD4+ cell 
counts above 200/µL at baseline, only 
3.6% experienced a drop to less than 
200/µL, 79% of whom remained virally 
suppressed. The majority (74%) of the  
individuals with CD4+ cell counts be- 
low 200/µL and suppressed viral loads 
had CD4+ cell counts above 200/µL on  
repeat testing. The investigators con- 
cluded that baseline CD4+ cell count 
testing remains important, even in a 
setting where a well-developed HIV 
care system exists, because it is impor-
tant to identify those presenting to care 
with advanced immunosuppression. 
However, they questioned the utility of 
ongoing CD4+ cell count monitoring 
if viral load data are available, particu-
larly once individuals achieve CD4+ 
cell counts above 200/µL. 

Zaniewski and colleagues exam-
ined trends in CD4+ cell count and  
viral load monitoring across 6 coun-
tries supported by PEPFAR (the US  
President's Emergency Plan For AIDS 
Relief) in Southern Africa from 2005 to 
2018, using data from the IeDEA (In-
ternational epidemiology Databases  
to Evaluate AIDS) cohort (Abstract 
150). Among 542,138 adults initiating 
ART, there was variation by country 
in CD4+ cell count monitoring trends, 
with declines in monitoring in South 
Africa and Malawi but not in other 
countries. There was also heteroge-
neity within the cohort in viral load 
testing, with South Africa, Malawi, and 
Zimbabwe all scaling up viral load test-
ing. Overall, a mixed effects model 
adjusted for age and sex showed that 
CD4+ cell count measurement at ART 
initiation decreased over time (OR, 
0.92 per year), as did presentation 
with a CD4+ cell count less than 200/
µL (OR, 0.79 per year) and treatment 
failure (OR, 0.95 per year), all statisti-
cally significant differences. However, 
the adjusted odds of having a viral 

load measurement after ART initiation 
increased annually (OR, 1.04). These 
data when examined alongside data 
from the other 2 abstracts on CD4+ 
cell count measurements prior to ART 
initiation, suggest that monitoring of 
advanced disease at initiation is be-
coming less common. This could pose 
clinical challenges, considering the on-
going presence of advanced disease in 
a substantial proportion of individuals 
initiating ART, comprising 20% to 25% 
in the studies presented here. 

New laboratory tests to monitor ad- 
herence. Phillips and colleagues pre-
sented data on the utility of dried  
blood spot measurements of tenofo-
vir levels for adherence monitoring 
(Abstract 462). Among 137 women en-
rolled, reported adherence was high,  
with 56% of women reporting 100% 
adherence. However, dried blood spot 
tenofovir concentration had a supe-
rior area under the curve (AUC) to  
self-report (AUC, 0.926 vs 0.756) and 
a comparable AUC to plasma mea-
surements of EFV (AUC, 0.903) and 
tenofovir (AUC, 0.864). Although some 
differences in test performance were 
noted among black participants, these 
data suggest that ART concentrations 
measured with dried blood spots are 
a strong predictor of viral suppression. 
This technology could be adapted as a 
point-of-care assay for adherence that 
is more accurate than self-report and 
less costly than measuring plasma ART 
concentrations.

Another novel adherence measure  
was evaluated by Haaland and col- 
leagues, who used urine FTC and teno- 
fovir concentrations to predict adher-
ence (Abstract 465). In a study of 18 
men without HIV, t urine FTC levels 
correlated with plasma FTC levels, but 
urine tenofovir levels did not correlate 
with plasma tenofovir levels. When 
daily dosing with TDF/FTC was com-
pared with daily dosing of TAF/FTC/
elvitegravir/cobicistat, urine tenofovir 
levels in participants receiving TAF did 
not correlate with adherence. Based 
on these data, urine FTC level could be 
used as a point-of-care test for adher-
ence to ART regimens containing this 
medication.

Prevalence of virologic failure, low-
level viremia, and viral blips after 
virologic suppression. Lee and col-
leagues examined the risk of virologic 
failure, low-level viremia (HIV RNA level 
of 51-199 copies/mL) and viral “blips” 
(HIV RNA level of 51-199 copies/mL fol-
lowed by viral suppression) in 16,944 
people living with HIV within the NA-
ACCORD (North American AIDS Cohort 
Collaboration on Research and Design) 
(Abstract 97). The time between initia-
tion of ART and viral suppression (HIV 
RNA level <50 copies/mL) was highly 
predictive of virologic failure. For those 
in whom it took more than 12 months 
to achieve virologic suppression, the 
difference in risk for virologic failure at 
6 years was 9.84 (5.08, 19.5) compared 
with those who achieved virologic sup-
pression in less than 6 months. Black 
persons and persons who inject drugs 
were also statistically more likely take 
more than 12 months to achieve viral 
suppression. 

The investigators did not find any 
differences in risk for low-level vire- 
mia or viral blips across various clini- 
cal and demographic predictors. These 
findings highlight the importance of 
rapid suppression after ART initiation, 
which may be clinically important and 
a marker for other barriers to ART suc-
cess. However, they are limited by the 
time frame examined (2006 to 2015), 
during which InSTIs were less com-
monly used, since this class of ART 
is known to achieve viral suppression 
more rapidly than many other initial 
ART options.

Novel Data on Epidemiology and 
Implications of Antiretroviral 
Drug Resistance

Characterization of Antiretroviral 
Drug Resistance Mutations

Mutations in the envelope glycopro- 
tein: a potential mechanism for drug  
resistance outside of target genes.  
After long-term passage of wild-type vi- 
rus in the presence of PIs, InSTIs, nRTIs, 
and NNRTIs, Pham and colleagues (Ab- 
stract 540) selected antiretroviral es-
cape mutants with mutations in the 
Env glycoprotein and Vpu but lacking  
changes in the target genes. These 
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These findings provide 
insight into how Env 
mutations in the absence 
of target gene mutations 
may confer antiretro-
viral drug resistance and 
raises the possibility 
that Env mutations are 
a precursor to develop-
ment of high-level drug 
resistance

antiretroviral resistance mutants were 
identified in 2 different T-cell lines (one 
favoring cell-free transmission and an-
other favoring cell-to-cell transmission) 
and 2 viral subtypes with different co-
receptor tropism. The gp41 envelope 
protein mutations Env-A556T and Env- 
A539V exhibited multiclass drug re-
sistance and a 4- or 5-fold change to 
DTG. Several of the Env mutations posi-
tions are highly conserved across HIV-1 
clades, and 2 of the Env mutations 
(Y61H and A539V) are found in the Los 
Alamos National Laboratory clinical 
database. These findings demonstrate 
that env can contribute to broad HIV 
drug resistance in vitro and may be a 
mechanism by which drug resistance is 
conferred outside of target genes. Fur-
ther in vitro and in vivo analyses are 
ongoing and may help guide the devel-
opment of more effective treatment. 

Van Duyne and colleagues (Abstract 
168) conducted a series of in vitro ex- 
periments to determine the mecha- 
nism by which mutations in gp41 of the  

Env protein (Env-A556T and Env-A5- 
39V, the identification of which are 
described in Abstract 540) confer DTG 
resistance. Using a green fluorescent 
protein reporter virus, viruses that fluo-
resce with viral gene expression, the 
replication kinetics of these Env mu-
tants were quantified. The Env mutants 
demonstrated better cell-to-cell trans-
mission than wild type in the absence 
and presence of DTG. On days of peak 
replication, greater geometric mean 
fluorescence intensity was observed 
in Env mutant-infected cells than in 

wild type, implying that not only were 
the Env mutants better at cell-to-cell 
transmission but that with each epi-
sode of cell-to-cell transmission there 
were more transmission events per 
cell. The researchers hypothesized that 
the enhanced cell-to-cell transmission  
of Env-A556T and Env-A539V mutants 
overcomes the DTG inhibition of cell-
to-cell infection, thereby conferring 
DTG resistance. These findings provide 
insight into how Env mutations in the 
absence of target gene mutations may 
confer antiretroviral drug resistance and  
raises the possibility that Env muta-
tions are a precursor to development 
of high-level drug resistance; however, 
the role of these Env mutations in vivo 
has not been examined. 

Capsid inhibitor RAMs. Capsid inhibi- 
tors are a promising new class of anti- 
retroviral drugs in development that  
have different mechanisms of action, 
including capsid assembly and disas-
sembly and virion maturation. Newton 
and colleagues (Abstract 539) described 
an in vitro analysis of patient samples 
submitted for routine drug resistance 
testing and gag gene site-directed mu- 
tants (using previously described cap- 
sid assembly inhibitor [CAI] gag substi-
tutions)3 to 2 maturation inhibitors that  
target the CA-SP1 cleavage site (beviri-
mat and PF46396), and 1 CAI inhibitor 
(PF74). Susceptibility of patient isolates 
to CA-SP1 cleavage site inhibitors varied 
more than 100-fold, and CAI inhibitor 
susceptibility varied less than 4-fold. 
Sixty-one percent of patient isolates 
had naturally occurring polymorphisms  
in the QVT motif in gag (amino acid 
positions 369-371), and these isolates 
exhibited less CA-SP1 cleavage site in- 
hibitor susceptibility than those with- 
out these polymorphisms. One isolate 
had a polymorphism (N74N/D) that was  
preiously associated with reduced CAI 
inhibitor susceptibility. 

Site-directed mutants (SDMs) with 
single L56I, M66I, Q67H, N74D, and 
A105E substitutions had more than 
200-fold reductions in CAI inhibitor 
susceptibility, and Q67H and N74D 
had only modest impacts. L56I, M66I, 
and Q67H conferred modest cross-
resistance to CA-SP1 cleavage site in- 

hibitors. SDMs conferring large reduc-
tions in PF74 susceptibility did so at an 
apparent cost to fitness, as these mu-
tants had reduced replication capacity. 
The characterization of the effects of 
capsid-related sequence variations and 
on CAI susceptibility will help guide 
the development of these promising 
agents. 

The resistance profile of the second- 
generation investigational HIV matu- 
ration inhibitor GSK2838232 was eval- 
uated (Abstract 541). Two recombinant 
viruses, comprising gag and protease 
fragments of 2 protease-treated pa-
tients in a wild-type laboratory strain, 
were serially exposed to increasing 
concentrations of GSK2838232 to de- 
rive escape mutants whose gag and 
protease genes were fully sequenced. 
In all experiments an A364V substi- 
tution was observed. An SDM con- 
taining A364V was generated, dem-
onstrating a high level of resistance 
to GSK2838232, as has been seen 
with other maturation inhibitors. The 
frequency of the A364V substitution 
was found in less than 0.1% of se-
quences in the Los Alamos National 
Laboratory HIV database. Investigators 
concluded that the resistance profile 
of GSK2838232 is consistent with pre-
vious maturation inhibitors and that 
preexisting resistance is expected to 
be low. 

Fostemsavir RAMs. Fostemsavir is a 
prodrug of temsavir (TMR), an inves-
tigational HIV-1 attachment inhibitor  
being evaluated for use in highly treat-
ment-experienced patients with limited 
treatment options. Saladini and col-
leagues characterized the env genotypic 
profile and phenotypic susceptibility 
to TMR among clinical isolates from 
patients with multidrug-resistant virus 
enrolled in the Italian PRESTIGIO reg-
istry (Abstract 548). Plasma samples 
from 24 patients were evaluated and 
in all but 1 sample, infectious pseudo-
typed viruses were generated. Three of 
23 of these samples had TMR RAMs (1 
with S375N and 2 with M426L). M426L  
showed variable reduction to TMR sus- 
ceptibility. Entry inhibitor use (mara-
viroc, EFV) and viral tropism had no 
impact on TMR susceptibility. 
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InSTI drug resistance mutations  
(DRMs). Shahid and colleagues identi- 
fied integrase gene mutations assoc- 
iated with decreased susceptibility to  
newer InSTIs (BIC, DTG, CAB), a chal- 
lenging endeavor given low rates of 
failure, slow in vitro selection, and the 
requirement for numerous mutations  
to confer resistance to these agents 
(Abstract 143). Investigators selected 
clinical samples from the British Co- 
lumbia Centre for Excellence database 
with a single mutation at 1 of 27 amino 

acids that differed in prevalence be- 
tween InSTI-treated and ART-naive in- 
dividuals. All unique amino acid per- 
mutations at these positions were iden-
tified, and representative samples were 
used to make recombinant viruses. 
Phenotypic analysis of the recombi-
nant viruses showed that mutations at 
G140, Q148, and R263 were associated 
with the greatest log-fold change to 
InSTIs; extensive cross-resistance was 
noted among DTG, BIC, and CAB, and 
between RAL and elvitegravir (EVG); ac-
cumulation of amino acid substitutions 
led to increased fold change; additional 
resistance mutations to baseline double 
mutants G140S plus Q148H exhibited 
log-fold-change increases; and 2 vari-
antsexhibited a 2-fold change for CAB 
but were still susceptible to DTG and 
BIC. Analysis was limited to subtype B 
virus and clinical correlations of these 
in vitro data are not yet available; how-
ever, this technique is an efficient way 
to evaluate clinically observed sequence 
variation and may lead to identification 
of emerging resistance to these newer 
agents. 

In a study of clinical isolates from 
19 patients experiencing virologic fail- 
ure on an InSTI-based regimen, Sala- 

dini and colleagues (Abstract 549) iden- 
tified major InSTI RAMs in all 19 pa- 
tients (T66A, E92Q, E138K/T, G140A/ 
C/S, Y143C/R, S147G, Q148H/R, N155H,  
R263K). Nine had previous exposure  
to RAL only, 4 to EVG only, 5 to RAL and  
DTG, and 1 to RAL and EVG. With in 
vitro susceptibility testing, DTG, BIC, 
and CAB mutants with a Q148R substi-
tution plus 1 or 2 additional InSTI RAMs 
resulted in substantially decreased sus- 
ceptibility to all 3 drugs, and compa-
rable activity to all other mutants with 
major InSTI RAMs was maintained. Iso- 
lates with a 148 mutation and 2 or 
more additional InSTI RAMs had high- 
er than 100-fold changes to DTG, BIC, 
and CAB. In one patient whose DTG- 
based regimen failed, the R263K muta- 
tion had a 3.5-fold change for DTG and  
CAB but only a 1.1-fold change for BIC.  
These findings suggest that the 148 
pathway, which is initiated by RAL- 
associated failure, compromises sec- 
ond-generation InSTIs more than fail-
ure of EVG-containing regimens. 

Susceptibility to BIC and DTG of 
clinical isolates obtained from heavily 
treatment-experienced patients whose 
InSTI-based regimens failed enrolled in 
the PRESTIGIO registry was presented 
(Abstract 550). All 17 patients had his-
torical genotypic tests showing primary 
PI, nRTI, and NNRTI RAMs, and 14% 
had previous exposure to DTG twice 
daily; 27% were on DTG twice daily, and 
50% were on RAL twice daily. The pri-
mary InSTI RAMs E138A/K, Y143C/H/R, 
Q148H, and N155 were found in 64% of 
samples and all exhibited resistance to 
RAL and EVG with phenotypic testing; 
2 showed resistance to BIC and DTG. 
Fifty percent of isolates had G140S plus 
Q148H, which conferred intermediate  
resistance to DTG in all isolates and to  
BIC in all but 1 isolate. Of isolates, 55%,  
50%, 36%, and 36% exhibited sensi- 
tivity to BIC, DTG, RAL, and EVG, re- 
spectively, with median fold changes 
of 3.1, 6.1, more than 164.0, and more 
than 188.0, respectively. 

Smith and colleagues (Abstract 553) 
noted that data on the effectiveness of 
InSTIs for HIV-2 treatment are limited. 
To date there are no published case 
reports or clinical studies describing 
the use of BIC plus TAF plus FTC to 

treat these patients with HIV-2. With in 
vitro studies, HIV-1 and HIV-2 showed 
comparable sensitivity to BIC in a sin-
gle cycle of infection (including group 
O isolates of HIV-1); BIC, DTG, and 
CAB were equally potent against HIV-1  
and HIV-2; the Q148-pathway mutants  
of HIV-2 showed high resistance to 
BIC, and N155H mutants showed mod-
est resistance to BIC; and fold-change  
values for site-directed HIV-2 mutants 
were concordant with those reported 
for clinical isolates of HIV-2 from InSTI- 
treated patients.4 The investigators con-
cluded that BIC has a similar potency 
for HIV-2 and HIV-1. They recommend- 
ed a clinical trial in West Africa to eval-
uate BIC plus TAF plus FTC as initial 
treatment for people living with HIV in 
West Africa, including those with HIV-2 
infection. 

Wei and colleagues evaluated the 
sequences of escape mutants exposed 
to high levels of CAB (Abstract 545LB). 
They noted that despite increasing and 
prolonged CAB concentrations over 1 
year, no integrase gene mutations were  
identified, in contrast to exposure to  
RAL, which generated E138K and Q- 

148R mutations. Further analysis of 
the escape mutants showed changes 
in the 3’-polypurine tract (PPT) region, 
which may lead to atypical cleavage 
of 2–long terminal repeat (LTR) circles 
conferring resistance to CAB. The hy-
pothesis that alterations in 2-LTR is the 
mechanism by which 3’-PPT muta-
tions confer InSTI resistance was first 
described by Malet and colleagues at 
the CROI conference in 2018.5,6 The 
plausibility of this hypothesis has been 
questioned and alternate mechanisms 
for PPT-derived resistance have been 
proposed.7 Further investigation into 
mechanisms of InSTI resistance in the 

The 148 pathway, 
which is initiated by 
RAL-associated failure, 
compromises second-
generation integrase 
strand transfer inhibitors 
more than failure of EVG-
containing regimens

Further evaluation  
to assess the clinical  
significance of newly 
detected DRMs and the 
optimal use of deep  
sequencing in clinical 
settings is warranted
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absence of target integrase gene DRMs 
is warranted including correlation with 
phenotypic and in vivo analyses. 

Tenofovir RAMs. Intracellular concen- 
trations of tenofovir with TAF are 4- 
fold higher than with TDF Cox and col-
leagues (Abstract 546) hypothesized 
that the higher intracellular tenofovir 
levels with TAF could confer decreased 
resistance with the tenofovir-associ-
ated DRM K65R compared with TDF. 
In vitro studies of clinical isolates with 
K65R/N mutations in the presence or 
absence of M184V found that at phar-
macologic concentrations of TAF, viral 
breakthrough was inhibited in 40 of 42 
K65R mutants compared with 30 of 42 
K65R mutants with pharmacologic lev-
els of TDF. Standard resistance testing 
does not capture the effects of a 4-fold 
increase in TAF on intracellular teno-
fovir, and if further research confirms 
the clinical significance of these in vitro 
findings, changes to TAF genotype al-
gorithms and phenotype assays should 
be indicated. 

Technologies to Detect DRMs

Archived genotype. Daeumer and col- 
leagues compared deep sequencing as- 
says with cumulative historical geno- 
typic testing results in a cohort of pa- 
tients with viral suppression but with 
known triple-class resistant virus (Ab-
stract 544). Among the 195 patients 
evaluated, correlation between deep  
sequencing and historical genotypic 

testing varied by individual mutation,  
ART drug class, and assay cutoff. Using 
deep sequencing and a sensitivity cut-
off to detect mutations in 15% of the 
viral population, 45% of all historical  
DRMs, 55% of historical nRTI DRMs, 
37% of historical NNRTI DRMs, 35% of 
historical PI DRMs, and 22% of histori-
cal InSTI DRMs were detected. With a  
cutoff of 1%, 60% of all historical DRMs, 

68% of historical nRTI DRMs, 49% of  
historical NNRTI DRMs, 55% of histori-
cal PI DRMs, and 41% of historical InSTI  
DRMs were detected. At a 1% cutoff, 
the percent of newly detected DRMs 
was 11% overall and 42% for InSTI DRMs  
and at a cutoff of 1% to 15%, the pro- 
portion of newly detected DRMs was  
20% overall and 44% for InSTI DRMs.  
Patient characteristics, including dura- 
tion of viral suppression and ART reg- 
imen, did not correlate with deep se-
quencing detection of historical DRMs. 
This study provides more insight into 
the applicability of deep sequencing 
in clinical settings, but further evalua-
tion to assess the clinical significance 
of newly detected DRMs and the opti-
mal use of this test in clinical settings 
is warranted. 

Epidemiologic Studies of DRMs

National and regional epidemiologic 
studies. Moyo and colleagues presented 
the drug resistance testing results from 
the 5th South African National HIV Pre 
valence, Incidence, Behaviour, and Com- 
munication Survey, which included 
collection of dried blood spot samples 
through which HIV antibody, viral load, 
ART drug levels, and drug resistance 
testing were performed (Abstract 152). 
Of 24,000 individuals surveyed, 2294 
tested positive for HIV, 1107 were not 
virally suppressed, 697 had successful 
drug resistance testing, and 200 had 
DRMs; 27% had any DRM, 19% had  
NNRTI DRMs, 8% had NNRTI and nRTI 
DRMs, and 0.5% had PI, NNRTI, and 
nRTI DRMs. Among individuals with 
ART drug–positive versus ART drug– 
negative samples, 56% and 23% had 
any DRM, 14% and 20% NNRTI DRMs 
only, and 41% and 2% had NNRTI and  
nRTI DRMs, respectively. Rates of DRMs  
were highest among individuals who 
reported taking ART medications but 
had negative samples (identified as  
“defaulters” in this study), with any 
DRM, NNRTI only, and NNRTI and nRTI 
at 76%, 56%, and 14%, respectively. For 
individuals reporting never taking ART 
medications with negative samples (as- 
sumed to be ART naive) rates were low- 
est, at 15% with any DRM, 15% with  
NNRTI DRMs only, and 0% with NNRTI  
and nRTI DRMs. The researchers recom- 

mend ongoing monitoring of DRMs, 
stronger adherence support for “de-
faulters,” strengthening of initial ART 
regimens in South Africa to include  
InSTIs, and early switching of patients  
whose ART regimens are failing to al- 
ternative regimens. 

The impact of social determinants 
of health on ART adherence, resistance,  
and HIV clinical outcomes in the Unit- 
ed States was evaluated using publicly 

available data-bases, measuring the 
average proportion of days covered of 
all patients per state in the Symphony 
Health Solutions claims database, and 
determining rates of resistance using 
isolates submitted to Monogram Bio- 
sciences for routine clinical testing (Ab- 
stract 907). HIV prevalence was highest 
in the southern and northeast states. 
Mean proportion of days covered was 
73%, with at least 40% of patients dem- 
onstrating poor adherence to ART in a  
majority of states and clustering of poor 
est adherence in the southern states. 
Across all states, 20% to 54% of isolates 
tested showed HIV-1 drug resistance.  
States with higher prevalence of poor 
ART adherence had higher HIV-1 preva-
lence and HIV-1 mortality rates. States 
with higher rates of resistance had 
higher prevalence of HIV-1 infections. 
Lower education level, poverty, unem-
ployment, female sex, and nonwhite 
race were associated with poor ART 
adherence. Lower education level, un-
employment, and non-white race were 
associated with higher prevalence of 
poor or suboptimal ART adherence. 
The regional variation and correlations 
among social determinants of health, 
adherence, resistance, and HIV-related 
outcomes should inform targeting of 
resources and interventions to promote 
adherence and prevent resistance. 

States with higher 
prevalence of poor ART 
adherence had higher 
HIV-1 prevalence and 
HIV-1 mortality rates

Decreasing rates of  
InSTI resistance reflect 
the introduction of  
more potent InSTI 
agents (DTG and BIC) 
along with good clinical 
practice 
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Clinical isolates from Italy from 
2007 to 2017 were evaluated to iden-
tify trends in InSTI resistance over time 
(Abstract 535). Investigators evaluated 
3004 isolates from 2598 patients. The 
prevalence of at least 1 InSTI major re-
sistance mutation decreased from 14% 
in 2007 to 5% in 2017, and the propor-
tion of isolates with full susceptibility to 
RAL, EVG, DTG, and BIC all increased 
during that time (83%-94%, 83%-94%, 
94%-98%, and 94%-98%, respectively). 
Decreases in rates of InSTI resistance 
and increases in rates of full susceptibil-
ity of InSTIs were also seen on isolates 
from patients on 1 InSTI plus at least 2 
ART drugs from other classes and from 
patients on 1 InSTI and 2 nRTIs. Among 
InSTI-naive patients, there was no sta-
tistically significant change in rates of 
InSTI resistance; prevalence remained 
low at 0% from 2007 to 2008 and 0.6% 
in 2015 to 2017, and susceptibility to all 
InSTIs remained high (98.0%-99.7%). 
Among patients on 1 InSTI and another 
ART drug from a different class (dual 
therapy), rates of resistance to any 
InSTI and susceptibility to RAL and 
EVG remained stable, and rates of sus-
ceptibility to DTG and BIC decreased 
(from 96% to 85%). Overall prevalence 
of InSTI major resistance mutations 
was stable aside from Q148R, which 
decreased from 10.2% (in 2007-2008) 
to 1.4% (in 2015-2017). The research-
ers concluded that decreasing rates of 
InSTI resistance reflect the introduction 
of more potent InSTI agents (DTG and 
BIC) along with good clinical practice. 

Pretreatment drug resistance (PDR): 
public health surveillance. Avila-Rios 
presented surveillance data on PDR 
from the Condesa Clinic, where ap-
proximately 70% of all new cases of 
HIV in Mexico City are diagnosed each 
year (Abstract 876). Next-generation  
sequencing was conducted for 2447 
individuals initiating ART and diag- 
nosed in the Condesa clinic between 
September 2016 and June 2018. Prev-
alence of DRMs to any drug, NNRTI, 
nRTI, PI, and InSTI were 14.8%, 9.6%, 
4.5%, 1.7%, and 0.8%, respectively, with  
K103N the most frequent DRM ident- 
ified. Genetic network analysis ident- 
ified 99 clusters consisting of 2 to 20 

individuals, and clustering individuals 
were more likely to be younger (aOR 
per year, 0.96), were more likely to be 
men (aOR, 2.3), and were less likely to 
reside outside of the central metropoli-
tan area (aOR, 0.11). Among clustering 
individuals, 18% shared DRMs, with 
K103N the most commonly shared 
DRM. Persons sharing DRMs were most  
likely to be younger (aOR per year, 

0.97) and were more frequently ob- 
served after 2016 (2017 aOR, 1.7; 2018 
aOR, 2.0). A growth of DRM networks 
was observed over time, with the num-
ber of clusters of people sharing DRMs 
increasing from 3 to 46 to 66 in 2016, 
2017, and 2018, respectively. To ad-
dress the increasing prevalence of PDR  
and the growth of DRM networks, plans  
are underway to begin molecular sur- 
veillance nearly in real time, routine col- 
lection of sociodemographic and be- 
havioral information for all persons be- 
ing tested for HIV, and alliances with 
nongovernmental organizations to de-
liver focused prevention interventions.

Prevalence of PDR. McClung and col-
leagues presented US surveillance data  
for PDR in people diagnosed with HIV  
from 2013 to 2016 (Abstract 526). From  
36,288 cases in 23 US jurisdictions, 
40,083 sequences were analyzed. Of 
cases, 19.0% had at least 1 PDR mu-
tation (PDRM) and 11.9% had NNRTI 
PDRMs, 6.8% had nRTI PDRMs, 4.3%  
had PI PDRMs, and 0.8% had InSTI 
PDRMs. There was a higher preva-
lence of PDRMs in black individuals, 
the northeast region, and metropolitan  
areas, and a lower prevalence in people 
aged 30 years or older and Asian in-
dividuals. From 2013 to 2016, the rate  
of any PDRM was stable, the rate of  

NNRTI PDRMs increased (11.3%-12.4%), 
the rate of nRTI PDRMs was stable  
(6.8% -6.7%), the rate of PI PDRMs de- 
creased (4.6%-4.0%), and the rate of  
InSTI PDRMs increased (0.8% to 1.1%). 
Rates of any PDRM increased among  
people aged 40 to 49 years (17.4%-
20.2%) and individuals reporting HIV 
transmission risk from injection drug  
use (15.7%-23.8%). Of people with HIV  
infection attributed to perinatal infec-
tion, 39% had PDRMs, but the sample 
size was small (n=71). Cases with InSTI 
sequences reported increased as did 
cases in which the InSTI sequences were  
reported without the PR/RT sequence. 

Wang and colleagues evaluated ge- 
notypic testing results for patients aged 
13 years or older diagnosed with HIV 
between 2013 and 2017 and reported  
to the New York State HIV registry (n= 
15,345) (Abstract 528). Of 15,345 per-
sons included, 59% had any resistance 
testing within 3 months of diagnosis,  
57% had PR/RT resistance testing, 21% 
had initial InSTI resistance testing, and  
2.5% had only InSTI testing. Resistance  
to 1 or more InSTI was seen in 0.7% of  
patients with initial InSTI testing and 
was the most common. Clinically signif-
icant InSTI mutations included T66A/I, 
E92Q, E138K/A, G140S, Y143C/R, Q148H, 
and N155H. The Q148H mutation was 
seen in 4 newly diagnosed individuals. 
Investigators concluded that clinicians 
should ensure timely ordering of resis- 
tance testing (<3 months after HIV di-
agnosis per clinical guidelines) and that 
InSTI genotypic testing should not be 
ordered without PR/RT genotyping. 
They also suggested that the observa-
tion of Q148H in 4 newly diagnosed 
patients suggests InSTI resistance is 
emerging and that InSTI testing should 
now be ordered in addition to PR/RT ge-
notyping in patients newly diagnosed 
with HIV infection. The frequency of 
InSTI PDRMs is low and baseline InSTI 
resistance testing is not consistent with 
current IAS-USA guidelines,8 but the 
recommendation may change if more 
resistance emerges with widespread 
InSTI use. 

In Peru, baseline genotypic test-
ing is not routinely performed before 
ART initiation. Rates of PDR in Peru 
on samples obtained before 2010 were 

In the United States  
from 2013 to 2016 the 
rate of any pretreatment 
drug was stable and the 
rates of specific drug 
resistance mutations 
changed only modestly 
over time
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previously reported as 1.0% to 4.7%. 
HIV sequence data were obtained from 
3 parent studies (2013-2017) of ART-na-
ive cisgender men who have sex with 
men (n=332) and transgender women 
(n=144) in Lima, Peru, and consensus 
gene sequences of part of the HIV pol 
region were evaluated for DRMs (Ab- 
stract 529). Of isolates, 16.8% had any 
DRM (15% had 1 DRM, and 1.7% had 
2 DRMs). The most frequent RAMs 
conferring high-level NNRTI resistance 
were K103N/S (7.4% of all isolates) fol- 
lowed by G190A/E (1.1%); 0.8% of iso-

lates had the M184V RAM, and 1.1% 
had thymidine analogue mutations. 
Initial ART regimens in Peru are typi-
cally EFV plus 2 nRTIs; 15% of isolates 
showed EFV resistance (9% median-to- 
high resistance), 1% showed ABC resis- 
tance, and 0.9% showed FTC/3TC resis-
tance (all with high resistance). Rates  
of PDR did not differ based on gender 
identity. Given these rates and pat-
terns of increasing PDR, the authors 
recommended urgent adoption of na- 
tional surveillance for PDR, change in  
policy to incorporate baseline ART test- 
ing, and inclusion of InSTIs in recom-
mended initial ART. 

PDR was evaluated for patients who 
enrolled in the MaxART trial (MaxART: 
Early Access to ART for All in Swazi-
land), launched in 2014, through which 
ART was offered to all people living 
with HIV in the Hhohho region of Eswa-
tini, Swaziland, regardless of CD4+ cell 
count and WHO clinical disease stage 
(Abstract 537). HIV sequences were 
generated for 2578 available samples; 
11% had intermediate- or high-level re- 
sistance to EFV/nevirapine (NVP), the  
initial ART regimen offered to all par- 
ticipants per national guidelines at the 
time of the study. The prevalence of 

resistance to any antiretroviral drug 
was 24%. Dual-class resistance to nRTI 
and NNRTI was rare at 0.5%. EFV/NVP  
resistance was associated with female  
sex (aOR, 1.37) and younger age at ini-
tiation of treatment (aOR, 0.961 per 
1-year increment). E138A, an HIV-1 sub- 
type C polymorphism associated with 
RPV resistance, was detected in 13% 
of sequences and accounted for more  
than 50% of predicted resistance to  
NNRTIs. K103N was the next most 
commonly observed DRM at 7%, and 
minimal PI and nRTI DRMs were identi 
fied (<1%). These high rates of PDR to 
EFV support Swaziland’s shift to the 
use of InSTIs in recommended initial 
ART regimens and public health surveil- 
lance of PDR. 

The prevalence of PDR and its im- 
pact on treatment outcomes was as- 
sessed among patients initiating ini-
tial ART containing EFV in the ITREMA 
(Intensified Treatment Monitoring Strat-
egy to Prevent Accumulation of Drug 
Resistance) trial in rural South Africa. 
The majority of patients were women 
(60%) and were started on a regimen of 
EFV/TDF/FTC (96%); 6% reported prior 
ART (Abstract 527). Among patients 
with successful sequencing (n=194), 
12% had PDR, 9% of patients without 
evidence of prior ART had PDR, and 
20% of patients with previously undis-
closed ART who were found to have 
EFV exposure had PDR. PDR was as-
sociated with poor clinical outcomes, 
including an HIV RNA level above 1000 
copies/mL within 48 weeks, confirmed 
virologic failure within 48 weeks, and 
loss to follow-up within 24 weeks of 
ART initiation. 

Prevalence of drug resistance among 
ART-experienced individuals. The Min- 
istry of Health of Brazil offers genotypic 
testing to all individuals on an InSTI-
based regimen experiencing virologic  
failure. To characterize InSTI resistance 
patterns in Brazil, Veras and colleagues 
evaluated 1467 integrase sequences 
among RAL- or DTG-experienced pa- 
tients from 2012 to 2018 in the Na- 
tional System for Genotyping Control  
(Abstract 533). Rates of InSTI resis-
tance decreased from a peak of 67%  
resistance to RAL and 5% to DTG in  

2013 to 13.7% and 0.8%, respectively, 
in 2018; there were no DTG-resistant 
isolates from individuals on DTG for ini-
tial ART. There were no demographic, 
clinical, or regional variations in pre- 
valence of resistance. G140 (7%) and  
E138 (1%) were the most frequent In- 
STI RAMs identified, and subtype B  
(70%) was the most common subtype 
followed by C (14%), F (9%), and recom-
binant (7%) subtypes. No national or 
InSTI RAM transmission clusters were 
identified. 

In the HPTN (HIV Prevention Trials  
Network) 074 study conducted in Indo- 
nesia, Ukraine, and Vietnam, enhanced 
support for medication-assisted treat-
ment of substance use disorder and 
ART adherence for people with HIV 
(with HIV RNA levels ≥1,000 copies/mL)  
and active injection drug use were as-
sociated with decreased mortality and 
increased viral suppression.9 HIV-sero-
positive index participants were asked 
to recruit HIV-seronegative participants.  
Zhang and colleagues evaluated base-
line HIV drug resistance and ART use  
among the HIV-seropositive participants  
(Abstract 534). Among 502 index par-
ticipants, genotypic test results were 
obtained for 89% (n=449). Resistance 
to any ART drug class was detected in 
12%, of whom 54% had multiclass re- 
sistance, with the most common DRMs 
identified being K103N and M184V. 
Of the 449 patients who had geno-
type results available, ART drugs were 
detected in 51 (11%) patients, 73% of 
whom had 1 NNRTI drug plus 1 or 2 
NRTI drugs detected, 20% had an nRTI 
drug detected alone, and 4% (2 pa-
tients) had a boosted PI drug with 1 or 
2 nRTI drugs detected. Of participants, 
61% had the CRF01_AE HIV subtype,  
36% had the A1 subtype, 2% had unique  
recombinant forms, and 0.7% had the 
B subtype. Drug resistance was more 
frequent among individuals with de-
tectable ART drug levels (59% vs 6%), in  
Indonesia (24%) compared with Ukraine  
(2.4%) or Vietnam (13%), and Among 
those who reported a history of incar-
ceration (43% vs 11%). These high rates 
of DRMs and multiclass DRMs high-
light the need for enhanced adherence 
support and use of potent ART drugs 
with a high genetic barrier to resistance 

These high rates of PDR 
to EFV support Swazi-
land’s shift to the use of 
InSTIs in recommended 
initial ART regimens and 
public health surveillance 
of PDR
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among people with HIV who inject 
drugs. 

In the DAWNING study, an open-
label, multinational (58 sites in Latin 
America, South America, Asia, East-
ern Europe, and Africa), multicenter, 
noninferiority, randomized, phase IIIb 
trial, patients whose initial ART with  
an NNRTI plus 2 nRTIs failed who were 
then randomly assigned to DTG plus 2 
nRTIs had superior virologic outcomes 
to those who were randomly assigned 
to LPV/r plus 2 nRTIs (84% vs 70% with 
HIV RNA levels <50 copies/mL at 48 

week).10 In a post hoc analysis (Ab-
stract 144), DTG plus 2 nRTIs remained 
superior to LPV/r plus 2 nRTIs, in the 
presence of M184V/I, even when 3TC 
or FTC were part of the regimen (85% 
vs 72%). These results support up-
dated WHO interim guidelines for the 
inclusion of DTG plus 2 nRTIs as a sec-
ond-line treatment option for patients 
whose initial NNRTI- or PI-based regi-
men failed.11 

Strategies to identify drug resistance  
in ART-experienced patients in low-  
or middle-income countries. Bos- 
sard and colleagues (Abstract 151) eval- 
uated rates of DRMs among ART-ex-
perienced, hospitalized patients in 2 
hospitals in sub-Saharan Africa: one in 
Kenya and one in the Democratic Re-
public of Congo (DRC). Per the WHO 
guidelines treatment failure algorithm, 
a patient should have 2 consecutive 
high viral load test results within 3 

months before switching from an ini-
tial to a second-line regimen, but for  
hospitalized patients a faster switch 
may be indicated. Among the 305 
patients enrolled, more than 70% were 
on a regimen of EFV/TDF/3TC, the ma- 
jority were women (54% in Kenya and 
69% in DRC), and median time on ART 
was more than 4 years. Rates of viral 
and immunologic suppression differed 
between sites (HIV RNA level ≥1000 
copies/mL among 37% in Kenya and 
71% in DRC; CD4+ cell count <100/µL  
among 68% in Kenya and 82% in DRC).  
Adherence, measured by TDF levels,  
was suboptimal in 56% of patients in  
Kenya and 47% in DRC. Among pa- 
tients with HIV RNA levels of 1000 cop- 
ies/mL or higher, more than 70% expe-
rienced treatment failure (dual-class, 
intermediate- or high-level-resistance). 
Of patients with HIV RNA levels of 1000 
copies/mL or higher and CD4+ cell 
counts below 100/µL, 74% in Kenya and 
85% in DRC experienced treatment fail- 
ure. Of sequences, 84%, 86%, 71%, and 
40% had intermediate- or high-level re- 
sistance to EFV, NVP, 3TC, and TDF, re- 
spectively (median regimen-specific  
genotypic sensitivity score, which as-
sesses the number of active drugs in a 
regimen based on genotype, was very 
low at 0.5). Investigators concluded  
that hospitalized patients on initial ART 
longer than 6 months with CD4+ cell 
counts below 350/µL and HIV RNA lev-
els of 1000 copies/mL or higher should 
be rapidly changed to a second-line reg- 
imen, given these high rates of treat- 
ment failure. 

Hermans and colleagues presented 
a pilot and implementation study on  
testing of LPV drug levels before drug  
resistance testing for patients in whom  
a second-line ART regimen is failing  
in low- or middle-income countries 
(LMICs) (Abstract 461). WHO recom- 
mends drug resistance testing in pa- 
tients in whom a second-line ART reg- 
imen is failing, and if resistance is  
found, switching to a third-line regi-
men. The researchers noted that drug 
resistance testing is costly and that 
only a minority of these patients in 
LMICs have PI resistance (<20%).12 In 
their pilot and implementation studies 
conducted in South Africa, LPV drug 

levels predicted LPV resistance with 
90% sensitivity and 61% specificity, 
with a positive predictive value of 44% 
and a negative predictive value of 95%. 
The researchers concluded that testing 
of drug levels at the time of PI treat-
ment failure would be a cost-effective 
strategy, to reserve costly drug resis-
tance testing for patients most likely to 
have PI resistance. 

Selected Issues in Maternal and 
Pediatric Health

The prevalence of maternal HIV/hepa-
titis B virus (HBV) coinfection and its 
impact on HIV mother-to-child trans-
mission (MTCT) and maternal and in- 
fant clinical outcomes were evaluated  
by Bhattacharya and colleagues (Ab- 
stract 41). Post hoc analysis was per- 
formed on maternal-infant pair data 
and retrospective laboratory testing of  
maternal samples from HPTN 046, a 
randomized controlled clinical trial of 
HIV MTCT in sub-Saharan Africa. Of 
2016 women with HIV infection in-
cluded in the analysis (22% of whom 
were on ART), 88 (4.3%) were deter- 
mined to have HBV coinfection (de-
fined as having a positive HB surface 
antigen). Compared with women with 
HIV monoinfection, women with HIV/
HBV coinfection with high HBV vire- 
mia (defined as having an HBV DNA 
level greater or equal to 106 IU/mL)  
had lower median CD4+ cell counts 
at baseline. High maternal HBV vi-
remia was also associated with low 
birth weight and 6.75 times (95% CI, 
1.86–24.50) higher risk of infant HIV 
infection. The research team did not 
find any impact of HIV/HBV coinfection 
on infant mortality or maternal out-
comes (ie, maternal premature rupture 
of membranes and episiotomies) at 18 
months. One limitation of this study 
was the lack of available HIV viral load 
data. The mechanism by which HBV 
viremia led to higher risk of HIV MTCT 
remains unclear.

Ntozini and colleagues conducted a 
community-based 2 x 2 factorial cluster 
randomized trial, known as the SHINE 
(Sanitation, Hygiene, Infant Nutrition 
Efficacy) Project, to determine whether 
2 nutrition and sanitation interventions 

Investigators concluded 
that hospitalized patients 
on initial ART longer 
than 6 months with 
CD4+ cell counts below 
350/µL and HIV RNA  
levels of 1000 copies/
mL or higher should 
be rapidly changed to 
a second-line regimen, 
given these high rates  
of treatment failure
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delivered alone or in combination, com- 
pared with a SOC group, affected neu-
rodevelopment in 323 HIV-exposed in 
fants and children (of whom 6 had HIV 
infection) from 726 women with HIV in- 
fection in rural Zimbabwe (Abstract 42). 
The improved nutrition intervention, 
which researchers labeled as improved 

infant and young child feeding, con- 
sisted of provision of a lipid-based nu- 
trient supplement from 6 to 18 months 
and feeding counseling. The improved 
water, sanitation, and hygiene inter- 
ventions incorporated access to a pit 
latrine, hand washing stations, liquid 
soap, chlorine, a play space, and hy-
giene counseling. Each intervention 
individually did not have a significant 
effect, but combining them improved 
nutrition and improved water, sanita- 
tion, and hygiene interventions sub- 
stantially and improved motor, cogni- 
tive, and language development, as-
sessed by the Malawi Developmental 
Assessment Tool, in the HIV-exposed 
children at 2 years of age. 

Evans and colleagues observed a 
39% higher mortality and more growth 
stunting among HIV-exposed children 
compared with HIV-unexposed chil-
dren through 18 months in the SHINE 
trial (Abstract 790). Chasekwa and col-
leagues observed that the improved 
nutrition intervention, but not the im- 
proved water, sanitation, and hygiene  
interventions, reduced growth stunting 
and anemia in HIV-exposed children  
(Abstract 791). Chadna and colleagues 
evaluated early childhood develop- 
ment, assessed by several different de- 
velopmental tools used widely in sub- 
Saharan Africa, in the SHINE trial. Out- 
comes at age 2 years differed between 
HIV-exposed and HIV-unexposed chil- 
dren in several but not all measures 
(with lower total developmental, mo- 
tor, and language scores in the HIV-
exposed group), emphasizing the need 

for studies with longer follow-up to as-
sess whether these small differences in 
early childhood development lead to 
sustained, meaningful developmental 
differences in later ages (Abstract 784).
Early ART in children in the first year of 
life is associated with improved clinical 
and virologic outcomes and with de-
creased HIV reservoir size, but there are 
limited data on the impact of early ART 
in neonates. 

Tagarro and colleagues evaluated 
whether rapid initiation of ART within 
7 days (early) versus 7 to 28 days of 
life (delayed) in HIV-infected neonates 
had any long-term clinical, virologic, 
and immunologic effects later in life 
(Abstract 44). A total of 44 infants with 
perinatally acquired HIV infection from 
4 different cohorts were included in  
the analysis. The infants were included 
if they were 28 days of age or younger 
at the initiation of ART, had no ART in-
terruptions with the first 2 years, and 
had at least 2 HIV viral load test results  
during the follow-up period. Infants 
who were started on triple ART as MTCT  
with NVP/zidovudine/3TC on day 1 and  
transitioned to ART within 15 days were  
also included. 

Primary clinical endpoints were mor- 
tality and progression to AIDS, and pri- 
mary virologic outcomes included time 
to viral suppression, time to virologic 
failure, and proportion of time sup-
pressed. Viral suppression was defined 
as having at least 2 consecutive HIV 
RNA levels below 50 copies/mL, and 
virologic failure was defined as hav-
ing at least 2 HIV RNA levels of 400 
copies/mL or higher. A viral blip was 
defined as having an HIV RNA level 
between 50 and 400 copies/mL once 
followed by viral suppression. Time-
to-event analysis using Kaplan Meier 
curves and flexible spine models was 
performed. The median follow-up pe-
riod for the children was 11.5 years. 
At baseline, there were differences in 
ART regimens in those treated within 7 
days and those treated at 7 to 28 days, 
and higher viral loads were observed in 
children who received early treatment. 

Time to viral suppression was sta-
tistically significantly lower in those 
treated early, with probability of sup-
pression decreased by 35% for each 

week the initiation of ART was delayed, 
after adjustments for ART regimen and  
baseline viral load at time of initiation. 
A linear association between age at 
time of ART initiation and viral sup-
pression was observed. There were  
no statistically significant differences 
between early versus delayed ART in 
other long-term primary endpoints, 
including progression to AIDS, time to 
virologic failure, or proportion of time 
suppressed, as well as in other out-
comes (eg, changes to ART regimen or 
time to immunologic recovery).

Interactions Between Hormone-Based 
Contraception and ART in Women 
With HIV Infection

Levonorgestrel and nonhormonal cop- 
per intrauterine devices (IUDs) are ef- 
fective, long acting, and reversible con- 
traception approaches that are under-
utilized by women with HIV infection, 
especially in LMICs with high HIV prev-
alence. There are limited safety data for 
use of IUDs in women with HIV infec-
tion. The impact of progestin on HIV 
viral shedding in the genital tract, used 
as a proxy marker for HIV transmission 
risk, remains unclear. 

Todd and colleagues presented re 
sults from the first randomized, double- 
blind trial, among 199 South African 
women with HIV infection aged 18 to  
40 years, comparing genital and plas- 
ma HIV viral load levels as well as ac- 
ceptability in women using levonorg-
estrel IUD (LNG IUD) and those using a 
nonhormonal copper IUD (C-IUD) (Ab-
stract 50). The analyses were stratified 
by ART status on entry into the study 
(those on ART and those not yet initi-
ated on ART). The authors found no 
statistically significant increase in geni-
tal tract HIV viral load shedding and 
no statistically significant difference 
in detectable plasma HIV viral loads 
between the 2 IUD arms, with no dif-
ferences noted when stratified by ART 
use. Of the 34 serious adverse events 
noted, 18% were related to IUD use. 

Overall, continued use of IUDs over  
24 months was 76%, with expulsions  
and discontinuations higher in the C- 
IUD group. Discontinuations of IUDs  
were mainly due to adverse effects  
including heavy bleeding, pain, and  

LNG IUDs are a safe 
and acceptable  
contraceptive option 
for women with HIV 
infection
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dysmenorrhea. The authors concluded 
that compared with nonhormonal C-
IUDs, LNG IUDs do not significantly 
alter genital tract and plasma HIV viral 
load levels and that LNG IUDs are a 
safe and acceptable contraceptive op-
tion for women with HIV infection.

Previous research highlighted a con-
cern for drug-drug interactions between 
EFV and hormone-based contracep-
tion, with 1 study13 showing 45% to  
57% lower exposure to LNG in women 
with HIV infection on EFV-based ART 
who received standard-dose of LNG 
subdermal implants, resulting in sub-
optimal contraception protection and 
unintended pregnancies. 

Scarsi and colleagues explored, in 
an open-label pharmacokinetic study, 
whether doubling the dose of LNG (from 
the standard dose of 150 mg to 300 mg) 
in subdermal implants would overcome 
the drug-drug interaction and provide 
effective contraception in women on 
EFV-based ART (Abstract 51). The in-
vestigators compared the drug plasma 
concentrations, computed as geomet-
ric mean ratios, over numerous visits 
spanning 48 weeks of 28 Ugandan 
women receiving EFV-based ART and 
double-dose LNG implants (along with 
C-IUDs as backup contraception) and 
17 ART-naive historical controls receiv-
ing standard-dose LNG implants. Over 
48 weeks, in women on EFV-based ART  
receiving LNG 300 mg implants, LNG 
concentrations were 33% to 44% lower 
than in the historical controls receiving 
standard-dose LNG. A statistically sig- 
nificantly lower proportion of women 
(46% vs 90%; P<.05) receiving EFV-
based ART and LNG 300 mg had a level 
of LNG of 303 pg/mL or below (identi-
fied in prior research as a threshold 
at which unintended pregnancies oc-
curred), compared with the historical 
controls receiving standard-dose LNG. 

The investigators cautioned about 
the effectiveness of double-dose LNG 
implants as contraception in women 
receiving EFV-based ART, as doubling 
the dose of LNG still yielded suboptimal 
LNG levels because of the drug-drug 
interactions between LNG and EFV. 
They suggested further research into 
the pharmacogenetics and variability 
of LNG levels within individuals.

Haas and colleagues explored the 
role of pharmacogenetics in explain-
ing the adverse drug-drug interactions 
between ART and exogenous hor- 
mones administered via vaginal rings  
in the ACTG (AIDS Clinical Trials Group) 
A5316 study (Abstract 52). ACTG A5316  
is a multicenter, multi-country study 
that enrolled 72 women with HIV in-
fection aged 16 years or older in one 
of 3 groups: those not yet on ART (de- 
signated as the control arm), those re- 
ceiving EFV-based ART, or those receiv- 
ing ritonavir-boosted atazanavir (ATV/
r)-based ART. On the first day of the 
study, the women underwent insertion 
of a vaginal ring releasing etonogestrel 
(ENG)/ethinyl estradiol (EE) (120/15 mcg  
daily) over 21 days. Intensive, 8-hour 
pharmacokinetic sampling was per-

formed for EFV and ATV/r drug levels 
on days 1 and 21, as was testing for 
ENG/EE plasma levels on days 7, 14, 
and 21. 

The investigators also genotyped 17  
targeted single nucleotide polymor- 
phisms (SNPs), including SNPs that de- 
fine cytochrome P450 (CYP)2B6 meta- 
bolizing genotypes as normal, inter-
mediate, and slow (for EFV), UGT1A1 
(for ATV), CYP3A4/5, CYP1A1/2, and 
other estrogen trait-associated SNPs 
(for ENG and EE). Compared with the 
control arm, EFV lowered median ENG 
concentrations at day 21 by 73%, 77%, 
and at least 93% in those with CYP2B6 
normal, intermediate, and slow meta- 
bolizing genotypes, respectively. Sim- 
ilarly, EFV lowered median day 21 EE  
concentrations by 41% in CYP2B6 nor-
mal and intermediate metabolizers, 
and by 75% in CYP2B6 slow metaboliz-
ers. No association was found between 
the other SNPs and EE/ENG levels in 
the ATV/r-based ART and control arms. 

The investigators concluded that the 
CYP2B6 slow metabolizer genotype ex-
acerbates the adverse pharmacokinetic 
interaction of EFV with both ENG and 
EE, with the purported mechanism be- 
ing the enhanced induction of CYP 
that is mediated by exposure to higher 
levels of EFV. They also suggested that 
the interaction between EFV and hor-
mones can be lessened, although not 
completely overcome, by adjusting EFV  
dosing in individuals based on their 
CYP2B6 metabolizing genotype.

Issues in ART and Reproduction

In the Symposium on ART and Repro-
duction, the speakers provided updates 
on ART use in women of reproductive 
potential and the potential impact of 
ART drugs on maternal health and 
pregnancy outcomes, including birth 
defects. Mofenson underscored that 
although there are currently 32 ART 
drugs approved for HIV treatment in 
adults, there are limited data on the 
safety of these drugs for clinical use in 
pregnancy; most have received regu-
latory approval with only animal data 
available to assess potential adverse 
drug effects on the fetus (Abstract 59). 

She also discussed the difficulty of 
accurately determining associations 
between drug exposures and outcomes 
with low incidence rates such as birth 
defects. She stressed that research on 
fetal effects associated with ART drugs  
should differentiate between the first 
trimester of pregnancy and the pre-
conception period, as the exposure to 
a drug in the latter period would be 
crucial to assess. She described various 
caveats to the current data on birth de-
fects associated with ART drugs. These 
data are often collected after regula-
tory approval of the drugs, and timing 
of drug exposure in relation to concep-
tion is often difficult to ascertain from 
cases reported to pharmacovigilance  
registries. Mofenson emphasized the  
importance of active, prospective sur-
veillance of birth outcomes as new ART  
drugs are introduced into the mar- 
ket and the need to weigh consider-
ations for both the mother and the 
child, balancing the risks of adverse ef-
fects to the fetus with the benefits to 
the mother. 

It is ethical and  
imperative to increase 
representation of 
women of reproductive 
potential and pregnant 
women in HIV clinical 
research
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Gandhi reviewed HIV treatment op- 
tions for women of reproductive po- 
tential and pregnant women in high- 
income countries in (Abstract 60). She 
summarized current ART guidelines for  
women of reproductive potential who  
desire pregnancy, as well as for preg- 
nant women. She discussed the phar- 
macokinetic issues of ART drugs during 
pregnancy: changes in absorption, dis-
tribution, metabolism, and elimination 
of drugs, as well as safety, tolerability, 
and efficacy considerations for differ- 
ent ART regimens. Gandhi also dis-
cussed PrEP considerations in women, 
emphasizing that TDF/FTC is gener-
ally safe for use in pregnant women 
as HIV PrEP, and briefly summarized 
drug-drug interactions between contra-
ceptives and ART. She concluded that 
it is ethical and imperative to increase 
representation of women of reproduc-
tive potential and pregnant women in 
HIV clinical research. 

Mukui gave an overview of the public 
health policy and programmatic con-
siderations for ART implementation 
in women of reproductive potential in 
LMICs, with some examples from Kenya 
(Abstract 61). She highlighted key is-
sues that should be addressed, such as 
concerns for safety and efficacy of ART 
drugs in women of reproductive age, 
expanding access to comprehensive 
family planning services that include 
contraception, improving in-country 
pharmacovigilance and surveillance 
systems for adverse drug effects affect-
ing maternal and fetal outcomes, and 
balancing an individualized approach 
to health care, with specific under-
standing of a woman’s reproductive 
and other health desires and choices, 
with a broader public health approach 
to program implementation. 

Lyerly reiterated the substantial evi-
dence gaps in HIV research resulting 
from underrepresentation of women in 
studies, including women who become 
pregnant while on ART (Abstract 62). 
She discussed the implications, such 
as gaps in knowledge about dosing of 
drugs, safety to the fetus, and mater- 
nal and neonatal health outcomes. She 
highlighted the challenges that may 
hinder research in women of repro- 
ductive potential, including legal and 

regulatory issues, myths and misun-
derstandings about what research is 
permissible within a regulatory envi-
ronment, a “protectionist” culture with  
women being perceived as “vulner- 
able,” insufficient training and expe-
rience in conducting research in this 
population, and misallocated research 
funding that is more focused on child 
health outcomes than on the women 
themselves. 

Sex Differences in Safety of ART and 
in HIV Treatment Outcomes

In a Themed Poster Discussion, studies 
exploring whether there are differences 
in ART outcomes, drug exposure, and 
safety by biologic sex in individuals 
with HIV infection were presented. 
Godfrey and colleagues analyzed data 
from ACTG A5288, an open-label in-
tervention trial in individuals with HIV 
infection in LMICs whose second-line 
ART failed (Abstract 518). Women were 
less likely to have viral suppression at 
week 48 and more likely to experience 
failure of third-line ART with a boosted 
PI (with emergence of resistance) and 
to experience grade 3 or 4 signs and 
symptoms than men. The investiga-
tors stressed the importance of further 
research into ART drug exposure and 
tolerability in women in HIV infection 
in LMICs. 

Differences in immune activation 
patterns by sex in individuals with HIV 
infection on ART who are virally sup-
pressed in the observational AFRICOS 
Study (African Cohort Study) were 
noted by Son and colleagues (Abstract 
517). Significantly higher levels of spe-
cific immune activation markers, such 
as interferon-γ-induced protein 10 and  
soluble CD25, were observed in wom- 
en with HIV infection than in men, al-
though these differences by sex were 
not seen in HIV-negative individuals. 

Thompson and colleagues conduct- 
ed a pooled analysis of data from 7 ran-
domized clinical trials to investigate the 
safety and efficacy of TAF compared 
with TDF in 779 cisgender women with 
HIV infection who initiated or switched 
to TAF from TDF for HIV treatment (Ab- 
stract 519). The investigators found 
that women who initiated TAF experi-
enced fewer declines in bone mineral 

density, and those who were changed 
to TAF from TDF had improvements 
in bone mineral density. Women who 
were started on TAF had fewer declines 
in estimated glomerular filtration rate 
and renal tubular proteinuria, and those  
who switched to TAF exhibited improve-
ments in these renal tubular markers  
compared with women on TDF. Women  
who initiated or switched to TAF had 
similar rates of viral suppression through  
week 96 to those on TDF, with overall 
comparable safety and tolerability pro-
files for TAF and TDF. These findings in 
women were similar to those observed 
in men. A nested case-control study of 
drug resistance that emerged during 
breastfeeding among mother-infant 
pairs enrolled in the PROMISE (Pro-
moting Maternal and Infant Survival 
Everywhere) 1077BF trial included 48 
transmitting mothers and their HIV-in-
fected infants (in utero or peripartum 
infections, 37 infections acquired dur-
ing breastfeeding, and 254 controls 
who were nontransmitting mothers 
matched by delivery date and clinical  
site (Abstract 769). Drug resistance was  
more prevalent among women who 
transmitted through breastfeeding (30%)  
than with in utero or peripartum trans- 
mission (4%). In logistic regression, risk  
of MTCT was associated with higher 
viral load and no antepartum triple-
drug ART regimen, but maternal DRMs 
were not. DRMs were more likely in in- 
fants infected through breastfeeding  
(54%) than in utero or peripartum (13%).  
Among infants with longitudinal geno 
typic data (n=46), 8 infants with wild-
type virus at birth developed DRMs in 
in the in utero cohort compared with 1  
in the breastfeeding cohort. Investga-
tors concluded that drug resistance 
does not appear to be the driver of 
MTCT, but with accumulation of DRMs 
during infancy, exploration of alternate 
treatment regimens for mothers and 
infants is warranted.

InSTIs and Birth Defects

The observational TSEPAMO study in  
Botswana previously reported prelimi-
nary results of neural tube birth defects 
in 4 of 596 (0.67%; 95% CI, 0.26%– 
1.7%) infants of women receiving DTG- 
containing ART and 14 of 11,300 (0.12%;  
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95% CI, 0.07%-0.21%) infants of women  
receiving non–DTG-containing ART pre- 
conception.14,15 Following these results, 
the WHO, US FDA, and other interna- 
tional regulatory agencies in 2018 is- 
sued alerts on a possible increased risk 
of neural tube defects in infants born 
to women with HIV infection receiving 
DTG as part of their ART at the time 
of conception.16,17 Several posters ex-
amining associations between InSTIs, 
including DTG, and neural tube defects 
were presented. Barlow-Mosha and col-
leagues analyzed 69,767 births from a 
hospital-based birth defect surveillance 
program from 4 hospitals in Kampala, 
Uganda, and found that neural tube de- 
fects (prevalence, 8.9/10,000 births; 
6.8–11.4) were a common congenital 
malformation affecting births (Abstract 
743). No statistically significant differ-
ence in the prevalence of neural tube 
defects was seen by HIV serostatus of 
the mother. With 9.6% of the infants 
delivered by women with HIV infection 
and 80% of women with HIV infection 
receiving EFV-based ART, 16% NVP-
based ART, 0.02% InSTI-based ART, 
and 3.7% other ART regimens, the in-
vestigators did not find an association 
between ART regimen and increased 
risk for neural tube defects. 

Sibiude and colleagues evaluated 
data from 808 HIV-infected mother-
infant pairs exposed to InSTIs in the 
multicenter French Perinatal Cohort 
study, and data from 7318 matched 
unexposed pairs (Abstract 744). Ex-
posure to InSTIs was categorized in 
one of 3 groups: 1) ongoing at con- 
ception; 2) initiated during pregnancy 
as initial ART; and 3) initiated during  
pregnancy as second-line ART. Among 
301 infants exposed to InSTIs at con-
ception (218 to RAL, 41 to DTG, and 
42 to EVG), a birth defect rate of 5.5% 
was observed, which was not signifi-
cantly different from the rates seen  
in infants with exposure when InSTIs  
were initiated during therapy as initial 
ART (2.7%; 5/183) or as second-line 
ART (2.7%; 9/324). No neural tube de- 
fects were found among infants ex-
posed to InSTIs at conception; birth 
defects were noted in only 2 infants 
exposed to DTG. Compared with the  
rate among matched infants who were  

not exposed to InSTIs, the birth de-
fect rate among infants exposed to  
InSTIs at conception did not differ sig-
nificantly (5.7% of exposed vs 2.9% 
of unexposed).

Cumulative pregnancy outcome da- 
ta from women with HIV infection re-
ceiving RAL through May 2018 were 
analyzed from 3 sources: a Merck safe- 
ty database and 2 pregnancy outcome 
cohorts (National Surveillance of HIV  
in Pregnancy and Childhood and the 
French Perinatal Cohort) (Abstract 745).  
The reports of pregnancy outcome were  
categorized as prospective if RAL ex-
posure was reported before there was 
knowledge of the pregnancy outcome, 
and as retrospective if RAL exposure 
was reported after pregnancy outcome 
was known. Among 1991 prospective 
reports of RAL exposure in pregnancy 
(55% were during the first trimester, 
with 66% of these exposures occur-
ring during the periconception period, 
defined as within 28 days of concep-
tion), there were no cases of neural 
tube defects reported. Among 435 re- 
trospective reports, a total of 4 cases of  
neural tube defects (1 case of anen-
cephaly, 1 case of encephalocele, and 
2 cases of myelomeningocele) were 
reported; however, only 1 case of my-
elomeningocele was reported among 
live births following exposure to RAL 
during the periconception period. The 
investigators concluded that the data 
do not support an association between 
neural tube defects and exposure to 
RAL during the periconception period.

Hill and colleagues analyzed 4 phar-
macovigilance databases for reports 
of neural tube defects associated with 
4 InSTIs (DTG, RAL, EVG, BIC), 2 PIs 
(darunavir, atazanavir) and 2 NNRTIs 
(NVP, EFV) through August 2018 (Ab-
stract 746). Neural tube defects were 
reported for all drugs except BIC. Seven 
cases of neural tube defects were re-
ported for DTG in the WHO VigiAccess 
database and 6 cases were reported in 
the US FDA Adverse Event Reporting 
System database, whereas no cases 
were reported in the European Eudra-
Vigilance and UK Medicines Health Reg- 
ulatory Authority databases. Investiga-
tors cautioned about the limitations of 
using pharmacovigilance databases to 

ascertain associations between neu- 
ral tube defects and specific drug ex-
posures, because of the inability to 
obtain accurate denominator data. Re- 
porting of adverse drug reactions is 
not systematic, there is often overlap 
for reporting of drugs for the same 
patient because of ART consisting of 
several drugs leading to duplications, 
and timing of drug exposure relative to 
conception in the reports is frequently 
uncertain. 

Serum folate concentrations were  
measured in 486 women with HIV in-
fection randomly assigned to initiate  
treatment with DTG- or EFV-contain-
ing ART in the ongoing South African  
ADVANCE trial, to determine whether 
ART regimen affects folate levels, which  
could contribute to risk of neural tube 
defects (Abstract 749). Women on EFV- 
based ART had declines in mean serum 
folate concentrations over 24 months, 
and pregnant women treated with EFV- 
containing ART had lower mean folate 
concentrations than women treated 
with DTG-containing ART. Birth out-
comes were also analyzed, with 16 live 
births, 1 infant death, 1 spontaneous 
abortion, and 2 congenital abnormali-
ties (naevus flammeus and umbilical 
hernia); 19 elective abortions have been  
reported to date. 

All cited abstracts appear in the 
CROI 2019 Abstracts eBook avail-
able online at  
www.CROIconference.org
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Guidelines for Authors and Contributors

The IAS–USA publishes Topics in Antiviral 
Medicine™ as a resource for physicians and 
other health care practitioners who are ac-
tively involved in the care of patients with 
HIV or other viral infections. This open- 
access journal is now available as an on-
line resource only. It is indexed in Index 
Medicus/MEDLINE and PubMed. 

The following guidelines describe the 
types of articles and contributions pub-
lished in the journal, outline its policies, 
and provide instructions for authors.  
For further information, contact Topics in  
Antiviral Medicine™ at journal“at”iasusa.org.

Categories of Articles

Perspectives. Perspective articles are sum- 
maries of selected talks given at IAS–USA 
continuing medical education courses. An 
IAS–USA medical writer prepares a sum-
mary manuscript from a transcript of the 
talk. The manuscript is reviewed and ed-
ited by the presenter and the journal’s ap-
pointed peer reviewer(s). 
Reviews. Topics in Antiviral Medicine™ wel-
comes original review articles on current 
issues related to infection with HIV or 
other viruses. Topics in Antiviral Medicine™ 
does not publish original research. Man-
uscripts should be 3000 to 6000 words 
(excluding references, tables, and figures)  
and should include numbered references 
and a brief introductory abstract of ap-
proximately 100 to 200 words. Original, 
adapted, or reprinted figures and tables 
may be included and should be cited in 
the text and accompanied by a brief ti-
tle. Adapted and reprinted work requires  
proof of permission obtained from the 
original publishers and authors. Authors  
interested in submitting unsolicited man-
uscripts are encouraged to submit an out- 
line or abstract of the proposed manu-
script first; please contact the editor for 
further information.
Editorials. Topics in Antiviral Medicine™ 
invites submission of editorials. Editori-
als should be approximately 500 to 1500 
words (excluding references) and should 
include numbered references.
Special Contributions. A special contri-
bution article often represents the unique 
contribution (such as a consensus state-
ment) of an author or group of authors.
Cases From the Field. Topics in Antiviral 
Medicine™ invites submission of case re-
ports accompanied by a scholarly litera-
ture review of the topic. Each case report 
should be 1500 to 3000 words (excluding 
references, tables, and figures), include 
numbered references, and seek to teach 
an important lesson for HIV or viral hepa-
titis care practitioners.

Stories. Stories for the Telling Stories col-
umn share the experiences of those in-
volved in the care of people infected with 
HIV or other viruses. Stories may be ap-
proximately 800 to 3500 words; submis-
sions are welcome for consideration.

Commentaries. Discussion on a current 
issue in the management of viral diseases 
is welcome as a Commentary. Commen-
taries should be 500 to 1500 words and 
include numbered references as appro-
priate. Commentaries may be invited by 
the editors; unsolicited submissions are 
also welcome for consideration.

Letters to the Editor. Letters to the edi-
tor are welcome and should be sent to the 
address listed below. Please limit letters 
to 300 words.

Special Issues. Topics in Antiviral Medi-
cine™ often publishes issues with a special 
focus, such as summaries of IAS–USA con-
tinuing medical education courses and re-
ports from scientific meetings. 

Reprints. Reprints of articles by expert 
panels convened by the IAS–USA are in-
cluded periodically in Topics in Antiviral 
Medicine™.

Submission of Manuscripts

Manuscripts should be submitted via mail 
or email to the address below. Each author  
should complete an Authorship Form, 
which is available online at https://iasusa.
org/activities/topics-in-antiviral-medicine/
tam-policies-practices/tam-author-and-
contributor-guidelines/ or may be obtained 
by contacting the editor at the address 
below. Outlines or abstracts of proposed 
manuscripts are welcome and may be sent 
via mail or email.

 Editor, Topics in Antiviral Medicine™ 
 IAS–USA 
 425 California St, Ste 1450 
 San Francisco, CA  94104-2120

 Email: journal@iasusa.org

Receipt of submitted manuscripts will be 
acknowledged by editorial staff, and sub-
missions will be reviewed by peer review-
ers. Acceptance for publication is based 
on the quality and relevance of the work.

Copyright

Copyright to all manuscripts and graphics 
published in Topics in Antiviral Medicine™ 
is owned by the IAS–USA unless noted 
otherwise. All authors and contributors of 
manuscripts accepted for publication, with 
the exception of US federal government 
employees, must sign a copyright transfer 
form as a condition of publication.

Authorship Requirements

Topics in Antiviral Medicine™ uses the def-
inition of authorship formulated by the 
International Committee of Medical Jour-
nal Editors and published in its Uniform 
Requirements for Manuscripts Submitted 
to Biomedical Journals.1 This definition 
states that authorship “should be based 
on the following 4 criteria: (1) Substan-
tial contributions to the concept or design 
of the work; or the acquisition, analysis, 
or interpretation of data for the work; (2) 
drafting the work or revising it critically  
for important intellectual content; (3)  
final approval of the version to be pub-
lished; and (4) agreement to be account-
able for all aspects of the work ensuring 
that questions related to the accuracy of 
integrity of any part of the work are ap- 
propriately investigated and resolved… ac- 
quisition of funding; general supervision 
of a research group or general administra-
tive support; and writing assistance” do 
not constitute authorship. Topics in An-
tiviral Medicine™ will not consider ghost-
written articles for publication.

Financial Disclosure

It is the policy of the IAS–USA to ensure 
balance, independence, objectivity, and 
scientific rigor in all its educational ac-
tivities. All authors and contributors to 
Topics in Antiviral Medicine™ are required 
to disclose any financial relationships with 
commercial interests within the past 12 
months that could be perceived to influ-
ence, or give the appearance of potentially 
influencing, the written or oral presenta-
tion. The Accreditation Council for Con-
tinuing Medical Education (ACCME) de-
fines a financial interest as an interest in 
any amount and defines a commercial in-
terest as “any entity producing, marketing, 
re-selling, or distributing health care goods 
or services consumed by, or used on, pa-
tients. The ACCME does not consider pro-
viders of clinical service directly to pa-
tients to be commercial interests—unless 
the provider of clinical service is owned, 
or controlled by, an ACCME-defined com-
mercial interest.” In accordance with 
IAS–USA policy, the IAS–USA will identify 
and resolve ahead of time any possible 
conflicts of interest that may influence 
CME activities with regard to exposition  
or conclusion.  

1. International Committee of Medical Journal 
Editors. Recommendations for the Conduct, Re- 
porting, Editing, and Publication of Scholarly 
Work in Medical Journals. Updated December 
2015. Available at http://www.icmje.org. Accessed 
April 8, 2019.
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but you have an IAS–USA web account, 
Log In with your email address to reset 
your password. 

If you don’t have an account yet, come 
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Visit the iAs–UsA Website

Webcasts and electronic posters from CROI 2019 and information about CROI 2020, to be held in Boston, 
Massachusetts, from March 8 to March 11, can be found at www.CROIconference.org. The Electronic  
Materials page includes the following resources and more.

The CROI Program and 
Information Guide includes 
information about sessions, 
speakers, and other details 
about CROI 2019.

In addition to the Special Issue 
of Topics in Antiviral Medicine™, 
abstracts from CROI 2019 can be 
viewed in the Abstract eBook and 
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